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Liver stiffness- a novel parameter for the diagnosis of liver disease
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Table 1 Diagnostic performance and suggested cutoff values of liver stiffness measurement for the diagnosis of histoloyic cirrhosis (F4) I

Ref. Biopsies Prevalence of Etiologies Proposed cutoff §Sensitivity Specificity NPV Positive Megative AUROC
() cirrhosis (F4) values (kPa) LR LR
Castéra et al'), 2005 183 25% HCV 125 9.7 01 0.95
Fraquelli et al™, 2007 200 12% All 119 83 01 09
Arena et al™, 2008 150 19.3% HCV 148 11.3 0.07 0.99
Ziol et al”, 2005 19% HCV 146 231 01 0.97
Chan et al™, 2000 25% HBV 13.4 85 043 0.93
Marcellin et al™, 2009 173 8% HBV 11 7 0.08 0.93
Wong et al™, 2010 238 23.5% HBV 9.0 (normal ALT) 33 07 0.88
12.0 (elevated ALT)
de Lédinghen et al™, 2006 72 23 6% 118 097
Nobili et al™, 2008" 52 5.8% 102 1
Wong et al”, 2010 246 10.1% 103 : . 0.95
Nahon et af™, 2008 174 53.7% 227 0.87
Corpechot et al™, 2006 95 (66 PBC, 16% 173 0.96
29 PSC)
Carrién et al™, 2006 124 11% 12.5 i 098
Witters et al ), 2009 66 NA i 6.5 0.92

Coco et al" 3, 2007 278 20.2% 14 i 0.96
Ganne-Carrié et all™", 2006 15.5%

Foucher et a™™, 2006 13.3% 1 L 0.96
Gémez-Dominguez et al'™, 17% i E 0.94
2006

Vergara et all'™, 2007 38.5%

Rigamonti et al ", 2008 17%

Yoneda et al"", 2007 7.5%

Wong WJG 2013 Transient elastography: Kill two birds with one stone ?




m Liver fibrosis staging

m Noninvasive baseline evaluation and
chronological survelillance

m Prognostication

m Treatment decision making
m Patient counseling

m Exclusion of cirrhosis




m lR the chronically injured liver, fibrogenesis is
the
In which the
process of

= With the clinical application of magnetic
resonance (MR) and ultrasound-based LSM,
studies using MR elastography (MRE),
FibroScan, and ARFI elastography have
demonstrated significant correlations
between liver stiffness and liver fibrosis.

m However, liver stiffness and liver fibrosis are

Chen et al. BMC GE 2012 Effects of patient factors
on noninvasive liver stiffness measurement
using acoustic radiation force impulse elastography
In patients with chronic hepatitis C
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Liver stiffness- a novel parameter for the diagnosis of liver disease
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m Among the various host factors that
affect LSM values, IS
most common In clinical settings.

m The

% may increase LS In

patients with acute hepatitis.. =»




The effects of
measurement (LSM)
have varied in previous studies.

Positive correlation (dominant to date)
m Yoon et al.
m Chen et al.

Insignificant correlation (only 2 reports)
m Rizzo et al.
m Colombo et al.

Negative correlation (only 1 report)
= Harata et al.
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Fig. 3 Varlations of FibroScan® values during the hepatitis
exacerbatie =rpalient with chronic hepatitis B without
fibros l:: At the ALT peak, liver stiffness
values incrémmegavove the 14 kPa cut-ofl and decreased
slowly thereafter to baseline values.

Coco et al. J Viral Hepatol 2007
Transient elastography-a new surrogate marker of
liver fibrosis influenced by
major changes of transaminases .




m Despite the variation among previous
Investigations, several recent studies have
demonstrated the

by evolving analyses.

® In a longitudinal study using FibroScan, Sagir
et al. observed false positivity for cirrhosis
(cutoff > 12.5 kPa) in 15 of 20 non-cirrhotic
patients with acute liver damage of various
etiologies. In 6 patients, the LSMs
below 12.5 kPa with normalized ALT levels
during follow-up...=»
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15 cases > 12.5 kPa

Table 1. Baseline Characteristics, Etiology of Acute Hepatitis, Stage of Fibrosis, and Initial Liver Stiffness in All Patients

Ago Etiology of Liver Biopsy Stago of Fibrosis ALT Bilirubin AP Initial Liver Stiffness
Patient Seox (Years) Acute Hepatitis Performed (METAVIR) {IU/L}) (mg/dL) {Iu/L) (kPa)

48 HEV Yes 2510 27,89 149 67.8
37 HEV Mo 1549 0.8 165 8.6
42 HEV Mo 1550 2.96 84 213
64 HEV Mo 779 h.B2 323 26.3
T2 HEV Mo h382 23.72 343 194
28 HEWY Mo 2084 30.28 172 2977
61 HEV Mo 1409 0.8 130 6.1
18 HEV Mo 1931 10.68 294 il
21 HAV Mo 1696 2.23 232 4.4
43 Toxic Yes 151 318 170 R23
34 Toxic Yes 689 12.98 212 211
49 Toxic Yes 193 21.38 220 3.7
59 Toxic Yes 151 29.98 525 215
39 Toxic Yes 250 257 602 348
81 Toxic Yes 441 24.12 169 72
49 Toxic Yes 2106 351 160

25 Toxic Mo 171 14.98 416 6.3
26 Autoimmune Yes 1931 244 123 45
64 Autoimmune Yes 1045 0.84 273

a7 Autoimmune Yes 1096 16.29 428 202

*
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Toxic hepatitis was due to nitrofurantoin (patient 10), prophylthiouracil (patient 11), amphetamine {patient 12), sirolimus (patient 13), efavirenz (patient 14), flumatid
(patient 15), lamictal (patient 16), and opipramol (patient 17). The cutoff value for cirhosis was 12.5 kPa. AP indicates alkaline phosphatase; F, female; HAV, hepatitis
A virus; HBY, hepatitis B virus; and M, male.

*Patient 3 had a flare of chronic hepatitis B.

Sagir et al. Hepatology 2007
Transient elastography is unreliable

for detection of cirrhosis in patients with acute liver damage
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Table 2. Initial ALT and Liver Stiffness During the Acute
Phase of Hepatitis and After Resolution of Acute Hepatitis

After Resolution of the Acute
Acute Phase Hepatitic Phase

Initial Liver Liver Stiffness ALT
Patient  Stiffness (kPa) ALT (Units/mL) (kPa) {Units, mL})
1550
79
5382
151
151
1045

The cutoff value for cimhosis was 12.5 kPa.

*Patient 3 had a flare of chronic hepatitis B.

—— Liver stiffness (kPa)
——  ALT (IL¥FI)

- A - Bilirubin {(mg/dl)

-
.

-

Liver stifness (kPa)
(pBw) uignapg

1st consuliation week 2 week 4 week T week 11 week 15

Fig. 1. Development of ALT, bilirubin, and liver stifiness during the course of nitrofurantoin-induced acute toxic hepatitis (patient 10).

Sagir et al. Hepatology 2007
Transient elastography is

for detection of cirrhosis in patients with
15




B Using a longitudinal analysis, Arena et al.
demonstrated significant correlations between

B Although these studies showed the need for caution
when analyzing LSM in patients with
necroinflammatory flares, they did not include
regression estimates... =
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Table 2. Sequential Determinations of Aminotransferase Levels (ALT, AST) and LSM During the Course of Acute Hepatitis
m

Patients (n,
atiology) ALT AST

1, HBY 2580 . 28

2, HCV 917 . . 32

3, HAV 1437 . . 79

4, HBY 1057 72

5, HAV 1117 . . 32

6, HAV 1291 . . 56

7, HCV 1175 35

8, HAV 3159 1776 78

9, HAV 2154 1785 . . 33

10, HBY 1432 588 . 39

11, HAV 2266 1628 [Li]

12, HBV 1156 521 G0

13, HAV 2504 1720 65

14, HCV 628 455 . 26

15, HBY 3191 2963 (]

16, HBY 5170 2521 [L:

17, HBY 2399 2735 . 73

18, HBV 2356 1298 . . 52 .
Mean values 2004.9 = 11154 13354 = 7959 W27 = 5.7 7764 = 580.6 457.2 = 3371 9.4 = 36 )|57.1 = 156 549 = 20.3) 62 = 1.2

Aminotransferase levels and liver stiffness measurements at the 3 different time points: |. peak increase in aminotransferase; [l aminotransferase 50% or less of
the peak; Ill. aminotransferase levels = 2 ULN. Results are expressed in U/L for aminotransferase and in kPa for LSM. Mean values were reported £ SD. Abbreviations:
LSM, liver stifiness measurement; ALT, aspartate aminotransferases; AST, alanine aminotransferases.

Arena et al. Hepatology 2008
Acute viral hepatitis increased liver stiffness values
measured by transient elastography
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Fig. 1. Sequential relationship between aminotransferase levels (ALT
and AST) and L5SM at different time points {l. peak increase in amino-
transferase; Il. aminotransferase 50% or less of the peak; |ll. amino-
transferase levels = 2 ULN). The mean aminofransferase concentrations
are reported in the primary y-axis in shaded columns, and the mean liver
stiffness values (dashed line) are shown in the secondary y-axis. ALT,
aspartate aminotransferases: AST, alanine aminotransferases; LSM, liver
stiffness measurement; kPa, kilopascal.

Arena et al. Hepatology 2008
Acute viral hepatitis increased liver stiffness values
measured by transient elastography
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Fig. 2. Relationship between aminotransferase (ALT and AST) and
LSM in whole patient population at the onset of acute viral hepatitis. ALT,
aspartate aminotransferases; AST, alanine aminotransferases; LSM, liver
stiffness measurement; kPa, kilopascal.

Arena et al. Hepatology 2008
Acute viral hepatitis increased liver stiffness values
measured by transient elastography
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m Seo et al. demonstrated that
significantly explained
In 31 patients in acute hepatitis A via
linear regressions adjusting for age and
Sex... =
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n =31, AHA
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Fipure 3. Changes in serum levels of ALT and BIL, and LSMs during the course of AHA.

Seo et al. Scand J Gastroenterol 2010
Dynamic changes in liver stiffness

during the course of acute hepatitis A
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< 5.5 kPa

Table IOI. Linear regression analyses of peak LEMs and duradon undl normalizarion of LSMs,

Peak [ SMs Dwrarion unrl nommalizadon of LSMs

Variable B (95% CI) P B (95% CI)

BMI 0.913
Peak ALT level 0,003 0.002 (0.001-0.003) 109
Peak BIL level 0.969 0.012
Peak INR 0.001 11301 (5.028-17.573) 0.010
ALT level on peak-I.SM day < (L001 0,003 (0.001-0.004) 0.912
BIL level on peak-ISM day 0.324 < {001 4,902 (2520-7.284)
INR on peak-LSM day < 0.001 21.178 (13.699-28.658) 0.283
Duration from Diay 0 o peak-1.SM day 0.122 0.813
Duraton from Day 0 to peak-ALT day 0.538 0.645
Duration from Day 0 o peak-BIL day 0879 0.470
Duration from Day 0 o peak-INR day 0.977 0.278
Duration from peak-ALT day to peak-LSM day 0136 0.805
Duration from peak-BIL day to peak-LSM day 0.232 0.846
Duration from peak-INR day o peak-1L5M day 0.125 0.995

"Ape and sex were adjusted.

eo et al. Scand J Gastroenterol 2010
Dynamic changes in liver stiffness

during the course of acute hepatitis A
22




m A cross-sectional study by Lee et al.
showed that LSM using FibroScan In
158 patients was independently
associated with

, but
Irrespective of serum ALT levels.. =
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n =158, CLD

BMETHODS: We studied 158 patients with chronic liver disease who underwent
transient elastography and liver biopsy sampling. Histologic findings on fibrosis
and necroinflammatory activity in the biopsy specimens were evaluated
according to the Korean Society of Pathologists Scoring System. Routine
biochemical tests were performed according to standard methods.

BMRESULTS: Liver stiffness was strongly correlated with liver fibrosis stage
(Spearman coefficient=0.636, P<0.001), lobular activity (Spearman
coefficient=0.359, P<0.001), and portoperiportal activity grade (Spearman
coefficient=0.448, P<0.001). Liver stiffness was significantly associated with
serum levels of total bilirubin (P=0.025), direct bilirubin (P=0.049), gamma-
glutamyl transpeptidase (P=0.014), platelet count (P=0.004), albumin (P<0.001),
and international normalized ratio (P<0.001). Multivariate analysis showed that
fibrosis stage (B 3.50, P=0.009) and

were independently associated with liver stiffness.

Lee da M et al.
Korean J Hepatol 2009

Factors associated with liver stiffness in chronic liver disease
24




m Fung et al reported
for LSM by using FibroScan to
diagnose true cirrhosis in 102 HBV-
Infected patients (median ALT: 89,
range: 46-501 IU/L), among whom 32

patients had an LS value greater than
11.0 kPa... =
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WHAT IS CURRENT KNOWLEDGE

t""'rTransiE:nt elastography is useful as a non-invasive method
for assessing liver fibrosis in chronic hepatitis B.

t'""r Severe hepatitis flares can affect liver stiffness.

WHAT IS NEW HERE

v'fTransiE:nt elastography has an excellent negative predictive
walue for cirrhesis in chronic hepatitis B.

v'f Moderate inflammatory activity can also affect liver stiffness
measurements and the accuracy of transient elastography.

t""FA cutoff of < 7.1 kPa can be used to exclude underlying

significant fibrosis in chronic hepatitis B.

JPﬂtients with occult hepatitis B infection have liver stiffness
values that are similar to those in healthy subjects.

Fung et |. AJG 2010
Correlation of liver stiffness and histological features
In healthy persons and in patients with
occult hepatitis B, chronic active hepatitis B, or hepatitis B cirrhosis

26




= Multiple logistic regressions by Myers et
al. showed that serum levels
greater than the optimal cutoff value
from ROC analysis were
significantly correlated with the

)...m>
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n =251, CLD

Table 1. Charactenstics of patients according to decordance of at keast two fibrose stages betwesn bio urerment
" airi able All patients (n=251) Nor-decardantresults (n=216)} ( Decordant results (n=235 P-value
Female sex 34% (85) 34% (74) 3T 0.85

Age, years

Race
Caucatian
Agian
Otherfunknown

Aetalogy
Hepatite C
Hepatite B
MNAFLD

BMI, kgfm™

Obesity EMI = 30 kg/n)*

Dhabetes malitus
ALT, Uit

AST, ULt
Flatelets, = 10%Lt
APRH

Liver fibrosis F3F4 at biopsy
MNecra-inflammation A2-A3%

Steatose = 33%i

Buopey kength, omé

Lrver giffress, kPa
Wahd ghats =10
Success rate, Y|

IQFmeadian stiffness (IR}
Irterval betwesn LM and biopsy, days

49 (42-55)

60% (150)
30% (76)
10% (25}

53% (133)

27% (B8)

20% (50)
26(F3-30)

26% (65)

8% (20)
61({39-92)

44 (32-68)
223 (176-266)
0.53 (0.35-0.89)

20% (51)

59% (117}

17% (39)
2.4(1.7-28)
7.7(5.3-11.6)

98% (246}

100 {(91-100)

0.16 {(0.10-0.24)

18 {0-60)

49 (42-55)

57% (124)
33w (71)
10% (21)

51% (111}

320% (B64)

19% {41)

25 (22-29)

22% (48)

7% (16}
59 (38-92)

43 (31-65)
FFI(1TB-261)
050 (0.34-0 85)

22% (47)

58% (100}

16% (31)
24{1.7-2.8)
6.8(5.1-9.9)

Q8% (212)

100 {91-100)

0.15 {(0.09-0.23)
16 (0-62)

52 (43-56)

74% (26)
14% (5}
11% {4)

63% (12}
11% ()
26% (9)

30 (25-33)
51% {18)
11% {4)

78 (B0—93)

54 (35-89)
207 (156-281)
0.65 (0.39-1.87)

11% {4)
65% (17)
24% (8)
22{(1.7-28)
132.8{(11.8-21.3)
97% (34)
100 {91-100)
0.23(0.15-0.29)
23 (5-a4)

0.549

0.0F

Myers et al. Liver Int 2010
Prevalence, risk factors and causes
of discordance in fibrosis staging
by transient elastography and liver biopsy




Table 4, Operating characteristics of the discardance risk score for discordance of at least twofibrosts stages between liver biopsy and transient
elastography’

Sensithity, % ©5%C) |  Specificty % (95% Q) PPV, %(95% C) Accuracy, % (95% C1

14(10-19) 14(10-19)
97 (85-100) 19(14-25) 16(12-22) 98 (87-100) 30(24-36)

(6577 28(20-39) 71 (65-77)
95(92-98) 55(32-76) 87(82-91)

*1 point is assignedtor each 648 §IA:
CI, confidence interval; NPV, negative ptedictm value; PPV, postive predic tive value.

Myers et al. Liver Int 2010
Prevalence, risk factors and causes
of discordance in fibrosis staging
by transient elastography and liver biopsy
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m Algorithms using
stratified by reference and
elevated serum ALT levels have been
developed, ...

30




n =161, CHB

NPV: 38%

3% sensitivity to a5
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Chan et al. J Viral Hepat 2009
Alanine aminotransferase-based algorithms
of liver stiffness measurement
by transient elastography (Fibroscan)
for liver fibrosis in chronic hepatitis B

1 2 3
METAVIR fibrosis score

(48-97)
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Chan et al. J Viral Hepat 2009
Alanine aminotransferase-based algorithms
of liver stiffness measurement
by transient elastography (Fibroscan)
for liver fibrosis in chronic hepatitis B




n =391, CHB

Table 2. Compansans and unémultivanate analvss of vanables to identify independent factod for predicting arrhoss
FatentswithF < 3{n=151) Fatient with F4 {n=179) Mult variate analyss

Van aties
Age (years)

H

="
g
e
i

= 0001

Sey imake:Female) : 93 0.364
BMI kgin)

LM (kPa)

White cell cournt (10°1L)
Haemaghabn {mmald)
Plateket court {10%L)

L
on

0863

= 0001

= 0001

00402

= 000

1.08=0.12 = 0001
NBL4T6 = 000

P - I T
= = Rt L
[ ] L
=] LM l:g 1
un Pt

=

Prathrambin time JNR)
Total bl ubin {pmallL)

L ==k

—

Pt
—
= BB Ry L

=

Albumin (g/L)
AST {UWL)
ALT (LWL
Bun {mmolL)

Creatining (pmallL)
Spleen diameter (om)

23 == B k= 2 U

= 5
T Lk
D .t
[ Fom N |
HHHHHHHHHHH H H
=3 B
[Fu N N

[T

TR T I Y P P -

=k ==k ==k M LiF Ex LM

[ ]
W =
e Pt g
=] oh
Rt D

L

404+ b4
4852+ 4070
4909+ 35228

480+ 268
7950+ 15.89
N47T194

<L

0740
a0
a0
0218
0.472

- 000

ALT, alanine aminotrarsferase; AST, aspartate aminotransferase; BMI, body mass index; INR, imtemational normalzed ratic; NS, not significant.

Kim et al. Liver Int 2010
A novel liver stiffness measurement-based prediction model

for cirrhosis in hepatitis B patients .




LSPI = (LSM x spleen diameter / platelet count) x 100

rrrrrr

Flatelaet ¢ SWunk
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1= specificity

Fig . 1. Reredver-gperating character st s (RO curve of the
LSrA—pleen dhiameter 1o platelkaet ratso mdex (LSPT, hiver stif frness

Kim et al. Liver Int 2010
A novel liver stiffness measurement-based prediction model

for cirrhosis in hepatitis B patients
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Table 4. Vaidabon of the suggested predictive threshold values of the LSh-spleen diameter to platelet ratio index for the predebon of
each group from boctsrap samples
NPy (%) PRY (%) Senstvty( %) Specificty (%)

Nommal ALT level

Lower|imt (at st 95% NPY) 3 BAEIR99Y  B28(7

Lipper imit {at least 95% PPY) b, 813687905  95F
High ALT evel

Lower limit (at least 95% NRY) ! 0. B48-989)  733E19830)  963(8R3MY  673(541-789

Lipper imit {at least 95% PPY) ] BAB55-853)  9n4(86.0-994)  674(538-M2  976(907-99.4)

40.2) 8.0 |:""l"' 19, "'In

7.1
5 (87 8-988)

In parentheses, 5% (.
ALT, alanine aminotransterase; LSF, LSM-spleen diameter to platelet ratio indax; NP negative preclictive value; PRV, positve predictive value,

Kim et al. Liver Int 2010
A novel liver stiffness measurement-based prediction model

for cirrhosis in hepatitis B patients
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Hll:lll'l'lrﬂl ALT lewel

LSPI < 38 LEM 38 — &2 L3Fl » B2

Exciude cirrhosis with Gray zone; performe liver Diagnose as cirrhosis
at least 859 NIFY biopsy In equive: al cases with af least 85% PPY

¥ igh ALT level

LSM < 42 LEPI 42 — B4 LEPI >89

Exclude carrhosis with Grey 1one; perform nver Disgrose as crrhoses
ot heast 5% MIFY bdopsy in equivec al cases with af least #5% PPV

Kim et al. Liver Int 2010
A novel liver stiffness measurement-based prediction model

for cirrhosis in hepatitis B patients
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= ...but values
significantly enhance the diagnostic
performances in a study of 202 HBV-
Infected patients using FibroScan..=s»
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n =202, HBV; n = 363, HCV

FOF1F2FI wve, F4

o os
T - specificity

Cardoso et al. LI 2012
Direct comparison of diagnostic performance of TE

In patients with chronic hepatitis B and chronic hepatitis C38




HBV

Table 3. Comparison of diagnostic accuracy of transient elastography in predicting significant fibrosis (METAVIR F2/F3/F4), advanced fibro-
sis (METAVIR F3/F4) and cirrhosis (METAVIR F4) in 186 HBV patients with distinct ALT levels, according to the cut-off values proposed by
Marcellin et al. (11) and by Chan et al. (12)
Proposed
ALT cut-offs (kPa) PREV (%) ACC (%)f SEN(%) SPE(%) PPV(%) NPV(%) LR(+) LR({=)
Significant fibrosis <1 xULN  Marcellin 7.2 27 84 61 92 73 87 7.49 042
Chan 6.0 72 78 69 48 89 2.54 0.32
1-5 xUIN _Marcellin 48 80 74 86 83 78 534 0.31
79 70 88 84 76 578 0.34
Advanced fibrosis <1 xULN  Marcellin 23 10 93 26 93 &0 g8 12.86 0.15
Chan 9.0 93 71 a5 63 a7 14.29 0.30
1-5 xUN _Marcellin 81 17 78 a0 76 44 a7 3.74 0.14
88 53 96 71 91 1211 050
Cirrhosis <1 =xULN Marcellin 11.0 5 96 67 97 50 a8 21.33 0.34
Chan 12.0 97 67 98 67 98 42.67 0.34
1-5 xUIN _Marcellin_ 11.0 10 87 73 88 40 a7 6.06 0.31
92 55 96 60 95 13.64 047
ACC, accuracy; LR(+), positive likelihood ratio; LR(—), negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; PREV,
prevalence of the evaluated fibrosis staging; SEM, sensitivity; SPE, specificity; xULN, times the upper limit of normal.

Cardoso et al. LI 2012

Direct comparison of diagnostic performance of TE

In patients with chronic hepatitis B and chronic hepatitis C39



m Tapper et al. further delineated the
positive necroinflammatory effects on
LSM using FibroScan through linear
regressions in 684 HCV patients with
METAVIR FO, F1 and F2.

m Logistic regressions also showed that
false positivity of liver fibrosis staging
was associated with both histological
and serum hepatic necroinflammatory
activity...=»
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n =684, HCV

Table 2: Associations of Study Variables with Liver Stiffness

Univariate Linear Regression | Multivariate Linear Regression

Standard Standard
Variable B Error p value |[B Error p value

Grade of Inflammation
Grade 1
Grade 2

9.07 1.85

o 3
ALT (x ULN) J0E- 0.69 0.12

Steatosis (yes/no)

Diagnosis of diabetes (yes/no)
Diagnosis of HIV (yes/no)
Alcohol Use (yes/no)

Tapper Clin Gastroenterol Hepatol 2012
Levels of Alanine Aminotransferase Confound
Use of Transient Elastography
to Diagnose Fibrosis in Patients with CHC
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Table 4: The Effect of Inflammation on the Odds of a Falsely Significant Liver Stfiness Measurament in Patients
9.5 kPa Cutoff for >
F3 Fibrosis 2. 145 kPa Cutoff for Cirthosis

(Castera 515 (Cas ol
(Odds Ratio (96% Cl) Odds Ratio (5% CI 95% (959 (dds Ratio (95% CI)
ALT
> ULN (40 1UL) 245 (1.20-4.88)  ({2.22(1.08.6.24) 2.34(0.95-5.75) 241(0.69-0.34)
> 2CULN (80IUL) (5,64 (3.309.59) 325 (1.83-5.79) A.27 2.15-8.49) 3.76 (1.80-7.85) 4.82(1.9112.19)

Tapper Clin Gastroenterol Hepatol 2012
Levels of Alanine Aminotransferase Confound
Use of Transient Elastography
to Diagnose Fibrosis in Patients with CHC
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Percentage of Patients Categorized as Percentage of Patients Categorized as
Cirrhotic by Elastography by Grade of Cirrhoticby Elastography by ALT Level

Inflammation 30.0%
25.0%
20.0%

15.0%
' e Fraquelli(>11.9 kPa)
s Fraquelli (>11 9 kPa) 10.0%
wCastera (> 12.5kPa)
w— Castera (>12.5 kP2 5.0% |
= 7iol (>14.5 kPa)

0.0%

<ULN 1-2xULN2-3x ULN >3x ULN
(n=167) (n=300) (n=95) (n=96)

===Tiol (>14.5 kPa)

Elastographic Criteria

Grade0 Gradel Grade2 Grade3
(n=15) (n=394) [n=265) (n=10)

1
]
=
™
u
]
?
]
Q
-
]
|
W

Percentage of Patients with Cirrhosis by

5
£
:
:
:
:
|-
.!.
;
3
8
£
:
¢

Grade of Histological Inflammation Alanine Aminotransferase Level (ULN = 40 1U/L)

Tapper Clin Gastroenterol Hepatol 2012
Levels of Alanine Aminotransferase Confound
Use of Transient Elastography

to Diagnose Fibrosis in Patients with CHC
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m Yoon et al. used ARFI elastography to
demonstrate a significant correlation
(Pearson'sr = 0.431, P < .05) between
LSM values and serum ALT levels, and
a marked positive effect of histological
necroinflammatory activity on LSM.

m However, this study did not adjust for
other relevant essential covariates.. =




Table 2 Histological mformation and LSM values obtained by use of n = 250 CL D
ARFH elastography according to fibrosis stage and activity grade - J
(n = 250))

Fibrosis Activity ARFI elastography
Stage Total Grade Velocity (mfs)

0 45 (19) 1.06 (0.87=1.85)
1.08 (0.68-1.95)
129 (0D.84=-2.11)
1.60 (1.45=-2.62)
1.10 (1.05-1.37)
1.22 (0.76—34.65)
1.30 (0.83-237)
1.57 (093=-2.45)
1.08 (0.80-1.35)
132 {1.02-227)
153 (0.87=3.10)
194 (1.06-234)
1.23 (1.08=2.00)
164 (1.12-1.92)
1.89 (090-3.43)
2.14 (1.25=-291)
137 (1.18=-2.65)
1.65 (1.05=-3.30)
1.92 (0.94-2.63)
221 (1.45=320)

35 (14)

70 (28)

39 (15)

61 (24)

1

2
3
4
1

2
3
4
1

2
3
4
1

2
3
4
1

2
3

B

Vanables ame expressed as median (range) or n (%)

Yoon Dig Dis Sci 2012
Liver Stiffness Measurement
Using Acoustic Radiation Force Impulse (ARFI) Elastography

and Effect of Necroinflammation
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Table 3 Cormelations between LSM values obtained by use of ARFI
elastography and other climeal data (n = 250)

Vanable L5M values obtained by
use of ARFI elastography

Apge (years) 0.261*

Gender —0.080

Body mass index (kg/m”) 0.008

Serum albumin (g/dL) —.458%

Total bilirubim (mg/dL) 0. 246%

Alanine aminotransferase (IUV/L)
Prothrombin time (INR) 0.233*
Platelet count ( llﬁf"ﬁ'nma'}l —). 142%
Fibrosis stage
Activity grade 0.319*
APRI 0.437%

Indicated by R, *P < (.05 by Pearson prodouct-moment correlation
L5M, liver stiffness measurement; ARFIL, acoustic radiation force
impulse; FS, Fibroscan; INE, international normalized mtio; APRI,
aspartate ammotransferase-to-platelet mtio index

Yoon Dig Dis Sci 2012
Liver Stiffness Measurement
Using Acoustic Radiation Force Impulse (ARFI) Elastography

and Effect of Necroinflammation
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Table 3 Three multiple linear regression models to
identify independent significant factors that explain liver

stiffness
Vardable

Age, year

Male gender
BMI, kg/m?
INR

Platelet, x10%L
METAVIR

F2

F3

F4

I

PRt
& R

[
W

»
2
&
~+
b
A
H

R’
adjusted R?

Maodeal 1

B
-003
-193
032
872

SE

004
o84

=003 00

561

B£24

P B S5E
512 -004 004
=194 083

036
3 .0

562
B35

Maodel 2

P
353

020
L5

a7

L0003

Model 3

B S5E P

=124 085 147
026 02 .04
1146 573 048
-002 001 007

J23 14
B0 8
B2 an

B57
&M

Varlable references: female gender, METAVIR F1, ALT/ULN <1x, METAVIR AD;
ALT, serum alanine aminotransferase; B, coefficlent; INR, intemational
nomallzed rto of prothrombin dme; SE, standard emor of coefficlent; LUILN,
upper limkt of normal

Chen et al. BMC GE 2012 Effects of patient factors
on noninvasive liver stiffness measurement
using acoustic radiation force impulse elastography
In patients with chronic hepatitis C
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Table 4 Factors associated with false positivity in patients with METAVIR F1,

FZ and F3

ariable

Maon FF
n=7r

FF
n=32

IR {959 1)

Aga, wear

A 1.4)

s3A020

Cender, malefamals )

S50

18415

AL, kg

2A34037)

253706

HOY g amotyps, 1401 i)

3539

15417

A141.12)

1EE1{E1 2

H3 0] Seal)

1338301 502)

ALTAM )

<1x

24

2

= E rEne

Elx e

25

10

AA09-242)

=l <3

16

5

3806-11.7)

=3

12

15

1502978

ActiTast A soora {nl

O35

31

.

i rEnE

24

13

24{01.7-404)

Ballan sbany, wermnioliL

24

17

11925570

15 7 &{ihsa)

1231 1A

Crr, wermiodeL

AL LAY

7414 55)

i

100 )

10580

Ma, el

137 SA9024H)

1378710005

Flawmbat, = 1051

184 219620

T5A31{E 30

BETAVER F 1,203 ()

METAVER A ()

IHEA

o N

Al

24

3

i rE s

Al

45

15

31EE-11.7)

A3

Hanats sEatoss SO0 2300

4

14

32 7EA-1685)

TR2E 3553

SR A1

Livar 5%, mss

1.3 0]

2AWETT]

AhroTast, F soore

5 13

O 2

Chen et al. BMC GE 2012 Effects of patient factors

on noninvasive liver stiffness measurement

using acoustic radiation force impulse elastography

In patients with chronic hepatitis C



m Although necroinflammation exhibits positive

effects on LS after adjusting for liver fibrosis
stages,

m It exhibited negative effects on liver fibrosis%
staging after adjusting for LS

m Nonetheless, patients with higher ALT levels
have been shown to be at increased risk of

advanced liver fibrosis without adjusting for
LS =

stiffness fibrosis stage

ALT
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Sanam ALT lewals
O 0.8ULN or ko

Insignificant M- - Advanocad
Neresia meslarab NhroRis fikwredia

Figura 2. Bar charts on the provalencs of different saverities of liver
fibresis in (4) different age groups and (B) diffarent serum ALT levals,
Table 2. Risks of Advanced Fibrosis According to Different Serum Alanine Aminotransferase Levels Based on Our Cut-Off
Levels (58 IU/L) and Gender-Specific Cut-0ff Levels
Odds ratio
ALT levels M (%)= ndM (%P [ onfidence interval)

ULM of B8 UL for both sexas
Refarant

Refarant
200.89-5.2)

B0 (11%)

Mumber {and percentage) of patients with that particular ALT level among the whole cohort.
®Mumber {and percentage) of patients suffering from advanced fibrosis among that particular ALT level.

Wong et al. CGH 2009 Clinical factors associated with liver stiffness 0]
In hepatitis B e antigen-positive chronic hepatitis B patients




® [n contrast to results indicating positive
necroinflammatory effects on liver
stiffness, Harata et al. identified a
negative correlation between serum
ALT levels and liver stiffness in patients
with cholestasis.

m Cholestasis Is a condition in which the
release of hydrostatic pressure with
synchronous necroinflammatory activity
can, paradoxically, reduce the values of
LSM using FibroScan... =

51




n=29

R=0.726 R=—0.631 R=0.480

P<0.0001 P=0.0002 P=0.0071

' ! ' '.'f.'
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Liver stiffness (kPa) Livar stiffness (kPa) Total bilirubin {mgidl)
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Alanine aminotransferase (IU/)
Alanine aminotransfamsa (IUf)

Figure 1 Comelation of liver stiffness with total bilirubin levels and alanine aminotransferase levels before biliary drainage. (a)
Liver stiffness was positively comelated with total bilimubin levels [r=0.726, P< 0.0001). (b) Liver stiffness was negatively
correlated with alanine aminowansferase levels (r=-0.631, P= 0.0002). (c) Serum bilinubin levels were negatively correlated with
alanine aminotransferase levels (r=-0.483, P=0.0071).

Harata Hepatol Res 2011
Liver stiffness in extrahepatic cholestasis
correlates positively with bilirubin and

negatively with alanine aminotransferase
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Table 2 Factors correlating with liver stiffness of the patients with extrahepatic cholestasis

Linear regression analysis

Cause (benign diseases/carcinomas))

Sex (female/male)

Age (year)

Total bilirubin (mg/dL) r=0.726
Direct bilimubin (mg/dL) r=0.728
AST (IUJL) r=-0.481
ALT (IUYL) r=-0.631
ALP (IU/L)

F-GTP (IUfL) r=-0.334
WBC (fuL)

CRF {mg/dL)

Diameter of common bile duct {mm)

R

Adjusted R?

E

P

P

P=0.0401*
MN&

M5

P < 0.0001
P< 000011
P=0.0082
P=0.0002
M5
P=0.0764
M5

M5

HNS

Multiple regression analysis

f=—0.014

P= 0.0005

NS
P=0.0138

NS

0.792
0.599
21.92
P e 00001

*Mean values of liver stiffness were compared between the patients with benign diseases and those with carcinomas by Student's e-test.
t Drirect bilimbin levels were not included because of their close correlation with total bilirubin lewels.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; 7-GTP, Fglutamyl
transpeptidase; N8, not significant; WBC, white blood cells.

Harata Hepatol Res 2011
Liver stiffness in extrahepatic cholestasis

correlates positively with bilirubin and

53

negatively with alanine aminotransferase
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We are currently developing a study design that will
allow the analysis of the dynamic effects of
necroinflammation on LSM over a short timeframe,
during which changes in the fibrosis stage are not
significant.

Cutoff variability among previous studies on the LSM-
based assessment of fibrosis may have resulted from
the diverse etiologies of hepatitis, ethnicity, variable
patient profiles, and prolonged intervals between liver
biopsy and the acquisition of LSM. Any significant time
lag between a biopsy and an ultrasound-based
assessment of stiffness can affect LSM because of

changes in fibrosis characteristics.
Direct tissue and gene markers will also be employed.

A larger sample will allow the randomization of
training and validation cohort assignments, as well as
the external validation of the necroinflammation-
Incorporated diagnostic approach.
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Submission under review: regarding the noninvasive
diagnostic tool — ARFIE in CHB patients

> Diagnostic index for advanced liver fibrosis in Asian chronic
hepatitis B patients based on necroinflammation and liver
stiffness measurement

Validity

Compared with competing tests
Cutoffs

Associated (host) factors
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