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Abstract

Background: Patients with advanced chronic liver disease (ACLD) are at high risk of developing
hepatocellular carcinoma (HCC). Therefore, biannual surveillance is recommended. This large-scale
multicenter study aimed to stratify the risk of HCC development in ACLD.

Methods: From 3016 patients with ACLD screened in 17 European and Chinese centers, 2340 patients
with liver stiffness measurement (LSM) determined using different techniques (two-dimensional shear-
wave elastography [2D-SWE], transient elastography, and point shear-wave elastography) and with
different disease severities were included. Cox regression was used to explore risk factors for HCC. We
used these data to create an algorithm, named PLEASE, but referred to in this manuscript as "the
algorithm"; the algorithm was validated in internal and two external cohorts across elastography
techniques.

Results: HCC developed in 127 (5.4%) patients during follow-up. LSM by 2D-SWE (hazard ratio: 2.28)
was found to be associated with developing HCC, alongside age, sex, etiology, and platelet count (C-
index: 0.8428). We thus established the algorithm with applicable cutoffs, assigning a maximum of six
points: platelet count less than 150x10%, LSM greater than or equal to 15 kPa, age greater than or equal
to 50 years, male sex, controlled/uncontrolled viral hepatitis, or presence of steatotic liver diseases.
Within 2 years, with a median follow-up of 13.7 months, patients in the high-risk group (=4 points) had
an HCC incidence of 15.6% (95% confidence interval [Cl], 12.1% to 18.7%) compared with the low-risk
group, at 1.7% (95% ClI, 0.9% to 2.5%).

Conclusions: Our algorithm stratified patients into two groups: those at higher risk of developing HCC
and those at lower risk. Our data provide equipoise to test the prospective utility of the algorithm with
respect to clinical decisions about screening patients with ACLD for incident HCC. (Funded by the
German Research Foundation and others; ClinicalTrials.gov number, NCT03389152.).
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e 3TN MEAETN auth xpnowdormowndnke €&va povtéAo TPORAsPng TOu  KwdUVou epdAviong
nratokuttapikoL kapkivou (HKK) oe aoBeveic pe mpoxwpnuevn xpovia nratikng vooo (ACLD), ottwg
autn opicbnke pe tnv tagwvounon tou BAVENO VII. O otdxog ntav n Katataén twv acevwy oe
autoug, Tou ATav uPnAoUL KVdUVOU Kal o€ OCOUC avtiBeta ntav xapunAou Kivduvou yla tnv epdavion
HKK.

e To povtelo ovopaoBnke PLEASE score (PLatelets, Elastography, Age, Sex, Etiologies) amo ta apxtka
TWV TTAPAPETPWY, TIOU XPNoLoToBnkay yla tov oxedlaocpo tou. AcBbeveig, ou eAaBav 4 tovtoug
Kat avw Atav vPnAou Kivduvou yia tnv epdavion HKK, evw acBeveig, tou eAaBav katw ano 4 nrtav
XapnAou kwvduvou yla tnv epdavion HKK.

e H peAétn ocupmepleAaBe ouvoAikd iepimou 3.000 aocBeveic kal eixe evav MANBUGCHO PEAETNC KAl VO
TAnBuopwy emBeaiwong Twy anoteAeoPATWY atod cUVOALKA 17 kévtpa tng Evupwring kat tng Kivag.

e To dldpeoo dldotnua tapakoAovbnaong ntav 13.7 pfvec.

o To42% twvacBevwy eixav oteatwTtikh vooo Tou Amatog (SLD). Otacbeveig pe uPnAd kivouvo, Bdoel
tou PLEASE score, epddvicav etroto kivduvo HKK tepimou 15%, evw ol acBeveic pe xapnAo kivduvo
eixav etrolo kivdouvo mepi 1o 1.7%. Ta T0COO0TA AUTA TTApEPEVAY TTAPOMOLA KAl yid TI¢ dV0 OPAdER
KvOUVOU aKOUN Kal otav ol acBeveic peAetnBnkav ExwpPLoTd avaloya PE TNV altloAoyia tng
nratonddelag (OTEATWTLKN VOOOC N Loyevn g Nrtatitida).

e H peAétn autn eival n mpwstn, OV o eupeia KAipaka Tpoteivel evav alyoplOpo popAsdng Tou
kKwwduvou yia HKK oe aoBeveic ye ACLD, evw adopd e&icou oe acBeveic pe Loyevn Kal PN LOYEVN
nratikni voco.


http://clinicaltrials.gov/show/NCT03389152

EmuimAgov, tpoteivel Tnv agloAoynon twy acBevwy we Kal 4 popéc etnoiwe e to PLEASE score yia
acBeveic uPnAol Kvduvou, evw avtiBeta mpoteivel etrpola alohoynon pe to PLEASE score yia
acBeveic ye xapnAo kivouvo HKK.

20Pdwva Pe TOUC EPELVNTEG, N epappoyn TOU VEOU aAyoplBuou, eixe KAAUTEPN OXEON KOOTOUG-
0dENOUC CUYKPLTIKA HE TN ouvAdn PEBODO emuTtnpPnoNng HeE umepnxoypdadnua kKoliag kat a-
detoTPWTEIVN AvA BUNVO oTNV opdda Twv acBevwy Pe xapnAo kivouvo yua HKK.

To PLEASE score 8a pmopouUoe va amoteAéoel éva veéo alyoplBpo emutipnong yia HKK, wotéoco
xpAlel mepaltépw eMaAnBeVONG O€ TIPOOTITIKO TITEDO (N TTApoVod PEAETN ATAV AVAdPOMIKN).

AKOAOUBOUV ONUAVTLKEC ELKOVEC ATIO TN HEAETN.
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Figure 1. Flowchart and Model Development.

Panel A: study flowchart including derivation cohorts (blue shading) and validation cohorts (green shading) from July 2007 to May
2018. Panel B: forest plot of hazard ratios of all independent risk factors of de novo HCC development within 2 years using a Cox
regression model. Panel C: our algorithm’s score and subscore for each variable based on Youden index and Cox regression results;
values shown as “=0" represent the specified cutoff for a score of zero in the final PLEASE score, while values differing from this cutoff
were scored as “1." 2D-SWE denotes two-dimensional shear-wave elastography; AIC, Akaike information criterion; g, gram; HCC,
hepatocellular carcinoma; kPa, kilopascal; |, liter; In, natural logarithm; LSM, liver stiffness measurement; OR, odds ratio; PLEASE,
platelet, elastography, age, sex, and etiologies algorithm; pSWE, point shear-wave elastography; SLD, steatotic liver disease; and TE,
transient elastography.



Table 1. General Characteristics of the Derivation Cohort of the Aixplorer Study and Comparison between Patients with and without Hepatocellular
Carcinoma Development during Fellow-up.*

Variablej

Follow-up time, months
Age
Male
BMI, kg/m*i
Etiology
ALD
MASLD
HCV
HCV SVR baseline
HCV SVR follow-up
HBV
HBV control baseline
HBV control follow-up
Previous decompensation
Infections
Ascites
Encephalopathy (West Haven)
HRS
Variceal bleeding
SBP
Laboratory tests
Albumin, g/l
Alkaline phosphatase, U/l
ALT, U/I
AST, UJl
Bilirubin, mg/dI
Creatinine, mg/dl
INR
Platelets, x10%/I
WBC, x10%1
CRP, g/dI
Scores
MELD
Child-Pugh
Stage A
Stage B
Stage C
Liver stiffness
2D-SWE, kPa
TE, kPa
FIB-4
SAGE
APS

Aixplorer Study (n=1974)

29.4 (12.8-47.2)
55.0 (45.0-62.6)
1233 (62.5%)

26.4 (23.0-30.5)

434 (22.0%)
412 (20.9%)
296 (15.0%)
80 (27.0%)
88 (29.7%)
211 (10.7%)
87 (41.2%)
83 (39.3%)
464 (23.5%)
97 (5.7%)
245 (13.19%)
65 (3.9%)
50 (2.9%)
109 (6.4%)
8 (0.8%)

40.0 (34.0-43.0)
90.0 (67.0-129.0)
450 (28.0-78.0)
440 (30.0-70.0)
0.8 (0.5-1.3)
0.8 (0.7-1.0)
1.1 (1.0-1.2)
182.0 (124.0-242.0)
6.2 (5.0-7.9)
2.9 (1.0-7.0)

7.7 (6.4-10.5)
5.0 (5.0-5.0)
1714 (86.8%)
215 (10.9%)
45 (2.3%)

11.2 (7.2-23.0)
8.2 (5.7-13.8)
1.9 (1.1-3.9)
8.0 (5.0-11.0)

79.0 (61.0-39.0)

HCC (n=106)

13.7 (6.3-21.3)

59.0 (54.0-64.0)
83 (78.3%)

25.9 (23.4-29.0)

30 (28.3%)
9 (8.5%)
39 (36.8%)
2 (5.1%)
1 (2.6%)
15 (14.2%)
2 (13.3%)
0 (0.0%)
38 (83.0%)
4 (13.8%)
25 (23.6%)
6 (20.7%)
4 (13.8%)
1 (3.4%)
2 (8.0%)

37.0 (32.8-42.0)
117.0 (86.5-159.0)
41.0 (30.0-69.0)
55.0 (45.0-79.5)
1.2 (0.8-1.9)

0.8 (0.7-1.1)

1.2 (1.1-1.4)
117.5 (81.0-162.0)

5.4 (4.8-7.3)

3.5 (1.6-8.2)

9.7 (8.2-13.1)
6.0 (5.0-6.0)
84 (79.2%)
18 (17.0%)

4 (3.8%)

22.0 (15.7-30.7)
22.6 (17.9-24.0)
5.1 (2.8-7.3)
11.0 (11.0-13.0)
87.9 (82.0-92.0)

No HCC (n=1868)

31.1 (13.4-48.0)
54.5 (44.5-62.4)
1150 (61.6%)

26.4 (22.9-30.7)

404 (21.6%)
403 (21.6%)
257 (13.8%)
78 (30.4%)
87 (33.9%)
196 (10.5%)
85 (43.4%)
83 (42.3%)
376 (20.1%)
94 (5.6%)
220 (12.4%)
59 (3.6%)
46 (2.7%)
108 (6.5%)
6 (0.6%)

40.0 (34.0-43.0)
89.0 (67.0-126.0)
453 (28.0-79.0)
43.0 (30.0-69.0)

0.8 (0.5-1.3)

0.8 (0.7-1.0)

1.1 (1.0-1.2)

185.0 (130.0-244.0)
6.2 (5.0-7.9)
2.9 (1.0-7.0)

7.5 (6.4-10.2)
5.0 (5.0-5.0)
1630 (87.3%)
197 (10.5%)
41 (2.2%)

10.7 (7.1-21.6)
8.1 (5.7-13.6)
1.8 (1.0-3.6)
8.0 (5.0-11.0)

78.0 (60.0-39.0)

* 2D-SWE denotes two-dimensional shear-wave elastography; ALD, alcohol-related liver disease; ALT, alanine transferase; APS, age, platelets, and two-
dimensional shear-wave elastography score; AST, aspartate transaminase; BMI, body mass index; CRP, C-reactive protein; dl, deciliter; FIB-4, fibrosis-4;
g, gram; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HE, hepatic encephalopathy; HRS, hepatorenal syndrome; INR,
international normalized ratio; kPa, kilopascal; |, liter; MASLD, metabolic dysfunction—associated steatotic liver disease; MELD, Model for End-Stage Liver
Disease; mg, milligram; SBP, spontaneous bacterial peritonitis; SVR, sustained viral response; TE, transient elastography; WBC, white blood cell. MELD
score range: 6-40 (the higher the score, the higher the 3-month mortality rate of the patients with chronic liver disease. FIB-4 score range: >0 (<1.45
indicates absence of cirrhosis; between 1.45-3.25 are deemed inconclusive; >3.25 indicates advanced fibrosis/cirrhosis). SAGE score range: 0-15 (the
higher the score, the higher the 12-year HCC risk, In patients with SAGE score of 0-5, 6-10 and 11-15, the 12-year cumulative HCC probability was 0%,
4.0% and 13.8%). APS, Platelets, 2D Shear-Wave Elastography Score range: 1-139 (the higher the score, the higher the 3-year and 5-year HCC risk.

1 Continuous variables are shown as median (interquartile range); categorical variables are shown as number (percentage); P values were compared

between the HCC group and the no-HCC group using a nonparametric U test.

I The body mass index is the weight in kilograms divided by the square of the height in meters.
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Figure 2. Model Discrimination and Cumulative Hepatocellular Carcinoma Incidence in Different
Risk Group.

Panel A: time-dependent area under the curve of the PLEASE algorithm score to predict 2-year de novo HCC development and its
comparison with the PLEASE model, MELD score, SAGE score, APS score, and Child—Pugh score. The PLEASE model (red line)
indicates the model derived from Cox regression for predicting 2-year HCC. The PLEASE score (pink line) indicates our algorithm score
and categorical subscore of 8 (range 0 to 7). Panel B: cumulative event curve of HCC development within 2 years, comparing patients
in the low-risk and high-risk groups according to the PLEASE algorithm score in all patients. The inset shows the same data on an
enlarged y-axis. Panel C: cumulative event curve of HCC development within 2 years, comparing patients in the low-risk and high-
risk groups according to the PLEASE algorithm score in SLD patients. The inset shows the same data on an enlarged y-axis. Panel D:
cumulative event curve of HCC development within 2 years, comparing patients in the low-risk and high-risk groups according to the
PLEASE algorithm score in viral hepatitis patients. The inset shows the same data on an enlarged y-axis. APS denotes age, platelets,
and two-dimensional shear-wave elastography score; AUC, area under the curve; HCC, hepatocellular carcinoma; iIAUC, incremental
area under the curve; MELD, Model for End-Stage Liver Disease; PLEASE, platelet, elastography, age, sex, and etiologies algorithm;
SAGE, stiffness and age; SLD, steatotic liver disease; and SWE, shear-wave elastography.
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