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Abstract

Background and aims: There are limited data on the significance of liver stiffness measurements

(LSM) by transient elastography in the upper extreme end of the measurable spectrum. This multicentre

retrospective observational study evaluated the risk of hepatocellular carcinoma (HCC) in patients with

LSM �20 kPa.

Methods: 432 cirrhosis patients with LSM �20 kPa between June 2007 and October 2015 were

retrospectively followed-up through electronic records.

Results: A minimum 1-year follow-up was available for 278 patients (177 men; average age 57, range

18–84). LSM ranged from 20.0 to 75.0 kPa (mean 34.6 kPa). Cumulative incidences of HCC were 19

(6.8%), 30 (10.8%) and 41 (14.7%) at 1, 2 and 3 years, respectively. HCC was associated with age

(p = 0.003), higher LSM (p = 0.005) and viral aetiology (p = 0.007). Patients were divided into 4 groups

based on LSM at entry: 20–25 kPa (n = 74); 25–30 kPa (n = 62); 30–40 kPa (n = 75); >40 kPa (n = 67).

Compared to the 20–25 kPa group, the 30–40 kPa group had a hazard ratio (HR) of 3.0 (95% CI,

1.1–8.3; p = 0.037), and the >40 kPa group had a HR of 4.8 (95% CI, 1.7–13.4; p = 0.003).

Conclusions: This study shows an association between LSM at the upper extreme and HCC risk.

Physicians may find this beneficial as a non-invasive dynamic approach to assessing HCC risk in

cirrhosis patients.
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Introduction

Liver fibrosis is common to all chronic liver disease (CLD).1 With
time, this progressive disruption of hepatic architecture can
develop into cirrhosis, characterised by “diffuse conversion of
normal liver architecture into structurally abnormal nodules”.2

Cirrhosis is also a premalignant condition for hepatocellular
List of abbreviations: LSM, liver stiffness measurement; kPa, kilopascal; HCC, hepato-

cellular carcinoma; CLD, chronic liver disease; ALD, alcoholic liver disease; NAFLD, non-

alcoholic fatty liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D

virus; IQR, interquartile range; S, small; M, medium; XL, extra-large; CI, confidence interval;

HR, hazard ratio.
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carcinoma (HCC), the 3rd largest global cause of cancer mor-
tality.3 80–90% of HCC develop on the background of cirrhosis.
An accurate quantification of the degree of fibrosis is necessary

for establishing prognosis and guiding surveillance. The histor-
ical gold standard for quantifying fibrosis is liver biopsy, but its
invasive nature and potential for complications4,5 make it un-
popular among patients and impractical for serial assessments of
CLD. Furthermore, since histological lesions are not uniformly
distributed across the liver parenchyma, this allows for large
sampling error.5–9
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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The need for credible alternatives to biopsy has stimulated
research into non-invasive methods of fibrosis assessment,
including serum biomarkers,10 axial imaging11–14 and transient
elastography.15–17 FibroScan™ (Echosens, Paris, France) allows a
non-invasive liver stiffness measurement (LSM) by calculating
the propagation speed of an elastic sheer wave induced by the
transducer, which correlates with liver stiffness (and therefore
fibrosis). It is a relatively simple, highly reproducible and oper-
ator independent technique which examines an area 100 times
that of a biopsy, reducing sampling bias.18

Depending on aetiology of liver disease, a LSM between 11.5
and 22.5 kPa indicates cirrhosis.19–21 Occasionally, patients have
much higher FibroScan™ readings, and there are limited data
available on their significance. High liver stiffness is not exclu-
sively seen with cirrhosis, and has been linked to several pa-
thologies22–26 including HCC.27 Masuzaki et al.28 showed a
relationship between rising LSM and the risk of developing HCC.
The study assessed a Japanese population, where the incidence of
HCC is greater than in Europe,29,30 and these results may not
reflect the risk to a European population. Furthermore, the above
study made no attempt to differentiate between LSM at the upper
extreme of the scale, instead grouping all values �25 kPa
together.
This multicenter retrospective observational study aimed to

evaluate the risk of HCC in patients with liver stiffness �20 kPa.
Clinicians may find this helpful in determining how best to
follow-up patients with a liver stiffness far higher than the
threshold for cirrhosis.
Methods

Transient elastography
Patient records of those with biopsy-proven cirrhosis from the
Department of Hepatology, St Mary’s Hospital, London (2008
onwards) and the Infectious Disease Department, University
Hospital “Policlinico-Vittorio Emanuele”, Catania (2007 on-
wards) were chronologically screened to identify all LSM by
FibroScan™ (Echosens, Paris, France) with stiffness values of
�20 kPa. All LSM were performed by certified staff with expe-
rience in FibroScan™ technology. Scans were performed in an
outpatient setting, with a typical appointment lasting 10 min.
Entries with incomplete FibroScan™ data were excluded from
the study. Substandard LSM, defined by manufacturer guidelines
as <10 successful attempts, a success rate of <60% (defined as the
ratio of successful measurements over the total number of at-
tempts) or an interquartile range of >30% of the median, were
not considered an exclusion criteria.

Follow-up
Patients were retrospectively followed-up through imaging
studies, according to the EASL guidelines for HCC surveillance.31

The first line surveillance modality was liver ultrasound,
performed biannually in stable cirrhosis patients. Follow-up
HPB 2016, 18, 678–683 © 2016 International Hepato-P
imaging included US with contrast, triple phase CT, or MRI
with gadolinium contrast. HCC was diagnosed considering
hyperattenuation in the arterial phase, with washout in the late
phase. In the event of an inconclusive study and absence of
further imaging, an assumption of no HCC was made. HCC was
counted from the time of the first imaging study to positively
identify a tumour. The minimum follow-up period was set at 12
months from the original FibroScan™ investigation, and patients
were followed for a maximum of 3 years. Data inclusion was
stopped (statistically censored) at the last available follow-up,
death (if date known, if unknown at last known date alive, e.g.
blood test on electronic record), or at 3 years after LSM.

Statistical analysis
Data are expressed as percentages or as mean ± standard devi-
ation (range). Categorical variables were compared with the chi-
squared test, and continuous variables compared with Inde-
pendent Student’s T-test (parametric) or Mann–Whitney U test
(non-parametric). A two-tailed p value of �0.05 was considered
significant.
Patients were divided into 4 groups based on baseline kPa

value: 20–25 kPa, 25–30 kPa, 30–40 kPa, and >40 kPa. Cu-
mulative incidence of HCC was assessed using the Kaplan Meier
approach. Pairwise log rank tests compared differences in sur-
vival distributions. A Bonferroni correction was made to adjust
for multiple comparisons. Univariate and multivariate Cox
proportional hazards regression analysis of age, gender, aetiology
and liver stiffness at time of entry was conducted to assess risk
factors for HCC. Categorical variables were represented using
dummy variables. Hazard ratios for LSM groups were calculated
using the 20–25 kPa group as reference. All statistics were
performed using IBM© SPSS© Statistics version 22 (IBM,
Armonk, New York, USA).
Results

Patient population
Four hundred thirty-two patients (n = 432) with LSM �20 kPa
were identified for follow-up at the Hepatology Department of St
Mary’s Hospital (London, UK; n = 261) and the Infectious
Disease Department of University Hospital “Policlinico-Vittorio
Emanuele” (Catania, Italy; n = 171) between June 2007 and
October 2015 (Table 1). There were 286 men and 146 women,
with an average age of 56 ± 13 (range 0–84). The predominant
underlying aetiology behind their liver disease was HCV
(50.7%). Population demographics are shown in Table 1.

Exclusion
Patients were excluded when follow-up data were unavailable for
a minimum of 365 days after FibroScan™ (n = 154), unless a new
diagnosis of HCC was made within this time. This served to
allow a lead-time for HCC development. Of the 154 excluded, 3
patients died of hepatic decompensation, 3 died of non-hepatic
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 Characteristics according to HCC development (n = 278)

HCC +ve HCC –ve

n 41 237

Age (years) 62 ± 11 (44–82) 56.0 ± 12 (18–84) 0.003

Male, n (%) 30 (73.2) 147 (62.0) 0.171

Aetiology, n (%) 0.007

Viral 35 (85.4) 151 (63.7)

Non-viral 6 (14.6) 86 (36.3)

Liver stiffness
(kPa)

40.3 ± 15.2 (20.6–75) 33.6 ± 13.7 (18–75) 0.005

IQR/med 0.22 ± 0.15 (0–0.64) 0.22 ± 0.16 (0–1.1) 0.998

Success rate
(%)

81 ± 27 (0–100) 91 ± 15 (10–100) 0.127

Probe (%)

S 2 (4.9) 3 (1.3)

M 34 (83.0) 189 (79.7)

XL 5 (12.2) 45 (19.0)

Abbreviations: ALD, alcoholic liver disease; NAFLD, non-alcoholic fatty
liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; IQR,
interquartile range; S, small; M, medium; XL, extra-large.
Significant differences in bold.

Table 1 Baseline characteristics of patients with high FibroScan™

values

Feature n [ 432

Age (years)* 56 ± 13 (18–84)

Male, n (%) 286 (66.2)

Aetiology (%)

ALD 35 (8.1)

NAFLD 44 (10.2)

HBV 27 (6.3)

HCV 219 (50.7)

Mixed viral** 38 (8.8)

Cholestatic disease 8 (1.9)

Other*** 61 (14.1)

Liver stiffness (kPa)* 34.5 ± 14.6 (18–75)

IQR/med* 0.21 ± 0.15 (0–1.1)

Success rate (%)* 88 ± 18 (0–100)

Probe, n (%)

S 5 (1.1)

M 356 (82.4)

XL 71 (16.4)

*Data expressed as mean ± standard deviation (range).
**Includes HIV and HDV.
***Includes multiple aetiologies, non-cirrhotic portal hypertension and
other non-cirrhotic aetiologies.
Abbreviations: ALD, alcoholic liver disease; NAFLD, non-alcoholic fatty
liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV,
hepatitis D virus; IQR, interquartile range; S, small; M, medium; XL,
extra-large.
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causes, 2 underwent liver transplantation, 8 were known to have
HCC at the time of FibroScan, 62 had LSM less than 1 year prior
to analysis, and 72 were lost to follow-up. A total of 278 (64.3%)
patients were included in the final analysis (177 men, 101
women; average age 56.6).

Follow-up
The median follow-up was 941 days (mean 812 ± 319; range
0–1095). The set maximum follow-up period was 3 years. Data
inclusion was stopped between 1 and 2 years for 107 patients,
between 2 and 3 years for 62 patients, and at 3 years for 109
patients. 74% of patients had biannual screening liver ultrasound
as recommended by EASL guidelines.32 In this time there were 21
recorded deaths, from HCC (n = 9), hepatic decompensation
(n = 2), non-hepatic (n = 3) and unknown causes (n = 7). One
patient with hepatitis C cirrhosis had developed a sustained
virological response during follow-up after successful triple
therapy with boceprevir/pegylated-interferon-alpha/ribavirin.
The remaining patients with viral hepatitis (n = 185) had on-
going viraemia. During the follow-up period there were 41
cases of HCC, constituting 14.7% of the population. Cumulative
totals of HCC were 19 (6.8%), 30 (10.8%) and 41 (14.7%) at 1, 2
and 3 years respectively. HCC development was associated with
HPB 2016, 18, 678–683 © 2016 International Hepato-P
older age (p = 0.003), higher LSM (p = 0.005) and viral aetiology
(p = 0.007), as seen in Table 2. The majority of HCC were solitary
tumours (78%). There was no association between multifocal
tumours and liver stiffness (p = 0.16).

LSM and HCC
Patients were divided into 4 groups, based on their liver stiffness:
20–25 kPa (n = 74); 25–30 kPa (n = 62); 30–40 kPa (n = 75);
>40 kPa (n = 67). Group cut-offs were decided to allow similar
sized populations in each group. Kaplan Meier survival analysis
compared the groups for cumulative incidence of HCC (Fig. 1).
Overall differences in HCC incidence were statistically sig-

nificant (c2(3) = 10.872, p = 0.012). Pairwise log rank com-
parisons were conducted to determine which LSM groups had
significantly different survival distributions. A Bonferroni
correction was made to adjust for multiple comparisons, with
significance set at p = 0.0083. There was a statistically significant
difference in HCC incidence between the <25 kPa vs. >40 kPa
groups (c2(3) = 8.604, p = 0.003). Differences between other
groups approached significance (Table 3).

Risk factors for HCC
Cox proportional hazard regression univariate analysis (Table 4)
revealed that age, viral aetiology and liver stiffness were signifi-
cant risk factors for HCC. Compared to the 20–25 kPa group,
higher liver stiffness groups had increased risks of HCC, with
both the 30–40 kPa and >40 kPa reaching significance.
In multivariate analysis (Table 4), liver stiffness was inde-

pendently associated with HCC risk. Patients in the 30–40 kPa
group had a hazard ratio (HR) for developing HCC of 2.98 (95%
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 Risk of HCC stratified by liver stiffness

Table 3 Log rank comparisons between survival distributions

Stiffness (kPa) 20–25 25–30 30–40 >40

c2 Sig.* c2 Sig.* c2 Sig.* c2 Sig.*

20–25 – – 0.539 0.463 5.604 0.018 8.605 0.003

25–30 – – – – 2.371 0.124 4.385 0.036

30–40 – – – – – – 0.455 0.500

*Significance set at p = 0.0083 after Bonferroni correction for multiple
comparisons.
Significant differences in bold.
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CI 1.07–8.32; p = 0.037), compared to the 20–25 kPa group. The
HR in the >40 kPa group was 4.81 (95% CI 1.73–13.35;
p = 0.003). The HR of the 25–30 kPa group did not reach sta-
tistical significance. Other independent risk factors were age (HR
HPB 2016, 18, 678–683 © 2016 International Hepato-P
1.05 per year of life; 95% CI, 1.02–1.08; p = 0.002) and viral
aetiology (HR 3.55; 95% CI, 1.48–8.50; p = 0.005).
Discussion

The results indicate that HCC risk rises with higher LSM. From a
sample of 432 people with LSM�20 kPa, 41 were diagnosed with
HCC within 3 years of their FibroScan™. These patients had
higher mean age (p = 0.003), higher mean LSM (p = 0.005) and
were more likely to have a viral aetiology (p = 0.007). Survival
analysis showed that cumulative HCC incidence increased with
higher baseline liver stiffness. The 20–25 kPa group had the
lowest HCC risk of all four groups, though only the >40 kPa
group reached statistical significance after correcting for multiple
comparisons. This suggests that HCC risk continues to correlate
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 4 Risk factors for HCC (Cox’s proportional hazard model;

n = 278)

Univariate Multivariate

Variable HR (95% CI) p HR (95% CI) p

Age
(per year of life)

1.04 (1.01–1.07) 0.003 1.05 (1.02–1.08) 0.002

Gender (male) 1.53 (0.77–3.06) 0.227 1.72 (0.84–3.52) 0.141

Aetiology

Non-viral 1.0 1.0

Viral 2.78 (1.17–6.61) 0.021 3.55 (1.48–8.50) 0.005

Liver stiffness 0.021 0.006

20–25 kPa 1.0 1.0

25–30 kPa 1.55 (0.47–5.08) 0.470 1.39 (0.42–4.60) 0.590

30–40 kPa 3.21 (1.16–8.82) 0.024 2.98 (1.07–8.32) 0.037

>40 kPa 4.08 (1.48–11.24) 0.007 4.81 (1.73–13.35) 0.003

Abbreviations: HR, Hazard Ratio; CI, confidence interval; kPa,
kilopascals.
Significant differences in bold.
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with rising liver stiffness beyond the threshold for cirrhosis.
Consequently, FibroScan™ allows stratification of HCC risk in a
non-invasive and simple way.
Likewise, multivariate hazards analysis showed increasing

hazard ratios for HCC parallel to rising liver stiffness. Patients
with LSM of 30–40 kPa had a 3.0 times higher HCC risk than
patients with 20–25 kPa baseline stiffness (p = 0.037). The risk
increased to 4.8 times with baseline stiffness above 40 kPa
(p = 0.003). Risk calculations were done using the 20–25 kPa
group as a baseline for comparison. This group is already at a
high risk of developing HCC, and all risks relative should be
considered very high as well.
Liver histology and axial imaging are useful tools for diag-

nosing cirrhosis, but they cannot reliably divide cirrhosis into
categories to reflect progressive disease.2,33,34 FibroScan™
(Echosens, Paris, France) is routinely used across liver centres
worldwide: a quick, operator independent, reproducible, non-
invasive technique, with smaller sample error than biopsy.
Manufacturer guidelines on LSM interpretation are clear with
respect to cut-offs for cirrhosis, but there is limited help in
interpreting abnormally high results. Previous research showed
increasing liver stiffness is associated with HCC,21,28,35 but did
not differentiate between values above 25 kPa.28 To our knowl-
edge, this study is the first to investigate the association between
liver stiffness values at the upper extreme end of the spectrum
with HCC. As HCC incidence is closely associated with the
degree of fibrosis, for which LSM is a validated surrogate marker,
it has been proposed that the rising risk of HCC observed among
our patients reflects the severity of their liver disease. This is
supported by evidence showing that LSM >21 kPa predicts
clinically significant portal hypertension with a 90% specificity.31

This study adds to the current body of knowledge surrounding
transient elastography.
HPB 2016, 18, 678–683 © 2016 International Hepato-P
Owing to its design, our work suffers from flaws common to all
retrospective studies. The heterogeneity of our population
achieved through including all aetiologies of liver disease is a
possible confounding factor. However, the achieved population
size lends weight to the conclusions and more accurately reflects
the broad spectrum of conditions in clinical practice. Our results
require external validation in order to become applicable to clinical
practice. Future studies may attempt prospectively to evaluate
populations with a single aetiology of liver disease. However, the
relatively low frequency of such LSMmakes such studies costly and
time consuming. EASL guidelines (2012) recommend patients at
high risk of HCC to have biannual screening abdominal US scans,
and patients with a detectable nodule <1 cm be rescanned every
3–4 months.32 As patients >30 kPa have significantly increased
HCC risk, they may also benefit from closer monitoring.

Conclusion
This multicentre retrospective observational study shows an as-
sociation between liver stiffness measurements at the upper
extreme and increasing HCC risk in patients with cirrhosis. LSM
by FibroScan™ allows stratification of HCC risk in a non-
invasive and reliable way. Physicians may find this beneficial as
a dynamic approach to monitor HCC risk.
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