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Prospective Risk Assessment for Hepatocellular
Carcinoma Development in Patients with Chronic
Hepatitis C by Transient Elastography

Ryota Masuzaki,' Ryosuke Tateishi,' Haruhiko Yoshida,! Eriko Goto,! Takahisa Sato,' Takamasa Ohki,' Jun Imamura,’
Tadashi Goto,! Fumihiko Kanai,! Naoya Kato,! Hitoshi Ikeda,* Shuichiro Shiina,' Takao Kawabe,' and Masao Omata!

Liver stiffness, noninvasively measured by transient elastography, correlates well with liver
fibrosis stage. The aim of this prospective study was to evaluate the liver stiffness measure-
ment (LSM) as a predictor of hepatocellular carcinoma (HCC) development among patients
with chronic hepatitis C. Between December 2004 and June 2005, a total of 984 HCV-RNA
positive patients, without HCC or a past history of it, visited the University of Tokyo
Hospital. LSM was performed successfully in 866 patients, who gave informed consent.
During the follow-up period (mean, 3.0 years), HCC developed in 77 patients (2.9% per 1
person-year). The cumulative incidence rates of HCC at 1, 2, and 3 years were 2.4%, 6.0%,
and 8.9%, respectively. Adjusting for other significant factors for HCC development, pa-
tients with higher LSM were revealed to be at a significantly higher risk, with a hazard ratio,
as compared to LSM =10 kPa, 0of 16.7 (95% confidence interval [CI], 3.71-75.2; P < 0.001)
when LSM 10.1-15 kPa, 20.9 (95% CI, 4.43-98.8; P < 0.001) when LSM 15.1-20 kPa, 25.6
(95%ClI, 5.21-126.1; P < 0.001) when LSM 20.1-25 kPa, and 45.5 (95% CI, 9.75-212.3;
P < 0.001) when LSM >25 kPa. Conclusions: This prospective study has shown the asso-
ciation between LSM and the risk of HCC development in patients with hepatitis C. The
utility of LSM is not limited to a surrogate for liver biopsy but can be applied as an indicator
of the wide range of the risk of HCC development. (HEPATOLOGY 2009;49:1954-1961.)

annual incidence ranging between 3% and 8%.57 The

See Editorial on Page 1793 prognosis of HCC is deemed poor unless the cancer is

detected and treated at an early stage.®-1° Thus, the assess-
ment of risk for HCC development is essential in the
management of patients with chronic liver diseases.
Chronic hepatitis C is an endemic disease affecting
millions of individuals globally.'-'4 HCV infection is
typically accompanied by no conspicuous symptoms and
may result in cirrhosis unnoticed over a couple of decades.

epatocellular carcinoma (HCC) is a common
malignancy worldwide,! currently showing an
increasing incidence in the United States and
elsewhere.>* HCC usually develops in liver already suf-
fering from chronic liver diseases. In particular, hepatitis
C virus (HCV)-related cirrhosis is associated with an ex-

wemely high risk of HCC development, with a reported The risk factors for hepatic carcinogenesis in patients with

chronic hepatitis C have been vigorously studied,>¢15-1¢
and the degree of liver fibrosis is known to be the stron-
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carcinoma; HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient; HR,
hazard ratio; LSM, liver stiffness measurement; SVR, sustained virological response. N

From the ! Department of Gastroenterology, University of Tokyo; ?Department of comphcatlons. 17
Clinical Laboratory, University of Tokyo Hospital, Tokyo, Japan. Recently, liver stiffness measured noninvasively by

Received October 19, 2008; accepted January 22, 2009.

Address reprint requests to: Harubiko Yoshida, Department of Gastroenterology, . ] ) . ;
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. E-mail:  lated with histologically assessed liver fibrosis stage.!8-22
yoshida-2im@h.u-tokyo.ac jp; faxx +81-3-3814-0021 Both routine and specific biomarkers, together with a

Copyright © 2009 by the American Association for the Study of Liver Diseases. bi . h fh b d . .
Published online in Wiley InterScience (www.interscience.wiley.com). combination thereot, have been proposed as noninvasive

DOI 10.1002/hep.22870 indicators of the degree of liver fibrosis.?3-2> Among them,
Potential conflict of interest: Nothing to report. Fibrotest is accepted as a promising noninvasive marker to

sive procedure with the possibility of life-threatening

transient elastography has been reported to be well corre-
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assess liver fibrosis stage and also reported as a useful prog-
nostic factor for patients with hepatitis C.2 A previous
cross-sectional study reported that transient elastography
surpassed Fibrotest in the diagnosis of cirrhosis.'® How-
ever, the accuracy of transient elastography in assessing
the prognosis of patients with hepatitis C has not been
validated in prospective studies. We previously reported
in a cross-sectional setting that liver stiffness measure-
ment (LSM) was strongly associated with the probability
of the presence of HCC among patients with hepatitis
C.?7 Besides its noninvasiveness, LSM has a possible ad-
vantage over liver biopsy of being less prone to sampling
errors and intra- and interobserver variability.?82°

Portal hypertension is a direct consequence of the fi-
brotic transformation of liver and a progressive complica-
tion of cirrhosis. Therefore, the management of patients
with cirrhosis and portal hypertensive gastrointestinal
bleeding depends on the phase of portal hypertension.
Measurement of the hepatic venous pressure gradient
(HVPQ) is currently employed for the evaluation of por-
tal hypertension.3° Vizzutti et al.3! reported that LSM was
well correlated with HVPG.

Not only the presence of cirrhosis but also the degree of
fibrosis in noncirrhotic liver, as expressed in fibrosis
stages, is known to be correlated with the risk of HCC.
The correlation can be more rigorously analyzed by using
LSM, which is expressed in kPa as a continuous variable.
Moreover, LSM has a wide dynamic range within the
cirrhotic stage, from the cutoff level from noncirrhosis
(15-17 kPa) to the upper measurement limit of the
present device (75 kPa). It is of interest to know whether
the risk of HCC can be differentiated further among cir-
rhotic patients according to their LSM.

We conducted the present study to prospectively eval-
uate the efficacy of LSM by transient elastography as a
predictor of HCC development among a cohort of pa-
tients with hepatitis C with various degrees of liver fibrosis.

Patients and Methods

Patients. Between December 2004 and June 2005, a
total of 984 HCV-RNA positive patients, excluding those
with HCC or a past history of it, visited the liver clinic of
Department of Gastroenterology, the University of To-
kyo Hospital. LSM was performed on those patients who
gave informed consent. All patients were positive for se-
rum HCV-RNA and showed at least a transiently elevated
serum alanine aminotransferase (ALT) level. We excluded
from this study patients with concomitant hepatitis B
virus surface antigen positivity, patients with uncontrol-
lable ascites, patients on interferon (IFN) therapy, and
patients who visited only for consultation purposes. We
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also examined the history of IFN therapies and responses
during the follow-up period. A sustained virological re-
sponse (SVR) was defined as undetectable HCV-RNA at
least 24 weeks after the end of therapy. Diagnosis of cir-
rhosis was based on the presence of clinical and laboratory
features of portal hypertension (the presence of esopha-
geal varices and/or collateral circulation at endoscopy and
ultrasonography). The study protocol conformed to the
ethical guidelines of the 1975 Helsinki Declaration and
was approved by the Institutional Review Board. All
blood tests were performed at the time of LSM.

Patient Follow-up and Diagnosis of HCC. Each
patient was screened for HCC with ultrasonography at
or immediately after the first visit and those in whom
HCC was detected were not included in this study.
Afterwards, patients were followed up at the outpatient
clinic with blood tests including tumor markers and
ultrasonography every 3 to 6 months. Contrast-en-
hanced computed tomography (CT) was performed
when serum alpha fetoprotein (AFP) levels showed an
abnormal rise and/or tumors were detected as possible
HCC on ultrasonography.3> HCC was diagnosed by
dynamic CT, considering hyperattenuation in the ar-
terial phase with washout in the late phase as the defi-
nite sign of HCC.33:34 When the diagnosis of HCC was
not clear, ultrasound-guided tumor biopsy was per-
formed and pathological diagnosis was made based on
Edmondson-Steiner criteria.?> The last observation an-
alyzed in this study was May 31, 2008.

Transient Elastography. LSM was performed using
Fibroscan (Echosens, Paris, France), a new medical device
based on elastometry.?! The investigators had undergone
a previous training period in which each had performed at
least 50 measurements. The procedure is totally noninva-
sive and performed on the right lobe of the liver through
the intercostal space. LSM was performed within 1 week
after laboratory tests were obtained. Only LSM obtained
in at least eight successful acquisitions with a success rate
of at least 60% were considered valid.

Statistical Analysis. Data are expressed as the
mean = standard deviation (SD) and range in parentheses
unless otherwise indicated. The categorical variables were
compared by chi-square tests, whereas continuous vari-
ables were compared with unpaired Student’s 7 test (para-
metric) or Mann-Whitney U test (nonparametric). A
P-value < 0.05 on two-tailed test was considered signifi-
cant. Annual incidence of hepatocarcinogenesis was as-
sessed with the person-year method. Patients were
censored at the time of death without HCC development,
the last visit when lost to follow-up, or the end of the
study period. Cumulative incidence of HCC was esti-
mated using the Kaplan-Meier method. In the analysis of
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risk factors for hepatocarcinogenesis, we tested the follow-
ing variables obtained at the time of entry in univariate
and multivariate Cox proportional hazard regression anal-
ysis: age, gender, body mass index (BMI), heavy alcohol
drinking, liver stiffness, clinical cirrhosis, serum albumin
concentration, total bilirubin concentration, ALT levels,
aspartate aminotransferase (AST) levels prothrombin ac-
tivity, platelet counts, and AFP concentration. Stepwise
variable selection with Akaike information criterion
(AIC) was used to find the best model in multivariate
analysis. Multichotomous categorical variables were rep-
resented by corresponding binary dummy variables. Sub-
group analyses using a Cox proportional hazard model
was applied to estimate the hazard ratios (HRs) of higher
LSM (>15 kPa) versus lower LSM (=15 kPa), with their
two-tailed P-values, for explanatory variables. The ex-
planatory variables used for HR estimation were: age,
gender, serum albumin concentration, BMI, AST level,
ALT level, platelet counts, AFP concentration, clinical
cirthosis, and IFN therapy (with or without history of
therapies and SVR or non-SVR during the follow-up pe-
riod). The median value was chosen as each cutoff level.
Processing and analysis were performed using S-PLUS
2000 (MathSoft, Seattle, WA).

Results

Patients’ Profile. Between December 2004 and June
2005, a total of 876 patients underwent LSM. Ten pa-
tients were excluded because of unsuccessful measure-
ments, mostly due to obesity (four patients had less than
eight valid measurements and six had a success rate lower
than 60%). Thus, 866 patients were included in the cur-
rent analysis. Their characteristics at the time of LSM are
summarized in Table 1. There were 398 men and 468
women, with a mean age of 62.2 * 11.4 years. Heavy
alcohol consumption was noted in 33 (3.8%). There were
109 patients whose AFP level exceeded 20 ng/mL.

Incidence of HCC. The mean follow-up period was
3.0 years, constituting 2,627 person-years overall. During
the follow-up period a total of 35 (4.0%) patients had
been lost to follow-up and censored at the time of last
visit. Six patients died without HCC and they were cen-
sored at the time of death. The remaining patients were
censored at the end of the study observation period (May
31, 2008). By the end of the follow-up, HCC developed
in 77 patients (2.9% per 1 person-year). The cumulative
incidence rates of HCC at 1, 2, and 3 years estimated by
the Kaplan-Meier method were 2.4%, 6.0%, and 8.9%,
respectively. The baseline characteristics of patients who
developed HCC and those who did not are shown in
Table 2.
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Table 1. Baseline Characteristics of Patients (n = 866)

Variables n = 866
Age (years) * 62.2 = 11.3 (17-89)
Male, n (%) 398 (46.0)
Alcohol consumption > 80 g/day, n (%) 33(3.8)
BMI (kg/m?2)* 22.5 + 3.1 (14.4-36.9)

Serum albumin (g/dL)*

Total bilirubin (mg/dL)*

AST (IU/L)*

ALT (IU/L)*

Prothrombin time activity (%)*
Platelet count (10%/L)*

AFP (ng/mL)*

Liver stiffness (kPa)*

4.0 * 0.4 (2.5-5.0)
0.8 * 0.4 (0.3-4.6)

51 + 34.2 (9-286)

54 + 46.9 (2-503)
84.9 = 14.9 (38.9-100)
160 + 67 (21-436)
14.9 * 44.6 (0.8-591.8)
11.9 + 9.7 (2.5-75)

IQR 2.4 +1.9(0.5-12.0)

Success rate 78.5 = 12.5 (60-100)
Patients who received IFN, n (%) 173 (20.0)
Patients who achieved SVR, n (%) 83 (9.6)

*Expressed as mean * SD (range).

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BMI, body mass index; IQR, interquartile range; IFN,
interferon; LSM, liver stiffness measurement; SVR, sustained virologic response.

Cause of Death. Two patients died of HCC. Two
patients died of liver failure without HCC development.
Four patients died of liver-unrelated causes. None re-
ceived liver transplantation.

Incidence of HCC Stratified by LSM. Cumulative
incidence rates at 1, 2, and 3 years in each group were
0.4%, 0.4%, and 0.4% (0.11% per 1 person year) in the
patients with LSM =10 kPa; 1.4%, 5.5%, and 11.7%
(2.9% per 1 person-year) in the patients with LSM
10.1-15 kPa; 3.8%, 12.0%, and 19.2% (5.0% per 1 per-
son-year) in the patients with LSM 15.1-20 kPa; and
8.7%, 15.7%, and 25.2% (8.3% per 1 person-year) in the
patients with LSM 20.1-25 kPa, 11.5%, 30.4%, and
38.5% (14.4% per 1 person-year) in the patients with
LSM >25 kPa, respectively (Fig. 1). The incidence rates
differed significantly among the five groups (2 < 0.001
by the log-rank test), increasing in accordance with liver
stiffness.

The number of patients who developed HCC and
those who did not in each rank of LSM is shown in Table
3, together with a summary of some baseline characteris-
tics. Patients who developed HCC tended to be older and
have a higher AFP level at the time of entry than those in
the same rank of LSM who did not develop cancer.

Risk Analyses. Univariate analyses showed that the
risk of HCC increased in accordance with LSM (Table 4).
Other significant risk factors for HCC included older age,
male gender, clinical cirrhosis, heavy alcohol intake, lower
serum albumin level, higher total bilirubin level, higher
ALT and AST levels, lower prothrombin time activity,
lower platelet counts, higher BMI level, AFP over 10 ng/
mL, no treatment of IFN, and without SVR.
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Table 2. Baseline Characteristics of Patients According to HCC Development

Variables HCC Development (+), n = 77 HCC Development (—), n = 789 P Value
Age (years) * 68.2 + 8.0 (50-89) 61.6 + 11.5(17-88) <0.001
Male, n (%) 41 (53.2) 357 (45.2) 0.19
Alcohol consumption > 80 g/day, n (%) 7(9.1) 26 (3.2) 0.02
BMI (kg/m?2)* 23.3 +3.1(16.8-29.7) 22.4 + 3.1 (14.4-36.9) 0.02
Serum albumin (g/dL)* 3.6 = 0.4 (2.7-4.5) 4.0 + 0.4 (2.5-5.0) <0.001
Total bilirubin (mg/dL)* 1.1 £ 0.6 (0.4-3.3) 0.9 + 0.4 (0.3-4.6) <0.001
AST (1U/L)* 70 =+ 33 (29-217) 49 + 34 (9-286) <0.001
ALT (1IU/L)* 66 + 42 (19-231) 53 + 47 (2-503) 0.019
Prothrombin time activity (%)* 73.6 = 10.9 (50-100) 86.1 = 14.8 (38.9-100) <0.001
Platelet count (10%/L)* 104 + 44 (36-246) 166 * 66 (21-436) <0.001
AFP (ng/mL)* 53.4 + 111 (2.0-591.8) 11.1 + 28.8 (0.8-339.4) <0.001
Liver stiffness (kPa)* 26.0 = 13.8 (8.9-69.1) 10.5 = 8.0 (2.5-75) <0.001
Clinical cirrhosis, n (%) 57 (74.0) 139 (17.6) <0.001

*Expressed as mean * SD (range).

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index.

Stepwise variable selection with AIC was used to find
the best model in multivariate analysis (Table 5). Patients
with higher LSM were revealed to be at a significantly
higher risk, with an HR of 16.7 (95% confidential inter-
val [CI], 3.71-75.2; P < 0.001) with LSM 10.1-15 kPa,
20.9 (95% CI, 4.43-98.8; P < 0.001) with 15.1-20 kPa,
25.6 (95%CI, 5.21-126.1; P < 0.001) with 20.1-25 kPa,
and 45.5 (95% CI, 9.75-212.3; P < 0.001) with >25
kPa, as compared to LSM =10 kPa. The presence of
clinical cirrhosis is also found to be a significant risk factor
for HCC development. LSM is thought to represent the
degree of live fibrosis, whereas clinical cirrhosis is based
not directly on fibrosis but on the degree of liver dysfunc-
tion and portal hypertension. Thus, these two factors are
mutually related but not identical, and may be comple-
mentary in evaluating the risk of HCC. The other risk
factors considered significant are older age, male gender,

and serum albumin level.
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No. at risk

<10kPa 511 476

10.1-15kPa 142 130 111 94
15.1-20kPa 79 76 63 51
20.1-25kPa 47 41 36 29
>25 kPa 87 75 54 41

Fig. 1. Cumulative incidence of HCC development stratified based on
LSM (N = 866). LSM, liver stiffness measurement.

The effects of LSM on the risk of HCC development
were also evaluated in subgroup analyses to check whether
higher LSM was a significant risk factor over strata (Fig.
2). Indeed, higher LSM was found to be a significant risk
factor for HCC development in almost every sub-
group. Interestingly, the HR attributed to higher LSM
(>15 kPa) was greater in the subgroups unlikely to
develop HCC, such as those with higher platelet count,
absence of clinical cirrhosis, or lower AFP, than in the
alternative subgroups. Higher LSM was a significant
risk factor in both IFN-treated and IFN-untreated pa-
tients. Higher LSM may indicate a risk of HCC also
among IFN-treated patients who achieved SVR, al-
though statistical significance was not reached because

of the small number of events among the subgroup
(n =2).

Discussion

Liver fibrosis is the strongest prognostic indicator of
chronic hepatitis, which is currently best evaluated by
liver biopsy.®17:36:37 However, liver biopsy has several dis-
advantages, including poor patient compliance, sampling
errors, limited usefulness for dynamic follow-up, and a
risk of complications. LSM has been confirmed to be well
correlated with histological fibrosis stage in the litera-
ture.'8-22 We have previously shown the relationship be-
tween LSM and hepatocarcinogenesis in a cross-sectional
study.?” However, the results remained to be confirmed
prospectively.

Various risk factors have been reported for HCC de-
velopment among patients with HCV: older age,® male
sex,® heavy alcohol intake,?® high BMI,?* cirrhosis,®!©
lower platelet count, high serum AFP level,%° low serum
albumin level,?® and high serum ALT level.4® Our results
were consistent with these findings. In the present cohort
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Table 3. Characteristics of Patients in Each Rank of LSM

Patients Who Developed

Patients Who Did Not

HCC (n = 77) Develop HCC (n = 789) P Value
LSM = 10 kPa, n (%) 2(0.4) 509 (99.6)
Gender, male/female 0/2 231/278 0.50
Age, years* 745 = 0.1 60.0 = 11.8 0.08
AFP (ng/mL)* 11.2 = 8.7 43+ 4.8 0.07
Platelet count (per 10%/L)* 141 = 60 191 = 60 0.24
LSM 10.1-15, n (%) 14 (10.0) 128 (90.0)
Gender, male/female 11/3 68/60 0.12
Age, years* 68.7 = 8.8 63.7 £ 11.0 0.10
AFP (ng/mL)* 123 +9.2 125 +9.2 0.06
Platelet count (per 109/L)* 114 + 57 138 + 54 0.13
LSM 15.1-20, n (%) 15 (19.0) 64 (81.0)
Gender, male/female 9/6 25/39 0.23
Age, years* 69.3 = 7.2 65.7 £ 9.5 0.17
AFP (ng/mL)* 31.8 £ 57.7 19.0 = 25.3 0.59
Platelet count (per 109/L)* 117 = 40 114 = 48 0.84
LSM 20.4-25, n (%) 12 (25.5) 35 (74.5)
Gender, male/female 7/5 8/27 0.05
Age, years* 70.0 =83 67.9 = 9.0 0.46
AFP (ng/mL)* 172 = 22.7 47.8 = 79.0 0.14
Platelet count (per 10%/L)* 119 = 31 102 = 38 0.18
LSM >25, n (%) 34 (39.1) 53 (61.9)
Gender, male/female 14/20 25/28 0.74
Age, years* 66.4 = 8.1 63.0 9.9 0.09
AFP (ng/mL)* 95.1 + 153.5 39.6 = 60.5 0.005
Platelet count (per 109/L)* 87 =39 103 + 55 0.15

*Expressed as mean * SD.

study we have shown that LSM is also a significant risk
factor of HCC development independent of these factors.
Transient elastography can be considered as a surrogate
marker for liver fibrosis. Although it is not clear whether

Table 4. Risk Factors for HCC Development: Univariate

Analysis
Variables Hazard Ratio (95%Cl) P Value

Age (per 1 year old) 1.06 (1.04-1.09) <0.001
Male 1.36 (0.87-2.01) 0.17
BMI (per 1 kg/m?) 1.08 (1.01-1.16) 0.02
Alcohol consumption > 80g/day 1.81(1.04-3.34) 0.03
Clinical cirrhosis 12.3 (7.3-20.6) <0.001
LSM (kPa)

=10 1.00

10.1-15 28.8 (6.55-126.8) <0.001

15.1-20 54.7 (12.5-239.1) <0.001

20.1-25 76.3 (17.1-340.7) <0.001

>25 135.6 (32.6-564.8) <0.001
Serum albumin (per 1.0 g/dL) 0.11 (0.07-0.17) <0.001
Total bilirubin (per 1.0 mg/dL) 2.04 (1.53-2.70) 0.005
AST (per 1 1U/L) 1.01 (1.01-1.01) <0.001
ALT (per 1 1U/L) 1.00 (1.00-1.01) <0.001
Prothrombin time activity (per 1%) 0.94 (0.94-0.95) <0.001
Platelet count (per 10%/L) 0.84 (0.80-0.88) <0.001
Patients treated by IFN 0.46 (0.22-0.95) 0.036
Patients with SVR 0.24 (0.059-0.97) 0.0045
AFP > 10 ng/mL 2.58 (2.05-3.25) <0.001

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BMI, body mass index; LSM, liver stiffness measure-
ment.

liver fibrosis plays a direct role in hepatocarcinogenesis,
the degree of fibrosis may be a surrogate for the accumu-
lated DNA damage as a consequence of long-term necro-
inflammation and regeneration. A distinct advantage of
LSM over liver biopsy is the wider dynamic range in the
evaluation of liver cirrhosis. In the METAVIR4! and Des-
met et al.*? scoring systems, cirrhosis is represented by a
single category, F4. However, the degree of fibrosis may
vary widely among patients in this category, and the risk
of HCC may not be uniform. In the Ishak scoring system,
incomplete cirrhosis scores 5 and complete cirrhosis
scores 6 in fibrosis staging. Complete cirrhosis is not fur-
ther divided. These histopathologic scoring systems are

Table 5. Risk Factors for HCC Development: Multivariate

Analysis
Variables Hazard Ratio (95%Cl) P Value
Age (per 1 year old) 1.04 (1.01-1.07) <0.001
Male 1.62 (1.03-2.56) <0.001
Clinical cirrhosis 2.11(1.15-3.89) <0.001
LSM (kPa)
=10 1.00
10.1-15 16.7 (3.71-75.2) <0.001
15.1-20 20.9 (4.43-98.8) <0.001
20.1-25 25.6 (5.21-126.1) <0.001
>25 45.5(9.75-212.3) <0.001
Serum albumin (per 1.0 g/dL) 0.52 (0.28-0.96) <0.001

LSM, liver stiffness measurement.
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virological response. 10 100

defined by qualitative characters, and thus do not consti-
tute an interval scale.

Foucher et al.?® reported that the LSM in cirrhotic
patients ranged from 17.6 to 75 kPa (maximum measur-
able value) and correlated well with clinical parameters
indicating severity of cirrhosis. They established the cut-
off values for complications of cirrhosis with a negative
predictive value of greater than 90%. The cutoff was 27.5
kPa for the presence of esophageal varices stage 2/3, 37.5
kPa for liver function Child B or C, 49.1 kPa for a past
history of ascites, 53.7 kPa for HCC, and 62.7 kPa for
esophageal variceal bleeding. In other words, cirrhosis can
be further stratified with clinical relevance based on LSM.
In the current study the risk of HCC development in-
creased in accordance with LSM, even within the range of
cirrhosis, reemphasizing the importance of further strati-
fication of cirrhosis.

In clinical practice, surveillance is intensively per-
formed on patients at high risk of development of HCC.
Our data suggested that LSM may sometimes be high
even in patients without other risk factors for HCC such
as low platelet count, low albumin level, or high bilirubin

level. Such patients are nevertheless at a high risk of HCC,
which indicates that transient elastography complements
other laboratory tests in identifying high-risk patients.
Indeed, among 77 patients who developed HCC, 19 pa-
tients were diagnosed as noncirrhosis by clinical parame-
ters. However, LSM was higher than 15 kPa in eight of
these 19 patients (data not shown). Subgroup analyses
also suggest that even in those patients who are unlikely to
develop HCC, i.e., female, young, with high platelet
count, low BMI, low transaminase level, and low AFP
level, a high LSM indicates a significant risk of HCC
development.

One of the limitations of the present study is that this
cohortwas constructed based on a split-sample technique.
Although validation in an independent study population
will be of greater value, the number of patients is currently
not large enough for that. Another limitation is the fact
that about 20% of the patients underwent IFN therapy
after enrollment, possibly affecting disease progression
and hepatocarcinogenesis. Among those who underwent
IFN therapy, 83 patients achieved SVR and two among
them developed HCC during the follow-up period. LSM
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was 12 kPa and 21.8 kPa, respectively, in these two pa-
tients. This result suggests that patients with a high LSM
need attention for the development of HCC even after
achieving SVR by IFN therapy. The changes in LSM after
IFN therapy, especially after achieving SVR, together
with the changes in the risk of HCC development, is to be
elucidated in future studies.

In the present study, HCC rarely developed in patients
with LSM =10 kPa. The two patients who did develop
HCC in spite of low LSM had F3 liver fibrosis at the time
of HCC development and one of them had esophageal
varices on endoscopy. Moreover, those patients who de-
veloped HCC in spite of lower LSM tended to be of older
age and had higher baseline AFP levels and lower platelet
counts than those patients in the same range of LSM who
did not develop cancer. Thus, patients with clinical cir-
rhosis or other risk factors need proper attention for HCC
development even if the LSM is low.

In conclusion, this prospective cohort study has shown
the association between LSM and the risk of HCC devel-
opment in chronic HCV patients. The utility of LSM is
not limited to a surrogate for liver biopsy but can be
applied as a dynamic indicator of the risk of HCC devel-
opment.
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