982

] Gastroenterol (2009) 44:976-982

8.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M,
Okamoto Y, et al. Plasma concentrations of a novel, adipose-
specific protein, adiponectin, in type 2 diabetic patients. Arte-
rioscler Thromb Vasc Biol. 2000;20:1595-9.

. Hui M, Hodge A, Farrell GC, Kench JG, Kriketos A, George J.

Beyond insulin resistance in NASH: TNF-alpha or adiponectin?
Hepatology. 2004;40:46-54.

Shimada M, Kawahara H, Ozaki K, Fukura M, Yano H,
Tsuchishima M, et al. Usefulness of a combined evaluation of the
serum adiponectin level, HOMA-IR, and serum type IV collagen
7S level to predict the early stage of nonalcoholic steatohepatitis.
Am J Gastroenterol. 2007;102:1931-38.

Ma H, Gomez V, Lu L, Yang X, Wu X, Xiao SY. Expression of
adiponectin and its receptors in livers of morbidly obese patients
with non-alcoholic fatty liver disease. J Gastroenterol Hepatol.
2009;24:233-17. )

Kamada Y, Tamura S, Kiso S, Matsumoto H, Saji Y, Yoshida Y,
et al. Enhanced carbon tetrachloride-induced liver fibrosis in mice
lacking adiponectin. Gastroenterology. 2003;125:1796-807.
Matsumoto H, Tamura S, Kamada Y, Kiso S, Fukushima J, Wada
A, et al. Adiponectin deficiency exacerbates lipopolysaccharide/
p-galactosamine-induced liver injury in mice. World J Gastro-
enterol. 2007;12:3352-8.

Picot F, Briant L, Jongeneel CV, Molvig J, Worsaae H, Abbal M,
et al. Association of tumor necrosis (TNF) and class II major
histocompatibility alleles with TNF alpha and TNF beta by
human mononuclear cells; a possible link to insulin dependent
diabetes mellitus. Bur J Immunol. 1993;23:224-31.

Tokushige K, Takakura M, Tsuchiya-Matsushita N, Taniai M,
Hashimoto E, Shiratori K. Influence of TNF gene polymorphisms
in Japanese patients with NASH and simple steatosis. J Hepatol.
2007;46:1104-10.

Hara K, Boutin P, Mori Y, Tobe K, Dina C, Yasuda K, et al.
Genetic variation in the gene encoding adiponectin is associated
with an increased risk of type 2 diabetes in the Japanese popu-
lation. Diabetes. 2002;51:536-40.

Warodomwichit D, Shen J, Amett DK, Tsai MY, Kabagambe
EK, Peacock JM, et al. ADIPOQ polymorphisms, monounsatu-
rated fatty acids, and obesity risk: The GOLDN Study. Obesity.
2009;17:510-7.

Goyenechea E, Collins LJ, Parra D, Abete I, Crujeiras AB,
O'Dell SD, et al. The -11391 G/A polymorphism of the adipo-
nectin gene promoter is associated with metabolic syndrome
traits and the outcome of an energy-restricted diet in obese sub-
jects. Horm Metab Res. 2009;41:55-61.

Huang H, Tada-lida X, Murakami H, Saito Y, Otsuki T, Iemitsu
M, et al. Influence of adiponectin gene polymorphism SNP276
(GIT) on adiponectin in response to exercise training. Endocr
. 2007;54:879-86.

Jang Y, Lee JH, Chae JS, Kim OY, Koh 8], Kim JY, et al.
Association of the 276G->T polymorphism of the adiponectin
gene with cardiovascular disease risk factors in nondiabetic
Koreans. Am J Clin Nutr. 2005;82:760-7.

Zhang N, Shi YH, Hao CF, Gu HF, Li Y, Zhao YR, et al.
Association of +45G15G(T/G) and +276(G/T) polymorphisms
in the ADIPOQ gene with polycystic ovary syndrome among Han
Chinese women. Eur J Endocrinol. 2008;158:255-60.

Kleiner DE, Brunt EM, Natta MV, Behling C, Contos MI,
Cummings OW, et al. Design and validation of a histological
scoring system for nonalcoholic fatty liver disease. Hepatology.
2005;41:1313-21.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and

@ Springer

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

- 536 -

beta-cell function from fasting plasma glucose and insulin con-
centrations in man. Diabetalogia. 1985;28:412-9.

Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri
BA, Bacon BR. Nonalcoholic steatohepatitis: a proposal for
grading and staging the histological lesions. Am J Gastroenterol.
1999;94:2467-74.

Brunt EM. Nonalcoholic steatohepatitis: definition and pathol-
ogy. Semin Liver Dis. 2001;21:3-16.

Yoshioka K, Yoshida T, Umekawa T, Kogure A, Takakura Y,
Toda H, et al. Adiponectin gene polymorphism (G276T) is not
associated with incipient diabetic nephropathy in Japanese type 2
diabetic patients. Metabolism. 2004;53:1223-6.

Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from
steatosis to cirrhosis. Hepatology. 2006;43:5S99-112.

Musso G, Gambino R, Durazzo M, Biroli G, Carello M, Faga E,
et al. Adipokines in NASH: postprandial lipid metabolism as a
link between adiponectin and liver disease. Hepatology.
2005;42:1175-83.

Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio
LA, et al. Genetic variation in PNPLA3 confers susceptibility to
nonalcoholic fatty liver disease. Nat Genet. 2008;40:1461-5.
Tokushige K, Hashimoto E, Kabutake A, Shiratori K. Question-
naire survey of lifestyle in the patients with nonalcoholic ste-
atohepatitis. Jpn I Gastroenterol. 2006;103:A934.

Jang Y, Chae JS, Koh SJ, Hyun YI, Kim JY, Jeong Y], et al. The
influence of the adiponectin gene on adiponectin concentrations
and parameters of metabolic syndrome in non-diabetic Korean
women. Clin Chim Acta. 2008;391:85-90.

Haap M, Machicao F, Stefan N, Thamer C, Tschritter O, Schauck
F, et al. Genetic determinants of insulin action in polycystic ovary
syndrome. Exp Clin Endocrinol Diabetes. 2005;113:275-81.
Xita N, Georgiou I, Chatzikyriakidou A, Vounatsou M, Papass-
otirion GP, Papassotiriou I, et al. Effect of adiponectin gene
polymorphisms on circulating adiponectin and insulin resistance
indexes in women with polycystic ovary syndrome. Clin Chem.
2005;51:416-23.

Musso G, Gambino R, De Michieli ¥, Durazzo M, Pagano G,
Cassader M. Adiponectin gene polymorphisms modulate acute
adiponectin response to dietary fat: possible pathogenetic role in
NASH. Hepatology. 2008;47:1167-77.

Gonzélez-Sanchez JL, Martinez-Calatrava MJ, Martinez-Larrad
MT, Zabena C, Ferndndez-Pérez C, Laakso M, et al. Interaction
of the -308G/A promoter polymorphism of the tumor necrosis
factor-alpha gene with single-nucleotide polymorphism 45 of the
adiponectin gene: effect on serum adiponectin concentrations in a
Spanish population. Clin Chem. 2006;52:97-103,

Browning ID, Szczepaniak LS, Dobbins R, Nuremberg P, Horton
JD, Cohen IC, et al. Prevalence of hepatic steatosis in an urban
population in the United States: impact of ethnicity. Hepatology.
2004;40:1387-95.

Valenti L, Fracanzani AL, Dongiovanni P, Santorelli G, Branchi
A, Taioli E, et al. Tumor necrosis factor alpha promoter poly-
morphisms and insulin resistance in nonalcoholic fatty liver
disease. Gastroenterology. 2002;122:274-80.

Shimada M, Hashimoto E, Kaneda H, Noguchi S, Hayashi N.
Nonalcoholic steatohepatitis: risk factors for liver fibrosis.
Hepatol Res. 2002;24:429-38.

Stefan N, Machicao F, Staiger H, Machann J, Schick F, Tschritter
O, et al. Polymorphisms in the gene encoding adiponectin
receptor 1 are associated with insulin resistance and high liver fat.
Diabetologia. 2005;48:2282-91.



Imaging of Nonalcoholic Steatohepatitis: Advantages and
Pitfalls of Ultrasonography and Computed Tomography

Maki Tobari, Etsuko Hashimoto, Satoru Yatsuji, Nobuyuki Torii and Keiko Shiratori

INTERNAL MEDICINE

Reprinted from Internal Medicine
Vol. 48, Pages 739-746
May 2009

-537-



[0 ORIGINAL ARTICLE 0]

INTERNAL Y MEDICINE

Imaging of Nonalcoholic Steatohepatitis: Advantages and
Pitfalls of Ultrasonography and Computed Tomography

Maki Tobari, Etsuko Hashimoto, Satoru Yatsuji, Nobuyuki Torii and Keiko Shiratori

-‘Abstract

Objective The present study was performed to clarify the ability of ultrasonography (US) and computed to-
mography (CT) to detect steatosis and advanced fibrosis in nonalcoholic steatohepatitis (NASH) patients, and
to assess the influence of steatosis, fibrosis, and obesity on the radiological detection of steatosis and ad-
vanced fibrosis.

Methods One hundred and eighteen biopsy proven NASH patients underwent US and CT within 6 months
before or after biopsy. The ability of US and CT to detect histological steatosis and advanced fibrosis was as-
sessed. To evaluate whether fibrosis and obesity interfered with the detection of moderate to severe histologi-
cal steatosis by US and CT, we analyzed 88 NASH patients with moderate to severe steatosis. To evaluate in-
terference with the detection of advanced fibrosis by steatosis and obesity, we analyzed 59 NASH patients
with advanced fibrosis.

Results The sensitivity of US for detecting moderate to severe histological steatosis in patients with mild
histological fibrosis was 100%, but this was reduced to 77.8% in patients with advanced histological fibrosis
(p=0.001). The sensitivity of CT was 69.8% in patients with mild histological fibrosis and 48.9% in those
with advanced histological fibrosis (p=0.047). The sensitivity of US and CT for moderate to severe histologi-
cal steatosis was similar in each body mass index group. The sensitivity for detecting advanced fibrosis was
markedly decreased by severe steatosis and obesity in the case of both US and CT.

Conclusion If we are aware of these disadvantages of US and CT, it is useful for diagnosing steatosis and

fibrosis in NAFLD patients.

Key words: NASH, NAFLD, ultrasonography, computed tomography

(Inter Med 48: 739-746, 2009)
(DOI: 10.2169/internalmedicine.48.1869)

Introduction

Nonalcoholic fatty liver disease (NAFLD) is increasingly
being recognized as the most common cause of chronic liver
disease worldwide. NAFLD represents a wide spectrum of
conditions, ranging from simple steatosis that generally fol-
lows a benign and nonprogressive clinical course to nonal-
coholic steatohepatitis (NASH), which sometimes progresses
to cirrhosis and hepatocellular carcinoma (HCC) (1-5). In
Japan, annual health checks have shown that 10-30% of
Japanese adults demonstrate evidence of NAFLD by ultra-
sonography (US) (6, 7). It has been reported that almost
10% of persons with NAFLD will have NASH, so the

prevalence of NASH is estimated at 1-3% of the adult Japa-
nese population, an extremely large number of potential pa-
tients. Unfortunately, there are no accurate noninvasive diag-
nostic methods for NASH, such as biochemical markers or
imaging techniques, therefore liver biopsy is necessary to
make a definite diagnosis, although the procedure is associ-
ated with pain, risks, high cost, and sampling errors (1, 2, 8-
11).

In general practice, NAFLD (which includes simple stea-
tosis and NASH) is a convenient term for the diagnosis and
management of these patients. Diagnosis of NAFLD is
based on the detection of steatosis by imaging techniques
and the exclusion of other liver diseases, such as alcoholic
liver disease or viral hepatitis. The response of NAFLD to
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treatment is usually evaluated by the changes in trans-
aminases and from imaging findings. Therefore, imaging
studies are extremely important, both for diagnosing
NAFLD and for monitoring patients over time.

Abdominal US is currently the most common method em-
ployed for qualitative assessment of hepatic steatosis, be-
cause it is noninvasive, widely available, cheap, and pro-
vides useful information (12). Computed tomography (CT)
scanning and magnetic resonance imaging (MRI) both seem
to be sensitive techniques for the quantification of steatosis,
but MRI is still less widely available and more expensive
than CT. In general practice, therefore, detection of steatosis
is generally done by US, after which CT is performed for
more objective and quantitative assessment of the severity of
steatosis based on the liver/spleen attenuation ratio (13).

Several studies have assessed the sensitivity, specificity,
and positive and negative predictive value of US for detect-
ing steatosis, and the reported sensitivity ranges around 80-
100% (8-10, 12). In patients with morbid obesity, however,
a sensitivity of less than 40% has been reported, presumably
due to the technical difficulty of performing US in such pa-
tients (14). Moreover, recent studies have shown that US is
not accurate for detecting hepatic steatosis in patients with
chronic liver disease due to the presence of fibrosis (15).
These factors often exist in NASH patients. Therefore,
evaluation of the influence of obesity and fibrosis on the de-
tection of steatosis is needed.

To date, few studies have involved the evaluation of stea-
tosis in NASH patients by both US and CT (16-19). Assess-
ment of the severity of hepatic fibrosis is essential for deter-
mining the prognosis and making treatment decisions in pa-
tients with NASH. It is also suspected that the detectability
of fibrosis is decreased in NASH patients with severe steato-
sis. Accordingly, the present study was performed to clarify
the ability of US and CT to detect steatosis and advanced fi-
brosis in NASH patients, and to assess the influence of stea-
tosis, fibrosis, and obesity on the radiological detection of
steatosis and fibrosis.

Methods

From 1990 to December 2007, 384 Japanese patients
were diagnosed as having biopsy proven NASH at Tokyo
Women’s Medical University. Among them, 126 patients un-
derwent liver biopsy, and also underwent US and CT within
6 months before or after biopsy. All patients gave informed
consent to participation in the study. Eight patients were ex-
cluded due to a change in the severity of obesity (change of
their BMI by more than 1) between the time of liver biopsy
and imaging, leaving 118 patients for whom clinical data
were collected retrospectively.

Diagnosis of NASH was based on the following criteria:
1) steatohepatitis on liver biopsy, 2) intake of less than 100
g of ethanol per week (confirmed by the attending physician
and family members who were in close contact with the pa-
tient), and 3) appropriate exclusion of other liver diseases

(viral hepatitis, autoimmune hepatitis, drug-induced liver
disease, primary biliary cirrhosis, primary sclerosing cho-
langitis, biliary obstruction, and metabolic liver diseases
such as Wilson’s disease and hemochromatosis) (1, 2).

A complete history was obtained and physical examina-
tion was performed in all patients. The following laboratory
parameters were measured: albumin, total bilirubin, aspartate
aminotransferase, alanine aminotransferase, alkaline phos-
phatase, gamma-glutamyltranspeptidase, platelet count, and
prothrombin time.

All liver biopsy specimens were examined to assess the
severity of steatosis and fibrosis, and the NAFLD activity
score (NAS) was calculated (20, 21). Mild steatosis was de-
fined as 10-29% of hepatocytes containing fat, moderate
steatosis was 30-69% involvement, and severe steatosis was
more than 70% involvement. Mild fibrosis was defined as
FO-2 and advanced fibrosis was defined as F3-4 (bridging fi-
brosis and cirrhosis).

All 118 patients were examined by US and CT. US was
used to detect the presence of steatosis and advanced fibro-
sis. Hepatic steatosis was defined as being present in pa-
tients with at least two of the following findings: increased
hepato-renal contrast, liver brightness, deep attenuation, and
vascular blurring. Advanced fibrosis was defined as existing
in patients with at least two of the following: a blunt liver
edge, surface nodularity, caudate lobe hypertrophy, a coarse
echo pattern, increased definition of portal veins,
splenomegaly, ascites, and varices (12, 22).

CT was performed with a multi-detector row helical scan-
ner. On non-enhanced scans, the liver-to-spleen attenuation
ratio was measured and the presence of steatosis was indi-
cated by a ratio of less than 0.9 according Japanese criteria
(13). Advanced fibrosis was defined by the presence of at
least two of these features on CT scans: surface nodularity,
a prominent caudate lobe associated with a shrunken right
lobe, a decrease in the volume of the medial segment of the
left lobe, splenomegaly, ascites, and varices (12, 13).

The ability of US and CT to detect mild to severe histo-
logical steatosis and advanced histological fibrosis was as-
sessed and the sensitivity of each modality was calculated.
Unfortunately, specificity could not be calculated because
there were no control patients.

To evaluate whether fibrosis and obesity interfered with
the detection of moderate to severe histological steatosis by
US and CT, we analyzed 88 NASH patients with moderate
to severe steatosis (Fig. 1). The patients were divided into a
group with mild histological fibrosis and another group with
advanced histological fibrosis to evaluate interference with
the detection of moderate to severe histological steatosis by
fibrosis. To examine the influence of obesity, we divided the
patients into 3 groups according to the body mass index
(BMI): BMI<25, BMI of 25-30, and BMI>30.

To evaluate interference with the detection of advanced fi-
brosis by steatosis and obesity, we analyzed 59 NASH pa-
tients with advanced fibrosis. The patients were divided into
three groups with mild histological steatosis, moderate stea-
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Figure 1. To evaluate whether fibrosis and obesity interfered with the detection of inoderate to
severe histological steatosis by US and CT, we analyzed 88 NASH patients with moderate to severe
steatosis. To evaluate interference with the detection of advanced fibrosis by steatosis and obesity,
we analyzed 59 NASH patients with advanced fibrosis.

Table 1. Patient Profile
NASH n=118
Median (range or %)
Age (years) 54 (14~89y.0.)
Sex M52 (44.1%) F66 (55.9%)
BMI (kg/m?) 27.3 (19.3~42.6)
Obesity (BMI225 kg/m?) 87 (73.7%)
Severe obesity (BMI230 kg/m?) 39 (33.1%)
Diabetes 58 (49.2%)
Hyperlipidemia 62 (52.5%)
Hypertension 53 (44.9%)
Alb (g/dL) 4.3 (2.6-5.5)
T-bil (g/dL) 0.6 (0.2-6.0)
AST aonm) 51 (12-260)
ALT (U/L) 70 (10-302)
ALP (IU/L) 265 (112-1407)
y-GTP {U/L) 75 (17-1543)
Pit (<104/pL) 18.5 (3.7-45.1)
Prothrombin time (%) 97 (45.5-100)
Fibrosis F0-2 59 (50.0%)
F3-4 59 (50.0%)
Steatosis Mild 30 (25.4%)
Moderate 25 (21.2%)
Severe 63 (53.4%)
Activity Mild 25 (21.2%)
Moderate 59 (50.0%)
Severe 34 (28.8%)

tosis, or severe steatosis. We also examined the influence of
obesity.

Statistical analysis

Statistical analysis was done using SPSS software (ver-
sion 11.0).

We assessed the relation between the liver/spleen attenu-
ation ratio on CT and the severity of steatosis by analysis of
variance (ANOVA), and we analyzed the sensitivity of de-
tecting steatosis and fibrosis, as well as the influence of
each factor by the chi-square test.

Results

Baseline demographic, clinical, and laboratory data for
the NASH patients are shown in Table 1. The median age
was 54 years, with a range of 14 to 89 years. There were 52
men and 66 women. Thirty-one patients had a BMI of less
than 25, 48 patients had a BMI of 25-30, and 39 patients
had a BMI of more than 30. Liver biopsy showed that
25.4% had mild steatosis, 21.2% had moderate steatosis,
and, 53.4% had severe steatosis. In the case of fibrosis,
50.0% of NASH patients had mild fibrosis and 50.0% had
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Figure 2. Scatter diagram of the liver/spleen attenuation ratio on CT in relation to the severity of
histological steatosis. There was a significant difference of the liver spleen attenuation ratio be-
tween each stage of steatosis defined by liver biopsy (p<0.001).

advanced fibrosis. The NAFLD score was 3-4 in 4.2% and 5
or more in 95.8%.

Steatosis and imaging modalities

[Sensitivity of detecting steatosis]

Figure 2 displays the liver/spleen attenuation ratio ob-
tained by CT in relation to the severity of steatosis. CT
could precisely evaluate steatosis, and there was a signifi-
cant difference of the ratio between each stage as defined by
liver biopsy (p<0.001).

The sensitivity of detecting mild to severe steatosis in 118
NASH patients was 79.7% by US and 46.6% by CT. US
was more accurate for identifying the existence of steatosis
(p<0.001). US could not detect steatosis in 24 NASH pa-
tients, including 14 patients with mild histological steatosis
and 10 patients with moderate histological steatosis. All 10
patients with moderate steatosis had advanced fibrosis and
the US diagnosis was only advanced fibrosis in every case.
Among the 14 patients with mild histological steatosis, 11
patients had advanced fibrosis and their US diagnosis was
“advanced fibrosis without steatosis,” while the other 3 pa-
tients had mild fibrosis and the US diagnosis was normal
liver.

To evaluate the detection of each histological grade of
steatosis, we analyzed 30 mild steatosis patients, 25 moder-
ate steatosis patients, and 63 severe steatosis patients. US
was more accurate for identifying the existence of each
grade of steatosis. US detected 53.3% versus 10.0% for CT
in patients with mild histological steatosis, while the rates
were 64.0% versus 28.0% in moderate histological steatosis,
and 98.4% versus 71.4% in severe steatosis. The difference
between US and CT was statistically significant for each
steatosis grade (p=0.0003 for mild steatosis, p=0.0107 for
moderate steatosis, and p=0.0001 for severe steatosis).

[interference with detection of moderate to severe
histological steatosis by fibrosis]

To evaluate interference with the detection of moderate to
severe histological steatosis by fibrosis, we analyzed 88 pa-
tients with moderate to severe steatosis. Among them, 43
patients had mild fibrosis and 45 patients had advanced fi-
brosis.

The sensitivity of US for detecting moderate to severe
histological steatosis in patients with mild histological fibro-
sis was 100%, but this was reduced to 77.8% in patients
with advanced histological fibrosis (Fig. 3). The sensitivity
of CT was 69.8% in patients with mild histological fibrosis
and 48.9% in those with advanced histological fibrosis. The
decrease in the sensitivity of detecting moderate to severe
steatosis due to the presence of advanced fibrosis was statis-
tically significant for both US and CT (p=0.001 for US and
p=0.047 for CT). The extent of the decrease in sensitivity
was similar for US and CT.

[Interference with the detection of moderate to se-
vere histological steatosis by obesity]

Among the 88 patients, 21 patients had a BMI of less
than 25, 35 patients had a BMI of 25 to 30, and 32 patients
had a BMI of more than 30. The prevalence of advanced
histological fibrosis was not significantly different in each
BMI group (the prevalence of advanced histological fibrosis
was as follows: BMI<25; 41.9%/25<BMlI<30; 50.0%/BMI
>30; 56.4%; p=0.74). Figure 4 shows the detection of mod-
erate to severe histological steatosis by US and CT. The sen-
sitivity of US for moderate to severe histological steatosis
was similar in each BMI group. CT could more accurately
identify the presence of moderate to severe histological stea-
tosis in obese patients (BMI>30), but the difference was not
statistically significant.
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Figure 3. Comparison of the detection of moderate to severe histological steatosis between pa-
tients with mild fibrosis and advanced fibrosis. The decrease in the sensitivity of detecting moder-
ate to severe histological steatosis due to the presence of advanced fibrosis was statistically signifi-

cant for both US and CT.
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Figure 4. Detection of moderate to severe steatosis by US and CT according to BMI. The sensitiv-
ity of US for moderate to severe histological steatosis was similar in each BMI group. CT could
more accurately identify the presence of moderate to severe histological steatosis in obese patients,
but the difference was not statistically significant.

Fibrosis and imaging modalities

[Sensitivity of detecting advanced fibrosis]

To evaluate the detection of advanced histological fibro-
sis, we analyzed 59 NASH patients with advanced histologi-
cal fibrosis. The sensitivity of detection was 59.3% for US
and 71.2% for CT. The difference of sensitivity between US
and CT was not significant, but CT was better able to detect
advanced fibrosis.

[Interference with detection of advanced fibrosis by
steatosis]

To evaluate interference with the detection of advanced
histological fibrosis by steatosis, we analyzed 59 patients
with advanced histological fibrosis. Among them, 14 pa-
tients had mild steatosis, 19 had moderate steatosis, and 26
had severe steatosis.

Interference with the detection of advanced histological fi-
brosis by steatosis is shown in Fig. 5. The sensitivity for de-

tecting advanced fibrosis was markedly decreased by severe
steatosis in the case of both US and CT (the sensitivity for
mild/moderate/severe histological steatosis was 92.9/84.2/
23.1% with US and 85.7/89.5/50.0% with CT). The loss of
sensitivity was statistically significant for both modalities (p
<0.0001 for US and p=0.006 for CT), but the decrease was
greater for US.

[Interference with detection of fibrosis by obesity]

To evaluate interference with the detection of advanced
histological fibrosis by obesity, we analyzed the patients
with advanced fibrosis. The prevalences of severe histologi-
cal steatosis were higher among the patients with BMI of
more than 30. The difference was not statistically significant
(the prevalence of severe histological steatosis was as fol-
lows: BMI<25; 41.9%/25<BMI<30; 52.1%/BMI=30;
64.1%; p=0.18). Among the 59 patients, 13 patients had a
BMI of less than 25, 24 patients had a BMI of 25 to 30,
and 22 patients had a BMI of more than 30. Detection of
advanced histological fibrosis by US and CT is shown in
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Figure 6. Sensitivity of US and CT for advanced fibrosis in relation to BMI. The sensitivity of
both US and CT for detecting advanced fibrosis decreased as the BMI increased. The loss of sen-

sitivity was statistically significant for US.

Fig. 6. The sensitivity of both US and CT for detecting ad-
vanced fibrosis decreased as the BMI increased. The sensi-
tivity of detecting advanced fibrosis was as follows for US:
BMI<25; 92.3%/25<BMI<30; 54.2%/BMI=30; 45.5%. For
CT, it was: BMI<25; 92.3%/25<BMlI<30; 70.8%/BMI=30;
59.1%. The loss of sensitivity was statistically significant for
US (Fig. 6).

Discussion

NAFLD patients are usually asymptomatic and this condi-
tion is most often detected by US during an annual health
check. Transaminases are not useful for making a diagnosis
NAFLD because some patients have normal levels (6, 23).
US also has several limitations because it is subjective,
operator-dependent, poor at detecting mild steatosis, and
poor at quantifying steatosis. Patients with detection of
NAFLD by US underwent CT to confirm the presence of
steatosis and to evaluate its severity by measurement of the
liver/spleen attenuation ratio. Of course, CT has limitations
with respect to the diagnosis of steatosis, including poor de-
tection of mild steatosis, exposure to X-rays, and unavail-

ability for patients with hemosiderosis (24). Moreover, both
imaging modalities could not distinguish NASH from simple
steatosis. Therefore, patients were evaluated to assess the
need for liver biopsy to make a diagnosis of NASH. Liver
biopsy is usually performed in NAFLD patients who are
suspected to have other liver diseases and/or in patients sus-
pected to have NASH. Therefore, it is important to deter-
mine the strengths and weaknesses of US and CT for con-
firming hepatic steatosis and fibrosis in NAFLD patients.

Several researchers have attempted to develop US grading
systems in order to improve agreement between observers
and decrease operator bias, and to develop US diagnosing
systems for NASH (25, 26). However, even if the results are
reproducible, it is very difficult to use such models in clini-
cal practice. Since there is no correlation between the sever-
ity of steatosis and the severity of fibrosis in NASH pa-
tients, we think that detecting the presence of steatosis is
sufficient (27, 28). '

The present study revealed that US could more accurately
identify the presence of steatosis in NASH patients than CT.
In Japan, a liver/spleen attenuation ratio of less than 0.9 is
defined as indicating steatosis (13). This definition is quite
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strict, so the sensitivity of detecting steatosis by CT was
relatively low. Detection of changes in the liver/spleen at-
tenuation ratio is very useful for monitoring NASH patients,
even if they have more than 0.9 liver/spleen attenuation ra-
tio. The most important role of CT in NAFLD patients is
quantitative assessment of the severity of steatosis by mea-
surement of the liver/spleen attenuation ratio, as previously
reported (12).

It is well known that mild steatosis is difficult to diagnose
by US. In the present study, the sensitivity of US for mild
steatosis in NASH patients with mild fibrosis was 81.3%.
The high sensitivity of US for mild steatosis was probably
achieved because most of our patients with mild histological
steatosis had more than 20% of their hepatocytes containing
fat. Interference by the presence of advanced fibrosis re-
duced the sensitivity of both US and CT for the detection of
moderate to severe histological steatosis in NASH patients.
It is important to know that the sensitivity of US for detect-
ing moderate to severe steatosis in NASH patients with mild
fibrosis was 100%, however in 22.2% of NASH patients
with advanced fibrosis, even moderate to severe steatosis
could not be detected by US. If liver biopsy was not done,
these patients would be diagnosed as having idiopathic he-
patic fibrosis. Interestingly, obesity did not interfere with the
detection of moderate to severe histological steatosis by US
or CT. Even when the focus was on the detection of severe
histological steatosis, the results were similar for US and
CT. According to our findings, it is not problematic to de-
tect hepatic steatosis in obese Japanese patients.

Concerning fibrosis, CT could more accurately identify
the presence of advanced fibrosis than US. The sensitivity of
detecting advanced fibrosis by US or CT was markedly de-
creased in patients with severe steatosis and obesity (BMI>

25) and this decrease was more significant for US. It is im-
portant to recognize these weaknesses of US and CT.

Several reliable and noninvasive bio-markers for predict-
ing the presence of advanced fibrosis or cirrhosis in NASH
patients have been reported (28-31). We previously reported
that measurement of hyaluronic acid can accurately identify
advanced fibrosis in Japanese NAFLD patients, while the
platelet count can be used to identify cirrhosis.

Therefore, imaging modalities might be used together
with these markers to diagnose fibrosis more accurately.

The first limitation of our study is that we attempted to
clarify the ability of US and CT for diagnosing steatosis and
advanced fibrosis in NASH patients, but there were no con-
trols. Therefore, we could not assess the specificity of the
two imaging modalities for steatosis and fibrosis, so our
study focused on sensitivity.

The second limitation is that the US data were interpreted
by several radiologists, thus increasing inter-observer vari-
ability. However, we wanted to assess the validity of US in
general practice, so the use of several radiologists was more
appropriate.

We confirmed that US could more accurately identify the
presence of steatosis in NASH patients than CT. Concerning
interference with the detection of steatosis by advanced fi-
brosis, the decrease of detection was marked for both imag-
ing modalities. However, obesity did not affect the detection
of steatosis. The sensitivity of US and CT for advanced fi-
brosis was decreased markedly in patients with severe stea-
tosis and obese patients, and this decrease was more marked
for US. Awareness of these disadvantages of the common
imaging modalities is useful for diagnosing steatosis and fi-
brosis in NAFLD patients.
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Background. There have been few reports on hepato-
cellular carcinoma (HCC) in nonalcoholic steatohepa-
titis (NASH) and the natural history of NASH.
Accordingly, we assessed the clinical features of HCC
in NASH, the risk factors for HCC, and natural history
of NASH with advanced fibrosis. Patients and methods.
There were 34 NASH patients with HCC and 348
NASH patients without HCC. To clarify the clinical
features of NASH patients with HCC and to determine
the risk factors for HCC, we compared NASH patients
with HCC with those without HCC. Univariate and
multivariate logistic regression models were used for
statistical analysis. A prospective cohort study of the
outcomes of 137 NASH with advanced fibrosis was
started in 1990. The impact of baseline risk factors on
the development of HCC and survival was evaluated
by Cox regression analysis. Results. In total, 88% of
patients with HCC had advanced fibrosis, with a median
age of 70 years. Older age, low level of AST, low grade
of histological activity, and advanced stage of fibrosis
were risk factors for HCC. A prospective cohort study
showed that the 5-year cumulative incidence of HCC
was 7.6%, and the 5-year survival rate was 82.8%. HCC
was the leading cause of death. Conclusions. The
present study confirmed that older age and advanced
fibrosis were important risk factors for HCC, and that
HCC was the major cause of mortality in NASH patients
with advanced fibrosis. Regular screening for HCC is
thus extremely important for NASH patients with
advanced fibrosis.

Key words: nonalcoholic steatohepatitis (NASH), hepa-
tocellular carcinoma (HCC), cirrhosis
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Introduction

Recently, lifestyle-related diseases (metabolic syn-
drome) such as diabetes mellitus, hypertension, and
hyperlipidemia have become a leading public health
problem because of their dramatic increase in both
Western countries and Asia."” Nonalcoholic fatty liver
disease (NAFLD) is a hepatic manifestation of meta-
bolic syndrome. In Japan, annual health checks have
begun to show 10%-30% of adults being diagnosed as
having NAFLD.> Based on the prevalence of NAFLD,
the prevalence of nonalcoholic steatohepatitis (NASH)
is estimated to be 1%-3% of Japanese adults. Because
of the dramatic increase in NASH patients in Japan, it
will eventually become the most important cause of
end-stage liver disease, as in the United States.

Because NASH features a wide range of severity
from minimal fibrosis to cirrhosis, it is important to
clarify the natural history of each stage of fibrosis in
determining how to manage patients. Previous studies
have shown that some patients develop hepatoceliular
carcinoma (HCC) without infection by any hepatitis
viruses.”” Growth factors associated with chronic inflam-
mation, insulin resistance, and DNA mutation as a
result of lipid peroxidation play significant roles in the
development of HCC.

We have reported a case series of HCC in NASH
patients and the natural history of NASH with advanced
fibrosis.*"> Most NASH patients with HCC had cirrho-
sis. It is well known that cirrhosis is the most important
risk factor for development of HCC among all causes
of liver diseases. The same appears to be true of HCC
patients with NASH. We also found that HCC was the
major cause of mortality in NASH with advanced fibro-
sis. With the exception of one study, all previous studies
found that cirrhotic NASH patients develop HCC
within several years after the diagnosis of cirrhosis.”*®
However, there have been few reports on HCC in
NASH, and thus the natural history of NASH and the
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natural histories of NASH and HCC in NASH remain
unclear.

Accordingly, to clarify the clinical features of HCCin
NASH and determine the risk factors for HCC, we
compared NASH patients with HCC with those without
HCC in a larger number of patients than in our previous
study. A prospective study of the natural history of
NASH patients with advanced fibrosis was started at
Tokyo Women’s Medical University Hospital in 1990.
We also assessed the natural history of NASH with
advanced fibrosis.

Patients and methods

Subjects

From 1990 to December 2007, 412 Japanese patients
were diagnosed with biopsy-proven NAFLD at Tokyo
Women’s Medical University. Informed consent was
obtained from each patient, and the study protocol con-
formed to the ethical guidelines of the 1975 Declaration
of Helsinki. A prospective cohort study of the natural
history of NASH with advanced fibrosis was begun in
1990. We excluded 28 patients with simple steatosis
and 2 patients with missing data or lack of informed
consent; 382 NASH patients were therefore included in
this study.

Definitions and criteria

A complete history was obtained and physical examina-
tion performed for all patients. The diagnosis of NASH
was based on the following criteria: (1) detection of
steatohepatitis on liver biopsy, (2) intake of less than
100 g ethanol per week (as confirmed by the attending
physician and family members who were in close contact
with the patient), and (3) appropriate exclusion of other
liver diseases (such as alcoholic liver disease, viral hepa-
titis, autoimmune hepatitis, drug-induced liver disease,
primary biliary cirrhosis, primary sclerosing cholangitis,
biliary obstruction, and metabolic liver diseases such as
Wilson’s disease and hemochromatosis).”** All patients
were negative for hepatitis B surface antigen and anti-
body to hepatitis C virus (HCV) and/or hepatitis C
RNA on polymerase chain reaction analysis.

Obesity was defined as a body mass index (BMI)
of more than 25 according to the Japanese Obesity
Association criteria. The diagnosis of type II diabetes
mellitus was based on the following Japanese criteria:
random blood glucose >200 mg/dl or fasting glucose
>126 mg/dl or hemoglobin A, >6.5% on two occasions,
or current treatment for type II diabetes. Hyperlipid-
emia was diagnosed if the patient was being treated with
lipid-lowering medications or had elevated levels of

E. Hashimoto et al.: HCC in NASH

total cholesterol (>220 mg/dl) and/or triglycerides
(>150 mg/dl) on at least three occasions. Hypertension
was diagnosed if the patient was on antihypertensive
therapy or had a blood pressure of more than
140/90 mmHg on at least three occasions. The following
laboratory parameters were measured: albumin, total
bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
gamma-glutamyl transpeptidase (GGTP), cholinester-
ase, iron, ferritin, platelet count, prothrombin time, and
hyaluronic acid.

Histologically, the NAFLD activity score was calcu-
lated, and scores of more than 5 were defined as NASH.”
Fibrosis was scored using a S-grade scale: FO = normal
connective tissue; F1 = foci of perivenular or pericellu-
lar fibrosis in zone 3 or in zone 1; F2 = perivenular or
pericellular fibrosis confined to zones 3 and 2, with or
without portal/periportal fibrosis; F3 = bridging or septal
fibrosis; and F4 = cirrhosis. A grade of mild, moderate,
or severe necroinflammation (activity) was assigned
based on the reviewer’s overall impression after evalu-
ating the specimens for ballooning degeneration,
Mallory bodies, giant mitochondria, disarray of hepato-
cytes, lobular and portal inflammation, focal necrosis,
Councilman bodies, lipogranulomas, and pigmented
macrophages. Steatosis was graded as mild to severe:
mild (affecting 10%-29% of hepatocytes); moderate
(30%-69% of hepatocytes); or severe (>70% of
hepatocytes).?*

Of the NASH patients with HCC, seven patients
whose liver biopsies showed cirrhosis at the time of
initial liver biopsy did not undergo surgery for HCC or
had not had a liver biopsy at the time of developing
HCC. So, we did not have the histology at the time of
development of HCC. Therefore, for analysis of inflam-
matory changes and steatosis, we used the histological
data of the initial liver biopsy. Duration between the
initial biopsies and development of HCC in these seven
patients was less than 2 years.

Screening for HCC was performed in all patients
by measuring serum alpha-fetoprotein and des-
gamma-carboxyl prothrombin and by ultrasound (US)
at the time of liver biopsy. NASH patients with advanced
fibrosis were followed regularly, and screening for HCC
was performed at least three times a year by measuring
serum alpha-fetoprotein and des-gamma-carboxyl pro-
thrombin and by performing US. Other imaging studies
(US, computed tomography, magnetic resonance
imaging, and selective hepatic arteriography) were per-
formed in patients suspected to have HCC. HCC was
diagnosed histologically or by detection of consistent
findings on at least two radiologic modalities.”

During the follow-up period, weight was mainly con-
trolled by diet and exercise in obese patients. Although
several therapeutic approaches were done, no pharma-
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cological therapy was proven to be effective for patients
with advanced fibrosis. None of the patients was on
hormone replacement therapy for menopause. None of
the patients underwent bariatric surgery, and liver
transplantation was performed for only one patient.

Statistical analysis

Analysis was performed with the SPSS statistical
package (SPSS Inc., Chicago, IL, USA).

Comparison of clinicopathological features between
NASH patients with and without HCC

Univariate logistic regression analysis was used to
compare baseline variables between NASH patients
with and without HCC. To clarify risk factors for
HCC, multivariate logistic regression analysis was
performed.

Natural history of NASH with advanced fibrosis

The NASH patients with advanced fibrosis were fol- .

lowed until they died and were censused at the time of
their last clinic visit. In the case of liver transplantation,
the day of transplantation was handled as that of death.

91

The primary outcomes were development of HCC,
overall survival, and liver-related mortality. The time
frame for each outcome was defined as the duration of
time from liver biopsy to the onset of the relevant event.
Time to failure (Kaplan-Meier) analysis was performed.
The impact of baseline risk factors on the development
of HCC, overall survival, and liver-related mortality
were evaluated by Cox regression analysis. All param-
eters with a P value of less than 0.1 on univariate analy-
sis were selected for multivariate analysis using a Cox
proportional hazards model. P values of 0.05 or less
were considered significant.

Results

Comparison of clinicopathological features between
NASH patients with and without HCC

Twenty-three patients were diagnosed with concomi-
tant HCC and NASH. During a mean follow-up of 40.3
months (range, 6-181.1 months), 11 patients developed
HCC. Altogether, there were 21 men and 13 women
with HCC.,

Table 1 shows a comparison of the clinicopathologi-
cal features of the 34 patients with HCC and the 348

Table 1. Comparison of clinicopathological features between nonalcoholic steato-
hepatitis (NASH) patients with and without hepatocellular carcinoma (HCC)

Ferritin (ng/ml)
Platelet count (x10%ul)
Prothrombin time (%)
Hyaluronic acid (ng/ml)
Histological features
Fibrosis F1-F2

Fibrosis F3-F4
Inflammation®
Steatosis®

186 (23-1012)
117 (2.4-25.0)
80.2 (40.0-100)
184 (54-1060)

12%
88%
62%
59%

Variable HCC (+)n=34 HCC (-) n=348
Age (years) 70 (54-89) 50 (10-84)
Sex (female) 38% 59%
Body mass index 26.1 (19.4-36.5) 26.6 (15.9-61.0)
Obesity (BMI > 25) 62% 69%
Diabetes 74% 43%
Hyperlipidemia 29% 62%
Hypertension 47% 33%
Laboratory data
Albumin (g/dl) 3.8 (2.7-4.5) 43 (1.8-5.5)
Total bilirubin (mg/dl) 0.8 (0.2-3.1) 0.6 (0.2-7.9)
AST (IUN) 42 (15-143) 52 (12-392)
ALT (IUM) 37 (11-134) 84 (5-740)
Alkaline phosphatase (IU/1) 242 (145-1352) 245 (51-1407)
GGTP (1Uf) 102 (25-772) 71 (10-1543)
Cholinesterase (IU/1) 225 (111-353) 373 (65-668)
Iron (pg/dl) 101 (29-230) 103 (4-268)

213 (4-1237)

22.1 (3.7-45.1)

100 (35.7-120)
36 (2.9-1960)

69%
31%
82%
88%

BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGTP,

gamma-glutamyl transpeptidase
*Moderate to severe
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Table 2. Comparison of clinicopathological features between NASH patients with and

without HCC: univariate logistic regression

P value OR 95% CI
Age 0.000 1.129 1.082-10179
Diabetes 0.002 3.618 1.632-8.016
Hyperlipidemia 0.001 0.257 0.119-0.555
Albumin (g/dl) 0.000 0.257 0.142-0.465
AST (IUNY) 0.036 0.986 0.974-0.999
ALT (TUN) 0.000 0.967 0.953-0.981
ALP (IU/) 0.049 1.002 1.000-1.003
Platelet count (x10%ul) 0.000 0.830 0.779-0.884
Prothrombin time (%) 0.000 0.942 0.920-0.964
Hyaluronic acid 0.010 1.003 1.001-1.005
Fibrosis 0.000 4.309 2.721-6.822
Necroinflammation 0.000 0.265 0.143-0.492
Steatosis 0.000 0.285 0.181-0.454

OR, odds ratio; CI, confidence interval

patients without HCC. Table 2 lists factors significantly
differing between NASH patients with and without
HCC on univariate logistic analysis. The median age
was 70 years in the case of the NASH patients with
HCC (range, 54-89 years) and 50 years in the case of
the NASH patients without HCC (range, 10-84 years).
This difference was statistically significant. Male sex,
diabetes mellitus, and hypertension were more common
in the NASH patients with HCC. The difference in
prevalence of diabetes between the groups was statisti-
cally significant. In contrast, the prevalences of obesity
and hyperlipidemia were lower among the NASH
patients with HCC. The difference in prevalence of
hyperlipidemia between the groups was significant. The
differences in albumin, AST, ALT, ALP, platelet count,
prothrombin time, and hyaluronic acid level between
the two groups were also statistically significantly. Stage
of fibrosis was significantly higher in the NASH patients
with HCC. In contrast, grades of activity and steatosis
were significantly lower in NASH patients with HCC.
On multivariate logistic regression analysis, older age
[P = 0.008; odds ratio (OR) = 1.108; 95% confidence
interval (CI), 1.028-1.195], low level of AST (P = 0.027,
OR = 0.956; 95% CI, 0.919-0.995), low level of histo-
logical activity (P = 0.010; OR = 0.154; 95% CI, 0.037-
0.638), and stage of fibrosis (P =0.001; OR =4.232; 95%
ClI, 1.847-9.698) were independent predictors of devel-
opment of HCC (Table 3).

Characteristic features of HCC were as follows. Nine
patients (26%) exhibited elevation of AFP. Twenty-
four patients (70%) had a single nodule; there were two
nodules in 3 patients (9%) and more than three in 7
patients (21%).

Natural history of NASH with advanced fibrosis

Our prospective cohort study consisted of 137 NASH
patients with advanced fibrosis. During the median

Table 3. Comparison of clinicopathological features between
NASH patients with and without HCC: multivariate logistic
regression

P value Odds ratio 95% CI1
Age 0.008 1.108 1.028-1.195
AST 0.027 0.956 0.919-0.995
Activity 0.010 0.154 0.037-0.638
Fibrosis 0.001 4232 1.847-9.698

CI, confidence interval

follow-up of 40.3 months among 118 patients with
advanced fibrosis, who did not have HCC at the time of
entry, the 5-year cumulative incidence of HCC was
7.6%. By outcome, 26 patients died, with death caused
by liver failure in 7 patients, HCC in 12 patients, and
other causes in 7 patients, including uterine cancer in 1
patient, pancreatic cancer in 1 patient, lung cancer in 1
patient, pneumonitis in 1 patient, cholangitis in 1 patient,
cerebral infarction in 1 patient, and unknown cause in
1 patient. Liver-related deaths thus accounted for 19
(73%) deaths. The 5-year survival rate was 82.8%, and
the 5-year survival rate for liver-related death was
85.9%. Unfortunately, Cox proportional hazard model
analysis did not reveal any risk factors for development
of HCC.

Discussion

HCC is the fifth most common cancer worldwide and
the third most common cause of cancer mortality.*
According to the most recent nationwide Japanese reg-
istration data, primary liver cancer ranked third for men
and fifth for women as a cause of death from malignant
neoplasm.” The latest nationwide report registered
every 2 years by the Liver Cancer Study Group of Japan
showed that hepatitis C was the most common underly-
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ing liver disease in HCC.”® Hepatitis C-related HCC
accounts for 70% of all cases of HCC, followed by hepa-
titis B at 16%. However, hepatitis C-related HCC has
recently been gradually decreasing and HCC in cases of
liver disease of unknown cause gradually increasing.
Obesity and diabetes are now widely recognized as sig-
nificant risk factors for HCC.”~*® These two major risk
factors for HCC were the main causes of NASH. The
increasing numbers of cases of HCC resulting from liver
disease of unknown cause probably contribute to HCC
in NASH.

We performed a large case-control study of NASH
patients with and without HCC as well as a prospective
cohort study on the natural history of NASH patients
with advanced fibrosis who underwent follow-up using
a predefined screening protocol for HCC at a single
tertiary care hospital.

In the case-control study, we found that older age,
low level of AST, histological low grade of activity, and
histologically advanced fibrosis were significant risk
factors for development of HCC in NASH on multi-
variate logistic regression analysis. According to the P
value, older age and histologically advanced fibrosis
were the strongest risk factors for the development of
HCC. It is known that cirrhosis is present in about 80%
of HCC patients with any underlying liver disease, and
it is the most important single risk factor for HCC.
Then, our NASH patients were divided by stage of
fibrosis (F1 to F4) to assess the distribution of other risk
factors. Figure 1 shows the age distribution of NASH
patients by stage of fibrosis. Age was correlated with

AST (IU/L)
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stage of fibrosis. Figure 2 shows the distribution of
transaminases. F4 stage (cirrhosis) causes the levels of
transaminases to decrease. Figure 3 shows the preva-
lence of histological activity by stage of fibrosis. The
prevalence of mild activity in F4 stage (cirrhosis) was
higher than in F2 and F3 stages. Figure 4 shows the
prevalences of histological steatosis by stage of fibrosis.
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Age yrs.
100
801
401 —
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Fig. 1. Age (in years) distribution of NASH patients by stage
of fibrosis (F). The age distribution and stage of fibrosis show
a positive correlation
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Fig. 2. Distribution of transaminases. A decrease in the levels of both aspartate aminotransaminase (AST) and alanine amino-

ransaminase (ALT) occurred in F4 stage cirrhosis
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The prevalence of mild steatosis increased with each
stage of fibrosis. These analyses showed that age, level
of ALT, and grade of activity all correlated with each
stage of fibrosis. In NASH patients, the severity of fibro-
sis and age are important risk factors for HCC, and this
appears also to be the case for HCC patients with other
causes of liver disease. In patients with cirrhosis from
hepatitis C, high levels of transaminases are risk factors
for the development of HCC; further studies are needed
to clarify the reason for the conflicting result in our
study. Histologically, when cirrhotic NASH patients
progress to the end stage of their disease, characteristic
features of NASH, including steatosis, necroinflamma-
tion, ballooning degeneration, and Mallory bodies, all
disappear, in so-called burnt-out NASH, It is thus rea-
sonable that a histological low grade of activity was
selected as a risk factor for HCC. This factor also might
be related to low levels of transaminases as a risk factor
for HCC.

Our prospective cohort study confirmed that the
occurrence of HCC was the strongest predictor of mor-
tality. However, no risk factors for development of

E. Hashimoto et al.: HCC in NASH

mild

B moderate - severe

Fig. 3. Prevalence of histological activity
by stage of fibrosis. The prevalence of
mild activity in F4 stage (cirrhosis) was
higher than in F2 and F3 stages

mild

Bl moderate - severe

Fig. 4. Prevalence of histological ste-
atosis by stage of fibrosis. A slight
increase occurred in mild histological
steatosis from F1 to F3 stages.
However, a marked increase was
evident from F3 stage to F4 stage

HCC and mortality were found on Cox regression anal-
ysis. Because our cohort consisted only of patients with
advanced fibrosis, which is the strongest risk factor for
development of HCC and mortality, statistical analysis
was unable to detect additional risk factors in this
group.

Another important finding of this study was that no
patient among the NASH patients with advanced fibro-
sis died of heart disease, although several reports have
indicated that NAFLD and NASH are risk factors for
cardiovascular and cerebrovascular disease.' It is pos-
sible that patients with cardiovascular events are too ill
to undergo liver biopsy. Because histological diagnosis
is required for the diagnosis of NASH, the patients
diagnosed with this condition consisted of only those
with liver function sufficient to undergo liver biopsy.
Our findings were thus affected by a certain degree of
patient selection bias.

In this case-control prospective study, we found that
older age and advanced fibrosis were important risk
factors for development of HCC in NASH. The present
study confirmed that occurrence of HCC was the stron-
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gest predictor of mortality. These findings are likely to
be helpful when devising therapeutic interventions for
this patient population and also for the daily manage-
ment of NASH patients. Regular screening for HCC is
extremely important for NASH patients with these risk
factors.
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Will non-invasive markers
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The recent dramatic increase of obesity and metabolic syndrome
has caused a striking increase in non-alcoholic fatty liver disease
(NAFLD) in both European and North American countries and
Asia.!

Non-alcoholic fatty liver disease consists of two clinical
entities: simple steatosis, which generally follows a benign non-
progressive clinical course; and non-alcoholic steatohepatitis
(NASH), which may progress to cirrhosis and hepatocellular car-
cinoma. NASH was characterized and defined by Ludwig et al. in
1980.2 The concept referred to subjects who did not consume
aicohol but had progressive liver disease with liver biopsy findings
similar to those of alcoholic hepatitis, and documented the clinical
correlation with obesity and lifestyle-related diseases such as type
2 diabetes and hyperlipidemia. NASH emerged as a clinicopatho-
logical concept and even now biopsy evaluation is considered the
gold standard for a definitive diagnosis.

The principal histological features of NASH are as follows:
presence of macrovesicular steatosis, ballooning degeneration of
hepatocytes, mixed lobular inflammation, Mallory hyaline, mega-
mitochondria, acidophilic bodies, and glycogenated nuclei. Periv-
enular and perisinusoidal-pericellular fibrosis are characteristic
features of NASH fibrosis. These features are predominant in zone
3 (perivenular areas) and develop from zone 3 to the panacinar
zone. However, many pediatric cases have atypical features such
as more zone 1 steatosis, little or no ballooning or Malory hyaline,
and more portal-based chronic inflammation and fibrosis.

In 1999, Matteoni ef al. found that cirrhosis and liver-related
mortality were related to the histological characteristics of
NAFLD.? To evaluate the clinicopathological correlation, they
divided 132 NAFLD patients into four categories based on the
presence of specific histological lesions: type 1, fatty liver alone;
type 2, fatty liver plus lobular inflammation; type 3, steatosis and
ballooning degeneration; and type 4, as in type 3 plus either
Mallory hyaline or fibrosis. They confirmed the benign course of
patients who had steatosis with or without lobular inflammation
(types 1 and 2 NAFLD) and a progressive course for patients who
had type 3 or 4 NAFLD. They defined type 3 and 4 as NASH and
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emphasized the importance of ballooning degeneration, which is a
structural manifestation of microtubular disruption and severe cell
injury. Matteoni’s system served to distinguish simple steatosis
(type 1 and 2) from NASH (type 3 and 4), but did not include an
assessment of NASH severity.

In evaluating chronic hepatitis, necroinflammatory grade and
fibrotic stage are distinguished. On this conceptual basis, Brunt
etal. proposed a grading (steatosis and necroinflammatory
changes) and staging (fibrosis) system for a semiquantitative evalu-
ation of NASH in 1999.% Unfortunately, this system applied only to
NASH and it was not applicable to the entire spectrum of NAFLD.

In 2005, the NASH Clinical Research Network presented and
validated a NAFLD activity score (NAS).> This score was based
on the classification proposed earlier by Brunt et al., it was appli-
cable to adult and pediatric NAFLD patients and allowed the
assessment of changes with therapy. The score is defined as the
unweighted sum of the scores for steatosis (0—3), lobular inflam-
mation (0-3) and ballooning (0-2); thus, NAS ranges from 0-8. A
score of more than 5 correlated with a diagnosis of NASH, and
biopsies with scores of less than 3 were diagnosed as ‘not NASH’,
Patients who had scores of 3 or 4 were borderline. Fibrosis was not
included in NAS to maintain the paradigm of distinguishing grade
from stage. Regarding stage, stage 1 was extended to include a
distinction between delicate (1A) and dense (1B) perisinusoidal
fibrosis in zone 3, and to detect portai-only fibrosis, without perisi-
nusoidal fibrosis (stage 1C). Stage 2 was characterized by addi-
tional evidence of focal or extensive periportal fibrosis. Stage 3
was characterized by bridging fibrosis, and stage 4 was cirrhosis.
Because NAS and staging allow the diagnosis of the entire range
of NAFLD, it may prove useful in standardizing the histological
diagnosis of NAFLD in clinical trials.

A liver biopsy remains the only reliable means to precisely
diagnose NASH and establish the severity of liver injury and
presence of fibrosis. However, liver biopsy has several drawbacks:
it is an invasive, painful and costly procedure, with the possibility
of sampling error and variability in pathologist interpretation.
Moreover, given the extremely high prevalence of NAFLD in the
general population, a liver biopsy is poorly suited as a diagnostic
test for NAFLD. These shortcomings and drawbacks of liver
biopsy, as recognized by a recent Asia—Pacific Consensus on
NAFLD,® support the urgent need to find non-invasive markers for
the assessment of NASH.

An ideal biomarker should be simple, accurate, reproducible,
inexpensive and readily available. Currently, the NAFLD biomar-
kers have been evaluated for: (i) distinguishing NASH from
NAFLD; and/or (ii) diagnosing advanced fibrosis or cirrhosis
(Fig. 1). The study subjects have varied from the general popula-
tion to NASH patients assessed in liver clinics.

Serum transaminases are usually mildly elevated in NAFLD,
however, their utility for the diagnosis of NASH is poor. The
process of development of NASH has been referred to as the
two-hit hypothesis, with steatosis being the first hit and subsequent
hepatocellular injury causing NASH the second hit. Insulin re-
sistance, excess intracellular fatty acids, imbalance of cytokine
production, oxidative stress, lipid peroxidation, iron overload,
depletion of adenosine triphosphate and mitochondrial dysfunc-
tion are candidate pathways for induction of hepatocellular injury
(NASH) in a steatotic liver. Accordingly, many studies have been
focused on the second hit in NAFLD; namely, thioredoxin as a
marker of oxidative stress, cytokines (tumor necrosis factor-o” and
interleukin-6), adiponectin, leptin and C-reactive protein, among
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others. The relationship between these markers and NASH is
inconsistent, because they were found to correlate more closely
with the degree of steatosis or necroinflammatory activity than
with the fibrotic stage.

Hepatocyte apoptosis has been found to be a prominent feature
of NASH. Wieckowska etal reported that serum caspase
3-generated cytokeratin-18 (CK-18) fragment levels, a product of
hepatocyte apoptosis in the injured liver, independently predicted
the presence of NASH and correlated with the magnitude of
hepatocyte apoptosis and disease severity.® This study was vali-
dated in a large number of NAFLD patients by the NASH Clinical
Research Network.” Diab et al. also assessed the usefulness of
plasma CK-18 fragments in a cohort of patients coming to bariatric
surgery.'® Their results support the potential utility of this test for
diagnosis and staging of NAFLD. Moreover, they showed a sig-
nificant decrease in CK-18 fragment levels in most patients
6 months after bariatric surgery.

The work by Malik and coworkers in this issue of the Journal
reconfirms the usefulness of CK-18 fragments.!! They evaluated
the predictive value of serum markers to identify NASH and liver

502

fibrosis. They evaluated CK-18 fragments, a hyaluronic acid tissue
inhibitor of metalloproteinase 1, and YKL-40. They found that
only CK-18 fragments could identify NASH. Accordingly, the
CK-18 fragments are expected to become an ideal biomarker for
NASH, although currently it is not routinely available as a labo-
ratory test.

To increase the accuracy of non-invasive markers to diagnose
NASH, multiple serum markers have been combined into math-
ematical models to obtain predictive scores. In 2008, two clinical
scoring systems for predicting NASH in patients with morbid
obésity have been reported. Campos et al. identified hypertension,
type 2 diabetes, the presence of sleep apnea, elevated transami-
nases and non-black race as independent predictors of NASH.?
The other one was described by Younossi ef al.' It was based on
serum levels of adiponectin, resistin and CK-18 fragments.

Concerning fibrosis, several routinely available laboratory tests
serve to determine the cirrhotic stage. We have reported that eleva-
tion of serum hyaluronic acid levels is seenin stage 3 and 4 NAFLD
patients, and platelet count decreased in stage 4 NAFLD patients;
these findings indicate that hyaluronic acid can predict stage fibrosis
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at an earlier stage than platelet count.'* Extracellular matrix pro-
teins, such as hyaluronic acid and collagen components, have been
examined as potential markers of liver fibrosis in NAFLD. Several
models to predict the extent of fibrosis in NAFLD patients have
been reported.'!7 In general, most of these show similar accuracy
for the detection of advanced fibrosis, but weak accuracy for that

of mild fibrosis. This represents a limitation for the screening of .

patients with NAFLD. On the other hand, NAFLD patients with
mild fibrosis might benefit the most from therapeutic interventions.
Several imaging techniques have also been advocated as non-
invasive diagnostic tests for NASH. In addition, ultrasonography-
based transient elastography or FibroScan, have shown promising
results regarding the severity of liver fibrosis.

In summary, liver biopsy currently remains the gold standard for
the diagnosis of NASH, including assessment of the fibrotic sever-
ity of this common liver disease. In the future, improved under-
standing of the pathogenesis of NASH and new technologies, such
as CK-18 fragments and serum hyaluronic acid, and FibroScan
should contribute to the diagnosis of NASH and hopefully become
a reliable non-invasive alternative to liver biopsy.
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Colorectal (CRC) cancer is one of the most devastating complica-
tions of chronic colitis in the setting of inflammatory bowel
disease (IBD). Only 1-2% of CRC occur in IBD patients but IBD
is one of the major risk factors of CRC, and up to 15% of IBD
mortality has been attributed to CRC.!

Current strategies in the reduction or management of colitis-
associated CRC include chemoprophylaxis, colonoscopy surveil-
lance of at risk individuals and proctocolectomy is a potentially
curative treatment for those with precancerous dysplasia or early
cancer. Colonoscopy surveillance is recommended after 8 to
10 years of extensive colitis and 12 to 15 years of left-sided coli-
tis.> The detection of colorectal dysplasia is considered a strong
predictor of CRC in IBD, and there may be some emerging evi-
dence of improved survival in those who underwent surveillance.?
The yield of detecting dysplasia is variable. Friedman et al. found
a 25% rate of definite dysplasia after the tenth examination when
surveillance is performed every 1-2 years.* Despite adherence to
surveillance programs, CRC may still develop. Lutgens et al.
showed that 17-28% of CRC are missed despite adherence to the
British Society of Gastroenterology and American Gastroenterol-
ogy Association guidelines, mostly due to CRC occurring prior to
guideline-based surveillance starting points.’ A high proportion of
cancers are also found as interval cancers outside of surveillance
programs, raising the possibility of missed early lesions during
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