Natural Histories of Cdmpensa‘ced Cirrhosis C and B

providing them with timely treatment towards an
extended survival. In addition, they would help in
selecting patients for antiviral treatment [Nishiguchi
et al., 1995; Mazzella et al., 1996; Benvegnu et al., 1998;
Kasaharaetal., 1998; Poynard and Opolon, 1998; Reddy
et al., 1999]. Furthermore, the patients who need liver
transplantation would be identified well beforehand by
these systems, and better still, the need for liver
transplantation may be delayed or prevented by timely
medical interventions.
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BACKGROUND. Advances in imaging technology have enhanced the detection of
small nodular lesions during the course of chronic liver disease.

METHODS. Between 1995 and 2002, the authors examined 154 consecutive patients
with small hepatic nodules without hepatocellular carcinoma (HCC) over a median
duration of 2.8 years. The median size of these nodules was 14 mm (range, 7-40
mm). The initial histopathologic diagnosis included high-grade dysplastic nodule
(HGDN) (n = 13), low-grade dysplastic nodule (LGDN) (n = 42}, and regenerative
nodule (RN) (n = 99).

RESULTS. A total of 29 (18.8%) nodules developed into HCC during the observation
period. Cumulative HCC development rates at the first, third, and fifth year were
46.2%, 61.5%, and 80.8% for HGDN; 2.6%, 30.2%, and 36.6% for LGDN; and 3.3%,
9.7%, and 12.4% for RN, respectively. The rate of HCC development was signifi-
cantly higher in the HGDN group than for other types (P < 0.001). Multivariate
analysis disclosed that histopathologic diagnosis (P < 0.001) and findings on
computed tomographic arterial portography (CT-AP) (P = 0.004) were significantly
associated with future HCC development. The hazard ratios of HGDN and LGDN
were 16.8 (95% confidence interval {CI], 6.19-45.6) and 2.96 (95% CI, 1.20-7.31),
respectively. A decrease in portal blood flow also showed a significantly high
hazard ratio of 3.04 (95% CI, 1.42-6.50). Approximate annual development rate to
HCC was 20% in patients with HGDN and 10% in LGDN.

CONCLUSION. HGDN should be considered a precancerous lesion when it appears
during follow-up of chronic viral hepatitis or cirthosis. Reduced portal blood flow
in the nodule on computed tomography-AP is also an important predictor for
development of hepatocellular carcinoma. Caricer 2006;106:636—47.

© 2005 American Cancer Society.

KEYWORDS: hepatoceliular carcinoma, dysplastic nodule, multistep carcinogenesis.

ith advances in imaging diagnosis, hepatic nodular lesions are
now frequently found during the course of chronic liver dis-
ease.'”® According to a previous study, hepatocellular carcinoma
(HCC) develops at a rate of about 3-10% per year in patients with
chronic viral hepatitis and cirrhosis.”*°

If an intrahepatic nodular lesion is found, it is always necessary to
consider development of HCC. Screening for HCC is mostly per-
formed by ultrasonography (US). If hepatic nodular lesions are found
on US, further imaging diagnosis such as computed tomography (CT),
magnetic resonance imaging (MRI), and hepatic angiography are
performed to decide if the nodules represent HCC. Fine needle aspi-

. ration biopsies are considered only when HCC is not diagnosed by

Published online 20 December 2005 in Wiley InterScience (www.interscience.wiley.com).
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such imaging techniques, because careless needle in-
sertion into HCC may lead to tumor seeding to the
surrounding liver tissue.'*?

Some hepatic nodules are diagnosed as HCC by
both imaging and biopsy examination and can be
treated with appropriate modalities, whereas others
are diagnosed as nonmalignant. During the observa-
tion of such “nonmalignant” hepatic nodules, some
progress to HCC while others disappear or stay un-
changed for long periods. ,

It is generally considered that there are two dif-
ferent pathways to the development of HCC.'*** One
is a “multistep” carcinogenesis process similar to the
process described for colorectal cancer,>*® and the
other is called “de novo” carcinogenesis. With the
former type, it is important to determine which types
of hepatic nodules are precancerous. In other words,
identification of risk factors for development of HCC is
necessary for follow-up of such hepatic nodules.

The aim of the present study was to elucidate
outcomes and factors associated with development of
HCC during long-term follow-up of small hepatic nod-
ules that were initially diagnosed as nonmalignant
lesions.

MATERIALS AND METHODS

Patienis

Medical records of patients who were hospitalized for
evaluation of hepatic nodular lesions at Toranomon
Hospital between 1995 and 2002 were reviewed retro-

spectively. A total of 1425 patients were hospitalized -

during this period, and 1171 (82.2%) of the 1425 pa-
tients were already diagnosed as HCC by detailed im-
age analysis. Fine needle aspiration biopsies were car-
ried out in the remaining 254 (17.8%) patients and 88
(34.6%) were histologically diagnosed as HCC. After
exclusion of hepatic hemangiomas (n = 4), focal nod-
ular hyperplasia (n = 3), and alcoholic hyperplastic
nodules (n = 5), the remaining 154 patients who had
a histologic diagnosis, but were not diagnosed as HCC,
were enrolled in the current study. If two or more
hepatic nodules were observed in the same patient,
then the largest nodule was included in the current
study. Clinical backgrounds of these patients are listed
in Table 1. The background of all 154 patients in-
~cluded chronic liver disease as 108 (70.1%) patients
were positive for hepatitis C virus (HCV), 32 (20.8%)
patients were positive for hepatitis B virus (HBV), and
2 (1.3%) patients were positive for both HCV and HBV.
Twelve (7.8%) of 154 were negative for both HCV and
HBV. Among these 12 patients, only 4 (33.3%) had a
history of habitual heavy alcohol intake of more than
80 g per day. In addition, cirrhosis was evident in 124
(80.5%) patients. In our institution, informed consent
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TABLE 1
Clinical Background of 154 Patients with Small Hepatic
Nodular Lesions

Median
Characteristic (range)
Age inyrs 63 (33-81)
Gender, male:female® 101:53
HBV:HCV:HBV+HCV:others® 32:108:2:12
Previous history of HCC, yesno® 40:114
Presence of cirthosis, yes:no® 124:30
Diameter of nodule, mm 14 (7-40)
Albumin, g/dL 372647
Bilirubin, mg/dL 1000431
ICGRI5 % 27 (&-19)
Platelet, X10*/mm® 10.2 (3.4-38.0)
Prothrombin time, % 88 (50-100)
AFP, ng/mL 13 (1-1070)
DCP, AU/mL 13 (<10-182)
Observation periods, yrs 28(0.1-89)

HBV: hepatitis B virus; HCV: hepatitis C virus; HCC: hepatocellular carcinoma. ICG R15: indocyanine
green retention rate at 15 minutes; AFP: alpha-fetoprotein; DCP: des-gamma-carboxy prothrombin.
2 Data are expressed as ratios, not median and range.

is not required for reviewing patient records, including
images, and, therefore, no such consent was obtained.
However, at the time of the study, each patient pro-
vided informed consent for conducting imaging stud-
ies, including dye injection and needle biopsy.

Image Analysis

US or helical dynamic CT was carried out every 3
months for folow-up and examined for a change in
imaging findings. US examination was generally per-
formed with B-mode fundamental and harmonic im-
aging. Contrast-enhanced US using Levovist (Scher-
ing, Berlin, Germany) was performed in some cases.
Dynamic CT scans were performed using a single-

" detector helical CT scanner (Hi-Speed advantage SG,

GE Yokogawa Medical Systems, Tokyo, Japan). Fur-
thermore, all CT scans taken throughout the study
were performed using this scanner. In these studies,
95 mL of 350 mg I/mL Iomeprol (Iomeron 350, Eisai,
Tokyo), as the contrast medium, was rapidly injected
intravenously at 0.06 mL/kg body weight/sec. Phase-1,
-2, and -3 imaging were performed at 25, 60, and 180
seconds (slice thickness: 10 mm, 5 mm, and 10 mm,
respectively) after the start of injection, respectively.
The radiologic study was conducted by intraarte-

| rial digital subtraction angiography, including celiac

and mesenteric angiography and selective angiogra-
phy of the common hepatic artery. Computed tomo-
graphic arterial portography (CT-AP) and computed
tomographic hepatic angiography (CT-HA) were car-
ried out in the CT room after completion of hepatic
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angiography using 5-French catheter. CT-AP scans
were carried out with slip-ring technology, 5-mm thick
sections, and 5-mm collimation. Overlapping recon-
structions were obtained every 2.5 mm. Data acquisi-
tion was started 25 seconds after initiation of a trans-
catheter injection into the superior mesenteric artery
of 90 mL of nonionic contrast material containing 120
mg I/mL at 3 mL/sec, by using an automated power
injector. The duration of scanning was around 25-35
seconds, depending on liver size, during a single
breath hold. CT-HA scans were also obtained with
5-mm thick sections, 5-mm collimation, 2.5-mm re-
construction intervals. Data acquisition was started 10
seconds after initiation of a transcatheter hepatic ar-
tery injection (using the same automated power injec-
tor) of 20-30 mlL of nonionic contrast material that
contained 70 mg I/mL at 1.0 mL/sec.

Both CT-AP and CT-HA were qualitatively ana-
lyzed retrospectively, and the final diagnosis was es-
tablished by consensus between two experienced ra-
diologists who were blinded to the histologic diagnosis
and clinical outcome. The CT-AP findings in hepatic
nodules were classified as isoattenuating or low-atten-
uating, compared with the surrounding liver paren-
chyma. If only part of the nodule was hypodense, then
we defined such nodule as low-attenuating. Likewise,
CT-HA findings were classified as isoattenuating or
high-attenuating compared with surrounding liver pa-
renchyma. Because we were interested in increased
intranodular arterial blood flow in the current study, if
the nodule was hypodense on CT-HA, it was regarded
as isoattenuating.

Follow-Up Protocol

On the basis of the above-mentioned strategies, when
the tumor diameter enlarged or there was a change in
US pattern or change of enhancement features, reex-
amination, including imaging and tumor biopsy, was
considered. When a typical hypervascular staining
pattern was obtained on angiography or a hyperat-
tenuating nodule was detected on the arterial phase of
the dynamic CT, the nodule was diagnosed as HCC
without histologic examination.

Histopathologic Examination

~ All specimens were obtained by percutaneous fine
needle aspiration biopsy (FNAB) by using a 21-gauge
Mashima needle under US guidance. Tissue samples
were collected not only from tumor tissue but also
from nontumor tissue to compare architectural and
nuclear differences. To avoid misdiagnosis due to
sampling error or variation, sampling was carried out
at least twice from different areas of the nodule. Fur-
thermore, the US image was recorded on.a video re-

corder to confirm that tumor samples were correctly
obtained. Sections of 3—-6-um in thickness were cut
after formalin-fixation and paraffin-embedding of
specimens. Sections were stained with hematoxylin
and eosin (H & E) and silver for reticulin fibers.

Tissue samples obtained by tumor biopsy were
classified into HCC, high-grade dysplastic nodule
(HGDN), low-grade dysplastic nodule (LGDN), or re-
generative nodule (RN), according to criteria proposed
by an international working party.!” In brief, LGDN
was characterized by a slight increase (< 1.5 times) of
cell density and nuclear-cytoplasmic ratic compared
with the surrounding liver tissue, an absence of struc-
tural dysplasia, and sometimes showed a large or
small change. HGDN also had features of LGDN, and,
in addition, there was an increase in cell density of
between 1.5 to 2 times, high nuclear-cytoplasmic ra-
tio, cytoplasmic basophilia, and irregular nuclear con-
tour. If stromal or portal tract invasion of the tumor
was seen in the specimen, the nodule was considered
well differentiated HCC.'®

Siatistical Analysis

Differences in background features and laboratory
data among the three groups were analyzed by the
chi-square test and Kruskal-Wallis test. The time be-
tween first biopsy and development of HCC was ana-
lyzed by using the Kaplan-Meier technique, and dif-
ferences in curves were tested by using the log-rank
test. Independent risk factors associated with HCC
progression rate were studied using stepwise Cox re-
gression analysis.'® Potential risk factors for malignant
transformation that were assessed included the fol-
lowing 18 variables: age, gender, etiology of back-
ground liver disease, previous history of HCC, pres-
ence of cirrhosis, albumin, bilirubin, indocyanine

~ green retention rate at 15 minutes (ICG R15), platelet

count, prothrombin time, alpha fetoprotein («a-feto-
protein (AFP)), des-gamma-carboxy prothrombin
(DCP), diameter of the nodule, US pattern, conven-
tional CT findings, CT-AP findings, and CT-HA find-
ings. A probability of < 0.05 was considered signifi-
cant. Data analysis was performed using SPSS
statistical software version 10 (SPSS Inc., Chicago, II-
linois).

RESULTS

image Diagnosis and Malignant Transformation of
Hepatic Nodular Lesions

Each imaging technique and lesion feature were ex-
amined. Because all tissue samples in the current
study were obtained under US guidance, the detection
rate on US was 100%. Of hepatic lesions examined, 85
(565.2%) nodules were low-echoic whereas the remain-
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ing 69 (44.8%) were high-echoic. Furthermore, 35
(22.7%) nodules were observed on helical dynamic CT.
Among these, 26 were isoattenuating at arterial phase
and low-attenuating af portal venous phase and/or
the equilibrium phase. The other nine showed low
attenuation throughout the scanning. None of the
nodules was high-attenuating at the arterial phase
on CT.

CT-AP was carried out in 144 patients and 49
(34.0%) nodules were detected. Among these, 30 nod-
ules were slightly low attenuating, whereas the re-
maining 19 were markedly low attenuating relative to
surrounding liver parenchyma. CT-HA was performed
in 142 patients and 40 (28.2%) nodules were detected.
Only 10 nodules were high attenuating, whereas 30
nodules were low attenuating on CT-HA.

The cumulative HCC development rate was eval-
uated by Kaplan-Meier method for each imaging di-
agnosis. The HCC development rates for high echoic
nodules were 4.8% at 1 year, 13.7% at 3 years, and 22.5
% at 5 years. These rates were 9.8%, 25.7%, and 25.7 %
for low-echoic nodules, respectively, and the rates
were not significantly different between the high- and
low-echoic groups. The HCC development rate of CT-
detected and -undetected nodules were 9.7% and 4.3%
at 1 year, 32.2% and 16.8% at 3 years, and 38.3% and
20.6% at 5 years, respectively. CT-detected nodules
were more likely to transform to HCC than CT-unde-
tected nodules (log-rank test, P = 0.039) (Fig. 1A). HCC
developed from CT-AP low-attenuating nodules at a
rate of 13.8%, 35.3%, and 39.7% at 1, 3, and 5 years,
respectively. These rates were 4.7%, 14.5%, and 19.4%,
respectively, for nodules that did not show low atten-
uation. The CT-AP low-attenuation nodules often
transformed to HCC (log-rank test, P = 0.005) (Fig.
1B). Similarly, HCC developed from CT-HA high-at-

tenuation nodules at a rate of 9.2%, 20.0%, and 30.5% .

at 1, 3, and 5 years, respectively. These rates were
5.7%, 18.3%, and 23.4%, respectively, for high-attenu-
ation nodules, and the rates were not significantly
different between the two groups.

Histologic Diagnosis and Malignant Transformation of
Hepatic Nodular Lesions

Histologic diagnosis of 154 nodules based on exami-
nation of initial biopsies was as follows: HGDN, n
= 13; LGDN, n = 42; whereas the remaining 99 nod-
ules did not show any abnormal histologic features
and were, therefore, considered RN. The clinical back-
grounds of the three groups classified by histologic
features are summarized in Table 2. There were no
differences in these parameters among the three
groups. Tumor diameter, US pattern, detection of the
nodule on dynamic CT, and attenuation pattern on
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FIGURE 1. cumulative HCC development rate of hepatic nodular lesions
based on (A} detection by computed tomography (CT). Solid line: HCC devel-
oped from CT-detected nodules, dashed line: HCC from CT-undetected nodules
(log-rank test: P = 0.039), and {B) CT-AP findings. Solid line: HCC from
low-attenuating nodules, dashed line: HCC from no attenuation lesions (log-
rank test: P = 0.005).

CT-AP and CT-HA were also compared (Table 3), but
there were no significant differences among the three
groups.

_ Twenty-nine (18.8%) patients of 154 with nodules
progressed to HCC during the median follow-up of 2.8
years. The diagnosis of HCC was made histologically
(n = 24) or by imaging modalities (n = 5). The 24 HCC
that were histologically diagnosed comprised well dif-
ferentiated HCC (n = 16) and moderately differenti-
ated HCC (n = 8). The cumulative HCC progression
rate was 7.0% at 1 year, 16.1% at 2 years, 19.9% at 3
years, and 24.4% at 5 years. The first histologic diag-
nosis and the final outcome of the 154 nodules at the
end of the observation period are shown in Figure 2. A
total of 9 (69.2%) of 13 nodules transformed to HCC
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TABLE 2

Comparison of Background of Patients with Small Hepatic Nodules with Regard to Initial Histologic Diagnosis

Parameter HGDN (n = 13) LGDN (n = 42) LRN (n=99) Significance
Age, yis* 64 (34-70) 64 (39-76) 61 (33-81) NS
Gender, malefemale 9:4 24:18 68:31 NS
HBV:HCV:HBV+HCV:others 3:10:0:0 10:31:0:1 19:67:2:11 NS
Previous history of HCC, yes:no 10:3 339 71:28 NS
Presence of cirrhosis, yes:no 10:3 3616 7821 NS
Albumin, g/dL? 3.43.1-4.0) 3.6(2.7-44) 3.7 (2.6-4.7) NS
Bilirubin, mg/dL? 1.1(0.7-1.8) 1.1(0.4-26) 00431 NS
ICG RIS, %° 33 (20-46) 28 (4-56) 24 (7-19) NS
Platelet, X10*/mm® 9.3 (5.0-15.8) 9.8 3.5-38.0) 10 4 (3.4-38.0) NS
Prothrombin time, %° 86 (45-100) 86 (54-100) 88 (52-100) NS
AFP, ng/mL? 13 (2-244) 16 (1-403) - 11 (2-1070) NS
DCP, AU/mL? 12 (<10-31) 13 (<10-182) 13 (<10-178) NS

HGDN: high-grade dysplastic nodule; LGDN: low-grade dysplastic nodule; LRN: large regenerative nodule; HBV: hepatitis B virus, HCV: hepatitis C virus; HCC: hepatocellular carcinoma; ICG R15: indocyanine green

retention rate at 15 minutes; AFP: alpha-fetoprotein; DCP: des-gamma-carboxy prothrombin.
2Data are expressed as median (range).

TABLE 3

Tumor Diameter and Image Characteristics of HGDN, LGDN, and RN

Image characteristics HGDN (= 13) LGDN (n = 42) LRN (n = 99) Significance
Diameter of nodule? 15 (10-25) 14 (723 14 (7-40) NS
Ultrasonography, high echo: low echo 3:10 18:24 48:51 NS
Detection on dynamic CT, yes:no 2:11 9:33 2475 NS

Low attenuating area on CT-AP, yes:no 6:7 14:25 29:63 NS

High attenuating area on CT-HA, yesino 112 434 5:86 NS

HGDN: high-grade dysplastic nodule; LGDN: low-grade dysplastic nodule; LRN: large regenerative nodule; CT-AP: computed tomographic-arterial portography; CT-HA: computed tomographic-hepatic angiography;

NS: not significant.
2 Data are expressed as median {range).

Diagrosis a1 initial biopsy Outcome
69.2%
DN high grade HCC 18.8%
@=13) 779 development —
) (=29)
26.2%
DN low grade Unchanged
@=42) 11.9% (=82) 53.3%
9.1%0
RN Disappeared o

(F99) 374% @43)  2L3%

FIGURE 2. Initial histologic diagnoses and outcomes of 154 patients with
small hepatic nodular lesions.

from HGDN. Only one nodule disappeared during the
follow-up period. Similatly, 11 (26.2%) nodules of 42
progressed to HCC from LGDN, and 5 (11.9%) nodules
disappeared. A total of 9 (9.1%) HCC arose from RNs at
first biopsy, and 37 (37.4%) disappeared.

The cumulative HCC development rate calculated
by the Kaplan-Meier method was 7.0% at 1 year,
19.9% at 3 years, and 24.4% at 5 years. The develop-

ment of HCC occuired within the first 5 years, and no
patient has subsequently developed HCC to date. Fig-
ure 3 shows HCC development rate according to each

tissue diagnosis. The HCC transformation rate from

HGDN was 46.2% at 1 year, 61.5% at 2 and 3 years, and
80.8% at 5 years. The rate of development of HCC from
LGDN was 2.6% at 1 year, 30.2% at 3 years, and 36.6%
at 5 years. Similarly, HCC developed from RNs at a rate
of 3.3% at 1 year, and 9.7% at 3 years, and 12.4% at 5
years. HCC developed more often from HGDN nod-
ules than from LGDN and RN (log-rank test, P
< 0.0001).

Predictive Factors for Development of HCG from Hepatic
Nodular Lesions

To elucidate predictive factors for development of
HCC from hepatic lesions, both patient and tumor
characteristics were analyzed by the log-rank test. Age
> 60 years, ICG R15 > 30%, tumor diameter >14 mm,
detection of the nodule on conventional helical dy-
namic CT, decrease of portal blood flow in the hepatic
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FIGURE 3. Cumulative HCC development rate from high-grade dysplastic
nodules (HGDN, continuous fine), low-grade DN (LGDN, dotted line), and
regenerative nodules (RN, dashed line). HGDN developed into HCC more often
compared with LGDN and RN (P < 0.0001).

TABLE 4 ,
Factors Associated with HCC Progression from Hepatic Nodular
Lesions by Multivariate Analysis (Cox Proportional Hazard Model)

Factors Category Hazard ratio (95% CD Pvalue
Histology
LRN 1 1 < 0.001
LGDN 2 2.96 (1.20-7.31)
HGDN 3 16.8 (6.19-45.6)
CT-AP
Low attenuation, - 1 1 0.004
Low attenuation, + 2 3.04 (1.42-6.50)

HCC: hepatocellular carcinoma; CI: confidence interval; LRN: large regenerative nodule; LDGN: low-
grade dysplastic nodule; HGDN: high-grade dysplastic nodule; CT-AP: computed tomographic-arterial
portography. )

nodule on CT-AP, and liver histology on tumor biopsy
were significant factors by univariate analysis. Fur-
thermore, the etiology of chronic liver disease, serum
albumin, serum bilirubin, prothrombin time, serum
AFP level, serum DCP level, platelet count, US pattern,
and hyperattenuation on CT-HA were not significant.
Subsequently, multivariate analysis by the Cox
proportional hazard model was performed to adjust
. for the confounding effect on each variable. Histologic
diagnosis was the most significant factor for develop-
ment of HCC (P < 0.0001). Compared with RN, the
rate of development of HCC in HGDN was as much as
16.8-fold higher (95% confidence interval [CI], 6.19-
45.6), and in LGDN was 2.96-fold (95% CI, 1.20-7.31)
higher. Decreased portal blood flow in the nodule on
CT-AP was also significant (hazard ratio [HR], 3.04;
95% CI, 1.42-6.50; P = 0.004)' (Table 4).
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In addition, HCC developed at other sites of the
liver during observation in 49 patients. However, there
was no correlation between malignant transformation
of the observed nodule and the subsequent develop-
ment of HCC in other sites. In addition, no HCC de-
veloped from smaller nodules that were identified on
first examination, during the follow-up period.

Case Reporis of Hepatic Nodule Transforming to HCC
during Four-Year Follow-Up

Figure 4 shows a case of HCC that progressed from a
dysplastic nodule. This patient was a 61-year-old male
with hepatitis C virus (HCV)-related cirrhosis. A 6-mm
diameter hyperechoic nodule was found on US during
the course of cirrhosis (Fig. 4A). Although detailed
imaging analysis, including dynamic CT, hepatic an-
giography, CT-HA, and CT-AP, was carried out, the
nodule was not detected with these modalities. FNAB
was performed under US guidance, and the histologic
diagnosis obtained from the specimen was LGDN (Fig.
5A). Therefore, the nodule was carefully followed up
every 3 months on US. Three years later, the nodule
was a little enlarged to 9 mm in diameter, and low-
echoic foci appeared inside the nodule (Fig. 4B). An-
other year later, diameter of the tumor rapidly in-
creased to 17 mm, and the nodule showed a “mosaic
pattern,” which is the typical sign of classical HCC on
US (Fig. 4C). On this account, HCC development of
the nodule was strongly suspected. Hepatic angiogra-
phy was then carried out and showed typical hyper-
vascular staining (Fig. 4D). The nodule was surgically
resected afterward, and the specimen showed histo-
logic features of moderately differentiated HCC (Fig.
5B).

Figure 6 shows another case of HCC that pro-
gressed from HGDN. This patient was a 65-year-old
male with HCV-related cirrhosis. A 16-mm diameter
hyperechoic nodule was found on US during the
course of cirrhosis (Fig. 6A). The nodule was not de-
tected on helical dynamic CT. Hepatic angiography,
including CT-AP and CT-HA, was carried out, and a
vague slightly low-attenuating area detected on both
CT-AP and CT-HA (Fig. 6B-C). FNAB was performed
under US guidance, and the histologic diagnosis was
HGDN (Fig. 7A). Two years later, the nodule was found
slightly enlarged to 20 mm in diameter on US, and the
nodule became detectable on dynamic CT. (Fig. 6D).
Furthermore, detailed image diagnosis was per-
formed. Although there was no hypervascular staining
on hepatic angiography, a relatively well bordered
low-attenuating area was detected on CT-AP (Fig. 6E).
In addition, a slightly high-attenuating rim was noted
in the low-attenuating area on CT-HA (Fig. 6F). The
nodule was surgically resected afterward, and the
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FIGURE 4. () A 6-mm diameter hyperechoic nodule appeared on ultrasonography (US) during the follow-up of HCV-related cirrhosis. {B) Four years later, the
nodule increased in size to 9 mm in diameter and low-echoic foci appeared inside the nodule. (G) The nodule rapidly grew in size within 1 more year and showed
a “mosaic pattern” on US. (D) Hepatic angiography was carried out before surgical resection. The angiogram showed typical hypervascular staining of HCC in the
right lobe of the liver.
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FIGURE B. (8) Liver tissue sample obtained at first biopsy. The cell density
and nuclear-cytoplasmic ratio was slightly increased (left) compared with the
surrounding liver tissue (right). Small cell change was also observed and the

histologic diagnosis was low-grade dysplastic nodule. (B) Liver tissue obtained .

by surgical resection. The tissue showed a frabecular pattern. The histologic
diagnosis was well to moderately differentiated HCC. H&E staining in both
panels; original magnification X100.

specimen showed histologic features of well differen-
tiated HCC (Fig. 7B).

Comparison of Tumor Diameter at First Biopsy and End
of Observation Period

The above-mentioned analysis reviewed predictive

factors for development of HCC by liver tissue diag-
nosis at the first tumor biopsy. When we observed a
change in nodule diameter during follow-up of more
than 5 mm, HCC developed in 10 of 17 patients,
whereas HCC developed in only 12 of 137 nodules in
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which the diameter enlarged by less than 5 mm. The
relation between tumor enlargement and HCC pro-
gression was statistically significant (P < 0.001).

DISCUSSION

The importance of dysplastic nodules as precancerous
lesions of HCC is well established in Japan,™?°~2* but
less emphasized in Western countries.”® Sakamoto et
al. studied 320 resected liver tissues and concluded
that multistep carcinogenesis is one pathway to HCC
development.”® Furthermore, several reports from
Western countries in explanted whole liver from non-
Japanese patients suggested that macroregenerative
nodulées may also represent precancerous lesions.*®%’

However, consistent with previous reports, not all
hepatic nodular lesions that we found on screening by
US progressed to HCC.**?*28 Some nodules remained
unchanged, and other nodules disappeared during
long-term observation. Therefore, identification of
true precancerous liver lesions, especially among pa-
tients with chronic liver disease, is important. The
aims of the current study were to estimate the HCC
progression rate of hepatic nodular lesions and to
examine factors associated with malignant transfor-
mation.

Several reports have examined HCC development
from borderline lesions;>>?%?2-3! however, no reports
have included as many patients as the current study of
154 patients who were histologically diagnosed with
dysplastic nodules and fully examined by imaging pro-
cedures before tumor biopsy. Notably, all patients also
received imaging diagnosis every 3 months with a
median follow-up of 2.8 years.

Twenty-nine of 154 (18.8%) hepatic nodules in our
study transformed into HCC. The cumulative HCC
development rates for such intrahepatic nodular le-
sions were 7.0% at 1 year, 19.9% at 3 years, and 27.4%
at 5 years. Our findings are similar to those of Borzio et
al.,® who reported an HCC rate of 31% in 90 large
regenerative and dysplastic nodules and Seki et al.,**
who reported HCC development in 12.1% of 33 dys-
plastic nodules measuring < 3 cm diameter at diag-
nosis.

With respect to predictive factors for development
of HCC, age >60 years, ICG R15 > 30%, tumor diam-
eter >14 mm, detection of a nodule on dynamic CT,
decrease of portal blood flow in the hepatic nodule on
CT-AP, and liver histology of tumor biopsy were sig-
nificant factors by univariate analysis. The severity of
background liver disease also has been reported as an
important risk factor for development of HCC."'°
Therefore, high ICG R15 may affect potential HCC
development. With respect to the effect of age, under-
lying liver disease would be expected to advance with



FIGURE 6
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aging, and genetic mutation of oncogenes or tumor
suppressor genes could occur at higher frequency with
aging. We speculate that such alterations may gener-
ally increase risk of carcinogenesis with increasing
age.

With respect to tumor diameter, it is intuitive that
larger nodules could represent a more advanced stage
in multistep carcinogenesis, and, thus, would progress
to HCC more frequently than smaller ones. There is a
problem of lead-time bias at this point. However, in
our study, 133 of the 154 (86.4%) patients had under-
gone US screening before the first detection of hepatic
nodules, and, thus, lead- ume blas should have been
minimized.

In multivariate analysis, histologic diagnosis and
decrease of portal flow in CT-AP were independent
factors for prediction of malignant transformation. In
our study, we classified liver histology into three
groups; HGDN, LGDN, and RN. According to this clas-
sification, as predicted, the progression rate of HCC
from HGDN was significantly high, and the annual
HCC development rate exceeded 30% in the first 2
years. The regression coefficient of HGDN in multivar-
iate analysis was as much as 16.8 compared with RN.
Therefore, we can conclude that HGDN was a true
precancerous lesion of HCC.

Because of radiologic innovations, the relation be-
tween tumor progression and vascular supply of he-
patic tumors is well documented. Hayashi et al.*® fol-
lowed up dysplastic nodules detected on CT-HA and
CT-AP and described how portal blood flow in the
nodule gradually decreased with acquisition of malig-
nant tumor features. These results are consistent with
our results in that in both univariate and multivariate
analyses, reduced portal blood flow was a risk factor
for HCC development. We realize that CT-AP and CT-

‘HA are rather invasive methods and cannot easily be

conducted repeatedly. Dysplastic nodules or RNs are
usually isovascular or hypovascular.?® In fact, in our
patients, the arterial phase on dynamic CT was isoat-
tenuating in 26 and low-attenuating in the remaining
9, and all 35 nodules were low-attenuating at portal
venous phase and/or the equilibrium phase. Although

<
FIGURE 6. (8) A 16-mm diamster hyperechoic nodule was found on US

during the course of cirrhosis. (B) A vague and slighily low-attenuating area .

was detected on both CT-AP. (G) The nodule showed slightly hypoattenuating
area on CT-HA. (D) Two years later, the nodule increased in size to 20 mm in
diameter on US. (E) Further detailed image diagnosis was performed and a

relatively well bordered low-attenuating area was detected on CT-AP. (F) In.

addition, a slightly high-attenuating rim appeared in the low-attenuating area
on CT-HA.
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FIGURE 7. (8) The first histopathologic diagnosis based on examination of
US-guided fine needle aspiration biopsy of the nodule was high-grade dys-
plastic nodule. (B) The nodule was subsequently resected surgically, and the
specimen showed histopathologic features of well differentiated HCC. H&E
staining in both panels; original magnification <100.

detection of the nodule on dynamic CT was significant
for predicting HCC transformation, as determined by
univariate analysis, this was not significant by multi-
variate analysis. This could mean that CT-AP is supe-
rior to dynamic CT in detecting reduced portal blood
flow and, hence, a better predictor of progression to
HCC.

With respect to evaluation of tumor arterial blood
flow, although we reviewed the results of CT-HA in our
patients, we could not determine the relation between
arterial blood flow and tumor progression. Hepatic
arterial flow decreased in dysplastic nodules and in
early stage HCC, and then it increased as lesions pro-
gressed to classic HCC.*® Such a two-phase arterial
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flow change may have complicated our statistical
analysis.

Previous studies showed the usefulness of MRI for
characterization of hepatic nodular lesions.* Earls
et al.*? examined thin-section MRIs of explanted liver
and reported that MRI depicted 41 of 42 (38%) hepatic
nodular lesions, which included dysplastic nodules as
well as HCC. Furthermore, Matsui et al.*>® demon-
strated that hyperplastic adenomatous nodules were
hyperintense on T1-weighted spin-echo imaging and
hypointense on T2-weighted spin-echo-imaging, and
both features were useful for the differentiation of
such borderline lesions from HCC in the cirrhotic
liver. Furthermore, other groups also indicated the
superiority of dynamic contrast-enhanced MRI and
ferumoxides-enhanced MRI relative to CT for diagno-
sis of small HCC.>**® We also examined dynamic MRI
in 48 patients and ferumoxides MRI in 25 patients.
Because the number of these patients was small, we
did not include MRI results in our analysis. Choi et
al.3* indicated that ferumoxides-magnetic resonance
imaging can be used instead of CT-AP and CT-HA,
because both modalities have almost the same sensi-
tivity and high specificity for diagnosis of HCC. Fur-
ther studies are needed to confirm the usefulness of
ferumoxides-MRI for diagnosis of malignant transfor-
mation of hepatic nodular lesions.

There are certain limitations in our study. First,
tumor biopsy was usually carried out under US guid-
ance, and, therefore, nodules that were not observed
on US were not included in this study. In our clinical
practice, we sometimes find hepatic nodules that
show low attenuation on CT-HA and/or CT-AP, but
they are barely observed on US. Tsuchiyma et al®!
examined repeated CT-HA and reported that 18.8% of
small stained spots progressed to HCC during a mean
follow-up of 29 months. Indeed, it is technically diffi-
cult to confirm such nodules histologically, and de-
tailed investigation is required in the future.

Second, problems of sampling error and sampling
variation are always inherent in this kind of examina-
tion. Indeed, nine patients in our study progressed to
HCC despite histologic diagnosis of RN at first biopsy.
In these cases, we cannot exclude sampling errors or
sampling variation. However, to minimize such prob-
lems, we routinely recorded the scene of the US-
guided biopsy on video recorder to confirm that the
sample was actually from the nodule. In addition, it'is
possible that samples obtained by needle biopsy did
not reflect the most malignant part of the nodule,
particularly when the nodule was heterogeneous. On
this account, we usually obtained samples from two or
more parts of a nodule to prevent sampling variation.

If a nodule showed a heterogeneous US pattern, we
obtained samples from each part of the nodule.

We recognized limitations of biopsy diagnosis for
predicting HCC progression, as nine patients whose
initial histologic diagnosis was RN later developed
HCC. For this reasomn, it is necessary to include imag-
ing diagnostic techniques such as CT-HA or CT-AP to
predict liver cancer development.

Our present results allow us to conciude that dys-
plastic nodules, in particular HGDN, are true precan-
cerous lesions of HCC. Hemodynamic changes in
these nodules predicted progression to HCC; however,
angio-computed tomography is an invasive examina-
tion, and repeated studies are not feasible. Recently, it
was reported that HCC and borderline lesions, like
dysplastic or regenerative nodules, can be discrimi-
nated by Levovist contrast-enhanced US.**?7 Because
commercial use of Levovist was not possible until 1999
in our country, we have not included this technique in
the current study. We are very interested in whether
contrast-enhanced harmonic US is useful in predict-
ing HCC development from hepatic nodular lesions,
as this examination is less invasive than CT-HA or
CT-AP and does not require hospitalization.

On the basis of changes observed during follow-
up, our results indicated that enlargement of tumor
diameter was the most important factor suggesting
malignant transformation. Changes in US pattern also
indicated HCC development. Indeed, low-echoic foci
appeared in the center of hyperechoic nodules pre-
ceding HCC diagnosis in four patients who developed
HCC. This finding is consistent with multistep carci-
nogenesis in HCC.
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Background/Aims: To estimate hepatocarcinogenesis rates in patients with hepatitis C virus (HCV)-related cirrhosis,
an accurate prediction table was created.

Methods: A total of 183 patients between 1974 and 1990 were assessed for carcinogenesis rate and risk factors.
Predicted carcinogenesis rates were validated using a cohort from the same hospital between 1991 and 2003 (n=302)
and an external cehort from Tokyo National Hospital between 1975 and 2002 (2 =205).

Resulis: The earcinogenesis rates in the primary cohort were 28.9% at the 5th year and 54.0% at the 10th year. A
proportional hazard model identified alpha-fetoprotein (>20 ng/ml, hazard ratio 2.30, 95% confidence interval 1.55—
3.42), age (>55 years, 2.02, 95% CI 1.32-3.08), gender (male, 1.58, 95% CI 1.05-2.38), and platelet count (<
100,000 counts/mm°, 1.54, 95% CI 1.04-2.28) as independently associated with carcinegenesis. When carcinogenesis
rates were simulated in 16 conditions according to four binary variables, the 5th- and 10th-year rates varied from 9 to
64%, and 21-93 %, respectively. Actual carcinogenesis rates in the internal and external validation cohorts were similar
to those of the simulated curves. ,

Conclusions: Simulated carcinogenesis. rates were applicable to patiemts with HCV-related cirrhosis. Since,
hepatocarcinogenesis rates markedly varied among patients depending on background features, we should consider
stratifying them for cancer screening and cancer prevention programs.
© 2006 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.

Keywords: Cirrhoesis; Hepatocellular carcinoma; Carcinogenesis; Hepatitis C virus; Simulation; Proportional hazard
model; Validation; Prediction

1. Introduction incidence of patients with HCV-related HCC has increased
recently in several parts of the world [5-9]. In Japan, blood
transfusion and parenteral drug use became prevalent in
1960s, and patients with HCV-related cirrhosis gradually
increased around 1980s. Since, an effective and truly
curative therapy for a large and advanced HCC still remains

limited at best, evaluation and assessment of carcinogenesis

There is increasing evidence that chronic hepatitis C
virus (HCV) infection is closely associated with the
occurrence of hepatocellular carcinoma (HCC) [1-4]. The
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in chronic liver disease and detection at an early stage of
HCC are of great importance. Reports of HCC development
rates in HCV-cirrhosis differ [10-13], probably due to
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differences of patient characteristics in varied study
populations. The lack of reliable data as to the natural
history of cirrhosis makes it difficult to evaluate the exact
role and cost-effectiveness of interferon therapy.

Platelet count has been used to predict hepatocarcino-
genesis [10,13,14], but its usefulness for distinguishing the
HCC appearance rate is based on discrimination between
chronic hepatitis and cirrhosis [15-18]. Predicting carcino-
genesis solely on the basis of platelet count is less valuable
in a cohort of patients with cirrhosis, because the liver
disease has already advanced to a certain stage with a
uniformly low platelet count. When a cohort of patients with
HCV-related cirrhosis is. analyzed by platelet count, it is
usually not possible to discriminate between a super-high-
risk group for carcinogenesis and a relatively low-risk
group. The availability of a genmeral model that can
accurately predict the HCC development rate in HCV-
related disease based on readily available data would be
helpful in planning the treatment of these patients. More-
over, such a model could be used for the selection and
stratification of patients for clinical trials.

In this study, we tried to develop a prediction model for
hepatocarcinogenesis rate, using a large cohort with a long
observation period. This model was also validated with two
independent patient cohorts for generalization and clinical
application.

2. Patients and methods

2.1. Study population

Among 457 consecutive patients diagnosed with liver cirrhosis between
1974 and 1990 at Toranomon Hospital, Tokyo, 258 patients had positive
anti-HCV antibody (second-generation anti-HCV, enzyme-linked immu-
nosorbent assay, Dainabot, Japan), positive HCV-RNA, -and negative
hepatitis B surface antigen (HBsAg, radioimmunoassay, Dainabot, Tokyo,

Japan). Among them, 75 patients met either of the following exclusion

criteria: (1) possible association with HCC, (2) association of hemochro-
matosis, autoimmune liver disease, primary biliary cirrhosis, alpha-1-
antitrypsin deficiency, or Wilson disease, (3) daily drinking habit of 75 g or
more, (4) alpha-fetoprotein (AFP) of 400 ng/ml or higher, (5) advanced and
decompensated stage of cirrhosis with encephalopathy and refractory
ascites, or (6) a short follow-up period of 6 months or less. We excluded
those patients with Child-Pugh [19] stage C, because of substantial
difference in carcinogenesis [20,21]. Consequently, 183 patients were
retrospectively analyzed for HCC appearance rate.

_ 2.2. Background and laboratory data

Table 1 summarizes the profiles and data of the 183 patients at the time
of diagnosis. The group consisted of 92 men and 91 women aged from 28 to
80 (median, 55 years). The diagndsis of cirrhosis was made by
peritoneoscopy, biopsy or both in 118 patients, and by clinical symptoms
with ultrasonographic findings in 55 patients. When the ultrasonography
(US) showed a typical irregular-surfaced liver with coarse internal
architecture in addition to overt ascites or esophageal varices demonstrated
by fiberscopic examination, we regarded the disease as cirrhosis. Although
12.7% of patients (23/181) showed normal aminotransferases at the time of
the diagnosis of cirrhosis, all of those patients had been followed up as
having chronic hepatitis with fluctuated aminotransferases.’
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Table 1

Patient profiles and laboratory data at the time of diagnosis of cirrhosis
(primary cohort of Toranomon Hospital between 1974 and 1990, n=
183)

Demography and backgrounds

Total number 183
Sex (M/F) 92/91
Age, median (range) 55 (28-80)
Diagnostic method
Peritoneoscopy and/or biopsy 118 (64.5%)
Clinical (ultrasonography plus varices or ascites) - 65 (35.5%)
History of blood transfusion 82 (44.8%)
Diabetes mellitus 23 (12.6%)
Previous medical history of chronic hepatitis 34 (18.6%)
Interferon therapy during observation 24 (12.0%)

Refractory ascites and/or encephalopathy 0

Hepatitis B surface antigen, positive 0 (100%)
Anti-hepatitis C virus, positive 183 (100%)
Hepatitis C virus RNA, positive 183 (100%)
Child-Pugh score A 136 (74.3%)
Child~Pugh score B 47 (25.7%)
Observation period (year) median (range) 10.5 (0.5-26.0)

Median Valid
(range) data

Laboratory data

39 (25-51) 183
1.1(04-44) 183
69 (17-372) 181
56 (9-282) 181
95 (33-213) 183
27 (6-81) 173
79 (54-100) 183
1.9(1.0-35 174
16.5 (3-256) 166

Albumin (normal, 3.9-5.1 g/dl)

Bilirubin (normal, 0.3-1.1 mg/dl)

Aspartic transaminase (normal, <38 IU/L®)
Alanine transaminase (normal, <50 IU/L?)
Platelet (normal, 149-315X 1000%/mm®)
ICG R15” (normal, <10%)

Prothrombin time (normal, >70%)
Gamma-globulin (normal, <1.5 g/dl)
Alpha-fetoprotein (normal, <5 mg/L)

HCYV genotype®
1b 107 (69.9%) 153
2a/2b 39 (25.5%)
Combined/others 7 (4.6%)
Not exarnined 30

# Numbers of normal aspartic and alanine transaminases were 25 (13.8%)
and 69 (38.1%), respectively. Both transaminases were normal at the time
of the diagnosis of cirthosis in 23 patients (12.7%).

® JCG R15: indocyanine green retention rate at 15 min.

¢ HCV genotyping was classified according to Simmonds et al. [22].

HCV-RNA measurement and HCV genotyping [22] are analyzed with
nested polymerase chain reaction using initial sera stored at — 80 °C.

2.3. Follow-up of patients and diagnosis of hepatocellular
carcinoma

Patients were followed-up monthly following the diagnosis of cirrhosis
by monitoring hematological and biochemical data. Diagnostic imaging by
US was taken approximately once a year in each patient. After 1987,
imaging procedures with US or computerized tomography (CT) were
performed twice or more per year in the majority of patients for early
detection of HCC. HCC was diagnosed by typical hypervascular
characteristics on angiography. When combined use of imagings could
not demonstrate a typical image of HCC (13/107, 12.1%), a fine needle
biopsy was obtained for microscopic examination.

Twenty-four patients (13.1%) received interferon during the follow-up
period. Since the therapy could affect the natural clinical course of viral
hepatitis, they were treated as censored at the time of the initiation of
interferon in the analysis. Sixteen (8.7%) cases were lost to follow-up, and
median observation period was 10.5 years (range, 7.0-14.9). Those patients
lost to follow-up were treated as censored data in the following statistics.
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Any death unrelated to liver disease and cirrhosis-related liver failure were
also classified as withdrawal and regarded as a censored case.

2.4. Statistical analysis and predictive model
for carcinogenesis

The HCC development rate was analyzed using Kaplan—-Meier
technique [23] and differences in curves were tested using the log-rank
test. The independent risk factors associated with the rate of HCC
development were studied using stepwise method of non-time-dependent

Cox regression analysis [24]. Potential risk factors assessed for liver-

carcinogenesis included the following 16 variables: age, sex, HCV
genotype, association of diabetes mellitus, total alcohol intake (cumulative
alcohol intake >200 kg), family history of liver disease, history of blood
transfusion, association of ascites, serum aspartic transaminase (AST),
alanine transaminase (ALT), gamma-glutamyl transpeptidase (GGT),
globulin, platelet count, AFP, indocyanine green retention rate at 15 min
(ICG R15), and Child-Pugh score [19]. Each variable was transformed into
categorical data consisting of two simple ordinal numbers (zero or one) for
univariate and multivariate analyses. Although, proper transformation of
variables were recommended in this kind of study [25], logarithmic
transformation was not employed even for variables with non-symmetric
distribution, because simple dichotomization also seemed reliable and
robust statistically and because the simplicity was considered to bring about
eventual clinical usefulness. Although, a cut-off value of 20 ng/ml proved
to be an important point in our previous studies about prediction of liver
cancer development in cirrhosis [10,26], other threshold values of
dichotomizations were chosen from near figures to median values. In
running the proportional regression analysis, care was taken to avoid
overfitting the model by studying no more than one variable for every 10
events of carcinogenesis. Goodness-of-fit test together with log-minus—jog
plot was performed to confirm the proportionality assumption in the model.
Since, missing data was not replaced, reduced numbers of cases were use in
multivariate analysis. A P-value of less than 0.05 was considered to be
significant.

The prognostic model was generated using Cox’s regression procedure
from the database of the 183 cirrhotic patients in Toranomon Hospital from
1974 to 1990. Using a final model for prediction of HCC appearance,
carcinogenesis rate was predicted by substituting the corresponding ordinal
numbers (zero or one) for every significant covariate in a given condition of
the patients. Simulated carcinogenesis rates were computed for each state
consisting of all statistically significant variables.

An internal and external cohorts of patients with HCV -positive cirrhosis
verified the predicted carcinogenesis rates and curves: a cohort of 302
patients with HCV-cirrhosis diagnosed at Toranomon Hospital between
1991 and 2003 (internal validation group), and a cohort of 205 patients
diagnosed at Tokyo National Hospital, Tokyo, Japan, between 1975 and
2002 (external validation group). The actual survival rates were calculated
by the Kaplan-Meier technique in each risk group from the two validation
cohorts, and evaluated by log-rank test according to the procedures of
Christensen et al. [27].

Data analysis was performed with SAS version 9.1.3 software (SAS
Institute, Inc., NC, USA).

The Human Ethics Review Commiitee of Toranomon Hospital
approved the study protocol.

3. Results

3.1. Rate of hepatocellular carcinogenesis and risk factors

During the observation period, 107 (58.5%) out of 183'

patients with HCV-related cirrhosis developed HCC. The
cumulative HCC appearance rates of all patients were
15.0% at the end of the 3rd year, 28.9% at the 5th year,
37.8% at the 7th year, and 54.0% at the 10th year. Crude
HCC development curve was drawn. together with those of
internal and external validation cohorts (Fig. 1).

Carcinogenesis rate

Toranomon Hospital (1974-1980})

100
-~ Toranomon Hospital (1991-2003}
-------- Tokyo Hospitat (1975-2002)

(%)

50

0 3 5 7 10 (v9)

Fig. 1. Camulative hepatocellular carcinogenesis rates in 183 patients
who were diagnosed with HCV-related cirrhosis at Toranomon
Hospital between 1974 and 1990. The 5th and 16th year rates were
28.9 and 54.0%, respectively (solid thin line). HCC appearance curves
were also drawn in the internal (solid thick line) and external (dotted
thick line) validation cohorts. The cancer appearance rate of Tokyo
Hospital was significantly higher than those of the other iwo cohorts
from Toranomon Hospital (P=0.0015, log-rank test).

Carcinogenesis rate in Tokyo Hospital was significantly
higher than that of Toranomon Hospital (log-rank test P=
0.0015). The risk factors for carcinogenesis were explored
using non-time dependent proportional hazard analysis. In
the final step of multivariate analysis, AFP (£ <0.001), age
{(P=0.001), sex (P=0.030), and platelet count (P=0.031),
were identified as independent significant predictors of
future HCC appearance (Table 2). The hazard ratio of
patients with AFP value of > 20 ng/ml was 2.30 compared
with those with lower AFP value, and the hazard ratio of
patients of >355 years of age was 2.02 compared with
younger patients. Child—Pugh score did not affect the
carcinogenesis rate independently.

As for 23 patients with normal aminotransferases
initially, 5- and 10-years carcinogenesis rates were 27.3
and 39.4%, respectively.

3.2. Sinnlation of carcinogenesis rates in patients with each
prognostic factor

Simulated carcinogenesis curves were generated in each
patient group with the Cox proportional hazard model by
substituting the corresponding value for each parameter.
Based on the four significant covariates, a total of 16
carcinogenesis curves were drawn, and simulated carcino-
genesis rates were also estimated in the subgroups. To
facilitate the practical use of the prediction model for
carcinogenesis rate, we tabulated the results of estimated
HCC appearance rates at the end of the Sth and 10th year
(Table 3), in which calculated rates for a patient could be
easily found for a given set of patient parameters (AFP, age,
platelet and gender).

The model showed that when a patient is a male younger
than 55 years, with a platelet count less than 100,000/mm?
and an AFP value less than 20 ng/ml, the estimated
hepatocarcinogenesis rates are 19% at the end of the Sth

—330—



1092 K. Ikeda et al. / Journal of Hepatology 44 (2006) 10891097

Table 2

Factors associated with hepatocarcinogenesis (compensated cirrhosis, n =183, 1974-1990 cohort of Toranomon Hospital)

Factors Category No. of primary cohort B SE Hazard ratio (95% CI) P
Alpha-fetoprotein 0: <20 (ng/ml) 97 1

1: >20 (ng/ml) 69 0.83 0.20 2.30 (1.55-3.42) <0.001
Age 0: <55 (year) 80 1

1: 255 (year) 103 0.74 0.22 2.02 (1.32-3.08) 0.001
Sex 0. Female 91 1

1: Male 92 0.46 0.21 1.58 (1.05-2.38) 0.030
Platelet count 0: >100,000/mm> 87 i ,

1: <100,000/mm> 96 0.43 0.20 1.54 (1.04-2.28) 0.031

year and 43% at the 10th year. The highest carcinogenesis
rates were computed for males 55 years or older with a low
platelet count and a high AFP value (64% at the 5th year,
93% at the 10th year), while the lowest estimated rates were
found in females younger than 55 years with a high platelet
count and a low AFP value (9% at the 5th year, 21% at the
10th year).

3.3. Validation of the prediction values
of carcinogenesis rate

The reliability of the estimated HCC development rates
was validated using internal (Toranomon Hospital, 1991
2003) and external (Tokyo National Hospital, 1975-2002)
cohorts consisting of patients with HCV-related cirrhosis.
Table 4 shows brief characteristics of patients in the two
cohorts.

Since, HCC development curves were coarse and

unreliable when a subgroup comnsisted of fewer patient

number than 15, six figures of carcinogenesis curves were
shown in principal subgroups consisting of =20 patients in
each validation cohort (Fig. 2). When the parameters for all
of the four significant covariates were at their worst (male
>55 years, AFP>20 ng/ml, and platelet count < 100,000/
mm?), the simulated carcinogenesis rates' were 64% at the
end of the 5th year and 93% at the 10th year. On the other
hand, the actual carcinogenesis rates in the internal and
external validation cohorts were 54.9 and 61.5% at the 5th
year, and 100 and 100% at the 10th year, respectively. The
latter curves corresponded significantly with the simulation-
generated carcinogenesis rate (Fig. 2a). Similarly, the other
five simulated carcinogenesis curves were compared with
both internal and external validation coborts (Fig. 2b-f).
Although the remaining 10 curves were not shown because
"of lack of sufficient patient number in the subgroup, actual
carcinogenesis curves for the internal and external cohorts
showed very analogous rates to the simulated ones,
indicating that the simulation effectively predicted the
future carcinogenesis rates. When we compared actual
carcinogenesis rates in the validation groups with their
calculated simulation values, 74.0% (375/507) and 70.4%
(357/507) of the validation values for their 5th and 10th
rates were coincident with those of predicted ones and
stayed in an- interval between +10% and —10% of
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simulated values. Although those patients in a large cohort
consisting of 15 patients or more (e.g. Fig. 2a~f) usually
showed a reliable and consistent values with simulated ones,
those in a small cohort often revealed a labile and different
values from simulated ones.

When a combined patient group of the three cohorts was
analyzed, the same factors proved to affect the HCC
appearance rate significantly: AFP (hazard ratio 2.19, P<
0.001), age (1.96, P<0.001), sex (1.80, P<0.001), and
platelet count (1.51, P==0.009). Hazard ratios with 95%
confidence interval and P-values were also calculated in the
individual validation groups (Table 5).

In addition, we evaluated the ‘group factor” (study group,
internal, and external validation groups) as a covariate in
ordinary proportional hazard analysis for a combined
patient group. Although, the internal and validation groups
showed a slightly low (0.90) and bigh (1.26) hazard ratios
for HCC development compared with that of the study
group, the other four factors proved to show higher hazard
ratios in the model (Table 6).

Table 3
Simulated carcinogenesis rafes in siratified patient groups according to
gender, age, platelet count, and alpha-fetoprotein value

Gender Age Platelet Alpha-feto- Simulated
(years) protein carcinogenesis

(ng/ml) rate (%)

S-year  10-year
Men

<55 <100,000/mm® <20 19 43

>20 42 77

>100,000/mm®> <20 13 31

>20 32 65

>55 <100,000/mm® <20 32 65

>20 64 93

>100,000/mm®> <20 23 50

>20 50 83

Women

<35 <100,000/mm®> <20 13 30

>20 30 61

>100,000/mm’> <20 9 21

>20 22 47

>55 <100,000/mm®> <20 2 49

>20 49 83

>100,000/mm® <20 16 37

T >20 37 69
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Table 4

Patient profiles and laboratory data of two cohorts for validation: an internal cohort (Toranomon Hospital from 1991 to 2003, 2 =302) and an external

cohort (Tokyo National Hospital, n=205)

Internal cohort (Toranomon Hospital,

External cohort (Tokyo National Hospital,

1991-2003) 1975-2002)
Demography and backgrounds
Total number 302 205
Sex (M/F) 166/136 111/94
Age (year)® 59 (28-80) 62 (13-83)
Diagnostic method
Peritoneoscopy and/or biopsy 128 115
Clinical diagnosis 174 90
Interferon therapy
Yes . 105 (34.8%) 12 (5.9%)
No 197 193
Observation period (year)® 5.3 (0.5-13.9) 7.5 (0.5-30.8)
Laboratory examination Internal cohort (Toranomon Valid data External cohort (Tokyo National Valid data
Hospital, 1991-2003) Hospital, 1975-2002)
Platelet (X 1000°/mm>)* 91.5 (25-223) 302 100 (19-310) 205
Alpha-fetoprotein (ng/ml)* 14 (1-380) 296 15 {2-365) 205

* Expressed by median (range).

3.4. Estimation of carcinogenesis rates by number of
unfavorable risk factors

The prognostic model showed that the HCC development
rate was significantly affected by the following four
unfavorable factors: high AFP (=>20ng/ml), older age
(=55 years), low platelet count (< 100,()00/mm3), and male
sex. Although, limitation of predictability could not be
avoided because of different values of hazard ratios, we
attempted to make more convenient HCC prediction curves.
Five carcinogenesis curves were generated according to the
number of unfavorable risk factors among the four
significant covariates: no factors, one, two, three, and four
unfavorable factors. When no unfavorable factor was found
in a cohort of HCV-cirrhosis, the hepatocarcinogenesis rates
were 9% at the end of the 5th year and 21% at the 10th year.
Similarly, when one, two, three and four factors were found
in a cohort, the carcinogenesis rates were 16, 28, 46, and
64% at the 5th year, and 35, 55, 78, and 93% at the 10th
year, respectively (log-rank test, P=0.0001).

To validate the reliability of the concise prediction
curves, the actual carcinogenesis curves were generated by
the product-limit method for the 1991-2003 internal cohort
of our hospital (Fig. 3). All actual carcinogenesis curves
fitted well with the simulated curves, except for the
subgroup with ‘no unfavorable factors’: none of 11 patients
in this subgroup developed HCC during a median

observation period of 10.0 years (25 percentile 8.1 years,

75 percentile 10.8 years).

4. Discussion

Ten-year-rate of HCC development has been reported as
50-80% in some cohorts of HCV-positive cirrhosis

[10-13,28], and the cohorts in our hospital showed 54—
55%, and Tokyo Hospital 68%. However, the reasons for
the significant differences found in the rates among various
hospitals have not been fully elucidated until recently. Many
risk factors have been identified as important for the
development of HCC in patients with hepatitis or cirrhosis
[10,13,29,30}, but of even greater interest is the precise
prediction of HCC. In order to establish a reliable method
for predicting carcinogenesis risk in a variety of patients
with HCV-positive cirthosis (compensated and decompen-
sated), we investigated a large cohort of patients with few
dropout cases, using a multivariate proportional model.

In the final step of multivariate analysis, AFP, age,
platelet and gender were independently associated with
HCC development in the primary cohort of our hospital. A
total of 16 simulated carcinogenesis curves were drawn
according to the four binary factors. Surprisingly, the
estimated carcinogenesis curves significantly differed from
each other among the stratified subgroups in our hospital,
depending on demographic and background characteristics.
In the case of a patient with HCV-cirrhosis, the combination
of age, gender, AFP and platelet count could give important
prognostic information about future carcinogenesis risk.
When HCC appearance rates were simulated under 16
conditions according to the four binary variables identified
by multivariate analysis, the 5th year rate varied from 9 to
64%, and 10th year rates from 21 to 93%. On the other hand,
aminotransferase level and Child-Pugh score were poor
predictors of carcinogenesis in patients with HCV-cirrhosis.

We recognized that the HCC development rate should be
evaluated more specifically for each subgroup than for the
entire cohort of HCV-positive cirrhosis patients. Integration
of the four predictive factors could provide useful
information about HCV-related carcinogenesis in actual
clinical practice. The reported diversity of carcinogenesis
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Fig. 2. Simulated carcinogenesis curves with actual carcinogenesis rates of internal and external validation cohorts, according to four significant
predictors (gender, age, alpha-fetoprotein [AFP], and platelet count). Thin solid lines: simulated carcinogenesis curves, bald lines: actual curves of
internal cohort (Toranomon Hospital, 1991-2003), bald dotted lines: actual curves of extermal cohort (Tokyo National Hospital, 1975-2002).
(a) Carcinogenesis curves for subgroup of man, age>55 years, AFP>20 ng/ml, and platelet count <100, 000/mun’. (b) Subgroup of woman, age>55
years, AFP>20 ng/ml, and platelet count <100, 000/mm°. () Subgroup of man, age>55 years, AFP <20 ng/ml, and platelet count <160, 000/mm’.,
(@) Subgroup of woman, age > 55 years, AFP <20 ng/ml, and platelet count <100, 000/mm’. (¢) Subgroup of man, age>55 years, AFP <20 ng/ml, and
platelet count>100, 000/mm”°. (f) Subgroup of woman, age> 55 years, AFP <20 ng/ml, and platelet count>1600, 000/mm’.

rates also explains the inconsistency of estimated carcino-
genesis rates from untreated cirrhosis caused by HCV. One
of the reasons why carcinogenesis rates differed between the
two hospitals seemed to originate from the difference of age
of the patient populations. Current study did aim at precise

prediction of carcinogenesis rate of each cirrhotic patient in
different hospital and different period of time.
Validation of such a model is essential before these tools
"can gain widespread clinical use [31]. The best way to
validate these models is to assess their performance in sets
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Table 5

Significance of four factors asseciated with hepatocarcinogenesis in the
internal validation group (n=302) and external validation group (r=
205, 1975-2002 cohort of Tokyo National Hospital)

Factors Internal validation cohort  External validation cohort
(1991-2003 Toranomon (1975-2002 Tokyo National
Hospital) Hospital)
Hazard ratio P Hazard ratio P
(95% CD (95% CI)
Alpha- 1 1
fetoprotein 2.13 (1.21-3.78) 0.009 2.23(1.55-3.23) <0.001
Age 1 1
3.36 (1.56-723) 0.002 1.55 (0.96-2.48) 0.071
Sex 1 1
1.78 (0.99-3.19)  0.040 2.01 (1.38-2.92) <0.001
Platelet 1 1

1.49 (0.83-2.67) 0.18  1.40(0.97-2.02) 0.070

of patients who are independent in place and time [32]. This
external validity is particularly important when models are
used to predict outcomes in daily practice, because ii is well
known that prognostic models do not perform as well in
patients outside the clinical context in which they are
developed [33]. This study shows that our prognostic model
accurately predicts carcinogenesis raies for patients with
HCV-cirrhosis from a chronologically different group and a
geographically different referral center, and therefore
supports the generalization and reliability of the model.
The two validation cohorts (302 and 205 patients) were
classified into 16 groups according to their risk factors, and
the values for the actual and model-predicted survival of
each risk group were compared graphically using actual
Kaplan-Meier curves. The model provided a very good fit
with the carcinogenesis data of each risk group in the
validation cohorts (Fig. 2a—f).

We could not draw meaningful and reliable carcinogen-
esis curves in the remaining 10 risk groups, because of small
patient numbers. The significance of current siudy might be
the prediction of hepatocarcinogenesis in these small patient

groups.

We also tried to predict carcinogenesis risk using a
simplified process in the same patient group, using few
unfavorable risk factors instead of individual items of the
risk factors. The clinical characteristics of the 302 patients
in the internal validation cohort, for whom complete
information was available, are summarized in Table 4,
together with the characteristics of the 183 patients used to
develop the model. Since, both groups of patients were very
similar in terms of their risk variables, the estimated
carcinogenesis curves showed good agreement: all actual
carcinogenesis curves fitted well with the simulated curves,
except for a subgroup with ‘no unfavorable factors’. The
reason for the inconsistency was that none of the 11 patients
in the subgroup developed HCC, and because the ‘best’
subgroup might include a significant number of patients
with far better liver function tests for cirrhosis. Since, the
external validation cohort included older patients with low
platelet counts, the differences in the proportion of
unfavorable risk factors would produce contradictory results
in this kind of analysis when only using few risk factors.

For pragmatic purposes, a good prognostic model, in
addition to being generalizable, needs to be based on readily
accessible variables and can be calculated easily at the
bedside [34]. Our model employs four variables that are
readily available for every patient with cirrthosis, and
includes the responses to four yes/no questions. With the
help of a pocket table (Table 3), a calculator is even not
needed to determine the carcinogenesis risk of a given
patient and their estimated median carcinogenesis rate.
Since, there is considerable diversity in carcinogenesis risk
among individual patients with HCV-cirrhosis, these results
will be useful for stratification of patients in future cancer
prevention trials. Even though predictability of carcinogen-
esis risk in individual patients is limited in this kind of
statistics [35], this study will be helpful to realize the
diversity of carcinogenesis rate in the same ‘HCV-related
cirrhosis’.

In conclusion, our four-variable model is a simple and
useful tool for predicting carcinogenesis rates in patients
with cirrhosis caused by HCV. Prediction models for HCC

Table 6
Moultivariate analysis for a combined patient group of study cohort, internal validation cohort, and external validation cohort
Factors Category Hazard ratio (95% confidence P
interval)

Alpha-fetoprotein 0: <20 (ng/mb) 1

1: >20 (ng/ml) 2.22 (1.77-2.79) <0.001
Age 0: <55 (year) .1

1: =55 (year) 1.90 (1.44-2.51) <0.001
Sex 0: Female 1

1: Male 1.90 (1.50-2.40) <0.001
Platelet count 0: >100,000/mm’ 1

1: <100,000/mm> 1.46 (1.16-1.84) 0.001
Patient groups 0: Study cohort 1

1: Internal validation cohort 0.90 (0.66-1.23) 0.52

2: External validation cohort 1.26 (1.04-1.57) 0.023
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