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Introduction

Abstract

Background and Aim: The average age of hepatitis C virus (HCV)-related hepatocellular
carcinoma (HCC) patients has been rising in Japan. We evaluate characteristics of HCV-
positive patients who develop HCC in older age to determine an optimal surveillance
strategy.

Methods: A total of 323 patients with three or more years of follow-up before HCC
diagnosis and 323 propensity-matched controls without HCC were studied. HCC patients
were classified into four groups according to age at the time of HCC diagnosis: group A
(= 60 years, n = 36), group B (61-70 years, nn = 115), group C (71-80 years, n = 143), and
group D (> 80 years, 1= 29). Clinical and laboratory data were compared.

Results: Platelet counts were significantly higher in the older groups at HCC diagnosis
(P < 0.0001). The rate of platelet counts decline was lower in older groups (P = 0.0107).
The average integration value of serum alanine aminotransferase (ALT) in groups A, B, C,
and D were 80.9 IU/L, 62.3 IU/L, 59.0 IU/L, and 44.9 TU/L, respectively (P < 0.0001). In
older patients (= 65 years old), cirrhosis and average integration value of ALT were
significantly associated with hepatocarcinogenesis, but platelet count was not.
Conclusion: Elderly HCV-positive patients (= 65 years old) with low ALT values devel-
oped HCC regardless of their platelet counts. These findings should be taken into account
when designing the most suitable HCC surveillance protocol for this population.

among persons 30 to 50 years of age,” and the incidence of HCV-
associated HCC is expected to rise. As a country with more expe-

Hepatocellular carcinoma (HCC) is one of the most common
malignancies, particularly in southern and eastern Asia. In Japan,
HCC is the third leading cause of cancer death in men, behind lung
and stomach cancer. In women. HCC is the fifth leading cause of
cancer death during the past decade, behind colon, stomach, lung.
and breast cancer.’ Hepatitis C virus (HCV) infection accounts for
approximately 75-80% of cases. Each year, HCC develops in
6-8% of patients with HC V-associated cirrhosis.?

In Japan, screening the blood supply for HCV, which com-
menced in November 1989 and began using second-generation
enzyme immunoassays in February 1992, decreased the risk of
post-transfusion hepatitis from more than 30% in the 1960s to
virtually zero presently.” The age of Japanese patients diagnosed
with HCC has been steadily increasing. Up to 1999, the majority
of HCC mortalities occurred in patients under 69 years of age, but
in 2000 more than half of HCC patients were over the age of 70.!
This aging trend is also observed in HCV patients undergoing
interferon-based therapy in Japan.* In contrast, HCV infection in
the United States and other western countries is most prevalent

Journal of Gastroenterology and Hepatology 28 (2012) 357-364

rience with HCV-associated HCC, Japan’s long-term experience
can be helpful in planning strategies to contain HCV infection and
to cope with its long-term sequelae worldwide.

The aim of this study is to evaluate characteristics of HCV-
positive patients who develop HCC in older age and to determine
an optimal surveillance strategy for these patients.

Materials and methods

Study population. This study cohort was comprised of 6740
consecutive HCV-positive patients (1019 patients with HCC and
5721 patients without HCC) referred to the Department of Gas-
troenterology at Ogaki Municipal Hospital from January 1990 to
December 2006.

There were 323 patients who fulfilled the following inclusion
criteria out of 1019 HCC patients: (i) detectable HCV-RNA for
at least six months. (ii) no evidence of hepatitis B virus infection:
(iii) other possible causes of chronic liver disease were ruled out
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{no history of hepatotoxic drug use, and negative tests for autoim-
mune hepatitis, primary bllmry cirrhosis, hemochromatosis, and

Wilson's disease); (iv) a follow up period of greater than three -

years before HCC diagnosis; (v) no interferon therapy within the
last 12 months; and (vi) serum alanine aminotransferase (AL’D
measurements taken more than twice yearly, The patients were
classified into four groups according to age at the time of HCC
diagnosis: group A (= 60 years, 1= 36), group B (61-70 years,
n=115), group C (71-80 years, n=143), and group D (>80
years, 1= 29). '

Of the 5721 patients who have not developed HCC, 3275
patients fulfilled the same inclusion criteria. To reduce the con-
founding effects of covariates, we used propensity scores to match
HCC patients with unique control patients based on age, sex,
Child-Pugh classification at the start of follow-up, and follow-up
duration. We were able to match 323 patients with HCC to 323
patients without HCC. The patients were classified into four

groups accordmg to age at the end of follow-up: group A’ (= 60

years, i1 = 30), group B’ (61-70 years, n = 114), group C’ (71-80
years, 11 = 136), and group D’ (> 80 years, n = 43).

The start of follow-up was defined as the date a patient first
v;sxted our hospital and ended on the date of HCC diagnosis
for the HCC patients, or the date of the last visit at our hospital
or December 31, 2010, whichever occurred eardier, in control
patients. ' o

Hlstologlcal examinations were performed in ?34 out of 646
patlents Cirrhosis was diagnosed p‘nhologxcally in 120 patients.
The remaining 412 patients were evaluated with ultrasonoszmphy
(US) and b]ochemlcal tests.>® Patients who did not satisfy the
criteria for cirrhosis were classified as having chranic hepatitis for

the purposes of this study. All together, 288 out of 646 patients

were diagnosed with chroruc hepatitis, and 358 were diagnosed
‘with cirrhosis.

The study protocol was approved by the Ethtcs Committee at
Ogaki Municipal Hospital in January 22, 2009 and complied with
the Helsinki Declaration. Each patient provided written informed
consent.

Laboratory test for liver disease and virologic
markers. Platelet counts, prothrombin time, and serum levels
of ALT, albumin, total bilirubin, alpha-fetoprotein (AFP), lens
culinaris agglutinin-reactive fraction of AFP (AFP-L3%), and
des-y-carboxy prothrombin (DCP) were determined at the start of
follow-up.- ALT is. expressed as an average integration value.®
Serum AFP concentration was determined with a commercially
available kit. AFP-L3 was measured by lectin-affinity electro-
phoresis and antibody-affinity blotting with the AFP Differentia-
tion Kit L (Wako Pure Cheimnical Tndustries, Ltd, Osaka, Tapan).!
DCP was quantified with the Picolumi PIVKA-II kit (Eisai
Co., Ltd, Tokyo, Japan).'” HCV genotype was determined by PCR
using genotype-specific primers; and HCV-RNA was quantified
(before November 2007; COBAS Amplicor HCV monitor test and
after December 2007; COBAS AmpliPrep/COBAS TagMan HCV
test, Roche Diagnostics K.K., Tokyo. Japan).

Alcohol exposure, Past alcohol exposure was estimated
based on chart review of drinking patterns over five years. Patients
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were categorized as either “excessive” or “moderate™ alcohol con-
sumers. Excessive alcohol consumers drank over 50 g dmly for
five years.

Methods of follow-up. All patients received medical
examinations at least every six months at our institution. Imagmg
studies, either US, computed tomography (CT), or magnetic reso-
nance imaging (MRI), were performed at least every six months.
When patients were considered to have developed cirrhosis by
laboratory data or imaging findings, imaging was performed at
three-month intervals."

Diagnosis and treatment of HCC. The diagnosis of
HCC was made based on either pathological or clinical and radio-
loglcal criteria, Histological examination of resected hepatic
tumors or US- gulded needle biopsy specimens confirmed HCC in
165 pat]ents (resected specimens: 111 patients; biopsy specimens:
54 patients). In the remaining 158 patients, the diagnosis of HCC
was made using clinical criteria and imaging findings obtained
from B-mode US, CT, MRI, and CT angiography.'>"

Tumor staging was performed according to the American Joint
Committee on Cancer (AJCC) classification system. ¥ In cases
where pathologic evaluation was not available, vascular invasion
was assessed by dynamic CT and angiography.

Treatment for each patient was individualized according to
evidence-based clinical practice guidelines for HCC in Tapan.™
Hepatic resection was performed on 111 patients. Percutancous
ethanol injection therapy was performed in 16 patients. Radiofre-
quency ablation therapy was performed in 104 patients. Transcath-
eter arterial chemoembolization was performed in 62 patients.
Tlm'ty patients did not undergo treatment because of the patient’s
wishes or impaiied liver function.

Statistical analyses. Statistical analysis was performed
with the Statistical Program for Social Science (SPSS ver.18.0 for
Windows; SPSS Japan Inc., Tokyo, Japan). Continuous variables
are represented as medians (range). The non-parametric
Jonckheere~Terpstra test was used to assess continttous variables.
The  Steel-Dwass or Shirley-Williams multiple comparisons
method was applied if the Jonckheere-Terpstra test yielded sig-
nificant results. The Cochran—Armitage test or the chi-square test
was used to assess categorical variables, Actual survival was esti-
mated using the Kaplan-Meier method,”s and differences were
tested with the log-rank test.!® The Cox proportional hazards
model and forward selection method were used to estimate the
relative risk of HCC development associated with age, sex, cirrho-
sis, alcohol consumption, diabetes mellitus, effect of prior inter-
feron therapy, platelet count, AFP at the start of followfup, and
average integration value of ALT, and the annual rate of platelet
count decline. Statistical significance was set at P < 0.05.

Results

Clinical features at baseline. The clinical profiles of the
HCC patients at the start of follow-up are shown in Table 1. There
was a higher proportion of women diagnosed with HCC at a later
age (P =0.0016); the percentage of women in groups A, B, C, and
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Table 1 Profile of HCV-infected HCC patients at the start of follow-up

Elderly HCV-associated HCC patients

Group A (n=36)

Group B (n=115) Group C(n=143) Group D (n=29) P

Sex (female/male) 5/31

Age at the start of follow-up! (years} 49 (36-57)

Duration of observation period until HCC 6.4 (3.1-16.7)
diagnosis® (years)

Alcohol consumption (= 50 g per day/< 50 g per day)  9/27

History of blood transfusion (present/absent) 6/30

Diabetes miellitus (present/absent) 24/12

Prior interferon therapy {SVR/non-SVR/absent} 3/1716

43172 63/80 15/14 0.0016
59 (47-66) 66 (52-75) 74 (64-80) < 0.0001
6.9 (3.0-15.8) 8.0 (3.0-17.7) 9.3 (3.0-15.7) 0.0003
24/91 26/117 2/27 0.0873
26/389 35/108 2/27 0.8247
40175 51/92 5/24 0.0008
12132/ 0/15/128 0/1/28 < 0.0001

"Expressed as median {range).

Group A, diagnosis of HCC at age = 60 years; Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years.
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; SVR, sustained virologic response.

Table 2 Profile of control patients with HCV infection at the start of follow-up

Group A’ {n=230)

Group B' (n=114) Group C' {n=136) Group D' (n=43) P

Sex {fermale/male) 7/23

Age at the start of follow-up' (years) 43 (40-56)

Duration of observation period until the end of 7.0 (3.0-15.5)
follow-up® lyears)

Alcohol consumption (= 50 g per day /< 50 g per day) 8/22

History of blood transfusion (present/absent) 5/25

Diabetes mellitus {present/absent} 7/23

Prior interferon therapy (SVR/non-SVR/absent) 4115111

48/66 56/80 20/23 0.1175%
58 (48-67) 66 (54-75) 74 (65-82) <0.0001
7.8 (3.0-18.7) 85{3.0-17.7) 8.6 (3.6-19.1) 0.0064
27/87 20/116 3/40 0.0630
29/35 40/96 2/41 0.1839
38/76 47/89 12/31 0.0758
8/34/72 3/20/113 0/1/42 < 0.0001

'Expressed as median (range).

Group A, age = 60 years at the end of follow-up; Group B, 61-70 years; Group C', 71-80 years; Group D', > 80 years.

HCV, hepatitis C virus; SVR, sustained virologic response.

D was 13.9,37.4, 44.1, and 51.7, respectively. As the patient’s age
at HCC diagnosis increased, the patient’s age at the start of
follow-up and the duration of the observation period until HCC
diagnosis increased (P <0.0001 and P=0.0003, respectively).
Patients who received a diagnosis of HCC at a more advanced age
have a significantly decreased incidence of diabetes mellitus and
prior interferon therapy (P = 0.0008 and P < 0.0001. respectively).
The clinical profiles of the control patients at the start of follow-up
are shown in Table 2. The same tendency between HCC patients
and control patients was observed.

Laboratory data of the HCC patients at the start of follow-up are
shown in Table 3. Patients diagnosed with HCC at a more
advanced age had lower baseline serum ALT and AFP levels
(P <0.0001 and P=0.0043, respectively) and higher baseline
platelet counts (P = 0.0032). In Table 4. the oldest group of control
patients had lower baseline serum ALT and AFP levels (P < 0.0001
and P = 0.0261, respectively): however, no significant differences
in baseline platelet count were observed.

The results of the Cox proportional hazards model and forward
selection method to test factors associated with the age-related
development of HCC to patient age at the start of follow-up are
shown in Table 5. Ten covariates including age. sex, cirrhosis,
alcohol consumption, diabetes mellitus, effect of prior interferon
therapy. platelet count. baseline AFP. average integration value of
ALT, and the annual rate of platelet count decline were studied.
Age. cirrhosis, average integration value of ALT. platelet count,
and AFP were significantly associated with hepatocarcinogenesis.
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However, only cirrhosis and average integration value of ALT were
selected as factors significantly associated with hepatocarcinogen-
esis in patients = 65 or 70 years old. Platelet count was not a
significant factor.

Clinical features at the time of HCC diagnosis.
Platelet counts at the time of HCC diagnosis in groups A, B, C, and
group D were 72 x 107mm?® (40-192), 84 x 10Ymm’ (28-256),
99 x 10%/mm* (31-355), and 119 x 10%mm® (58-232), respec-
tively. There is a statistically significant trend toward higher plate-
let counts as the age at HCC diagnosis increases (P < 0.0001). In
contrast, platelet counts at the end of follow-up in groups A’ B',
C'. and D’ were 194 % 10%mm® (44-543), 172 % 10¥mm* (40~
484), 177% 10%mm? (21-415), and 193 x 10¥mm’ (52-429),
respectively. There is no significant difference between the four
groups of control patients (P = 0.4772). The annual rate of decline
in platelet count, calculated as [platelet count at the start of the
study period—platelet count at the time of HCC diagnosis}/
duration of the observation period until the diagnosis of HCC.
decreased significantly as the age at HCC diagnosis increased. and
the annual rate of decline in platelet count, calculated as [platelet
count at the start of study perjod—oplatelet count at the end of
follow-up]/duration of observation period until the end of
follow-up in control patients. did not increase significantly as the
age at the end of follow-up increased (Fig. 1. P=0.0247 and
0.1571 . respectively). The annual rate of platelet count decline was
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Table 3 Baseline laboratory data of HCV-infected HCC patients

T Kumada et &l,

Group A {(n=238)

Group B {n=115)

Group C (n=143)

Group D {n=29) P

Platelet count® (x 10%min
Prothrombin time* (%)
Total bilirubin' (mg/dL)
ALTH (JU/L)

3

Child-Pugh classification'” (A or B/C}

HCV genotype?* (1/2)

HCV viral concentration? (log copies/ml)

AFPt (ng/mL}

AFP-L3t (%)

DCP! {(mAU/mL)
Cirrhosis (present/absent)

104 (34-249)
87 (52-129)
0.8 0.3-1.8)
125 (24-361)
33/3
26/6
5.7 (2.7-8.0)

135 (1.8-163.4)
0(0-56.3)

© 19 (10-154)
3155

114 (20-253)
88 (24-119)
0.7 (0.2-4.7)
76 (18-387)
103/12
66/24

5.0 {2.0-8.0)
8.4 (1.9-583.4)
0 (0-43.6)
19 (10-367)
95/20

125 {44-307) 124 {70-201) 0.0032
85 (22-128) 86 (45-129) 0.6082
0.7 (0.3-6.7) 0.6 (0.2-1.3) 0.4583
64 (8-154) 44 (17-221) <0.0001
130/13 24/5 0.6512
75/29 16/6 0.4083
5.4 (2.0-6.9) 5.5 (3.0-7.0) 0.4952
7.2{(1.0-8372.3) 4.8 (1.2-141.5) 0.0043
0(0-15.2) 0 (0-7.0) 1.0000
17 (10-745) 15 (10-182) 0.0958
112/31 21/8 0.0903

*Expressed as median {ra

*Data were unavailable for 76 patients.

nge).

AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP; ALT, alanine arminotransferase; DCP, des-y-carboxy prothrombin;
Group A, diagnosis of HCC at age = 60 years; Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years; HCC, hepatocellular carcinoma; HCV,

hepatitis C virus.

Table 4 Baseline laboratory data of control patients with HCV infection

Group A {n= 30}

Group B’ {(n=114)

Group C' (n=136)

Group D' (n=43) P

Platelet count® {x 10%/mm?3)

Prothrombin time' (%)
Total bilirubin® {(mg/dL)
ALTH (IU/L)

Child-Pugh classification’
HCV genotype® (1/2)

HCV viral concentration' (log copies/mL)

AFP* (ng/mL)

AFP-L3" (%)

DCP! (mAU/mL)
Cirrhosis {present/absent)

{A or B/C)

204 (58-375)
100 {52-138)
0.5 (0.2-1.2)
53 (12-131)
30/0

15/10

5.9 (2.7-6.6)
4.3 (0.8-166.3)
D (0-26.9)

22 (10-122)
5/25 .

180 {40-540)
96 (38-153)
0.4 (0.2-5.3)
46 (5-490)
103/11

60/23

5.7 (27-1.3)
3.1 (0.8-170.3)
0(0-34.2)
19 (10-487)
35/79

187 (51-484) 196 (52-418) 0.4301
96 (48-144) 95 {47-145) 0.3435
0.4 (0.2-5.3) 0.3 (0.2-1.5) 0.6298
35 (8-484) 22 (2-199) <0.0001
128/8 40/3 0.1088
66/25 12/5 0.0869
5.8 (2.0-7.0) 5.1 (3.0-6.6) 0.1130
3.1(0.8-219.2) 2.0 (0.8-29.2) 0.0261
0 (0-41.4) 0 (0-5.2) 1.0000
19 (10-503) 16 (10-30) 0.2549
48/88 11/32 0.1201

Texpressed as median (range).
*Data were unavailable for 107 patients.
AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin—reactive fraction of AFP; ALT, alanine aminotransferase; DCP, des-ycarboxy prothrombin;
Group A’, age =< 60 years at the end of follow-up; Group B’, 61-70 years; Group C’, 71-80 years; Group D’; > 80 years; HCV, hepatitis C virus.

Table 5 Factors associated with the development of HCC according to the age at start of follow-up in multivariate analysis

All patients (n = 646)
- hazard ratio {95% Cl)

= 60 years (n=428)
hazard ratio (95% Cl)

= 65 years (n=266)
hazard ratio {(95% Cl)

=70 years {n=92)
hazard ratio (95% CI)

Age (years)

Cirrhosis

Average integration
value of ALT (JU/L)

Platelet count
(% 10%mn®)
AFP* (ng/ml)

=60

> 60, =70
>70
Absent
Present
=20

>20, =40
> 40, = 60
>60, =80
>80
=160

< 150
=10
>10, =120
»20

1

1.600 (1.240-2.064)

2,738 (1.858-4.036)
1

2.165 (1.576-2.978)
1 B
4.239 (1.336-13.800)
6.618 (1.725-17.648)

7.182 (2.230-23.130)
10.211 (3.175-33.031)
1 .
1.844 (1.287-2.188)
1 .

1.406 (1.002-1.971}

1.809 (1.214-2.132)

1
2.269 (1.654-2.311)
1
4.885 (1.179-20.249)
6.661 (1.619-23.397)
9.362 (2.268-38.641)
12.249 (2.494-50.884)
1 .
1.728 (1.240-2.408)

1

2.734 (1.724-4.3386)
1

5.243 (1.253-22.020)

6.739 (1.610-28.250)
12.265 (2.867-66.471)
13.087 (2.962-57.815)

1
2.962 {1.200-7:310)
1
12.162 (1.549-95.496)
6.797 (0.854-54.080)
11.183 (1.400-89.317)
11.052 {0.964-126.671)

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; Cl, confidence interval; HCC, hepatocellular carcinoma.
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Rate of decline in platelet
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Elderly HCV-associated HCC patients
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Figure 1 PRate of decline in platelet count prior to hepatocellular carcinoma (HCC) diagnosis in HCC patients and prior to the end of follow-up in
control patients. The annual rate of platelet count decline in the period prior to HCC diagnosis was lower in the groups that were older at the time
of HCC diagnosis. In control patients, there was no trend toward higher annual rates of platelet count decline in the period prior to the end of follow-up
when the patients were classified by age (P=0,0247 and 0.1571, respectively, Jonckheere-Terpstra Test). Group A, HCC diagnosed at age = 60
years; group B, 61-70 vears; group C, 71-80 years; group D, > 80 years. group A', control patients = 60 years old at the end of follow-up; group B',
61-70 years; group C’, 71-80 years; group D', > 80 years. The annual rate of platelet count decline was significantly lower in group A’ than in group
A (P =0.0039); however, there were no significant differences when HCC patierits in other age groups were compared to their respective matched

controls.

lower in group A’ than in group A (P = 0.0039), and there were no
significant differences between group B and group B’, group C and
group C’, and group D and group D,

The average integration value of ALT in groups A, B, C, and D
was 80.9 IU/L (25.3-179.3), 62.3 IU/L (14.5-167.9), 59.0 IU/L
(9.9-134.1), and 44.9 TU/L (22.7-91.9), respectively. The average
integration value of ALT was significantly lower in patients diag-
nosed with HCC at an older age (Fig. 2, P < 0.0001). There was a
similar trend among control patients (Fig. 2, P <0.0001). The
average integration values of ALT in groups A’, B, C’, and D’
were significantly lower than in groups A, B, C, and D, respec-
tively (P < 0.0001).

Patient profiles at the time of HCC diagnosis are shown in
Table 6. There were no significant differences in tumor character-

istics and levels of tumor markers among the age groups. Fewer

patients in Group D underwent hepatic resection (P = 0.0293).

Survival rates according to age at HCC diagnosis.
Five and 10-year cumulative survival rates of groups A, B. C,
and D were 44.2%. 58.2%, 44.3%. and 33.3% and 22.7%. 31.2%

Journal of Gastroentarology and Hepatology 28 (2013 357-264

26.6%. and not available, respectively (Fig. 3). There were no
significant differences in the cumulative survival rate among the
four groups.

Discussion

In Japan, the average age of patients with chronic hepatitis, cirrho-
sis, or HCV-associated HCC is increasing. The number of deaths
due to these diseases is also increasing. The age-specific prevalence
of HCV seropositivity in the USA is about 30 years below that
in Japan; thus, a majority of patients in the USA with chronic
HCV infection will reach an advanced age in the near future.’

In our study, elderly HCC patients have high platelet counts
and low ALT values. In addition, multivariate analysis using
propensity-matched control patients revealed that the presence of
cirrhosis and high ALT levels (> 20 IU/L) are significantly associ-
ated with the development of HCC. However, platelet count is
not significantly associated with hepatocarcinogenesis in elderly
HCV carriers (= 65 years). Physicians should be aware that
patients aged 65 years or older could develop HCC regardless of
their platelet count.
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Figure 2 Average integration values of alanine aminotransferase (ALT) prior to HCC diagnosis in HCC patients and prior to the end of follow-up in

"control patients. Patients who were older at the time of HCC diagnqsis had lower average integration values of ALT in the period prior to HCC
diagnosis. In control patients, the average integration values of ALT in the period prior to the end of follow-up were lower in the groups that were older
at the end of follow-up {P < 0.0001 and < 0.0001, respectively, Jonckheere-Terpstra Test). Average integration values of ALT in groups A’, BY, C’, and
D’ were significantly lower than in groups A, B, C, and D, respectively (P <0.0001).

Table 6 Profile of HCV-infected HCC patients at the time of HCC diagnosis

Group A (n=36) Group B (n=118) = Group C {n=143) Group D {n=29) P
AFPT {(ng/mL) 23.9 (0.8-500) 19.8 {0.6-10500) 12.8 {0.8-12680) 17.8.(0.8-99720) 0.2347
AFP-L3% (%) 0 (0-89) 01(0-87.2) 0(0-81.0) 0 (0-40.7) 1.0000
DCP! {mAU/mL) 36 (10-36164) 35 (10-5941) 32 (10-50904) 24 (10-6229) - 0.5650
Tumor size’ lom) 2.0(0.8-10.0) 2.0(0.3-8.8) 2.01{0.6-11.4) 2.3(1.0-8.0) 0.3754
Number of tumors? 1(1-6) 1(1-8) 1100 10-4) 1.0000
Portal thrombus (present/absent) 2/34 3112 6/137 0/29 0.3293
Stage (1/2/3/4) 14/15/5/2 41/583/21/0 50/61/29/3 10/12/7/0 0.4957
Initial treatment (HR/PT/TACE/none) 9/18/4/5 47/44/16/8 51/47/33/12 4111/9/5 0.0293

"Expressed as median {range).
AFF, o-fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP; DCP, des-y-carboxy prothrombin; Group A, diagnosis of HCC at age = 60
years; Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hepatic resection;
PT, percutaneous treatment including ethanol injection therapy, microwave coagulation therapy, and radiofrequency ablation therapy, TACE, tran-
scatheter arterial chemoembolization,

The male-to-female ratio of HCC patients in Japan has of female patients is considered a result of more older patients with
decreased from 4.5 in 1984-1985 to 2.5 in 2002-2003." It is well HCV-related HCC. In our study, the proportion of female patients
known that the mean age of female HCC patients with HCV was the highest in group D. Further investigation of the role of sex
infection is higher than that of males.”™ The increased proportion in hepatocarcinogenesis is needed.
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Figure 3 Cumulative survival rate of groups A, B, C, and D according
to age at hepatocellular carcinoma (HCC) diagnosis. Kaplan-Meier
curves showing the survival rate stratified by age at HCC diagnosis.
There were no significant differences in the survival rate among the four
groups. —, A group (= 60 years, n=36); -, B group {61-70 years,
n=115}; -, C group {71-80 years, n=143); - . D group & 80 years,
n=29}.

We previously reported that the average integration value of
ALT was associated with the cumulative incidence of hepatocar-
cinogenesis and that minimizing ALT is necessary for the preven-
tion of hepatocarcinogenesis.”® In addition, we demonstrated a
6.242-fold higher (95% confidence interval: 1.499-25.987) cumu-
lative incidence of hepatocarcinogenesis in patients with average
ALT integration values between 20 and 40 TU/L (within the current
normal range) than in patients with 20 [U/L or below.?’ In this
study, the average integration value of ALT significantly decreased
as the age at HCC diagnosis increased. Especially in group D, the
average integration value of ALT was 44.9 IU/L (range, 22.7-
91.9 TU/L), which is near the upper limit of the conventional
reference range of ALT (40 TU/L). There was the same tendency in
control patients; however, average integration values of ALT were
lower in control patients than HCC patients in each corresponding
age group, These data suggest close surveillance for HCC is
important even if older patients (= 65 years) have low ALT values.

It is likely that low platelet counts account for a large proportion
of patients with cirthosis, consistent with the theory that HCC
develops in patients with progressive or advanced liver disease.
Cirrhosis is an established risk factor for HCC in patients with
HCV.2*% It is generally accepted that platelel count is a surrogate
marker of liver fibrosis,*** Platelet counts were highest in group
D. both at the start of follow-up and at the time of HCC diagnosis.
In contrast, there were no differences in platelet counts among
control patients without HCC. It is particularly worth noting that
group D had the smallest annual decline in platelet count, at levels
comparable to the control patients. A previous report showed that
the rate of progression of fibrosis to cirrhosis was accelerated by
aging.™ The precise mechanism of this discrepancy is uncertain.
Probably. differences in patient selection might account for this
discrepancy. We hypothesize that in our study, the increased rate of
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annual decline in platelet count may be linked to accelerated
carcinogenesis occurring in the younger patients. Group D also
had the lowest values of AFP, which is considered a marker of
hepatic regeneration as well as a HCC tumor marker in viral
hepatitis.*® Taken together, this suggests a weaker inflammatory
response in older patients. Further investigation is necessary.

Why do elderly patients progress to HCC even though liver
function appears stable? Aging is associated with a number of
events at the molecular, cellular, and physiological level that influ-
ence carcinogenesis and subsequent cancer growth.”? Age may be
considered as a progressive loss of stress tolerance due to declines
in the functional reserve of multiple organ systems.” It has been
hypothesized that age-associated declines in DNA repair® contrib-
ute to the development of HCC. The precise relationship between
aging and hepatocarcinogenesis remains uncertain. Further assess-
ment of the role of aging in the progression of HCV is needed.

We found no difference in tumor stage among the four groups.
The younger groups A and B tended to receive curative therapy
more often than the older groups C and D. However, there were no
significant differences in survival. We hypothesize that this is due
to the aggressive multiple treatments received by elderly patients
with good liver function.

One limitation of our study is that histological confirmation was
available in only 234 patients (36.2%). However, it is not practical
to perform biopsies on all patients because of potential complica-
tions. Lu eral. reported that the best cutoff platelet count for
the diagnosis of cirrhosis is 150x 10° /mm®.® Therefore, we
employed platelet count as a surrogate marker of liver fibrosis in
this study.

In conclusion, we demonstrated that elderly HCV-positive
patients (= 65 years old) with low ALT values developed HCC
regardless of their platelet counts. This finding should be taken
into account when designating the most suitable HCC surveillance
protocol. The optimal screening interval for HC V-infected patients
aged 65 years older should be three to four months like cirrhotic
patients even in the absence of cirrhosis.
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Effect of nucleos(t)ide analogue therapy on hepatocarcinogenesis
in chronic hepatitis B patients: A propensity score analysis
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Background & Aims:Some patients with chronic hepatitis B
virus (HBV) infection progress to hepatocellular carcinoma
(HCC). However, the long-term effect of nucleos(t)ide analogue
{NA) therapy on progression to HCC is unclear.

Methods: Therefore, we compared chronic hepatitis B patients
who received NA therapy to those who did not, using a propen-
sity analysis.

Results: Of 785 consecutive HBV carriers between 1998 and
2008, 117 patients who received NA therapy and 117 patients
who did not, were selected by eligibility criteria and propensity
score matching. Factors associated with the development of
HCC were analyzed. In the follow-up period, HCC developed in
57 of 234 patients (24.4%). Factors significantly associated with
the incidence of HCC, as determined by Cox proportional hazards
models, include higher age (hazard ratio, 4.36 {95% confidence
interval, 1.33-14.29], p=0.015), NA treatment (0.28 [0.13-
0.62], p=0.002), basal core promoter (BCP) mutations (12.74
[1.74-93.11}; p=0.012), high HBV core-related antigen (HBcrAg)
(2.77 [1.07-7.17], p = 0.036), and high gamma glutamyl transpep-
tidase levels (2.76 [1.49-5.12], p = 0.001).

Conclusions: NA therapy reduced the risk of HCC compared with
untreated controls. Higher serum levels of HBcrAg and BCP muta-
tions are associated with progression to HCC, independent of NA
therapy.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

An estimated 350 million individuals worldwide are chronically
infected with hepatitis B virus (HBV), of whom 1 million die
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annually from HBV-related liver disease [1}]. Chronic HBV infec-
tion is recognized as a major risk factor for the development of
hepatocellular carcinoma (HCC) [1,2]. Hepatitis B surface antigen
(HBsAg)-positive patients have a 70-fold increased risk of devel-
oping HCC compared to HBsAg seronegative counterparts [3,4).
HBV infection is endemic in Southeast Asia, China, Taiwan, Korea,
and sub-Saharan Africa, where up to 85-95% of patients with HCC
are HBsAg positive [5]. HCC is the third and fifth leading cause of
cancer death in men and women, respectively, and the number of
ceaths and the mortality rate from HCC have greatly increased in
Japan since 1975 [6]. Hepatitis C virus (HCV)-related HCC
accounts for 75% of all HCCs in Japan and HBV-related HCC
accounts for 15% [6].

In 2004, Liaw et al. reported a significant reduction in HCC in
651 adults receiving lamivudine after adjustment for baseline
variables (hazard ratio, 0.49 [95% confidence interval (95% CI),
0.25-0.99], p = 0.047) [7]. However, the results were not signifi-
cant after exclusion of 5 patients who developed HCC within
1 year of randomization (0.47 [0.22-1.00], p = 0.052). Therefore,
in 2009, the National Institutes of Health Consensus Develop-
ment Conference concluded that there was insufficient evidence
to assess whether nucleos(t)ide analogue (NA) therapy can pre-
vent the development of HCC [8].

The lang-term use of lamivudine has not been recommended
because of tyrosine-methionine-aspartate-aspartate (YMDD)
mutations, which have occasionally been associated with severe
and even fatal flares of hepatitis [9,10]. Therefore, adefovir dipiv-
oxil should be added immediately in patients with virological or
biochemical breakthroughs or no response. Currently, there are 2
nucleoside agents (lamivudine, entecavir) and 1 nucleotide agent
(adefovir dipivoxil) available for treatment of HBV infection in
Japan. The agent with the higher genetic barrier to resistance,
entecavir, is considered the initial drug of choice [11]. Recently,
3 studies on lamivudine suggested that Jong-term sustained viral
suppression was associated with a reduced likelihood of develop-
ing HCC [12-14].

In this study, we sought to determine if NA therapy was asso-
ciated with a reduction in the development of HCC. Since the
validity of treatment effects in observational studies may be lim-
ited by selection bias and confounding factors, we performed a
propensity analysis {15].
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Materials and methods
Patient selection

The study protacol was appraved by the Institutional Ethics Committee of Ogaki
Municipal Hospital in January 2011, and was in compliance with the Declaration
of Helsinki. Written informed consent for the use of stored serum samples for the
study was obtained from all patients.

Between 1998 and 2008, 1220 consecutive HBsAg-positive patients, who vis-
ited the Department of Gastroenterology and Hepatology at Ogaki Municipal Hos-
pital, were prospectively enrolled in our HCC surveillance program. Of these, 785
patients met the following inclusion criteria: HBsAg positive for more than
6 months, no evidence of HCV co-infection, exclusion of other causes of chronic
liver disease (alcohol consumption >80 g/day, hepatotoxic drugs, autoimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, or Wilson's disease), fol-
low-up duration of greater than 3 years, no evidence of HCC for at least 1 year
from the start of the follow-up period, receiving no interferon treatment, and
receiving NA therapy for more than 1 year before the detection of HCC (Fig. 1).
In patients on NA therapy, the date of NA therapy initiation was considered the
starting point of the follow-up period.

Of these 785 patients, 148 received NA therapy (NA group) and 637 patients
did not receive NA-therapy (non-NA group) during the follow-up period. To
reduce the confounding elfects of covariates, we used propensity scores to match
NA patients to unique non-NA patients. Six covariates including age, sex, HBY
DNA concentration, hepatms B @ antigen (HBeAg), platelet count, and alanine
aminotransferase (ALT) activity were taken into account at the start of follow-
up. We computed the propensity score by using logistic regression with the inde-
pendent variable including age (<40 years or >40 years), sex (female or male),
HBV DNA concentration (5.0 log copies/ml or >5.0 log copies/ml), HBeAg (nega-
tive or positive), platelet count (>150 x 103 /m? or <150 x 10*/m®), and ALT activ-
ity (<401U/ml or >401U/ml), as shown in previous reported cut-off values
according to the indication for NA therapy [16-19]. This model yielded a ¢ statis-
tic of 0.85 (95% confidence interval [CI], 0.82~0.88). indicating very good ability of
the propensity score model to predict treatment status, We sought to match each
patient who recewed NA therapy to a patient who did not receive NA therapy,
having a propensity by using greedy 5-1 digit matching [20]. Once this threshold
was exceeded, a patient with NA therapy was excluded. This score ranged from
0.09198 to 0.98967 and, in: effect, represented the probability that'a patient
would be receiving NA. We were able to match 117 patients with NA therapy
to 117 unique patients without NA therapy. The follow-up period ended on 31
December, 2011 or the date when HCC occurrence was identified.

Sutveillance and diagnosis

All patients were followed up at aur hospital at least every 6 months, During each
follow-up examination, platelet count, ALT, gamma glutamyl transpeptidase
(gamma-GTP), total bilirubin, alkaline phosphatase (ALP), albumin, and alpha-
fetoprotein (AFP) levels were measured. We used commercially available kits to
test blood samples for HBsAg, HBeAg, and anti-HBe (Abbott Japan Co., Ltd,, Tokyo,

Eligibil ;ty criteria

1. HBsAg positive for more than 6 mo

2. Follow-up period >3 yr

3.  No evidence of HCC for atleast 1 yr
from the start of the follow-up period

4. Receiving NA therapy for more than 1 yr

% |Non-| 637
Propensity (Non-NA group (ri= )
score

matching

‘NA érou n =148

Fig. 1. Flowchart of the patient selection process,

Japan). Before November 2007, the serum HBY DNA concentration was monitored
by a polymerase chain reaction assay (COBAS Amplicor HBY monitar test, Roche
Diagnostics K. K., Tokyo, Japan) with a lower detection limit of approximately
26 1og copies/ml, and alter December 2007, it was monitored with another poly-
merase chain reaction assay (COBAS AmpliPrep-COBAS TagMan HBV Test, Roche
Diagnostics K. K.), with a lower detection limit of approximately 2.1 log copies/
ml. HBV genotyping was performed as described previously [21]. Serum levels
of HBV core-related antigen {HEcrAg) were measured using a chemiluminescence
enzyme immunoassay (CLEIA) as described previously [22,23], Precore nucleotide

.1896 and basal core prometer (BCP) dinucleotide 1762/1764 were determined

using the line probe assay (INNO-LiPA HBV PreCore assay; Innogenetics NV)
[24,25]. The probes were designed to detérmine the nucleotides at position
1896 (G vs. A) in the precore region and positions 1762 (A vs. T) and 1764 (G
vs. A and G vs. T) in the BCP region. A line probe assay was used to identify any
emergence of YMDD mutations (INNO-LIPA HBV DR assay; Innogenetics NV).

‘Platelet cuunt ALT, gamma-G1TP, total bilirubin, ALP, albumin, AFP, and HBV
DNA values were expressed as average integration values [26,27] after the start
of follow-up.

According to the Clinical Practice Guidelines for Hepatocellular Carcinoma in
Japan [28], we performed ultrasound (US) and monitoring of 3 biomarkers (AFP,
Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein [AFP-L3], and des-
gamma-carboxy prothrombin [DCP]) every 3-4 months, and dynamic magnetic
resonance imaging (MRI) every 12 months, for patients with cirrhosis under sur-
veillance, For patients with chronic hepatitis, we performed US and monitoring of
the 3 biomarkers every 6 months, Histological examinations were performed in
91 out of 234 patients, Among them, cirrhosis was diagnosed in 32 patients. In
the remaining 143 patients, the diagnosis of cirrhosis was made according to typ-
ical US findings, e.g, superficial nodularity, a coarse parenchymal echo pattem,
and signs of portal hypertension (splenomegaly >120 mm, dilated portal vein
diameter >12 mm, patent collateral veins, or ascites) {29-31). Patients who did
not satisfy these criteria were classified as having chronic hepatitis. One hundred
and forty-two patients were diagnosed with chronic hepatitis and 92 patients
with cirrhosis. For diagnostic confirmation of HCC, patients underwent dynamic
MRI. A histological diagnosis of HCC was made in 28 patients (surgical specimen,
23 patients; US-guided needle biopsy specimen, 5 patients). The remaining 29
patients were diagnosed with HCC based or: typical dynamic MRI findings, includ-
ing hypervascularity in the arterial phase with washout in the portal venous or
delayed phase [32].

Treatments

In the NA group, 117 patients received NA therapy including 18 patients with
lamivudine, 28 patients with Jamivudine and adefovir dipivoxil, and 71 patients
with entecavir. The indications for NA therapy followed the guidelines of the
American Association for the Study of Liver Diseases (AASLD), the European Asso-
ciation for the Study of the Liver (EASL), or the Asian Pacific Assaciation for the
Study of the Liver (APASL) [33-35] In contrast, of the 117 patients not on NA
therapy, 104 did not receive treatmient before NA was not yet approved in Japan
and the remaining 13 patients declined NA therapy.

Statistical analysis

Continuous variables are expressed as medians {range). The Mann-Whitney U

* test was used for continuous variables, and the Chi-square test with Yates' correc-

tion or Fisher's exact test was used for categorical variables. Actuarial analysis of
the cumulative incidence of hepatocarcinogenesis was performed using the
Kaplan-Meier method, and differences were tested with the log-rank test. The
Cox proportional hazards model and the forward selection method were used
to estimate the relative risk of HCC associated with age (<40 years or >40 years),
sex (female or male), treatment (NA or no NA), HBsAg (<3.0logIU/ml or
>3,0 log IU/mi), HBV DNA level (5.0 log copies/ml or >5.0 log copies/ml), HBeAg
(negative or positive), precore region (wild type or mutant), BCP (wild type
or mutant type), HBerAg (%3.0logU/ml or >3.0logliml), platelet count
(»150 » 10°/m® or €150 = 10°/m™), ALT {40 JU/ml or >40 iU/ml), total bilirubin,
gamma-GTP, ALP, albumin, and AFP (<10 ng/ml or >10 ng/ml) for univariate and
multivariate analyses. We used the minimam or maximum of the reference val-
ues at our institution as cut-off values for total bilirubin, gamma-GTP, ALP, and
albumin. We conducted a sensitivity analysis to determine the magnitude of an
unmeasured confounder [36].

We considered p values of 0.05 or less to be significant. Statistical analysis
was performed with SPSS, version 18.0 for Windows (International Business
Machines Corporation, Tokyo, Japan).
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Table 1. Baseline characteristics of all patients.
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NA group Non-NA group p value Standardized
(n = 148) (n = 637) difference in %
Age (yr) 53 (26-8?) 48 (4-85) <0.0001 40.6
Sex (female/male) .. 6088 1 285/352 5378 161
Genotype (A/BIC/DIF/n d. ) 2151 37/0/1/2 24/60/389/2/0/1 62
HBsAg (logj; IU/mly = 3.5 (:0.1-5.5) L33

7.0(260.6)
7872
30/709/9

-0.98967)

NA nucleos(t)ide analogue; n.d., not done; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; W, wild type; M, mutant type; BCP, basal
core promoter; HBcrAg, hepatitis B core-related anngen ALT, alanine aminotransferase; AFP, alpha-fetoprotein; Child-Pugh classification, reference no {50}, Standardized

difference in%; 10001 - Xnonon)/ ( (5% + S2na] /2)
and §2, ... are the corresponding sample variances.

Results
Patient characteristics

Table 1 shows baseline characteristics of all 785 patients before
propensity matching. There were significant differences in age,
HBV genotype, HBsAg, HBV DNA concentration, presence of
HBeAg, BCP mutations, HBcrAg, platelet counts, ALT level, AFP
level, presence of cirrhosis, and Child-Pugh classification. The
baseline characteristics of the 234 study patients after propensity
matching are summarized in Table 2. There are no significant
differences in age, sex, HBV genotype, HBsAg, HBV DNA concen-
tration, presence of HBeAg, precore region mutations, BCP muta-
tions, platelet counts, ALT concentration, Child-Pugh
classification, and follow-up duration. HBcrAg concentration
was significantly higher in the NA group than in the non-NA
group. NA was administered a median of 6.1 years (range: 1.5~
10.7 years).

Factors associated with the incidence of hepatocarcinogenesis

Factors associated with the incidence of HCC as determined by
the Cox proportional hazard models and the forward selection
method were analyzed in all 785 patients. High age (hazard ratio,
6.43 [95% C1, 2.71-15.26), p <0.001), male sex (3.43 [1.67-7.02],
p =0.002), NA treatment {0.28 [0.21-0.85}, p = 0.017), BCP muta-
tion (19.96 [2.27-141.90], p =0.03), high HBcrAg levels (8.21
[3.40-19.85], p<0.001), and high AFP levels (2.49 [1.43-4.34],
p=0.001) were significantly associated with the incidence of
HCC.

HCC developed in 57 of 234 patients (24.4%) during follow-up
after propensity matching. The 5-year, 7-year, and 10-year cumu-
lative incidences of HCC were 9.6%, 20.4%, and 33.4%, respec-
tively. The 5-year, 7-year, and 10-year cumulative incidences of

, where for each covariate Xna and Xponna are the sample means in NA and non-NA groups, respectively, and §§,

HCC were 2.7%, 3.3%, and 3.3%, respectively, in patients on NA
therapy (n=117) and 11.3%, 26.0%, and 40.0% in patients not
on NA therapy (n=117). Hepatocarcinogenesis occurred at sig-
nificantly higher rates in the non-NA group (p = 0.0094, Fig. 2).
The 5-year, 7-year, and 10-year cumulative incidences of HCC
were 0.0%, 0.0%, and 0.0%, respectively, in patients with wild type
BCP (n = 38) and 11.0%, 25.2%, and 41.9% in patients with mutant
BCP (n=112; p = 0.0006, Fig. 3). Factors associated with the inci-
dence of HCC as determined by the Cox proportional hazard mod-
els and the forward selection method are listed in Table 3. Higher
age (hazard ratio, 4.36 [95% CI, 1.33-14.29], p = 0.015), NA treat-
ment (0.28 [0.13-0.62], p=0.002), BCP mutation {12.74 {1.74-
93.11], p=0.012), high HBcrAg levels (2.77 [1.07-7.17],
p=0.036), and high gamma-GTP levels (2.76 [1.49-5.12],
p=0.001) were significantly associated with the incidence of
HCC. In addition, 2 patients died due to hepatic failure during
the follow-up period in the non-NA group.

The sensitivity analysis found that the observed relationship
between NA treatment and HCC incidence could be diminished
by the unmeasured confounder that the high prevalence of the
unmeasured confounder is greater in the non-NA group than in
the NA group. For example, suppose a binary unmeasured con-
founder that increased the hazard of HCC incidence (hazard ratio,
1.50) was present in 40% of those who were treated with NA and
80% of those who were not treated with NA. Then, the study's
result would become less extreme and would no longer be statis-
tically significant (hazard ratio under sensitivity analysis, 0.48
[95% C1, 0.22-1.05]}.

Follow-up data of various parameters in patients on or not on NA
therapy

For this analysis, we used the average integration value during
the follow-up period (Table 4). ALT, gamma-GTP, ALP, AFP, and
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