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who have developed cirrhosis, and it can increase even in
healthy men with age [38]. Possibly in the background of
this phenomenon, circulating levels of free estrogen in men
exceed those in women, after they enter their fifties, with
margins widening with age [29]. It is tempting to speculate
that elevated estrogen levels in men with chronic hepatitis
C are responsible for their better response to the combi-
nation therapy than women who were aged >50 years.
Whether or not such a speculation would hold would have
to be evaluated by a comparison of estrogen levels between
older men and women with chronic hepatitis C.

Although osteoporosis is an extrahepatic manifestation
of chronic hepatitis C [39], hormone replacement therapy
has been withheld. for fear of potential: hepatotoxicity.
There is evidence, however, that oral contraceptives inhibit
the. progression: of fibrosis.in women [33}..It may lead to
the possibility that the response to antiviral treatment in
older women with chronic hepatitis C would be improve by
substituting -estrogen - in- them. - The - merit -of . Hormone
replacement therapy. for them; of course, would need to be
balanced against any:harmful effects associated with it.

There are limitations in this study. All the patients were
infected with genotype 1bin high viral loads. Hence; the
results: obtained: may or may not.be extended to patients
with - chronic  hepatitis: C who are infected with. HCV: of
other genotypes in:low:viral loads. The influence of sex
hormones needs to be substantiated by their determination
in correlation: with. SVR. These:limitations notwithstand:
ing, the results obtained warrant a special caution in the
treatment of women older than 50 years due to their lesser
responsiveness to: PEG-IFN and ribavirtin.
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Hepatocellular carcinoma (HCC) is one of the most common
neoplastns in Africa and Asia, including Japan. Routine checkups
are performed in patients with hepatitis or cirrhosis who con-

Abstract

Background: The tumour recurrence rate after resection is still high even in patients
with: small hepatocellular carcinoma (HCC).' The advanced. patterns of recurrence
occasionally occur after resection. It this study, we analysed the clinical and histological
characteristics of small HCC and evaluated the predictive factors of advanced tumour
vecurrence.” Methods: One-hundred and sixty-five patients underwent resection of
small HCC measuring "3 ¢m ot less 'in’ greatest  dimension.  Patterns of tumour
recutrences were classified into advanced recurrence and minor recurrence based on
size, number; vascular invasion and extrahepatic metastasis of recurrent tumour. We
created a simple index to closely evaluate the malignant potential of small HCC, named
a-foetoprotein-size ratio index (ASRI).  Results: Overall tumour recurrence was
significantly associated with tumour multiplicity- (P < 0.001) and ASRI (P=0.001).
Tumour multiplicity, ASRI and tumour differentiation were independent and signifi-
cant predictive factors of advanced recurrences. The overall survival rates were lower in
the advanced recurrence group than the minor recurrence or the no recurrence group.
Conclusions: Patients with advanced recurrences have a poor prognosis, although they
have undergone curative resection of small HCC. On the other hand, patients with
minor recurrences have a relatively good prognosis. ASRI was a useful index to predict
advanced recurrence after curative resection of small HCC. The.therapeutic manage-
merit to prevent advanced recurrences is needed.

simple index to closely evaluate the mialignant potential of small
HCC and evaluated the usefulness of this index as a predictor of
recurrence of HCC after curative resection.

stitute: a’ significant high-risk group for HCC (1-3). Recently,
technological advances in ultrasonography (US), computed fo-

mography (CT) and magnetic resonance imaging have helped in
the detection of small HCC during follow-up periods of chronic
liver disease (4, 5). Moreover, resection of HCC has become safe
in cirrhotic patients due to progress in surgical techniques, and
periopeiative management has contributed to very low operative
mortality. However, the turnour recurrence rate after resection is
still high even in patients with small HCCs (6-10). Recurrences in
the remnant liver can occur based on two characteristics of HCC:
intrahepatic metastasis from the primary tumour and de novo

imitlticentric carcinogenicity (11-13).

Tamour status at the time of recurrence is important to
improve - prognosis- because - tumour: recurrence: rates after
curative resection are high. The advanced patterns of recurrence
occasionally occur as follows: widespread recurrence; a number
of recurrent tumours; large recurrent tumour; involving vascu-
lar invasion and extrahepatic metastasis; despite curative resec-
tion (14-16).-Because the therapeutic approach for recurrent
tumours is limited, these cases have a poor prognosis. There-
fore, it is important to pick up patients who are likely to have
these advanced recurrence, and to develop effective adjuvant
therapy. In the present study; we examined the clinical features
of small HCC, and identified the factors associated with tumour
recurrence; especially advanced recurrence and prognosis after
curative resection of small HCCs using clinical data and results
of histopathological examination. Furthermore, we created a
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Patients and methods
Patients

Medical recoids of patients who were hospitalized at Toranomon
Hospital from 1995 to 2005 were reviewed retrospectively. HCC
was diagnosed by detailed imaging or histopathological examina-
tion. A total of 251 consecutive patierits with tumours underwent
resection as the initial therapy for HCC, and 165 of these patients
were found to have: HCC measuring . < '3'cmi (greatest dimen-
sion). and were eligible for inclusion in this study. These 165
patients (127 men and 38 women; median age 61 years; range,
3873 years) had chronic hepatitis or cirrhosis, Hepatitis B virus
(HBV) surface antigen was positive in 33, anti-hepatitis C virus
(HCV) was positive in. 127, but neither of them was positive in
eight. Table 1 lists the clinical characteristics of the 165 patients
before hepatectomy. Of these; 125 patients (75.6%) were classified
as grade A according to: Child-Pugh classification, The median
value for the indocyanine green retention rate at 15 min was 24%,
and the median values for serum albumin, bilirubin, aspartic
transaminase. (AST), a-foetoprotein. (AFP): concentration and
platelet. counts were 3.7 g/dl; 1.0 mg/dl, 44 TU/L; 26 ng/ml and
10.8 X 10%/mm” respectively.

Among: 165 patients, 26 patients. (15.8%)" had multiple
tumotirs before resection. We conducted percutaneous ablation
therapy, including ethanol injection, microwave coagulation
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Table 1. Clinical characteristics of 165 patients before hepatic
resection

Advanced recurrence after curative resection of smail HCC

Table 2. Pathological characteristics of small hepatocellular carci-
noma

Variables n=165 Variables n=165

Age 62 (38-80)" Tumour differentiation 11:32:100:22
Gender (male:female) 127:38 (early:well:moderately:poorly)

Hepatitis B surface antigen-positive 46 (27.9%) Growth type (Eg:lg) 138:27
Anti-hepatitis C virus-positive 109 (66.1%) Capsular formation 99(60.0%)
Child-Pugh dassification (A:B:C) 125:38:1 Capsular infiltration 52(31.5%)
Serum albumin (g/dl) 3.6(2.6-4.6)" Septum formation 42 (25.5%)
Serum bilirubin (mg/dl) 1.0(0.3-2.7)* Portal vein invasion 26 (15.8%)

44 (12-386)"
90.8 (58.9~112.8)"
21 (8-68)*
12.6 (3.9-26.0)*
23 (1-7960)*
22 (£.10-1650)*
20 (7-30)*

Aspartate transaminase (IU/L)
Prothorombin time (%)

ICG R15 (%)

Platelet count (10%mm®)
a-foetoprotein (ng/mt)

Des-y-carboxy prothorombin {mAU/m)
Tumour size {rmm)

Tumour number (solitary:multiple) 139:26
Vascularity positive 153 (92:7%)
ASRI 1.2 {0.03-345)*

*Values are medians (range).
ASRI; a-foetoprotein=size ratio index=AFP (ng/mi)ftumour. size. (mm);
ICG R15, indocyanine green retention test at 15 min.

and radiofrequency ablation, for another tumour before sur-
gery if another tumour existed in a lobe distant from the
resected tumour. The term ‘Curative resection’ indicated: that
no tumours were left in the remnant liver ixrespective of the
width of margin around the tumour; this was confirmed using
(i) intra-operative US and (ii) combined US and dynamic CT
conducted after I month of surgery.

This stady was conducted in accordance with the guidelines
of the Declaration of Helsinki and its subsequent amendments,
and: informed consent was obtained from every patient. This
study was approved by the Local Ethics Committee of Torano-
mon Hospital.

Follow-up and recurrence of hepatocellular carcinoma

Patients were followed up on a monthly or a bi-monthly basis
after surgery by monitoring AFP and other biochemical data,
and conducting US or helical dynamic CT every 3 months. The
median observation period for the entire patient cohort was 6.0
years, with a range of 0,3-16.4 years. Recurrence of HCC was
diagnosed by typical hypervascular characteristics on angiogra-
phy and/or histological examination with fine needle biopsy
specimens, in addition to certain features of CT and US.

The modes of cancer recurrence were classified into two
categories: (i) advanced recurrence and (i) minor recurrence:
The patterns of recurrence were morphologically judged from
the images of CT and angiography, and from histopathological
findings. ‘The pattern’ of recurrent tumour number >3,
fumotir size > 3 cm, involving vascular invasion and/or extra-
hepatic metastasis was defined as advanced recurrence. The
recurrent pattern, except for those described above; was defined
as minor recurrence.

Imaging analysis

Ulirasonography or helical dynamic CT was carried out every 3
months for follow-up and examined for a change in imaging
findings. Dynamic CT scans were performed using a single-
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5(3.0%)
114(69.1%)

Intrahepatic extent of tumour
Presence of cirrhosis

Eg, expansive growth (well-demarcated border); Ig, infiltrative growth
{poorly demarcated border).

detector helical CT scanner (Hi-Speed advantage SG; GE
Yokogawa Medical Systems;” Tokyo, Japan). The radiological
studies tnicluded intra-arterial digital subtraction angiography
(celiac and mesenteric angiography) and selective angiography
of ‘the common hepalic artery; CT artevial portography (CT-
AP) and CT hepatic angiography (CT-HA) were carried out in
almost ‘all patients before surgery. HCC was diagnosed by
typical hypervascular. characteristics on angiography and/or
CT-HA, and hypo-attenuation on CT-AP. If hepatic nodules
showed iso-hypo-attenuation  on CT-HA and: iso-hypo-at-
teniuation on CT-AP; histological examination was cartied out
with fine needle biopsy specimens before surgery:

Histopathological examination

Macroscopic and microscopic examinations were. performed
according to the classification of the Liver Cancer Study Group
of Japan (17). All resected specimens were analysed: histopatho-
logically for tumotir size, growth type, timour differentiation,
capsular formation; portal vein invasion, satellite nodules and
fibrosis staging of surrounding liver. The timour characteristics
are summarized in Table 2. We categorized well-differentiated
HCC that had histological features of the early stage into early
HCC. Barly HCC was defined as follows: macroscopically, the
tumours had an’ indistinct margin: that replaced the liver cell
cords at the tumonr=non-tamour boundary; microscopically,
increased cell density with an increased nuclear to cytoplasm
ratio and an irregular thin-trabecular pattern, and the portal
tracts were involved inside the tumours together with tumour
cell invasion into the portal tracts (18-20).

a-foetoprotein—size ratio index

In this study, there were patients with very high AFP levels
regardless of the cohort of small HCC measuring 3 cm or less in
greatest dimension. We hypothesized that HCCs with high ABP
levels had more malignant potential than those with low AFP
levels if each tumour size was equal. And so, we created a simple
index to closely evaluate the malignant potential of smiall HCC,
named the AFP-size ratio index (ASRI). The numerical formula
of ASRI was defined as follows::ASRI = AFP levels (ng/ml)/tumour
size (mm). For example, the calculated value of ASRI of HCC,
with timour size =20 mm and AFP levels =400 ng/ml, is 20.

Statistical analysis

Standard statistical measures and procedures were used. We
2 ¥ . . v .
used the y’-test to assess the significant association of risk
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factors with tumour recurrence after resection. All factors
found to be at least marginally associated with recurrence
(P < 0.15) were tested by multivariate analysis. Independent
factors, associated with the recurrence of HCC and prognosis,
were calculated using stepwise Cox regression analysis. The x*-
test was used to analyse differences between the clinical
characteristics of HCC and the patterns of tumour recurrences.
The cumulative overall survival rates after resection of small
HCC were analysed using the Kaplan—Meier method, and
differences in the curves were tested using the log-rank test. A
P value of < 0.05 in a two-tailed test was considered signifi-
cant. Data analysis was performed using the spss: software,
version 11.0 (Chicago, IL, USA).

Results
Factors associated with tumour recurrences

Univariate analysis showed that tumour, recurrence was signifi-
cantly associated with tumour multiplicity (P < 0.001), ASRL>20
(P=0.004), AFP levels. >1000ng/ml: (P=0.024), portal. vein
invasion - {(P=0.035). and . serum - albumin_ levels - >3.5g/dl
(P=0.041), and marginally - significantly with. HCV: positivity
(P=0.058), HBV negativity (P=0.072), hypervascularity of tu-
mour: (P=0,076) and serum AST levels: >501U/L (P=0.088)
(Table. 3). Because these: variables: were associated, multivariate
analysis was perforined using the nine variables merntioned above
i the model (Table 4a).  The. following: two variables were
significantly associated with. overall tumour recurrence: tumour
multiplicity {hazard ratio (HR) 3.06, 95% confidence interval
(CI): - 1.84-5.10; P < 0.001}, ASRI>20° (HR 242, 95% CI
1.41-4.18, P=0.001). To evaluate risk factors except for tumour
multiplicity, subgroup analysis was conducted in'solitary. tumour
cases (Table 4b). Independent risk: factors affecting: the overall
recurrence of HCC were the presence of portal vein invasion (HR
2.35,95% CIL: 1.31-4.20, P=0.004), ASRI=> 20 (HR 2.23, 95% CL:
1.19-4.18, P=0.013) and serum albumin < 3,5 g/dl (HR 1.74,
95% CI: 1.05-2.88, P=0.030).

Predictive factors of advanced recurrences after curative
resection

Tumour recurrence was. diagnosed in 102 (61.8%) of the 165
patients, with' a median interval of 2.77 years after curative
resection. Of these, 22 (13.3%) were categorized into advanced
recurrence, 80 (48.4%) were minor recurrence and the remaining
63°(38.1%) were no recurrence. The miedian interval to recurrence
after resection was 1.82 years in the minor recurrence group and
1.01 yeats in the advanced recurrence group respectively. Uni-
variate analysis showed that advanced recurrence was significantly
associated with the following four factors: poorly differentiation
of tumour (P < 0.001), ASRI>20 (P =0.005), tamour multi-
plicity (P=0.017) and AFP levels > 1000 ng/ml (P = 0.025) (Table
5). Multivariate analysis by the Cox model was performed using
the four variables mentioned above. Predictive factors of advanced
recurrences after curative resection were tumour multiplicity (HR
5.65,95% CI: 1,77-18.1; P=0.003), ASRI > 20 (HR 4.04, 95% CI:
1.16=14.1, P=0.028) and poor differentiation of tumour
(HR 2.70, 95% CI: 1.51-4.82, P=0.001) (Table 6).

We compared values of ASRI by patterns of recurrences (Fig.
1): The median values of ASRI were 0.68 (minimum: 0.07-max-
imum: 73.0) in the no recurrence group, 1.64 (0.06-344) in1 the
minor recurfence group and 3.28 (0.03-318) in the advanced
recurrence group respectively: The values of ASRI were margin-
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Table 3. Factors associated with overall recurrence of small hepa-
tocellular carcinoma by univariate analysis

Hazard ratio

Faciors (95% Ch P

Age (=65 vs. < 65 years) 0.79(0.52-1.22) 0.288
Gender (female vs. male) 0.78(0.48-1.26) 0.316
HBV (negative vs. positive) 1.52(0.96-2.41) 0.072
HCV (positive vs. negative) 1.53(0.99-2.36) 0.058
Serum atbumin (< 3.5 vs. 1.53(1.02-2.31) 0.041
>3.5g/dh

Serum bilirubin (= 1.5 vs. 1.11(0.62-2.00) 0.713
< 1.5mg/dl)

AST levels (=50 vs. >501U/L) 1.41(0.95-2.10) 0.088
Prothorombin time 0.67 (0.31-1.45) 0.311
(=70vs: < 70%)

ICGR15(=30vs. < 30%) 1.37(0.89-2.12), 0.158
count (=10%vs, < 10%mm?) 0.81(0.54-1.22) 0.304
AFP levels (= 1000 vs. 2.01(1.10-3.67) 0.024
< 1000 ng/ml)

ASRI(=20vs, < 20) 2.16(1.28-3.64) 0.004
DCPlevels (=100 vs. 1.19(0.70-2.04) 0.517
< 100 mAU/mi)

Fibrosis stage (F4 vs. F1, 2, 3) 1.09 (0.72-1.66) - 0.681
Tumour size (=21 vs: < 21 mm) 1.088 (0.73-1.63) - 0.680

Tumour number (multiple vs.
solitary}

2.85 (1.74-4.65) < 0.001

Vascularity (positive vs. negative) 2.48(0.91-6.76) - 0.076
Tumout differentiation (poorly vs. early, - 1.15(0.87-1.51) . 0.333
well, moderately)

Eg 1.00(0.60~1.68) - 0.987
Capsular formation 1.01(0.68-1.52): . 0.948
Infiliration to capsular 1.35(0.92-2.10) . 0.121
Septum formation 0.99 (0.63-1.56) - 0.969
Portal vein invasion 1.70 (1.04-2.78) 0.035
Intrahepatic extent of tumour 1.57 {0.58-4.26) .. 0.380

AFP, u-foetoprotein; ASRI, a-foetoprotein—size ratio index; AST, aspartic
transaminase; DCF, des-y-carboxy prothorombin; Eg, expansive growth
(well-demarcated border); HBV, hepatitis B virus; HCV, hepatitis C virus;
ICG R15, indotyanine green reterition testat: 15min:

Table' . 4a. Independent risk factors  -affecting . the  overall
recurrence of hepatocellular carcinoma: after curative resection of
small hepatocellular carcinoma by multivariate analysis

Hazard ratio

Factors Category (95% Cl) Pyalue
Tumour number 1:solitary 1

2: multiple 3.06 (1.84-5.10) < 0.001
ASRI 1:<20 1

2:220 2.42(1.41-4.18) 0.001

ASRI, u-foetoprotein-size ratio index; Cl, confidence interval,

ally significantly higher: in  the minor recurrence: and . the
advanced: recurrence group. than in the no recurrence group:
However, there was no significance of ASRI values stratified by
tumour number.

Furthermore, we categorized the following three subgroups
into the advanced recurrence group: tumour number >3, or
tumour size > 3 cm without vascular invasion and extrahepa-
tic nietastasis (multi/large nodular recurrence group), recurrent
tumour with vascular invasion (vascular invasion group) and
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Table 4b. Independent risk faciors affecting the overall

Advanced recurrence after curative resection of small HCC

Table 5. Continued

recurrence of hepatoceliular carcinoma after curative resection of Advanced Miror NO
small  hepatocellular carcinoma by multivariate  analysis recurrence, recurrence, recurrence,
{solitary cases only) Factors n=22 (%) n=80 (%) n=63(%)
Hazard ratio Tumour size
Factors Category (95% Ch Pvalue <21 11 (50) 53(66.3) 37(58.7)
Portal vein invasion 1t — 1 =21 11(50) 27(33.7) 26(41.3)
2+ 2.35(1.31-420) 0004  Tumour number
ASRI 1- < 20 1 Solitary 14 (63.6) 67 (83.8) 58(92.1)
2 >20 2.23(1.19-4.18) 0.013 Multiple 8(36.4)" 13(16.2) 5(7.9)
Serum albumin 1235 1 Vascularity
2: <35 1.74(1.05-2.88)  0.030 Negative 1(4.5) 33.8) 8(12.7)
Positive 22 (95.5) 77(96.2) 55(87.3)
ASRI, a-foetoprotein-size ratio index; Cl, confidence interval. Tumour differentiation
Early, well, 13(59.1) 74(92.5) 56 (38.9)
_ . . . . moderately
;‘3?; ;ﬁ:&?{?ﬁe analysis for clinical factors associated. with E Poorly 9 (40.9)* 6(7.5) 7011.1)
g
Advanced Minor No Eg 21(95.5) 63(78.8) 54 (85.7)
recurrence, recurrence, recurrence, Ig 1({4.5) 17(21.2) 9(14.3)
Factors n=22(%) n=80(%) 11=63 (%) Capsular formation
Age Absence 6(27.3) 33(41.3) 22(34.9)
< 65 years 13 (59) 59 (73.9) 35(55.6) l?resepce 16(72.7) 47 (58.7) 41(65.1)
>65 years 9(41) 21(26.2) 28 (44.4) Infiltration to capsular
Gender Absence 13(59.1) 54(67.9) 46 (73)
Male 19(86.4) 62:(77.5) 46 (73) Presence 9(40.9) 26 (32.1) 1727)
Female 3(13.6) 18(22.5) 1727 Septum formation
HBY Absence 16(72.7) 61(76.2) 46 (73)
Positive 5(22.7) 19(23.8) 22 (34.9) Presence . - 6(27.3) 19(23.8) 17 (27)
Negative 17.(77.3) 61(76.2) 41(65.1) Portal vein invasion
HCV Absence 17(77.3) 65 (81.3) 54(85.7)
Negative 5(22.7) 23(28.8) 28 (44.4) Presence 5(2.7) 15(18.7) 6(14.3)
Positive 17.(77.3) 57 (71:2) 35(55.6) Intrahepatic extent of tumour
Serur albumin Absence 20(90.9) 78(97.5) 59(98.3)
=35 11.(50) 49 (61.3) 41(65.1) Presence 20.m 2{2.5) (7
= 3'!‘;.‘. bi 150 3169.7) 22(34.9) *Significantly higher than the other groups (¢ < 0.05).
Serun; 5'"” n 21(95.5) 67 (83.8) 56(33.9) AFP, o-foetoprotein; ASRI; a-foetoprotein=size ratio index; AST, aspartic
>< 1.;3 1( 4‘5') 13 (16:2) 7 (11:1) transarinase; DCF, des-y-catboxy prothorombin; Eg, expansive growth
AS—T-Ievels (well-demarcated border); HBV. hepatitis 8 virus; HCV, hepatitis C virus;
g 17.(77.3) 40 (50) 42(66.7) ICG R15, indocyanine green retention test at. 15min;. g, infiltrative
S50 5(22.7) 40 (50) 21.(33.3) growth (poorly demarcated border).
Prothorombin time
<70 2090 5(6.3) 14(22.2) Table 6. Predictive factors of advanced recurrence: after curative
=70 20(90.9) 75(93.7) 45(77.8) resection by multivariate analysis using the Cox model
1caR 13 Hazard ratio
;; g ! ? g?g 22 gg g ?2 ggg Factors Category (95% Ch Pvalue
Platelet count Tumour 1:solitary 1
<107 7:(31.8) 28(35) 30(47.6) number 2: multiple 5,65 (1.77-18.1)-:0.003
>10° 15(68.2) 52(65) 33(52:.4) ASRI 1< 20 1
AFP levels 2: 220 4.04(1.16=14.1) 0.028
<1000 17:(77.3) 73(91.3) 61:(96.8) Tumour differentiation 1: early, well,
=>1000 5(22.7)* 7.8.7) 2(3.2) moderately
ASRI 1
<20 15(68.2) 70 (87.5) 60(95.2) 2:poorly (1.51-4.82) 0.001
=20 7(31.8)" 10(12.5) 3.(4.8) 2.70
DCP levels
2100 18(81.9) 68(85) 54 (85.7) ASRI, s=foetoprotein=size ratio index; Cl, confidence interval.
=100 4{18:2) 12.(15) 9.(14.3)
Fibrosis stage presence of extrahepatic metastasis- (extrahepatic metastasis
F1,2,3 941N 23 (28.8) 19GL7) group). The multi/large nodular recurrence group had 17 cases
F4 13.(59) 57(71.2) 41(68.3) (77:3%), the vascular invasion group had three (13.6%) and the
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Fig. 1. Comparison with values of ASRI by patterns of recurrences.
{(A) No recurrence group, (B) minor recurrénce group, (Cy advanced
recurrence group. *P=0.032, **P=0.028.

extrahepatic metastasis group had two (9.1%) in 22 cases of
advanced: recurrence. In particular, patients in the vascular
imvasion group had significantly higher pre-operative -des-y-
carboxy prothorombin levels than those in ‘the-other two
groups (P=0.008). Meanwhile, there was no significant differ-
ence of ASRI among the three groups.

Survival rate after curative resection by patterns of
recuriénces

Figure 2 shows the overall survival rates by pattérns of recur-
rences. The overall survival rates of patients were 98.5,.93.6 and
91.8% for the first; third and fifth year in the no recurrence group;
98.8, 96.5 and 85.6% in the minor recurrence group; and 91.3;
64.5'and 35.1% in the advanced recurrence group. respectively.
The ‘overall survival- rates of ‘the advanced recurrence’ group
were  significantly lower than those’ of the minor recurrence
and ' the no recurtence  groups (advarced recurrence vs: no
recurrence:: P < 0.0001,  advanced récurrence vs. ninor recui-
renice: P=0.001). Furthermore, the overall survival rates of the
minor recurferice group were significantly lower than those of the
no recurrence group, (P=0.009). However, the overall survival
rates of both the minor recurrence and the no recurrence groups
were similar for the first 5 years after surgery.

Discussion

Our study identified the clinical, radiological and histological
factors associated with advanced tumour recurrence and prog-
nosis after curative resection of small HCC. Predictive factors of
advanced recutrence were tumour number, ASRI and tumour
differentiation. ASRI, which was made to reflect the malignant
potential of HCC precisely, was easy to calculate and useful to
predict the overall and advanced recurrence of HCC. Patients in
the advanced recurrence. group had a poorer prognosis than
those in the minor recurrernice and the no recurrence groups. On
the other hand, patients:in the minor recurrence group had a
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Fig. 2. Overall survival rates by patterns of recurrences; thick
broken line: no recurrence group, dot line: minor recurrence group, -
solid line: advanced recurrence group.

prognosis similar to that of the no recurrence group for the first
5 yedrs after resection.

Some predictors of survival and recurrence after resection
were reported previously (21-24). These reports showed that
the ‘main’ predictors. of recurrence were tumour size, tumour
nwmnber; serum AFP levels, tumour differentiation, vascular
invasion, etc. In the present study, we intended for patients with
small HCC within 3 cm to pick up cases with high malignant
potential. Therefore; tumour size was not associated with
recurrence, but the other factors mentioned above were asso-
ciated with recurrence as well as previous reports. However; we
recently showed that ASRI'was associated with both overall and
advanced recurrence after resection. Small HCC with a high
ASRI value may have a high malighiant potential and: may be
likely to cause intra- or extrahepatic metastasis.

The high recurrence rate of HCC after curative resection and
ablation is attributable to two principal characteristics: intrahepa-
tic ‘metastasis and de novo. multicentric carcinogenesis. Some
studies have shown that intrahepatic metastasis is an important
mechanism of early recurrence after resection (13, 16, 24). In ' the
present study, time to advanced recutrence was short: just 1 year.
Furthermore, a previous study showed that tumour differentia-
tion, which was a predictive factor of advanced recurrence in this
study, was associated with intrahepatic metastasis (22). This'is
probably because potential | metastasis depends’ on biological
tumour factors, such as tumour differentiation. Considering these
facts, a main mechanism of advanced: recurrence is assuried
intrahepatic metastasis. High AFP levels have been reported as a
poor. prognosis factor after resection” of HCC {25; 26). On the
other hand, it is assumed that AFP levels may ificrease in patients
with acute ot chronic active inflammation in background hepa-
tocytes without HCC (27, 28). It is difficult to distinguish these
mechanisms of AFP elevation. We created ASRI to. evaluate the
malignant potential of HCC by calculating AFP values per unit
tumour: diameter. Although it is impossible to distinguish neo-
plastic and: inflammatory AFP elevation using this index, ASRI
may: mainly reflect neoplastic AFP elevation: because ASRI is a
predictive factor of advanced recurrence of HCC. In addition,
Imamura ef al. (24) reported that high AFP levels were associated
with early recuirence within 2 years after resection, and this fact
also supports our result.

g-foetoprotein levels: usually tend to be higher in: HBV-
related HCC than those related to HCV; and this tendency has
been teported by :researchers -in' Japan, where HCV is
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predominant in HCC incidence (29). However, there was no
significant difference in AFP levels between HBV- and HCV-
related HCC in this study. We re-evaluated the predictive
factors of recurrence after resection by stratifying this cohort
into HBV- or HCV-related HCC. ASRIZ=20 was significantly
associated with overall recurrence after resection in the HBV
cohort, and this result was similar in HCV. Therefore, we
consider ASRI as the useful index regardless of the viral
aetiology, even in an HBV-endemic area.

Patients with advanced recurrence had a poor prognosis
because of limitation and resistance of treatment. The overall
survival rates were lower (35.1% per 5 years) in the advanced
recurrence group than in the minor or the no recurrence group,
in this stady, On the other hand, patients with minor recur-
rence had a relatively good prognosis because it was possible to
conduct reresection or percutaneous ablation therapy for
recurrent tumour, Therefore, adjuvant therapy to prevent
advanced recurrence after resection is needed. Although a
number of studies of adjuvant therapy have been reported,
none is effective for preventing intrahepatic metastasis afier
resection of HCC, Pre-/post-operative chemoembolization and
chemotherapy had no benefit for tumour recurrence (30-32).
Although a few authors including our hospital have reported
that interferon is effective for preventing recurrence of HCC
after resection, it is assumed that interferon itself suppresses de
novo caicinogenesis (33-35). Recently, it was reported that
sorafenib, which was a multikinase inhibitor, improved the
overall survival rates in patients with advanced HCC (36).
Sorafenib is expected to have the potential of effective adjuvant
therapy to prevent tumour recurrence by intrahepatic metas-
tasis, and a future report is awaited.

In conclusion, nmmour number; ASRI and tumour differen-
tiation were identified as risk factors for advanced recurrence of
HCC: Ini particular, ASRL was easy to calculate and a useful
index to predict advanced recurrence after curative resection of
small. HCC and to ~choose patients. requiring adjuvant
therapy after resection.
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Effectiveness of combination therapy of splenectomy and
long-term interferon in patients with hepatitis C
virus-related cirrhosis and thrombocytopenia

Daisuke Morihara, Masahiro Kobayashi, Kenji Ikeda, Yusuke Kawamura, Hiromi Saneto,
Hiromi Yatuji, Tetuya Hosaka, Hitomi Sezaki, Norio Akuta, Yoshiyuki Suzuki,

Fumitaka Suzuki and Hiromitu Kumada

Department of Hepatology, Toranomon Hospital, Tokyo, Japan

Aim:. To elucidate the effectiveness of combination therapy
of splenectomy and- long-term interferon {IFN) on: survival
and hepatocarcinogenesis, we retrospectively analyzed 180
patients with hepatitis C virus (HCV)-related cirrhosis and
thrombocytopenia.

Methods: Group A consisted of 121 patients who received
néither splenectomy nor IFN therapy. Group B consisted of 11
patients: who underwent splenectomy only. Group C con-
sisted of 32 patients who underwent IFN therapy only. Group
D consisted of 16 patients who received the combination
therapy splenectomy followed by IFN therapy.

Results: The viral response in group D estimated at least
6 months after IFN therapy showed sustained viral response
in four patients, biochemical response in one and no response
in  six. Multivariate analysis using time-dependent variables
showed significant. improvement of survival rate in patients
on the combination therapy,but no effect on the appearance
rate of hepatocarcinogenesis relative to the findings in group
A.

Conclusions: i this study, the splenectomy did not directly
improve the prognosis, but increased the ability for patients
to undergo IFN. As a result; we considered that the combina-
tion therapy of splenectomy and long-term IFN significantly
improved survival rate in‘patients with advanced HCV-related
cirrhosis and thrombocytopenia.

Key words: cirrhosis, hypersplenism, interferon,
splenectomy, thrombocytopenia

Abbreviations:

AFP, Alpha-fetoprotein; ALT, Alanine aminotransferase; AST,
Aspartic aminotransferase; BR, biochemical response; CT,
Computed tomography; HCC, Hepatocellular carcinoma; HCV,
Hepatitis C virus; ICG R15, Indocyanine green retention rate at
15 min; IFN, Interferon; MELD ‘score, Model for End-Stage
Liver Disease score; NR, No response; PLT, platelet; SVR, Sus-
tained virological response; TTT, Thymol turbidity test; US,
Ultrasonography; ZIT, Zinc sulfate turbidity test.

INTRODUCTION

HE PRESENCE OF severe thrombocytopenia ‘in

patients with cirthosis associated with hepatitis C
viral (HCV) infection limits the use of interferon (IFN)
therapy. The different treatment modalities for hepato-
cellular carcinoma (HCC), such as hepatic resection,
radiofrequency ablation, or percutaneous ethanol injec-
fion, are also limited by low platelet (PLT) counts. In

Correspondence: Dr Masahiro Kobayashi; Department. of Hepatology,
Toranomon Hospital, 2-2-2 Toranomon, Minato-ku, Tokyo 105-8470,
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patients with compensated cirthosis and low model for
end-stage liver disease (MELD) score, liver transplanta-
tion is not warranted and the use of antiviral therapy to
slow down the progression to liver failure is not recom-
mended. In other words, such patients are too healthy
for transplantation and too thrombocytopenic to treat
with antiviral agents. Splenectomy has been suggested
for the treatment of secondary hypersplenism ‘and
thrombocytopenia as a means to improve PLT count.!
If patients with HCV-related cirrhosis and thrombocy-
topenia could receive the benefits of splenectomy?? and
IFN therapy,*® such therapy would clinically be very
useful. The combination therapy of splenectomy and
long-term IFN. administration may improve survival
rate and reduce the incidence of hepatocarcinogenesis.
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However, there are only a few reports that have exam-
ined the usefulness of this combination therapy in
patients with advanced HCV-related cirthosis and low
PLT count.® In this study, we retrospectively analyzed
180 patients with compensated cirrhosis and thromb-
ocytopenia who had received the combination therapy
of splenectomy and long-term IFN to determine the
effects of such treatment on the survival rate and inci-
dence of HCC.

PATIENT AND METHODS

Study population

TOTAL OF 180 Japanese patients with cirrhosis,
hypersplenism and low PLT count (< 80 x 10%/uL)
were examined between 1990 and 2006. Their initial
sera were positive for antibodies to. HCV: (anti-HCV;
second-generation - anti-HCV._ kit; - ELISA, . Dainabot,
Tokyo, Japan), positive: HCV-RNA (Amplicor HCV
monitor assay version 2.0; Roche Diagnostics, Tokyo,
Japan), and negative for hepatitis B surface antigen
{(HBsAg; radioimmunoassay, Dainabot). Anti-HCV was
assayed using stored frozen sera at -80°C. They were
diagnosed with liver cirthosis between 1990 and 2006
at Toranomon Hospital, Tokyo, Japan. In addition to
liver biopsy and/or peritoneoscopy, liver cirrhosis was
also diagnosed utilizing clinical findings (e.g. presence
of esophageal varices), and with computed tomographic
(CT) or ultrasonographic (US) findings. The following
protocol was applied ‘in our hospital until 2000:
Patients with a platelet count of less than 50 x 10°/uL
are eligible for HCC surgery (such as hepatic resection,
radiofrequency ablation, or percutaneous ethanol injec-
tion) provided' they receive platelet: transfusion. The
decision to pursue splenectomy was individualized and
based on the presence thrombocytopenia and/or intrac-
table gastric varices, and discussed with the patients:
We retrospectively analyzed the effect of splenectomy
on cirrthotic patients with low PLT count (<80 x 107/
uL): Of the total 180 patients, 121 (67.2%) patients
received neither antiviral therapy nor splenectomy
(group A). Thirty-two (17.8%) patients. received only
IEN therapy (group C):. The remaining 27 (15.0%)
patients underwent splenectomy (11 patients under-
went only splenectomy [group B} and 16 received IFN
therapy after splenectomy [group D}). Splenectomy was
performed for the following reasons; (i) low PLT count
in 20 patients (six [54.5%] of group B and 14 [8.5%] of
group D), (ii) low PLT count and part of treatment of
gastric varices in three (one [9.0%] of group B and two

© 2009 The Japan Society of Hepatology
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[12.5%)] of group D), and (iii) low PLT count and refrac-
tory esophageal varices in four (four [36.4%] of group
B). None of the patients required emergency splenec-
tomy (e.g. bleeding gastric varices or other bleeding
complications related to low platelet count). Our insti-
tution does not require informed consent for retrospec-
tive analysis.

Patients background and laboratory data

Table 1 summarizes the profiles and patients of groups
A, B, C and D at the time of diagnosis of liver cirrhosis.
Indocyanine green test was conducted in 91.2% of the
patients. Patients of group D had significantly lower PLT
count (P=0.01}) and AST (P=0.01) than patients in
others groups. The proportion of group A patients who
regularly consumed alcohol at =80 g/day was signifi-
cantly higher than other groups. Patients of group C had
significantly lower TIT (P = 0.08) than others.

Splenectomy

Splenectomy was ‘performed: through midline or left
subcostal incision depending on body habitus and pre-
vious incisions. For group B, five patients underwent
splenectomy and six underwent Hassab's operation.” In
group D, 13:patients underwent splenectomy and three
underwent Hassab's operation,

IFN treatment

Thirty-two patients received IFN therapy (group C). In
group C, 21 patients received 3 million units of IFN-o,
(natural or recombinant). intramuscularly three times
per week to maintain a low alanine aminotransferase
(ALT), 11 patients received 6 million units of IFN-o. to
eradicate HCV. Patients of group C received IFN therapy
for a median period of 0.5 years (range, 0.0-9.7 years).

Sisteen  patients received the combination therapy
(group D). Of these, 12 {75%) patients underwent sple-
nectomy. for the: purpose. of induction of antiviral
therapy with IFN. The other patients (25%) had under-
gone splenectomy pre dating this study. In group D, 11
patients {Cases 1-4, 8, 10-13, 15-16) received 3
million units of IEN-a. (natural or recombinant) intra-
muscularly three times per week to maintain a low ALT,
3 patients (Cases 6, 7, and 9) received 6 million units of
IEN-o. to eradicate HCV. For the other two patients; one
(Case 5). received: pegylated IFNo2b (50 [ig) mono-
therapy and the other patient (Case 14) received
pegylated IFNo2b (50 ug) plus ribavirin (400 mg)
combination therapy to maintain low ‘ALT (Fig. 1)
Patients of group D received IEN therapy for a median
period of 1.4 years (range, 0.2-12.4 years).
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Table 1 Patient profiles and laboratory data at the time of diagnosis of cirthosis

Group A (Neither Group B Group C Group D p*

splenectomy (splenectomy) (IFN) (splenectomy + IFN)

nor IFN)

Demography
No. patients 121 11 32 16
Sex (M/F) 64/57 6/5 13/19 13/3 0.07
Age (years)t 61 (32-82) 61 (42-66) 59 (36-72) 52 (36-60) 0.41
Alcohol intake of 80 g/day or more 29 0 10 0 0.03
Diabetes mellitus 12 1 4 2 0.96
Laboratory datat

Platelet count (x 10°/puL) 61 (17-80) 64 (42-75) 66 (25-80) 44 (27-78) 0.01
Prothrombin activity (%) 73 (50-101) 79 (58-94) 80 (66-100) 74 (47-100) 0.88
Albumin (g/dL) 3.5 (1.7-4.8) 35 (2.0-43) 34 (25-4.1) 3.3 (2.7-4.5) 0.64
ZIT (Kunkel) 12.3 (0.7-23.3) 10.3-(3.3-18.2) 10.8 (4.4-21.0) 120 (6.1-17.1) 0.29
TIT (Kunkel) 14.1 (0.4-37.2) 120 (4.4-169) 7.8 (1.2-340) 127 (2.7-34.1) 0.08
Bilirubin (mg/dL) 1.5 (0.4-7.7) 12 (0.7-53) 1.1 (0.6-2.7) 12 (0.8-4.4) 0.03
AST (IU/L) 64 (21-652) 83 (31-157) 75 (28-216) 60 (30-154) 0.17
ALT (IU/L) 53 (11-239) 72 (24-191) 71 (18-298) 46 (14-182) 0.01
ICG R15 (%) 38 (12-96) 41 (15-64) 32 (6-62) 32 (8-53) 0.44
Alpha-fetoprotein (ng/mL) 23 (2-909) 40 (3.9-165) 29 (5-631) 11 (4-190) 0.28

ALT, alanine aminotransferase; AST, aspartic aminotransferase; ICG R15, indocyanine green retention rate at 15 min; TTT, thymol

tubidity test; ZIT, zincsulfate tubidity test.

*Kruskal-Wallis test or x-test. {Expressed by median (min, max):

The effect of IFN therapy was classified according to
elimination of HCV-RNA and ALT value 6 months after
the end of treatment. Sustained virological response
(SVR) was defined as persistent disappearance of HCV
RNA after therapy, biochemical response (BR) as
normal ALT values without elimination of HCV RNA for
at least 6 months after therapy, and no response (NR) as
persistently elevated or transiently normalized ALT
levels without loss of HCV RNA.

Follow up of patients

Patients were followed up on a monthly basis after the
diagnosis of cirrhosis by monitoring hematologic, bio-
chemical, and virologic data. Imaging studies were con-
ducted three or more times per year in the majority
of patients by using computerized tomography (C€T) or
ultrasonography (US). Angiography was performed
only when HCC was highly suspected based on CT or
US. When angiography detected a typical hypervascular
nodule, it was considered a specific finding for HCC in
these follow-up patients, and histological confirmation
was usually not required in the majority of patients. If
the angiographic study did not show any hypervascular
staining in a small hepatic nodule, a fine needle biopsy
was performed. In this cohort, 18 {(12.2%) patients were

lost to follow up [14 patients {11.6%) from group A,
two patients (18.2%) from group B, one patient (3.1%)
from group C and two patients (12.5%) from group D].
The date of the last follow-up in this study was 31 March
2007, and the median observation period: of studied
patients was 5.9 years (range, 0.1-19.6 years).

Statistical analysis

Non-parametric procedures were used for the analysis of
background characteristics of the patients, including
Kruskal=Wallis and %2 test. Changes in laboratory tests
values after splenectomy were evaluated by using Wil-
coxon signed-rank test. Survival rate was calculated from
the period between diagnosis of liver cirrhosis and death
in each group, by using the Kaplan-Meier method.®
HCC appearance rate was calculated from the period
between diagnosis of liver cirthosis and appearance of
HCC in each group, by again using the Kaplan-Meier
method. Differences in slopes of survival and carcino-
genic curves were evaluated by log-rank test. The median
waiting period between diagnosis of cirrhosis and sple-
nectomy was 1.6 months (range, 0.0~199.5 months) for
groups B and C. To compensate for wait-time bias in
the splenectomy groups, curves of survival and HCC
appearance were also drawn from the time of diagnosis

® 2009 The Japan Society of Hepatology
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Case |Genotype gg}:ggﬁgvrﬁ;gfgfgﬁ Viral effect 1 2 3 4 5 6 Ye:rs 8 ¢] 10 1 12 13
1 1b 21y NR [} ® >
2 | 1 0.1y NR [

4 1b 0.4y NR [}

5 2a 0.1y SVR |

6 2a Oty SVR

7 2a 0.1y SVR

8 1b 05y -fn{rgatment
9 2a 3.3y SVR

10 1b 0.0y BR
11 1b 1.0y NR

12 1b 0.1y
13 1b 25y NR
14 1o 01y
15 1b 00y
16 2a 0.2y 1

Figure 1 Individual patients who underwent splenectomy followed by long-term IFN therapy (group D). Hepatocellular: carci-
noma’ (HCC) developed in five of 16 patients. The dotted bars and arrows: represent IFN therapy and: follow-up- period. H,
appearance of HCC; SVR, sustained virological response; BR, biochemical response; NR, no response; 1, death.

of cirthosis in the groups. Independent factors associ-
ated with survival and HCC appearance were studied by
using time-dependent Cox regression analysis.? The fol-
lowing 14 variables were analyzed for potential covari-
ates for survival and liver carcinogenesis at the time of
the diagnosis of cirthosis: age; sex, habitual alcohol
intake (80 g/day or more), association of diabetes,
albumin, zinc sulfate turbidity test (ZIT), thymol tur-
bidity test (TTT), bilirubin, aspartic aminotransferase
(AST), ALT, PLT count, prothrombin activity, indocya-
nine green retention rate at 15 min (ICG R15), and
alpha-fetoprotein (AFP). In addition to these variables,
an interaction term of “waiting time” from the diagnosis
of liver cirrhosis to splenectomy was introduced in the
analysis as a time-dependent covariate. Several variables
were transformed into categorical data consisting of two
or three simple ordinal numbers in order to estimate the
hazard ratio. All factors found to be at least marginaily

© 2009 The Japan Society of Hepatology

associated = with survival and liver ‘carcinogenesis
(P < 0.10) were entered into multivariate:Cox propor-
tional hazard model. A P-value of less than 0.05 was
considered to be significant. ‘Statistical ‘analyses were
performed using the SPSS software (SPSS, Chicago, IL,
USA).

RESULTS

Effects and complications of splenectomy

HE  SPLENECTOMY GROUP  consisted of 11

patients with Child-Pugh Class A (group B=2,
group D = 8), 15 with Child-Pugh Class B (group B =8,
group:D = 7) and 1 with Class C (group D = 1) at opera-
tion. The median weight of the removed spleen was
430 g (range, 190-1600 g). Leukocyte count, PLT count
and total bilirubin improved in most patients after sple-

=624 -




Hepatology Research 2009; 39: 439-447

nectomy. Leukocyte count increased about 1.6 times
at 6 months after splenectomy [before splenectomy,
median = 3200/mm® (range 1800-5600); after splenec-
tomy, 5200 (3700-9000); P< 0.001). PLT count
increased about 2.3 times at 6 months after splenectomy
[before splenectomy, median =47 x10°/uL (range,
26-77 x 10%); after splenectomy, 110Xx10* (79~
275 x 10%); P < 0.001). Total bilirubin decreased about
0.6 times at 6 months after splenectomy [before sple-
nectomy, median = 1.2 mg/dL (range, 0.6-4.4); after
splenectomy, 0.7 (0.4-1.8); P=0.001). Leukocyte and
PLT counts reached peak levels within a month after
splenectomy and were almost stabilized at six months.

Postoperative complications following splenectomy
developed in three patients; hemoperitoneum (n=1),
portal vein thrombosis (n= 1) and secondary thromb-
ocytopenia (n = 1). Some patients received prophylactic
anticoagulation to protect against portal vein thrombo-
sis after splenectomy. One patient with hemoperito-
neum died due to multiple organ failure, while the other
patients recovered with medical treatment.

Complications of splenectomy plus IFN
combination therapy

Figure 1 shows patients that underwent combination
therapy (group D). During the observation period, one
patient (Case 3) of group D died of liver failure caused
by progression of HCC. The causes of death in three
other patients were not deemed to be complications
related to the combination therapy. None of the
patients of group D developed serious complications
(e.g. portal vein thrombosis, post-operative hemor-
rhage, pneumonia, sepsis) from the splenectomy. Post-
operatively, none of the patients showed worsening of
liver biochemical test results or developed decompen-
sated liver disease with ascites, encephalopathy, jaun-
dice or variceal bleeding. There were also no deaths in
the immediate postoperative period. Three patients
(18.8%) of group D discontinued IEN therapy for the
following reasons; severe thrombocytopenia (Case 1),
NSAID-induced liver injury (Case 2) and peripheral
neuropathy (Case 13). In contrast, eight patients
(25.8%) of group C discontinued IFN therapy. Three
(37.5%) of them discontinued IFN therapy due to
severe thrombocytopenia. When frequency of discontin-
ued IFN therapy was compared with group C and D,
there was no significant difference (P = 0.73). However,
there were cases, eight in group C but 0 in group D, who
required a reduction in IFN dosages during treatment as
compared with the beginning of treatment (P = 0.03).
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The splenectomy could have increased the ability for
patients to undergo IFN.

Effect of IFN therapy after splenectomy

Eleven of 16 (68.8%) patients of group D had HCV
genotype 1b and five (31.3%) had HCV genotype 2a
(Fig. 1). The viral response was determined at least
6 months after IFN therapy; SVR was noted in four
(36.4%) patients, BR in one (9.1%) and NR in six
(54.5%). Three patients continue to receive IFN therapy
at present. In this study, patients with SVR were all male
and had genotype 2a. One of the patients with SVR
received pegylated-IFNo~2b (Case 5, Fig. 1), while other
patients received IFN0.2b. Meanwhile, 18 of 32 (56.3%)
patients of group C had HCV genotype 1b, 12 (37.5%)
had HCV genotype 2a and two (6.3%}) had HCV geno-
type 2b. Group C had more patients with low HCV-RNA
(< 100 000 IU/mL) than group D (12 [37.5%] of group
C and three [18.8%] of group D, P=0.09). In group C,
SVR was noted in 7(21.9%) patients, BR in six (18.8%)
and NR in 17 (53.1%). Two patients continue to receive
IFN therapy at present.

SVR were not significantly different between group C
and D (P=0.43). This result might be a reason that
group D had more patients with HCV genotype 1 and
higher HCV-RNA than group. C.

Rate of hepatocarcinogenesis

During the follow-up period of up to 17 years (median
observation period of 5.9 years), HCC developed in 65
patients (36.1%): 40 (33.1%) in group A, five (45.5%)
in group B, 16 (50.0%) in group C and four (25.0%) in
group D. HCC appearance rates at the end of the third
year were 19:9,20.0, 25.0 and 6.3% in group A, B, € and
D, 28.5, 57.3, 34.5 and 14.1% at the end of the fifth
year, and 48.2, 78.7, 43.8 and 39.8% at the end of tenth
year, respectively (Fig. 2). There was no significant dif-
ferenice in the rate of HCC appearance among the four
groups (log-rank test, P=0.42). In particular; the HCC
appearance rate in group D was not significantly differ-
ent compared with group A (log-rank test, P = 0.50).

in addition; the rate of carcinogenesis correlated
inversely with the duration of IEN administration
(Fig. 1). For group D, 9 of 14 patients were treated with
IFN for = 12 months. The carcinogenic rate at the end of
the 5th year in the remaining patients of the same group
who were treated with' IFN for <12 months (20.0%)
was. higher than in those treated for =12 months
(9.1%). Multivariate analysis showed that the hazard
ratio of carcinogenesis for patients treated with IEN for
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Appearance rate of hepatocellularcar cinoma (%)

Figure 2 Crude hepatocellular carcino-
genesis (HCC) curves in- patients of
groups A, B, Cand D. There was no

Years

2 12 'months was 0.022 after adjustments for significant
covariates, but was not significantly different (P = 0.43).

We also assessed the effects of splenectomy and long-
term [FN ‘therapy on hepatocarcinogenesis by com-
paring - patients- of “group D - (splenectomy + IFN
administration for = 12 months) with those of group A.
The combination therapy reduced the hazard ratio to
0.03 (multivariate analysis with adjustments for signifi-
cant covariates), though it was significant (P= 0.83).
We also assessed. compared patients.of groups C and
B  (splenectomy alone). Administration of IFN. for
212 months reduced the hazard ratio to 0.03 (multi-
variate analysis after adjustments  for - significant
covariates), but was not significant (P =0.83): These
results: suggest that the combination of splenectomy
plus - long-term IEN  decreased the . likelihood . of
hepatocarcinogenesis.

Effect of splenectomy and IFN combination
therapy on survival

During the observation period, one of the 16 patients of
group D (Case 3) died (Fig. 1). The survival rates for
groups A; B, Cand D were 84.2, 90.9, 87.5 and 100% at
the end of the third year; 72.0, 90.9, 87.5 and 100% at
the fifth year, 41.4, 36.4, 83.3 and 83.3% at the tenth
year, respectively (Fig. 3). The survival rate for patients
of group D was the highest compared with the other
groups (log-rank test, P = 0.002). We also compared the
effect of combination therapy on the survival rate of
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significant. - difference: in ~the HCC
15 appearance rate among the four groups
(log-rank test, P = 0.42).

patients of group A and group D. The survival rate of
group D was significantly higher than of group A (log-
rank test, P=0.004). We also:compared the effect: of
combination therapy. on the survival rate of patients of
group C and group D. The survival rate of group D was
not significantly different compared with group C (log-
rank test; P=0.29). The combination therapy signifi-
cantly improved the hazard ratio of survival to 9.69
(P=0.028, multivariate analysis with adjustments for
significant covariates, Table 2). These results suggest that
the splenectomy simply increased the ability for patients
to undergo IFN and may not directly improve patient
survival.

DISCUSSION

HRONIC HEPATITIS C virus (HCV) will continue

10 cause  significant morbidity and  mortality
through to at least 2015.)% HCV infection remains a
common cause of chronic liver disease and is an increas-
ing indication for liver transplantation. Thrombocy-
topenia (platelet counts <150 x10%/uL) is a common
complication  in - patients with chronic liver disease
(CLD), and is reported in as many as 76% of cirrhotic
patients.!'The ability to increase platelet levels could
significantly reduce the need for. platelet transfusions
and facilitate the use of IFN-based antiviral therapy
and other medically indicated treatments in patients
with liver disease. Current treatment options for severe
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Figure 3 Survival ‘rates for: patients of 20
groups A, B, C and D. The sutvival rate
was significantly different for group A,
B, C.and D (logrank test; P=0.002).
The survival rate of patients of group D 0 T
was significantly higher than' that of 0

group A (log-rank test, P =0.004).

thrombocytopenia include platelet transfusion, splenic
artery embolization and splenectomy. We studied the
usefulness of the combination therapy of splenectomy
and long-term IFN in patients with advanced HCV-
related ¢irrhosis and thrombocytopenia.

With regard to the usefulness of splenectomy, some
studies reported that splenectomy improved PLT counts
in cirrhotic patients with thrombocytopenia.*? Further-
more, Shimada etal?? reported that splenectomy
resulted in significant falls in ammonia levels and rises
in serum albumin. Thus, there is evidence that splenec-
tomy is beneficial and results in recovery of liver func-
tion by improving of blood supply to the liver.*"* In the
present study, at 6 months after splenectomy, leukocyte
count increased 1.6 times, PLT count increased 2.3
times, and total bilirubin decreased nearly 0.6 times,

Table 2 Significance of combined therapy of strvival rate in
patients of advanced hepatitis C virus-related cirrhosis with
low  platelet count (time:dependent proportional  hazard
model)

Factors ; Category - Hazard ratio p
(95%:CI)
Combined therapy 1:no 1 0.028

(splenectomy +IFN) 2: yes 9.69 (1.28-76.9)

IFN;, interferon therapy.

Years

relative to prior the procedure. Furthermore, liver func-
tion test results also improved in most patients: with
splenectomy.

With regard to the value of IFN therapy after splenec-
tomy,  Hayashi et al.® reported that splenectomy in
patients with HCV cirrhosis can be done safely to-allow
application. of antiviral treatment and potentially avoid
transplantation.® In this study, only three of 16 (18.8%)
patients discontinued IEN therapy after splenectomy.
Among the three patients, IFN therapy was discontinued
because ' of ‘thrombocytopenia in only one (6.3%)
patient. \On the other hand, 13 (81.3%) of the 16
patients on combination therapy were able to complete
the full course of IFN therapy, contintie IEN therapy or
stopped therapy due to NR. Thus, it may be said that IFN
therapy is ‘safe in most patients with advanced HCV-
related cirthosis and thrombocytopenia. Furthermore,
the preserit results indicate that splenectomy is an effec-
tive method in patients with chronic HCV infection and
hypersplenism . to increase peripheral leukocyte and
platelet counts so that subsequent IFN therapy can be
better tolerated. In this study, regarding the reduction of
IFN dosages during treatment when comparing group C
and D, group D did not have any cases who a reduction
in IFN dosages was necessitated by thrombocytopenia
(P=0.03). Hayashi etal.® reported that five of their
seven “patients underwent splenectomy and then
completed ‘a full course of pegylated TFN and ribavirin

© 2009 The Japan Society of Hepatology
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treatment or stopped therapy due to NR, and that none
of their patients required dose reductions or treatment
discontinuation due to thrombocytopenia. In the
present study, the viral response to IFN therapy was SVR
in four (36.4%) patients, BR in one (9.1%) and NR in
six (54.5%). SVR was not significantly different between
group C and D (P = 0.43). This result might be a reason
that group D had more patients with HCV genotype 1
and higher HCV-RNA than group C. All patients with
SVR of group D had genotype 2, suggesting that SVR
seems to be achievable by combination therapy in
patients with HCV-related cirthosis with genotype 2 and
thrombocytopenia.

We also analyzed the effect of the combination
therapy on hepatocarcinogenesis in patients with
advanced HCV-related cirrhosis and low PLT count.
Chen et al.* reported that the 5-year tumor-free survival
rate was significantly higher after hepatectomy and sple-
nectomy than after hepatectomy alone (37 vs. 27.3%,
respectively, P = 0.003). In contrast, Yao et al.'® reported
that splenectomy in early stage of tumor inoculation
stimulated tumor growth and metastasis in their rat
model of HCC." In this study, the HCC appeararice rate
in: patients who:underwent splenectomy alone (group
B) -was not significantly different from that: of the
control (log-rank test, P=0.52). In addition, the HCC
appearance rate in patients who received the combina-
tion therapy was also not significantly different from the
control (log-rank test, P'= 0.50). We previously reported
that long-term ‘IFN therapy for 12 months or longer
reduced the rate of hepatocarcinogenesis in: patients
with: liver cirrhosis caused by HCV.®> Multivariate analy-
sis of long-term follow-up showed that the combination
therapy, including IFN administration for 2 12 months,
decreased the hazard ratio of hepatocarcinogenesis to
0.03, though this was not significant (P =0.83). The
reason for the lack of significance might be the small
population sample of this study. Yoshida  efal.'®
reported that IFN therapy significantly reduced the risk
for HCC, especially among virologic and biochemical
responders. That the combination therapy decreased the
hazard ratio of hepatocarcinogenesis to 0.03 suggests
the ability of long-term IFN to inhibit HCC, especially
among non-responders.

We also examined the effects of the combination
therapy on survival. In this study, multivariate analysis
using . time-dependent  variables - showed  significant
improvement of survival in patients who received the
combination  therapy (group ‘D) compared with the
control group. (group A) (hazard ratio 3.40, P=0.017;
95%.CI 1.24-9:35). This may be considered the crucial
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finding of this study. In splenectomy, Morimasa et al."’
reported no difference in survival rate between splenec-
tomy and endoscopic injection sclerotherapy (EIS) for
esophageal varices. Similarly, the survival rate in the
splenectomy group in this study (group B) was not sig-
nificantly different from the control (P = 0.88}. Further-
more, the survival rate of group D was not significantly
different compared with group C (log-rank test,
P=0.29). These results suggest that the splenectomy
increased the ability for patients to undergo IFN and
that the combination therapy of splenectomy and long-
term IFN significantly improved survival rate in patients
with advanced HCV-related cirrhosis and thrombocy-
topenia. The likely mechanism of action of the combi-
nation therapy is first- improvement - of leucopenia
and thrombocytopenia following splenectomy, which
allowed administration of IFN, and then IFN produced
remission of liver fibrosis, control of necroinflammatory
process, and induced suppression of the HCC growth
process, consequently leading to improvement of
survival rate. Moreno and Muriel®® reported that IFN
resulted in remission of liver fibrosis, and that control of
the necroinflammatory process can therefore induce
suppression of the HCC growth process. Ourresults also
suggested that patients with NR may need to continue
the combination therapy with long-term IFN therapy.

“Pegylated IFN plus ribavirin” and “eltrombopag” are
promising drugs and can be potentially used in combi-
nation' therapy. Recent multicenter trials have demon-
strated the superiority of pegylated IEN plus ribavirin
compared ‘to pegylated ‘IFN alone or non-pegylated
combination therapy.?? In addition, several promising
novel agents that stimulate TPO and increase PLT count,
such as the oral platelet growth factor eltrombopag, are
currently in development for the prevention and/or
treatment of thrombocytopenia.?! Eltrombopag may be
a substitute for splenectomy or PSE. Thus, combination
therapy of pegylated IFN plus ribavirin after splenec-
tomy or eltrombopag may improve survival rate and
reduce the rate of hepatocarcinogenesis.

Our study had certain limitations. In particular, in this
study, four (25%) of the patients who underwent com-
bination therapy had a history of splenectomy. A ran-
domized control study with a larger number . of cases
should be conducted to confirm the effectiveness of this
therapy.

In conclusion, the combination’ therapy of splenec-
tomy and long-term IFN decreased the rate of hepato-
carcinogenesis and significantly improved the survival
rate in patients with advanced HCV-related cirthosis and
low PLT count.
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Introduction

Abstract

Background and Aims: Long-term lamivudine therapy is required for patients with
chronic hepatitis B, because hepatitis reappears frequently after it has withdrawn, However,
hepatitis B virus (HBV) mutants resistant to lamivudine emerge frequently accompanied by
breakthrough hepatitis.

Methods: Effects of entecavir were evaluated in 19 patients who had developed break-
through hepatitis during lamivudine’ therapy for longer than 5years. This study is a
subgroup analysis of a previously reported study. Entecavir, in either 0.5 or 1.0 mg/day
doses, was given to 10 and nine patients for 52 weeks, respectively, and then all received
1.0 mg/day entecavir for an additional 68-92 weeks.

Results: There were no differences in biochemical and virological responses in the two
groups of patients with respect to the two different initial doses of entecavir. Serumlevels
of alanine aminotransferase were normalized in 17 (90%) patients, and hepatitis B ¢ antigen
(HBeAg) disappeared from the serum in two (14%) of the 14 patients who were HBeAg-
positive before. Furthermore, a decrease in histological activity index score greater than 2
points was achieved in nine of the 11 (82%) patients in whom annual liver biopsies were
performed during 3 years while they received entecavir. HBV mutants resistant to entecavir
emerged in five of the 19 (26%) patients, and hepatitis flare occurred in two of them (40%).
Conclusion: Entecavir in the long term would be useful for histological improvement of
breakthrough hepatitis induced by lamivudine-resistant: HBV: mutants. in' patients with
chronic hepatitis B. However, the relatively high rate of entecavir resistance is a concern,
and other strategies need to be considered when available:

Subsequently, adefovir dipivoxil has been approved for treat-
ment of chronic hepatitis B,*° and more recently entecavir,!™!

Worldwide, an estimated 400 million people ‘are infected with
hepatitis B virus (HBV) persistently, and some of them develop
fatal liver disease, such as decompensated cirrhosis: and hepato-
cellular carcinoma.! In 1995; lamivudine was introduced to the
treatment of chronic hepatitis B for which interferon (IFN) had
previously been the only option.>* Although lamivadine is effi-
cient for treatment of chronic hepatitis: B, drug-resistant HBV
variants. with: mutations: in- the  tyrosine-methionine—aspartate~
aspartate (YMDD) motif occur increasingly more frequently
with treatment. duration, to higher than 60% within 5 years.*”’
Furthermore, these YMDD' mutants: are often accompanied by
breakthrough hepatitis, and it is difficult to obtain disease control
with lamivudine.

Journal of Gastroenterology and Hepatology 24 {2009) 429-435 © 2009 The Authors

Entecavir is superior to lamivudine as the first-line treatment, and
both adefovir add-on lamivudine and entecavir as switch therapy
have also been employed for treatment of breakthrough,'>*

The present study represent a subgroup analysis of our previ-
ously reported multicenter randomized controlled trial.'? From a
single center, biological and. virological responses to entecavir
were examined among 19 patients who had developed hepatitis
breakthrough during long-term lamivudine therapy, with particular
focus on histological responses to entecavir. over 3 years and the
rate of development of entecavir resistance. Because patients had
been randomized to both the low (0.5 mg) and higher (1.0 mg)
doses of entecavir, we were also able to compare results between
these two different doses.

429

Journal compilation © 2009 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

- 630 -




Long-term entecavir for chronic hepatitis B

Methods

Patients

During 10 years from November 1995 to December 2004, 704
patients with chronic hepatitis B received 100 mg lamivudine/day
and were followed for more than 5 years in the Department of
Hepatology of Toranomon Hospital in metropolitan Tokyo.
Lamivudine-resistant YMDD mutants developed in 274 (39%) of
the patients, accompanied by breakthrough hepatitis in 176 (64%
of those with mutants). Medication was changed so they received
the other antivirals. The present study is a subgroup analysis of our
previously reported multicenter randomized controlled trial."
After entecavir became available, 19 of them were switched to it
and the treatment was continued for up to 3 years. None of them
were infected with hepatitis C virus (HCV) or HIV type 1; or had
autoimmune hepatitis. They were followed for liver function tests
and serum markers of HBV infection monthly. At the start of
entecavir therapy, chronic hepatitis was diagnosed in them all by
liver: biopsies . performed under . laparoscopy and/or. ultrasonic
imaging; cirrhosis was detected in no patients. Liver biopsies were
performed anrually for 3 years on 12 of the 19 (63%) patients, for
evaluating the efficacy of long-term entecavir in improving histol-
ogy. of the liver. The study design conformed to. the 1975 Decla-
ration: of Helsinki, and was approved by the ethics committee of
the institution. All patients gave their informed consent to partici-
pate in this study.

Markers of HBV infection

Hepatitis B surface antigen (HBsAg) and the corresponding anti-
body. (anti-HBs) were determined by hemagglutination (MyCell;
Institute of Immunology, Tokyo, Japan), and hepatitis e antigen
(HBeAg): by enzyme-linked immunosorbent assay - (ELISA)
(F-HBe; Sysmex, Kobe, Japan): HBV-DNA was determined by
reverse transcription polymerase chain reaction (RT-PCR) with
commercial kits (Amplicor, Tokyo, Japan; Roche, Tokyo, Japan),
and the result was expressed in log genome equivalents (LGE)/mm
with the cut-off value of 2.6 LGE/mL over a dynamic range of
2.6-7.6 LGE/mL. The six major genotypes (A-=F) were deter-
mined serologically by ELISA (HBV Fenotype EIA; Institute of
Immunology). The method employs the combination of epitopes
on preS2:region products that is specific for each genotype.>'¢

Analyses for viral resistance

YMDD mutants were determined by PCR followed by restriction
fragment length polymorphism  after the method of Chayama
et al.* HBV mutants resistant to entecavir were examined at the
baseline and sequentially while patients received entecavir. HBV-
DNA was extracted from the serum and amplified by PCR, and
nucleotides: corresponding to amino ‘acids 1-344 of the reverse
transcriptase ‘were  sequenced directly by the: dideoxy-chain
method of Sanger ef al.'’

Treatment with entecavir

The 19 patients were randomized to receive two different regimens
of entecavir in a double-blind study. Thus; 0.5 and 1.0 mg ente-
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cavir was given daily to 10 and nine patients, respectively, for the
first 52 weeks. Thereafier, patients in both groups received 1.0 mg/
day entecavir, and the treatment was continued for an additional
68-92 weeks (120144 weeks in total).

Response to entecavir

Biochemical response was defined by the normalization of serum
alanine aminotransferase (ALT; < 50 IU/L in our laboratory), viro-
logical response by the disappearance of HBV-DNA from serum
detectable by Amplicor (sensitivity, < 2.6 LGE/mL), and histo-
logical response by a decrease in histology activity index (HAD
score of 2 points or more. Necroinflammatory activity and fibrosis
were evaluated by the METAVIR score as well.

Statistical analysis

Frequenicies were compared between groups by the Mann—
Whitney U-test and Fisher’s exact test, and medians by the Wil-
coxon signed rank test. Normalization in ALT levels and loss of
HBV-DNA from the serum, as well as the development of
entecavir-resistant HBV mutants, were compared by the method of
Kaplan—Meier, and differences were evaluated by the log-rank test
with use of the production limit method. P < 0.05 was considered
significant. Analysis of data was performed with SPSS software
(SPSS, Chicago; IL, USA).

Results

Comparison of baseline characteristics
between patients given 0.5 and 1.0 mg
entecavir daily for 52 weeks and then 1.0 mg
for an additional 68-92 weeks

Table 1 comipares demographic, biochemical, hematological and
virological characteristics between 10 and nine patients with
chronic hepatitis B who ‘were randomized to receive 0.5 and
1.0 mg entecavir, respectively, daily for the initial 52 weeks.
Thereafter, they. all received 1.0 mg entecavir daily for an addi-
tional 68-92 weeks (120-144 weeks in total). There were no dif-
ferences in age, sex, pretreatment ALT levels, platelet: counts,
frequency of HBeAg, distribution of HBV genotypes, HBV-DNA
levels and types of YMDD' mutants between the two groups of
patients:

Normalization of ALT and loss of HBV-DNA
from the serum in patients who received
long-term entecavir treatment

Figure 1 4 depicts ALT Ievels in 10 and nine patients who received
0.5 and 1.0'mg entecavir daily, respectively, during the: initial
52 weeks; thereafter, they all received 1.0 mg entecavir daily for
an ‘additional '68-92 weeks (120-144 weeks in ‘total). In both
groups, ALT levels increased slightly during 2-4 weeks after the
start of entecavir therapy, and then decreased sharply. ALT levels
were lowered within the upper limit of normal (= 50 IU/L) 12 and
8 weeks after the start of 0.5 and 1.0'mg entecavir daily, respec-
tively. After then, ALT levels decreased and stayed within the
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