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Abstract

 

This study was conducted to assess the progression and prognosis of a total of 108 patients with hepatocellular carcinoma (HCCs) smaller than 5
cm in diameter treated by percutaneous ethanol injection (PEI) with or without transcatheter arterial chemoembolization. All patients were classified
as Child-Pugh A (

 

n

 

 

 

�

 

 84) or B (

 

n

 

 

 

�

 

 24). Logarithm of hazard rate (per month) with time since therapy was assessed. The Weibull model was used
to elucidate the effect of pretreatment clinico-pathologic variables on prognosis. The rate of death increased by 4.7% (95% CI: 3.7–5.7%) per month
since treatment. Child-Pugh B status was associated with a 2.8-fold risk (95% CI: 1.52–5.16) of death. Those with a high level of AST or alcoholic
cirrhotics had a two-fold risk (95% CI:1.14–3.42) for death from HCC. Our results suggest the optimal frequency of clinical surveillance of small
HCC cases after treatment should take account of increased hazard rate with time and the roles of pretreatment clinico-pathologic variables.
© 2002 Elsevier Science Inc. All rights reserved.

 

Keywords: 

 

Small hepatocellular carcinoma; Percutaneous ethanol injection; Child-Pugh classification; Prognosis; Weibull model

 

1. Introduction

 

Although the long-term survival rate for patients with small
hepatocellular carcinoma (HCCs) treated with percutaneous
ethanol injection (PEI) with/without transcatheter arterial em-

 

bolization or chemoembolization (TAE/TACE)

 

 

 

has been re-
ported to be comparable to that of patients undergoing surgical
hepatic resection [1–4], prognosis of small HCC treated by PEI
has been observed to deteriorate with time after treatment. Ta-
ble 1 summarizes the estimated hazard rates of death for small
HCC treated by PEI with or without TAE/TACE from the pre-
vious studies between 1987 and 1997 [2–9]. It can be seen that
most studies on PEI show that the annual risk of death from
HCC for patients treated with PEI increases with time.

 

 

 

For ex-
ample, the largest study in Italy [4] shows the rate of death per
1000 per month for a solitary tumor less than 3 cm increasing
from 2.54/1000 per month in the first year to 29.51/1000 per

month in the fifth year. Similar findings were also observed for
tumors with size between 3 and 5 cm in diameter or tumors
with multiple nodules.

By contrast, the hazard rate of HCC by surgical treatment
tends to decrease or to remain constant with time [10–14]. For
example, Chen et al. [10] reported 56%, 40%, 36%, and 33%
for the 1-, 2-, 3-, and 4-year of survival rates for 205 patients.
Hazard rates for HCC cases treated with hepatic resection in
Iwatsuki and Starzl [12] decrease from 54.57/1000 per month
in the first three months to 12.81/1000 in the fifth year.

Regarding the overall prognosis of small HCC cases
treated by PEI, previous studies showed cumulative survival
or hazard rate of patients with PEI varies and is probably
dependent on factors pertaining to prognosis of HCC, for
example, Child-Pugh classification and tumor size. This im-
plies that prediction of prognosis for small HCC should take
relevant covariates into account. It would be very informa-
tive to identify pretreatment variables predictive of out-
come, while taking the nonconstant hazard rate mentioned
above into account.

To further quantify this phenomenon, we applied a simple
survival method shown in the Appendix A to estimate the
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hazard rate of death per month of follow-up after systematic
literature reviews. The aims of this study are therefore to ex-
amine whether the increased hazard rate of death for small
HCC cases treated by PEI is also observed in Taiwanese pa-

tients using a time trend equation. Taking non-constant rate
of death into account, analysis of prognosis of HCC was per-
formed by the use of the Weibull model. Finally, a predictive
Weibull model for HCC treated with PEI was developed to

 

Table 1
Estimated hazard rates of death for patients with HCC treated by PEI, from the literature between 1995 and 2000

Author/ year/
Country

Study period/
number of HCC /
tumor size or tumor nodules/
child status/
time of follow-up (mean

 

�

 

SD) Time since treatment: 

Estimated hazard
rate of death
cumulative 
survival per 1000 
in month [Ref]

1. Shiina, et al./
1993/Japan

Dec 1985–Oct 1991/146
PEI with TAE or without TAE/71 

0–1 year
1–2 year
2–3 year

79.0%
64.0%
46.0%

8.63
7.62

11.95
[2]

2. Castells et al./
1993/Spain

30 subjects
all with cirrhosis

 

�

 

4 cm
Child A

 

�

 

B 

0–1 year
1–2 year
2–3 year
3–4 year

83.0%
66.0%
55.0%
34.0%

6.74
8.30
7.26

16.74
[3]

3. Livraghi et al./
1995/ Italy 

July 1985–July1993/
746 patients with cirrhosis /
400 uninodular 

 

�

 

5cm, 200, 
multiple lesions (3) 

 

��

 

3 cm, 

 

��

 

3 cm
0–1 year
1–2 year
2–3 year
3–4 year
4–5 year

3–5 cm
0–1 year
1–2 year
2–3 year
3–4 year
4–5 year

Multiple
0–1 year
1–2 year
2–3 year
3–4 year
4–5 year

97.0%
92.0%
68.0%
57.0%
40.0%

96.2%
86.0%
68.0%
51.2%
32.0%

94.0%
82.0%
47.0%
36.0%
26.0%

2.54
4.41

25.19
14.70
29.51

5.16
16.62
25.06
19.70
16.31

5.16
11.38
46.38
22.2
27.12

[4]

4. Lencioni et al./
1995/ Italy

Dec 1987–Aug 1994 /
105 patients with cirrhosis / 
uninodular 

 

�

 

5 cm or multiple
lesions (2–4) 

 

��

 

3 cm /A or
B/2–78 months (22.5

 

�

 

16.4)

0–1 year
1–2 year
2–3 year
3–4 year
4–5 year

96.2%
86.0%
68.0%
51.2%
32.0%

3.20
9.34

19.57
23.97
38.84

[5]

5.  Pompili et al./
1997/Italy 

May 1998–Dec 1994/
57 patients with cirrhosis /
uninodular 

 

�

 

5 cm /A or
B/8–75 months (33)

0–1 year
1–2 year
2–3 year
3–4 year

93.0%
75.0%
61.0%
43.0%

6.48
17.93
17.22
29.14 [6]

6. Ishii et al./
1996/Japan 

March 1990–Oct 1994/ 
90/solitary tumor 5–38 mm

0–1 year
1–2 year
2–3 year
3–4 year

97.5%
86.2%
71.6%
48.5%

2.11
10.26
15.46
32.46

[7]

7. Ishii, et al./
1996/Japan

Feb 1984–Feb 1993 /
31/solitary tumor

 

�

 

3 cm

0–1 year
1–2 year
2–3 year 

100.0%
85.2%
85.2%

0.00
13.35 
—

[8]

8. Ohnishi et al./
1987/Japan

Up to Dec 1985/

 

�

 

5cm/Child A–C/
TAE

 

�

 

 3cm
0–1 year
1–2 year
2–3 year
3–4 year

3–5 cm
0–1 year
1–2 year
2–3 year
3–4 year

74.0%
63.0%
51.0%
38.0%

82.0%
64.0%
43.0%
16.0%

11.09
5.57
8.06

10.38

11.09
9.03

14.53
35.58

[9]

Details of calculation of hazard rate are given in Appendix A.
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provide information for the clinical physician to choose the
optimal treatment for patients with small HCC.

 

2. Methods

 

2.1. Patients

 

Between January 1991 and December 1999, a total of
108 patients with HCCs smaller than 5 cm in diameter
treated by PEI with or without TAE/TACE at one large re-
gional hospital in Taipei, Taiwan, were recruited under the
approval by ethics committee. All patients were unsuitable
for surgical hepatic resection because of liver dysfunction,
presence of lesions in locations that not amenable to hepatic
resection, or coexistence of other disease. All patients had
liver cirrhosis. They were confirmed histologically in 48 pa-
tients. For the remaining 60 patients, cirrhotic liver were di-
agnosed by unequivocal clinical criteria, that is, coarse liver
parenchyma with uneven or nodular surface on images of
ultrasonography (US) and computed tomography (CT),
corkscrew vascular pattern on hepatic angiography, pres-
ence of portal hypertension (esophageal or gastric varices,
enlarged spleen, reopening ductus umbilicus) in chronic
liver disease patients. Criteria for treatment with PEI in-
cluded: (1) single, nodular HCC smaller than 5 cm or multi-
ple (up to four) nodular HCC lesions less than 5 cm each;
(2) no portal vein thrombosis or extrahepatic metastases; (3)
cirrhosis classified as Child-Pugh A or B; (4) absence of
any symptoms related to bleeding and prothrombin time
less than 16 sec and platelet count higher than 40,000/

 

�

 

L.
The number of tumor nodules and absence of portal vein
thrombosis were confirmed on the basis of US and CT scan
findings. Tumor size in diameter was rated by US. Extrahe-
patic metastases was investigated by means of clinical as-
sessment, chest X-ray, abdominal US, and CT.

The patients were 38 females and 70 males with an aver-
age of 61 years (

 

�

 

S.D., 

 

�

 

9.4 years). A total of 59 deaths
from HCC were ascertained after follow-up until 31, July
2000.The median follow-up time was approximately 40
months. Characteristics of patients are listed in Table 2.
Hepatitis B surface antigen (HBsAg) was positive in 48 pa-
tients, and hepatitis C virus (HCV) antibody was positive in
51. None had both hepatitis B surface antigen and HCV an-
tibody. Ninety-seven patients had a uninodular tumor, and
only 11 had a multinodular tumor (at least four nodules).
The size of the treated tumors ranged between 0.7 and 4.9
cm with mean value, 2.39 cm (

 

�

 

S.D., 

 

�

 

1.06). PEI was the
first choice of treatment for uninodular tumors less than 3
cm in diameter. Combined PEI with TAE/TACE therapy
was undertaken to HCCs between 3 and 5 cm in diameter.
The guideline for the combined therapy is that when an-
giography indicated a hypervascular tumor and liver func-
tion was preserved enough for TAE/TACE, TAE/TACE
was performed with PEI therapy. In this study, 64 of 108
patients (59%) were treated with PEI in combination with
TAE/TACE. Before treatment, all patients were examined

 

by US and dynamic CT with intravenous contrast enhance-
ment. The diagnosis of HCC was confirmed by (1) US-
guided fine-needle biopsy of the lesion in 35 patients; (2)
focal hepatic nodule(s) with typical images of HCC on US,
CT, angiography combined with elevated 

 

�

 

-fetoprotein
(AFP) level above 200 ng/mL in 21 patients; (3) focal he-
patic nodule(s) with typical images of HCC on US and CT
combined with hypervascular tumor stains on angiography
in 46 patients; (4) focal hepatic nodule(s) without typical
images of HCC on US, CT, or angiography presenting with
progression of tumor in six patients. Thirty of the 108
(27.8%) patients were found to have elevated AFP level
above 200 ng/mL. After the PEI cycle, patients were exam-
ined by US and CT at 1-month intervals. Levels of AFP
were also measured. If a viable tumor was found the admin-
istration of PEI was repeated. If no residual tumor was
found, the patients were subjected to periodical monitoring
with AFP measurement and sonography at 3-month interval
and CT scan at 6-month intervals.

 

2.2. Prognostic factors

 

The pretreatment clinico-pathologic variables evaluated
for an effect on survival in this study include patient- and
tumor-related variables. Patient-related factors were sex,
age, causes of cirrhosis (indicated by serology test of HB-
sAg, anti-HCV, and habit of alcohol consumption), severity
of liver dysfunction (Class-Pugh A or B), serum albumin
level, serum total bilirubin level, serum aspartate transami-
nase (AST), and alanine transaminase (ALT) levels, pro-
thrombin time, and presence of ascites. Tumor-related vari-
ables include types of tumor (solitary or multiple nodules)
and diameters of tumor. The levels of AST and ALT were
dichotomized according to the median values (56 IU/L for
AST, and 40 IU/L for ALT). Serum AFP level above 200
ng/mL was classified as high AFP group.

 

2.3. Statistical methods

2.3.1. Time trend equations

 

To assess whether the risk of death increased with time,
time trend equations were derived by following procedure:

1. Cumulative survival rates of HCC cases were first an-
alyzed by the Kaplan-Meier method. The differences
of cumulative survival were assessed by the use of
Log-rank method. .

2. The hazard rate per month was calculated on the basis
of the fundamental concept of survival analysis [15].
This is described in Appendix A.

3. A time trend equation was applied to regress the loga-
rithm of hazard rate (per month) on time since therapy.

 

Ln

 

(

 

h

 

(

 

t

 

)) 

 

�

 

 

 

	

 

t 

 

�

 

 

 

�

 

(1)

where 

 

	

 

 and 

 

�

 

 are slope and intercept of logarithm of haz-
ard rate.

4. To estimate stratum-specific hazard rates in relation
to prognostic factors such as Child-Pugh status, a re-
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gression model with interaction term between time
and certain specific prognostic factor was used. Take
Child-Pugh status (denoted as 

 

X

 

4

 

), for example, the
regression model with the interaction term (

 

X

 

4 

 




 

 

 

t

 

)
was expressed as:

 

Ln

 

(

 

h

 

(

 

t

 

)) 

 

�

 

 

 

	

 

1
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�

 

 

 

	

 

2

 

 

 




 

 

 

X

 

4 

 




 

 

 

t 

 

�

 

 

 

�

 

(2)

Note that Child-Pugh A and Child-Pugh B are denoted as

 

X

 

4

 

 

 

�

 

 0 and 

 

X

 

4

 

 

 

�

 

 1, respectively. Two regression coeffi-
cients, 

 

	

 

1

 

 and

 

 

 

	

 

2

 

, 

 

are slopes of logarithm of hazard rate for
Child-Pugh A and Child-Pugh B, respectively.

 

2.3.2. The Weibull model

 

Because it was postulated that the hazard rate of death
from HCC increases with time of follow-up, multiple re-
gression using the Weibull model was applied to identify
significant prognostic factors. The Weibull model approach
is a parameteric survival model for accommodating hazard
rates at different times. Clinical application to HCC cases is

illustrated in Appendix B. This model was further used to
predict the absolute survival of HCC cases treated by PEI
based on clinico-pathologic variables. The detailed algebra
for survival probability for the Weibull model is also given
in Appendix B.

The predicted cumulative survival by Weibull model was
compared with the observed cumulative survival curve cal-
culated by life-table method. Goodness of fit test between
two curves by 3-month interval was also assessed.

 

3. Results

 

3.1. Cumulative survival and hazard rate

 

The overall survival rates of HCC treated by PEI and PEI
in combination with TAE/TACE for 1–5 years were esti-
mated as 92%, 72%, 54%, 34%, and 24%, respectively. The
hazard rate of death increased with time (Fig. 1). The increas-
ing trend expressed by the slope of 0.0460 (SE 

 

�

 

 0.005) us-

 

Table 2
Cumulative survival of small HCC cases by demographic and clinico-pathologic variables

Variable
No. of deaths /
No. of patients

Cumulative survival

P-value1-Year 3-Year 5-Year

Sex 3.24 0.0718
Male 42/70 0.8857 0.4827 0.0955
Female 17/38 0.9737 0.6510 0.4780

Age 1.39 0.5000

 

�

 

55 13/29 0.9655 0.6123 0.3108
55–64 25/44 0.8864 0.5765 0.1625

 

�

 

65 21/35 0.9143 0.4261 0.2536
Cause of cirrhosis 7.45 0.0063

Hepatitis

 

a

 

49/95 0.9158 0.5905 0.2623
Alcohol 10/13 0.9231 0.1579 0.1579

HBsAg 0.07 0.7914
Positive 27/48 0.8958 0.5659 0.2388
Negative 32/60 0.9333 0.5117 0.2467

Anti-HCV 1.00 0.3185
Positive 25/51 0.9412 0.6095 0.2534
Negative 34/57 0.8947 0.4742 0.2296

Liver dysfunction 28.59

 

�

 

0.001
Child—Pugh A 38/84 0.9643 0.6360 0.3291
Child—Pugh B 21/24 0.7500 0.1893 0.0631

Level of AFP 0.0907 0.7633

 

�

 

200 ng/mL 41/78 0.9359 0.5709 0.2336

 

�

 

200 ng/mL 18/30 0.8667 0.4551 0.2600
Type of tumor 7.05 0.0079

Solitary 50/97 0.9278 0.5486 0.2709
Multiple 9/11 0.8182 0.4242 0.1414

Tumor size 1.50 0.2212

 

�

 

2 cm 15/33 0.9091 0.6208 0.4997
2

 

�

 

5 cm 35/64 0.9375 0.5027 0.1496
Level of AST 7.76 0.0053

Low (

 

�

 

56 IU/L) 24/54 0.9630 0.6543 0.3852
High (

 

�

 

56 IU/L) 35/54 0.8704 0.4070 0.1135
Level of ALT 0.25 0.6184

Low (

 

�

 

40 IU/L) 29/53 0.9245 0.5707 0.2976
High (

 

�

 

40 IU/L) 30/55 0.9091 0.5013 0.1964
Treatment modality 2.59 0.1073

PEI 21/44 0.9545 0.6496 0.2787
PEI

 

�

 

TAE/TACE 38/64 0.8906 0.4600 0.1996

 

a

 

Including hepatitis B and C related.

χ 2
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ing the time trend equation from expression (1) reaches sta-
tistical significance (

 

t

 

 

 

�

 

 9.10, P 

 

�

 

 .0001). This corresponds
to a 4.7% (95% CI: 3.7–5.7%) increase per month in the
hazard rate. Similar linear trends were also found for PEI
without TAE/TACE [4.79% (95% CI: 3.87–5.72%) per
month] and for PEI with TAE/TACE [5.25% (95% CI:
4.46–6.04%) per month].

Table 2 shows 1-year, 3-year, and 5-year cumulative sur-
vival by relevant clinico-pathologic characteristics before

therapy. Only etiology of liver cirrhosis, Child-Pugh status,
type of tumor, and AST show statistical significance in ac-
counting for prognosis of small HCC cases.

Males have poorer survival than females. The difference
is of borderline statistical significance (

 



 

2
(1) 

 

�

 

 3.24, P 

 

�

 

.0718). The hazard rate increase was only slightly higher in
males [4.83% (95% CI: 3.44–6.23%) per month] than in fe-
males [4.25% (95% CI: 2.77–5.75%) per month].

Cumulative survival rates for Child-Pugh A at 1 year, 2
years, 3 years, 4 years, and 5 years were estimated as
96.43%, 80.16%, 63.60%, 42.91%, and 32.91%, respec-
tively. One-year, 2-year, 3-year, and 4-year survival rates for
Child-Pugh B are 75, 44.62, 18.93, and 6.31%, respectively.
There is a significant association between Child status and
death (

 



 

2
(1) 

 

�

 

 28.59, P 

 

�

 

 .0001). Figure 2 shows that the
hazard rate of death for Child-Pugh B accelerates more re-
markably with time than that of Child-Pugh A. The respec-
tive trend equations give 4.21% (95%CI: 2.98–5.46%) per
month and 10.02% (95% CI: 7.95–12.12%) per month in-
creases in the hazard rate for Child-Pugh A and Child-Pugh
B, respectively.

HCC cases with multiple nodules had poorer survival rate
than those with solitary tumor (

 



 

2
(1)

 

 

 

�

 

 8.49, P 

 

�

 

 .014). How-
ever, there was no substantial difference between tumors less
than 2 cm and tumors between 2 and 5 cm. Consequently, the
hazard rate of death for multiple nodules grows faster with
time than that for solitary tumors (Fig. 3). Time trend equa-
tions yielded a 10.22% (95% CI: 7.80–12.91%) increase in
the death hazard rate per month for those with multiple nod-
ules, a 4.41% (95% CI: 3.07–5.77%) increase for tumors of
size 2–5 cm, and a 3.96% (95% CI: 2.12–5.82%) increase in
those with solitary tumors smaller than 2 cm.

Although the 1-year survival associated with high levels
of AST was similar to that of low levels (87% vs. 96%),
there were substantial absolute benefit differences in 3-year
(41% vs. 65%) and 5-year (11% vs. 39%) survival. Overall,
those with high levels had significantly poorer survival (P 

 

�

 

Table 3
Hazard ratios from the Weibull regression model

Variable

Weight
(regression
coefficient)

Hazard
rate 95% CI P-value

Age (X

 

1

 

)

 

�

 

0.01 1.02 0.99–1.04 0.2635
Sex (X

 

2

 

) 0.0845
Male (

 

�

 

1)

 

�

 

0.30 1.74 0.93–3.27
Female (

 

�

 

0) 1.00 —
Treat modality (X

 

3

 

) 0.4081
PEI (

 

�

 

1) 0.14 0.77 0.41–1.44
PEI

 

�

 

TAE/TACE (

 

�0) 1.00 —
Liver dysfunction (X4) 0.0012

Child-Pugh B (�1) �0.56 2.80 1.52–5.16
Child-Pugh A (�0) 1.00

Cause of cirrhosis (X5) 0.0455
Alcohol (�1) �0.41 2.12 1.01–4.48
Hepatitis (�0) 1.00 —

Level of AFP (X6) 0.8191
�200 ng/mL (�1) �0.04 1.07 0.59–1.94
�200 ng/mL (�0) 1.00 —

Level of AST (X7) 0.0158
High (�1) �0.37 1.97 1.14–3.42
Low (�0) 1.00

Tumor size (X8 or X9)
�2 cm (X8�0, X9�0) 1.00 —
Single, 2–5 cm (X8�1, X9�0) �0.03 1.06 0.53–2.14 0.8654
Multiple (X8�0, X9�1) �0.28 1.68 0.62–4.54 0.3079
Scale parameter (�) 0.54

Fig. 1. The hazard rate of death for small HCC cases treated by PEI with or without TAE.
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.005). Figure 4 shows the hazard rate by time and AST lev-
els. In addition to being greater on average in those with
high levels of AST, the rate of death also increases more
rapidly with time in this group, varying by 5.7% (95% CI:
4.14–7.29%) per month compared to 4.52% (95% CI: 3.28–
5.77%) per month in those with low levels.

3.2. Multiple regression using the Weibull model

Fitting the survival time with the Weibull model without
covariates yields the scale parameter equal to 0.65. Taking
this into account, results of the Weibull regression model
are shown in Table 3. Child-Pugh status, etiology of cirrho-
sis, and AST were still highly associated with the prognosis
of HCC after adjustment for other variables. Males are 1.74
times (95% CI: 0.93–3.28) likely to die from HCC as fe-
males, with borderline statistical significance (2

(1) � 2.98,
P � .085). Child-Pugh B has a 2.8-fold (95% CI: 1.52–5.16)

risk for death from HCC compared with Child-Pugh A
(2

(1) � 10.48, P � .0012). Those with high level of AST
have a two-fold (95% CI:1.14–3.42) risk for death from
HCC compared with those with low level of AST (2

(1) �
5.83, P � .016). The scale parameter after adjustment for
covariates is 0.54. This suggests that these covariates may
play a key role in the increased risk of death with time.

3.3 The Weibull model for prediction of survival for HCC 
cases treated with PEI

To predict the prognosis of small HCC treated by PEI us-
ing pretreatment variables as in the above Weibull regres-
sion model, cumulative survival rates were predicted using
the Weibull model with covariates including age (x1), gen-
der (x2), treatment modality (x3), Child-Pugh class (x4),
cause of cirrhosis (x5), level of AFP(x6), level of AST (x7),
size of tumor (x8) or type of tumor (x9). Table 3 shows each

Fig. 2. The hazard rate of death for small HCC cases treated by PEI stratified by Child-Pugh class (A/B).

Fig. 3. The hazard rate of death for small HCC cases treated by types of tumor.
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variable weight for calculating the risk score, R, according
to the expression (A-2). R is expressed as:

R � 4.84 � 0.0086x1 � 0.30x2 � . . .0.03x8 � 0.28x9 (2)

The scale parameter (�) is estimated as 0.54.
Thus, the risk score for a male aged 57 years, Child-Pugh

A, viral hepatitis, level of AFP less than 200mg/ml, high
level of AST, and multinodular tumor treated by PEI only is
calculated as 3.41.

Substituting 3.41 into the expression (A-3) yields the
predicted 1-year cumulative survival (t � 12 months) given
the scale parameter equal to 0.54 for this subject as

S(12) � exp{�[12 
 e�3.41]1/0.54} � 83.50%

Similarly, the 2- and 3-year cumulative survival rates
were predicted as 52.10% and 25.10%.

Figure 5 shows the predicted survival curved by Weibull
model and the cumulative survival curve by life-table

method. As goodness of fit test between the two curves
lacks of statistical significance (2

(1) � 18, P � .84), this
suggests that Weibull model has a good predicted validity.

4. Comment

4.1. Implication for the surveillance of small HCC cases 
treated by PEI

The present study found that the risk of death for small
HCC cases treated by PEI increases with time among Tai-
wanese people. The rate of death for small HCC cases
treated by PEI increases by 4.7% (95% CI: 3.7–5.7%) per
month. The Weibull regression model found the survival of
HCCs treated by PEI was highly dependent on the pretreat-
ment clinico-pathologic variables. This suggests that the op-
timal frequency of US and CT scan for the surveillance of
small HCC cases treated by PEI is not only varied with time

Fig. 4. The hazard rate of death for small HCC cases treated by level of AST.

Fig. 5. The predicted cumulative survival curve by the Weibull model and the observed cumulative survival curve by the life-table method.
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but also needs to take these pretreatment clinico-pathologi-
calal variables into account.

4.2. Comparisons between current study
and earlier findings

The above increasing trend is also observed in earlier
studies, addressing the prognosis of small HCC cases after
systematic review. The accelerated rates of risk of death per
month after applying the time trend to the logarithm of the
hazard rate as above to each study are calculated as 5.01%
in the Lencioni et al. study [5], 3.80% in the Pompili et al.
study [6], 7.44% in the Ishii et al. study [7], 1.37% in Shiina
et al. [1], 2.19% in Castells et al. [2], and 3.65% in the
Ohnishi et al. study [10].

4.3. Prognostic factors

Prognostic factors for small HCCs are related to the ex-
tent to which hazard rate increases with time. The hazard
rates with Child-Pugh B, multinodular tumor, and high lev-
els of AST tend to increase faster than those with Child-
Pugh A, uninodoular, and low levels of AST. Rates of death
for small HCC cases grow by 4.21% (95% CI: 2.98–5.46%)
and 10.02% (95% CI: 7.95–12.12%) for Child-Pugh A and
Child-Pugh B, respectively. The corresponding figures for
multinodular, solitary tumor smaller than 3 cm and solitary
tumor between 3 and 5 cm were 10.22% (95% CI: 7.80–
12.91%), 4.41% (95% CI: 3.07–5.77%), and 3.96% (95%CI:
2.12–5.82%), respectively. The accelerated risk of death per
month for patients with high levels of AST [5.7% (95% CI:
4.14–7.29%)] is higher than that for patients with low level
[4.52% (95% CI: 3.28–5.77)]. The difference by size of tu-
mor is at odds with earlier findings [4,10]. For example, ap-
plication of the time trend equation to data from the Ohnishi
et al. study gives estimates of increasing hazard of 0.1 and
3.4% for tumors smaller than or equal to 3 cm and tumors
between 3 and 5 cm, respectively. A similar finding was
also observed in Livraghi et al. [4]. The hazard rate for tu-
mor size between 3 and 5 cm in our study is similar to that
in two studies, whereas the corresponding figure for tumor
size smaller than 3 cm is higher than that.

From a clinical viewpoint, an increasing hazard, in par-
ticular for large nodule, may suggest that large nodules
make a homogeneous ethanol diffusion throughout the en-
tire lesion more difficult for large nodules than for small,
due to the texture of the tumor and the intratumoral septa.
This can be supported by two earlier findings. First, viable
neoplastic tissue along the edge of nodules may remain after
treatment. Second, the chance of tumor spread in the vicin-
ity of the lesion is proportional to the size of the tumor. The
increasing hazard rates with respect to liver dysfunction
(Child-Pugh class), and levels of AST suggest that the oc-
currence of new lesions after PEI in Child-Pugh B or high
level of AST is more likely than that in Child-Pugh A or
low levels of AST. To reduce recurrence either from re-
maining neoplastic tissues or from new lesions, intensive
surveillance for these HCCs treated by PEI may be required.

It should be very cautious that remarkable elevation of AFP
in hepatitis patients might be due to bridging necrosis of the
liver and may not simply imply existence or progression of
tumors. However, this may be unlikely in our case because
no remarkable exacerbation of hepatitis was found at diag-
nosis of patients in this series. Furthermore, the correlations
between AFP and liver enzymes [�0.00581 and 0.02543
for AST and ALT, respectively] also suggest a lack of inter-
dependence between elevations of AFP and elevations of
liver enzymes. The follow-up schedule for HCCs treated by
PEI is AFP measurement and US at 3-month intervals and
CT scanning at 6-month intervals. Whether a uniform
schedule of follow-up is appropriate for each individual
should be elucidated in the future work.

Chronic viral hepatitis B and C have long been recog-
nized as risk factors of HCC [16,17]. In our series, the prog-
nosis of treated small HCC with respect to the etiology of
liver cirrhosis was evaluated. Viral-related cirrhotic patients
showed longer survival (P � .0063). However, the misclas-
sification of etiology of liver cirrhosis should be taken into
account when detailed virus information was lacking. Those
with negative hepatitis B surface antigen may be antihepati-
tis B core antibody positive. The recent study conducted by
Okada et al. found the elevated risk in patients with negative
HBsAg and positive anti-HBc. They also pointed out that
the HCC patients with negative HBsAg also showed posi-
tive anti-HBc [18].

4.4. Methodologic consideration

To enlarge sample size and to make the sample as repre-
sentative as possible, it is customary to use a multicenter de-
sign. There are two reasons for selecting only one hospital
for the current study. First, PEI or PEI with TAE/TACE has
been the sole treatment method in this hospital. HCC cases
to be treated with surgery were referred to other medical
centers. Therefore, guidelines for selecting patients treated
by PEI are predetermined rather than arbitrary. Second,
treatment decisions and criteria are rather diversified in the
majority of hospitals in Taiwan, it is therefore difficult to
identify a homogeneous HCC cohort treated with PEI on the
basis of a multicenter design, albeit multicenter design can
increase sample sizes.

The Weibull model proposed in the current study is sim-
ple and useful for the prediction of cumulative survival
given pretreatment variables, taking the property of increas-
ing hazard into account, and incorporating the effects of a
series of relevant covariates. In this model, we used Child-
Pugh stage as the single liver function variable to reduce
heterogeneity. One may suggest adopting a series of vari-
ables for Child-Pugh staging rather than a single index.
However, after comparing the results between both models
(data not shown), there is no substantial difference. The
scale parameter in relation to nonconstant hazard rate was
incorporated to calculate predicted cumulative survival as in
the expression (A-3). This model can help the clinical phy-
sicians with information on prognosis for patients with
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small HCC cases before treatment. More importantly, as
single HCC legion with a diameter less or equal to 3 cm that
usually benefits much more than larger tumor has shown
a 3% increasing hazard, an intensive surveillance strategy
for such small tumors cannot be overemphasized. However,
due to small sample size and the lack of external data, vali-
dation of this model is not performed in the current study. It
is hoped that if this model is validated in the future, a com-
puter-aided system with the incorporation of the Weibull
model can be developed to help the clinical physicians. Simi-
lar research for other treatment modalities would provide a
valuable aid for therapeutic decision making.

In conclusion, the above findings suggest the optimal
frequency of US and CT scan for the surveillance of small
HCC cases treated by PEI should take account of increased
hazard rate with time and the roles of pretreatment clinico-
pathologic variables.

Appendix A—calculation of hazard rate

We calculated the estimated hazard rate on the basis of
the concept of nonparametric survival analysis [15]. Let cu-
mulative survival at x years be denoted by Sx. Sx is an un-
conditional probability of being alive x years after diagno-
sis. Sx can be expressed by the probability of survival, say T,
P (T � x). To calculate the hazard rate at different years or
months we have to estimate the conditional probability of
survival, say Cx � P (T � x | T � x � 1), i.e., the probabil-
ity of remaining alive between x � 1 and x years given sur-
vival to x � 1 years. The definition of probability yields the
relationship between Sx and Cx:

Cx � Sx/Sx � 1.

Let the hazard rate be denoted by h and assume that sur-
vival time within 1 year follows the exponential distribu-
tion. The hazard rate (per 1000 in month), h, can then be es-
timated by:

h � � Ln (Cx)/12.

For example, in Lencioni et al. [5], Cx at the second year
was estimated as 0.86/0.962 � 0.894. Thus, the estimate of
h at the second year was 9.34 (per 1000 in a month).

Appendix B—Weibull model of survival with changing 
hazard rate with time

Let the survival time of HCC cases since time treated by
PEI be denoted as T and k relevant clinico-pathologic vari-
ables be denoted by x1, . . . xk. The relationship between T
and relevant clinico-pathologic variables, according to the
log-linear form of the accelerated failure time model (AFT)
following Allison [19], is expressed as:

LnTi � 	0 � 	1xi1 � … � 	kxik � ��i

where �i is a random disturbance term, and 	0, 	1, …, 	k

are regression coefficients for clinico-pathologic variables

and � is shape parameter for different types of survival time
distribution.

It should be noted that if the variance of � is fixed as
standard value (e.g., 1.0) one can change the value of � to
accommodate changes in the disturbance variance and fit
different shapes of distribution with respect to one standard.

Taking exponentials at both sides yields an alternative
expression:

Ti � exp{	0 � 	1xi1 � … � 	kxik � ��i} (A-1)

When � � 1, the hazard rate decreaseed with time.
This may be applied to HCC cases treated by hepatic sur-

gical resection.
When 0.5 � � � 1, the hazard is increasing but at a de-

creasing rate. When 0 � � � 0.5, the hazard is increasing at
an increasing rate.

Let the risk score for small HCC cases treated by PEI be
denoted by R, defined as follows.

R � 	0 � 	1x1 � … � 	kxk (A-2}

Both may be appropriate for HCC cases treated by PEI
with TAE or without TAE.

If T � t then the survival function (probability of surviv-
ing to time t)for the Weibull model is:

S(t) � exp{�[te�R]1/� (A-3)
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