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Abstract Although hepatocellular carcinoma (HCC) is

the liver cancer that requires repeated treatments because

of a high tendency for recurrence, few data have been

available about whether repeated treatments, including

those to reduce tumor mass, are effective in prolonging

survival. We retrospectively analyzed the effectiveness of

tumor-mass-reduction therapy for the prognosis of patients

with recurrent HCC. To analyze the effectiveness of vari-

ous modalities of therapies with a single criterion, we

defined a tumor-mass-reduction grade (TMRG), which was

retrospectively evaluated by dynamic CT or MRI. Grade A:

no evident HCC remains untreated; Grade B1: more than

50% of lesions are treated; and Grade B2: less than 50% of

lesions are treated. Subjects were stratified by Child-Pugh

classification and the number of admissions for HCC

treatment. In those classified as Child-Pugh A, a better

survival rate was obtained, depending on the degree of

TMRG from the first to the fifth admission (P \ .01),

suggesting that these patients are endurable for repeated

therapies and benefit from the many sessions of treatment.

In those classified as Child-Pugh B, on the second to the

fifth admissions, survival rates showed statistical difference

depending on the TMRG (P \ .01), which may suggest

that only a few sessions of treatment are meaningful. In

those classified as Child-Pugh C, any number of mass-

reduction treatment sessions did not improve the survival

rate. In conclusion, repeated tumor-mass-reduction thera-

pies for recurrent HCC are most beneficial in Child-Pugh A

patients. Patients with Child-Pugh B who experience sev-

eral recurrence episodes and any patients with Child-Pugh

C may benefit more from modalities other than tumor-

mass-reduction therapies.
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Abbreviations

AFP Alpha-fetoprotein

CT Computed tomography

CTAP CT during arterioportography

CTHA CT during hepatic arteriography

DCP des-gamma carboxy prothrombin

HCC Hepatocellular carcinoma

MRI Magnet resonance imaging

Introduction

Hepatocellular carcinoma (HCC) is the most common

malignant tumor in the liver, with high recurrence rates,

either as intrahepatic metastasis or multicentric carcino-

genesis [1–3]. In Japan, more than 90% of HCCs occur

from chronic liver diseases caused by hepatitis B or hep-

atitis C virus infection. Development of local ablation

methods such as radiofrequency ablation [4] and surgical

resection [5] has remarkably reduced the rates of local

recurrence, mainly adjacent to treated lesions. However,

despite these therapeutic developments, HCC recurs fre-

quently, because of multicentric carcinogenesis arising

from an already cirrhotic liver and also because of insuf-

ficient treatment, consequently requiring repeated therapy.

However, a more complete local ablation may not be

enough: for better outcome, the residual hepatic function
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should be maintained in a better state, because it can be the

other factor determining the prognosis [6, 7]. For example,

CLIP score, a new scoring system proposed by the Cancer

of the Liver Italian Program, shows that both the residual

hepatic function as evaluated by Child-Pugh score and

tumor factors, including tumor morphology, AFP levels,

and portal vein thrombosis, determine the prognosis

[8–10]. From this viewpoint, a dilemma exists; treatments

performed for HCC may influence, or even damage, liver

function to some extent, thus worsening the prognosis than

that without any treatments.

In spite of the fact that majority of HCC patients need

repeated treatments for recurrent diseases, the survival

benefit of such treatments, especially medical interventions

just to reduce tumor development, remains uncertain.

Moreover, many of the studies reported so far are some-

what impractical because in the clinical management of

HCC, we choose to combine various methods of treatments

to obtain the best results, and most studies address the

contribution of only a single modality or combined thera-

pies of a few modalities for prognosis [4, 11–14]. This lack

of data is partly due to the existence of a variety of ther-

apeutic options in the treatment of HCC, which

complicates analysis, and the ethical consideration when

dealing with patients whose lives are in jeopardy on

account of malignant diseases.

However, regardless of the difficulty of analysis, we

need to obtain data to answer this unresolved question: Are

repeated treatments for HCC effective for the improvement

of prognosis? To answer this question, we retrospectively

analyzed 878 HCC patients in total admitted to Tohoku

University Hospital from 1989 to 2003. As discussed in

this article, our results support the idea that to treat

recurrent HCC, we need to consider the number of times

the patients were hospitalized and residual liver function.

Materials and methods

Study population

We enrolled 386 HCC patients who were admitted to To-

hoku University Hospital from December 1989 to

December 2003. Initially 320 patients were admitted to this

hospital for their first treatment of HCC, and then 66

patients were newly referred to this hospital for the treat-

ment of recurrent HCC. Most of patients experienced more

than one hospitalization (median: 2.0; range: 1–14) owing

to recurrence, so the total number of subjects who were

admitted to the hospital for the treatment of HCC were 878.

The diagnosis of HCC was performed by the combination

of dynamic CT (or dynamic MRI), and tumor markers

(AFP and DCP). Majority of patients who were diagnosed

or suspected as having HCC were rendered to hepatic

subtraction angiography (DSA), often to angio-CT (CTHA

and CTAP [15, 16] for a definite diagnosis. If a lesion was

difficult to be diagnosed as HCC by methods described

above, it was further evaluated histologically (16 cases).

Any subjects whose hepatic tumors are diagnosed as other

than HCC or who have extrahepatic metastases at the entry

were excluded from this study. The modalities of treatment

include transcatheter arterial embolization (TAE) [14, 17–

19], transcatheter arterial infusion (TAI) chemotherapy

[20–24], percutaneus ethanol injection (PEI) [25], perc-

utaneus microwave coagulation therapy (PMCT) [11],

radiofrequency ablation (RFA) [26–28], radiation therapy

(RT) [29–32], and hepatic resection [5]. No antiviral drugs

were given as an adjuvant therapy to any patient in this

study. Our principle in HCC treatment was to obtain an as

sufficient control of HCC lesions (represented as necrosis

or shrinkage of lesions) as possible and limiting the liver

damage accompanying treatments as much as possible. To

satisfy this principle, we chose either of these treatments or

several modalities in combination. If we could not achieve

complete necrosis because of the therapeutically difficult

location, multiple distribution, poor liver function, or a

poor general condition, we performed tumor-mass-reduc-

tion therapies as suboptimum treatments to reduce tumor

growth, assuming that even such palliative treatments

could prolong survival. The endpoint of a series of com-

bination therapy in one hospitalization was determined

when all lesions were regarded to be completely treated,

when further curative treatments were difficult to perform

owing to technical difficulty, poor liver function, distant

metastasis, any serious complications, or poor performance

status. Thereafter, these subjects were discharged from the

hospital, and took a medical examination including

dynamic CT, dynamic MRI, abdominal ultrasonography, or

a blood test at least every 3 months as an outpatient at the

hospital. If new lesions emerged or insufficiently controlled

lesions developed during the follow-up periods, these

subjects were hospitalized again for the detailed medical

examination described above and received repeated treat-

ments with the same principle.

Study design

In general, evaluation was made retrospectively according

to the dynamic CT or dynamic MRI performed at least

1 month later from the last treatment in the previous hos-

pitalization. However, if possible to follow up, we referred

to any dynamic CT or MRI performed at any subsequent

points of time to detect local recurrence after an interval of

several months. Also, if available, we referred to an angio-

CT performed during subsequent hospitalization for
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confirmation of suspected lesions. With those concepts, we

defined a set of criteria for grading tumor-mass-reduction

as follows:

Grade A: No evident cancerous lesion remains untreated

after a series of treatments in one admission. In other

words, complete necrosis of all HCC lesions is regarded to

be obtained in this group, by evaluating all cross sections in

dynamic CT or MRI.

Grade B: Cancerous lesions remain untreated after a

series of treatments in one admission. This grade is cate-

gorized further into two subgroups, according to the

percentage of the treated volume compared to the pre-

treated volume. However, if appropriate, the largest cross

section of a lesion is preferably evaluated, because in many

cases the largest cross section could be regarded to repre-

sent the whole lesion.

Grade B1: More than 50% of the lesions are estimated to

be treated.

Grade B2: Less than 50% of the lesions are estimated to

be treated.

If more than one HCC lesion exists, this categorization

is made by calculating the sum of all lesions. The sche-

matic demonstration of TMRG is illustrated in Fig. 1. For

instance, when a lesion was treated without an evident

viable lesion and no recurrent lesion appeared by any ret-

rospective evaluation, it was categorized as Grade A (the

best result in our classification). However, if a patient with

HCC was seemingly treated completely at discharge

despite microlesions being actually left untreated failing

detection, they were categorized as Grade B1 if these

unchecked lesions adjacent to the treated lesions became

manifest later. Thus only lesions that emerged adjacent to

the treated lesions were evaluated to be the local recurrence

due to insufficient therapy. Moreover, when a lesion could

not be completely treated owing to some reasons, but

residual viable lesion could be evaluated as less than 50%

of pretreated lesions, it was also categorized as Grade B1

(not completely, but relatively well treated). When more

than 50% of pretreated lesions could not be treated, it was

categorized as Grade B2 (the worst result in our

classification).

Statistical analysis

For the analysis of baseline characteristics, the Kolmogo-

rov–Smirnov normality test was performed, and continuous

variables that show normal distribution were expressed as

mean ± SD, then compared using the Student t-test. Con-

tinuous variables that do not show normal distribution were

expressed as median, then compared by the Mann–Whitney

U test. Categorical variables were compared with the use of

the v2 test. For these analyses, P values \0.05 were

considered statistically significant. The survival of each

tumor-mass-reduction grade (TMRG) was calculated by

the Kaplan–Meier method and the differences between the

curves were evaluated with the log-rank test. P values

\0.01 were used for statistical significance. All statistical

analyses were performed using StatView ver5.0.

Results

Baseline characteristics of subjects

A total of 320 subjects received therapy for the initial

occurrence of HCC (Table 1a). The average age at the

initial therapy was 63.3 ± 9.3 (range, 28–81). Overall, 386

patients were enrolled from December 1989 to December

2003, and the total number of subjects we analyzed in this

study was 878 (M:F = 594:284; mean age: 64.6 ± 8.8)

(Table 1b). Among 386 patients, 198 patients died up to

December 2003 owing to the development of HCC

(n = 135), hepatic failure (n = 35), variceal bleeding

(n = 11), insufficiency of other organs (n = 16), or

unknown causes (n = 10). The etiology of background

liver disease was 69.5% of HCV infection, 17.0% of HBV

infection, 5.2% of HCV and HBV superinfection, 3.2% of

alcoholic liver injury, and 5.1% of other causes (Table 1b).

The distribution of residual liver function was Child-Pugh

A 68.6%, Child-Pugh B 29.5%, and Child-Pugh C 1.9%

(Table 1b). Median value for AFP was 61.6 ng/dl (range,

0–106), and for DCP was 26.0 AU/l (range, 0–193,000)

(Table 1b). Median tumor size was 25.0 mm (range, 5–

190). Forty-four percent of patients had solitary tumor,

30.3% two or three tumors, 7.4% four or five tumors, and

18.4% more than five tumors (Table 1). Between subjects

at the initial treatment and the total subjects during the

whole course of treatment, age, tumor size, and survival

showed statistical significance, although other parameters

were statistically insignificant (Table 1a, b). Therapeutic

modalities we selected for recurrent HCC included 27

patterns (Table 2). The intervals of period between hospi-

talizations were almost in inverse proportion to the number

of times for hospitalization (Fig. 2), indicating that the

speed for recurrence was gradually accelerated.

The evaluation of prognosis of initial treatments

for the first occurrence of HCC

When subjects who received the initial treatment for the

first occurrence of HCC were stratified using the CLIP

score (Fig. 3a, b), each group of score showed better sur-

vival with the previous report in Japan or Italy [8–10],

suggesting that our strategy for HCC treatments was up to
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the standard. Furthermore, when these patients were strat-

ified with the mass-reduction grade, each mass-reduction

group was discriminated well from each other with statis-

tical significance (P \ 0.0001) (Fig. 4). The 1-year

survival rates of Grade A, B1, and B2 patients were 98.4,

90.0, and 42.6%, respectively; the 3-year survival rates of

Grades A, B1, and B2 were 76.6, 56.6, and 16.0%,

respectively; and the 5-year survival rates of Grades A, B1,

and B2 were 52.7, 23.7, and 10.0%, respectively (Fig. 3).

These analyses of the initial treatment show that this

grading system can function for evaluating the relationship

between the prognosis and the grade of mass reduction.

The relationship between prognosis and

tumor-mass-reduction therapy for recurrent HCC

On the basis of the evaluation performed above, we used

this system for the analysis of recurrent HCC. The number

of hospitalizations for treatment of HCC ranged from 1 to

14. We separated the subjects into three groups using

Child-Pugh classifications A, B, and C, and then analyzed

each category of patients according to the number of hos-

pitalizations to receive treatment for HCC. Since the

number of subjects who were categorized into strata of

more than the eighth admission was too small to analyze,

we analyzed the strata of admission from the first to the

eighth admission. As Table 3 shows, in Child-Pugh A,

different grades of mass reduction brought significant dif-

ferences in survival (P \ 0.01) from the first to the fifth

admission, suggesting that patients with Child-Pugh A are

endurable for repeated therapies and benefited from many

sessions of treatments without reducing their prognosis. In

Child-Pugh B, our analysis showed somewhat confusing

data, that is, biphasic statistical significance at the second

and fifth hospitalizations (P \ 0.01). In Child-Pugh C, no

HCC treatment, regardless of curative or just tumor-mass-

reduction treatments, brought any statistical differences in

improving survival at any point of time, indicating that

reduction therapy is consistently meaningless in such

patients.

Discussion

Preceding this study, our clinical observation in treat-

ments of HCC had given us an impression that treatments

for recurrent HCC might not be always effective in view

of prognosis. Although some data were available regard-

ing the effectiveness of the initial therapy for HCC,

effectiveness of a single therapy or therapies in combi-

nation with a limited number of modalities [4, 11–13, 26,

33], little data have been available regarding if repeated

treatments for recurrent HCC and combined treatments

for the better control of HCC are effective in improving

prognosis. Furthermore, we observed that mere numbers

and distribution of HCC or residual liver function as

evaluated by Child-Pugh score etc. might not determine

the outcome of HCC therapy. We speculated that ‘‘repe-

ated sessions of HCC treatments’’ per se might worsen

prognosis or induce recurrence, although the accurate

mechanism for the aggravation of prognosis by this

‘‘repeating’’ was nebulous. Actually, in our data, the

intervals between recurrences got shorter and shorter,

while the events of recurrence increased (Fig. 2). One

possible mechanism could be that during each session of
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therapy not only were the HCC lesions necrotized, but the

surrounding liver tissues were also injured, cumulatively

damaging liver functions. Although this possibility may

be applicable in some cases, it does not always seem to

be true, because our analysis showed that although in

some cases Child-Pugh classification changed, indicating

deterioration, in many cases, the scores did not change

during a course of repeated treatments. Only 16.5% of

subjects underwent changes in their grading. For example,

among 223 patients who were graded as Child-Pugh A at

the first treatment, 44 subjects underwent deterioration to

Grade B or C, at the following therapy. Eight among 90

Child-Pugh B patients at the first treatment underwent

deterioration to Grade C at the next occasion (data not

shown). Another possibility is that the therapeutic stimuli

may induce transformation of HCC, making it more

malignant and more resistant to therapies. Although this

speculation may not be always true, it may explain some

cases, because a study suggested that anoxia caused by

TAE induced Bcl-2 expression, which changed HCC cells

more tolerant to apoptosis [34]. The other possibility is

that during HCC treatments, multiple microlesions or

precancerous lesions of HCC may be left untreated failing

detection that later develop into intractable lesions [1–3,

20]. In such cases, the probability of multicentric carci-

nogenesis may be increased if the period from the initial

onset of HCC becomes longer; the probability of intra-

hepatic metastasis of HCC with poorer differentiation

may be increased if each session of treatment leaves

viable cancer cells undetectable by medical examination.

Whatever mechanism is true, the data of repeated treat-

ments for HCC is urgently needed.

However, to address this subject, we confronted a

challenging situation. To begin with, we found that ran-

domized controlled trials (RCTs) were quite difficult to

conduct in our setting owing to ethical reasons. Those

patients whose life expectancy is limited on account of

malignant diseases do not dare to risk reducing their

chances of survival by participating in such studies,

because medical care is affordable for almost all patients in

Table 1 Baseline

characteristics of subjects

Note: (a) Subjects who received

the initial treatments for the first

occurrence of HCC. (b) Total

subjects. Values are

mean ± standard deviation

Abbreviations: DCP: des-

gamma carboxy prothrombin;

ICG R15: retention of

indocyanine green at 15 min

*P \ 0.05

(a) n = 320 (b) n = 878 P value

Age (mean ± SD) 63.3 ± 9.3 64.6 ± 8.8 0.025*

Gender M/F 211/109 594/284 0.952

Etiology (%) HCV 71.9 69.5 0.101

HBV 19.0 17.0

HBV + HCV 4.5 5.2

Alcohol 2.9 3.2

Others 1.6 5.1

Number of treatments (median) 2.0 (1–14)

Tumor size (mm) (median) 30.0 (8–190) 25.0 (5–190) 0.001*

Number of tumors (%) 1 59.1 44.0 0.061

2, 3 29.2 30.3

4, 5 5.0 7.4

[ 5 6.6 18.4

Vascular invasion Yes/No 26/294 74/804 0.983

Child-Pugh class (%) A 69.7 68.6 0.875

B 28.8 29.5

C 1.6 1.9

Median survival time (months) 56.8 (2.5–157.1) 37.4 (1.0–157.1) \0.0001*

Alpha-fetoprotein (ng/dl) (median) 46.6 (0–106) 61.6 (0–106) 0.059

DCP (AU/L) (median) 19.0 (0–193,000) 26.0 (0–193,000) 0.140

Total bilirubin (mg/dl) 1.3 ± 0.6 1.3 ± 1.1 0.187

Serum albumin (mg/dl) 3.6 ± 0.6 3.6 ± 0.6 0.922

Prothrombin activity (%) 79.1 ± 16.5 79.6 ± 30.9 0.757

ICG R15 (%) 26.1 ± 14.5 27.4 ± 15.3 0.194

Aspartate aminotransaminase (IU/dl) 79.7 ± 45.5 76.8 ± 45.0 0.331

Alanine aminotransferase (IU/dl) 71.8 ± 46.2 66.4 ± 45.8 0.070

Platelet count (104/mm3) 11.2 ± 5.9 10.5 ± 5.8 0.155

Alkaline phosphatase (IU/dl) 291 ± 177 307 ± 172 0.147
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Japan. Therefore, although RCTs would have been the

most reliable way to assess this subject, we had to find a

way to analyze the effectiveness of HCC treatments in the

absence of controls.

Second, most studies that have attempted to analyze

treatments for HCC have been limited to the analysis of

only a single modality [11–13, 33]. However, in practice,

we treat HCC with modalities prudently combined because

it can usually better control HCC than does a single

modality. Thus, in a situation where data for survival are

lacking, our tentative goal has been to control HCC lesions

as completely as possible using available modalities, with

the expectation that such treatments improve survival.

Finally, because HCC is a cancer that frequently tends to

recur and needs to be treated repeatedly, our practical

interest was not only the influence of the initial treatment

upon prognosis but also the total influence of repeated

therapy. Most previous reports, however, deal with the

prognosis when a modality is selected as an initial treat-

ment. Since actually an identical modality is seldom

selected consistently for one patient and various therapies

are selected for recurrent lesions, analysis becomes too

complicated.

Considering these situations, we took a step for the

analysis with the following concepts: (1) We analyzed not

only a single modality, but also treatments sequentially

combined to obtain the best control, performed during one

hospitalization. Such treatments include seven kinds of

monotherapy and 21 kinds of combination therapy

(Table 2). (2) We analyzed not only an initial treatment but

every repeated treatment performed at each hospitalization.

(3) We defined our original classification for evaluation of

HCC treatments in order to apply it commonly for all

single or combined treatments. To be evaluated as ‘‘a

sufficient therapeutic effect,’’ enough safety margin will be

usually necessary for PEI, RFA, etc.; sufficient deposit of

lipiodol completely covering the margin of tumors for

TAE; and complete disappearance of tumors for chemo-

therapy. However, when aiming to evaluate a variety of

therapeutic patterns, it was not feasible to apply these

criteria individually. Therefore, by making the best use of

retrospective analysis, we simply judged the effectiveness

of therapies by mainly focusing on recurrent lesions ret-

rospectively using our original evaluation system described

above.

In this study, we showed that both Child-Pugh classifi-

cation and number of times of hospitalization for HCC

therapy determine the effectiveness of mass reduction

therapy on the prognosis of HCC. This observation is also

true in view of tumor markers because regardless of dif-

ferent Child-Pugh grades, majority of patients underwent

decreases of AFP and DCP levels. Furthermore, additional

decrease of AFP and DCP levels tend to be acquired by the

Table 2 Modalities of treatments performed for HCC

n (%)

Surgical resection 36 (4.1)

PEI 113 (12.9)

PEI, PMCT 16 (1.8)

PEI, PMCT, RFA 2 (0.2)

PEI, PMCT, TAE 1 (0.1)

PEI, RFA 19 (2.2)

PEI, RFA, RT 1 (0.1)

PEI, RFA, TAE 9 (1.0)

PEI, RT 1 (0.1)

PEI, TAE 134 (15.3)

PEI, TAE, RT 1 (0.1)

PEI, TAI 6 (0.7)

PMCT 6 (0.7)

PMCT, RFA 1 (0.1)

PMCT, RFA, TAE 1 (0.1)

PMCT, TAE 8 (0.9)

PMCT, TAI 1 (0.1)

RFA 111 (12.6)

RFA, TAE 24 (2.7)

RFA, TAI 2 (0.2)

RT 5 (0.6)

RT, TAE 9 (1.0)

RT, TAE, TAI 4 (0.5)

RT, TAI 10 (1.1)

TAE 294 (33.5)

TAE, TAI 5 (0.6)

TAI 58 (6.6)

Total 878 (100)

Abbreviations: PEI, percutaneous ethanol injection; PMCT, percuta-

neous microwave coagulation therapy; RFA, radiofrequency ablation;

TAE, transcatheter arterial embolization; TAI, transcatheter arterial

infusion; RT, radiation therapy
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better TMRG (data not shown). In Child-Pugh A, up to the

fifth hospitalization, better prognosis was achieved in

proportion to grades of mass reduction, but in subsequent

hospital admissions, attempts for mass reduction did not

make any difference in the prognosis. In Child-Pugh B,

rather confused results were obtained; only at the second

and fifth admission, TMRGs showed statistical significance

in prognosis. The reason that there was no statistical dif-

ference on the first admission of Child-Pugh B patients

may be that a good survival rate was achieved even by the

B2 grade of treatment (Table 2). In the majority of these

patients, Child-Pugh grade was maintained at the same

level without worsening into C after therapy. This obser-

vation may indicate, that good survival can be achieved by

therapy that does not damage liver function even if the

TMRG is not so satisfactory. On the other hand, although

the precise reason why Child-Pugh B patients on the fifth

admission showed statistical significance is unclear, it may

be explained simply by the lack of analyzed subject.

We emphasize that the number of times for hospital-

ization indicated in this study is neither universal nor

absolute, so some differences will exist from institute to
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institute. Also we admit that our study fundamentally has

limits in terms of analytical methods. One limit is that this

study is a nonrandomized retrospective analysis. The other

limit is that we do not have any data of natural history.

Without the data of no treatment, we cannot exactly decide,

which grade of mass reduction can improve prognosis

compared to that of no treatment or just a symptomatic

treatment. Regardless of these limits, however, an

unchangeable advantage of this analytical method is, that if

there is no statistical difference between the various grades,

it can be demonstrated that any attempts for mass reduction

will fail to improve prognosis.

Despite these relations or limits, our analysis seems to be

presenting important suggestions. In Child-Pugh A, many

occasions of hospitalization for HCC therapy seem to be

endurable (in our institute, they were up to five) and can be of

benefit for prognostic improvement by more curative treat-

ments; in Child-Pugh B, only initial few occasions of

hospitalization for HCC therapy may be beneficial; in Child-

Pugh C, any therapeutic attempts are useless. For the better

prognosis of HCC patients with Child-Pugh B, it may be crucial

to administer new modalities including liver transplantation as

early as possible, while the same strategy is also relevant for any

HCC patients with Child-Pugh C. Comparing with our data,

which addressed repeated treatments by various modalities in

combination, further studies are warranted, including the

analysis of survival benefit due to liver transplantation.
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