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Abstract

Background The 6th edition TNM staging (TNM-6) for

hepatocellular carcinoma (HCC) has been recommended.

However, its superiority, in contrast to the previous 5th

edition (TNM-5), has not been fully recognized. Besides,

tumor differentiation was not included. The current study

was designed to compare the value of these two staging

systems and, more importantly, to elucidate whether Ed-

mondson-Steiner grading, a well-acknowledged histological

classification, is helpful in further discriminating different

prognosis of HCC.

Methods Prospectively collected clinicopathological and

follow-up data of consecutive 171 patients with HCC

undergoing curative hepatic resection (CHR) were

reviewed retrospectively. The impacts of variables on

survival were determined by univariate and multivariate

statistical analyses.

Results The differences of survival between stages of the

TNM-6 and TNM-5 were almost significant, except for

disease-free survival for TNM-5. Moreover, TNM-6 might

be a more powerful prognostic predictor compared with

TNM-5, although their impacts on survival were all not

independent, unlike Edmondson-Steiner grading. For

patients with each stage of TNM-6, Edmondson-Steiner

grade was the sole significant variable in both univariate

and multivariate analyses. Finally, a novel scoring criteria

(prognostic scoring for CHR, PSCHR) integrating Ed-

mondson-Steiner grading and TNM-6 was attempted and

statistically shown to be of independent significance and

stronger predicting value for prognosis of curatively

resected HCC.

Conclusion TNM-6 revealed to be more significantly

prognostic than TNM-5 in patients with HCC after curative

hepatic resection. Edmondson-Steiner grading could raise

the predictive efficiency of TNM-6 for postresectional

survival of patients with HCC. Therefore, PSCHR con-

taining Edmondson-Steiner grading was preliminarily

proposed.

Introduction

Hepatocellular carcinoma (HCC) has long been regarded as

one of the human malignant tumors with high incidence

and poor prognosis [1, 2]. In accordance with the recent

report, HCC has been the sixth most common cancer

worldwide in terms of numbers of cases and the third most

common cause of death from cancer [3]. So far, the out-

come of HCC remains dismal. To direct treatment more

effectively and predict long-term prognosis more accu-

rately, many efforts have been focused on staging for HCC

for several decades. These staging systems included Pri-

mack staging [4], Okuda staging [5], the Cancer of the

Liver Italian Program (CLIP) score [6], the Barcelona

Clinic Liver Cancer (BCLC) staging [7], the Chinese

University Prognostic Index [8], and the Japan Integrated

Staging (JIS) Score [9]. Besides, tumor-node-metastasis

(TNM) staging [10] by American Joint Committee on

Cancer (AJCC)/International Union Against Cancer

L. Zhou (&) � J.-A. Rui � S.-B. Wang � S.-G. Chen � Q. Qu

Department of General Surgery, Peking Union Medical College

Hospital, Chinese Academy of Medical Sciences/Peking Union

Medical College, Beijing 100032, China

e-mail: lizhou02@hotmail.com

D.-X. Ye

Department of Pathology, Peking Union Medical College

Hospital, Chinese Academy of Medical Sciences/Peking Union

Medical College, Beijing 100032, China

123

World J Surg (2008) 32:1748–1756

DOI 10.1007/s00268-008-9615-8



(UICC) has been acknowledged as widely used and

authoritative and was shown to be superior to some other

staging systems by some authors [11]. However, other

investigators supported the opposite opinion [12].

Recently, the 6th edition TNM staging (TNM-6) was

introduced [13], based on the proposal of Vauthey et al

[14]. The main differences between TNM-5 and TNM-6

were almost for T categories, such as the weakened impact

and the different cutoff value of tumor size. It was indi-

cated that TNM-6 was simpler and revealed higher

prognostic power than TNM-5 [15–17]. Most recently, a

novel modified TNM-6 and The Liver Cancer Study Group

(LCSG) staging have been suggested [18, 19]. Certainly,

further studies are expected.

The above-mentioned staging systems mainly consid-

ered clinicopathological factors that were revealed to

influence prognosis of HCC, such as tumor size, number of

nodules, vascular invasion, and liver function status [20–

22]. However, what calls for special attention is that dif-

ferentiation grade, which has been shown to be of

comprehensive prognostic significance for HCC patients

undergoing different kinds of therapies, including hepatic

resection, orthotopic liver transplantation, percutaneous

ethanol injection, radiofrequency (RF) ablation, acetic acid

injection, and microwave coagulation [23–31], has not

been enrolled in any previous staging system. On the basis

of our previous works, which discussed prognosis in sev-

eral subsets of liver cancer patients and suggested the

strong prognostic impact of tumor differentiation [32–36],

the present study was designed to compare the predicting

values of TNM-5 and TNM-6 for prognosis of HCC and

investigate whether Edmondson-Steiner grading [37], an

authorized and extensively used histological classification

[23, 29–31, 38], is helpful for more accurate prognosis

discrimination, based on a Chinese cohort of patients with

HCC undergoing curative hepatic resection.

Patients and methods

Characteristics of patients

A total of 171 consecutive patients with hepatocellular

carcinoma (HCC) who underwent curative hepatic resec-

tion and accepted follow-up at least one time were

recruited. They were hepatomized between January 1995

and December 2002. The patients were selected in accor-

dance with the following criteria: 1) solitary or multiple

tumors (no more than 3) were limited with at least 2 seg-

ments free of lesion; 2) no evidence of tumor thrombus in

the trunk of portal vein; 3) no evidence of extrahepatic

metastasis; and 4) Child-Pugh grading was not worse than

class B. Three patients who died of hepatic failure peri-

operatively were excluded. Among the patients enrolled,

149 (87.1%) were men and 22 (12.9%) were women. Ages

ranged from 15 to 77 (mean ± SD, 50.7 ± 12) years.

Hepatitis B surface antigen (HBsAg) was positive in 142

patients (83%) and negative in 29 (17%). There were 138

cases (80.7%) with liver cirrhosis and 33 (19.3%) without;

156 patients (91.2%) were grade A and 15 (8.8%) were

grade B of Child-Pugh’s classification before surgical

procedures. Serum a-fetoprotein (AFP) was greater than

400 ng/ml in 62 patients (36.3%) and lower than the level

in 109 patients (63.7%). Tumor sizes, defined as the largest

dimension for solitary masses and the size of the largest

tumor for multiple masses, ranged from 0.7 to 30

(mean ± SD, 7.8 ± 4.8) cm; 116 patients (67.8%) had

tumors at least 5 cm in size. Nineteen cases (11.1%)

developed portal vein tumor thrombosis (PVTT), which

was defined as cancer involvement in the main branches of

portal vein. Based on postoperative examinations, micro-

vascular invasion was histologically detected in 62 patients

(36.3%). Macroscopic satellite nodules, one kind of intra-

hepatic metastasis that was close to the main tumor, also

were present in 19 patients. Pathological grading, accord-

ing to Edmondson-Steiner criteria that considered the

characteristics, such as size, morphology, and mitotic fig-

ures, of HCC cells to reflect the differentiation of the tumor

[37] was mainly given by a pathologist (DXY) and showed

that numbers of patients with grades I, II, III, and IV were

19 (11.1%), 72 (42.1%), 61 (35.7%), and 19 (11.1%),

respectively. There was a statistical relationship between

tumor size and tumor grading (grade III-IV/I-II: 63/53 in

tumors C 5 cm and 17/38 in those \ 5 cm, v2 = 7.294;

P = 0.007). Two cases (1.2%) had well-differentiated

early HCC of \ 2 cm.

Patient distribution according to TNM-5, TNM-6,

and prognostic scoring for curative hepatic resection

(PSCHR) and criteria for PSCHR

According to TNM-5 [10], 4, 69, 61, and 37 patients were

classified as stage I, II, III, and IVA, respectively. Using

TNM-6 staging system [13], 65, 59, and 47 patients were

classified as stage I, II, and III. The criteria of these two

editions of TNM staging were presented in Table 1. When

Edmondson-Steiner grading was considered as a supple-

mented variable, prognostic scoring for curative hepatic

resection (PSCHR) was preliminarily proposed and shown

in Table 2. Forty-six, 51, 40, and 34 patients were divided

into score 1, 2, 3, and 4, respectively. However, what calls

for special attention is that no patients were stage IVB of

TNM-5 or stage IV of TNM-6, because none of them

developed distant metastasis before surgery.
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Identification of clinical and pathological variables

Thirteen variables that might influence prognosis of HCC

were selected to be estimated parameters for statistical

analyses, including those related to general situation,

hepatic underlying diseases, and tumor-associated factors,

such as age, sex, HBsAg, HCV, liver cirrhosis, Child-Pugh

grading, Serum AFP value, tumor size, PVTT, microvas-

cular invasion, satellite nodule, Edmondson-Steiner

grading, and different editions of TNM staging or PSCHR.

Follow-up

All patients were enrolled in our strict follow-up system,

with intervals ranging 1 to 3 months. Imaging examina-

tions, such as B-type ultrasonography (BUS), computed

tomography (CT), magnetic resonance imaging (MRI) and

angiography, and AFP level were used in monitoring

disease progression. Follow-up terms ranged from 3 to 108

(median, 37) months and ended in December 2003.

Statistical analyses

Survival curves were calculated by Kaplan-Meier method

and compared by log-rank test. Cox regression (propor-

tional hazard model) was adopted for multivariate analysis.

Log-rank test was used for evaluating homogeneity. Higher

log-rank value indicated better homogeneity. Linear trend

v2 test was performed for estimating monotonicity of the

gradient. Higher v2 value meant better monotonicity.

According to the method introduced by Chen et al. [39], the

value of -2 log likelihood with in the Cox regression model

was calculated for measuring the overall discriminatory

ability of a staging model. A better stratifying model had a

lower -2 log likelihood value. Statistical software package

SPSS11.5 (SPSS Inc., Chicago, IL) was used for all anal-

yses. Statistical significance was defined as P \ 0.05.

Results

Impacts of TNM-5, TNM-6, and PSCHR on overall and

disease-free survival of HCC patients after curative

resection

As shown in Fig. 1 and Table 3, log-rank test established

almost all prognostic implications of TNM-5, TNM-6, and

PSCHR (P \ 0.05), except for TNM-5 for disease-free

Table 1 Criteria of TNM-5 and TNM-6 staging systems for HCC

TNM-5 TNM-6

T1 Solitary, B2 cm, vascular invasion (-) Solitary, vascular invasion (-)

T2 B2 cm, vascular invasion (+); or multiple, one lobe, B2 cm,

vascular invasion (-); or solitary, [2 cm, vascular invasion (-)

Solitary, vascular invasion (+); or multiple,

B5 cm

T3 Solitary, [2 cm, vascular invasion (+); or multiple, one lobe,

B2 cm, vascular invasion (+); or multiple, one lobe, [2 cm,

vascular invasion (±)

Multiple, [5 cm; or invades a major branch

of portal or hepatic vein(s)

T4 Multiple, more than one lobe, or invades a major branch of portal

or hepatic vein(s); or invades adjacent organs other than

gallbladder; or penetrates visceral peritoneum

Invades adjacent organs other than

gallbladder; or penetrates visceral

peritoneum

N1 Regional Regional

Stages

I T1 N 0 M0 T1 N0 M0

II T2 N0 M0 T2 N0 M0

IIIA T3 N0 M0 T3 N0 M0

IIIB T1-3 N1 M0 T4 N0 M0

IIIC Any T N1 M0

IV Any T any N M1

IVA T4 Any N M0

IVB Any T Any N M1

Table 2 Criteria for prognostic scoring for curative hepatic resection

(PSCHR)

TNM-6 Edmondson-Steiner grading PSCHR

1 1–2 1

1 3–4 2

2 1–2 2

2 3–4 3

3 1–2 3

3 3–4 4
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survival (P [ 0.05). In Cox regression analysis, TNM-5

and TNM-6 were all not identified as independent prog-

nostic factors (P [ 0.05; Table 4). However, the

independent role of PSCHR, in which Edmondson-Steiner

grading was included, was revealed for both overall and

disease-free survival (P \ 0.05; Table 4).

Other factors predictive for prognosis of HCC patients

after curative resection

Five clinicopathological variables, including AFP [ 400 ng/

ml, higher Edmondson-Steiner grading, presence of micro-

vascular invasion, PVTT, and satellite nodule were shown to

be associated with shorter overall and disease-free survival of

HCC patients after curative hepatic resection by univariate

analysis. Meanwhile, tumor size C 5 cm affected overall

survival only. In Cox regression tests enrolling TNM-5 and

TNM-6, respectively, Edmondson-Steiner grading was the

sole independent predictor of overall and disease-free survival

for both. Besides, satellite nodule independently influenced

prognosis when enrolling TNM-5. In addition, no other

independent prognostic marker for overall or disease-free

survival was found when PSCHR was introduced (Table 4).

Stage-specific prognostic predictors of TNM-6

and TNM-5 staging systems for HCC patients

after curative resection

According to univariate analysis, Edmondson-Steiner

grading was the only predictor for both overall and disease-

free survival of each stage of TNM-6 (Fig. 2). Serum AFP

level and microvascular invasion significantly impacted

overall and disease-free survival of patients with stage II

disease. Edmondson-Steiner grading was further identified
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Fig. 1 Survival curves in

accordance with various

editions of TNM staging for

HCC. (a) and (b) TNM-5 for

overall and disease-free survival

(stage I, black solid line, n = 4;

stage II, gray solid line, n = 69;

stage III, black dashed line, n =

61; stage IVA, gray dashed line,

n = 37; P = 0.0007 and 0.1756,

respectively). (c) and (d) TNM-

6 for overall and disease-free

survival (stage I, black solid

line, n = 65; stage II, gray solid

line, n = 59; stage III, black

dashed line, n = 47; P\0.0001

and 0.0001, respectively). (e)

and (f) PSCHR for overall and

disease-free survival (score 1,

black solid line, n = 46; score 2,

gray solid line, n = 51; score 3,

black dashed line, n = 40; score

4, gray dashed line, n = 34;

P \ 0.0001 and 0.0001,

respectively)

World J Surg (2008) 32:1748–1756 1751

123



Table 3 Univariate analysis for overall and disease-free survival of HCC patients after curative resection

Variables n Overall survival Disease-free survival

Median ± SE 95% CI P value Median ± SE 95% CI P value

Age (yr) 0.257 0.288

C65 51 61 ± 15 32–90 20 ± 4 12–28

\65 120 37 ± 7 23–51 19 ± 4 11–27

Sex 0.967 0.784

Male 149 37 ± 9 20–54 17 ± 3 12–22

Female 22 41 ± 4 32–50 29 ± 12 5–53

HbsAg 0.514 0.17

Positive 142 37 ± 7 23–51 19 ± 3 14–24

Negative 29 45 ± 11 24–66 33 ± 15 5–61

HCV 0.707 0.595

Positive 16 71 ± 31 10–132 38 ± 20 0–77

Negative 155 37 ± 6 26–48 20 ± 3 15–25

Cirrhosis 0.784 0.722

Present 138 37 ± 9 20–54 17 ± 2 13–21

Absent 33 41 ± 8 25–57 29 ± 13 4–54

Child-Pugh grade 0.351 0.120

Grade A 156 41 ± 7 27–55 22 ± 5 13–31

Grade B 11 24 ± 7 11–37 15 ± 2 11–19

Tumor size (cm) 0.001 0.092

C5 116 27 ± 5 17–37 15 ± 1 12–18

\5 55 74 ± 7 60–89 30 ± 7 16–44

Microvascular invasion \0.001 \0.001

Present 62 18 ± 3 12–24 12 ± 1 10–14

Absent 109 67 ± 5 57–77 36 ± 6 24–48

PVTT \0.001 \0.001

Present 19 12 ± 2 8–16 10 ± 1 7–13

Absent 152 42 ± 10 23–61 22 ± 4 14–30

Satellite nodule \0.001 0.004

Present 19 16 ± 3 11–21 13 ± 4 5–21

Absent 152 48 ± 11 26–70 22 ± 3 15–29

TNM-5 0.001 0.176

I 4 – – 53 ± 9 35–71

II 69 67 ± 7 55–80 23 ± 5 13–33

III 61 24 ± 3 18–30 15 ± 2 12–18

IVA 37 20 ± 8 5–35 13 ± 2 9–17

TNM-6 \0.001 \0.001

1 65 72 ± 6 59–84 37 ± 6 19–55

2 59 40 ± 15 10–70 25 ± 7 11–39

3 47 16 ± 3 9–23 10 ± 3 5–15

PSCHR \0.001 \0.001

1 46 85 ± 7 72–98 52 ± 8 37–67

2 51 65 ± 8 59–80 29 ± 8 14–44

3 40 20 ± 3 14–26 14 ± 1 11–17

4 34 12 ± 3 6–18 7 ± 1 6–8

AFP [ 400 ng/ml 0.025 0.043

Present 62 22 ± 3 16–28 14 ± 1 11–17

Absent 109 45 ± 11 23–67 23 ± 4 15–31

1752 World J Surg (2008) 32:1748–1756

123



by multivariate analysis as an independent prognostic

determinant of each stage of TNM-6 (Table 5). Further-

more, Edmondson-Steiner grading was of independent

prognostic significance for stage II, III, and IVA of TNM-5,

although its role in stage I was difficult to evaluate because

of the small case amount (data not shown).

Evaluation of TNM-5, TNM-6, and PSCHR on HCC

patients after curative resection

As shown in Table 6, the log rank and linear trend v2

values for overall and disease-free survival gradually

increased from TNM-5 to PSCHR. In contrast, PSCHR

possessed lowest -2 log likelihood values, which meant

highest discriminatory ability for both overall and disease-

free survival compared with TNM-6 and TNM-5.

Discussion

Hepatocellular carcinoma, a lethal malignancy, has

increased its incidence and mortality rate worldwide [1, 2];

and 55% of cases and deaths are in China alone [3]. Thus far,

many efforts focused on the establishment of a satisfactory

staging system for HCC to direct treatment and predict

prognosis more accurately [4–9], including the suggestion

based on Chinese patients [8]. However, TNM staging has

been extensively used [10]. It was greatly controversial for

the comparison of TNM and some newly developed staging

systems in reliability and accuracy of survival prediction for

HCC [8, 11, 12]. Since TNM-6 was proposed and recom-

mended [13, 14], its advantages compared with TNM-5,

such as convenience and predicting power for prognosis, has

been described by some authors [15–17]. In the present

study, we consented to the opinion based on comprehensive

evaluation for these two staging systems in homogeneity,

monotonicity of the gradient, and overall discriminatory

ability (Fig. 1; Tables 4 and 6). Of course, all aforemen-

tioned agreements focused on resected patients with HCC.

Some investigators have shown that TNM-6 failed to predict

survival of patients after orthotopic liver transplantation

[40]. Therefore, the predictive power of TNM-6 for a wider

range of patients with HCC remains to be elucidated.

Although modification for TNM-6 and a new T classi-

fication have been recently reported [18, 19], all previous

staging criteria, including different editions of TNM

Table 3 continued

Variables n Overall survival Disease-free survival

Median ± SE 95% CI P value Median ± SE 95% CI P value

Edmondson-Steiner grade \0.001 \0.001

I-II 91 77 ± 5 67–87 47 ± 7 34–60

III-IV 80 21 ± 2 17–25 11 ± 1 9–13

The median overall survival of patients with stage I HCC of TNM-5 could not be shown, because all four patients censored in 21, 40, 54, and 67

postoperative months, respectively

CI confidence interval; SE standard error

Table 4 Multivariate analysis for overall and disease-free survival of HCC patients after curative resection

Variables Overall survival Disease-free dsurvival

RR 95% CI P value RR 95% CI P value

TNM-5 included

Edmondson-Steiner grade 4.635 2.532–8.482 \0.001 5.451 3.335–8.91 \0.001

Satellite nodule 2.584 1.405–4.751 0.002

TNM-5 1.201 0.816–1.768 0.353 1.014 0.742–1.387 0.931

TNM-6 included

Edmondson-Steiner grade 4.974 2.741–9.024 \0.001 5.6 3.437–9.123 \0.001

TNM-6 1.455 0.895–2.364 0.130 1.425 0.941–2.157 0.094

PSCHR included

PSCHR 2.365 1.633–3.425 \0.001 2.438 1.784–3.332 \0.001

CI confidence interval; RR risk ratio
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Fig. 2 Impact of Edmondson-

Steiner grading on

postresectional survival of

different TNM-6 stages of HCC.

(a) and (b) Overall and disease-

free survival of stage I (grade I

and II, black solid line, n = 46;

grade III and IV, gray solid line,

n = 19; P \ 0.0001 and 0.0001,

respectively). (c) and (d)

Overall and disease-free

survival of stage II (grade I and

II, black solid line, n = 32; grade

III and IV, gray solid line, n =

27; P \ 0.0001 and 0.0001,

respectively). (e) and (f) Overall

and disease-free survival of

stage III (grade I and II, black

solid line, n = 13; grade III and

IV, gray solid line, n = 34; P =

0.0222 and 0.0021,

respectively)

Table 6 Evaluation of TNM-5, TNM-6, and PSCHR on HCC

patients after curative resection

Staging systems Log-rank Linear

trend v2
-2 log

likelihood

TNM-5

Overall survival 17.16 96.859 618.918

Disease-free survival 4.95 102.685 957.694

TNM-6

Overall survival 48.02 96.915 617.471

Disease-free survival 36.99 104.891 954.883

PSCHR

Overall survival 85.46 101.794 613.498

Disease-free survival 77.95 109.582 952.277

Table 5 The impact of Edmondson-Steiner grading on prognosis of

each stage of TNM-6 staging system of HCC patients after curative

resection

Stages Risk ratio 95% confidence

interval

P value

Stage I

Overall survival 7.106 1.89–26.721 0.004

Disease-free survival 10.98 4.31–27.974 \0.001

Stage II

Overall survival 11.295 3.47–36.767 \0.001

Disease-free survival 8.252 3.25–20.955 \0.001

Stage III

Overall survival 4.016 1.38–11.688 0.011

Disease-free survival 5.712 2.029–16.077 0.001
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staging and those developed by different authors, has not

included a potentially significant variable for prognosis of

HCC, namely differentiation grade [4–10, 13, 18, 19]. In

fact, differentiation status was long proven to be of prog-

nostic significance for HCC patients who underwent a wide

range of treatments, such as resection, transplantation, and

local regional ablative therapies [23–31, 34–36]. The

findings that poorer differentiation was associated with

higher proliferative and angiogenic activity, larger tumor

size, more vascular invasion, higher ratio of AFP [ 400 ng/

ml, and those who needed major hepatic resection might

account in part for the impact of differentiation on prognosis

of HCC [23, 38, 41, 42]. However, it was regretted that such

an easily understood and strong prognostic marker was not

included in some previous investigations [20, 43]. In the

current study, we first showed that the Edmondson-Steiner

grade [37]—a well-acknowledged histological classification

of HCC—was greatly helpful in stratifying different survival

after curative hepatic resection for patients with each stage of

TNM-6 (Fig. 2; Table 5). On the basis of this finding, a novel

prognostic scoring system that integrated TNM-6 and Ed-

mondson-Steiner grade (PSCHR; Table 2) was preliminarily

attempted. In our cohort, it was found to be of better

homogeneity, monotonicity of the gradient, and overall

discriminatory ability than TNM-6 and TNM-5 (Table 6)

after comprehensive estimation of these parameters. There-

fore, PSCHR seemed to be of a higher prognostic efficiency

for patients with HCC after curative resection. However,

what needs to be specially noticed is the fact that the low

resectability rate of HCC limited the applicability of

PSCHR. Besides, the difficulty in evaluation of the system

for patients undergoing local ablation therapies, which may

still be curative but without histological data, also restricted

its validation and application. Therefore, further verifica-

tions for this preliminary proposal based on patients who

belonged to different subsets and were treated with different

kinds of modality, if a preoperative biopsy could be per-

formed, should be expected and welcomed, because a

successful prognostic model should be suited to as many

patients as possible.

Conclusion

Our data suggested that TNM-6 was an advantage for

prognosis prediction in patients with HCC after curative

hepatic resection compared with TNM-5. Edmondson-

Steiner grading could effectively distinguish postresec-

tional survival of patients with each TNM-6 stage of HCC.

Therefore, PSCHR covering Edmondson-Steiner grading

was shown to be a better prognostic model than TNM-6

and TNM-5 and was preliminarily recommended.
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