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Abstract: Incidence and mortality of intrahepatic cholangiocarcinoma (ICC) are increasing. However, its prognostic 
predictive system associated with outcome after surgery remains poorly defined. In this study, we conducted retro-
spective survival analyses in a primary cohort of 370 patients who underwent partial hepatectomy for ICC (2005 
and 2009). We found that seven variables were significantly independent predictors for overall survival (OS): serum 
prealbumin (hazard ratio [HR]: 1.447; p = 0.015), carbohydrate antigen 19-9 (HR: 1.438; p = 0.009), carcinoem-
bryonic antigen (HR: 1.732; p = 0.002), tumor number (HR: 1.781; p < 0.001), vascular invasion (HR: 1.784; p < 
0.001), regional lymphatic metastasis (HR: 2.003; p < 0.001) and local extrahepatic metastasis (HR: 1.506; p = 
0.008). Using these independent predictors, we created a simple clinicopathologic prognostic staging system for 
predicting survival of ICC patients after resection. The validity of the prognostic staging system was prospectively 
assessed in 115 patients who underwent partial hepatectomy between January 2010 and December 2010 at the 
same institution. The prognostic power was quantified using likelihood ratio test and Akaike information criteria. 
Compared with the 6th and 7th AJCC staging systems, the new staging system in the primary cohort had a higher pre-
dictive accuracy for OS in terms of homogeneity and discriminatory ability. In the validation cohort, the homogeneity 
and discrimination of the new staging system were also superior to the two other staging systems. Conclusions: The 
new staging system based on clinicopathologic features may provide relatively higher accuracy in prognostic predic-
tion for ICC patients after tumor resection.
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Introduction

Intrahepatic cholangiocarcinoma (ICC), a bile 
duct carcinoma arising from either the second-
order or more peripheral branches of the intra-
hepatic bile duct, occurs more rarely than does 
hepatocellular carcinoma (HCC) [1, 2]. Although 
the incidence of ICC is very low, it is the second 
most common primary liver cancer after HCC, 
and its incidence and mortality have been 
increasing over the past several decades world-
wide [3-8]. Partial hepatectomy is considered 
the standard curative treatment option for ICC 
[2, 9, 10]. However, despite advances in surgi-
cal modalities, prognosis after tumor resection 

remains very poor, primarily due to the persis-
tent high incidence of recurrence and/or dis-
tant metastases [11-13]. HCC and ICC have dis-
tinct mechanisms of carcinogenesis and bio-
logic behaviors [12, 14], and the oncologic 
nature of the two primary cancers vary. There 
are also important epidemiologic, etiologic, bio-
logic, and therapeutic differences between ICC 
and hilar or distal bile duct cholangiocarcinoma 
[15]. As such, there has been an increasing 
realization of the importance of establishing a 
distinct staging system for ICC.

Unfortunately, because the incidence of ICC is 
very low, and due to a lack of symptoms until 
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late in the course of disease [16], with the 
majority of ICC patients having unresectable 
tumors at diagnosis, little data exist on the clin-
icopathologic factors associated with out-
comes following surgical resection of ICC. 
Currently, only few studies have proposed dis-
tinct staging systems for patients with ICC. Two 
studies were based exclusively on limited num-
bers of patients from Japan [17, 18]. In the 
AJCC/UICC liver cancer staging systems, ICC is 
staged using a TNM classification. The widely 
used 6th edition of TNM classification, which is 
based on data exclusively derived from HCC 
patients, is not sufficiently accurate for ICC 
[19]. Recently, a large population-based 
Western cohort of patients with ICC was report-
ed. In the study, Nathan, et al. found that tumor 
size had no effect on survival, either in overall 
or in multiple subgroup analyses, and therefore 
proposed a simplified staging system based on 
the number of ICC tumors, vascular invasion, 
and the presence of metastatic disease in the 
regional lymph node basin or at distant sites 
[20]. The recent publication of the 7th edition 
AJCC/UICCA staging system which is a distinct 
staging system for ICC adopts the proposals of 
Nathan and colleagues [20]. ICC is character-
ized by a variety of risk factors. Previous stud-
ies have suggested various etiologies involving 
distinct molecular pathways in ICC develop-
ment [21], and the potential involvement of dif-
ferent prognoses after partial hepatectomy 
[22-25]. There is a very significant difference in 
the distribution of risk factors for ICC develop-
ment between China and Japan, or compared 
to the majority of Western countries. China is 
an HBV-endemic area and HBV is the predomi-
nant cause of ICC. Given this, the aforemen-
tioned staging systems based exclusively on 
data from Japan, or essentially based on 
Western data, may not provide a precise prog-
nostic prediction for ICC patients from Chinese 
populations or HBV-endemic area. Fortunately, 
recently, two prognostic systems for ICC based 
on data from China, and one from Eastern and 
Western countries, were developed. The first 
staging system was a prognostic scoring sys-
tem based on clinical features of ICC patients 
from the Zhongshan Hospital (Shanghai, China), 
which may provide a relatively accurate prog-
nostic prediction for ICC patients from a Chi- 
nese population [26]. However, the scoring sys-
tem was only based on clinical features and did 
not include pathologic information. Moreover, it 

excluded ICC patients with alpha-fetoprotein 
(AFP) above 20 μg/L (above one fifth of ICC 
patients from Chinese populations) [21, 24, 
27]. The second was a prognostic nomogram 
based on clinicopathologic features of ICC from 
the Eastern Hepatobiliary Surgery Hospital 
(Shanghai, China), which showed relatively 
more accurate prognostic prediction for 
patients with ICC [28]. The last system was also 
a prognostic nomogram based on the clinico-
pathologic features of ICC, but the data were 
from 13 major hepatobiliary centers in the 
United States, Europe, and Asia [29]. However, 
the two prognostic nomograms are complex 
and can be methodologically challenging to cre-
ate, so their utilization in clinical practice may 
be significantly limited. Therefore, a simple but 
comprehensive staging system for ICC has yet 
to be developed using Chinese or HBV-endemic 
area data.

The goal of the present study was to identify 
clinicopathologic determinants of survival fol-
lowing resection of ICC, and in turn develop a 
new staging system with specific relevance to 
ICC. We also evaluated the prognostic validity 
of the AJCC 6th edition TNM classification and 
the newly released the 7th edition TNM classifi-
cation and compared them with that of the new 
staging system.

Materials and methods

Patient cohort

We identified all hospitalized patients who were 
admitted with a primary diagnosis of ICC and 
received a partial hepatectomy (Admission 
Code: M81600/3) at the Eastern Hepatobiliary 
Surgery Hospital of the Second Military Medical 
University (Shanghai, China) between January 
2005 and December 2009. 

Only patients who completed resection of liver 
tumors and were histopathologically proven ICC 
were included in our study cohort. We applied 
the following exclusion criteria: history of other 
malignancies, history of previous anticancer 
therapy, extrahepatic or hilar cholangiocarcino-
ma, tumors of uncertain origin or probable met-
astatic liver tumor, mixed type of primary liver 
cancer as confirmed histopathologically. Pa- 
tients with incomplete clinicopathologic data or 
who died perioperatively (within 30 days of sur-
gery) or who were lost to follow-up were also 
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excluded. Death before the recurrence of ICC 
was defined as competing mortality, and such 
patients were also excluded. 

From January 2010 to December 2010, an 
independent cohort of consecutive patients 
who underwent a partial hepatectomy for ICC in 
the same institution was prospectively studied, 
using the same inclusion and exclusion criteria. 
These patients formed the validation cohort of 
this study.

The project was approved by the Eastern 
Hepatobiliary Surgery Hospital Ethical Commi- 
ttee, China. The data do not contain any infor-
mation that could identify the patients.

Clinicopathologic investigation 

The following demographics and clinicopatho-
logic information were retrospectively obtained 
from patients’ medical records: age, gender, 
alanine transaminase (ALT), aspartate trans-
aminase (AST), albumin (ALB), prealbumin (PA), 
total bilirubin (TBIL), r-glutamyltransferase 
(r-GT), alkaline phosphatase (ALP), AFP, carbo-
hydrate antigen 19-9 (CA19-9), carcinoembry-
onic antigen (CEA), HBV infection (represented 
by positive HBsAg (hepatitis B surface antigen) 
in serum or liver tissue, or detectable HBV DNA 
in serum), tumor location, tumor size (main 
tumor or the largest one), tumor capsule forma-
tion, tumor histologic type, tumor differentia-
tion (according to the WHO classification sys-
tem of tumor: well, moderately or poorly differ-
entiated; when histological diversity was 
observed in a tumor, the higher grade was 
taken as the overall grade), major portal vein 
invasion, microvascular invasion, vascular inva-
sion (included major portal vein invasion, hepa-
tovein invasion, and microvascular invasion), 
lymphatic metastasis (included regional lym-
pha node metastasis and distant lympha node 
metastasis) (1), tumor number (satellite nod-
ules, multifocal primary cholangiocarcinomas, 
and intrahepatic metastases are not distin-
guished and are considered multiple tumors), 
extrahepatic metastasis (tumor directly metas-
tasized extrahepatic tissues or organs), opera-
tive procedures, postoperative complication, 
and mode of recurrence.

TNM stage

Tumors were staged using the 6th and 7th edi-
tion of the AJCC/UICC staging manual [1, 19].

Follow-up

All patients were regularly followed up for CEA, 
CA 19-9 and AFP measurements, ultrasonogra-
phy (USG), and/or a computed tomography (CT) 
or magnetic resonance imaging (MRI) scan 
every one to two months for the first six months 
after operation, and every three months after 
that. Tumor recurrence was suspected when 
there was a progressive elevation of serum 
CEA, CA19-9 or AFP and/or ultrasonographic 
evidence of a new hepatic lesion that was con-
firmed by dynamic CT scan, MRI or position 
emission tomography (PET). Disease-free sur-
vival was measured from the date of surgery to 
the date of recurrence. Overall survival (OS) 
was defined as the period from the date of  
hepatectomy to the date of death. Follow-up of 
patients was continued until death, or Dec 5, 
2013, whichever occurred first. 

Statistical analysis

Statistical analyses were performed using 
SPSS, version 16.0 for Windows (SPSS Inc., 
Chicago, IL, USA). OS was calculated using the 
Kaplan-Meier method. Clinicopathological pro- 
gnostic factors were evaluated using the uni-
variate Kaplan-Meier method and compared 
with the log-rank test to identify the prognostic 
predictors for survival. Multivariate regression 
analysis was performed using Cox proportional 
hazards models to identify the independent 
prognostic factors for survival. Variables to be 
entered into the multivariate analysis were 
selected on the basis of the results of univari-
ate analyses (p < 0.1). The performance of 
staging systems was assessed according to 
homogeneity (smaller differences in survival 
among patients in the same stage within each 
system) and discriminatory ability (greater dif-
ferences in survival among patients in the dif-
ferent stages within each system) [30]. To eval-
uate homogeneity within each staging system, 
the likelihood ratio test was performed-that is, 
whether or not the difference in survival time is 
small among patients classified into the same 
group by that system. The likelihood ratio test 
can also estimate the monotonicity of gradient; 
the mean survival time for a group classified as 
favorable by that system is always longer than 
the survival times noted in less favorable 
groups. The Akaike information criteria were 
also used to measure the discriminatory ability 
of each staging system. Generally, more accu-
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rate stages showed lower 
Akaike information criteria 
and higher likelihood ratio χ2 
values. Comparisons bet- 
ween groups were conduct-
ed using the chi-squared 
test for categorical variables 
and the t-test for discrete 
variables. A value of p < 
0.05 was considered statis-
tically significant. 

Results

Demographics and clinico-
pathologic characteristics

Using our inclusion criteria 
and exclusion criteria, in the 
primary cohort, a total of 
370 patients with surgically 
treated, pathologically con-
firmed ICCs were enrolled in 
the study. There were 236 
men (63.8%) and 134 
women (36.2%) enrolled, 
with a male-to-female ratio 
of 1.8:1. The median age 
was 55.0 (range, 27-85) 
years old. Of the 370 
patients, 187 (50.5%) had 
HBV infection (26 cases 
were positive for HBsAg only 
in liver tissue; 54 cases 
were only seropositive for 
HBsAg; 106 cases were pos-
itive for HBsAg in both serum 
and liver tissue; one case 
was negative for HBsAg but 
had detectable HBV-DNA in 
serum), 115 (31.1%) had cir-
rhosis (96 with cirrhosis 
related to HBV, 3 with cirrho-
sis related to HCV, 1 with 
alcoholic liver cirrhosis, 1 
with non-alcoholic fatty liver 
cirrhosis, 6 with liver schis-
tosomiasis-associated cir-
rhosis and 8 with occult cir-
rhosis), and 36 (9.7%) had 
hepatolithiasis. For the vali-
dation cohort, we prospec-
tively analyzed 115 consec- consec-
utive patients (75 men and 
40 women with a male-to-

Table 1. Demographics and clinicopathologic characteristics of 
patients with ICC

Primary Cohort 
(n=370)

Validation 
cohort (n=115) P 

valueNo. of patients 
(%)

No. of patients 
(%)

Gender 0.780
    male 236 (63.8) 75 (65.2)
    female 134 (36.2) 40 (34.8)
Age (≥ 65 years) 81 (21.9) 19 (16.5) 0.214
HBV infection 187 (50.5) 51 (44.3) 0.246
Seropositive anti-HCV 10 (2.7) 2 (1.7) 0.740
Hepatolithiasis 36 (9.7) 11 (9.6) 0.958
Liver schistosomiasis 22 (5.9) 7 (6.1) 0.956
ALT (> 41 U/L) 103 (27.8) 29 (25.2) 0.581
AST (> 37 U/L) 110 (29.7) 30 (26.1) 0.451
PA (< 170 mg/L) 71 (19.2) 29 (25.2) 0.163
TBIL (> 20 µmol/L) 59 (15.9) 15 (13.0) 0.450
r-GT (> 61 U/L) 214 (57.8) 60 (52.2) 0.285
ALP (> 129 U/L) 129 (34.9) 34 (29.6) 0.293
AFP (> 20 µg/L) 74 (20.0) 16 (13.9) 0.142
CA19-9 (> 39 U/mL) 200 (54.1) 58 (50.4) 0.497
CEA (> 10 µg/L) 55 (14.9) 19 (16.5) 0.666
Tumor size (cm) 0.353
    < 5 130 (35.1) 35 (30.4)
    ≥ 5 240 (64.9) 80 (69.6)
Tumor number 0.944
single 233 (63.0) 72 (62.6)
multiple 137 (37.0) 43 (37.4)
Cirrhosis 115 (31.1) 29 (25.2) 0.229
Capsule formation 32 (8.6) 6 (5.2) 0.232
Tumor differentiation 0.825
    well to moderately 334 (90.3) 103 (89.6)
    poorly 36 (9.7) 12 (10.4)
Vascular invasion 112 (30.3) 29 (25.2) 0.297
Regional lymphatic metastasis 70 (18.9) 27 (23.5) 0.286
Local extrahepatic metastasis 67 (18.1) 16 (13.9) 0.297
6th TNM 0.327
    Stage I 148 (40.0) 40 (34.8)
    Stage II 31 (8.4) 16 (13.9)
    Stage III 158 (42.7) 48 (41.7)
    Stage IV 33 (8.9) 11 (9.6)
7th TNM 0.232
    Stage I 146 (39.5) 39 (33.9)
    Stage II 105 (28.4) 40 (34.8)
    Stage III 23 (6.2) 3 (2.6)
    Stage IV 96 (25.9) 33 (28.7)
ICC: intrahepatic cholangiocarcinoma; HBV: hepatitis B virus; HCV: hepatitis C virus; 
M: male; F: female; Prealbumin: PA; TBIL: total bilirubin; alanine transaminase (ALT); 
aspartate transaminase (AST); ALP: alkaline phosphatase; r-GT: r-glutamyltransferase; 
AFP: Alpha-fetoprotein; CA19-9: carbohydrate antigen 19-9, CEA: carcinoembryonic 
antigen.
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female ratio of 1.9:1). The demographics and 
clinicopathologic characteristics of patients in 
the primary and validation cohorts are listed in 
Table 1. No significant differences in demo-
graphics or clinicopathologic characteristics 
were found between the primary and the vali-
dation cohorts.

Recurrence and overall survival (OS) in the 
primary cohort

The median follow-up time was 26.9 months 
(range 3.8-106.0 months) for all patients, 20.4 
months (range 3.8-94.7 months) for the 285 
patients who died, and 58.3 months (range 
48.3-106.0 months) for the 85 patients who 
remained alive. The median recurrence-free 
survival (RFS) time was 5.6 months (range 1 to 
106.0 months), and the 1-, 3-, and 5-year RFS 
rates after tumor resection were 33.1%, 18.2% 
and 16.9%, respectively. The median survival 
time was 14.8 months, with 106 patients sur-
viving more than 3 years. The cumulative 1-, 3-, 
and 5-year survival rates were 55.7%, 28.6% 
and 20.7%, respectively (Figure 1).

Univariate and multivariate predictors for OS

The univariate analysis demonstrated that sig-
nificant prognostic factors for relatively poorer 
survival included the absence of HBV infection 
(p = 0.003), hepatolithiasis (p < 0.001), AST > 
37 U/L (p = 0.017), PA < 170 mg/L (p < 0.001), 
r-GT > 61 U/L (p < 0.001), ALP > 129 U/L (p < 
0.001), CA19-9 > 39 U/mL (p < 0.001), CEA 
>10 µg/L (p < 0.001), multiple tumors (p < 
0.001), tumor size ≥ 5 cm (p < 0.001), absence 
of capsule formation (p = 0.012), vascular inva-

sion (p < 0.001), regional lymphatic metastasis 
(p < 0.001), and local extrahepatic metastasis 
(p < 0.001). Further multivariate analyses 
showed that seven variables were significantly 
independent predictors for OS: serum PA (haz-
ard ratio [HR]: 1.447), CA19-9 (HR: 1.438), CEA 
(HR: 1.732), tumor number (HR: 1.781), vascu-
lar invasion (HR: 1.784), regional lymphatic 
metastasis (HR: 2.003) and local extrahepatic 
metastasis (HR: 1.506) (Table 2). Sex, age, 
anti-HCV, cirrhosis, liver schistosomiasis, ALT, 
TBIL, AFP, and tumor differentiation did not sig-
nificantly correlate with OS following hepatic 
resection.

New staging system for OS

A new staging system was devised by assigning 
a linear score (0/1) to the seven independent 
predictors for OS: stage I disease was defined 
as meeting 0 of total risk score, stage II disease 
was defined as meeting 1 of total risk score, 
stage III disease was defined as meeting 2 or 3 
of total risk score, and stage IV disease was 
defined as meeting 4 or more of total risk score 
(Table 3). The survival curve for the 370 
patients in the primary cohort was calculated 
by the Kaplan-Meier method (Figure 2A), 
according to the new staging system. For the 
four stages of patients (stage I to stage IV), the 
1-year survival rates were 97.1%, 69.9%, 
42.1%, and 19.3% for stage I, II, III, and IV 
patients, respectively; the 3-year survival rates 
were 70.6%, 37.6%, 14.5%, and 1.8%, respec- 
tively.

Prognostic performance of each staging sys-
tem in the primary cohort

Patient distribution and OS according to each 
staging system is shown in Table 4. According 
to the 7th edition of the AJCC staging system, 
most of patients (67.9%) were either stage I or 
stage II. However, according to the 6th edition 
and new staging system, most patients (6th edi-
tion: 51.6%; new staging system: 56.5%) were 
in stage III and stage IV. The 1- or 3-year sur-
vival rate of patients in stage I or stage II of the 
new staging system was higher than that found 
by the AJCC 6th edition or 7th edition. In con-
trast, 1- or 3-year survival rates of patients in 
stage IV of the new staging system were lower 
than that of the AJCC 6th edition or 7th edition. 

Figure 2 depicts the Kaplan-Meier estimated 
OS curves according to the three different stag-

Figure 1. Kaplan-Meier estimated overall survival 
and disease-free survival curves of patients with 
intrahepatic cholangiocarcinoma in the primary co-
hort.



Prognostic staging system of ICC

1836 Am J Cancer Res 2015;5(5):1831-1843

ing systems. All three staging systems in our 
study showed a significant progressive decre- 

ase in OS from the earliest to the most ad- 
vanced stages (log-rank test, all p < 0.001) 

Table 2. Univariate and multivariate analyses of prognostic factors on overall Survival

Factor N
Survival rate (%) Univariate analy-

sis (P value)
multivariate 

analysis (P value)
Hazard 

ratio 95% CI
1-year 3-year

HBV infection 0.003 0.463 0.908 0.702-1.175
    Yes 187 59.9 35.8
    No 183 51.4 21.3
Hepatolithiasis < 0.001 0.173 1.328 0.883-1.998
    Yes 36 38.9 8.3
    No 334 57.5 30.8
AST 0.017 0.588 1.088 0.802-1.476
    ≤ 37 U/L 260 58.5 31.9
    > 37 U/L 110 49.1 20.9
PA < 0.001 0.015 1.447 1.076-1.947
    < 170 mg/L 71 40.8 11.3
    ≥ 170 mg/L 299 59.2 32.8
r-GT < 0.001 0.557 1.094 0.810-1.477
    ≤ 61 U/L 156 67.3 41.0
    > 61 U/L 214 47.2 19.6
ALP < 0.001 0.349 1.149 0.859-1.538
    ≤ 129 U/L 241 64.7 36.1
    > 129 U/L 129 38.8 14.7
CA19-9 < 0.001 0.009 1.438 1.096-1.886
    ≤ 39 U/mL 170 71.2 42.4
    > 39 U/mL 200 42.5 17.0
CEA < 0.001 0.002 1.732 1.224-2.451
    ≤ 10 µg/L 315 60.3 33.0
    > 10 µg/L 55 29.1 3.6
Tumor number < 0.001 < 0.001 1.781 1.381-2.298
    single 233 66.5 36.9
    multiple 137 37.2 14.6
Tumor size < 0.001 0.557 1.091 0.817-1.456
    < 5 cm 130 70.0 42.3
    ≥ 5 cm 240 47.9 21.3
Capsule formation 0.012 0.210 0.732 0.450-1.192
    Yes 32 75.0 46.9
    No 338 53.8 26.9
Vascular invasion < 0.001 < 0.001 1.784 1.370-2.323
    Yes 112 41.1 13.4
    No 258 62.0 35.3
Regional lymphatic metastasis < 0.001 < 0.001 2.003 1.490-2.693
    Yes 70 27.1 5.7
    No 300 62.3 34.0
Local extrahepatic metastasis < 0.001 0.008 1.506 1.112-2.039
    Yes 67 28.4 6.0
    No 303 61.7 33.7
ICC: intrahepatic cholangiocarcinoma; HBV: hepatitis B virus; alanine transaminase (ALT); aspartate transaminase (AST); PA: 
pre-albumin; ALP: alkaline phosphatase; r-GT: r-glutamyltransferase; CA 19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic 
antigen.
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(Figure 2). In Figure 2, although the AJCC sixth 
edition (Figure 2B) or seventh edition (Figure 
2C) showed good prognostic stratification for 
patients between stage I and stage II or later in 
the primary cohort, the AJCC sixth edition was 
unsatisfactory in stratifying patients between 
stage III and stage IV (p = 0.190), and the AJCC 
seventh was unsatisfactory in stratifying 
patients between stage II and III (p = 0.537). 
Our new staging system displayed better accu-
racy between each stage grouping in the pri-
mary cohort (Figure 2A) (p < 0.001). The results 
indicate that the new staging system was a 
useful predictor for survival of ICC patients in 
the primary cohort. 

Finally, the predictive accuracy of the three vari-
ous staging systems were evaluated. Compared 
with the 6th AJCC staging system, the 7th AJCC 
staging system had a higher discriminatory abil-
ity for different stages and a better homogene-

ity in the same stages, as 
shown in Table 5 (likeli-
hood ratio χ2 values, 
104.395 versus 97.045; 
Akaike information crite-
ria values, 2949.771 ver-
sus 2959.120). However, 
the new staging system 
had the highest prognos-
tic power among the 
three staging systems 
(likelihood ratio χ2 value, 
148.857; Akaike infor-
mation criteria value, 
2909.309).

Validation of the predic-
tive accuracy of the new 
staging system

In the validation cohort, 
the median follow-up 
time was 15.0 months 
(range 3.8-47.4 months) 
for all patients, 11.9 
months (range 3.8-38.9 
months) for the 88 
patients who died, and 
39.2 months (range 
36.0-47.4 months) for 
the 27 patients who 
remained alive for the 
duration of the follow-up. 
Median disease-free sur-

Table 3. The new staging system of intrahepatic cholangiocarcinoma
Independent predictor Risk score
Serum PA level (mg/L)
    < 170 1
    ≥ 170 0
Serum CA19-9 level (U/ml)
    > 39 1
    ≤ 39 0
Serum CEA level (µg/L)
    > 10 1
    ≤ 10 0
Tumor number 
    Solitary 0
    Multiple 1
Vascular invasion
    Yes 1
    No 0
Regional lymphatic metastasis
    Yes 1
    No 0
Local extrahepatic metastasis
    Yes 1
    No 0
New stage groupings Total risk score HR (95% CI) P
    Stage I 0 1 < 0.001
    Stage II 1 2.306 (1.495-3.558) < 0.001
    Stage III 2 or 3 4.736 (3.166-7.085) < 0.001
    Stage IV ≥ 4 10.392 (6.561-16.460) < 0.001
PA: pre-albumin; CA 19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; HR: 
hazard ratio; 95% CI: confidence interval.

vival time was 4.8 months (range, 1 to 47.4 
months), and the 1- and 3-year RFS rates after 
operation were 25.6% and 17.8%, respectively. 
The median survival time was 12.6 months; 28 
patients survived more than 3 years. The cumu-
lative 1- and 3-year survival rates were 52.2% 
and 24.3%, respectively. As shown in Figure 3, 
although the AJCC 6th edition (Figure 3B) and 
7th edition (Figure 3C) also showed good prog-
nostic stratification for patients between stag-
es I and II, or even later in the validation cohort, 
the 6th AJCC edition was unsatisfactory in strat-
ifying patients between stage II and III (p = 
0.449), between stages III and IV (p = 0.995), 
and the AJCC 7th edition was unsatisfactory in 
stratifying patients between stage II and III (p = 
0.129), between stage III and stage IV (p = 
0.658). Our new staging system displayed bet-
ter accuracy between each stage grouping in 
the validation cohort (Figure 3A) (p < 0.05). 
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Compared with 6th AJCC staging system, the 7th 
AJCC staging system still had a higher discrimi-
natory ability for different stages (Akaike infor-
mation criteria values, 714.607 versus 
716.091), but had a similar homogeneity in the 
same stages (likelihood ratio χ2 values, 34.130 
versus 34.646), as shown in Table 5. However, 
the new staging system had the highest prog-
nostic power among the three staging systems 
(likelihood ratio χ2 value, 40.928; Akaike infor-
mation criteria value, 711.809). The results fur-
ther suggest that the new staging system was a 
useful predictor for survival of patients with 
ICC.

Discussion

In the present study, a new staging system 
based on clinicopathologic features has been 
developed and shown to have more satisfacto-
ry predictive power than the 6th or 7th AJCC edi-
tor staging system for OS of patients with ICC 
after a partial hepatectomy. More importantly, 
the new staging system can be easily imple-
mented in clinical practice.

A staging system for primary liver cancer was 
first published in 1987 by the AJCC/UICC in the 

third version of the TNM classification. This 
staging system included both HCC and ICC. In 
the previous 6th edition of the AJCC/UICC man-
ual, ICC was staged identically to HCC, largely 
due to HCC representing more than 90% of pri-
mary liver cancers, and the paucity of prognos-
tic data available for ICC. Nonetheless, HCC 
and ICC differ significantly in pathogenesis, 
tumor behavior and prognosis after surgical 
resection. Therefore, after two decades, the 
development of a separate staging with specif-
ic relevance to ICC was critical because infor-
mation derived from staging not only provides 
data regarding prognosis but also dictates 
patient stratification in clinical research. Based 
on the analysis of data obtained from The 
Surveillance, Epidemiology, and End Results 
(SEER) database on 598 unselected patients 
who underwent surgery for ICC between 1988 
and 2004, Nathan and colleagues proposed a 
new staging schema that was adopted in the 7th 
edition of the TNM Staging Manual [20]. The 
AJCC/UICC 7th edition staging system proposed 
a distinct staging system for ICC [1]. The stag-
ing system omitted tumor size due to a lack of 
prognostic discrimination of this characteristic, 
instead using the following independent predic-

Figure 2. Overall survival curves according to the 
three staging systems in the primary cohort. A. 
New staging system; B. The sixth AJCC staging 
system; C. The seventh AJCC staging system. 
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tors of survival derived from the SEER data-
base: tumor number, vascular invasion, lymph 
node status, and presence of metastatic dis-
ease [20]. Indeed, in contrast to HCC, the prog-
nostic importance of tumor size in patients with 
ICC is controversial. Data from a number of 
Japanese and Nathan et al. studies have sug-
gested that tumor size may not be indepen-
dently associated with prognosis in ICC [17, 20, 
31-34]. However, recently, three studies (one 
study from 13 major hepatobiliary centers 
including the United States, European, and 
Asia; two studies from Chinese) reported that 
tumor size is an independent predictor of OS for 

patients with ICC [26, 28, 
29]. In both our former and 
present studies, although a 
tumor size ≥ 5 cm showed 
a relatively poorer survival 
in univariate analysis, it 
was not an independent 
predictor of OS in multivari-
ate analyses [22]. In con-
trast, vascular invasion, 
tumor number, regional 
lymph node status, and 
local extrahepatic metas-
tasis were decidedly pre-
dictors of OS. The four 
parameters may be more 
accurate morphologic indi-
cators of the biologic 
behavior of a tumor than of 
tumor size [17].

Although the AJCC 7th edi-
tion staging system for ICC 
in some Western countries 
[35, 36] was found be 
superior to the 2 Western 
[19] and 2 Japanese pTNM 
classifications that had 
previously been used [17, 
18], the exact predictive 
power of the staging sys-
tem for OS of ICC patients 
from Chinese populations 
remains unclear. Jiang and 
colleagues found that the 
AJCC 7th edition staging 
system provided a better 
prognostic discrimination 
than the 6th edition [26], 
whereas, in more recently, 

Table 4. Distribution of patients and survival according to each stag-
ing system in the primary cohort.

Staging system N (%)
Median sur-
vival time 
(months)

Deaths (%)
Survival rate (%)

1-year 3-year
6th pAJCC system
    I 148 (40.0) 34.0 87 (58.8) 79.1 49.3
    II 31 (8.4) 15.8 24 (77.4) 61.3 32.3
    III 158 (42.7) 9.3 142 (89.9) 38.0 13.9
    IV 33 (8.9) 7.7 32 (97.0) 30.3 3.0
7th pAJCC system
    I 146 (39.5) 35.9 85 (58.2) 79.5 50.0
    II 105 (28.4) 12.5 89 (84.8) 52.4 22.9
    III 23 (6.2) 9.8 19 (82.6) 34.8 17.4
    IV 96 (25.9) 7.1 92 (95.8) 28.1 5.2
New staging system
    I 68 (18.4) 53.0 30 (44.1) 97.1 70.6
    II 93 (25.1) 24.6 65 (69.9) 69.9 37.6
    III 152 (41.1) 10.2 134 (88.2) 42.1 14.5
    IV 57 (15.4) 5.7 56 (98.2) 19.3 1.8
AJCC: American Joint Commission for Cancer Staging.

Table 5. Prognostic performance of each staging system
Staging system Likelihood Ratio (χ2) Akaike Information Criteria
In the primary
    6th AJCC system 97.045     2959.120
    7th AJCC system 104.395 2949.771
    New stage system 148.857 2909.309
In the validation
    6th AJCC system 34.646 716.091
    7th AJCC system 34.130 714.607
    New stage system 40.928 711.809
Note: Regarding discriminatory ability, homogeneity, and monotonicity of gradients, the 
model with the higher χ2 by the likelihood ratio test was considered the better model. 
Furthermore, the lower value of Akaike information criteria is considered the better 
model for discriminatory ability. American Joint Commission for Cancer Staging: AJCC.

Wang et al. reported prognostic discrimination 
of the two staging system was similar (C-indices: 
0.65 vs. 0.65) [28]. In the present study, our 
results showed the AJCC 7th edition staging sys-
tem had a higher discriminatory ability for dif-
ferent stages and a better homogeneity in 
same stages than the 6th edition in the primary 
cohort, had a higher discriminatory ability for 
different stages and similar homogeneity in the 
same stage than did the 6th edition in the vali-
dation. The exactly superiority, compared with 
the previous edition, of the AJCC 7th edition ICC 
staging system among Chinese patients with 
ICC needs further confirmation.
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The new staging system performed well in pre-
dicting survival by the Kaplan-Meier method, 
and its prediction was further supported by the 
likelihood ratio test and Akaike information cri-
teria. When compared with the AJCC 6th and 7th 
edition staging systems, the new staging sys-
tem showed better predictive accuracy for sur-
vival. The new staging system also includes two 
tumor markers (CA 19-9 and CEA) and one 
parameter of liver function (PA), which were not 
been included as variables in the AJCC or the 
two Japanese staging systems. High serum lev-
els of CEA or CA 19-9 has been suggested to be 
independently associated with poor prognosis 
of ICC [26, 28, 37]. Although tumor markers 
have not previously been included in ICC stag-
ing systems, their role in predictive perfor-
mance has been observed in HCC staging sys-
tems [38, 39]. PA is a protein that is made in 
the liver and released in the blood. It is an 
important marker for assessing protein defi-
ciency, the status of a patient’s nutrition, and 
the level of liver function. Serum PA combined 
with the model for end-stage liver disease 
(MELD) can more accurately predict the prog-
nosis of patients with decompensated cirrhosis 

than a MELD score alone [40]. Recent studies 
also found that low perioperative serum PA pre-
dicts early recurrence after curative pulmonary 
resection for non-small-cell lung cancer [41] 
and short-term survival after hepatectomy for 
HCC [42]. In the present study, we found that 
low PA level was independently associated with 
poor prognosis for ICC patients.

There are two limitations to the present study. 
First, the staging system was established 
based on data obtained from a single institu-
tion in China. Second, HBV infection was the 
predominant cause of ICC patients in present 
study (49.1%) and only 10 patients (2.7%) in pri-
mary cohort and 2 patients (1.7%) in the valida-
tion cohort had seropositive anti-HCV. Because 
HCV infection and primary sclerosing cholangi-
tis (PSC) are important risk factors of ICC devel-
opment in western countries, whether this new 
staging system is applicable to ICC patients of 
western countries is still unclear. 

Conclusions

Overall, compared with the existing AJCC 6th 
edition staging system for primary liver cancer 

Figure 3. Overall survival curves according to the 
three staging systems in the validation cohort. A. 
New staging system; B. The sixth AJCC staging 
system; C. The seventh AJCC staging system.
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and the 7th edition ICC staging system, the pro-
posed new staging system is simpler and has a 
relatively higher predictive accuracy for OS of 
ICC patients after surgical resection. Prospec- 
tive validation of this new staging system 
through a multicenter collaboration would con-
firm its utility.
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