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Abstract. The T1 tumor category is further divided into T1a 
(≤5 cm) and T1b (>5 cm) by tumor size in the 8th edition of the 
American Joint Committee on Cancer (AJCC) staging system 
for intrahepatic cholangiocarcinoma (ICC). The aim of the 
present study was to investigate the association between tumor 
size and prognosis in patients with T1 ICC. The data regarding 
patients with ICC was downloaded from the Surveillance, 
Epidemiology, and End Results database between January 2004 
and December 2013, at the time of first diagnosis and entered 
into the database. Demographic and pathological characteristics 
of patients were analyzed using an independent t‑test and χ2 test. 
Overall survival was evaluated using Kaplan‑Meier analysis; 
the cut‑off point for tumor size was determined using the X‑tile 
software. A total of 407 patients with ICC were selected from 
the analysis, including 199 cases with stage IA and 208 cases 
with stage IB tumors. The independent prognostic factors for 
patients with stage IA ICC were age and surgery. Independent 
prognostic factors for patients with stage IB ICC included age, 
surgery (yes vs. no) and tumor size (5‑7 vs. ≥7 cm). The optimal 
cut‑off value for tumor size was determined to be ~7 cm using 
X‑tile software. Tumor size with a cut‑off value of 7 cm could 
stratify patients by risk better than a value of 5 cm [hazard ratio 
(HR), 1.775; 95% confidence interval (CI), 1.356‑2.323 and; HR, 
1.402; 95% CI, 1.078‑1.824, respectively]. This suggests that the 
T1 tumor category should be subclassified into T1a and T1b with 
a cut‑off of 7 cm rather than 5 cm. The next edition of the AJCC 
staging system may take the present evidence into consideration 
for improvement regarding the accurate staging of ICC. 

Introduction 

Intrahepatic bile duct cancer (IHBDC) is a type of cancer 
usually considered to be a primary liver malignancy (1). The 
most common histological type of IHBDC is intrahepatic 
cholangiocarcinoma (ICC), with a 5‑year overall survival 
(OS) rate of 15‑45% worldwide (2‑5). Considering these poor 
patient outcomes, an accurate staging system is required to 
stratify patients by risk of mortality.

Recently, the 8th edition of American Joint Committee on 
Cancer (AJCC) staging system for ICC has been released and 
applied in clinical practice (6). The main changes focus on the 
definition of T category. Of these, the T1 category was further 
divided into T1a (≤5 cm) and T1b (>5 cm) by tumor size. This 
is the first time the impact of tumor size in the AJCC staging 
system has been accounted for. 

Yamashita et al (7) identified that patients with ICC and 
a tumor size ≥4.4 cm were more likely to relapse compared 
with patients with ICC and a tumor size <4.4 cm. Furthermore, 
Spolverato et al (8) reported that the larger the tumor size, 
the higher the incidence of microscopic vascular invasion. In 
addition, larger tumors were associated with poor biological 
behaviors (e.g. worse tumor grade) (8). These findings suggest 
that large tumor sizes have a negative impact on the survival 
of patients with ICC. However, the rationality of the cut‑off 
value of 5 cm has not yet been validated in the latest AJCC 
staging system. 

In the present study, the Surveillance Epidemiology and 
End Results (SEER) database, a population‑based database, 
was used to assess the relationship between the tumor size and 
prognosis. Specifically, the optimal cut‑off value for tumor 
size in the stratification of T1 ICC tumors was investigated.

Materials and methods

Patients. Patient data were downloaded from the SEER data-
base (https:seer.cancer.gov) (between Jan 2004 and Dec 2013, 
during first diagnosis and entered into the database) using the 
SEER*Stat software (version 8.2.0; National Cancer Institute). 
ICC was retrieved from the site recode C22.1, according to 
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the International Classification of Diseases for Oncology 
(3rd edition)  (9). The inclusion criteria were as follows: i) 
age, ≥18 years; ii) diagnosed as ICC with positive histology 
confirmed by histopathological and immunohistochemical anal-
ysis; iii) stage I tumor according to the 8th AJCC TNM staging 
system (10); iv) definite tumor size stated in mm; v) first primary 
tumor; and vi) available follow‑up information. Demographic 
and pathological characteristics included age, ethnicity, sex, 
marital status [classified as married or other, (divorced, sepa-
rated, single (never married), widowed and unknown marital 
status)], tumor size, grade and surgical treatment. The total 
follow‑up time ranged between 0 and 118 months. 

Statistical analysis. The differences between patients with 
stage IA and IB tumors were evaluated using an independent 
t‑test or χ2 test. Univariate and multivariate analyses were 
performed using the Cox regression model and the data is 
presented as hazard ratio (HR) and 95% confidence interval 
(CI). Patients with unknown grade information were excluded 
in the univariate and multivariate analyses. Survival curves 
were then plotted using the Kaplan‑Meier method and the 
log‑rank test. X‑tile software (version 3.6.1; Yale University) 
was used to examine the optimal tumor size (11). All analyses 
were performed using PASW statistics v18 (SPSS, Inc). P<0.05 
was considered to indicate a statistically significant difference. 

Results 

A total of 407 patients with ICC, including 199 cases with stage 
IA and 208 cases with stage IB tumors, were finally selected 

for further analysis using inclusion criteria. Demographic 
and pathological characteristics are presented in Table  I. 
The median age of the entire cohort was 66 years (range, 
18‑99 years), and the majority of patients were Caucasian 
(73.0%). The mean tumor size was 58.1 mm (range, 5‑167). 
Additionally, the proportion of patients with well‑ and moder-
ately differentiated tumors (grade I+II) was higher compared 
with those with poorly differentiated and undifferentiated 
tumors (grade III+IV) (47.4 vs. 20.9%). Except for patients with 
unknown grade information, the incidence of grade III+IV 

Figure 1. Survival curves of patients with stage I intrahepatic cholangiocarci-
noma using the tumor size sub‑classification cut‑off value of 5 cm.

Table I. Demographic and pathological characteristics of patients with intrahepatic cholangiocarcinoma.

Variables	 Overall (n=407)	 Stage IA (n=199)	 Stage IB (n=208)	 P‑value

Age, yearsa	 66 (18‑99)	 66 (35‑97)	 67 (18‑99)	 >0.05
Ethnicity				    >0.05
  Caucasian	 297	 146	 151	
  African American	 40	 16	 24	
  Other	 70	 37	 33	
Sex				    >0.05
  Male	 183	 95	 88	
  Female	 224	 104	 120	
Marital status				    0.027
  Married	 231	 124	 107	
  Otherb	 176	 75	 101	
  Tumor size, mmc	 58.1 (5.0‑167.0)	 33.2 (5.0‑50.0)	 82.0 (51.0‑167.0)	 <0.001
Grade				    >0.05
  I+II	 193	 102	 91	
  III+IV	 85	 37	 48	
  Unknown	 129	 60	 69	
Surgery				    <0.001
  Yes	 230	 128	 102	
  No	 177	 71	 106	

aPresented as median (range). bincludes those that are divorced, separated, single (never married), widowed and unknown marital status. 
cPresented as mean (range).
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was significantly higher in stage IB than in stage IA (34.5 vs. 
26.6%). There were no significant differences between stage 
IA and IB with respect to patient age, ethnicity, sex and grade 
(P>0.05). However, significantly more patients with stage IA 

received surgical treatment compared with patients with stage 
IB (64.3 vs. 49.0%; P<0.001). Patients who were married also 
accounted for a higher proportion of patients with stage IA 
compared with stage IB (P<0.027). 

Figure 2. Optimal cut‑off point determined using X‑tile software. (A) X‑tile plots are created by dividing tumor size into two populations randomly: low and 
high. All possible cut‑off points were assessed. The brightest pixel (black/white circle on the χ2 Hi/Lo axis) denotes the optimal cut‑off point. χ2 values are 
indicated by the red and black colours. (B) Histogram of the entire cohort. The blue area represents patients with tumor size ≤ 68 mm; the grey area represents 
patients with tumor size >68 mm. Hi, high; Li, low.

Table II. Univariate Cox regression model analysis of overall survival in patients with intrahepatic cholangiocarcinoma.

	 Stage IA	 Stage IB
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR (95% CI) 	 P‑value	 HR (95% CI) 	 P‑value

Age, years	 1.036 (1.016‑1.055)	 <0.001	 1.039 (1.023‑1.056)	 <0.001
Ethnicity				  
  Caucasian	 Reference		  Reference	
  African American	 1.032 (0.516‑2.062)	  0.929	 1.044 (0.593‑1.838)	  0.882
  Other	 0.744 (0.457‑1.211)	  0.234	 1.131 (0.671‑1.905)	  0.644
Sex				  
  Male	 Reference		  Reference	
  Female	 1.023 (0.699‑1.499)	  0.905	 0.764 (0.530‑1.101)	  0.148
Grade				  
  I+II	 Reference		  Reference	
  III+IV	 1.680 (1.031‑2.735)	  0.037	 1.849 (1.158‑2.952)	  0.010
Marital status				  
  Married	 Reference		  Reference	
  Other	 1.086 (0.731‑1.613)	  0.682	 1.092 (0.761‑1.567)	  0.634
Surgery				  
  Yes	 Reference		  Reference	
  No	 4.178 (2.820‑6.188)	 <0.001	 4.071 (2.732‑6.066)	 <0.001
Tumor size, mm				  
  51‑69			   Reference	
  ≥70	 ‑	 ‑	 1.882 (1.242‑2.851)	  0.003

HR, hazard ratio; CI, confidence interval.
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Univariate and multivariate Cox regression model 
analyses of OS time were performed for patients with ICC 
(Tables II and III). In univariate analysis, prognostic factors 
identified in patients with stage IA ICC included age, grade 
(I+II vs. III+IV) and surgery (yes vs. no). Prognostic factors 
identified in patients with stage IB ICC included age, grade 
(I+II vs. III+IV), surgery (yes vs. no) and tumor size (5‑7 
vs. ≥7 cm). In multivariate analysis, independent prognostic 
factors identified in patients with stage IA ICC were age and 
surgery (yes vs. no). Alternatively, independent prognostic 
factors for patients with stage IB ICC included age, surgery 
(yes vs. no) and tumor size (5‑7 vs. ≥7 cm).

According to the current AJCC TNM staging system, 
patients with stage IA had a significantly longer survival time 
compared with that in patients with stage IB (Fig. 1; P=0.010). 
X‑tile software was used to investigate the association 
between tumor size and risk of mortality (Fig. 2A and B). The 
plots are created by dividing tumor size into two populations, 
randomly: low and high. All possible cut‑off points were 
assessed. The brightest pixel (indicated by the black/white 
circle on the χ2 high/low axis) denotes the optimal cut‑off 
point. As a result, the optimal cut‑off value of tumor size was 
shown to be 6.8 cm. Thus 7 cm was used as an integer divider 
to redefine the subclassifications of T1 (T1a, <7 cm; T1b, 
≥7cm). The survival curves of modified stage IA and IB are 
presented in Fig. 3 (P<0.001). Tumor size with a cut‑off value 
of 7 cm could better stratify patients by risk compared with 
5 cm (7 cm, HR, 1.775; 95% CI, 1.356‑2.323; 5 cm, HR, 1.402; 
95% CI, 1.078‑1.824).

Discussion 

ICC is a relatively uncommon cancer; however, some patients 
miss their interventional operative opportunity due to delayed 
diagnosis  (12). The present study demonstrated that the 
proportion of patients with stage IA receiving operations 
was much higher than those with stage IB (64.3 vs. 49.0%), 
indicating that tumor size was a prominent factor in decisions 

Table III. Multivariate Cox regression model analysis of overall survival in patients with intrahepatic cholangiocarcinoma.

	 Stage IA	 Stage IB
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR (95% CI) 	 P‑value	 HR (95% CI) 	 P‑value

Age, years	 1.027 (1.008‑1.046)	  0.005	 1.034 (1.017‑1.052)	 <0.001
Ethnicity				  
  Caucasian	 Reference		  Reference	
  African American	 1.165 (0.580‑2.340)	  0.668	 1.045 (0.583‑1.870)	  0.883
  Other	 0.699 (0.426‑1.145)	  0.155	 0.946 (0.553‑1.617)	  0.839
Sex				  
  Male	 Reference		  Reference	
  Female	 0.909 (0.597‑1.386)	  0.658	 0.877 (0.593‑1.295)	  0.509
Grade				  
  I+II	 Reference		  Reference	
  III+IV	 1.315 (0.797‑2.170)	  0.284	 1.643 (1.000‑2.697)	  0.050
Surgery				  
  Yes	 Reference		  Reference	
  No	 3.713 (2.431‑5.670)	 <0.001	 2.765 (1.795‑4.259)	 <0.001
Tumor size, mm				  
  51‑69			   Reference	
  ≥70	 ‑	 ‑	 1.757 (1.134‑2.724)	  0.012

HR, hazard ratio; CI, confidence interval.

Figure 3. Survival curves of patients with stage I intrahepatic cholangiocarci-
noma using the tumor size subclassification cut‑off value of 7 cm.
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about surgical treatment. Besides surgery, the other common 
prognostic factor for both stage IA and IB was age, which was 
in agreement with many previous studies (13‑16). Age was 
significantly associated with OS time (Table III). 

Notably, poor tumor differentiation has also been consid-
ered to be a risk factor for ICC in several studies with large 
sample sizes (16‑18). Spolverato et al (8) identified that the 
incidence of poor tumor differentiation was significantly higher 
in large tumors (<3 cm, 9.7%; 3‑5 cm, 19.8%; 5‑7 cm, 24.2%; 
7‑15 cm, 21.1%; >15 cm, 31.6%), which was similar to the 
present results (Table I). The present study indicated that grade 
was not an independent prognostic factor for patients with stage 
IA (P=0.284; Table III). However, grade was nearly an inde-
pendent prognostic factor for patients with stage IB (P=0.05; 
Table III). This is likely explained by the high proportion of 
patients with stage IA receiving surgery, resulting in better 
outcomes, regardless of the degree of tumor differentiation.

Survival outcomes were significantly different between 
stage IA and IB, suggesting the sub‑classification of stage I 
by tumor size is necessary. The present findings demonstrated 
the most appropriate cut‑off value for tumor size is 7 cm rather 
than 5 cm. In a large, multi‑institutional study, Hyder et al (19) 
also reported that the impact of tumor size on the risk of 
mortality plateaued at a threshold value of 7 cm in patients 
with resectable ICC. These findings suggested that the optimal 
size cut‑off value of the T1 category in the 8th edition of AJCC 
staging system was worth considering to better predict the 
outcomes of patients with ICC.

It should be noted that the present study was limited by using 
retrospective clinical data. For this reason, the optimal cut off 
value of 7 cm should be validated by external data and therefore 
more prospective studies should be performed in a larger cohort 
of patients with ICC in future research. A total of 129 cases with 
unknown grade information were excluded in the univariate 
and multivariate Cox regression analysis, which may impact the 
results to some extent. Additionally, the SEER database does not 
include genetic information of tumors. Therefore, the potential 
mechanism of large tumor size leading to poor prognosis remains 
to be elucidated through further basic laboratory research. 
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