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Background: Anatomical location is considered in diagnostic and therapeutic approaches of 
cholangiocarcinoma (CCA). However, disparities and its extents in proportion of surgical candidates, 
prognostic factors, prognostic genetic networks, susceptibility for lymph node dissection, and disease stage at 
diagnosis remain to be confirmed. 
Methods: A total of 11,710 patients with cholangiocarcinoma from Surveillance, Epidemiology, and End 
Results Cancer Registries (SEER) and 45 CCA patients with paired tumor and normal specimens from 
The Cancer Genome Atlas were studied. Kaplan-Meier estimation, Cox proportional hazards regression, 
Pearson’s correlation, comparison between anatomical location (distal, intrahepatic, and perihilar)-dependent 
CCAs, differential expressive gene stratification, potential interactive gene identification, and confirmation 
on pathways of the prognostic networks were carried out.
Results: Survival outcomes were most favorable in the distal type, followed by perihilar and intrahepatic 
types, but postsurgical prognosis was slightly higher in intrahepatic type compared to perihilar type. Distant 
historic stage at diagnosis was noticed in intrahepatic type. Significant prognostic factors and their hazards 
ratios were dependent to the anatomical location. In addition, lymph node dissection provided significant 
survival benefits in perihilar type only. Furthermore, prognosis-predictive genes, as well as potential 
processes and pathways, were significantly among the anatomical location-dependent types that the genes 
barely overlapped.
Conclusions: There are disparities in almost all aspects among distal, intrahepatic, and perihilar CCAs. 
Anatomical location needs to be considered in treatment, prognostic estimation, identifying targets, and 
developing therapeutic approaches for CCA.
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Introduction

Cholangiocarcinoma (CCA) is a group of highly lethal 
epithelial malignancies that arises from complex interactions 
between genetic background and diverse risk factors 
along the biliary tree (1). Globally, CCA is a relatively 
rare cancer with less than <6 cases per 100,000 people in 
most countries, except for some Eastern countries, such as 
China, South Korea, and Thailand (2). To date, a number 
of risk factors have been identified, including hepatitis virus 
infection, parasitic infection, primary sclerosing cholangitis, 
and cholelithiasis, but approximately 70% cases occur 
sporadically without any risk factors (3).

Cumulating evidences indicate an increasing trend in 
worldwide incidence of intrahepatic CCA (iCCA), but not 
perihilar CCA (hiCCA) and distal CCA (dCCA) (4). In 
addition, therapeutic and diagnostic approaches, clinical 
manifestations, and prognosis of CCAs are dependent 
to different anatomical locations (5,6). Moreover, recent 
whole-exome sequencing analysis showed that mutational 
frequencies depended on anatomical location of CCAs (7).  
TP53 and KRAS alterations were significantly more frequent 
with worse survival rates in extrahepatic CCA, whereas 
IDH1, IDH2, and chromatin-remodeling gene BAP1 were 
typical of iCCA.

Herein, we comprehensively compared iCCA, hiCCA, 
and dCCA in terms of incidence, surgical resectability, 
therapeutic outcomes, clinicopathological features, 
prognostic factors, and genetic heterogeneities to support 
future clinical practice.

Methods

Data source

Data on 393,963 patients diagnosed with digestive system 
cancer between 1973 to 2015 were obtained from the 
Surveillance, Epidemiology, and End Results Cancer 
Registries (SEER) 9 Registries Program (https://seer.cancer.
gov/), which is a national representative population-based 
database involving the following areas: San Francisco-
Oakland, Connecticut, the Detroit Metropolitan Area, 
Hawaii, Iowa, New Mexico, the Seattle Puget Sound Area, 
Utah, and the Atlanta Metropolitan Area in the United 
States. Permission to the data was obtained in 19 Feb 2019. 
In addition, we also obtained genetic and clinical data of 
CCA from The Cancer Genome Atlas (TCGA; https://
cancergenome.nih.gov/) (8). Institutional review board 

approval was not required by the Ethics Committee of 
Renji Hospital, considering the study design that the study 
did not involve any interventions. Informed consent was not 
applicable.

Study patient

Of the 393,963 patients with digestive cancers from the 
SEER database, we identified 5,626 hiCCA (Code 008, 
Bile Ducts Perihilar), 5,462 iCCAs (Code 007, Bile Ducts 
Intrahepatic), and 622 dCCAs (Code 006, Bile Ducts Distal) 
according to the CS Schema v0204+, which was collected 
under the specifications of a particular schema based on site 
and histology. From the TCGA database, only the patients 
with CCA and full follow-up information were analyzed, 
which include 36 iCCA, 7 hiCCA, and 2 dCCA cases.

Statistical analysis

All statistical analyses were performed using The R project 
for Statistical Computing (https://www.r-project.org/). 
All continuous and categorical variables were presented 
as median [Q1–Q3; interquartile range (IQR)] and n (%), 
respectively. Kaplan-Meier survival curves were generated 
for comparison of cumulative survival that was evaluated 
using the log-rank test. For evaluation of correlations 
among variables, Pearson’s correlation coefficients were 
adopted. Univariable and multivariable analyses were 
carried out using the Cox proportional hazards regression 
model, which were presented as hazard ratio (HR) with 
95% confidence interval (CI). Relative risks were calculated 
along with 95% CI for identification of significant 
subgroups for the overall survival (OS) and tumor-specific 
survival (TS), defined as time from diagnosis to death due 
to any cause and time from diagnosis to death due to tumor-
associated reasons, respectively. Significant differential 
expressive genes were identified in a term of log2 (fold 
change) >1 along with P<0.05. Prognostic networks were 
identified using the STRING database (https://string-db.
org/) in terms of from curated databases, experimentally 
determined, gene neighborhood, text mining, co-
expression, and protein homology (9). In addition, data 
regarding biological process, molecular function, cellular 
component, Reactome pathways, uniport keywords, PFAM 
protein domains, and SMART protein domains significantly 
associated with the prognostic networks were analyzed using 
the STRING database. P<0.05 was considered statistically 
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significant.

Results

Patient characteristics

There was a total of 11,710 patients with CCA, including 
iCCA (n=5,462; 46.6%), hiCCA (n=5,626; 48.0%), and 
dCCA (n=622; 5.3%), identified from the SEER database 
between 1973 and 2015 with a median age of 68 years (IQR, 
59–77) and 46.2% (n=5,409) of female proportion (Table 1). 
The proportions of White, Black, and Asian/others were 
79.1% (n=9,243), 7.1% (n=833), and 13.8% (n=1,614), 
respectively. More than a half of the patients were 
diagnosed at the American Joint Committee on Cancer 
(AJCC) stage IV (53.2%). In addition, the most common 
historic stage was regional (39.2%) followed by distant 
(36.4%), localized (24.1%), and in situ (0.3%). The tumors 
were mostly moderately differentiated (41.5%) with median 
size of 40 mm (IQR, 22–75 mm) and extension of 600 mm 
(IQR, 400–850 mm). Furthermore, CCA was identified 
to metastasis to lymph node (46.0%), liver (19.5%), lung 
(10.9%), bone (6.4%), and brain (0.4%). Demographic and 
clinical characteristics of the patient with CCA in TCGA 
database that would support understanding of additional 
clinical and genetic analyses are shown in Table S1.

Incidence, survival rates, stage at diagnosis, and surgical 
outcomes

Among all CCA patients, the proportion of hiCCA (48.0%) 
was higher compared to iCCA (46.6%) and dCCA (5.3%; 
Figure 1A). Overall prognoses were relatively favorable 
in dCCA, moderate in hiCCA, and poor in iCCA in 
terms of OS and tumor-specific mortality, but short-term 
outcomes after surgery were highest in dCCA, followed by 
iCCA, and hiCCA, which revealed an accordance with the 
proportion of surgical candidates that only 18.5% iCCA 
patients received surgery (Figure 1B). The low proportion 
of surgery in patient with iCCA seems to be associated with 
relatively high proportion of distant histologic stage (43.5%) 
at diagnosis compared to dCCA (30.1%) and hiCCA 
(30.3%). For those who received surgery, 1-year OS was 
67.9%, 60.4%, and 56.3% in dCCA, iCCA, and hiCCA, 
respectively. However, 5-year OS was highest in iCCA 
(16.7%) followed by hiCCA (16.4%) and dCCA (5.7%).

Furthermore, when ranked demographic and clinical 

characteristics of CCA using the Pearson’s correlation 
coefficient, we noticed that iCCA was in proportion to the 
tumor size, whereas hiCCA was in reverse proportion to the 
tumor size (Figure 1C). However, hiCCA revealed positive 
correlations with tumor extension. The correlation analysis 
was also performed in the TCGA database that involved 
factors not included in the SEER database (Figure S1). The 
results indicated that hiCCA is positively correlated with 
underlying chronic disease, Child-Pugh classification, liver 
cirrhosis, TNM stage, and alpha fetoprotein. In addition, 
positive correlations of iCCA to smoking and Eastern 
Cooperative Oncology Group (ECOG) performance 
status were observed. Furthermore, female, no history of 
risk factors, and TNM stage were revealed to be positively 
correlated with dCCA.

Anatomical location-dependent disparities in prognostic 
factors after surgery

In all CCA cases, age, historic stage, tumor differentiation, 
tumor extension, and lymph node metastasis were identified 
as significant prognostic factors for both OS (Figure 2) and 
TS (Figure S2). When stratified according to the anatomical 
locations, only historic stage was a significant prognostic 
factor for dCCA. In iCCA, age historic stage, tumor 
differentiation, tumor extension, and lymph node metastasis 
were detected. Among them, age, tumor differentiation, 
and lymph node metastasis were found to be independent 
prognostic factors for the OS. As for hiCCA, age, historic 
stage, lymph node dissection, tumor differentiation, tumor 
extension, and lymph node metastasis revealed to be 
significant prognostic factors.

Prognostic factors for CCA were also identified in the 
TCGA database to confirm prognostic impact of factors not 
involved in the SEER database (Table S2). In the OS and 
RFS, perineural invasion (HR, 3.19; 95% CI, 1.05–9.72; 
P=0.041) and ECOG performance status (HR, 2.41; 95% 
CI, 1.02–5.69; P=0.044) were indicated to be significant 
prognostic factors, respectively. When performed the 
univariable analyses in iCCA only, perineural invasion was 
identified as a significant prognostic factor (HR, 3.73; 95% 
CI, 1.03–13.5; P=0.045; Table S3). Prognostic analyses were 
not independently performed for hiCCA and dCCA due 
to limited number of patients. Furthermore, we explored 
whether there are significant factors predictive of other 
cause-associated survival (Table S4). However, there were 
no such variable significantly predictive of other cause-
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associated survival.

Comparison on OS in subgroups of anatomical location-
dependent CCAs

Subgroup analyses were carried out to confirm whether 
there are subgroups with different survival outcomes in 
patients with CCA who received surgery. Age ≥65 years, 
Black and White, and regional historic stage subgroups 
were identified to have significantly better OS in dCCA 
compared to iCCA, but the OS was comparative in other 
subgroups (Figure 3A). When compared dCCA to hiCCA, 
all subgroups demonstrated to be favorable in patients with 
dCCA (Figure 3B). In comparison between iCCA to hiCCA, 
the OS of patients with undifferentiated tumor and distant 
historic stage was comparative among iCCA and hiCCA, 
whereas iCCA was significantly favorable in the other 
subgroups (Figure 3C). The results for TS were also similar 
to OS (Figure S3).

Differential expressive prognostic genes for iCCA and 
hiCCA

As for iCCA, we identified 179 significant prognostic genes 

Table 1 Baseline characteristics of the patients with cholangiocarcinoma 
(SEER9 database)

Characteristic Patients (n=11,710)

Age, years 68 (59–77)

Sex, female 5,409 (46.2)

Race

White 9,243  (79.1)

Black 833 (7.1)

Asian/others 1,614 (13.8)

Intrahepatic cholangiocarcinoma 5,462 (46.6)

Hilar cholangiocarcinoma 5,626 (48.0)

Distal cholangiocarcinoma 622 (5.3)

T stage (AJCC 7th edition)

0 22 (1.2)

I 542 (29.3)

II 703 (38.0)

III 404 (21.9)

IV 177 (9.6)

TNM stage (AJCC 7th edition)

0 10 (0.5)

I 393 (18.6)

II 443 (21.0)

III 140 (6.6)

IV 1,123 (53.2)

Historic stage

In situ 30 (0.3)

Localized 2,479 (24.1)

Regional 4,034 (39.2)

Distant 3,745 (36.4)

Reason for no surgery 

Surgery performed 3,164 (28.0)

Not recommended/contraindicated 5,611 (49.7)

Patient died before surgery 17 (0.2)

Unknown reason for no surgery 2,404 (21.3)

Patient or guardian refused 97 (0.9)

Lymph node dissection 1,026 (19.2)

Tumor grade

Table 1 (continued)

Table 1 (continued)

Characteristic Patients (n=11,710)

Well differentiated 965 (18.8)

Moderately differentiated 2,130 (41.5)

Poorly differentiated 1,901(37.0)

Undifferentiated 140 (2.7)

Tumor size, mm 40 (22–75)

Tumor extension, mm 600 (400–850)

Lymph node metastasis

Positive 972 (46.0)

Negative 1,142 (54.0)

Bone metastasis 176 (6.4)

Brain metastasis 11 (0.4)

Liver metastasis 538 (19.5)

Lung metastasis 301 (10.9)

Data are n (%) or median (IQR). IQR, interquartile range; AJCC, 
American Joint Committee on Cancer.
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Figure 1 Trends and status of anatomical location-dependent CCAs. (A) Incidence, proportion of surgical candidates, survival rates, 
and disease stage at diagnosis for each CCA; (B) Kaplan-Meier curves for estimation of cumulative events between dCCA, iCCA, and 
hiCCA, including overall (first row) and surgical (second row) outcomes, in terms of overall survival and tumor-specific mortality; (C) 
Pearson’s correlation coefficient ranking for identification of each CCA-correlated variables. CCA, cholangiocarcinoma; dCCA, distal 
cholangiocarcinoma; iCCA, intrahepatic cholangiocarcinoma; hiCCA, perihilar cholangiocarcinoma.
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with |log2 (fold change)| (varying from 1.04 to 2.85) 
and P value (varying from 0.0003 to 0.0499) for the OS  
(Figure S4). When screened according to recurrence of the 
tumor, 202 significant genes were identified. In hiCCA, 
35 genes met the criteria for significant prognostic genes 
predictive of OS (Figure S5). Moreover, the criterion 
indicated 142 genes to be significant for recurrence of 
hiCCA. Expressions of the genes with top 10 prognostic 
impact for each CCA anatomical location type were highly 
different between iCCA and hiCCA in both for the OS 
that included CD24P4, KRT188P48, RIMBP2, ENPP7P10, 
MRPS18AP1, KCNMB2, IGLL3P, VIT, SLC18A1, and 
NPFFR2 for iCCA, and SLC13A1, KRT20, CA9, DLX6, 
PLPR1, NRSN1, RF00019, SLCO1B1, PLCXD3, and 
MIR122HG for hiCCA (Figure 4A) and recurrence-free 
survival that included CYP3A43, AL590365.1, ACSM5P1, 
SPATA46, RPS26P47, MIR200B, AL954705.1, RPL5P9, 

AL513325.1, and AC109809.1 for iCCA, and UGT1A10, 
GUCY1B2, MUC16, HOXC10, EVPL, NEFL, AQP5, 
MSLN, ASGR2, and TMEM151A for hiCCA (Figure 4B). 

Among the identified significant genes for both OS and 
recurrence-free survival between iCCA and hiCCA, there 
was only one overlapping gene with significant impact 
on OS for both iCCA and hiCCA, which was PRLHR 
(Prolactin-releasing peptide receptor), a never studied gene 
in CCA (Figure 4C). In addition, SYNPR-AS1 (SYNPR 
antisense RNA 1), which was also never studied, was found 
to overlap as a significant gene with prognostic impact for 
recurrence of hiCCA and OS of iCCA. Furthermore, the 
drawn circus plots demonstrated that between-prognostic 
gene interactions are high in hiCCA, but low in iCCA. 
Collectively, these results indicate that iCCA and hiCCA 
have highly differential prognostic genes with different 
interactions.
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Prognostic networks and involved processes and pathways 
of iCCA and hiCCA

The prognostic networks for each iCCA and hiCCA were 
developed by adopting the identified prognostic genes in 
the STRING database in terms of from curative databases, 

experimentally determined, gene neighborhood, text 
mining, co-expression, and protein homology (Figure 5A).  
When subsequently explored significantly associated 
biological processes, cellular components, Reactome 
pathways, UniProt keywords, PFAM protein domains, 
and SMART protein domains, the prognostic network of 

Figure 3 Comparison of overall survival among subgroups of anatomical location-dependent CCAs. CCA, cholangiocarcinoma.

A

B

C
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Figure 4 Top 10 prognostic genes predictive of survival outcomes for iCCA and hiCCA. (A) Top prognostic genes for overall survival; (B) 
top prognostic genes for recurrence-free survival; (C) a Venn diagram and circus plots for description of overlapping genes and between-
gene interactions. iCCA, intrahepatic cholangiocarcinoma; hiCCA, perihilar cholangiocarcinoma.
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Figure 5 Identification of prognostic network and its associated processes and pathways. (A) Development of the prognostic networks for 
iCCA and hiCCA; (B) identification of the prognostic networks-associated processes and pathways for iCCA and hiCCA. iCCA, intrahepatic 
cholangiocarcinoma; hiCCA, perihilar cholangiocarcinoma.
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iCCA was found to be significantly associated with sensory 
perception of bitter taste, neuropeptide signaling pathway, 
G protein-coupled peptide receptor activity, heme binding, 
neuropeptide receptor activity, extracellular region, 
extracellular space, extracellular region part, peptide ligand-
binding receptors, GPCR ligand binding glycoprotein, 
disulfide bond, signal, heme, secreted, and Gpi-anchor 
(Figure 5B). As for the hiCCA prognostic network, system 
development, proximal/distal pattern formation, anatomical 
structure development, multicellular organismal process, 
tissue development, multicellular organism development, 
animal organ development, embryo development, cell fate 
specification, pattern specification process, embryonic limb 
morphogenesis, anterior/posterior pattern specification, 
behavior, embryonic morphogenesis, nervous system 
development, animal organ morphogenesis, regionalization, 
regulation of neurological system process, embryonic organ 
development, neuron fate commitment, embryonic skeletal 
system development, extracellular space, extracellular 
region, familial hyperphosphatemic tumoral calcinosis, Tn 
poly agglutination syndrome, defective GALNT12 causes 
colorectal cancer 1, dectin-2 family, termination of o-glycan 
biosynthesis, homeobox, glycoprotein, developmental 
protein, signal, neurotransmitter, secreted, disulfide bond, 
homeobox domain, pre-pro-megakaryocyte potentiating 
factor precursor, TMEM151 family, N0terminal barrel of 
ntMGAM and ctMGAM, m-glucoamyl, trypsin, glycosyl 
hydrolases family 31, trefoil (p-type) domain, trypsin-like 
peptidase domain, homeodomain, and trypsin-like serine 
protease. These disparities in processes, protein domains, 
and pathways suggest that the respective prognostic 
networks for iCCA and hiCCA are acted and commissioned 
in different ways for the recurrence of the tumor after 
resection and in prolongation of survival.

Discussion

CCAs are biliary cancers with cholangiocyte differentiation 
features (10). Among the anatomical location-dependent 
CCAs, iCCA is a histologically diverse malignancy that 
includes the conventional, intraductal, and bile ductular 
types (11). Unlike dCCA and hiCCA that have been reported 
to arise from the peribiliary glands and biliary epithelium, 
iCCA is considered to arise from biliary epithelial or 
hepatic progenitor cells (12). These different origins seem 
to be associated with evolving global epidemiology that 
the incidence of iCCA has been and is now on the rise, 
and this rise is suggested to be associated with risk factors 

of iCCA, such as hepatitis B virus infection and fatty 
liver diseases (13,14). Despite cumulating evidences that 
indicate disparities in all-round aspects of the anatomical 
location-dependent CCAs, direct evidences providing 
actual disparities are highly limited in literature due to 
relatively rare incidence, especially comparative studies. In 
a pursuit of the data, we have studied disparities in clinical 
characteristics, stage at diagnosis, outcomes after surgery, 
prognostic factors, prognostic genes, and prognostic 
network and its roles, functions, and pathways. We hope our 
study to be supportive in understanding of current status, 
patient selection for surgery and clinical trials, prognostic 
estimation, and development of new therapeutics.

Unlike hepatocellular carcinoma that the surveillance 
system is mature and common, CCAs are barely screened 
in risk populations, which derived low proportion of 
patients to be surgical candidates at diagnosis even in 
recent years (15). In the present study, the proportion of 
surgical candidates of dCCA, hiCCA, and iCCA remained 
at 37.8%, 36.3%, and 18.5%, respectively. The distant 
stage was present at diagnosis in 43.5% patients with iCCA, 
and approximately 30% in dCCA and hiCCA. Recently, 
Siripongsakun et al. (16) reported that surveillance by 
abdominal ultrasound (HR, 0.41; P=0.012) was significantly 
provided survival benefits, suggesting highly endemic areas 
for CCA to apply the surveillance system. In our point of 
view, the surveillance system is required not only in endemic 
areas, but also in all patients with known risk factors for the 
development of CCA, such as viral hepatitis and primary 
sclerosing cholangitis regarding extremely high mortality of 
CCA. In addition, considering rapidly increasing incidence 
of iCCA, the surveillance-contributed survival benefits may 
be magnified in terms of increase in proportion of surgical 
candidates.

Treatment of CCA depends on the anatomical location, 
but there are some surgical concerns remain further 
verification, including the use of lymph node dissection, 
liver transplantation, adjuvant chemotherapy, and target 
therapies (17-20). In most surgery centers, lymph node 
metastasis is considered a contraindication for surgical 
options, but it is considered resectable when it is limited to 
be regional in partial hospitals (21,22). In the present study, 
lymph node metastasis was found to be an independent 
prognostic factor for both OS and TS in iCCA and hiCCA, 
but not in dCCA. In addition, lymph node dissection 
significantly ameliorated survival outcomes in hiCCA only. 
These results suggest that either lymph node metastasis 
is treatable or prophylactic dissection of lymph nodes is 
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effective in improving prognosis in patients with hiCCA. 
Future clinical trials are required to confirm these concerns.

Survival outcomes were significantly and relatively 
favorable in patients with dCCA, followed by hiCCA, and 
iCCA. In contrast, survival outcomes were better in iCCA 
compared to hiCCA when analyzed the surgical candidates 
only. These data are also in accordance with previous meta-
analyses reporting postsurgical survival outcomes that 5-year 
OS was 37% and 30% for dCCA and iCCA, respectively 
(23,24). Therefore, there may be a disparity among 
anatomical location-dependent CCAs in either or both of 
achievement of radical resection (R0) or/and undetected 
metastatic tumor cells at the time of surgery, thus affecting 
recurrence of the tumor and OS.

Recently, the utilization of gene signatures to support 
treatment and prognosis prediction of various cancers 
has been highlighted considering its precision (25). In 
CCA, a three miRNA-based signature has been developed 
and validated to be effective in prediction of OS (26). In 
addition, a 30 miRNA-based signature for prediction of 
OS in iCCA was also introduced (27). However, we found 
that the prognostic network for each CCA type is highly 
differential, suggesting a need of independent predictive 
signatures for dCCA, iCCA, and hiCCA, respectively. 
Therefore, we have identified top genes with most 
effectiveness in prognostic estimation for each CCA type, 
which has not been described previously. We call for future 
clinical trials to validate the top prognostic genes and 
prognostic network for our data to be applied in clinical 
practice.

Although this study is first to comprehensively explore 
disparities in anatomical location-dependent CCAs, there 
remains some underlying limitations that need to be 
considered when interpreting results. First, clinical variables 
are not comprehensive due to retrospective nature of the 
study. Second, the study patients are based on the United 
States population. Validation is required before application 
of our results in patients from other regions, especially 
in Eastern countries. Moreover, we did not perform any 
functional experiments for the identified genes. The 
expected pathways and processes were screened from the 
database. Future laboratory investigations are necessary to 
confirm the underlying mechanisms of the top prognostic 
genes. Despite limitations, this study may be valuable in 
providing information regarding disparities in incidence, 
trends in disease stage at diagnosis, overall and postsurgical 
survival outcomes, prognostic genes, and prognostic 
networks and its pathways.

Conclusions

In conclusion, there are various disparities among 
anatomical location-dependent CCAs. These CCAs are 
highly differential in terms of incidence, disease stage at 
diagnosis, surgical resectability, susceptibility to lymph 
node dissection, survival outcomes, prognostic factors, and 
prognosis-predictive genes and its pathways. Therefore, 
anatomical location needs to be considered in deciding 
treatment strategies, predicting survival outcomes, 
identifying target points, and developing new therapeutic 
approaches for CCA.
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Figure S1 Pearson’s correlation coefficient ranking of demographic and clinical variables along with dCCA, iCCA, and hiCCA in the 
patients with CCA from TCGA database. dCCA, distal cholangiocarcinoma; iCCA, intrahepatic cholangiocarcinoma; hiCCA, perihilar 
cholangiocarcinoma.

Figure S2 Univariable and multivariable analyses for the tumor-specific survival to identify anatomical location-dependent prognostic 
factors in patients with CCA. CCA, cholangiocarcinoma.
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Figure S3 Comparison of tumor-specific survival among subgroups of anatomical location-dependent CCAs. CCA, cholangiocarcinoma.



Figure S4 Volcano plots and heatmaps for stratification of significant prognostic genes for iCCA. First row: overall survival. Second row: 
recurrence-free survival. As for heatmaps, yellow and red are upregulated and down regulated genes, respectively. The thick bar on the left 
of the heatmaps are event (Blue) and no event (Pink). iCCA, intrahepatic cholangiocarcinoma.

Figure S5 Volcano plots and heatmaps for stratification of significant prognostic genes for hiCCA. First row: overall survival. Second row: 
recurrence-free survival. As for heatmaps, yellow and red are upregulated and down regulated genes, respectively. The thick bar on the left 
of the heatmaps are event (Blue) and no event (Pink). hiCCA, perihilar cholangiocarcinoma.
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Table S1 Baseline characteristics of the patients with cholangiocarcinoma 
(TCGA database)

Characteristic Patients (n=45)

Age, years 67 (59–73)

Sex, female 25 (55.6)

Race 

Asian 3 (6.7)

Black 3 (6.7)

White 38 (84.4)

Height, cm 167 (160–176)

Weight, kg 76 (67–88)

Body mass index 26.3 (24.7–29.4)

Intrahepatic cholangiocarcinoma 36 (80.0)

Hilar cholangiocarcinoma 7 (15.6)

Distal cholangiocarcinoma 2 (4.4)

No history of risk factors 26 (57.8)

History of chronic diseases 5 (11.1)

Smoking 14 (31.1)

Relative family cancer history 23 (51.1)

Child-Pugh classification

A 23 (51.1)

B 2 (4.4)

C 0 (0.0)

ECOG performance status≥1 11 (24.4)

Albumin, g/dL 4.2 (3.8–4.3)

Platelet count, 109/L 217 (186–271)

Alpha fetoprotein, ng/mL 3.1 (2.3–4.3)

Carbohydrate antigen 19-9, kU/L 52.8 (26.0–201.0)

Liver fibrosis 14 (31.1)

Liver cirrhosis 1 (2.2)

TNM stage

I–II 31 (68.9)

III–IV 14 (31.1)

Neoplasm histologic grade

G1–G2 23 (51.1)

G3–G4 22 (48.9)

Microvascular invasion 7 (15.6)

Macrovascular invasion 0 (0.0)

Perineural invasion 9 (20.0)

Data are n (%) or median (IQR). ECOG, Eastern Cooperative 
Oncology Group. IQR, interquartile range.



Table S2 Univariable analyses for the overall and tumor-associated survival in the patients with cholangiocarcinoma (n=45)

Variable Data input type
Overall survival Tumor-associated survival

HR (95% CI) P value HR (95% CI) P value

Body mass index Continuous 0.96 (0.88–1.05) 0.411 0.96 (0.86–1.07) 0.468

No history of risk factors Yes vs. No 1.01 (0.42–2.41) 0.982 0.90 (0.35–2.32) 0.821

Chronic diseases Yes vs. No 0.34 (0.05–2.53) 0.291 0.42 (0.06–3.15) 0.397

Smoking Yes vs. No 1.42 (0.59–3.46) 0.435 1.54 (0.58–4.04) 0.385

Family cancer history Yes vs. No 0.87 (0.37–2.01) 0.742 0.52 (0.19–1.40) 0.196

ECOG performance status Continuous 1.72 (0.77–3.83) 0.188 2.41 (1.02–5.69) 0.044

Albumin Continuous 0.86 (0.38–1.96) 0.718 1.24 (0.39–3.91) 0.716

Platelet count Continuous 1.01 (1.00–1.01) 0.084 1.00 (0.99–1.01) 0.826

Liver fibrosis or cirrhosis Yes vs. No 0.34 (0.10–1.22) 0.099 0.23 (0.05–1.07) 0.061

Alpha fetoprotein, ng/mL Continuous 1.05 (0.90–1.23) 0.510 1.09 (0.94–1.26) 0.278

CA 19-9, kU/L Continuous 1.00 (1.00–1.00) 0.093 1.00 (1.00–1.00) 0.074

Surgical margin (R1) Yes vs. No 2.05 (0.73–5.79) 0.173 1.30 (0.42–3.99) 0.649

Neoplasm historic grade G1, G2, G3, G4 1.16 (0.15–8.81) 0.883 0.92 (0.40–2.15) 0.849

Microvascular invasion Yes vs. No 1.65 (0.54–5.08) 0.379 1.08 (0.30–3.83) 0.910

Perineural invasion Yes vs. No 3.19 (1.05–9.72) 0.041 2.17 (0.73–6.49) 0.165

Data are analyzed using the Cox regression. HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; CA, carbohydrate antigen.

Table S3 Univariable analyses for the overall and tumor-associated survival in the patients with intrahepatic cholangiocarcinoma (n=36)

Variable Data input type
Overall survival Tumor-associated survival

HR (95% CI) P value HR (95% CI) P value

Body mass index Continuous 0.97 (0.88–1.07) 0.575 0.98 (0.87–1.10) 0.699

No history of risk factors Yes vs. No 0.66 (0.25–1.78) 0.415 0.70 (0.24–2.03) 0.515

Chronic diseases Yes vs. No 0.68 (0.09–5.12) 0.704 0.61 (0.08–4.67) 0.634

Smoking Yes vs. No 1.70 (0.64–4.56) 0.289 1.69 (0.59–4.82) 0.328

Family cancer history Yes vs. No 0.80 (0.31–2.08) 0.651 0.51 (0.17–1.53) 0.230

ECOG performance status Continuous 2.12 (0.88–5.10) 0.093 2.44 (0.99–6.03) 0.053

Albumin Continuous 0.64 (0.25–1.67) 0.365 1.03 (0.33–3.25) 0.962

Platelet count Continuous 1.01 (1.00–1.02) 0.261 1.00 (0.99–1.01) 0.894

Liver fibrosis or cirrhosis Yes vs. No 0.30 (0.07–1.41) 0.129 0.28 (0.06–1.31) 0.105

Alpha fetoprotein, ng/mL Continuous 1.14 (0.82–1.59) 0.433 1.38 (0.97–1.96) 0.077

CA 19-9, kU/L Continuous 1.00 (1.00–1.00) 0.069 1.00 (1.00–1.00) 0.045

Surgical margin (R1) Yes vs. No 1.19 (0.33–4.30) 0.787 0.96 (0.27–3.45) 0.951

Neoplasm historic grade G1, G2, G3, G4 1.01 (0.39–2.62) 0.982 1.26 (0.47–3.41) 0.646

Microvascular invasion Yes vs. No 1.28 (0.36–4.58) 0.707 1.27 (0.35–4.63) 0.719

Perineural invasion Yes vs. No 3.73 (1.03–13.5) 0.045 1.76 (0.52–6.03) 0.366

Data are analyzed using the Cox regression. HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; CA, carbohydrate antigen.

Table S4 Univariable analyses for the other cause-associated survival

Variable Data input type
Cholangiocarcinoma (n=45) ICC (n=36)

HR (95% CI) P value HR (95% CI) P value

Body mass index Continuous 0.97 (0.80–1.18) 0.758 0.91 (0.71–1.16) 0.450

No history of risk factors Yes vs. No 1.56 (0.28–8.54) 0.611 0.84 (0.12–6.04) 0.861

Chronic diseases Yes vs. No NA 0.998 NA 0.999

Smoking Yes vs. No 1.11 (0.20–6.11) 0.902 1.7 (0.24–12.19) 0.600

Family cancer history Yes vs. No 2.09 (0.38–11.4) 0.394 2.63 (0.27–25.3) 0.403

ECOG performance status Continuous 0.60 (0.07–4.84) 0.631 0.84 (0.09–7.58) 0.875

Albumin Continuous 0.49 (0.15–1.55) 0.224 0.32 (0.07–1.44) 0.139

Platelet count Continuous 1.01 (1.00–1.01) 0.204 1.00 (0.98–1.02) 0.861

Liver fibrosis or cirrhosis Yes vs. No 0.90 (0.15–5.42) 0.912 0.70 (0.06–7.78) 0.774

Alpha fetoprotein, ng/mL Continuous 0.81 (0.42–1.54) 0.517 0.71 (0.27–1.91) 0.499

CA 19-9, kU/L Continuous 1.00 (1.00–1.00) 0.508 1.00 (1.00–1.00) 0.469

Surgical margin (R1) Yes vs. No 11.0 (0.98–123) 0.052 4.77 (0.29–77.7) 0.272

Neoplasm historic grade G1, G2, G3, G4 2.31 (0.56–9.51) 0.246 1.89 (0.27–13.0) 0.519

Microvascular invasion Yes vs. No 2.73 (0.49–15.3) 0.255 1.74 (0.17–17.4) 0.636

Perineural invasion Yes vs. No 1.50 (0.16–14.5) 0.724 4.47 (0.28–71.8) 0.290

Data are analyzed using the Cox regression. ICC, intrahepatic cholangiocarcinoma; HR, hazard ratio; NA, not applicable; ECOG, Eastern 
Cooperative Oncology Group; CA, carbohydrate antigen.


