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Abstract

Background
The association of liver cirrhosis with the prognosis of intrahepatic cholangiocarcinoma (ICC) remains
controversial. We aimed to evaluate the relationship between liver cirrhosis (�brosis score) and the long-
term prognosis of patients with ICC.

Methods
SEER 18 registry from 2004 to 2015 was queried for this study. Propensity score matching (PSM) was
performed to eliminate possible bias. In addition, multivariable analysis was utilized to adjust for
potential confounders. The interaction test was performed to explore the impact of each strati�ed factor
on the relationship between FS and patient survival. Overall survival (OS) and disease-speci�c survival
(DSS) were the major endpoints.

Results
During the study period, 359 patients (66.5%) with lower �brosis score (LFS; F0-4) and 181 patients
(33.5%) with higher �brosis score (HFS; F5-6) were enrolled. In the multivariable adjusted cohort (OS: n = 
540; DSS: n = 417), patients with HFS had worse OS (HR, 1.43; 95% CI, 1.10 to 1.85; P = 0.007) and DSS
(HR, 1.46; 95% CI, 1.08 to 1.97; P = 0.013) compared to patients with LFS. In the propensity-matched
cohort, patients with HFS still had worse OS (HR, 1.50; 95% CI, 1.08 to 2.09; P = 0.016) and DSS (HR, 1.54;
95% CI, 1.05 to 2.26; P = 0.026) compared to patients with LFS. In multivariable analyses strati�ed by
clinicopathologic features, patients with HFS were found to have signi�cantly worse OS and DSS
compared to those with LFS across all the subgroups.

Conclusion
Our outcomes indicated that �brosis score is an independent risk factor for both overall and tumor-
speci�c survival of ICC patients.

Background
Intrahepatic cholangiocarcinoma (ICC), the second most common primary liver tumor, shows increasing
incidence rates over the past decades worldwide.[1] Liver resection (LR) is the mainstay treatment with
curative intent for ICC and is associated with improved long-term survival in selected patients.[1–4]
However, the prognosis after LR for ICC remains poor, and risk factors related to survival after LR have not
been clearly elucidated.[5–8] For patients with hepatocellular carcinoma (HCC), liver cirrhosis (usually
resulted from hepatitis B or C viral infection) has been shown to be one of the risk factors associated with
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poor prognosis after LR.[9] However, several studies showed controversial outcomes about the exact
relationship of liver cirrhosis with the prognosis of ICC after LR.[10–12]

In the present study, utilizing the Surveillance, Epidemiology, and End Results (SEER) database, we aimed
to explore the independent relationship between liver cirrhosis (�brosis score) and the long-term
prognosis of patients with ICC receiving surgical or non-surgical treatment.

Patients And Methods

Study population
SEER 18 registry from 2004 to 2015 was queried for this study. The National Cancer Institute’s SEER
program routinely collects the high-quality demographic, clinicopathologic, and follow-up information
from 18 cancer registries. (seer.cancer.gov/about/overview.html). Patients with a diagnosis of ICC from
2004 to 2015 within the SEER database were identi�ed by the International Classi�cation of Diseases for
Oncology, 3rd edition (ICD-O-3) site code C22.1 and histologic type codes 8160 and 8140 (n = 8171). The
detailed inclusion and exclusion criteria was shown in Fig. 1. A total of 540 patients with ICC (stage I-III;
AJCC, 6th ) matching the speci�ed eligibility criteria were included in the multivariable analyses. The
degree of �brosis was scored according to the de�nition of Ishak et al, where Ishak 0–2 was no or
minimal �brosis; Ishak 3–4, incomplete bridging �brosis; and Ishak 5–6, complete bridging �brosis and
nodules. In the SEER database, �brosis score (FS) has been divided into F0-4 and F5-6, respectively. The
SEER codes for ICC treatment were as follows: LR: 20–25, 30, 36, 37, 50, 51, and 52; local tumor
destruction (LTD): 10–17; liver transplantation (LT): 61. LTD included photodynamic therapy,
electrocautery, fulguration, cryosurgery, laser, percutaneous ethanol injection, heat-radiofrequency
ablation or other. This study does not need an ethic approval, because the data of SEER is public
available.

Statistical analysis
The primary endpoint in this study was overall survival (OS), de�ned as the period from the date of
diagnosis to death of any cause. Disease-speci�c survival (DSS) was a secondary endpoint, which was
de�ned as the interval from diagnosis to death from ICC. Categorical and continuous data were
compared by utilizing the χ2 test and the Student t test, respectively. The survival curves were determined
by the Kaplan-Meier method and differences between groups were compared by log-rank test.
Multivariable Cox proportional hazards regression models were used to analyze risk factors for survival
outcomes. The interaction test was performed to explore the impact of each strati�ed factor on the
relationship between FS and patient survival. P value for interaction less than 0.05 means interaction
exists between that factor and the relationship.

Propensity score matching (PSM) was performed on the variables of age, race, sex, marriage status, year
of diagnosis, tumor grade, treatment methods, lymph node status and AJCC-TNM stage. Patients were
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matched with the closest estimated propensity score within 0.01 of the standard deviation of the logit-
transformed propensity score. After PSM selection, a new cohort including two comparable groups were
obtained and compared by univariable Cox regression. P value less than 0.05 was deemed statistically
signi�cant. All statistical analyses were performed by R (http://www.R-project.org) and EmpowerStats
software (www.empowerstats.com, X&Y solutions, Inc. Boston MA).

Results
Study population

During the study period, 540 patients presenting with ICC who had been treated with surgery or non-
surgery were enrolled. Of these, 359 patients (66.5%) had lower �brosis score (LFS; F0-4) and 181
patients (33.5%) with higher �brosis score (HFS; F5-6). The characteristics of the patients with ICC are
shown in Table 1. The mean age of patients with LFS and HFS was 65.0 and 63.6 years, respectively.
There were signi�cant differences between the two groups, including sex (P < 0.001), marriage status (P =
0.035), race (P < 0.001), treatment modality (P < 0.001) and AJCC-TNM stage (P = 0.016). With regard to
age (P = 0.170), insurance (P = 0.277), tumor size (P = 0.331), lymph node status (P = 0.435), tumor
differentiation (P = 0.053) and year of diagnosis (P = 0.446), no signi�cant differences were found.

Multivariable analyses

A total of 540 patients with available prognostic data were included in survival analyses. In the total
cohort, the mean OS times for patients with LFS and HFS were 33.1 months and 25.3 months,
respectively. The mean DSS times for patients with LFS and HFS were 33.4 and 26.7 months,
respectively. Overall, patients with LFS had longer OS (P = 0.001) and DSS (P = 0.017) compared to
patients with HFS (Fig. 2A and 2B).

As shown in Table 2, in the multivariable adjusted cohort (OS: n = 540; DSS: n = 417), after adjusting
potential confounding factors, patients with HFS had worse OS (HR, 1.43; 95% CI, 1.10 to 1.85; P = 0.007)
and DSS (HR, 1.46; 95% CI, 1.08 to 1.97; P = 0.013) compared to patients with LFS.

Long-term outcomes in PSM-adjusted population

As shown in Table 1, in the matched cohort, the potential prognostic variables became well-balanced for
most baseline characteristics. In the PSM cohort, patients with HFS showed worse OS (P = 0.014) and
DSS (P = 0.022) compared to patients with LFS (Fig. 2C and 2D). In the propensity-matched cohort, the
univariable analysis showed that patients with HFS still had worse OS (HR, 1.50; 95% CI, 1.08 to 2.09; P =
0.016) and DSS (HR, 1.54; 95% CI, 1.05 to 2.26; P = 0.026) compared to patients with LFS (Table 2).

Strati�ed Analyses

In the total cohort, in multivariable analyses strati�ed by clinicopathologic features (Fig. 3 and Fig. 4),
patients with HFS were found to have signi�cantly worse OS and DSS compared with those with LFS

http://www.r-project.org/
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across all the subgroups (all P values for interaction > 0.05).

Discussion
In the present study, by utilizing conventional multivariable analyses and PSM methods, we
demonstrated that patients with patients with F5-6 �brosis had signi�cantly worse long-term survival
than patients with F0-4 �brosis. In addition, the role of FS in the survival of ICC patients was consistent
across all subgroups. Several publications have explored the clinical signi�cance of liver cirrhosis for
prognosis in patients with ICC after hepatectomy.[10–12] Actually, due to the advanced cirrhosis, a large
proportion of patients (approximately 65%) could not be treated with surgery. In this study, we enrolled
patients with ICC receiving both surgical (including LR, LT and LTD) and non-surgical treatment to reach
more representative conclusions. Additionally, we utilized tumor-speci�c survival as a major endpoint and
found that patients with F5-6 �brosis still had a worse survival.

Liver cirrhosis have been demonstrated to be a risk factor for long-term survival in patients with HCC.[9,
13] However, owing to the limited number of studies, data related to survival results and prognostic
factors of cirrhotic ICC is still insu�cient. Recently, Jeong et al. found that the presence of cirrhosis did
not signi�cantly in�uence the long-term prognosis of patients with ICC.[10] However, this study did not
provide a convincing evidence due to the limited sample size (included only 106 resected patients with
ICC). Study of Li et al. highlighted that cirrhosis was an independent factor associated with poor
prognosis in patients with ICC receiving surgery,[11] while they did not perform strati�ed analyses based
on some signi�cant factors such as tumor stage, tumor size and lymph lode status. In addition, they only
used OS as the endpoint without DSS.

Liver cirrhosis have been shown to be a risk factor for early tumor recurrence in patients with HCC, which
is likely because of multicentric de novo carcinogenesis in the remnant part of the liver.[14] In patients
with ICC, the prognostic differences between different FS groups may be attributable to the same reason.
In addition, difference in treatment strategies for recurrent tumor may also account for differences in
long-term survivals and patients with advanced cirrhosis had less chance for reoperations.[15] However,
further studies are needed to explore the mechanisms related to the prognostic differences.

The present study had several limitations. First, liver function, performance status, presence of
comorbidities are also signi�cant factors associated with long-term survival in ICC patients. However, the
SEER database does not provide these data, thus we cannot evaluate the in�uence of these risk factors in
multivariable analyses. Second, details on the etiology of ICC were extremely limited and we could not
know the causes of liver cirrhosis of the included patents (such as the proportion of HBV or HCV
infection). Third, we cannot acquire the data about pre- or post-operative treatment (such as transcatheter
arterial chemoembolization), thus the in�uence of adjuvant treatments was not considered in the analytic
process. Fourth, the �ndings of the current study should be interpreted cautiously because a number of
patients were excluded from our main analyses due to having an unknown covariates in the SEER
database.
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In conclusion, our outcomes indicated that FS 0–4 patients had an overall and disease-speci�c survival
bene�t for ICC patients. ICC patients with cirrhosis should be followed-up carefully after treatment. In
addition, further studies are still needed to uncover the mechanisms related to the prognostic differences
between HFS and LFS groups.

Abbreviations
ICC: Intrahepatic cholangiocarcinoma LR:Liver resection HCC:Hepatocellular carcinoma
SEER:Surveillance, Epidemiology, and End Results FS:Fibrosis score LTD:local tumor destruction LT:Liver
transplantation OS:overall survival DSS:Disease-speci�c survival
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Table 1. Baseline demographic and clinical characteristics for patients with intrahepatic
cholangiocarcinoma.

 

 Before PSM After PSM  

LFS (n =
359)

HFS (n =
181)

P
value

LFS (n =
168)

HFS (n =
84)

P
value

 

Age (years) 65.0 ± 12.1 63.6 ± 9.6 0.170 65.0 ± 12.0 64.0 ±
10.1

0.509  

Sex     <0.001     0.894  

Female 187
(52.1%)

66 (36.5%)   87 (51.8%) 45 (53.6%)    

Male 172
(47.9%)

115
(63.5%)

  81 (48.2%) 39 (46.4%)    

Marriage status     0.035     0.346  

Married 234
(67.8%)

100
(56.8%)

  124
(73.8%)

57 (67.9%)    

Divorced 73 (21.2%) 46 (26.1%)   31 (18.5%) 22 (26.2%)    

Separated/single 38 (11.0%) 30 (17.0%)   13 (7.7%) 5 (6%)    

Insurance     0.277     0.306  

Yes 323
(97.9%)

166
(99.4%)

  149
(97.4%)

74
(100.0%)

   

No 7 (2.1%) 1 (0.6%)   4 (2.6%) 0 (0.0%)    

Race     <0.001     0.762  

White 264
(73.5%)

152
(84.0%)

  136 (81%) 67 (79.8%)    

Black 20 (5.6%) 14 (7.7%)   10 (6%) 7 (8.3%)    

Other 75 (20.9%) 15 (8.3%)   22 (13.1%) 10 (11.9%)    

Unknown              

Tumor size (mm) 64.7 ± 37.5 61.4 ± 35.2 0.331 63.4 ± 37.5 64.9 ±
39.3

0.762  

Treatment
modality

    <0.001     0.151  

Non-surgical 206
(57.4%)

122
(67.4%)

  97 (57.7%) 54 (64.3%)    

Liver resection 134
(37.3%)

35 (19.3%)   61 (36.3%) 22 (26.2%)    
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Liver transplant 2 (0.6%) 8 (4.4%)   1 (0.6%) 3 (3.6%)    

Locoregional
therapy

17 (4.7%) 16 (8.8%)   9 (5.4%) 5 (6%)    

Lymph node
status

    0.435     0.868  

Negative 267
(74.4%)

134
(74.0%)

  125
(74.4%)

65 (77.4%)    

Positive 86 (24.0%) 41 (22.7%)   38 (22.6%) 17 (20.2%)    

AJCC-TNM stage     0.016     0.041  

I 124
(34.5%)

64 (35.4%)   63 (37.5%) 33 (39.3%)    

II 43 (12.0%) 19 (10.5%)   22 (13.1%) 11 (13.1%)    

III 114
(31.8%)

39 (21.5%)   52 (31%) 14 (16.7%)    

IV 78 (21.7%) 59 (32.6%)   31 (18.5%) 26 (31%)    

Tumor
differentiation

    0.053     0.828  

I 29 (8.1%) 9 (5.0%)   10 (6%) 7 (8.3%)    

II 120
(33.4%)

47 (26.0%)   60 (35.7%) 29 (34.5%)    

III 81 (22.6%) 43 (23.8%)   44 (26.2%) 22 (26.2%)    

IV 4 (1.1%) 0 (0.0%)   2 (1.2%) 0 (0%)    

Year of diagnosis     0.446     0.679  

2004-2009 90 (25.1%) 40 (22.1%)   40 (23.8%) 22 (26.2%)    

2010-2015 269
(74.9%)

141
(77.9%)

  128
(76.2%)

62 (73.8%)    

LFS, lower �brosis score; HFS, higher �brosis score; PSM, propensity score matching; AJCC,
American Joint Committee on Cancer. Tumor differentiation: I, well-differentiated; II, moderate-
differentiated; III, poor-differentiated; IV, un-differentiated.
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Table 2. Association of �brosis score with patient survival.        

 OS DSS  

 Number HR (95%CI)† P
value

Number HR
(95%CI)†

P
value

 

Non-adjusted 540 1.42 (1.14,
1.77)

0.002 417 1.35 (1.05,
1.73)

0.020  

Multivariable adjusted
model*

540 1.43 (1.10,
1.85)

0.007 417 1.46 (1.08,
1.97)

0.013  

Matched on propensity
score**

252 1.50 (1.08,
2.09)

0.016 195 1.54 (1.05,
2.26)

0.026  

Data are shown as HR (95%CI) P value.  *Adjusted model was adjusted for: age, race, sex,
marriage status, year of diagnosis, tumor grade, treatment methods, lymph node status and
AJCC-TNM stage. **PSM model was based on the following variables: age, race, sex, marriage
status, year of diagnosis, tumor grade, treatment methods, lymph node status and AJCC-TNM
stage. OS, overall survival; DSS, disease-speci�c survival.
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Figure 1

Flowchart representing selection process of patients included in this study. SEER, Surveillance,
Epidemiology, and End Results; FS, �brosis score; AJCC, American Joint Committee on Cancer.
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Figure 2

A: Overall survival analysis for patients with LFS and HFS in non-adjusted population. B: Disease-speci�c
survival analysis for patients with LFS and HFS in non-adjusted population. C: Overall survival analysis
for patients with LFS and HFS in propensity score matched population. D: Disease-speci�c survival
analysis for patients with LFS and HFS in propensity score matched population.
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Figure 3

Strati�ed analysis based on clinicopathologic features (overall survival). AJCC, American Joint
Committee on Cancer. In subgroup analyses, all identi�ed confounding factors were adjusted except for
the factor that the subgroup was based on.
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Figure 4

Strati�ed analysis based on clinicopathologic features (disease-speci�c survival). AJCC, American Joint
Committee on Cancer. In subgroup analyses, all identi�ed confounding factors were adjusted except for
the factor that the subgroup was based on.


