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intrahepatic cholangiocarcinoma 

Eliza W. Beal1, Dmitry Tumin2, Dimitrios Moris1, Xu-Feng Zhang1,3, Jeffery Chakedis1, Mary Dilhoff1, 
Carl M. Schmidt1, Timothy M. Pawlik1

1Department of Surgery, Division of Surgical Oncology, The Ohio State University Wexner Medical Center and James Cancer Hospital and Solove 

Research Institute, Columbus, OH, USA; 2Department of Anesthesiology and Pain Medicine, Nationwide Children’s Hospital, Columbus, OH, 

USA; 3Department of Hepatobiliary Surgery and Institute of Advanced Surgical Technology and Engineering, the First Affiliated Hospital of Xi’an 

Jiaotong University, Xi’an 710000, China

Contributions: (I) Conception and design: EW Beal, D Tumin, TM Pawlik; (II) Administrative support: EW Beal, D Tumin, TM Pawlik; (III) 

Provision of study materials or patients: EW Beal, D Tumin, TM Pawlik; (IV) Collection and assembly of data: EW Beal, D Tumin, D Moris, XF 

Zhang, TM Pawlik; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All 

authors.

Correspondence to: Timothy M. Pawlik, MD, MPH, PhD, FACS, FRACS (Hon.). Professor and Chair, Department of Surgery, The Urban Meyer III 

and Shelley Meyer Chair for Cancer Research; Professor of Surgery, Oncology, Health Services Management and Policy, The Ohio State University 

Wexner Medical Center, 395 W. 12th Ave., Suite 670, Columbus, OH, USA. Email: Tim.Pawlik@osumc.edu. 

Background: The incidence and mortality of intrahepatic cholangiocarcinoma (ICC) are increasing 
worldwide. We used age-period-cohort (APC) modeling to evaluate the contribution of cohort effects to 
trends in ICC incidence and mortality in the US.
Methods: Incidence data were acquired from the Surveillance, Epidemiology and End-Results (SEER) 
program. Mortality data were obtained from the Centers for Disease Control and Prevention WONDER 
Database. APC models using restricted cubic splines were fitted to estimate change in incidence and 
mortality risk over age, and modification of incidence and mortality risks according to birth cohort and 
period of diagnosis or death. Likelihood ratio tests were used to summarize improvement in model fit with 
APC modeling.
Results: There were 4,053 cases of ICC at SEER registry sites between 1973–2012. ICC incidence 
increased with older age and across all birth cohorts examined. Inclusion of cohort effects tended to improve 
model fit relative to an age-period model (likelihood ratio test P=0.082). The national crude ICC-related 
mortality rate increased from 2.9 to 5.0 per 100,000 among males and 2.7 to 4.6 per 100,000 among females. 
Among males, ICC mortality risk varied across birth cohorts, and inclusion of cohort effects in a model 
predicting ICC mortality risk improved model fit (likelihood ratio test P=0.001), but cohort effects did not 
alter model fit among females (P=0.223).
Conclusions: ICC incidence and mortality have increased over time in the United States. Birth cohort 
effects influenced increased ICC incidence and ICC mortality among males, but were not evident in the 
trend of ICC mortality among females.
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Introduction 

Cholangiocarcinoma is the second most common primary 
liver cancer and its incidence and mortality are increasing 
worldwide (1-3). Cholangiocarcinoma, which arises 
from the epithelium of the bile duct, can be categorized 
as intrahepatic or extrahepatic (2,4).  Intrahepatic 
cholangiocarcinoma (ICC) has an aggressive tumor biology 
with a mortality to incidence ratio of 0.95 and a 5-year 
survival of less than 20% (5,6). In addition, hospitalizations 
for cholangiocarcinoma and hospital charges per patient 
have increased since the late 1990s (7). Due to the fatal 
and costly nature of cholangiocarcinoma, a coordinated 
multidisciplinary approach to patient care is recommended. 
In turn, understanding trends and contributory mechanisms 
in ICC incidence and mortality may be important for 
managing the disease at the population level (8). 

In the United States, reported ICC has increased 
from 0.44 to 1.18 cases per 100,000 people between 1973 
and 2012 (9). Some portion of the reported increase in 
incidence may be secondary to misclassification of perihilar 
(Klatskin) extrahepatic cholangiocarcinomas (ECC) as ICC 
(10-12). However, in examining the impact of birth cohort 
on ICC incidence, it has been noted that in most countries 
including the United States, ICC incidence has plateaued in 
recent generations (13). Mortality rates for ICC have also 
been increasing in the United States, from 2.2 per 100,000 
to 3.0 per 100,000 between 1999 and 2014 (14,15). The 
effect of birth cohort on ICC mortality has not been well 
defined. In fact, the overall contribution of cohort effects 
to contemporary trends in ICC incidence and mortality 
remains uncertain. As such, the objective of the current 
study was to use age-period-cohort (APC) modeling to 
evaluate the contribution of cohort effects on trends in ICC 
incidence and mortality in the United States.

Methods 

The study was deemed exempt from review by the 
Institutional Review Board of The Ohio State University. 
Incidence data and corresponding population data were 
acquired from the Surveillance, Epidemiology and End-
Results (SEER) program (16). Incidence and population 
data for 1973–2013 were obtained from nine registries 
(Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, 
San Francisco-Oakland, Seattle-Puget Sound and Utah). 
Patients with ICC were identified using the International 
Classification of Diseases (ICD)-O-2/ICD-O-3 topography. 

Primary site code C22.1 (intrahepatic bile duct carcinoma), 
histologic type codes 8160 (bile duct adenocarcinoma), 
and behavior code 3 (mortality) were used (17,18). Patients 
with extrahepatic cholangiocarcinoma and patients with 
mixed hepatocholangiocarcinoma were specifically excluded 
from consideration, as these disease entities have a distinct 
biology, treatment approach, as well as epidemiology. 

The incidence data were grouped according to 5-year 
intervals of age at diagnosis or “Age” (indexed by the 
first year, e.g., 50 referring to ages 50–54 years); year of 
diagnosis or “Period” (indexed by the midpoint year, e.g., 
1980 referring to 1978–1982); and year of birth or “Cohort” 
(indexed by the midpoint year). Age-adjusted incidence rates 
of ICC included birth cohorts ranging from 1900 to 1970, 
age groups ranging from 50 to 75, and periods from 1975 to 
2010. ICC mortality data were obtained from the Centers 
for Disease Control and Prevention National Center for 
Health Statistics WONDER Online Multiple Cause of 
Death Database 1999–2015. This database includes national 
mortality and population data based on death certificates 
for United States residents. Deaths were included in 
the analysis according to International Classification of 
Diseases-10th revision (ICD-10) codes. Deaths which were 
coded as having an underlying cause (single or multiple) of 
ICC (code C22.1, Intrahepatic cholangiocarcinoma) were 
included in the analysis. Data were extracted for six 5-year 
age groups, indexed by the first year (e.g., 50 representing 
50–54 years old), spanning ages 50–84. 

For APC modeling of ICC mortality, the year of death 
was considered as the period; three 5-year periods indexed 
by the first year (e.g., 2000 representing 2000–2004) were 
selected for analysis spanning the years 2000–2014. The 
period indexed by the year 2000 served as the reference. 
Birth cohorts were determined by subtracting age in years 
from year of death and were grouped into ten 5-year 
cohorts indexed by the first year (e.g., 1915 representing 
1915–1919) spanning birth years 1915–1965. The 1940 
cohort was used as the reference.

APC models using restricted cubic splines (Stata package 
apcfit) were fitted to characterize the contribution of 
cohort effect to ICC incidence and mortality, as previously 
described (19,20). In the APC modeling framework, the 
incidence of an event (ICC diagnosis or death due to ICC) 
was modeled as a count using Poisson regression. APC 
models included independent variables for age (age at 
diagnosis), period (year of diagnosis for incidence and year 
of death for mortality), and cohort (year of birth). The 
exponentiated regression coefficients on these parameters 
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produced incidence risk ratios (IRRs) that described 
differences in risk (e.g., risk of ICC diagnosis) according 
to age, period or cohort. In contemporary applications, the 
APC model has been refined by treating age, period, and 
cohort as continuous variables modeled as a sequence of 
cubic functions (i.e., modeled using restricted cubic splines), 
which allows estimating APC influences on cancer incidence 
or mortality as smooth functions without requiring strong 
assumptions about their form (19,20). For incidence, 
APC modeling was performed for the entire cohort due 
to limited coverage of the SEER Registry. For mortality, 
gender-specific APC modeling was performed.

According to recommended presentation of data from 
these models, age-specific rates were plotted graphically 
in one pane (on the left), while IRRs of cohort and period 
were plotted in another pane (on the right), to illustrate 
modification of age-specific incidence based on period and 
cohort (19,20). These APC models were compared to age-
period models, not including cohort, using a likelihood ratio 
test to determine whether accounting for cohort differences 
achieved statistically significant improvement in model  
fit (21). The impact of the cohort term in APC modeling 
can be assessed by omitting the cohort term, which is 
the same as constraining the cohort effect to null. A 
likelihood ratio test comparing the age-period model to the 
unconstrained APC model, summarizes whether the APC 
model is an improvement over the modeling the impact 
of age and period alone (21). Predicted relative incidence 
and mortality rates were obtained with the 1940 birth 
cohort and 1990 period set as the reference categories. 

Data analysis was performed using Stata/MP 14.2 (College 
Station, TX, USA: StataCorp, LP).

Results 

There were 4,053 ICC cases ICC diagnosed at SEER 
registry sites between 1973 and 2012. Overall, among 
patients diagnosed with ICC, 2,086 (51.5%) were male 
and 1,967 (48.5%) were female. Over the period indexed 
as 1975 (i.e., spanning years 1973–1977), there were 
100 (2.5%) cases diagnosed with a mean patient age of 
67.7±10.0 years. In comparison, during the period indexed 
as 2010, the number of diagnosed ICC increased to 1,111 
(27.4%) with a mean patient age of 69.6±11.9 years. In all 
intervening time periods except for 2000 and 2005, there 
was an increase in the number of ICC cases diagnosed with 
a rising number of ICC cases among both female and male 
patients. Characteristics of patients diagnosed with ICC are 
summarized by period in Table 1.

Figure 1 summarizes the APC model for ICC incidence. 
ICC incidence increased with older age. Specifically, 
among patients aged 70–75 years, the incidence of ICC 
was 3.0/100,000 compared with only 1.1/100,000 for those 
patients aged 60–65 years. ICC incidence also increased 
across all birth cohorts examined. In fact, each successive 
cohort had an increase in the IRR for ICC versus the 
reference cohort (1945 IRR: 1.08, 95% CI: 1.02–1.15; 1950 
IRR: 1.34, 95% CI: 1.18–1.53; 1955 IRR: 1.80, 95% CI: 
1.38–2.34). In comparing the APC models to age-period 
models, the inclusion of cohort effects tended to improve 

Table 1 Gender specific and overall incidence of ICC by period 

Variable of interest
Period

1975 1980 1985 1990 1995 2000 2005 2010

Overall (N=4,053)

N (%) 100 (2.5) 138 (3.4) 238 (5.9) 492 (12.1) 708 (17.5) 655 (16.2) 611 (15.1) 1,111 (27.4)

Age, mean ± SD (years) 67.7±10.0 68.8±10.2 71.3±11.5 72.4±11.9 72.8±11.7 72.0±12.1 70.4±12.2 69.6 ±11.9

Male (N=2,086)

N (%) 53 (2.5) 76 (3.6) 136 (6.5) 248 (11.9) 373 (17.9) 347 (16.6) 301 (14.4) 552 (26.5)

Age, mean ± SD (years) 67.9±10.2 67.8±10.7 69.9±10.9 71.4±11.5 70.8±11.1 69.8±11.6 68.2±12.0 68.1±11.4

Female (N=1,967)

N (%) 47 (2.4) 62 (3.2) 102 (5.2) 244 (12.4) 335 (17.0) 308 (15.7) 310 (15.8) 559 (28.4)

Age, mean ± SD (years) 67.6±9.9 70.0±9.5 73.3±12.0 73.5±12.2 75.0±12.0 75.0±12.1 72.5±12.1 71.1±12.1

ICC, intrahepatic cholangiocarcinoma; SD, standard deviation. 
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Table 2 Trends in gender specific ICC mortality

Year of death 

Male Female

Death (N)
Population  

(N in 100,000)
Crude mortality rate 

(per 100,000)
Death (N)

Population  
(N in 100,000) 

Crude mortality rate 
(per 100,000)

1999 3,033 1,041.3 2.9 1,025 385.6 2.7

2000 3,229 1,060.5 3.0 1,049 391.8 2.7

2001 3,402 1,093.2 3.1 1,088 402.2 2.7

2002 3,530 1,120.9 3.1 1,122 411.1 2.7

2003 3,976 1,149.7 3.5 1,250 420.4 3.0

2004 4,192 1,180.2 3.6 1,382 430.4 3.2

2005 4,281 1,212.8 3.5 1,355 440.8 3.1

2006 4,407 1,244.8 3.5 1,457 451.2 3.2

2007 4,681 1,278.7 3.7 1,511 462.3 3.3

2008 4,916 1,313.7 3.7 1,518 473.8 3.2

2009 5,320 1,348.2 3.9 1,720 485.2 3.5

2010 5,817 1,376.6 4.2 1,843 494.5 3.7

2011 6,012 1,417.5 4.2 1,926 508.1 3.8

2012 6,681 1,449.6 4.6 2,125 518.9 4.1

2013 6,971 1,481.2 4.7 2,157 529.5 4.1

2014 7,239 1,513.7 4.8 2,243 540.9 4.1

2015 7,772 1,542.8 5.0 2,534 550.9 4.6

ICC, intrahepatic cholangiocarcinoma

Figure 1 Age, period, and cohort effects on ICC incidence. ICC, 
intrahepatic cholangiocarcinoma.
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the model fit relative to an age-period model (likelihood 
ratio test P=0.082).

Table 2 demonstrates trends in gender-specific ICC 
mortality. Among males, crude mortality increased from 
2.9 per 100,000 in 1999 to 5.0 per 100,000 in 2015. Among 
females the crude mortality incidence increased from 2.7 
per 100,000 in 1999 to 4.6 per 100,000 in 2015. Figure 2 
demonstrates age, period, and cohort effects on mortality 
of ICC in the United Sates among United States males. 
In comparing the APC model to an age-period model, the 
addition of the cohort effect improved the fit of the model 
over a model including age and period alone (likelihood 
ratio test P=0.001). In addition, each successive cohort had 
an increase in IRR for incidence of mortality (1925 IRR: 
0.47, 95% CI: 0.42–0.53; 1930 IRR: 0.61, 95% CI: 0.55–
0.67; 1935 IRR: 0.75, 95% CI: 0.70–0.81; 1945 IRR: 1.11, 
95% CI: 1.07–1.17; 1950 IRR: 1.15, 95% CI: 1.05–1.27; 
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Figure 2 Age, period, and cohort effects on mortality of ICC 
among US males. ICC, intrahepatic cholangiocarcinoma.

Figure 3 Age, period, and cohort effects on mortality of ICC 
among US females. ICC, intrahepatic cholangiocarcinoma.
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1955 IRR: 1.46, 95% CI: 1.27–1.68). Figure 3 demonstrates 
age, period, and cohort effects on mortality of ICC among 
US females. In contrast to male patients, in comparing the 
APC model to an age-period model, the addition of cohort 
did not improve the model over a model including age and 
period alone (likelihood ratio test P=0.223). An increase in 
IRRs for incidence of mortality was noted, however, over 
time with an IRR of 0.96 (95% CI: 0.84–1.08) in 1935 
versus an IRR of 1.15 (95% CI: 0.90–1.48) in 1955.

Discussion 

Cholangiocarcinoma incidence and mortality are increasing 
worldwide (1-3). In this study, we used APC modeling to 
evaluate the impact of birth cohort effects on ICC incidence 
and mortality. Of note, each successive cohort saw an 
increase in ICC incidence and the overall contribution of 
birth cohort effects tended to impact the trends in ICC 
incidence (likelihood ratio test P=0.082). One important 
finding of the current study was the finding that, among 
both males and females, the crude ICC-related mortality 
rate nearly doubled between 1999 and 2015. Interestingly, 
ICC-related mortality risk varied across birth cohorts in 
United States males. In contrast, ICC-related mortality risk 
did not vary across birth cohorts among females.

In a previous study, Petrick et al. examined the incidence 
of primary liver cancer in various countries between 1978 
and 2007 using the Cancer Incidence in Five Continents 
electronic database. In that study, the authors reported an 
increasing incidence of ICC in the United States with a 

4.2% average annual percentage change. Additionally, using 
APC modeling to explore the impact of cohort effect on 
ICC incidence, the authors reported that ICC incidence 
rates had plateaued with successive cohorts (6). In contrast, 
using data with a longer follow-up data from the SEER 9 
sites, the current study did not demonstrate a plateauing of 
ICC incidence. Rather, the incidence of ICC increased in 
the most recent birth cohorts. In addition, the likelihood 
ratio test suggested that broader trends in ICC incidence 
could have been summarized equally well by modeling 
ICC incidence as a function of age and period alone. An 
important finding in the current study was that ICC-related 
mortality risk varied across birth cohorts among males, yet 
not across birth cohorts for females. The reason for the 
sex-based difference in the birth cohort ICC mortality rate 
among men versus women is likely multifactorial. The sex 
difference in cancer susceptibility is a consistent finding in 
cancer epidemiology and may be attributable to hormonal 
or behavioral differences (22). To this point, there may be 
variations in the different exposures of each birth cohort 
(e.g., hepatitis C, diabetes, etc.) among men versus women 
that contributed to the sex-based birth cohort differences in 
ICC incidence. 

While increasing incidence and mortality in HCC can 
be explained by changes in risk factors such as metabolic 
syndrome, obesity, diabetes, and hepatitis C, no clear 
explanation exists for changes in ICC incidence and 
mortality (6). Improvements in diagnostic modalities were 
initially hypothesized to account, in part, for the increasing 
incidence (23). There has not been, however, an increase 
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in the identification of early or small tumors detected over 
time (24). The increased incidence in ICC has also been 
attributed to possible changes in the classification system 
of ICC versus ECC. Specifically, previous misclassification 
due to inadequate histopathological techniques may 
have inappropriately skewed the classif ication of 
cholangiocarcinoma as carcinomas not otherwise specified 
(NOS) (10-12). Furthermore, the increasing incidence in 
ICC has been attributed to a rising incidence of hepatitis 
C, as well as possibly steatosis (25-27). Additionally, as the 
APC model did not dramatically improve fit over an age-
period model, it is possible that the increasing trend in 
ICC incidence is related to the continuing aging of the 
population. 

The current study had several strengths and limitations. 
Mortality data were obtained from the Center for Disease 
Control and Prevention National Center for Health Statistics 
WONDER Online Database. These data included validated, 
county-level national mortality and population data based on 
death certificates for US residents. The underlying cause of 
death was entered by the physician on the death certification 
and was not necessarily the true underlying cause of death. 
For the analysis of ICC incidence, the SEER database 
was used. The SEER database has inherent limitations 
including no available data on the etiology of primary liver 
disease, as well as the risk factors for liver disease such 
as hepatitis B and C status, alcoholic cirrhosis or non-
alcoholic steatohepatitis. Data on the specific different types 
of treatment utilized to treat ICC were also not available. 
While some level of misclassification may have been 
possible, the pathological diagnostic validity of the SEER 
database has been previously validated (28). In addition, 
the SEER 9 database has been deemed to be generally 
representative of the US population, yet the data may not 
be representative of cancer incidence in rural areas (28).

In conclusion, ICC incidence and mortality have 
increased over time in the United States. APC modeling 
tended to improve the model fit relative to an age-period 
model regarding ICC incidence and mortality. Although 
ICC incidence risk increased over successive birth cohorts, 
the addition of birth cohort effects did not dramatically 
improve the ability to account for trends in ICC incidence 
versus modeling trends as products of only age and period. 
In the case of mortality, birth cohort was related to ICC 
mortality risk among men, but not among women. In 
turn, ICC mortality risk may be driven by gender-specific 
risk factors and the increasing incidence of ICC in older 
patients. Further investigation into the mechanism behind 

increasing ICC incidence and mortality is needed to help 
identify potential areas for intervention on a population 
level.
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