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ABSTRACT

Background. Challenges in the diagnosis and classification of
cholangiocarcinoma havemade it difficult to quantify the true
incidence of this highly aggressive malignancy.
Methods.Weanalyzed theSurveillance, Epidemiology, andEnd
Results data to assess long-term trends in the age-standardized
incidence of intrahepatic and extrahepatic cholangiocarcinoma
between1973and2012,correctingforsystematiccodingerrors.
Because intrahepatic cholangiocarcinoma (ICC) may frequently
bemisdiagnosed as cancer of unknown primary (CUP), we also
analyzed trends in the incidence of CUP.
Results. Between1973and2012, the reportedU.S. incidence
of ICC increased from 0.44 to 1.18 cases per 100,000,
representing an annual percentage change (APC) of 2.30%;

this trend has accelerated during the past decade to an APC
of 4.36%.The incidence of extrahepatic cholangiocarcinoma
increasedmodestly from0.95 to 1.02 per 100,000 during the
40-year period (APC, 0.14%). The incidence of CUP with
histologic features potentially consistent with cholangiocar-
cinoma decreased by 51% between 1973 and 2012 (APC,
21.87%), whereas the incidence of CUP with squamous
or nonepithelial histologic features increased modestly
(APC, 0.42%).
Conclusion.The recognized incidence of ICC in the U.S.
continues to rise, whereas the incidence of ECC is stable. The
incidence of CUP has fallen dramatically during the same time
period. The Oncologist 2016;21:594–599

Implications for Practice: Clinical distinctions between cholangiocarcinoma (particularly intrahepatic cholangiocarcinoma [ICC])
and cancer of unknown primary (CUP) can be challenging. Recent discoveries have identified recurrent and potentially targetable
genomic abnormalities in ICC, highlighting the importance of improving diagnosis. This study demonstrates that the incidence of
ICC is increasing in the U.S., whereas the incidence of extrahepatic cholangiocarcinoma is stable. Concomitantly, the incidence of
CUP has declined dramatically, suggesting that improved distinction between ICC and CUPmay be amajor driver of the increasing
recognized incidence of ICC. The increasing incidence of ICC warrants further study of prevention and treatment approaches.

INTRODUCTION

Cholangiocarcinoma is an aggressive epithelial malignancy of the
bile ducts that often presents with locally advanced ormetastatic
disease and carries an extremely poor prognosis. Named after its
presumed cell of origin, cholangiocarcinoma tumors can arise
from anywhere in the biliary tract andmay be difficult to identify
on the basis of histopathologic analysis alone. Cholangiocarci-
noma is subclassified anatomically, with intrahepatic cholangio-
carcinoma (ICC) arising from within the liver and extrahepatic
cholangiocarcinoma(ECC)arisingfromtheextrahepaticbileducts;
however, ongoing challenges in tumor registry data havemade it
difficult to accurately estimate the true incidence of this disease.

During the past 15 years, many studies have raised the
concern that the incidence of andmortality related to ICC are on

the rise worldwide, whereas the incidence of ECC has remained
relatively stableover time[1–8].However,becausemostpatients
with ICC have no clearly identified risk factors for the disease,
the rising incidence of ICC has not been linked to any specific
exposure, risk factor, or demographic trend. Recent reports have
suggested that at least some of the reported increase in ICCmay
be an artifact of changes in the World Health Organization’s
International Classification of Diseases for Oncology (ICD-O)
coding system, which is used for tumor registry reporting, rather
than a true increase in the burdenofdisease [1, 7, 8]. Specifically,
overdiagnosisof ICC is suspected tohaveoccurredbetween1992
and 2000—when ICD-O, version 2, was in use—related to the
misclassification of perihilar (Klatskin) tumors as ICC instead of
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ECC. As a result, the magnitude of the observed worldwide
increase in ICC and its underlying causes remains unclear.

In addition to discrepancies in its classification, the simple
recognition and diagnosis of cholangiocarcinoma, particularly
ICC, often prove challenging, and the condition remains a
diagnosis of exclusion [9–11]. Immunohistochemistry (IHC)
revealing positive staining for cytokeratin (CK) 7 and CK19 and
negative staining for HepPar1 may help distinguish cholangio-
carcinoma from hepatocellular carcinoma [12]. ECC usually
presents with an obstructing tumor in the extrahepatic bile
ducts [9]. However, ICC typically presents as adenocarcinoma
within the liver and therefore must be distinguished from
metastatic disease arising fromseveral potential primary sites,
including breast, lung, pancreas, and gastrointestinal tract
[12]. Unfortunately, ICC may share a common IHC profile with
many metastatic adenocarcinomas, characterized by positive
staining for CK7 and CK19 and negative staining for CK20 [12].
Likewise, the serum markers often used to track ICC tumor
burden, CEA and CA19-9, are not specific for this disease [13].

Thus, ICC may be frequently mistaken for metastatic disease
from an occult primary site, or cancer of unknown primary (CUP)
[14]. Indeed, a recent validatedmolecular profiling study asserted
thatbiliarytractcancer isthemostcommontumoroforigin inCUP,
accounting for 21%ofCUPdiagnoses [15]. Although this studydid
not distinguish between biliary tract cancer subtypes, our group
recently used a novel RNA in situ hybridization approach to show
that as many as 22% of CUP cases involving the liver are actually
ICC, specifically, rather than ECC or any other malignancy [16].
Given the relatively high incidence of CUP compared with biliary
tract cancer, these data would suggest that the true incidence of
ICCmay be greatly underestimated.

Theproperclassification anddiagnosis of ICChave recently
becomeevenmore critical as specific andpotent inhibitors are
under clinical development for certain oncogenic mutations
that are found at high frequencies in ICC but are rare or absent
in other epithelial malignancies. These include “hot-spot”
point mutations in IDH1/2, found in 10%–36% of tumors, and
activating translocations of FGFR2, found in 11%–45% of ICC
[17–27]. The significant variability in the frequency of these
mutations across studies likely relates to differences in the
patient populations examined and to the sequencing tech-
nique used to genotype these tumors.

Tomore accurately investigate long-term incidence trends of
ICCandECC,we interrogatedSurveillance, Epidemiology, andEnd
Results (SEER) Program datasets for the 40-year period between
1973 and 2012 and corrected for systematic coding errors that
may lead tomisclassification between ICC and ECC.We report on
40- and 10-year trends in the estimated U.S. incidence of ICC and
ECC. Additionally, we compare salient demographic features of
these diseases, including site-specific trends in relative incidence
bygender, race, andethnicity, aswell as informationon site-specific
differences in age at diagnosis and disease stage. Given the strong
evidence that ICC is frequentlymisdiagnosedasCUP,wealso inves-
tigated incidence trends for CUP, focusing on histologic features
that are potentially consistent with ICC, to provide new insight into
the true burden of cholangiocarcinoma during the past 40 years.

MATERIALS AND METHODS

Our study used data from the National Cancer Institute’s SEER
program [28].These data allow population-based estimates of

cancer incidence in the U.S., covering the time period from
1973 through 2012. Cholangiocarcinoma was identified by
diagnostic codes from the World Health Organization’s ICD-O
coding system, using diagnostic coding criteria enumerated by
Tyson et al. [7]. ICC was identified with a topography code of
C22.0 (liver) and a histology code of 8140, 8160, 8161, 8480,
8481, or 8500orwith a topographycodeof C22.1 (intrahepatic
bile ducts) and ahistology codeof 8000, 8010, 8020, 8140, 8160,
8161, 8260, 8480, 8481, 8490, or8500. ECCwas identifiedwith a
topography code of C24.1 (extrahepatic biliary ducts) and a
histology code of 8000, 8010, 8020, 8140, 8160, 8161, 8260,
8480, 8481, 8490, or 8500, or for any case with a topography
code of C22.0, C22.1, or C24.0 and a histology code of 8162
(Klatskin tumor). These histology codes identify adenocarcinomas
aswell asundifferentiatedandunspecifiedhistologic types (in-
cluding “carcinoma, NOS [not otherwise specified]” and “neo-
plasm,malignant”) butexclude squamoushistologic types and
other confirmed histologic types that are generally inconsis-
tent with cholangiocarcinoma. In a revision of the approach of
Tyson et al., we included cancers with the topography-histology
code pairing of C24.1 and 8020 (carcinoma, undifferentiated
type, NOS); Tyson et al. included the histology code 8020 only
when paired with topography code C22.1.

The approach avoids misclassification of Klatskin tumors as
ICC, a problem that has been cited as potentially contributing to
inflated estimates of ICC incidence between 1992 and 2000,
when ICD-O,version2,was inuse[7].Weprospectivelyexcluded
cancer cases with topography codes of C24.8 (overlapping sites
of the biliary tract) or C24.9 (malignant neoplasm of the biliary
tract, unspecified) because these codes are infrequently used
and cannot be reliably mapped to ICC, ECC, or other biliary
tumor sites (such as the gallbladder or the ampulla of Vater).

Because the liver is a common site for metastatic cancer,
ICCmay bemisdiagnosed as CUP [14, 15].Therefore, it is likely
that improvements indiagnostic technologies arecontributing
to the increased recognized incidence of ICC. To evaluate this
possibility, we assessed long-term trends in the incidence of
CUP, with stratification for histology codes that are potentially
consistent with cholangiocarcinoma (i.e., ICD-O, version 3,
histology codes included in our analysis for identification of
cholangiocarcinoma) versus CUPs with histology codes that
are not consistent with cholangiocarcinoma (e.g., CUPs with
confirmed squamous or nonepithelial histology).

We calculated site-specific annual incidence rates using
SEER*Stat [29], andwe report 40- and 10-year incidence trends
for ICC, ECC, and CUP. Data from the SEER 9 cancer registries
were used for incidence rate estimates from 1973 to 1991, the
SEER 13 registries provided data from 1992 to 1999, and
theSEER18 registrieswereused from2000 to2012 (all fromthe
November 2014 data submission). This approach allowed us to
use the most robust national estimates for disease incidence
available for each calendar year in our analysis. All incidence
rates are age-standardized to the 2000 U.S. population. Annual
percentage change (APC) was calculated for 40- and 10-year
periods by linear regression of log-transformed annual in-
cidence rates [30]. Percentage changewas calculatedbyusing a
2-year average of the incidence rates observed at the beginning
and end of the time period. In addition to overall population
incidence, we also report relative incidence of ICC and ECC,
stratifiedbygender, race (white vs. blackorAsian), andethnicity
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(non-Hispanic vs. Hispanic). Changes in relative incidence over
timewere calculatedusing linear regressionofannual incidence
rate ratio (IRR) estimates. Descriptively, IRR trends were
reportedwith data aggregated over 5-year periods. Additional
comparative data reported include the distribution of age and
cancer stageamongpatientswith incident ICCandECC. Cancer
stage information reported in theSEERdatabaseusesversion6
of the American Joint Committee on Cancer staging manual
[31]. Statistical analyses were completed with SAS software,
version9.4 (SAS Institute, Inc., Cary,NC, http://www.sas.com).

This study was completed with approval from the Dana-
Farber/Harvard Cancer Center Institutional Review Board,
protocol #15-296.

RESULTS

Cholangiocarcinoma Incidence
Forty-year incidencetrendsforICCandECCareshowninFigure1.
Between 1973 and 2012, the estimated U.S. incidence of ICC
increased from0.44 to 1.18 cases per 100,000person-years.This
changerepresentsa128%netincreaseandanAPCof2.30%(95%
confidence interval [CI], 1.88%–2.73%). ECC increased from0.96
to 1.02 per 100,000 over the same years, constituting a 5% net
increase and an APC (annual percentage change) of 0.14% (95%
CI, 20.23% to 0.51%) (Table 1). With restriction to the last
10 years of available data—a time period where tumor registry
coding criteria for cholangiocarcinoma remained constant—ICC
increasedsignificantlyatanAPCof4.36%(95%CI,3.39%–5.33%)
while ECC demonstrated a nonsignificant annual percentage
change of 0.16% (95% CI,20.50% to 0.83%).

Age and Stage Distribution
In addition to the age-standardized incidence trends of cholangio-
carcinoma,we investigated trends in demographic and pathologic
characteristicsofpatientsdiagnosedwith ICCandECC.Themedian
age at diagnosis among patients diagnosed with cholangio-
carcinoma between 2008 and 2012 was 67 years for ICC and
72 years for ECC.Themedian age at diagnosis was younger for
ICC than for ECC for each 5-year period dating back to 1973
(Fig. 2A).Twenty-seven percent of ICC caseswere diagnosed in
individuals younger than 60 years of age, compared with 19%
of ECC cases (Fig. 2B). ICCwas alsomore frequently diagnosed
at advanced stages when compared with ECC. For cases with
available staging information (78%ofdiagnoses between2004
and2012), 69%of patientswith ICCwerediagnosedwith stage
III or stage IVdisease, comparedwith46%ofECCpatients (Fig. 3).
This finding is consistent with the lack of specific symptoms for
early-stage ICC and symptomatic biliary obstruction leading to
earlier detection of tumors within the extrahepatic biliary tract.

Gender, Race, and Ethnicity
Because gender, race, and ethnicity have been previously
identifiedas risk factors forcholangiocarcinoma,wecalculated
IRRs comparing the incidence of ICC and ECC by subgroups of
raceandethnicity.Wereport trends in these IRRs for the last20
years (1993–2012).The relative incidence of both ICC and ECC
was lower in women than in men, with IRRs of 0.80 (95% CI,
0.75–0.84) for ICC and 0.64 (95% CI, 0.61–0.68) for ECC (both
IRRs calculated for the most recent 5-year time period,
2008–2012) (Fig. 4A). The relative incidence of ICC in women

(relative to men) increased significantly between 1993 and
2012 (p5 .002); however, the relative incidence of ECC did not
significantly change by gender during this time period.

Trends in the relative incidence of ICC and ECC by race and
ethnicity are shown in Figure 4B and 4C. Hispanic ethnicity
(compared with non-Hispanic origin) was associated with an
increased relative incidence of both ICC and ECC (IRR for ICC, 1.31
[95% CI, 1.20–1.42]; IRR for ECC, 1.31 [95% CI, 1.19–1.43]. The
relative incidence of both ICC and ECCwas unchanged from1993
to2012 in individualsofHispanicversusnon-Hispanicorigin.Asian
race was also associated with an increased relative incidence of
both ICC (IRR for 2008–2012, 1.38; 95% CI, 1.26–1.50) and ECC
(IRR, 1.38; 95% CI, 1.26–1.52) when compared with white race.
The relative incidence of ICC in Asians versus whites declined
modestly between1993and2012 (p5 .013) (Fig. 4C),whereas
therewasno significant change in the relative incidenceof ECC
between Asians and whites. In the most recent time period,
black racewasassociatedwithamarginally significant reduction
in the relative incidence of both ICC and ECC (IRR for ICC, 0.83
[95% CI, 0.74–0.92]; IRR for ECC, 0.93 [95% CI, 0.83–1.04]).The
relative incidence of ICC in blacks and whites was stable
between 1993 and 2012, while the relative incidence of ECC in
blacks increased during this time period (p5 .01).

Cholangiocarcinoma and Carcinoma of
Unknown Primary
The overall age-standardized incidence of CUP decreased from
12.71to7.42per100,000between1973and2012(APC,21.41%;
95% CI,21.65% to21.17%) (Fig. 5). CUPs with a histology code
potentially consistent with cholangiocarcinoma decreased from
11.14to5.29casesper100,000(APC,21.87%;95%CI,22.14%to
21.60%), while the incidence of other CUPs (e.g., those with
confirmed squamous or nonepithelial histology) demonstrated
a modest increase from 1.57 to 2.13 cases per 100,000 (APC,
0.42%; 95% CI, 0.18%–0.66%).

DISCUSSION

Although many epidemiologic studies have highlighted a
worldwide increase in the incidenceof ICC, recent reportshave
questioned the veracity of this finding. Multiple investigators
have posited that at least part of the documented increase in
the incidence of ICC is an artifact caused by systematic
misclassification of perihilar (Klatskin) tumors as ICC instead of
ECC[1,7]. Indeed, thesestudieshighlightasignificantdecrease
in ICC incidence over a period from approximately 2000 to
2003, which likely corresponds to a shift in the classification of
Klatskin tumors from ICC to ECC. Thus, these studies, which
were limited to a relatively short period (less than 20 years),
were heavily influenced by the reclassification period and did
not observe an overall increase in ICC incidence.

Our study, analyzing SEER data over four decades (from
1973 to 2012) and extending the prior analysis of Tyson et al.
with 5 years of additional data, provides an important update
to this controversy.Our findingspoint toa128% increase in the
incidence of ICC over the past 40 years (for an APC of 2.30%),
compared with a much more modest 5% increase in the
incidence of ECC (APC of 0.14%). The increasing trend in ICC
incidence isevenmoreapparentduringthepastdecade,a time
period in which tumor registry procedures for classification of
biliary cancers remained consistent, with an APC of 4.36%
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between 2003 and 2012 (compared with an APC of 0.16% for
ECC). These findings confirm that that the reported U.S.
incidence of ICC continues to rise, over both recent and long-
term time periods, whereas the incidence of ECC remains
stable to minimally increasing. Our study is also the first to
highlight the likely contribution of the improved evaluation of
CUP to the increasing recognized incidence of ICC.

Here, we present data showing that the U.S. incidence of
CUP has been decreasing consistently over the last several
decades, particularly in cases with a histologic type that is
potentially consistent with cholangiocarcinoma. Although
multiple factorsmaybecontributing to thedeclining incidence
of CUP, an improved ability of physicians to provide a specific
diagnosis through advanced imaging, molecular diagnostics,
and histopathologic techniques is likely an important cause
of this decline. Concurrently, a substantial proportion of the
observed increase in ICCmay be due to improved diagnosis of
cancers that would previously have been classified as CUP.The
recent finding that 21% of CUP tumors share a common gene
expression signaturewith biliary tract cancer suggests that we
may continue to substantially underestimate the true disease
burden of cholangiocarcinoma [15]—particularly ICC, which
often resembles metastatic disease to the liver and may
frequently be misclassified as CUP [14, 15]. If roughly 20% of
CUP tumors reported in the SEER database are attributable to
ICC (limited to CUP cases with histology that is potentially

consistent with cholangiocarcinoma), the true U.S. incidence
of ICC could still be nearly double the currently reported
estimate. As the use of molecular diagnostics for the
identification of targetable lesions, such as IDH1/2mutations
andFGFR2 fusions, increases,ourability toaccuratelydiagnose
these tumorsmay also improve, alongwith our understanding
of the true incidence of ICC.

Beyondour improvedability to recognizeanddiagnose ICC,
several epidemiologic or environmental trends may have
contributed to the rise in ICC cases in the U.S. during this time
period. Diabetes, obesity, alcohol use, and viral hepatitis have
all been associated with an increased risk for ICC [32]. The

Figure 1. Age-adjusted incidence of intrahepatic cholangiocarci-
noma and extrahepatic cholangiocarcinoma, 1973–2012.

Abbreviations: ECC, extrahepatic cholangiocarcinoma; ICC,
intrahepatic cholangiocarcinoma.

Table 1. Annual percentage change in incidence of

intrahepatic and extrahepatic cholangiocarcinoma over

40- and 10-year periods.

Disease per time period APC (95% confidence interval), %

1973–2012

ICC 2.30 (1.88–2.73)

ECC 0.14 (20.23 to 0.51)

2003–2012

ICC 4.36 (3.39–5.33)

ECC 0.16 (20.50 to 0.83)

Abbreviations: APC, annual percentage change; ECC, extrahepatic
cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma.

Figure 2. Age distribution of ICC and ECC. (A): Median age at
diagnosis byera. (B):Percentageof patients diagnosedwith ICCor
ECC within the indicated age range.

Abbreviations: ECC, extrahepatic cholangiocarcinoma; ICC,
intrahepatic cholangiocarcinoma.

Figure 3. Stage distribution of ICC and ECC, 2004–2010. Data do
not include cases with missing data for cancer stage.

Abbreviations: ECC, extrahepatic cholangiocarcinoma; ICC,
intrahepatic cholangiocarcinoma.
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degree to which other potential causes, including other diet
factors, food preparation, environmental carcinogen expo-
sure, and medication use (particularly medications that are
excreted from the bile), are increasing the frequency of ICC
remains poorly understood.Thus, a detailed investigation into
the relative contribution of multiple potential factors, both
known and unknown, that are contributing to this alarming
trend is warranted.

Our study confirms previously reported associations of
Asian race and Hispanic ethnicity with increased relative
incidence of cholangiocarcinoma (both ICC and ECC) [33].
These associations were stable during the last 20 years, with
the exception ofmoderate diminution of the increased risk for
ICC associated with Asian race (the incidence rate ratio for ICC
in Asians vs.whites declined from1.61 in 1993–1997 to 1.38 in

2008–2012). Although the absolute incidence of cholangio-
carcinoma is greater in men than in women (for both ICC and
ECC), the difference in incidence rates between men and
women has declined for ICC but not ECC. Although subtype-
specific differences in incidence trends of cholangiocarcinoma
may suggest differences in the cause of ICC versus ECC, our
findings do not point to specific etiologic pathways.

CONCLUSION
We report an overall growth in the incidence of ICC in the U.S.
overboth40-and10-year timeperiods,withminimalchange in
the incidence of ECC. Regardless of whether these incidence
data reflect a true increase in the burden of the disease,
improved diagnosis, or a combination of both, the number of
patients diagnosed with ICC may continue to rise for the

Figure 5. Age-adjusted incidence of CUP, stratified by histology codes potentially consistent versus not consistent with with
cholangiocarcinoma, 1973–2012.

Abbreviations: CC, cholangiocarcinoma; CUP, cancer of unknown primary.

Figure 4. Relative incidence of ICC and ECC by gender, race, and ethnicity, 1993–2012. (A): Relative incidence (IRR), females relative to
males. (B):Relative incidence,Hispanic relative tonon-Hispanicethnicity. (C):Relative incidenceAsian/Pacific Islandersandblacks relative
to whites.

Abbreviations: ECC, extrahepatic cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; IRR, incidence rate ratio; PI, Pacific
Islander.
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foreseeable future. Therefore, it is imperative that improved
mechanismsforICCprevention,earlydetection,andmanagement
of advanced-stage disease are vigorously explored. Recent
progress in molecular genetics and the development of
pharmacological inhibitors of pathologic mutations specifically
found in ICC, including drugs targeting mutations in IDH1/2 and
FGFR2 fusions,provideoneavenuetocombatthis risingchallenge.
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