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Background: Intrahepatic cholangiocarcinoma (ICC) is a rare and aggressive disease with an increasing
incidence in the United States, and there is no level 1 evidence to help guide treatment decisions. We sought
to determine national trends in surgical and medical management of patients with resected ICC, and more
specifically, the role of lymphadenectomy (LAD) and utilization of chemotherapy.

Methods: An augmented version of the National Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) cancer database registry was used to identify all surgically resected ICC patients from
2000 to 2014. We evaluated the incidence and adequacy of LAD, and receipt of chemotherapy over time.
Next, multivariable logistic regressions were performed to determine the predictors of LAD and receipt of
chemotherapy. Overall survival (OS) was evaluated using Kaplan-Meier and Cox proportional hazard models.
Results: We identified 1,263 patients who underwent resection for ICC. Lymph nodes (LNs) were
removed in 49% of patients, however, only 10% of patients received adequate LAD by the American
Joint Committee on Cancer (AJCC) criteria (>6 nodes). LN metastases were found in 29% of patients
who underwent nodal evaluation. Chemotherapy was administered to 40% of patients, was utilized more
frequently over time (P<0.05), and was associated with improved survival in node positive patients (P<0.05).
Patients who did not have LNs evaluated were significantly less likely to receive chemotherapy than those
who did. Lastly, OS for the entire cohort improved over time (P<0.05).

Conclusions: After analyzing the treatment and outcomes of resectable ICC, we concluded: (I) LN
evaluation at the time of surgical resection remains inadequate; (II) utilization of chemotherapy has increased
over time; (IIT) the lack of LAD likely results in under-staging and underutilization of chemotherapy; and (IV)

despite less than ideal surgical and medical therapy median OS continues to improve.
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Introduction

Although rare, the incidence of intrahepatic
cholangiocarcinoma (ICC) has increased over the last
several decades (1). ICC represents the second most
common primary liver malignancy and has an insidious

clinical course. ICC is commonly diagnosed at advanced
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stages with intra- and extra-hepatic metastases and
peritoneal carcinomatosis precluding surgical resection.
Surgical resection remains the only option for cure.
However, in patients who undergo resection, the median
survival is only 20-40 months with 5-year survival rates
of 20-40% (2-6), highlighting the inadequacy of current

surgical resection as the sole treatment modality.
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The inclusion of a lymphadenectomy (LAD) as a
component of surgical resection is debated. It is well accepted
that lymph node (LN) metastasis at the time of the index
operation is a poor prognostic factor for ICC (2,4,7-12).
Despite this, the role of LAD remains ill defined. While
routine LN dissection does not show a survival advantage,
proponents of LAD believe it provides an accurate nodal
staging, important prognostic information, and assists in the
decision making regarding adjuvant treatment (13,14). The
recently published 8th American Joint Committee on Cancer
(AJCC) staging system made several modifications in order
to more appropriately stratify prognosis, which included a
new recommendation for the removal of at least six LNs at
the time of surgical resection (15). Previously, there was no
standardized recommendation on the extent of LAD in
the United States. The current National Comprehensive
Cancer Network (NCCN) guidelines for ICC state that “a
portal lymphadenectomy is reasonable as this provides relevant
staging information” (16). The literature reports rates of
LAD at the time of index surgery range from 26% to 67%
(4,6,17,18). Despite the important prognostic information
that nodal status provides, as well as new recommendations
to perform a LN dissection, it is unclear if surgeons are
currently performing adequate LAD at the time of hepatic
resection for localized ICC.

Due to the rarity of the disease and lack of level 1
evidence to guide treatment, there is no consensus on the
appropriate neoadjuvant or adjuvant treatments for ICC.
Current NCCN guidelines recommend the addition of
adjuvant treatment for patients with R1/R2 disease and
positive nodes (16).

Despite the creation of a specific ICC staging system by
the AJCC in 2009 and its recent modifications, it is unclear
whether clinical practice or outcomes have changed. Given
this, our objectives were to evaluate the current practice
trends, clinical outcomes and overall survival (OS) for

patients with surgically resected ICC, with specific regard
for LAD and chemotherapy.

Methods
Data and patients

We used an augmented version of the National Cancer
Institute’s Surveillance, Epidemiology, and End
Results (SEER) database, including both radiation and
chemotherapy data, to identify subjects diagnosed with ICC
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from 2000 through 2014. The SEER registries provide
cancer surveillance for 18 geographic areas and represents
28% of the United States population. The registry collects
both patient and tumor characteristics, including age at
diagnosis, race, patient sex, primary tumor site, histologic
subtype, tumor stage (T stage), tumor size, LN status,
tumor grade, LN evaluation, diagnostic confirmation, type
of surgery, vital status, and cause of death. We identified
patients >18 years old who were diagnosed with ICC
using the World Health Organization’s International
Classification of Diseases, 3rd revision (ICD-3) codes
(Table ST). We excluded records of patients with distant-
or un-staged tumors based on historical stage. As only de-
identified patient data was used, this study was exempt from
review by the Institutional Review Board of the University
of Minnesota.

Statistical analysis

We categorized patients based on number of LNs assessed
at surgery into 0 LNs assessed, 1-5 LNs assessed, and 6
or greater LNs assessed and compared patterns of LN
assessment over the 14-year study period using Cochran-
Armitage test for trend. After assessing unadjusted
relationships, we used multivariable logistic regression
to assess factors associated with any LAD and adequate
LAD (=6 LNs). Factors assessed in our regression models
included age, gender, race, year of diagnosis, tumor grade,
and T stage. Next, we assessed current utilization trends
of chemotherapy over the 14-year time period using
Cochrane-Armitage test for trend. Multivariable logistic
regression was also used to evaluate factors associated with
utilization of chemotherapy. The model included age,
gender, race, year of diagnosis, grade, nodes evaluated, LN
status, and T stage.

To analyze OS we used the Kaplan-Meier method and
Cox proportional hazard models. Our Cox proportional
hazards models included age at diagnosis, race, tumor size,
tumor grade, LN status, and use of chemotherapy. In all
models, we performed sensitivity analyses to ensure that the
observed effects were not a product of coding classifications
such as the use of alternative node evaluation groupings and
removal of non-significant factors. Results were considered
statistically significant only for a P value <0.05 and a 95%
confidence interval (CI). For all statistical analyses, we used
SAS software, version 9.3 (SAS Institute, Cary, NC, USA).
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Table 1 Patient and tumor characteristics for patients from the
SEER database with intrahepatic cholangiocarcinoma, 2000-2014

Characteristics

Patient number (n=1,263)

%

Age (years)
18-49
50-59
60-69
70+

Sex
Female
Male

Race
White
Black
Others

Years
2000-2002
2003-2005
2006-2008
2009-2011
2012-2014

Grades
|
Il
1]

Missing

T status
|
Il
&IV
Missing

Size
<2cm
2-5cm
5+

Missing

167
281
406
409

640
623

1,002
80
181

109
149
236
326
443

136
523
299
305

516
266
282
199

90
437
572
164

13
22
32
33

51
49

79

15

12
19
26
35

11
41
24
24

41
21
22
16

35
45
13

Table 1 (continued)
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Table 1 (continued)

Characteristics Patient number (n=1,263) %

Lymph node evaluation

Unknown 39 3
None 603 48
1-5 491 39
6+ 130 10

Node positive

Unknown/no nodes 626 50
examined
No 454 36
Yes 183 14
Radiation
No 1,053 83
Yes 210 17
Chemotherapy
No/unknown 757 60
Yes 506 40
Results
Patient population

We identified 1,263 patients who underwent surgical
resection for ICC (Table I). Most patients were older than
60 years of age (65%) and white (79%). Most tumors were
grade II (41%), T1 tumors based on TINM staging criteria
(41%), and were 5 cm or larger (45%). The majority of
patients did not receive either chemotherapy or radiation
therapy (58%).

LAD at the time of resection

We found that 621 patients (49%) underwent LAD, while
603 patients (48%) had no LAD at the time of surgical
resection. Based on the new AJCC guidelines for adequate
LAD, 39% underwent an inadequate LAD (1-5 nodes
assessed), and only 10% had an adequate LAD (Table 1).
Although a large proportion of patients did not receive AJCC
recommended LAD, the rates of 6 or greater LN assessed
significantly increased over time (P<0.05) (Figure 14).
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Figure 1 Lymphadenectomy and receipt of chemotherapy over time. (A) Rates of lymphadenectomy for patients with intrahepatic

cholangiocarcinoma over time (>6 lymph nodes: P<0.01); (B) rates of chemotherapy use for patients with intrahepatic cholangiocarcinoma

over time (P<0.01). LN, lymph node.

Factors associated with LAD

Multivariable analysis was performed to evaluate factors
associated with performance of LAD (7able 2). The factors
associated with a significantly decreased likelihood of LAD
were older age and race other than white or black (Table 2).
Higher T stage was associated with a higher likelihood
of LAD (Table 2). With respect to the performance of an
adequate LAD, patients with older age, male gender, and
black race were less likely to undergo an adequate LAD.
Increasing T stage was associated with an increased likelihood
of adequate LAD (7able 2). Diagnosis of ICC during or after
2009, the year the first ICC-specific AJCC staging system

was published, was not associated with any or adequate LAD.

Utilization of chemotherapy and factors associated with
chemotberapy use

There was a significant increase in the usage of
chemotherapy in patients with ICC over time (P<0.05)
(Figure 1B). The percentage of surgical patients undergoing

© Journal of Gastrointestinal Oncology. All rights reserved.

chemotherapy treatment before 2009 ranged from 33% to
36% and increased to 43-44% after 2009. Multivariable
regression analysis was performed to identify the factors
associated with chemotherapy use and is shown in 7able 3.
Factors associated with a greater likelihood of receipt of
chemotherapy included year of diagnosis in 2009-2014 and T
stage. Factors associated with a lower likelihood of treatment
with chemotherapy included increasing age, male gender, and
black race. LN evaluation and LN status (positive or negative)
compared to unknown was not predictive of chemotherapy use
(Table 3). Of note, when LN status is excluded, the performance
of any LAD increases the likelihood of receipt of chemotherapy
(OR, 1.40; 95% CI, 1.09-1.79, data not shown in table). On
univariate analysis, LN-positive patients were more likely have
chemotherapy treatment compared to LN-negative patients
(OR, 1.82;95% CI, 1.24-2.64, data not shown).

ICC survival

When stratified by time period (2000-2008 vs. 2009-2014),

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(5):942-952
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Table 2 Factors associated with any lymphadenectomy (Model 1) and adequate lymphadenectomy of six or greater lymph nodes for patients with

intrahepatic cholangiocarcinoma (Model 2)

Model 1: factors associated with
any lymphadenectomy

Model 2: factors associated with lymphadenectomy
of 6 or more LN

Characteristics

OR 95% confidence interval OR 95% confidence interval

Age (years)

18-49 REF - REF -

50-59 0.51* 0.33-0.77 0.62 0.35-1.10

60-69 0.40* 0.27-0.59 0.44* 0.25-0.77

70+ 0.36* 0.24-0.53 0.50* 0.29-0.87
Gender

Female REF - REF -

Male 0.88 0.69-1.11 0.65* 0.45-0.95
Race

Non-Hispanic White REF - REF -

Black 0.90 0.56-1.46 0.33* 0.12-0.94

Others 0.58* 0.42-0.82 0.63 0.34-1.16
Years of diagnosis

2000-2008 REF - REF -

2009-2014 1.05 0.80-1.37 0.99 0.66-1.51
Grades

I REF - REF -

I 1.02 0.69-1.51 1.37 0.69-2.73

M 0.81 0.53-1.24 1.56 0.75-3.21

Missing 0.49* 0.32-0.75 1.14 0.54-2.43
T stages

I REF - REF _

I 1.64* 1.21-2.23 1.70* 1.06-2.73

llland IV 2.26* 1.65-3.09 1.56* 1.65-2.50

Missing 0.96 0.65-1.41 0.49 0.23-1.09

*, statistically significant. OR, odds ratio; LN, lymph nodes; REF, reference comparative factor.

there was an improvement in median survival from 33 to
39 months (Figure 24). Overall, unadjusted Kaplan-Meier
mortality estimates showed significantly lower OS in the
earlier time period. Further, nodal status was shown to
significantly impact OS, as node negative patients had a
median survival of 52 months compared to 20 months for
those with node positive disease (Figure 2B).

There was no significant survival benefit to the addition

© Journal of Gastrointestinal Oncology. All rights reserved.

of chemotherapy, with a median survival of 37 months for
patients who did and did not receive chemotherapy (data
not shown). When evaluated by node status, node negative
patients had no added benefit to chemotherapy, with
median survival of 46 months in both groups (Figure 34).
Node positive patients derived a significant benefit from
chemotherapy, with median survival of 9 months in those
not treated with chemotherapy and 23 months in those
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Table 3 Factors associated with usage of chemotherapy for patients

with surgically resected intrahepatic cholangiocarcinoma

Characteristics OR 95% confidence interval
Age (years)
18-49 REF -
50-59 0.69 0.46-1.03
60-69 0.63* 0.43-0.93
70+ 0.28* 0.19-0.42
Gender
Female REF -
Male 0.68* 0.54-0.87
Race
Non-Hispanic White REF -
Black 0.59* 0.35-0.98
Others 0.93 0.66-1.31
Years of diagnosis
2000-2008 REF -
2009-2014 1.64* 1.24-2.16
Grades
I REF -
Il 0.95 0.64-1.42
11l 0.91 0.58-1.40
Missing 0.92 0.59-1.42
Nodes evaluated
None/unknown REF -
1-5 1.77 0.58-5.36
6+ 1.41 0.44-4.49
Lymph node status
LN- 0.69 0.22-2.12
LN+ 1.26 0.41-3.91
None/unknown REF -
T stages
I REF -
Il 1.24 0.90-1.71
IIland IV 1.87* 1.36-2.57
Missing 1.29 0.86-1.93

*, statistically significant. LN, lymph node; OR, odds ratio; REF,

reference comparative factor.
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Figure 2 Kaplan-Meyer survival curves for patients with
intrahepatic cholangiocarcinoma. (A) Overall survival for patients
with intrahepatic cholangiocarcinoma diagnosed from 2000 to
2008 and 2009 to 2014; (B) overall survival for patients with
intrahepatic cholangiocarcinoma with lymph node-positive or

negative disease.

treated with chemotherapy (Figure 3B). In patients with
lower T stages (T1/T2), chemotherapy correlated with
an 8-month increase in OS from 39 months without
chemotherapy to 47 months with chemotherapy (Figure 3C).
There was also a survival benefit to chemotherapy in
patients with advanced T stages (13/T4). Median survival
for patients with T3/T4 tumors treated with chemotherapy
was 25 vs. 18 months in those treated without chemotherapy
(Figure 3D). When we adjusted for all other patient factors,
the factors associated with a greater hazard of death
included age greater than 70 years, male gender, tumor
grade III, increasing T stage and LN positive status (Zable 4).

Discussion

Due to its rarity, there are very few large-scale studies from
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chemotherapy; (D) patients with T3/T4 tumors with and without chemotherapy.

which to draw meaningful conclusions about appropriate
management for patients with ICC. Outcomes for ICC
have historically been poor and there is limited evidence to
suggest that modern treatment has significantly improved
outcomes. Overall 5-year survival for patients with ICC was
estimated at less than 5% from 1975 to 1999 (19). However,
more recent studies show that for patients with surgically
resectable disease, 5-year OS may approach 20-40%
with median survival nearing 20-40 months (2-6). In this
retrospective review of a national database over a 15-year
time period, we found: (I) OS for patients with resected
ICC improved; (II) chemotherapy utilization increased; and
(IIT) surgical resection without LAD remained high, >50%.

© Journal of Gastrointestinal Oncology. All rights reserved.

There is no doubt that some patients are being under staged
and potentially undertreated with adjuvant therapy.

In the present study, we demonstrated an improvement
in OS for patients diagnosed with ICC after the
implementation of the initial ICC-specific AJCC staging
system in 2009, compared to patients diagnosed prior. A
previous review of the SEER database found that median
OS for patients with resected ICC from 1992 to 2002 was
22 months (20). Taken together, this demonstrates that
continued advances in surgical and medical therapy are
slowly making improvements in OS for ICC patients.

The source of the improvement in outcomes over this
time period is unclear, but may correlate with the increased
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Table 4 Cox proportional hazards model of survival for surgically
resected patients with intrahepatic cholangiocarcinoma

Hazard 95% hazard ratio

Characteristics ratio confidence interval P value
Age (years)

18-49 REF - -

50-59 1.14 0.31-0.92 0.38

60-69 1.15 0.87-1.54 0.31

70+ 1.34* 1.01-1.78 0.04
Gender

Female REF - -

Male 1.20* 1.01-1.42 0.04
Race

Non-Hispanic White  REF - -

Black 0.90 0.62-1.30 0.58

Others 0.99 0.78-1.27 0.98
Years of diagnosis

2000-2008 REF - -

2009-2014 0.89 0.73-1.08 0.23
Grades

| REF - -
Il 1.14 0.83-1.56 0.42
11l 1.44~ 1.03-2.01 0.03
Missing 1.42* 1.02-1.98 0.04
T stages

| REF - -

Il 1.38* 1.08-1.79 0.01

IIland IV 2.14* 1.69-2.71 <0.0001

Missing 1.38* 1.07-1.79 0.02
Nodes evaluated

None/unknown REF - -

1-5 0.85 0.40-1.83 0.68

6+ 0.66 0.29-1.48 0.32
Lymph node status

None/unknown REF - -

LN- 0.92 0.43-1.96 0.83

LN+ 2.31* 1.06-5.04 0.04
Chemotherapy

No/unknown REF - -

Yes 0.94 0.78-1.13 0.50

*

, statistically significant. LN, lymph node; REF, reference
comparative factor.
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utilization of chemotherapy over time. This may in part
contribute to the survival improvement seen; however,
chemotherapy use alone was not found to improve OS on
multivariable analysis. In our study, we found a survival
benefit to chemotherapy in patients with node positive
disease and advanced T stages. This is in accordance with
previously published data that chemotherapy may benefit
high-risk patient subsets (7,21-23), and indicates that
better patient selection for adjuvant therapy may lead to
improved survival outcomes. A previous study using the
NCDB database found that adjuvant chemotherapy was
only associated with a survival benefit in patients with node
positive disease, advanced T stage tumors (T3 or T4) and
incomplete resections (R1 or R2) (7). Another survey of
the NCDB affirmed that the patients who benefited from
chemotherapy had either positive LNs or positive margins
after resection (21). Single institution series have also shown
an OS benefit to the use of adjuvant treatment in biliary
tract cancers in patients with node positive disease or an R1
resection (22). A systematic review which identified twenty
studies involving greater than 6,000 patients with biliary
tract cancers found a non-significant improvement in OS
with adjuvant treatment; however, patients with high-risk
features, such as margin and node positive disease, were
found to derive a significant benefit to adjuvant therapy (23).
While there appears to be a survival advantage for
chemotherapy in certain subsets of patients (incomplete
resections, advanced T stage and node positive disease),
there are no results from a prospective randomized trial
to guide neoadjuvant or adjuvant treatment practices.
The confusion is further exemplified by a systematic
review which had previously found no benefit for adjuvant
treatments in patients with ICC (6). Currently, there is
an ongoing stage III randomized clinical trial of adjuvant
chemotherapy in surgically resected biliary tract cancer
patients, which will hopefully provide further guidance for
chemotherapy use (24).

With respect to surgical management of ICC, there
is ongoing debate as to the extent, if any, of LAD. The
recommendation for LAD was added to the 8th edition of
the AJCC staging system, despite the evidence that the role
of LAD for anything other than prognostication remains
uncertain. LN positivity has repeatedly been shown to
be a negative prognostic factor in ICC (2,4,7-12,25-27).
We found that LAD occurred in 49% of patients which is
comparable to previously reported rates from 25% to 67%
(2,4,6,17,18). In the current study, 29% of patients who
underwent LAD (removal of any number of nodes) were
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found to have metastatic disease while other studies have
reported rates from 20% to 62% (21,28,29). Young age and
advanced T stage were associated with LAD, suggesting
that the current national practice is selective use of LAD.
Perhaps, the node positivity rate for patients who currently
do not undergo LAD would be less than the node positivity
rates listed above. Nonetheless, node positive disease has a
strong negative prognostic implication, as confirmed in this
study, and patients undergoing surgical resection should
expect to have appropriate nodal staging.

Accurately defining LN status could improve receipt of
adjuvant treatment and outcomes. One study showed that
at 18 months of follow-up, patients who did not undergo
LAD at the time of resection for ICC (Nx patients), had
worse survival than patients who were NO stage after
LAD, although the survival advantage did not persist
after 18 months (29). Similarly, at 18 months of follow-
up, the disease-free survival for patients classified as Nx
was comparable to patients with N1 disease; however, with
longer term follow-up, the patients with nodal metastasis
had a worse outcome (29).

The newest version of the AJCC is the first to
recommend that LAD include retrieval of 6 LNs (15). In
our study, we found that more than 50% of patients did not
undergo any LAD at all, and only 10% of patients received
an adequate LAD. While extent of LAD may not entirely
impact survival (30), another study showed an improvement
in OS for NO patients who had higher numbers of LN
harvested (18). Even if LAD itself does not improve
survival, adequate nodal evaluation is necessary for accurate
staging and may inform treatment decisions. In the present
study, we found that when LN status was excluded from the
multivariable logistic regression model, patients who did
not undergo LAD were less likely to receive chemotherapy.
This suggests that patients who do not undergo LAD are
less likely to receive adjuvant chemotherapy, which may
result in an OS decrement. Nonetheless, it is clear that
current surgical practices in the United States do not adhere
to the recent AJCC recommendations for an adequate
LAD. Furthermore, since there are no randomized trials
to guide treatment for ICC, many recommendations for
management of patients with ICC rely on retrospective
studies of population based databases. By including
inadequately staged patients these recommendations may
contain significant bias.

While we provide a large retrospective review of
current practice trends in the United States using the
SEER database, we acknowledge that there are several
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potential limitations to this design. This study is an analysis
of a retrospective database and, as such, may introduce
selection bias. Furthermore, while the SEER database
contains a number of useful clinical parameters, there are
several important prognostic factors which are missing,
such as margin status and comorbidities. Additionally,
chemotherapy data from the SEER database is also flawed as
it is distributed as a binary variable “yes” or “no/unknown”,
making it impossible to accurately distinguish between “no”
and “unknown” treatment. Further, the SEER database also
lacks details on the specific chemotherapeutic strategy used
for treatment, specifically if it is adjuvant or neoadjuvant;
however, given limited use of neoadjuvant chemotherapy
in this population during the time course studied, it is
unlikely that this would impact a large subset of patients.
Moreover, we found that the use of chemotherapy observed
corresponds with findings in the literature (7,21,29).
Finally, SEER cancer registries do not collect information
on patient prognostic factors such as margin status, patient
comorbidities, patients’ performance status, nutritional
status, and surgeon and hospital volume.

In conclusion, this retrospective review of the large
SEER database demonstrates that OS for ICC is improving
with time. The negative prognostic value of LN metastasis
and increased focus on LN evaluation notwithstanding,
more than 50% of patients who underwent resection for
ICC did not receive a LAD. As chemotherapy has been
associated with improved survival in patients with high-risk
features and LN metastases, LN evaluation should become
a routine component of surgery for ICC for prognostication
and stratification purposes, which will inform adjuvant
therapy treatment decisions.
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Supplementary

Table S1 ICD-3 codes used for ICC

Topography Histology

C220 8160/3, 8161/3

C221 8000/3, 8001/3, 8010/2, 8010/3, 8011/3, 8012/3, 8020/3, 8030/3, 8031/3, 8032/3, 8140/2, 8140/3, 8160/3, 8161/3,
8255/3

ICD-3, International Classification of Diseases, 3rd revision; ICC, intrahepatic cholangiocarcinoma.



