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Backgrounds/Aims: Cholangiocarcinoma (CCA) can be classified as intrahepatic CCA or extrahepatic CCA (eCCA). We intended to
analyze and reports the survival outcomes for eCCA.

Methods: Surveillance, epidemiology, and end results (SEER) registry, site recode C24.0, was used to select cases of eCCA from 2000
to 2018. Patients with incomplete data or ages <18 years were excluded.

Results: Male (52.69%) and White race (77.99%) predominated. Compared with 2000-2006, survival increased in 2013 (adjusted
hazard ratio [HRadj]: 0.68, 95% confidence interval [CI] 0.58-0.70; p < 0.01). Surgery with chemoradiotherapy (HRadj: 0.69, 95% CI
0.60-0.7; p < 0.01) and surgery with chemotherapy (HRadj: 0.72, 95% CI 0.62-0.83; p < 0.01) improved survival over surgery alone.
Compared with surgery without lymph node (LN) removal, surgery of four or more regional LN reduced the risk of death by 58%
(HRadj: 0.42, 95% CI 0.36-0.51; p < 0.01). Compared with patients without surgery, patients who underwent bile duct excision (HRadj:
0.82, 95% CI 0.72-0.94; p < 0.01), simple or extended lobectomy (HRadj: 0.85, 95% CI 0.75-0.95; p = 0.009), and hepatectomy (HRadj:
0.80, 95% CI 0.72-0.88; p < 0.01) significantly improved survival. Patients with distal CCA had a 17% higher survival than perihilar
CCA (HRadj: 0.83, 95% CI 0.74-0.92; p < 0.01) and LN dissection was equally beneficial for both subgroups (p < 0.01).

Conclusions: Surgery with chemoradiotherapy has a proven increase in the 5-year survival of the eCCA. LN resection, bile duct exci-

sion, lobectomy, and hepatectomy have better outcomes.
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INTRODUCTION ed States and has high mortality rates. CCAs can be further

classified based on their location as intrahepatic cholangio-

Cholangiocarcinoma (CCA) is a bile duct cancer that arises carcinomas (iCCA) or extrahepatic cholangiocarcinomas
from the epithelial cells of bile ducts. CCA is rare in the Unit- (eCCA) [1,2]. Approximately five to ten percent of CCA are

intrahepatic, arising from small intrahepatic ducts or large
intrahepatic ducts proximal to the bifurcation of the right and
left intrahepatic ducts [1]. On the other hand, extrahepatic
Corresponding author: Hassam Ali, MD biliary ducts divide into perihilar and distal segments, with
Department of Internal Medicine, East Carolina University/Vidant the transition occurring proximal to the cystic duct. eCCA
Medical Center, 600 Moye Blvd., VMC MA Room 350, Mailstop #734, Greenville, account for approximately 70%-90% of CCA [1], with 60% to
G 2 Dl S e . 70% of eCCA arising in the perihilar region [3]. Patients with
Tel: +1-252-847-4100, Fax: +1-252-422-1422, E-mail: Alih20@ecu.edu CCA ically h fi ival b 0%—30%
ORCID: https://orcid.org/0000-0001-5546-9197 ¢ typically have a five-year survival between 10%-30%,
influenced by factors such as vascular invasion, lymph node,
Thi b Open Acsens rtcle distbted ander the orm o he Crestee Comms At and distant metastases [2,4]. In the United States, approximate-
YATM bution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which ly 23 000 cases Of CCA are diagnosed annually Unfortunately
b . >

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

Received: September 20, 2022, Revised: November 3, 2022,
Accepted: November 3, 2022, Published online: January 2, 2023

www.ahbps.org


http://crossmark.crossref.org/dialog/?doi=10.14701/ahbps.22-090&domain=pdf&date_stamp=2023-05-31
https://orcid.org/0000-0001-5546-9197

152 Hassam Ali, et al.

diagnosis is usually made at advanced stages due to non-spe-
cific early-stage symptoms and the lack of screening strategies
[5]. Furthermore, in the United States, the incidence of CCA
is relatively low and has decreased by 0.50% per year between
1999-2011 among women, while male incidence remained
stable [5]. Among racial categories, American Indians and
Alaskan Natives have higher rates of biliary tract carcinomas
than non-Hispanic whites [5]. However, in recent years, there
has been a scarcity of survival analysis for eCCA [6]. We intend
to extend the knowledge about eCCA by analyzing factors that
may improve survival in these patients. Before 2000, the Sur-
veillance, Epidemiology, and End Results (SEER) registry used
ICD-0-2, leading to misclassification and overlap of iCCA and
eCCA. This overestimated the incidence of iCCA and eCCA
in prior studies, affecting the prior survival analysis [7]. We
examined survival based on the SEER 18 research plus (2000-
2018) registry, focusing on factors affecting survival. The study
utilized SEER registry 18 research plus (2000-2018).

MATERIALS AND METHODS

Design and data source

The present study used the SEER 18 research database, which
has 28% of the US per 2010 census [8]. Additional registries in-
cluded in SEER 18 can be found at https://seer.cancer.gov/data/.
Within the SEER database, the International Classification of
Diseases (ICD-0-3/WHO 2008): Extrahepatic bile duct (site
C24.0) was used via the SEER*Stat program to select cases of
extrahepatic bile duct cancer alone [9]. Patients were excluded
if they aged less than 18 years of age, had no microscopically
confirmed diagnosis, and had missing mortality status (alive/
dead). The years of diagnosis were categorized as 2000-2006,
2007-2012, and 2013+. Regrading age, the four groups include
18-39 years, 40-59 years, 60-79 years, and above 80 years. As
in previous studies, the race was categorized into whites, blacks,
Asian/the race was classified as Whites, Blacks, Asian/Pacific
Islander, and American Indian/Alaskan Natives [10,11]. Data

Table 1. Biodemographic characteristics between males and females diagnosed with extrahepatic cholangiocarcinoma in SEER registry 18 (2000-2018)

Variable Total Male (%) Female (%) p-value

Total patients 12,747 6,716 (52.69) 6,031 (47.31)
Median age (yr) 71 (62-81) 71 (62-80) 72.0 (62-81) <0.01
Age group (yr) 0.07

18-39 192 (1.51) 107 (1.60) 87 (1.40)

40-59 2,364 (18.55) 1,282 (19.10) 1,077 (17.90)

60-79 6,673 (52.35) 3,539 (52.70) 3,130 (51.90)

80 years and above 3,518 (27.60) 1,793 (26.60) 1,730 (28.70)
Race 0.05

White 9,920 (77.99) 5,231 (77.90) 4,704 (78.00)

Black 1,054 (8.29) 528 (7.90) 523(8.70)

Asian or Pacific Islander 1,629 (12.81) 899 (13.40) 735(12.20)

American Indian/Alaska Native 117 (0.92) 4 (0.80) 61(1.01)
Year of diagnosis <0.01

2000-2006 3,835 (30.09) 1,927 (28.70) 1,917 (31.80)

2007-2012 4,062 (31.87) 2,135 (31.80) 1,911 (31.70)

2013+ 4,850 (38.05) 2,652 (39.50) 2,201 (36.50)
Surgical Intervention (overall) 3,414 (26.78) 2,099 (33.17) 1,315 (22.40) < 0.0001
Radiotherapy (overall) 2,237 (17.54) 1,329 (20.10) 908 (15.30) <0.01
Chemotherapy (overall) 4,510 (35.38) 2,505 (38.20) 2,005 (33.40) <0.01
Surgery alone 1,599 (12.54) 968 (14.40) 631 (10.50) <0.01
Surgery with chemotherapy 725 (5.68) 458 (6.80) 267 (4.40) <0.01
Surgery with radiotherapy 133 (1.04) 80 (1.20) 3(0.90) 0.084
Surgery with chemoradiotherapy 957 (7.50) 613 (9.20) 344 (5.70) <0.01
Chemotherapy alone 2,032 (15.93) 1,009 (14.80) 1,023 (17.08) <0.01
Radiotherapy alone 351(2.75) 185 (2.70) 166 (2.80) 0.88
Chemotherapy with radiotherapy 796 (6.24)
Overall mortality <0.01

Alive 1,976 (15.50) 1,148 (17.10) 832(13.80)

Dead 10,771 (84.50) 5,567 (82.90) 5,199 (86.20)

Values are presented as number (%) or median (interquartile range).
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of cancer stage and therapeutic interventions were grouped
accordingly.

Outcomes

The outcomes of interest included overall survival, defined
by the variables of interest from eCCA diagnosis (in months)
to the date of death from any cause. Additional outcomes of
interest included, but are not limited to lymph node resection,
diagnosis, staging of carcinoma, sex, and race.

Statistical analysis

Patient characteristics were compared using the chi-squared
test for categorical variables or Wilcoxon rank-sum (Mann-
Whitney) for continuous variables (if applicable). Cox re-
gression models were developed to estimate the hazard ratios
(HRs) for survival at 60 months and reported as adjusted
hazard ratios (HRadj) with 95% confidence intervals (CIs) and
p-values. The Kaplan-Meier curve represented the survival
function, and a stratified Cox regression-based test for the
equality of the survival curves was executed for the difference
in survival between the two patient groups. Similarly, quantile
regression was used to report adjusted median survival time.
All biographical (age, sex, and race) and disease specific (TNM
Staging and treatment) variables were used to adjust the afore-
mentioned regression analyses. Perihilar cholangiocarcinoma
(pCCA) cases were identified using ICD-O-3 histology codes
8000-8152, 8154-8231, 8243-8245, 8250-8576, 8940-8950,
and 8980-8981 [12]; and CS Site-Specific Factor 25 (Schema
Discriminator: BileDuctsDistal/BileDuctsPerihilar/Cystic-
Duct) codes 010,020,050,060,100 to further define the location
of the tumor in the hilum [13]. As cited, both methods have
been used previously in the published literature. The threshold
for statistical significance was 0.05, with 2-sided p-values in
the analysis. We used statistical software for data science (STA-
TA) version 16.0 software (StataCorp LLC, Station, TX, USA)
for statistical analysis.

Ethical consideration

The SEER 18 database consists of an identified database,
which is publicly available; therefore, it was deemed exempt
from the institutional review board. The patient consent was
also waived because the SEER site is publically available.

RESULTS

Our study included 12,747 cases with complete mortality
data. Male (52.69%) and White race (77.99%) predominated,
followed by Asian or Pacific Islander (12.81%). The median
age at diagnosis was 71 years (interquartile range [IQR] 62-81
years). The highest frequency of cases was in the age group
60-79 years (52.35%), with male predominance (Table 1). The
median survival time was 18 months (IQR 9.50-43 months).
The survival at 12, 36, and 60 months was 36.80%, 12.70%, and

8.50%, respectively. Median survival was longer in female than
in male (23 vs. 25 months, p < 0.01). The median survival was
longer in Black 27 months (IQR 10.50-48.50) (Table 2). Sur-
gical intervention (overall) was performed in 26.78% of cases,
chemotherapy (overall) in 35.38%, and radiotherapy (overall)
in only 17.54% of the cases. About 12.54% of cases underwent
surgery alone, followed by chemoradiotherapy (7.50%), surgery
with chemotherapy (5.68%), and surgery with radiotherapy

Table 2. Mean survival times (months) of patients diagnosed with
extrahepatic cholangiocarcinoma in the SEER registry 18 (2000-2018)

Variable Survival (mon)  p-value

Total 18 (9.50-43)

Sex <0.01
Male 23 (9-47)

Female 25 (10-50.5)

Race 0.70
White 24 (11-49)

Black 27 (10.50-48.50)
Asian or Pacific Islander 22 (11-42.5)
American Indian/Alaska Native 13 (8-72.5)

Year of diagnosis <0.01
2000-2006 23.5(11-57.5)
2007-2012 23.5(11-52)
2013+ 27.5(14-43)

Age group (yr) <0.01
18-39 23.5(11-46)

40-59 25.5(10-49)
60-79 23 (11-47)
80 years and above 22 (10.50-49)

Therapy <0.01

Surgery alone 19 (7-40)
Surgery with radiotherapy 22 (10-50)
Surgery with chemotherapy 28 (13.50-59)

Surgery with chemoradiotherapy 28 (15.50-57)

Lymph node dissection <0.01
None 9 (6.50-27.5)

22(10.50-49.5)
4 or more regional lymph nodes removed 29 (13.50-56.5)

1 to 3 regional lymph nodes removed

T staging <0.01
T1 36 (15-69)
T2 25(11-50)
T3 20 (10-42)
T4 20 (9-41)

N staging <0.01
NO 28 (12-57)
N1 19 (9.50-37)

M staging <0.001
Mo 24 (11.50-50) <0.01
M1 13 (6.50-30)

Values are presented as median (interquartile range).
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(1.04%). About 15.93% of cases underwent chemotherapy
alone, followed by radiotherapy alone (2.75%). About 6.24% of
patients underwent chemotherapy with radiotherapy. The me-
dian survival was higher in the 2013+ cohort (Table 2). Patients
with surgery and adjuvant chemoradiotherapy and chemother-
apy alone had a longer median survival time of 28 months (Ta-
ble 2), followed by surgery with radiotherapy 22 months (IQR
10-50 months) (Table 2). Survival analysis based on adjusted
AJCC 6th edition T Stage staging is presented in Table 2, with
the highest median survival time at diagnosis in patients with
T1 stage being 36 months (IQR 15-69 months). In addition,
the median time was longer for patients with NO and MO stages
(Table 2). Four or more regional lymph node removal was as-
sociated with a longer median survival time of 29 months (IQR
13.50-56.5 months). Table 2 shows the additional median sur-
vival times.

HRs did not reveal significant survival in female compared
with male (HRadj: 0.96, 95% CI 0.86-1.10; p = 0.58). Patients
aged 40-59 years (HRadj: 0.95, 95% CI 0.61-1.46; p = 0.81), 60—
79 years (HRadj: 0.97, 95% CI 0.63-1.47; p = 0.80), and above
80 years (HRadj: 1.008, 95% CI 0.65-1.54; p = 0.97), and there
was no significant difference in survival compared with those
under 40 years. Asians or Pacific Islanders (HRadj: 0.95, 95%
CI 0.61-1.46; p = 0.89), Black (HRadj: 0.95, 95% CI 0.61-1.46;
p = 0.81) or American Indian/Alaska Native (HRadj: 1.01, 95%
CI 0.65-1.54; p = 0.62) did not significantly differ in mortality
compared with whites. Survival increased in 2013 (HRadj: 0.68,
95% CI 0.58-0.70; p < 0.001) but not in 2007-2012 (HRadj: 0.95,
95% CI 0.59-0.749; p < 0.52) compared with 2000-2006.

Surgery was associated with improved survival compared to
nonsurgical intervention (HRadj: 0.35, 95% CI 0.33-0.38; p <
0.01). Surgery with chemoradiotherapy (HRadj: 0.69, 95% CI
0.60-0.7; p < 0.01) and surgery with chemotherapy (HRadj:
0.72, 95% CI 0.62-0.83; p < 0.01) but not surgery with radio-
therapy (HRadj: 0.97, 95% CI 0.73-1.29; p = 0.87) was associat-
ed with a lower risk of mortality compared with surgery alone
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Fig. 1. Kaplan—-Meier curves for survival based on therapy (p < 0.01).
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(Fig. 1). Compared with the T1 stage at diagnosis, patients with
T2 (HRadj: 1.36, 95% CI 1.12-1.65; p < 0.01), T3 (HRadj: 1.66,
95% CI 1.39-1.99; p < 0.01), and T4 (HRadj: 1.71, 95% CI 1.38-
2.11; p < 0.01) had a higher risk of mortality. Compared with
MO status at diagnosis, M1 (HRadj: 2.07, 95% CI 1.69-2.54; p <
0.01) had a higher mortality risk. Compared with the NO stage
at diagnosis, N1 (HRadj: 1.61, 95% CI 1.43-1.81, p < 0.01) had a
higher mortality risk.

Surgical removal of one to three regional lymph nodes re-
duced the risk of death by 52.3% (HRadj: 0.57, 95% CI 0.47-
0.69; p < 0.01) (Fig. 2), while excision of four or more regional
lymph nodes reduced the risk of death by 58% (HRadj: 0.42,
95% CI 0.36-0.51; p < 0.01). Compared to patients without
surgery, patients who underwent local tumor destruction (pho-
todynamic therapy, electrocautery, fulguration, cryosurgery,
laser, percutaneous ethanol injection-PEI, heat-radiofrequency
ablation) did not have a significant improvement in survival
(HRadj: 1.04, 95% CI 0.46-2.33; p = 0.91). Patients are undergo-
ing bile duct resection (HRadj: 0.82, 95% CI 0.72-0.94; p < 0.01),
simple or extended lobectomy (HRadj: 0.85, 95% CI 0.75-0.95;
p =0.009), and hepatectomy (HRadj: 0.80, 95% CI 0.72-0.88; p
< 0.01) had significant improvement in survival outcomes com-
pared to patients without surgery. These interventions were in-
dependent of whether patients received adjuvant therapy with
chemoradiation. In the present study, 79.5% (n = 9,590) of cases
were defined as pCCA, while 24% (n = 3,045) were distal chol-
angiocarcinoma’s (dCCA’s). Less than 1% is undefined. Patients
with dCCA had a 17% higher survival than pCCA (HRadj:
0.83, 95% CI 0.74-0.92; p < 0.01) (Fig. 3). pCCA (HRadj: 0.55,
95% CI: 0.53-0.57; p < 0.01) and dCCA (HRadj: 0.76, 95% CI
0.51-0.57; p < 0.01) improved survival outcomes compared to
any lymph node dissection.
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Fig. 2. Kaplan-Meier curves for survival based on lymph node resection
during surgery (p < 0.01).
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Fig. 3. Kaplan-Meier curves for survival based on perihilar cholangio-
carcinomas (CCA) or distal CCA (p < 0.01).

DISCUSSION

The present study reports a comprehensive survival analysis
based on various factors for eCCA patients. Previous survival
studies in CCA have often primarily focused on specific subsets
of these patients and comparisons between eCCA and iCCA
[4,14]. Because almost all biliary CCA before 2000 were classi-
fied as iCCA, it is challenging to distinguish population-based
data in eCCA from the SEER. A significant improvement in
classification occurred in 2000 with changes in the ICD-O
code [7]; therefore, the earliest year included in this review is
2000. The risk factors for iCCA and eCCA are similar, includ-
ing parasitic infections, biliary tract disorders such as bile duct
cysts or primary sclerosing cholangitis (PSC), and exposure
to Thorotrast, a radiographic contrast agent used, in the US,
until the 1950s [15,16]. The incidence of cholangiocarcinoma is
high in Southeast Asia. There are no recent US data regarding
survival analyses of eCCA, significantly when differentiating
between therapeutic interventions [17-19].

We reported a 4% reduction in mortality in females com-
pared to males without significance (HRadj: 0.96, 95% CI
0.86-1.10; p = 0.58). It can be hypothesized that males have a
greater awareness of eCCA than females, due to its higher inci-
dence compared to females, resulting in similar outcomes [20].
In addition, PSC, a known risk factor for CCA, has a higher
incidence in males than females [21]. Although there was no
comparison with eCCA, a previous meta-analysis for hilar
CCA found no significant association between sex and overall
survival, consistent with our analysis. However, the funnel plot
for sex demonstrated significant asymmetry for included stud-
ies, indicating potential publication bias [22]. The median age
at diagnosis in this study was 71 years, and nearly 80% of pa-
tients were 60 years or older; this distribution was in line with
previous incidence studies [23]. There was no difference in sur-
vival based on their age groups. Although there was no signifi-
cant difference in survival based on age group data, survival in

eCCA correlates with age at diagnosis, with younger patients
more likely to receive adjuvant therapy than older patients [24].

Although an increase in incidence among the Asian and
Pacific Islander ethnic groups has been previously reported,
they did not show a significant increase in mortality risk in our
results compared with whites. Several factors may play a role,
including genetic factors. Previous studies have reported that
Asian patient have better survival for iCCA and hepatocellular
carcinoma [25]. Several genes have predictive value for CCA.
However, current literature linking these genes to Asian or Pa-
cific Islanders is lacking [26]. Additionally, compared to Cau-
casians and blacks, Asians or Pacific Islanders are more likely
to receive surgery for similar conditions [25,27]. The present
study reported a significant decrease in mortality from 2013
(32%), compared to 2000-2006, compared to previous studies
[20]. This may be explained by advances in diagnostic sensitiv-
ity and improved resection techniques [28,29].

The current standard of care for resectable eCCA is six
months of adjuvant chemotherapy [30,31]. Our study revealed
significantly increased survival in all groups receiving surgical
resection regardless of adjuvant therapies. The most signifi-
cant advantage in overall survival was in patients who received
chemotherapy or chemoradiotherapy and surgery (Fig. 1). This
information is consistent with the results of the BILCAP trial,
which showed an improvement in overall survival in CCA
treated with chemotherapy. This is consistent with data sug-
gesting that radiation can use with adjuvant chemotherapy [31].
Recently, liver transplantation combined with neoadjuvant
chemotherapy has shown promising results with improved dis-
ease-free survival [32].

Tumor staging has been recognized as a reasonable predictor
of survival [22,33]. Previous analyses comparing cancer stage
with overall survival in eCCA focused solely on postoperative
patients [22]. The present study suggests that T2, T3 and T4
have increased mortality risk compared to T1. The present
study reported increased mortality in all patients with meta-
static disease when diagnosed with M1 (HRadj: 2.07, 95% CI
1.69-2.54; p < 0.01). Studies in similar cancers have reported
improved survival outcomes in patients with lymph node re-
section [34]. Our study revealed that excision of lymph node
dissection increases survival in all surgical patients, and lymph
node dissection increases survival. The presence of lymph
node metastasis has previously been shown to be significant
prognostic factor in similar patients. Our data suggest that
lymph node resection is beneficial in most patients [35].Due
to previous misclassifications, Data on the survival of pCCA
and dCCA are limited in the present literature. Prior literature
reports high but nonsignificant survival effects in these two
categories [36]; however, the study was very small-scale. We re-
port significantly increased survival in dCCA compared with
pCCA. We also report that lymph node dissection is equally
beneficial for both subgroups. Further prospective multicenter
studies would help elaborate on this finding.
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This study was limited by the information collected for
the SEER database. No reports of comorbid conditions were
found for patients in our study. This information is useful for
stratification, such as PSC or parasitic infections, which may
confound the data. The survival dates in the SEER registry are
listed by the month and the year, which provides approximate
survival times, especially in low survival conditions, such as
eCCA. Additionally, no data were available on patients under-
going the Mayo protocol for orthotopic liver transplantation.
The database does not have data on pancreatoduodenectomy
that may affect survival outcomes. We included only patients
with a microscopically confirmed diagnosis, and only 12.54%
had surgical intervention. The interventions may have been
diagnostic, for example, endoscopic retrograde cholangiopan-
creatography, percutaneous transhepatic cholangiography, or
cholangioscopy guided biopsies [37]. However, this information
is not included in the SEER database to protect patient privacy.
Despite the introduction of the ICD-0-3 system in 2000, there
is still a risk of underestimation of eCCA (C24.0) due to the
misclassification of the Klatskin tumor.

Our study reported no differences in survival based on sex or
race. Surgery with chemoradiotherapy remains the treatment
modality with a demonstrated increase in 5-year survival.
Black or American Indian/Alaska Native patients did not dif-
fer significantly in mortality compared with whites, Asians,
or Pacific Islanders. Lymph node resection during surgery is
associated with significantly better outcomes. dCCA has better
outcomes than pCCA; lymph node dissection is equally ben-
eficial for pCCA and dCCA. This new information regarding
eCCA survival-based sociodemographics and therapeutics
approaches will positively influence treatment guidelines, re-
source planning, and management of this disease. With recent
studies supporting the addition of immunotherapy to standard
chemotherapy regimens, our data will be essential for mon-
itoring changes in differential survival as new therapies are
adopted. Further considerations after this study may focus on
genetic factors prevalent in Asian and Pacific Islander patients.
Because these patients appear to have a selective advantage
compared to the general population, genetics may play a role
and should be the topic of further study. Additionally, differen-
tial survival based on underlying conditions, such as parasitic
infection, would be helpful for the study. If these patients have
a better overall survival rate, this may change the guidelines
for surgical resection.
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