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Original Article

Backgrounds/Aims: Socioeconomic determinants of health are incompletely characterized in cholangiocarcinoma (CCA). We as-
sessed how socioeconomic status influences initial treatment decisions and survival outcomes in patients with CCA, additionally per-
forming multiple sub-analyses based on anatomic location of the primary tumor.
Methods: Observational study using the 2018 submission of the Surveillance, Epidemiology, and End Results (SEER)-18 Database. In 
total, 5,476 patients from 2004−2015 with a CCA were separated based on median household income (MHI) into low income (< 25th 
percentile of MHI) and high income (> 25th percentile of MHI) groups. Seventy-three percent of patients had complete follow up data, 
and were included in survival analyses. Survival and treatment outcomes were calculated using R-studio.
Results: When all cases of CCA were included, the high-income group was more likely than the low-income to receive surgery, che-
motherapy, and local tumor destruction modalities. Initial treatment modality based on income differed significantly between tumor 
locations. Patients of lower income had higher overall and cancer-specific mortality at 2 and 5 years. Non-cancer mortality was similar 
between the groups. Survival differences identified in the overall cohort were maintained in the intrahepatic CCA subgroup. No dif-
ferences between income groups were noted in cancer-specific or overall mortality for perihilar tumors, with variable differences in 
the distal cohort.
Conclusions: Lower income was associated with higher rates of cancer-specific mortality and lower rates of surgical resection in 
CCA. There were significant differences in treatment selection and outcomes between intrahepatic, perihilar, and distal tumors. Pop-
ulation-based strategies aimed at identifying possible etiologies for these disparities are paramount to improving patient outcomes.

Key Words: Social determinants of health; Cholangiocarcinoma

pISSN: 2508-5778ㆍeISSN: 2508-5859
Ann Hepatobiliary Pancreat Surg 2024;28:144-154
https://doi.org/10.14701/ahbps.23-136

INTRODUCTION

Cholangiocarcinoma (CCA) is the most common biliary tract 
malignancy and the second most common primary hepatic 
malignancy, with a steadily increasing incidence and mortality 
rate over the past forty years [1,2].

The classification of CCA has changed dramatically over the 
past decade. The current schema of CCA is subdivided into 
three separate classes based on location relative to the liver, 
with intrahepatic CCA (iCCA), perihilar CCA (pCCA), and 
distal CCA (dCCA) groups all noting different clinical risk 
factors, epidemiologic patterns, and distinct genetic profiles 
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[3]. While treatment is primarily centered on tumor staging 
and anatomy, with emphasis on surgery as the only potentially 
curative treatment [4], most patients present with inoperable, 
advanced-stage disease, explaining a poor overall median sur-
vival of only 24 months [3]. While targeted systemic therapies 
are improving outcomes for some patients with non-surgical 
disease, the majority of these patients have limited treatment 
options [5]. However, advances in both interventional endos-
copy and radiology have greatly expanded the possible thera-
peutic avenues for treating nonresectable CCA. Access to these 
therapies needs to be standardized, and not center-specific. At 
present, there are significant treatment variations based on in-
stitutional resources and provider expertise [6]. Socioeconomic 
status (SES) disparities in cancer-related care have been report-
ed to influence access to advanced treatment interventions for 
gastrointestinal malignancies, including CCA [7-9]. However, 
these previous analyses have not included the more recently 
adopted anatomic classification schema for CCA.

Our aim was to investigate the impact of SES on outcomes 
and access to treatments for anatomically differentiated iCCA, 
pCCA, and dCCA.

MATERIALS AND METHODS

Patients diagnosed with primary CCA from 2004−2015 via 
the November 2018 submission of the Surveillance, Epidemiol-
ogy, and End Results (SEER) Program provided by the National 
Cancer Institute (NCI) were included, after application to, and 
approval by, the University of Virginia Institutional Review 
Board (IRB protocol no. 17949). Given the retrospective study 
design using SEER, informed consent was waived. The SEER 
Program is a contract-supported program of the NCI, which 
collects population-based cancer statistics from U.S. cancer 
registries (http://www.seer.cancer.gov). The SEER−18 report, 
released in November 2018, includes 18 cancer registries that 
cover approximately 30% of the U.S. population.

International Classification of Diseases for Oncology 3rd Edi-
tion (ICD-O-3 code 8160) and SEER clinical schema (CS) codes 
were used to identify cases of CCA. The TNM 7/CS v0204+ 
Schema codes were provided in SEER, and were used to distin-
guish intrahepatic, perihilar, and distal subtypes. Gallbladder 
tumors were a separate tumor category provided in SEER, and 
were not included. Static county attributes (SCAs) are validated 
measures designed to assess the socio-economic characteristics 
of patients in the SEER database [10], and reflect the average 
socioeconomic attributes of the county of the patient’s home 
address. They are calculated every 5 years, and made available 
in SEER. In the 2018 submission of SEER, SCAs are linked 
to survival data at the individual patient level, allowing for 
inclusion of these socioeconomic factors in survival analysis. 
County level data for median household income (MHI), % of 
persons currently smoking in the county, % of persons making 
< 150% of the poverty line in the county, % of persons with 

a bachelor’s degree level of education in the county, unem-
ployment rate in the county, and % of persons ever having an 
endoscopy performed were extracted. MHI was defined as the 
2010−2014 SCA estimate for the MHI of the patient’s county of 
residence. Low- and high-income groups were defined based 
on a patient’s MHI being less (low income), or greater (high 
income), than the 25th percentile of the average MHI for the 
entire study cohort. Other demographic data, including age at 
diagnosis, sex, race, tumor size, tumor grade (well, moderate-
ly, poorly, anaplastic, unknown), radiation therapy (yes, no/
unknown), chemotherapy (yes, no), and year of diagnosis, were 
also collected.

The intervention modality was determined using SEER treat-
ment codes. Surgery was defined as “Hepatectomy (includes 
transplant),” “lobectomy,” “wedge or segmental resection,” and 
“surgery, not otherwise specified.” Local tumor destruction 
was defined as “photodynamic therapy (PDT),” “transarterial 
chemoembolization (TACE),” and “radiofrequency ablation 
(RFA).”

Overall survival, cancer-specific mortality, and non-cancer 
related mortality at 2 and 5 years were calculated. Overall sur-
vival was defined as the proportion of patients alive at 24 and 
60 months among all patients (alive or dead). Cancer-specific 
mortality was defined as the proportion of patients who died 
from their malignancy. Non-cancer-related mortality was de-
fined as the proportion of patients who died from some cause 
other than their malignancy.

Statistical analysis
Figure creation and statistical analyses were performed us-

ing R studio (R version 3.6.1). Comparisons between groups 
were conducted via Student’s t-test and Mann–Whitney U Test 
for parametric and non-parametric variables, respectively. 
For parametric continuous variables, all statistical tests were 
two-sided, and p-values ≤ 0.05 were considered statistically sig-
nificant. Stratified survival distributions were assessed using 
the Kaplan–Meier method, and clinical significance between 
survival curves was determined via the log-rank (Mantel–
Cox) test. Cox proportional hazards method was performed 
to determine hazard ratios (HRs) for variables associated with 
cancer-specific mortality. Using an alpha level < 0.1, a non-au-
tomated forward selection method was used to determine the 
independent variables included in the multivariate analysis; 
variables with known clinical associations with the outcome 
were also included. Appropriateness of fit was determined us-
ing model concordance values. The SCAs, including smoking, 
education rates, and unemployment, were provided as percent-
ages in SEER. Multivariate HRs were labeled “adjusted,” while 
univariate regression HRs were labeled “crude.”

http://www.seer.cancer.gov


Calvin X. Geng, et al.

https://doi.org/10.14701/ahbps.23-136

146

RESULTS

Demographic analysis
A total of 5,476 cases of primary CCA for the period 2004− 

2015 were included in the demographic analysis (Table 1). 
Patients were classified into 2 income groups based on their 

county of residence’s MHI percentile. There were 1,372 pa-
tients in the lower income group (at or below the 25th per-
centile of MHI, $23,820−$52,360), and 4,104 patients in the 
higher income group (greater than the 25th percentile of MHI, 
$52,361−$101,930).

There was no difference in age at the time of diagnosis be-

Table 1. Demographics, tumor characteristics, and treatment by income group

Overall Low income High income p-value

Number 5,476 1,372 4,104
Age at diagnosis (yr) 69.88 ± 12.07 70.15 ± 12.07 69.79 ± 12.07 0.341
Male sex 2,864 (52.3) 691 (50.4) 2,173 (52.9) 0.104
Year of diagnosis 0.001
   2004–2007 1,482 (27.1) 411 (30.0) 1,071 (26.1)
   2008–2011 1,776 (32.4) 462 (33.7) 1,314 (32.0)
   2012–2015 2,218 (40.5) 499 (36.4) 1,719 (41.9)
Race < 0.001
   American Indian/Alaska Native 79 (1.4) 62 (4.5) 17 (0.4)
   Asian or Pacific Islander 900 (16.4) 70 (5.1) 830 (20.2)
   Black 374 (6.8) 147 (10.7) 227 (5.5)
   Unknown 12 (0.2) 0 (0) 12 (0.3)
   White 4,111 (75.1) 1,093 (79.7) 3,018 (73.5)
Tumor location 0.108
   Distal 641 (11.7) 172 (12.5) 469 (11.4)
   Intrahepatic 2,867 (52.4) 685 (49.9) 2,182 (53.2)
   Perihilar 1,968 (35.9) 515 (37.5) 1,453 (35.4)
Tumor gradea) 0.137
   Well differentiated (Grade 1) 220 (11.7) 45 (11.3) 175 (11.8)
   Moderately differentiated (Grade 2) 846 (45.0) 193 (48.5) 653 (44.1)
   Poorly differentiated (Grade 3) 774 (41.2) 148 (37.2) 626 (42.3)
   Undifferentiated/anaplastic (Grade 4) 39 (2.1) 12 (3.0) 27 (1.8)
Tumor stageb) 0.219
   Stage 1 1,061 (24.7) 265 (26.8) 796 (24.1)
   Stage 2 781 (18.2) 163 (16.5) 618 (18.7)
   Stage 3 772 (18.0) 179 (18.1) 593 (17.9)
   Stage 4 1,682 (39.2) 382 (38.6) 1,300 (39.3)
Tumor size (mm) 52.94 ± 50.47 53.15 ± 65.86 52.88 ± 45.02 0.91
Treatment < 0.001
   Surgery 1,085 (19.8) 244 (17.8) 841 (20.5)
   No surgery 4,168 (76.1) 1,055 (76.9) 3,113 (75.9)
   Local tumor destruction 67 (1.2) 9 (0.7) 58 (1.4)
   Treatment unknown 156 (2.8) 64 (4.7) 92 (2.2)
No radiation or unknown radiation therapy 4,637 (84.7) 1,156 (84.3) 3,481 (84.8) 0.647
Received chemotherapy 2,136 (39.0) 468 (34.1) 1,668 (40.6) < 0.001
% Bachelor’s degree 34.44 ± 11.02 22.22 ± 5.99 38.53 ± 9.14 < 0.001
% Unemployed 8.10 ± 2.80 10.02 ± 4.29 7.45 ± 1.64 < 0.001
Median household income (ten thousands) 6,491.17 ± 1,591.54 4,368.47 ± 535.43 7,200.29 ± 1,129.19 < 0.001
% Current smoking 18.22 ± 5.05 23.05 ±2.72 16.61 ± 4.60 < 0.001

Values are presented as number only, mean ± standard deviation, or number (%).
a)Only patients with complete tumor grade information were included (n = 1,879).
b)Only patients with complete tumor stage information were included (n = 4,296).
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tween income groups (mean 69.9 years for both). Overall, 
52.3% of the patients were male. The higher income bracket 
had a significantly higher percentage of Asian/Pacific Islander 
patients (20.2% vs.  5.1%), and a smaller percentage of Black pa-
tients (5.5% vs. 10.7%), compared to the lower income bracket 
(p  < 0.001). The diagnosis of CCA increased over time, with 
40.5% of the total cases diagnosed for the period 2012−2015, 
in contrast to 27.1% of the total cases diagnosed for the period 
2004−2007. The majority of tumors were intrahepatic (52.4%), 
followed by perihilar (35.9%), and distal (11.7%). The most 
common clinical stage at diagnosis was stage 4, with 39.2% 
of tumors diagnosed at this stage. Importantly, there were no 
differences between income groups with respect to tumor loca-
tion, clinical stage, histologic grade, and tumor size at diagno-
sis.

When all cases of CCA were included together, the high-in-
come group was more likely to receive chemotherapy (p  < 
0.001) and local tumor destruction modalities, including PDT, 
TACE, and RFA (p < 0.001), as compared to the lower income 
bracket (Table 1). The high-income group was also more likely 
to receive surgery, compared to the low-income group (20.5% 
vs.  17.8%, p  < 0.001). Subanalysis based on CCA location 
demonstrated the high-income group underwent chemother-
apy (43.6% vs. 36.6%, p = 0.001), surgery (16.3% vs.  12.7%, p < 
0.001), and local tumor destruction (2.4% vs. 1.0%, p < 0.001) 
more in the iCCA subgroup (Table 2). Absolute rates of local 
tumor destruction modalities in the management of iCCA 
were low (< 2.4% of all cases managed with these interven-
tions). These findings were not noted in pCCA or dCCA (Table 
2). High-income patients with dCCA patients (34.3%) under-
went surgery more frequently than patients with iCCA (15.4%) 
or pCCA (21.5%), p < 0.001 (Supplementary Table 1).

Survival analysis
A total of 3,996 patients (73.0%) had complete follow-up data 

of 155 months, and were included in the survival analysis. Ta-
ble 3 displays the survival outcomes based on income group 

for all tumors. Patients in the lower income group had higher 
overall mortality at 2 years (84.8% vs. 78.6%, p < 0.001), 5 years 
(91.0% vs. 86.5%, p < 0.001), and at the end of the follow-up 
period (92.1% vs. 88.1%, p = 0.001), compared to the high-in-
come group. Similarly, the lower income group had higher 
cancer-specific mortality at 2 years (78.5% vs. 73.0%, p = 0.001), 
5 years (84.1% vs. 80.1%, p = 0.006), and at the end of the fol-
low-up period (84.6% vs.  81.1%, p = 0.015), compared to the 
high-income group. Non-cancer mortality was similar between 
the groups. Fig. 1 shows the Kaplan–Meier survival distribu-
tion for overall mortality based on income group (log-rank test 
p < 0.001).

Multivariable regression using the Cox proportional haz-
ard model was performed for overall mortality (Table 4), and 
showed excellent concordance of 0.76. Variables independently 
associated with overall mortality on univariate analysis in-
cluded age, year of diagnosis, tumor size, clinical stage, tumor 
grade (as determined by histology), receipt of surgery, receipt 

Table 3. Survival based on income for all tumors

Overall Low income High income p-value

Number 3,996 998 2,998
Overall mortality 3,559 (89.1) 919 (92.1) 2,640 (88.1) 0.001
2-year mortality 3,201 (80.1) 846 (84.8) 2,355 (78.6) < 0.001
5-year mortality 3,501 (87.6) 908 (91.0) 2,593 (86.5) < 0.001
Overall cancer-specific mortality 3,275 (82.0) 844 (84.6) 2,431 (81.1) 0.015
2-year cancer-specific mortality 2,971 (74.3) 783 (78.5) 2,188 (73.0) 0.001
5-year cancer-specific mortality 3,239 (81.1) 839 (84.1) 2,400 (80.1) 0.006
Overall non-cancer mortality 284 (7.1) 75 (7.5) 209 (7.0) 0.612
2-year non-cancer mortality 230 (5.8) 63 (6.3) 167 (5.6) 0.427
5-year non-cancer mortality 262 (6.6) 69 (6.9) 193 (6.4) 0.651

Values are presented as number only or number (%).
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Fig. 1. Kaplan–Meier model of overall mortality based on income for all 
tumors. p -value (log-rank) = 3e−7.
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of chemotherapy and radiation, and income group. Receiv-
ing surgery had a HR of 0.36 (95% confidence interval [CI], 
0.30−0.43; p < 0.001) for overall mortality, compared to not re-
ceiving surgery, in the multivariable model. High income had a 
HR of 0.74 (95% CI, 0.62−0.89; p < 0.002) for overall mortality, 
compared to low income in multivariable (adjusted) regression.

Subgroup survival analyses based on tumor location are pro-

vided in Table 5 (iCCA, pCCA, and dCCA). Survival differenc-
es identified in the overall cohort were maintained in the iCCA 
subgroup, specifically with the high-income group having 
reduced overall mortality and reduced cancer-specific mortal-
ity, compared to the lower income group, without differences 
in non-cancer mortality. While higher income patients with 
dCCA noted improved overall mortality at 2 years (p = 0.009), 

Table 4. Cox proportional-hazards model for overall mortality

Variable
Univariate analysis Multivariate analysis

Crude hazard ratio (95% CI) p-value Adjusted hazard ratio (95% CI) p-value

Sex
   Female Reference
   Male 0.97 (0.92–1.05) 0.52
Race
   White Reference Reference
   Black or African American 1.13 (0.99–1.29) 0.06 1.25 (0.94–1.66) 0.12
   Asian/American Indian/other 0.98 (0.89–1.06) 0.51 1.16 (0.96–1.40) 0.12
Age at diagnosis (every 1 year increase) 1.023 (1.02–1.03) < 0.001 1.02 (1.01–1.03) < 0.001
Year of diagnosis
   2004–2007 Reference Reference
   2008–2011 0.97 (0.90–1.06) 0.55 0.94 (0.77–1.14) 0.37
   2012–2015 0.91 (0.84–0.99) < 0.05 0.88 (0.72–1.07) 0.13
Tumor size (every 1 mm increase) 1.003 (1.002–1.003) < 0.001 1.003 (1.0008–1.005) 0.008
Tumor location
   Intrahepatic Reference Reference
   Perihilar 0.99 (0.93–1.07) 0.98 1.15 (0.95–1.40) 0.94
   Distal 0.84 (0.75–0.93) < 0.002 1.01 (0.79–1.29) 0.09
Clinical stage
   Stage 1 Reference Reference
   Stage 2 1.05 (0.93–1.18) 0.43 1.31 (1.30–2.03) < 0.001
   Stage 3 1.31 (1.16–1.47) < 0.001 2.67 (2.11–3.38) < 0.001
   Stage 4 2.60 (2.35–2.87) < 0.001 5.81 (4.55–7.42) < 0.001
Grade
   Well differentiated (Grade 1) Reference Reference
   Moderately differentiated (Grade 2) 1.13 (0.93–1.38) 0.21 0.98 (0.77–1.26) 0.92
   Poorly differentiated (Grade 3) 1.70 (1.39–2.07) < 0.01 1.41 (1.10–1.81) 0.007
   Undifferentiated/anaplastic (Grade 4) 2.18 (1.42–3.32) < 0.01 1.21 (0.66–2.20) 0.54
Surgery
   No surgery Reference Reference
   Received surgery 0.29 (0.26–0.31) < 0.001 0.36 (0.30–0.43) < 0.001
Chemotherapy
   No/unknown Reference Reference
   Yes 0.60 (0.56–0.64) < 0.001 0.53 (0.45–0.64) < 0.001
Radiation
   No/unknown Reference Reference
   Yes 0.62 (0.56–0.67) < 0.001 1.06 (0.92–1.35) 0.29
MHI percentile
   Bottom 25th Reference Reference
   Upper 75th 0.82 (0.76–0.89) < 0.001 0.74 (0.62–0.89) < 0.002

CI, confidence interval; MHI, median household income.
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no differences in cancer-specific mortality at 2 and 5 years 
were noted. No differences between income groups were noted 
in cancer-specific or overall mortality for pCCA.

Table 6 reports the subgroup survival analyses based on 
clinical stage and income level. In the overall cohort, higher 
income patients with stage I−III disease had reduced overall 
mortality and reduced cancer-specific mortality, but no dif-
ference in non-cancer related mortality, compared to lower 
income patients. There was no survival difference based on 
income in patients with stage IV disease. When only includ-
ing patients with iCCA, survival differences based on income 
were again maintained in patients with stage I−III disease, but 
not for stage IV disease. Mortality (both cancer-specific and 
non-cancer specific) did not differ significantly in the pCCA 
and dCCA subgroups for stages I−III or stage IV disease.

DISCUSSION

Demographic and clinical risk factors for CCA are well-doc-
umented, and continue to be updated in the literature. In con-
trast, the effects of socioeconomic factors, including income, 
on survival have not been comprehensively investigated. In 
this population-level study, we report multiple disparities in 
outcomes and treatments based on income and the anatomic 
location of the primary tumor. Lower household income pa-
tients experienced higher overall and cancer-specific mortality, 
but no differences in non-cancer mortality. When assessing by 
tumor location, higher income patients with iCCA were also 
noted to have higher rates of surgery, higher rates of endobili-
ary ablation, and higher total rates of chemotherapy, compared 
to similar tumor stage patients of low income.

The reasons underlying the association between lower in-
come and poorer survival in CCA are multifactorial. It has 
been previously reported for other cancers that access to 
screening, stage of disease at diagnosis, and even treatment 
options are inf luenced by demographic factors, such as race 
and ethnicity, which ultimately contribute to differences in 
survival [8,11-13]. For cases of iCCA in particular, education 
level, insurance status, and marital status have been noted as 
independent predictors of overall survival [9]. However, prior 
studies have failed to control for the effects of tumor histology, 
tumor size, or treatment modality on survival. Here, using a 
multivariable regression including these influential factors, we 
demonstrate that lower income level is independently associ-
ated with significantly increased cancer-specific mortality in 
iCCA.

These survival benefits may be partially explained as patients 
of higher income were more likely than those of lower income 
to receive chemotherapy or local therapies, such as RFA and 
PDT, as part of their initial treatment. RFA and PDT for CCA 
are not widely available, and are often only performed in large 
tertiary referral centers. The differences in rates identified in 
higher income patients may indicate that these patients either Ta
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Table 6. Treatment and survival outcomes based on income group for selected subgroups

Overall Low income High income p-value

Clinical stage I-III only (all subtypes)
   Number 1,937 459 1,478
   2-year overall mortality 1,332 (68.8) 350 (76.3) 982 (66.4) < 0.001
   5-year overall mortality 1,549 (80.0) 395 (86.1) 1,154 (78.1) < 0.001
   2-year cancer specific mortality 1,224 (63.2) 323 (70.4) 901 (61.0) < 0.001
   5-year cancer specific mortality 1,419 (73.3) 364 (79.3) 1,055 (71.4) 0.001
   2-year non-cancer mortality 108 (5.6) 27 (5.9) 81 (5.5) 0.833
   5-year non-cancer mortality 130 (6.7) 31 (6.8) 99 (6.7) > 0.999
Clinical stage IV only (all subtypes)
   Number 1,309 295 1,014
   2-year overall mortality 1,213 (92.7) 278 (94.2) 935 (92.2) 0.294
   5-year overall mortality 1,263 (96.5) 288 (97.6) 975 (96.2) 0.303
   2-year cancer specific mortality 1,153 (88.1) 261 (88.5) 892 (88.0) 0.893
   5-year cancer specific mortality 1,201 (91.7) 271 (91.9) 930 (91.7) > 0.999
   2-year non-cancer mortality 60 (4.6) 17 (5.8) 43 (4.2) 0.346
   5-year non-cancer mortality 62 (4.7) 17 (5.8) 45 (4.4) 0.431
Intrahepatic clinical stage I-III only
   Number 905 198 707
   2-year overall mortality 598 (66.1) 151 (76.3) 447 (63.2) 0.001
   5-year overall mortality 699 (77.2) 168 (84.8) 531 (75.1) 0.005
   2-year cancer specific mortality 552 (61.0) 144 (72.7) 408 (57.7) < 0.001
   5-year cancer specific mortality 645 (71.3) 161 (81.3) 484 (68.5) 0.001
   2-year non-cancer mortality 46 (5.1) 7 (3.5) 39 (5.5) 0.348
   5-year non-cancer mortality 54 (6.0) 7 (3.5) 47 (6.6) 0.143
Intrahepatic clinical stage IV only
   Number 770 163 607
   2-year overall mortality 709 (92.1) 153 (93.9) 556 (91.6) 0.431
   5-year overall mortality 743 (96.5) 160 (98.2) 583 (96.0) 0.288
   2-year cancer specific mortality 682 (88.6) 145 (89.0) 537 (88.5) 0.972
   5-year cancer specific mortality 715 (92.9) 152 (93.3) 563 (92.8) 0.961
   2-year non-cancer mortality 27 (3.5) 8 (4.9) 19 (3.1) 0.392
   5-year non-cancer mortality 28 (3.6) 8 (4.9) 20 (3.3) 0.459
Perihilar clinical stage I-III only
   Number 733 180 553
   2-year overall mortality 540 (73.7) 139 (77.2) 401 (72.5) 0.251
   5-year overall mortality 627 (85.5) 161 (89.4) 466 (84.3) 0.111
   2-year cancer specific mortality 504 (68.8) 128 (71.1) 376 (68.0) 0.489
   5-year cancer specific mortality 581 (79.3) 147 (81.7) 434 (78.5) 0.418
   2-year non-cancer mortality 36 (4.9) 11 (6.1) 25 (4.5) 0.51
   5-year non-cancer mortality 46 (6.3) 14 (7.8) 32 (5.8) 0.435
Perihilar clinical stage IV only
   Number 421 103 318
   2-year overall mortality 397 (94.3) 96 (93.2) 301 (94.7) 0.759
   5-year overall mortality 408 (96.9) 99 (96.1) 309 (97.2) 0.834
   2-year cancer specific mortality 378 (89.8) 91 (88.3) 287 (90.3) 0.714
   5-year cancer specific mortality 389 (92.4) 94 (91.3) 295 (92.8) 0.774
   2-year non-cancer mortality 19 (4.5) 5 (4.9) 14 (4.4) > 0.999
   5-year non-cancer mortality 19 (4.5) 5 (4.9) 14 (4.4) > 0.999
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have access to, or knowledge of and the ability to travel to, 
these specialized centers. More affluent patients may also have 
more consistent transportation or the ability to travel longer 
distances to seek care, which have previously been reported as 
barriers to care in colorectal cancer in a Veteran’s population 
[14]. Lee et al. [15] reported that Black patients and patients en-
rolled in Medicaid or without insurance were less likely to re-
ceive surgery as initial therapy for CCA, despite having tumors 
of similar stage. Given that there were no differences in income 
and survival in patients with stage 4 disease, special emphasis 
should be placed on improving access to care in patients with 
stage 1−3 disease.

The reasons for why iCCA was associated with such signif-
icant variations in treatment, and why these differences were 
not noted in pCCA and dCCA, are unknown. Intuitively, it is 
reasonable to assert that lower income and its associated socio-
economic correlates should negatively affect all CCA patients, 
not just iCCA. It is possible that interventions for pCCA or 
dCCA are more widely available, whereas iCCA is more influ-
enced by access to more novel therapies.

The survival differences based on income seen in iCCA, but 
not in pCCA or dCCA, could be explained in part by disease 
misclassification, which is a known challenge in CCA that has 
previously been reported [16-18], such as the inability to identi-
fy or the inadvertent classification of mixed or combined hepa-
tocellular carcinoma and intrahepatic carcinoma into intrahe-
patic ductal tumors alone. However, these tumors are rare, and 
more recent American Joint Committee on Cancer (AJCC) pa-
thology reports code specifically for this overlap. Moreover, the 
most frequently cited coding error is misattribution of pCCA, 
the most common type of CCA, as iCCA [19]. However, if a 

large population of pCCA was misclassified to iCCA, survival 
differences identified between iCCA and pCCA would not be 
expected, which supports the validity of our results. The effects 
of metastatic disease to the liver misclassified as iCCA should 
be marginal, as SEER provides separate diagnostic codes for 
non-hepatic primary tumors that have metastasized to the liv-
er.

Several limitations to our work must be acknowledged. As 
with all retrospective database research, the results reported 
here are subject to possible selection bias and misclassification 
or misattribution bias. However, the NCI’s SEER database rep-
resents the most authoritative and largest cancer registry in 
North America, with excellent validation in real world cohorts. 
Patient comorbidities are not variables included in SEER−18, so 
the impact of this was unable to be assessed. It is possible that 
the lower income group had more comorbidities, which could 
contribute to worse survival. However, severe comorbidities 
that influence cancer-specific mortality would be expected to 
inf luence non-cancer specific mortality concurrently, which 
was not seen in our analysis. It is possible that there is a surviv-
al bias, in that patients with higher comorbidities more com-
monly died from their cancer, and additional investigations 
into the influence of comorbidities on outcomes is warranted. 
It is also important to note that even though there are statisti-
cally significant differences in survival, the absolute mortality 
rates are still very high (approximating 90%), regardless of in-
come level. The impact of newer immune checkpoint inhibitor 
therapies on survival was also unable to be assessed with this 
population study. Specifics of chemotherapy (palliative vs. ad-
juvant, number of cycles, regimen selection) were not available. 
Similarly, different modalities of endobiliary therapy were not 

Table 6. Continued

Overall Low income High income p-value

Distal clinical stage I-III only
   Number 299 81 218
   2-year overall mortality 194 (64.9) 60 (74.1) 134 (61.5) 0.058
   5-year overall mortality 223 (74.6) 66 (81.5) 157 (72.0) 0.128
   2-year cancer specific mortality 168 (56.2) 51 (63.0) 117 (53.7) 0.191
   5-year cancer specific mortality 193 (64.5) 56 (69.1) 137 (62.8) 0.382
   2-year non-cancer mortality 26 (8.7) 9 (11.1) 17 (7.8) 0.501
   5-year non-cancer mortality 30 (10.0) 10 (12.3) 20 (9.2) 0.552
Distal clinical stage IV only
   Number 118 29 89
   2-year overall mortality 107 (90.7) 29 (100) 78 (87.6) 0.105
   5-year overall mortality 112 (94.9) 29 (100) 83 (93.3) 0.343
   2-year cancer specific mortality 93 (78.8) 25 (86.2) 68 (76.4) 0.39
   5-year cancer specific mortality 97 (82.2) 25 (86.2) 72 (80.9) 0.712
   2-year non-cancer mortality 14 (11.9) 4 (13.8) 10 (11.2) 0.969
   5-year non-cancer mortality 15 (12.7) 4 (13.8) 11 (12.4) > 0.999

Values are presented as number (%).
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able to be differentiated, such as the use of transcatheter arteri-
al chemoinfusion vs.  drug-eluding bead transcatheter arterial 
chemoembolization vs.  intra-arterial brachytherapy using 
yttrium–90. Although we report here on mortality, morbidity 
is affected by income as well, and future studies investigating 
quality of life based on socioeconomic determinants of health 
are warranted. Finally, the SEER−18 data does not provide 
data on rurality, which is likely related to both income level 
and access to treatment, and is an important avenue for future 
research. Whether income is associated with resectability at 
presentation, or if lower income patients are more often offered 
palliative intent therapies, are important questions for future 
studies.

In conclusion, we demonstrate in patients with CCA (espe-
cially iCCA) that when compared to similar patients in the 
higher income group, lower income level is associated with 
reduced overall and cancer-specific survival, as well as reduced 
rates of receiving chemotherapy and endobiliary ablation. Pop-
ulation-based strategies focused on improving access to screen-
ing and subsequent treatment, while also identifying other 
possible causes of these disparities, are pivotal to improving 
patient outcomes. Ultimately, income represents one, among 
many, social factors that exist in conjunction with tumor spe-
cific factors that affect a patient’s treatment and survival out-
comes. Our results add to the growing literature on risk factors 
and outcomes in this rare, but lethal, malignancy.
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