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Background: A population-based estimate of risk of second primary malignancy (SPM) in
patients with cholangiocarcinoma (CCA) is still lacking.

Obijectives: To investigate the overall and site-specific risk of SPM in patients with CCA. To
identify risk factors of SPM and further evaluate the impact of SPM on overall survival (OS)
and disease specific survival (DSS) in patients with CCA.

Methods: Patients with histologically diagnosed CCA between 1973 and 2015 were identified
from the Surveillance, Epidemiology and End Results database. Standardized incidence ratio
(SIR) was calculated. Risk factors for SPM and CCA survival were evaluated by logistic, Cox,
and nomogram methods.

Results: We found that the overall risk of SPM in patients with CCA was significantly higher
than that in the general population (SIR =1.27, 95% CI =1.03-1.55, P<0.05). The risk of SPM
was significantly increased at specific sites, including transverse colon, intrahepatic bile duct,
other biliary, and thyroid. A significant increase in overall risk was characterized in the subgroups
of patients aged <29, patients aged 3059 years, females, whites, and patients with latency <11
months (63.41, 2.45, 1.4, 1.3, and 2.6-fold, respectively). In patients with CCA, not having
undergone surgery for the first primary malignancy (vs having undergone surgery for the first
primary malignancy; HR =0.269; 95% CI =0.211-0.342; P<0.001) was associated with signifi-
cantly decreased risk of SPM. Patients with SPM had better OS and DSS than those without SPM
(Log rank P<0.001). Absence of SPM was an independent risk factor for poorer OS and DSS.
Conclusion: Although the risk of SPM in patients with CCA was significantly increased, the
presence of SPM did not shorten OS and DSS of patients with CCA, possibly due to the rela-
tively poorer survival of patients with CCA.

Keywords: cholangiocarcinoma, second primary malignancy, multiple primaries-standardized

incidence ratio, SEER, nomogram

Introduction

Cholangiocarcinoma (CCA), which arises in the bile duct, is the second most com-
mon primary hepatobiliary malignancy.'? According to the anatomic site, CCA is
classified as intrahepatic, perihilar, and distal.’> The incidence of CCA is increasing,
especially intrahepatic CCA. Analyses of Surveillance, Epidemiology and End Results
(SEER) data from 1973-2012 reported that the incidence of intrahepatic CCA in the
US increased from 0.44—1.18 cases per 100,000, representing an annual percentage
(APC) of 2.30%; this trend has accelerated during the past decade to an APC of
4.36%. The incidence of extrahepatic CCA has increased modestly from 0.95-1.02
cases per 100,000 during the 40-year period (APC, 0.14%).* Although CCA is usually
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considered as highly malignant with poor prognosis, survival
has improved due to advances in early diagnosis and thera-
peutic approaches in the past few years. Five-year survival
rates following radical surgery in patients with intrahepatic
CCA, perihilar CCA, and distal CCA are in the range of
17%—-48%, 22%—60%, and 27%—62%, respectively.’”’
Several studies have shown improved survival of patients
with CCA after locoregional therapies (including ablation,
arterially directed therapies, and external beam radiotherapy)
and gemcitabine-based systemic therapy.®'? As the number
of cancer survivors increases, it is important to evaluate the
risk of second primary malignancy (SPM) in CCA survivors,
which can provide insight into post-treatment surveillance of
patients with CCA. Previous studies have shown significantly
increased risk of SPM after treatment of primary cancer in
various solid tumors, including hepatocellular carcinoma,
the most frequent primary hepatic malignancy.'>!” However,
evaluation of the risk of developing SPM in patients with
CCA is still lacking. Our study aimed to investigate the over-
all and site-specific risk of SPM in patients with CCA and
further evaluate the impact of SPM on overall survival (OS)
and disease specific survival (DSS) in patients with CCA.

Established risk factors for CCA development include
primary sclerosing cholangitis, hepatobiliary parasites, hepa-
tolithiasis, Caroli disease, choledochal cysts and Thorotrast.
Other possible risk factors are hepatitis B virus or hepatitis C
virus infection, diabetes mellitus, obesity, alcohol use (>80 g/
day), and tobacco.'® However, risk factors for development of
SPM in patients with CCA are unknown. In the current study,
we also aimed to identify risk factors of SPM in patients with
CCA. These risk factors could help us to intensify surveil-
lance of high-risk patients.

The SEER database includes information on cancer inci-
dence, treatment, and survival for ~30% of the US popula-
tion.! Using data from the SEER database, we conducted this
study to examine whether patients diagnosed with CCA have
an increased risk of SPM compared with patients without an
initial CCA diagnosis. Additionally, we conducted this study
to identify risk factors for developing SPM and to determine
the impact of SPM on patient survival.

Methods

Patient selection

The dataset ‘incidence-SEER 9 Regs Research Data,
Nov 2017 Sub (1973-2015)< Katrina/Rita population
adjustment>" was used for analysis of multiple primaries-
standardized incidence ratio (MP-SIR). Case listing was
based on dataset ‘incidence-SEER 18 Regs Research Data

+ Hurricane Katrina Impacted Louisiana Cases, Nov 2017
Sub (1973-2015 varying)’. Patients were selected based on
the following inclusion criteria: 1) diagnostic confirmation by
positive histology; 2) histology indicates CCA; and 3) CCA
that presents as the first of two or more primaries. Patients
in whom the diagnosis of CCA was made at autopsy or on
the death certificate were excluded.

Definition

According to the SEER definition of multiple primary tumors,
the following criteria were used in our study: 1) tumors with
ICD-0-3 histology codes that are different at the first, second
or third number are multiple primaries; 2) one tumor charac-
terized as “adenocarcinoma, NOS” and another as a specific
adenocarcinoma is regarded as a single tumor; 3) an invasive
tumor following an in situ tumor >60 days after diagnosis
is a multiple primary; 4) tumors with ICD-0-3 topography
codes that are different at the second and/or third characters
are multiple primaries; 5) tumors diagnosed >1 year apart
are multiple primaries. Latency was defined as the interval
from the diagnosis of CCA to that of SPM. Standardized
incidence ratio (SIR), an indicator of SPM risk, was calcu-
lated by dividing the observed number of SPM cases by the
expected number based on general population rates.

Statistical analyses

Data from the SEER database were retrieved using the
SEER*Stat version 8.3.5 (http://seer.cancer.gov/seerstat/).
A two-tailed Student’s ¢-test or a two-way ANOVA was
used to compare the mean values for continuous variables,

while a chi-squared test was applied to categorical variables.
Multivariable logistic regression was used to determine the
effect of individual factors on the presence of SPM. Survival
estimates were obtained using the Kaplan—-Meier method.
Multivariable Cox regression was performed to identify
covariates associated with increased all-cause mortality. A
P-value <0.05 was considered significant. Statistical analysis
was performed using the PASW Statistics 23 software pro-
gram (Release 23.0, IBM Corporation, Armonk, NY, USA)
with the exception of the nomogram, which was performed
in R (version 3.5.1; R Foundation).

Results

Risk of developing SPM in patients with
CCA

The overall risk of developing SPM in patients with CCA was

significantly higher than that in the general population (SIR
1.27, 95% CI 1.03-1.55, P<0.05). Specific sites where the
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risk of SPM was significantly increased included transverse
colon, intrahepatic bile duct, other biliary sites, and thyroid.
The risk of SPM in other sites did not change significantly
in patients with CCA (Table 1).

Impact of age at diagnosis, sex, race, and
latency on the risk of SPM in patients
with CCA

Since age at diagnosis, sex, race, and latency might be signifi-
cant determinants of SPM development, we further evaluated
the effect of these factors on the risk of developing SPM in
patients with CCA. As shown in Table 2, patients aged <29
and patients aged 30-59 years had an increased overall risk
of developing SPM (63.41 and 2.45-fold, respectively). A
significant increase in overall risk was also characterized in
the subgroups of females, whites, and patients with latency
<11 months (1.4, 1.3, and 2.6-fold, respectively). Patients
aged <29 years had significantly increased site-specific risk
of developing SPM in descending colon (SIR 34,994.55,
95% CI 885.99-194,977.16). Specific sites where the risk
of developing SPM was significantly increased in patients
with CCA aged 30-59 years included hypopharynx, hepatic
flexure, intrahepatic bile duct, and thyroid. Significantly
increased site-specific risk of developing SPM in intrahepatic
and extrahepatic bile ducts and other biliary sites, all lym-

phatic and hematopoietic diseases were evident in females
and whites. Additionally, the risk of SPM in transverse colon
was also found to be significantly increased in whites. Patients
with latency <11 months carried significantly increased site-
specific risk of SPM in esophagus, small intestine, descending
colon, intrahepatic bile duct, other biliary sites, breast, pros-
tate, kidney, and thyroid as well as non-Hodgkin lymphoma.

Clinicopathologic characteristics of

patients

From the case listing section of SEER database, we identi-
fied 11,495 patients with CCA, including 11,172 patients
with only one primary and 323 patients with CCA as the
first of two or more primaries. The detailed patient selec-
tion procedure is displayed in Figure 1. Clinicopathologic
characteristics of patients with CCA as the lone primary
and patients with CCA as the first of two or more primaries
are summarized in Table 3. In the group of patients with
CCA and SPM, 92.88% (300/323) of patients developed
two primaries, and 7.12% (23/323) of patients developed at
least three primaries. Mean latency for patients with CCA to
develop SPM was 23.73 months. Of SPMs, 19.2% (62/323)
were diagnosed at distant stage. Additionally, there were sig-
nificant differences in sex, grade of tumor tissues, SEER his-
tological stage, American Joint Committee on Cancer (AJCC)

Table | Site-specific risk of developing SPM in patients with cholangiocarcinoma

Site of second malignancy Observed Expected SIR 95% ClI
All sites 96 75.66 1.272 1.03—1.55
All solid tumors 78 67.27 I.16 0.92-1.45
Oral cavity and pharynx 2 1.8 .11 0.13-4.02
Digestive system 26 15.12 1.722 1.12-2.52
Respiratory system 15 11.98 1.25 0.7-2.07
Bones and joints 0 0.07 0 0-53.61
Soft tissue including heart 0 0.39 0 0-94
Skin excluding basal and squamous | 321 0.31 0.01-1.74
Breast 9 9.36 0.96 0.44-1.83
Female genital system 2 3.70 0.54 0.07-1.95
Male genital system 11 13.23 0.83 0.41-1.49
Urinary system 8 6.52 1.23 0.53-2.42
Eye and orbit 0 0.11 0 0-32.46
Brain and other nervous system 0 0.77 0 0-4.78
Endocrine system 5 1.07 4.69>° 1.52-10.94
Lymphoma 6 333 1.8 0.66-3.92
Leukemia 3 2.11 1.42 0.29-4.16
Mesothelioma 0 0.2 0 0-18.88
Kaposi sarcoma 0 0.06 0 0-61.22
Miscellaneous 5 1.5 3.332 1.08-7.77

Note: *P<0.05; risk of SPM in transverse colon (SIR 5.42, 95% CI |.12—15.84) and intrahepatic bile duct and other biliary (SIR 11.97, 95% CI 4.39-26.06) significantly increased;

brisk of SPM in thyroid (SIR 5.05, 95% CI 1.64—11.79) significantly increased.
Abbreviations: SIR, standardized incidence ratio; SPM, second primary malignancy.
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sixth stage, tumor size, and surgery at the first primary site
between the two subgroups. To validate whether the differ-
ence was caused by the difference in sample size between
the two subgroups, we randomly chose 323 patients from

Table 2 Effect of age at diagnosis, sex, race, and latency on the
overall risk of developing SPM in patients with cholangiocarcinoma

Parameters Observed | Expected | SIR 95% CI
Age at diagnosis,
years
<29 | 0.02 63.41° | 1.61-353.32
30-59 24 9.8l 245 | 1.57-3.64
260 71 65.84 1.08 0.84-1.36
Sex
Male 51 43.45 1.17 | 0.87-1.54
Female 45 3221 1.4 1.02-1.87
Race
White 80 61.32 1.324 | 1.03-1.62
Black 4 5.68 0.7 0.19-1.8
Other 12 8.56 1.4 0.72-2.45
Latency
<11 months 99 38.03 2.6 | 2.12-3.17
12-35 months 31 23.48 1.32 0.9-1.87
36-59 months 15 9.16 1.64 0.92-2.7
60-119 months | 8 9.83 0.8l 0.35-1.6
2120 months 9 5.5 1.64 0.75-3.11

Notes: *P<0.05; risk of SPM in descending colon (SIR 34,994.55, 95% CI 885.99—
194,977.16) significantly increased; °risk of SPM in hypopharynx (SIR 47.08, 95% ClI
1.19-262.31), hepatic flexure (SIR 46.68, 95% CI 1.18-260.1 1), intrahepatic bile duct
(SIR 57.81, 95% CI 1.46-322.1), and thyroid (SIR 15, 95% CI 4.87-35.01) significantly
increased; risk of SPM in intrahepatic and extrahepatic bile ducts and other biliary
sites (SIR 9.06, 95% Cl 1.1-32.74) and all lymphatic and hematopoietic diseases (SIR
2.67, 95% Cl 1.06-5.41) significantly increased; “risk of SPM in transverse colon (SIR
6.84, 95% CI 1.41-20), intrahepatic and extrahepatic bile ducts, and other biliary sites
(SIR 1'1.13, 95% CI 3.03-28.5), thyroid (SIR 6.45, 95% CI 2.09-15.05) and all lymphatic
and hematopoietic diseases (SIR 5.44, 95% CI |.14-2.2) significantly increased; °risk
of SPM in esophagus (SIR 9.38, 95% CI 2.56-24.03), small intestine (SIR 11.91, 95%
Cl 1.44-43.02), descending colon (SIR 11.22, 95% CI 1.36—40.55), intrahepatic bile
duct (SIR 23.82, 95% CI 2.88-86.03), other biliary sites (SIR 18.68, 95% Cl 3.85-
54.59), breast (SIR 2.16, 95% Cl 1.04-3.98), prostate (SIR 2.36, 95% CI 1.35-3.83),
kidney (SIR 9.67, 95% Cl 4.64—17.78), thyroid (SIR 6.15, 95% Cl 1.27-17.96) and non-
Hodgkin lymphoma (SIR 6.15, 95% CI 1.27-17.96) significantly increased.

Abbreviations: SIR, standardized incidence ratio; SPM, second primary malignancy.

Inclusion criteria:

the group of patients with only one primary, then compared
the clinicopathologic characteristics in the two subgroups,
which were now matched in number of cases. This analysis
revealed similar results (Table 4).

Risk factors of developing SPM in patients
with CCA

To determine risk factors of developing SPM in patients with
CCA, we further performed multivariable logistic regression.
As shown in Table 5, not having undergone surgery for the first
primary (vs having undergone surgery for the first primary;
HR, 0.269; 95% ClI, 0.211-0.342; P<0.001) was associated
with significantly decreased risk of developing SPM. Factors
including age, sex, race, marital status, tumor location, grade,
SEER histological stage, AJCC sixth stage, and tumor size
were not able to predict the development of SPM.

Prognostic impact of SPM on patients
with CCA

Having determined the incidence and site-specific risk of
SPM, we next sought to investigate the effect of SPM on
prognosis in patients with CCA. OS was better in patients
with SPM than in patients without SPM (Log rank =189.618,
P<0.001) (Figure 2A). Median OS and the corresponding
95% CI were 31 (23.773-38.227) months and 6 (5.741-
6.259) months in patients with CCA with and without SPM,
respectively. DSS was better in patients with SPM than in
patients without SPM (Log rank =325.423, P<0.001) (Fig-
ure 2B). Median DSS and the corresponding 95% CI were
319 (not available) months and 7 (6.706—7.294) months in
patients with CCA with and without SPM, respectively.

We further performed multivariate Cox regression analy-
sis to identify variables that might influence overall mortality
and disease specific mortality of patients with CCA. As

¢|CD-O-3Histology/Behavior, malignant = 8160/3; cholangiocarcinoma

eDiagnostic confirmation = positive histology

oSite recode ICD-O-3/WHO2008 = liver, intrahepatic bile duct, other biliary sites

eSequence number = one primary only, 1st of 2 or more primaries
Exclusion criteria:
eType of reporting source = autopsy only, death certificate only

Final population included in the study, n=11498

Patients were excluded according to SEER definition of multiple primary, n=3

Patient with 1 primary
only, n=11,172

Figure | Flowchart of patient selection.
Abbreviation: SEER, Surveillance, Epidemiology and End Results.

Patients with cholangiocarcinoma as
the 1st of 2 or more primaries, n=323
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Table 3 Clinicopathological characteristics of patients with cholangiocarcinoma as the lone primary and those with cholangiocarcinoma
as the first of two or more primaries

One primary, First of two or more P-value
n=11,172 primaries, n=323
Age at diagnosis, years 64.96+12.64 64.73+12.25 0.743
Sex, n (%) 0.048
Male 5,769 (51.64) 185 (57.28)
Female 5,403 (48.36) 138 (42.72)
Race, n (%) 0.546
White 8,751 (78.33) 262 (81.11)
Black 901 (8.06) 20 (6.19)
Other 1,510 (13.52) 41 (12.69)
Unknown 10 (0.09) 0(0)
Marital status, n (%) 0.87
Married 6,651 (59.53) 197 (60.99)
Unmarried 4,132 (36.99) 115 (35.6)
Unknown 389 (3.48) 11 (3.41)
Location, n (%) 0.278
Intrahepatic 7,775 (69.59) 222 (68.73)
Perihilar 2,362 (21.14) 79 (24.46)
Distal 516 (4.62) 12 (3.72)
Other 519 (4.65) 10 (3.1)
Grade, n (%) <0.001
Grade |, well differentiated 605 (5.42) 29 (8.98)
Grade Il, moderately differentiated 2,322 (20.78) 99 (30.65)
Grade lll, poorly differentiated 2,153 (19.27) 59 (18.27)
Grade IV, undifferentiated 85 (0.76) 1(0.31)
Unknown 6,007 (53.77) 135 (41.8)
SEER histological stage, n (%) <0.001
Localized 2,320 (20.77) 105 (32.51)
Regional 3,432 (30.72) 107 (33.13)
Distant 4,422 (39.58) 75 (23.22)
Unknown 998 (8.93) 36 (11.15)
AJCC sixth stage, n (%) <0.001
| 1,137 (10.18) 50 (15.48)
1l 485 (4.34) 31 (9.6)
1 2,098 (18.78) 58 (17.96)
v 3,280 (29.36) 49 (15.17)
Unknown 4,172 (37.34) 135 (41.8)
Tumor size, n (%) <0.001
<5cm 2,009 (17.98) 90 (27.86)
5-10 cm 1,916 (17.15) 52 (16.56)
>10 cm 750 (6.71) 13 (3.99)
Unknown 6,497 (58.15) 168 (52.01)
Surgery for first primary site, n (%) <0.001
Yes 2,502 (22.40) 157 (48.61)
No 7,122 (63.75) 120 (37.15)
Unknown 1,548 (13.86) 46 (14.24)
Latency - 23.73+40.83
Number of primaries, n (%)
2 primaries - 300 (92.88)
3 primaries - 18 (5.57)
4 primaries - 4 (1.24)
5 primaries - 1(0.31)
SEER histological stage of SPM, n (%)
Distant - 62 (19.2)
No distant - 184 (56.97)
Unknown - 77 (23.84)

Abbreviations: AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology and End Results; SPM, second primary malignancy.
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Table 4 Clinicopathological characteristics of patients with cholangiocarcinoma as the only primary and patients with cholangiocarcinoma

as the first of two or more primaries (matched number of cases)

Parameters One primary, n=323 First of two or more primaries, n=323 P-value
Age at diagnosis, years (mean + SD) 64.76112.47 64.73£12.25 0.972
Sex, n (%) 0.027
Male 156 (48.3) 185 (57.28)
Female 167 (51.7) 138 (42.72)
Race, n (%) 0.114
White 241 (74.61) 262 (81.11)
Black 31 (9.6) 20 (6.19)
Other 51 (15.79) 41 (12.69)
Marital status, n (%) 0.697
Married 188 (58.20) 197 (60.99)
Unmarried 121 (37.46) 115 (35.6)
Unknown 14 (4.33) 11 (3.41)
Location, n (%) 0.440
Intrahepatic 236 (73.07) 222 (68.73)
Perihilar 62 (19.20) 79 (24.46)
Distal 13 (4.02) 12 (3.72)
Others 12 3.72) 10 3.1)
Grade, n (%) 0.001
Grade |, well differentiated 17 (5.26) 29 (8.98)
Grade Il, moderately differentiated 65 (20.12) 99 (30.65)
Grade lll, poorly differentiated 58 (17.96) 59 (18.27)
Grade |V, undifferentiated 3 (0.93) 1 (0.31)
Unknown 180 (55.73) 135 (41.8)
SEER histological stage, n (%) <0.001
Localized 63 (19.50) 105 (32.51)
Regional 122 (37.77) 107 (33.13)
Distant 118 (36.53) 75 (23.22)
Unknown 20 (6.19) 36 (11.15)
AJCC sixth stage, n (%) <0.001
I 32 (9.91) 50 (15.48)
I 6 (1.86) 31 (9.6)
n 70 (21.67) 58 (17.96)
v 91 (28.17) 49 (15.17)
Unknown 124 (38.39) 135 (41.8)
Tumor size, n (%) 0.007
<5em 54 (16.72) 90 (27.86)
5-10 cm 61 (18.89) 52 (16.56)
>10 cm 19 (5.88) 13 (3.99)
Unknown 189 (58.51) 168 (52.01)
Surgery for first primary site, n (%) <0.001
Yes 66 (20.43) 157 (48.61)
No 213 (65.94) 120 (37.15)
Unknown 44 (13.62) 46 (14.24)

Abbreviations: AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology and End Results.

shown in Table 6, absence of SPM was an independent factor
for poorer OS (HR, 2.009; 95% CI, 1.76-2.294; P<0.001).
Variables that were significantly associated with increased
overall mortality were age >60 years, black race, unmarried
status, poorly differentiated/undifferentiated cancer tissues,
regional/distant disease, AJCC III stage, tumor size >10
cm, and not having undergone surgery for the first primary.

Female sex (vs male; HR, 0.837; 95% CI, 0.803-0.872;
P<0.001) was significantly associated with reduced overall
mortality. As shown in Table 7, absence of SPM was an
independent factor for poorer DSS (HR, 4.011; 95% CI,
3.299-4.876; P<0.001). Variables that were significantly
associated with increased disease-specific mortality were
age 260 years, black race, unmarried status, distal CCA,
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Table 5 Multivariable logistic regression for the presence of multiple primary malignancies after cholangiocarcinoma diagnosis

Parameters Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

Age at diagnosis, years

<29 | [Reference]

30-59 0.621 (0.192-2.01) 0.427 / /

=60 0.654 (0.204-2.095) 0.475 / /
Sex

Male | [Reference]

Female 0.796 (0.637-0.996) 0.046 / /
Race

White | [Reference]

Black 0.741 (0.468-1.174) 0.202 / /

Other 0.907 (0.650—1.266) 0.566 / /

Unknown 0 0.999 / /
Marital status

Married | [Reference]

Unmarried 0.94 (0.744-1.186) 0.601 / /

Unknown 0.955 (0.516-1.767) 0.883 / /
Location

Intrahepatic | [Reference]

Perihilar 1.171 (0.902-1.521) 0.235 / /

Distal 0.814 (0.453—1.466) 0.494 / /

Other 0.675 (0.356—1.280) 0.228 / /
Grade

Grade |, well differentiated | [Reference]

Grade Il, moderately differentiated 0.889 (0.582-1.358) 0.588 / /

Grade lll, poorly differentiated 0.572 (0.363-0.9) 0.016 / /

Grade |V, undifferentiated 0.245 (0.033-1.825) 0.17 / /

Unknown 0.469 (0.311-0.706) <0.001 / /
SEER histological stage

Localized | [Reference]

Regional 0.689 (0.524-0.906) 0.008 / /

Distant 0.375 (0.277-0.506) <0.001 / /

Unknown 0.797 (0.542-1.172) 0.249 / /
AJCC sixth stage

| | [Reference]

1l 1.453 (0.917-2.304) 0.111 / /

1] 0.629 (0.428-0.924) 0.018 / /

v 0.34 (0.228-0.507) <0.001 / /

Unknown 0.736 (0.528-1.025) 0.069 / /
Tumor size

<5cm | [Reference]

5-10 cm 0.606 (0.428-0.857) 0.005 / /

>10 cm 0.387 (0.215-0.696) 0.002 / /

Unknown 0.577 (0.445-0.749) <0.001 / /
Surgery for first primary site

Yes | [Reference] | [Reference]

No 0.269 (0.211-0.342) <0.001 0.269 (0.211-0.342) <0.001

Unknown 0.474 (0.339-0.662) <0.001 0.474 (0.339-0.662) <0.001

Abbreviations: AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology and End Results.

moderately/poorly differentiated/undifferentiated cancer
tissues, regional/distant disease, AJCC II/III/IV stage, tumor
size >10 cm, and not having undergone surgery for the first

primary. Female sex (vs male; HR, 0.854; 95% CI, 0.818—
0.891; P<0.001) was significantly associated with reduced
disease-specific mortality.
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Figure 2 OS and DSS in patients with cholangiocarcinoma with or without SPM.

Note: (A) OS and (B) DSS in patients with cholangiocarcinoma with or without SPM.

Months

Abbreviations: DSS, disease specific survival; OS, overall survival; SPM, second primary malignancy.

Prognostic nomogram for OS and DSS
The prognostic nomogram that integrated all significant
independent factors for OS in patients with CCA is shown
in Figure 3. The C-index for OS prediction was 0.657. The
calibration plot for the probability of survival at 1 year, 3
years, and 5 years after diagnosis showed an agreement
between the prediction by nomogram and actual observa-
tion (Figure 4). The prognostic nomogram that integrated
all significant independent factors for DSS in patients with
CCA is shown in Figure 5. The C-index for DSS prediction
was 0.661. The calibration plot for the probability of survival
at 1 year, 3 years, and 5 years after diagnosis showed an
agreement between the prediction by nomogram and actual
observation (Figure 6).

Discussion

Improvement in diagnostic and therapeutic strategies for
cancer has led to an increase in cancer survivors. Approxi-
mately 18 million cancer survivors are expected by 2022.20 It
is important to figure out the long-term impact of cancer and
its treatment in the population of cancer survivors. SPM is
one of the long-term complications of cancer. Identifying the
exact risks of SPM following primary cancer will contribute
to development of evidence-based guidelines for surveillance
of cancer survivors.

To the best of our knowledge, the current study is the
first to report the risk of SPM in CCA survivors. Our study
showed that the overall risk of SPM in patients with CCA was
significantly higher than that in the general population. The
site-specific risk of SPM in colon was significantly increased,
especially in whites, patients aged <29, patients aged 30-59
years, and patients with latency <11 months. In view of our
results, colon cancer screening is suggested in these specific

groups of patients. There are two possible explanations for
the correlation between CCA and colon cancer. Inflamma-
tory bowel disease, a major risk factor for colon cancer, was
reported as a risk factor for CCA.?"** Additionally, CCA
and colon cancer had shared genetic mutations, including
FGFR2 and HER-2.27%

Previous studies reported that patients were at increased
risk of developing thyroid cancer after several cancers,
including Hodgkin lymphoma,?’ gastric cancer,?® kidney
cancer,” and prostate cancer.’® Our study found that the
risk of thyroid cancer also increased in CCA survivors,
especially in whites, patients aged 30—59 years, and patients
with latency <11 months. Some shared common etiological
factors could be responsible for the association between
CCA and thyroid cancer. Dietary iodide deficiency and
intracellular iodide deficiency caused by mislocalization of
sodium/iodine symporter (NIS) were shown to play a role in
the carcinogenesis of thyroid and CCA.*!'*? The influences of
sex hormones and obesity on the development of CCA and
thyroid cancer were also reported.’*-** However, the causal
relationship underlying the association is not well understood
and needs further study.

A significantly elevated risk of cancer in the bile duct
was also evident in our study, especially in whites, females,
patients aged 30-59 years, and patients with latency <11
months. The main concern is whether these bile duct
cancers are metastases or recurrences from the primary
malignancy. International Agency for Research on Cancer
(IARC) and SEER rules are two widely used sets of rules
for coding multiple primary cancers. Different rules used
to collect and consolidate multiple primary cancers would
result in differences in incidence rates and trends.***’ SEER
rules were used by cancer registries throughout North
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Table 6 Multivariable Cox regression for OS among patients diagnosed with cholangiocarcinoma
Parameters Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value
Age at diagnosis, years
<29 | [Reference] | [Reference]
30-59 1.177 (0.911-1.520) 0.212 / /
260 1.550 (1.202-1.999) 0.001 1.718 (1.331-2.219) <0.001
Sex
Male | [Reference] | [Reference]
Female 0.915 (0.88-0.952) <0.001 0.837 (0.803-0.872) <0.001
Race
White | [Reference] | [Reference]
Black 1.107 (1.029—1.19) 0.007 1.124 (1.044-1.21) 0.002
Other 0.918 (0.866-0.974) 0.005 0.967 (0.912—1.026) 0.269
Unknown 0.595 (0.267-1.326) 0.204 / /
Marital status
Married | [Reference] | [Reference]
Unmarried 1.227 (1.177-1.279) <0.001 1.187 (1.137-1.239) <0.001
Unknown 1.005 (0.898-1.125) 0.931 / /
Location
Intrahepatic | [Reference]
Perihilar 0.933 (0.889-0.979) 0.005 / /
Distal 0.759 (0.684-0.842) <0.001 / /
Other 1.324 (1.207-1.454) <0.001 / /
Grade
Grade |, well differentiated | [Reference] | [Reference]
Grade Il, moderately differentiated 1.078 (0.976-1.19) 0.139 / /
Grade I, poorly differentiated 1.545 (1.399-1.707) <0.001 1.486 (1.344-1.642) <0.001
Grade |V, undifferentiated 2.232 (1.76-2.831) <0.001 1.697 (1.337-2.153) <0.001
Unknown 1.964 (1.79-2.154) <0.001 1.334 (1.215-1.466) <0.001
SEER histological stage
Localized | [Reference] | [Reference]
Regional 1.255 (1.184-1.332) <0.001 1.118 (1.043-1.199) 0.002
Distant 2.349 (2.219-2.487) <0.001 1.68 (1.549-1.823) <0.001
Unknown 1.895 (1.752-2.05) <0.001 1.116 (1.022-1.22) 0.015
AJCC sixth stage
| | [Reference] | [Reference]
Il 0.902 (0.791-1.028) 0.123 / /
1 1.454 (1.334-1.585) <0.001 1.264 (1.142-1.399) <0.001
v 2.754 (2.54-2.985) <0.001 1.107 (0.99-1.237) 0.074
Unknown 2.317 (2.144-2.504) <0.001 1.331 (1.206—1.469) <0.001
Tumor size
<5 cm | [Reference] | [Reference]
5-10 cm 1.288 (1.198-1.385) <0.001 1.045 (0.97-1.125) 0.248
>10 cm 1.622 (1.476-1.783) <0.001 1.178 (1.069-1.297) 0.001
Unknown 2.029 (1.915-2.149) <0.001 1.215 (1.134-1.301) <0.001
Surgery for first primary site
Yes | [Reference] | [Reference]
No 3.202 (3.03-3.383) <0.001 2.435 (2.285-2.595) <0.001
Unknown 3.23 (3.015-3.461) <0.001 2.347 (2.162-2.549) <0.001
Number of primary malignancies
Multiple primary malignancies | [Reference] | [Reference]
One primary malignancy 2.382 (2.089-2.717) <0.001 2.009 (1.76-2.294) <0.001
Abbreviations: AJCC, American Joint Committee on Cancer; OS, overall survival; SEER, Surveillance, Epidemiology and End Results.
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Table 7 Multivariable Cox regression for DSS of patients diagnosed with cholangiocarcinoma

Parameters Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

Age at diagnosis, years

<29 | [Reference] | [Reference]

30-59 1.137 (0.875-1.478) 0.338 / /

>60 1.452 (1.119-1.885) 0.005 1.603 (1.233-2.083) <0.001
Sex

Male | [Reference] | [Reference]

Female 0.936 (0.898-0.976) 0.002 0.854 (0.818-0.891) <0.001
Race

White | [Reference] | [Reference]

Black 1.105 (1.024-1.193) 0.01 1.122 (1.038-1.211) 0.004

Other 0.912 (0.857-0.97) 0.003 0.963 (0.906—1.025) 0.239

Unknown 0.649 (0.291-1.444) 0.289 / /
Marital status

Married | [Reference] | [Reference]

Unmarried 1.216 (1.165-1.27) <0.001 1.173 (1.121-1.226) <0.001

Unknown 0.954 (0.846—1.076) 0.443 / /
Location

Intrahepatic | [Reference]

Perihilar 0.917 (0.872-0.965) 0.001 0.948 (0.898-1.002) 0.058

Distal 0.708 (0.634-0.792) <0.001 0.85 (0.758-0.954) 0.006

Other 1.328 (1.206—1.463) <0.001 1.031 (0.933—1.139) 0.549
Grade

Grade |, well differentiated | [Reference] | [Reference]

Grade I, moderately differentiated 1.125 (1.012-1.251) 0.029 1.218 (1.095—-1.354) <0.001

Grade lll, poorly differentiated 1.656 (1.489-1.84) <0.001 1.587 (1.427-1.766) <0.001

Grade |V, undifferentiated 2.233 (1.732-2.88) <0.001 1.662 (1.288-2.145) <0.001

Unknown 2.065 (1.87-2.28) <0.001 1.386 (1.253—1.532) <0.001
SEER histological stage

Localized | [Reference] | [Reference]

Regional 1.279 (1.202-1.361) <0.001 1.129 (1.049-1.216) 0.001

Distant 2441 (2.3-2.592) <0.001 1.701 (1.562-1.852) <0.001

Unknown 1.888 (1.737-2.052) <0.001 1.097 (0.999-1.205) 0.054
AJCC sixth stage

| | [Reference] | [Reference]

I 0.887 (0.771-1.022) 0.097 / /

n I.511 (1.38-1.655) <0.001 1.313 (1.179-1.462) <0.001

v 2.924 (2.684-3.185) <0.001 1.153 (1.026—1.296) 0.017

Unknown 2.427 (2.235-2.635) <0.001 1.384 (1.247-1.536) <0.001
Tumor size

<5 cm | [Reference] | [Reference]

5-10 cm 1.343 (1.245-1.449) <0.001 1.042 (0.962—1.128) 0.312

>10 cm 1.707 (1.548-1.883) <0.001 1.172 (1.058-1.298) 0.002

Unknown 2.101 (1.977-2.233) <0.001 1.222 (1.137-1.314) <0.001
Surgery for first primary site

Yes | [Reference] | [Reference]

No 3.366 (3.176-3.568) <0.001 2.478 (2.317-2.651) <0.001

Unknown 3.387 (3.149-3.643) <0.001 2.365 (2.167-2.582) <0.001
Number of primary malignancies

Multiple primary malignancies | [Reference] | [Reference]

One primary malignancy 4.82 (3.967-5.857) <0.001 4.011 (3.299-4.876) <0.001

Abbreviations: AJCC, American Joint Committee on Cancer; DSS, disease specific survival; SEER, Surveillance, Epidemiology and End Results.
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Figure 3 OS nomogram.
Abbreviations: AJCC, American Joint Committee on Cancer; OS, overall survival; SEER, Surveillance, Epidemiology and End Results.
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Abbreviations: AJCC, American Joint Committee on Cancer; DSS, disease specific survival; SEER, Surveillance, Epidemiology and End Results.

America. Weir et al reported that, compared to SEER
multiple primary coding rules, IARC rules reported fewer
multiple primary cancers.*® As stated in the Methods sec-
tion, we applied SEER definitions, which were developed
to enumerate primary cancers including differentiating a
new primary cancer from a distant metastasis or a recurrent
cancer, to identify patients with multiple primary cancers.*
Since there is still no golden rule for defining multiple

primary cancers, we should still be concerned whether
these bile duct cancers are metastases or recurrences from
the primary malignancy.

Surgery is currently the best available potentially curative
treatment in patients with CCA who present with early stage
disease.*” We found that patients with CCA with regional and
distant disease had a decreased risk of developing SPM in
comparison with patients with localized disease. Additionally,
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having undergone surgery for CCA was a favorable factor
for SPM development and better OS. We assumed that this
is a result of relatively long-term follow-up of patients with
relatively early stage disecase and who underwent surgery.
Furthermore, we found that the presence of SPM was an
independent factor for OS and DSS prediction. OS and DSS
were better in patients with SPM than patients without SPM.
The most plausible explanation might be the relatively poorer
survival of patients with CCA.

Compared with previously published studies, our study
has the following strengths. First, it was the first study report-
ing the risk of developing SPM in patients with CCA. Using
a standard method, population-based data were collected
from high-quality registries that covered ~28% of the US
population. The study covered a large number of patients
with CCA across 42 years (1973-2015), forming a highly
generalizable dataset that is likely more reflective of the
population experience. Second, it provided strong evidence
for the development of guidelines for surveillance of CCA
survivors. Our analysis revealed that 19.2% (62/323) of SPM
were diagnosed at distant stage. The rate was underestimated
due to 23.84% of SPM being unstaged at the initial diagno-
sis. The result indicated a need for enhanced surveillance of
patients with CCA at high risk of SPM, which would enable
the early diagnosis of SPM. We analyzed the risk of develop-
ing SPM in subgroups of patients of different age, sex, race,
and latency, which provided detailed information regarding
patients’ prognosis and how to focus clinical follow-up in
each subgroup. Third, our study indicated an association
between CCA and the most common SPM, a finding which

Nomogram-predicted probability
of 3-year survival

Nomogram-predicted probability
of 5-year survival

would improve our understanding of the biological behaviors
of these malignancies and direct further exploration of the
association.

Our study should be considered in the context of its limita-
tions. First, the SEER database does not collect information on
factors such as habits (smoking, alcohol use), comorbidities
(diabetes, hepatitis, obesity), exposure to carcinogens, family
history, or chemotherapy used, all of which would affect the
comprehensive analysis of risk factors for SPM development.
Second, there is a potential for underestimation of SPM risk
in the case of patient migration out of the SEER geographic
registry. Third, the main limitation of the study was that we
did not collect detailed treatment information for these SPMs.

Conclusion

In conclusion, we observed that patients who survived CCA
were at a significantly higher overall risk of developing
SPM. Specific sites where the risk of SPM was significantly
increased included colon, thyroid, intrahepatic bile duct,
and other biliary sites. Additionally, the risk of developing
specific SPM varied by age, sex, race, and latency. Devel-
opment of SPM was a favorable predictor of OS and DSS
in patients with CCA. The results of our study suggested
that the increased risk of SPM did not shorten OS and DSS
of patients with CCA, possibly due to the relatively poorer
survival of patients with CCA.

Data sharing statement
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available.
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