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Background. The characteristics and outcomes of patients with intrahepatic cholangiocarcinoma (ICC) with prior malignancy are
poorly clarified. This study is aimed at exploring the impact of prior malignancy on the long-term outcomes of ICC patients.
Methods. Using the Surveillance, Epidemiology, and End Results (SEER) program, ICC patients diagnosed between 2004 and
2018 were identified. Kaplan-Meier curves and Cox analysis were used to evaluate the impact of prior malignancy on the
prognosis of ICC patients. Results. A total of 9667 ICC patients were identified; among them, 782 (8.09%) had a history of
prior cancer. Prostate, breast, colorectal, bladder, and liver/gallbladder/other biliary cancers were the most common types of
prior cancer. Patients with prior cancer had better tumor-related profiles than those without prior cancer, namely, the former
patients showed a lower proportion of positive AFP levels and vascular invasion, a lower AJCC stage, a smaller tumor size, and
a lower stage of tumor grade. The median survival times after the diagnosis of ICC were 10 and 11.5 months for patients with
and without prior cancer, respectively. Multivariate regression analysis suggested that prior cancer did not contribute to
inferior overall survival (OS, HR 0.870, 95% CI 0.797-0.950, and p = 0:002) or cancer-specific survival (CSS, HR 0.820, 95% CI
0.741-0.906, and p < 0:001). Conclusions. A history of prior cancer does not lead to worse OS or CSS for ICC patients. The
exclusion of patients with prior cancer from clinical trials should be reconsidered.

1. Introduction

Intrahepatic cholangiocarcinoma (ICC), arising from the
epithelial cells of the intrahepatic bile ducts, is the second
most frequent primary liver malignancy [1]. During the last
few decades, the incidence of ICC has been on the rise
worldwide; in the United States, the incidence of ICC has
increased from 0.44 to 1.18 cases per 100,000 person-years
over the past 40 years [2]. However, since the majority of
ICC patients are usually diagnosed at an advanced stage,
limited patients are eligible for curative treatment, and the
prognosis of ICC is poor. The 5-year OS for ICC ranges

from 21% to 35% [3]. While various efforts have been made
to advance the diagnosis and treatment of primary ICC, little
is known about the clinical characteristics, prognostic fac-
tors, and clinical significance of ICC as a subsequent cancer
with other types of prior malignancy.

Due to early diagnosis and advancements in therapy, the
prognosis of malignancies has been greatly improved. The
number of cancer survivors is growing and is estimated to be
26.1 million by 2040 in the United States [4]. During a
relatively long-term survival period, cancer survivors are at
risk of developing subsequent malignancies [5, 6]. In a recent
population-based study, the incidence of hepatocellular
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carcinoma (HCC) and ICC in patients with prior cancer was
reported to be 5.0% and 17.0% for patients diagnosed at an
age of <65 and ≥65 years old, respectively [7]. Consequently,
understanding the characteristics and prognosis and exploring
appropriate surveillance and therapy strategies for these
patients are important. However, because prior malignancies
could influence the implementation and efficiency of treat-
ment, patients with prior malignancy are commonly excluded
from clinical trials, and little is known about the characteristics
of these patients. In addition, whether prior cancer influences
the long-term survival of ICC patients is poorly understood.

In this study, using data obtained from the Surveillance,
Epidemiology, and End Results (SEER) program, we
comprehensively analyzed the demographic and clinical
characteristics of ICC patients with a history of prior malig-
nancies. Furthermore, the clinical outcomes of ICC patients
with prior malignancy were also analyzed. The findings in
this study might provide potential implications for the
management and surveillance of ICC patients with prior
malignancy.

2. Materials and Methods

2.1. Data Source and Population Selection. This study was
approved by the Ethics Committee of Shandong Provincial
Maternal and Child Health Care Hospital and was per-
formed in accordance with the Declaration of Helsinki (as
revised in 2013). The SEER Research Plus Data, 18 Regis-
tries, Nov 2020 Sub (2000-2018), was used to obtain clinical
data; the SEER Research Data, 18 Registries (excl AK), Nov
2020 Sub (2000-2018), was used to obtain details of multiple
cancers; the SEER∗Stat software (version 8.3.9) was used for
data exploration. Using the cite code C22.1 (intrahepatic bile
duct) and a histological diagnosis of cholangiocarcinoma
(International Classification of Disease for Oncology, 3rd

Edition [ICD-O-3], 8160 (cholangiocarcinoma) or 8140
(adenocarcinoma)) or the cite code C22.0 (liver) and histo-
logical code 8160, patients diagnosed with ICC between
2004 and 2018 were identified. The exclusion criteria were
as follows: (1) patients diagnosed on death autopsy or death
certificate only, (2) patients with an unknown survival time
or follow-up less than 1 month, and (3) patients diagnosed
with ICC who were aged <18 or >90 years old. In addition,
to avoid the possibility of synchronous primary cancer or
metastasis, a latency of 6 months was required after the diag-
nosis of initial malignancies. Subsequently, eligible patients
were divided into two groups: the ICC with prior malig-
nancy (ICC-PM) group and the ICC only (OICC) group.

2.2. Outcomes and Variables. The follow-up time lasted to
December 31, 2018. Overall survival (OS) was defined as
the time from the diagnosis of ICC to death of any cause.
Cancer-specific survival (CSS) referred to the time from
ICC diagnosis to death due to ICC. Demographic character-
istics included age at diagnosis (<65 and ≥65), sex, race
(white, black, and others), and marital status (single,
married, and unknown). Tumor-related factors included
alpha-fetoprotein (AFP) (negative, positive, and unknown),
size (0-5 cm, 5-8 cm, >8 cm, and unknown), vascular

invasion (no, yes, and unknown), grade (I/II, III/IV, and
unknown), and AJCC stage (I, II, III, IV, and unknown).
Treatment-related variables included treatment (none, local
tumor destruction, surgery, and unknown), radiation (no, yes,
and unknown), and chemotherapy (no, yes, and unknown).

2.3. Statistical Analysis. Continuous covariates were
expressed as medians and interquartile ranges (Q1-Q3),
and categorical variables were expressed as numbers (n)
and proportions (%). To compare the difference between
the ICC-PM and OICC groups, the Mann-Whitney U-test
was used for continuous variables, and the chi-square test
and Fisher’s exact test were used for categorical covariates.
Kaplan-Meier analysis and the log-rank test were used to
compare the OS and CSS between the ICC-PM and OICC
groups. Cox regression analysis was used to explore inde-
pendent risk factors for the prognosis of ICC. Covariates
with p < 0:05 in the univariate analysis were considered
potential prognostic factors and were included in the multi-
variate analysis. The hazard ratios (HRs) and 95% confi-
dence intervals (95% CIs) were recorded. To confirm the
reliability of our findings, subgroup analysis was performed
to evaluate the influence of a history of prior malignancy
on the long-term survival of ICC stratified by AJCC stage,
latency (<60 months and ≥60 months) and various types
of prior cancer.

SPSS version 26.0 (SPSS Inc., Chicago, IL) and R soft-
ware (version 3.5.2) were used in the statistical analysis. All
statistical tests were two-sided, and p < 0:05 was considered
to indicate statistical significance.

3. Results

3.1. Patients’ Baseline Characteristics. A total of 9667
patients with ICC were identified from the SEER database
based on the inclusion criteria; of these patients, 782
(8.09%) had a history of other types of prior cancer, includ-
ing 142 (1.5%) patients who had a history of multiple malig-
nancies. The demographic and clinical characteristics of the
eligible patients are displayed in Table 1. Compared to those
in the OICC group, more patients in the ICC-PM group
were older, more were male, and more were white. Interest-
ingly, we found that ICC patients with prior malignancy had
better tumor-related profiles than those without prior can-
cer, namely, the former patients showed a lower proportion
of positive AFP levels and vascular invasion, a lower AJCC
stage, a smaller tumor size, and a lower stage of tumor
grade. Furthermore, patients with prior cancer were more
likely to receive tumor-related treatment than those with-
out prior cancer.

The distribution of ICC with prior malignancy is shown
in Figure 1(a). We found that the most common prior can-
cers were prostate (23.4%), breast (14.1%), colon and rectum
(13.2%), bladder (6.0%), and liver/gallbladder/other biliary
(5.8%) cancers. As shown in Figure 1(b), the median latency
from the diagnosis of prior malignancy to the development
of ICC was 66 months, ranging from liver/gallbladder/other
biliary cancer (21 months) to breast cancer (89.5 months).

2 BioMed Research International



Table 1: Baseline characteristics of included ICC patients.

Variable Overall, n (%) Without prior malignancies, n (%) With prior malignancies, n (%) p value

Total 9667 8885 (91.91) 782 (8.09)

Age, years <0.001
≤65 4546 (47.03) 4317 (48.59) 229 (29.28)

>65 5121 (52.97) 4568 (51.41) 553 (70.72)

Sex <0.001
Male 4793 (49.58) 4332 (48.76) 461 (58.95)

Female 4874 (50.42) 4553 (51.24) 321 (41.05)

Race 0.001

White 7663 (79.27) 7014 (78.94) 649 (82.99)

Black 738 (7.63) 674 (7.59) 64 (8.18)

Others 1266 (13.10) 1197 (13.47) 69 (8.82)

Marital status 0.269

Single 3533 (36.55) 3265 (36.75) 268 (34.27)

Married 5747 (59.45) 5261 (59.21) 486 (62.15)

Unknown 387 (4.00) 359 (4.04) 28 (3.58)

AFP 0.001

Negative 2956 (30.58) 2747 (30.92) 209 (26.73)

Positive 1190 (12.31) 1114 (12.54) 76 (9.72)

Unknown 5521 (57.11) 5024 (56.54) 497 (63.55)

AJCC stage <0.001
I 1697 (17.55) 1481 (16.67) 216 (27.62)

II 1227 (12.69) 1107 (12.46) 120 (15.35)

III 2021 (20.91) 1843 (20.74) 178 (22.76)

IV 2908 (30.08) 2714 (30.55) 194 (24.81)

Unknown 1814 (18.76) 1740 (19.58) 74 (9.46)

Tumor size, cm <0.001
<5 cm 2478 (25.63) 2185 (24.59) 293 (37.47)

5-8 cm 1920 (19.86) 1792 (30.17) 128 (16.37)

≥8 cm 2207 (22.83) 2073 (23.33) 134 (17.14)

Unknown 3062 (31.67) 2835 (31.91) 227 (29.03)

Vascular invasion 0.006

No 4521 (46.77) 4113 (46.29) 408 (52.17)

Yes 2252 (23.30) 2084 (23.46) 168 (21.48)

Unknown 2894 (29.94) 2688 (30.25) 206 (26.34)

Grade 0.019

I/II 2507 (25.93) 2283 (25.69) 224 (28.64)

III/IV 1738 (17.98) 1624 (18.28) 114 (14.58)

Unknown 5422 (56.09) 4978 (56.03) 444 (56.78)

Treatment <0.001
None 7075 (73.19) 6574 (73.99) 501 (64.07)

Local tumor destruction 224 (2.32) 194 (2.18) 30 (3.84)

Surgery 2285 (23.64) 2041 (22.97) 244 (31.20)

Unknown 83 (0.86) 76 (0.86) 7 (0.90)

Radiation 0.293

None 8078 (83.56) 7412 (83.42) 666 (85.17)

Yes 1537 (15.90) 1423 (16.02) 114 (14.58)

Unknown 52 (0.54) 50 (0.56) 2 (0.26)
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3.2. Comparison of OS and CSS in ICC Patients with and
without Prior Cancer. The median survival times after the
diagnosis of ICC were 10 and 11.5 months for the ICC-PM
and OICC groups, respectively. The cause of death is shown
in Figure S1. During the follow-up period, a total of 7608
(78.7%) patients died, and the proportions of patients who
died of cancer in the OICC and ICC-PM groups were
90.6% and 93.3%, respectively. Patients in the OICC group
were more likely to die from ICC than those in the
ICC-PM group (90.56% vs. 75.36%).

The 1-, 3-, and 5-year OS and CSS for the OICC and
ICC-PM groups are shown in Table S1. The Kaplan-Meier
analysis showed that ICC patients with prior cancer had
better OS and CSS than those without prior cancer
(Figures 2(a) and 2(b), p < 0:001). In the subgroup analysis,
when patients were stratified by time latency, ICC patients
with prior cancer had better OS than those without prior
cancer regardless of latency < 60 months (p < 0:001) or ≥60
months (p = 0:012) (Figures 3(a) and 3(b)). Similar results
were also found in CSS (Figures 3(c) and 3(d)). When

Table 1: Continued.

Variable Overall, n (%) Without prior malignancies, n (%) With prior malignancies, n (%) p value

Chemotherapy 0.019

None/unknown 4054 (41.94) 3695 (41.59) 359 (45.91)

Yes 5613 (58.06) 5190 (58.41) 423 (54.09)

Note: ICC: intrahepatic cholangiocarcinoma; AFP: alpha-fetoprotein; AJCC: American Joint Committee on Cancer.
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Figure 1: (a) Distribution of prior cancer among patients with ICC and (b) distribution of the median interval time from prior cancer
diagnosis to the subsequent ICC diagnosis. ICC: intrahepatic cholangiocarcinoma.
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stratified by AJCC stage, only AJCC I stage ICC patients
with prior cancer had better OS and CSS than those
without prior cancer (p = 0:035 and p < 0:001 for OS and
CSS, respectively) (Figure S2 and S3). When stratified by
initial cancer site, compared to those without prior cancer,
the survivors of breast, colon and rectum, liver/gallbladder/
other biliary, and oral cavity and pharynx cancer had
better OS (Figure 4) and CSS (Figure 5), while the
survivors of other types of prior cancer had comparable OS
and CSS between the two groups.

3.3. Identification of Independent Prognostic Factors for OS
and CSS. To explore the independent prognostic factors for
OS and CSS, a Cox proportional hazard model was used.
Table 2 shows the results of univariate and multivariate
Cox regression analyses of the included ICC patients. For
OS, we found that prior cancer, age at diagnosis, sex, marital
status, AFP level, AJCC stage, tumor size, tumor grade, treat-
ment, radiation, and chemotherapy were independent prog-
nostic factors. Prior cancer was associated with prolonged
OS (HR 0.870, 95% CI 0.797-0.950, and p = 0:002). Indepen-
dent prognostic factors for CSS were the same as those for
OS, and prior cancer was still found to be significantly asso-
ciated with prolonged CSS (HR 0.820, 95% CI 0.741-0.906,
and p < 0:001). Furthermore, as shown in Table 3, in the
subgroup analysis stratified by different types of prior can-
cer, only prior breast (HR 0.748, 95% CI 0.574-0.975, and
p = 0:032) and prostate (HR 0.786, 95% CI 0.649-0.953,
and p = 0:014) cancer was found to be associated with pro-
longed CSS.

4. Discussion

In recent decades, the number of cancer survivors has been
increasing rapidly [4]. Cancer survivors have special health
needs, including treatment-related toxicities [8] and recur-
rence of disease [9]; moreover, the incidence of multiple pri-
mary malignancies has also been growing rapidly and is a
threat to the health of cancer survivors [10, 11]. However,
since the majority of previous trials excluded populations
with prior cancer from cohort enrollment, few studies have
focused on these patients [7, 12, 13]. Consequently, limited
evidence is available to guide appropriate surveillance and
therapy for these patients. To the best of our knowledge,
no study has reported the characteristics and prognosis of
ICC patients with a history of prior cancer, and there is a
need for attention to be given to these patients.

In this study, using data from the SEER database, a total
of 782 ICC patients with prior cancer were identified. The
clinical characteristics of these patients were analyzed, and
we found that compared to ICC patients without prior can-
cer, those with prior cancer did not have inferior OS or CCS.
Subgroup analysis also gave similar results. These findings
were similar to those in previous studies focused on other
cancers [13–15]. Therefore, the following statement of the
NCI Cancer Therapy Evaluation Program (CTEP) seems
reasonable. Individuals who have received curative therapy
for prior malignancy and did not have tumor recurrence
for 5 years could be a participant in a cancer treatment trial
for a subsequent cancer [16].

Several interesting findings were identified in this study.
First, we found that among the ICC patients with prior
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Figure 2: The OS and CSS of intrahepatic cholangiocarcinoma patients with and without prior cancer. (a) OS; (b) CSS. OS: overall survival;
CSS: cancer-specific survival.
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cancer, the prostate, breast, and colorectum were the top
three most common sites. Similar results were also found
in studies focused on other cancers [12, 14, 17]. This could
be explained by the following reasons: (1) all three types of
cancer have a high incidence, and in a recent study, breast,
colorectal, and prostate cancer were reported to be the first,
third, and fourth most commonly diagnosed malignancies
worldwide, respectively [18]; (2) the indolent characteristics
of the three types of cancer and the advancement in thera-
peutic strategies contribute to a prolonged OS for patients
[19–21], and the relatively long-term survival time results
in an increasing chance of developing a second malignancy.
However, lung cancer, which is the second most commonly

diagnosed cancer [18], has a low incidence of second malig-
nancy in cancer survivors because of the high fatality rate
[22]. This might be explained by the relatively poor survival
and prognosis of lung cancer [23].

Another interesting finding in this study was that com-
pared to those without prior malignancy, ICC patients with
prior cancer had significantly different clinical characteris-
tics. First, we found that ICC patients with prior cancer were
older (>65 years), and similar results were also found in
studies focusing on other cancers [24, 25]. This phenome-
non might be associated with changes in the immune sys-
tem; it was reported that older age was associated with
decreased immunity (“immunosenescence”), which could
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Figure 4: Continued.
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contribute to increased tumorigenesis. In addition, ICC
patients with prior cancer were associated with better
tumor-related factors. We thought the main reason for this
was that the majority of these patients had regular surveil-
lance of their health. It is well known that the insidious onset
of ICC usually leads to a late diagnosis of disease, which
causes patients to miss an opportunity to receive an appro-
priate treatment. The regular surveillance of disease could
make the diagnosis of disease (especially cancer) more
prompt. In HCC, Xu et al. found that patients who under-
went regular postoperative surveillance had significantly bet-
ter OS than those who did not [26]. Ladigan-Badura et al.
also found that through regular upper gastrointestinal
endoscopy surveillance, clinicians could observe gastric can-
cer earlier, which could contribute to a better oncological

outcome [27]. Consequently, for those at high risk of devel-
oping ICC, regular and active surveillance might lead to an
early diagnosis of disease, and patients might benefit from
long-term survival.

Finally, we found that prior cancer did not contribute to
a worse prognosis for cancer survivors. In the included
patient cohort, ICC patients with prior cancer were found
to have better OS and CSS than those with only ICC. The
following reasons could explain this phenomenon: (1) ICC
patients with prior cancer had better tumor-related factors,
which might lead to a better long-term outcome; (2) ICC
patients with prior cancer might be under reduced exposure
to risk factors for developing cancer, such as alcohol and
smoking; (3) these patients might have better compliance
with surveillance and treatment. A main reason for the
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Figure 4: OS of subgroups stratified by prior cancer site. (a) Breast cancer, (b) colorectal cancer, (c) prostate cancer, (d) bladder cancer, (e)
gallbladder/HCC/other biliary, (f) oral cavity and pharynx cancer, (g) melanoma, (h) uteri, (i) non-Hodgkin lymphoma, and (j) kidney. OS:
overall survival; HCC: hepatocellular carcinoma.
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Figure 5: Continued.
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exclusion of patients with prior cancer from clinical trials
was the assumption that previous malignancies could influ-
ence oncological outcomes [28]. However, recent studies
have found comparable long-term outcomes between
patients with and without prior cancer [14, 15, 29]. In addi-
tion, for patients with lung cancer with prior cancer, recent
studies have challenged the rationality of excluding these
patients and have started to reconsider the design of current
clinical trials [12, 13]. Overly restrictive restrictions in
patient selection might lead to a low rate of enrollment,
and the number of participants could be insufficient; mean-
while, it could lead to a loss of generalizability of trial results
and to a limitation of the ability to understand the benefit-
risk profile of the therapy in patients who might receive
the intervention [30]. Furthermore, since there is a differ-
ence in survival rates and tumor-related factors between

patients with and without a history of prior different other
cancers, it could lead to a study bias when including these
patients in clinical trials. However, as discussed above, this is
caused by the difference in factors such as surveillance, treat-
ment, and exposure to risk factors for developing cancer,
which could be avoided by rigorous patient selection criteria
to some extent. Based on the increasing number of cancer sur-
vivors, combined with the findings in this and previous stud-
ies, when OS is the major study endpoint, the exclusion of
patients with prior cancer should be reconsidered. Further
studies focusing on this topic should be conducted.

There are several limitations in our study. First, due to
the nature of the SEER database, several well-known cancer
risk factors, such as smoking, alcohol consumption, and
family history, and prognostic factors for ICC, including
CA199 and CEA, were unavailable, which might lead to a
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Figure 5: The CSS of subgroups stratified by prior cancer site. (a) Breast cancer, (b) colorectal cancer, (c) prostate cancer, (d) bladder cancer,
(e) gallbladder/HCC/other biliary, (f) oral cavity and pharynx cancer, (g) melanoma, (h) uteri, (i) non-Hodgkin lymphoma, and (j) kidney.
OS: overall survival; HCC: hepatocellular carcinoma.
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bias of our results. However, using a large number of
patients and appropriate statistical methods, we still prelim-
inarily analyzed the characteristics of ICC patients with
prior cancer and obtained the prognostic information of
these patients. Second, apart from the sequence number,
latency, and site of prior cancer, we could not obtain any
clinical profiles of the prior cancers, and these factors might
be associated with the prognosis of patients. Third, the SEER
database only contained a population from the U.S., whether
the findings of this study are applicable to patients in other
countries, such as those with a relatively high incidence of
ICC, is uncertain [31, 32], and there is still a need for an
external patient cohort to further validate our findings.

5. Conclusions

In conclusion, the demographic and clinical characteristics
of ICC patients with prior cancer were significantly different
from those without prior cancer. Prior cancer did not
contribute to a worse prognosis for cancer survivors. The
exclusion of patients with prior cancer from clinical trials
should be reconsidered. Further studies are needed to
validate our findings.
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Supplementary 1. Figure S1: distribution of causes of death
for ICC patients with a history of prior malignancy. ICC:
intrahepatic cholangiocarcinoma; ICC-PM: intrahepatic
cholangiocarcinoma with prior malignancy; OICC: patients
only with intrahepatic cholangiocarcinoma.

Supplementary 2. Figure S2: OS of subgroups stratified by
AJCC stage. (A) AJCC stage I, (B) AJCC stage II, (C) AJCC
stage III, and (D) AJCC stage IV. OS: overall survival; AJCC:
American Joint Committee on Cancer.

Supplementary 3. Figure S3: the CSS of subgroups stratified
by AJCC stage. (A) AJCC stage I, (B) AJCC stage II, (C)
AJCC stage III, and (D) AJCC stage IV. OS: overall survival;
AJCC: American Joint Committee on Cancer.

Supplementary 4. Table S1: the 1-, 3-, and 5-year OS and
CCS in ICC patients with and without prior cancers.
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Table 3: Multivariate Cox regression analysis of OS and CSS in ICC patients stratified by initial prior cancer site.

Characteristics
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Prior cancer site (vs. <none)
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Prostate 0.865 (0.729-1.027) 0.098 0.786 (0.649-0.953) 0.014

Bladder 1.298 (0.949-1.774) 0.102 1.204 (0.849-1.708) 0.297

Liver/gallbladder/other bile duct 0.870 (0.611-1.240) 0.442 0.829 (0.567-1.210) 0.331
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Note: ICC: intrahepatic cholangiocarcinoma; HR: hazard ratio; CI: confidence interval; OS: overall survival; CSS: cancer specific survival.
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