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Abstract

Objectives: The objective of our study was to investigate and compare the epidemiologic characteristics, prognostic factors,
and survival between hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) patients.

Methods: Age-adjusted incidence rates were evaluated from 1975 to 2016 using the Surveillance, Epidemiology, and End
Results (SEER) database. Overall survival (OS) was investigated using the Kaplan—Meier method and log-rank test. Univariate
and multivariate Cox regression analyses were performed to identify the independent prognostic factors for OS.

Results: In the last 10 years, the incidence rate of ICC increased rapidly by 109% (annual percentage change (APC) = 8.24, 95%
Cl=6.64t0 9.86; P <.001), compared with a much more modest 12% increase in the incidence of HCC (APC = |.59, 95% Cl =
.56 t0 2.62; P < .001). This trend persisted throughout the study across different age groups, sexes, and races. Males older than
70 years and of other races (non-African American and non-Caucasian) showed the highest incidence rates of HCC and ICC.
Multivariate Cox regression analysis demonstrated that other race, married status, later year of diagnosis, more examined
lymph nodes, and surgery were significant protective factors of OS in HCC patients. In contrast, the race and year of diagnosis
were not independent prognostic factors, but radiation and chemotherapy were protective factors of OS in ICC patients. The
median OS was 18 months and 12 months in HCC and ICC patients, respectively.

Conclusion: In the last 10 years, the incidence of HCC had a slow growth in the United States, whereas ICC showed a
remarkable increase. The 5-year OS of the former has improved in recent years while that of the latter showed no significant
improvement. Therefore, surgery could contribute to superior survival outcomes as compared to other treatments.
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Introduction

Primary liver cancer (PLC), a rising public health concern, is
the third most lethal malignancy worldwide, according to the
GLOBOCAN 2020 database (https://gco.iarc.fr). Primary
liver cancer includes 2 main histologically distinct subtypes,
hepatocellular carcinoma (HCC) and intrahepatic chol-
angiocarcinoma (ICC), accounting for 75-85% and 10-15%
of the malignancies confined within the liver, respectively.'

Recently, several studies have been conducted on the in-
cidence and mortality rate of PLC, which has been rising
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rapidly worldwide.> In the past few decades, the incidence of
PLC has increased remarkably in the United States, and ac-
cording to this trend, the incidence is anticipated to continue
rising in the coming decades.*® The increased incidence of
HCC is mainly attributed to the associated risks such as
hepatitis B virus (HBV), hepatitis C virus (HCV),” alcohol
abuse,® obesity and diabetes.” On the other hand, the etiology
and pathogenesis of ICC remain unclear, especially in Western
countries.'® Hence, no specific or explicit risk factors have
been validated to be associated with an increased incidence of
ICC.

Hepatocellular carcinoma and ICC share some common
clinical characteristics and are easily prone to misdiagnosis."’
However, they are histologically and biologically
heterogeneous.'*'* Thus, there are significant differences in
the clinical diagnosis, treatment, and prognosis between them.
Therefore, the complicated clinical features in combination
with the high incidence and unfavorable prognosis of these
two subtypes underscores the fact that analyzing and com-
paring the various biographic, demographic, and clinical
variables between the two subtypes is of great significance.

Traditional tumor-node-metastasis (TNM) staging system
is performed for tumor classification based on the anatomic
extent of the cancer lesion. Generally, this staging system
possesses crucial guiding value for establishing treatment
strategies and assessing the prognosis in the clinic.'* However,
its practical application in PLC patients is not satisfactory
owing to the heterogeneity of patient backgrounds. Conse-
quently, it is essential to consider demographics, clinico-
pathological characteristics, and treatment characteristics to
predict the survival. Furthermore, univariate and multivariate
Cox proportional hazard regression models could effectively
evaluate the potential prognostic factors and assist in the early
diagnosis and clinical decision-making accordingly in the
population at large.

Therefore, in this retrospective study, we used the Sur-
veillance, Epidemiology, and End Results (SEER) database to
investigate the incidence trends of HCC and ICC between
1975 and 2016 in the United States. As it is based on a large
population, the SEER database is valuable for exploring rare
tumors such as ICC. Additionally, we compared the demo-
graphics, clinicopathological characteristics, and treatment
characteristics between the two subtypes of PLC to identify
the distinguishing variables and reduce the possibility of
misdiagnosis. Additionally, we attempted to gain insight into
the predictive factors that influence the prognosis of HCC and
ICC, and offer accurate clinical decisions in routine practice
via univariate and multivariate Cox proportional hazard re-
gression models. Furthermore, we investigated the trends of
the 5-year overall survival (OS) of the HCC and ICC patients
diagnosed from 2004 to 2012 and evaluated the effect of the
three main therapeutic methods of surgery, radiation, and
chemotherapy on the 5-year OS.

Materials and Methods

Database and Case Selection

The retrospective data used in this study were obtained from
the National Cancer Institute’s SEER program. The database
covers 9.1 million cases diagnosed with different types of
cancers, representing approximately 28% of the United States
population. Our study included the data of patients diagnosed
between 1975 and 2016 to assess the trends of PLC incidence
by pathological type, including the primary site of PLC (HCC
or ICC), age, sex, ethnicity, and stage according to SEER
historical staging. We included all patients diagnosed with
HCC and ICC using the age-mandated eligibility criteria in the
SEER 18 Registries, Nov 2018 Sub (1975-2016 varying). We
signed the SEER database-use agreement, and we were pro-
vided with a license to access the SEER information (accession
username: 14820-Nov2019). As the information in the SEER
database is publicly accessible for use in relevant medical re-
search globally, the present study was exempt from the re-
quirement to obtain local institutional review board oversight.

Patients diagnosed with HCC were identified using the
primary site code “C22.0” for the liver and International
Classification of Diseases for Oncology-3rd edition (ICD-O-
3) histology/behavior codes “8170/3,” “8171/3,” “8172/3,”
“8173/3,” “8174/3,” and “8175/3” for HCC. Intrahepatic
cholangiocarcinoma was identified using the primary site code
“C22.1” for the intrahepatic bile duct and ICD-O-3 histology/
behavior codes “8032/3,” “8033/3,” “8041/3,” “8050/3,”
“8070/3,” “8071/3,” “8140/3,” “8141/3,” “8160/3,” “8260/3,”
“8480/3,” “8481/3”, “8490/3,” and “8560/3” for chol-
angiocarcinoma.'”> The age during diagnosis of patients was
>18 years. Patients who met any of the following criteria were
excluded from the study: (I) unknown survival time or sur-
vival time <1 month; (II) unavailability of follow-up infor-
mation including race, marital status, and TNM stage; (III)
multiple primary tumors; and (IV) diagnosis at autopsy or
without positive histologic results. In total, 77 674 patients
diagnosed between 2004 and 2015 were initially screened
from SEER 18 Registries. Unknown survival time or survival
time <1 month (n = 11 633), unavailability of follow-up in-
formation including race, marital status, and TNM stage (n =
16 982), multiple primary tumors (n = 8854), diagnosed at
autopsy or without positive histologic results (n = 16 762)
were omitted. Finally, a group of 23 443 patients diagnosed
with either HCC or ICC, who met the inclusion criteria and
were diagnosed between 2004 and 2015 according to the
detailed 6™ edition of the American Joint Committee on
Cancer (AJCC 6" edition) TNM staging information, were
selected to evaluate the prognosis factor of HCC and ICC.
Additionally, data of 16 277 patients with HCC or ICC, who
met the criteria and were diagnosed between 2004 and 2012
(excluding patients from 2013 to 2015, n = 7166), were
collected to assess the 5-year OS trends.
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Statistical Analysis

We used SEER*Stat version 8.3.8 to calculate the incidence
rates via age-adjusted to the United States standard population of
2000. Incidence rate were further classified based on the primary
site, sex, ethnicity, and TNM stage according to different his-
torical staging. Pearson chi-square tests were used to analyze and
compare categorical variables between the HCC and ICC pa-
tients. The main outcome assessed was OS, which was estimated
using the Kaplan—-Meier method. The log-rank test was used to
compare the OS between the HCC and ICC patients. Variable
significantly influencing survival in the univariate analysis were
further estimated using a multivariate Cox proportional hazards
model. We tested the proportional hazard assumptions for the
Cox models before we started the Cox regression analysis. All
variables conformed to the hypothesis test.

For all the statistical tests, two-sided P-values <.05 were
considered statistically significant. The Pearson chi-square test
and Cox proportional hazards model were performed using
SPSS Statistics, version 23 (IBM Corp). Nonlinear regression
was performed using GraphPad Prism 7.0. The Kaplan—
Meier method was performed using the package of surv-
miner and survival in R version 3.6.3 (R Foundation for
Statistical Computing).

Results

Incidence Trends

General incidence trend. Forty-two-year incidence trends for
HCC and ICC are described in Figure 1. The age-adjusted
incidence rates of both HCC and ICC have increased over the
last 4 decades. The incidence rate of HCC increased by ap-
proximately 3.10-fold from 1.57 per 100 000 in 1975 to 6.43

per 100 000 in 2016 (annual percentage change [APC] =4.20,
95% confidence interval [CI] = 3.97 to 4.43; P < .001).
Likewise, the incidence rate of ICC increased by almost 3.38-
fold from .32 per 100 000 in 1975 to 1.40 per 100 000 in 2016
(APC =3.47,95% CI =2.97 to 3.97; P <.001). Whereas, in
the last 10 years, the incidence rate of ICC increased rapidly by
109% from .67 per 100 000 in 2007 to 1.40 per 100 000 in
2016 (APC = 8.24, 95% CI = 6.64 to 9.86; P < .001). In
contrast, the incidence rate of HCC increased by 12% from
5.72 per 100 000 in 2007 to 6.43 per 100 000 in 2016 (APC =
1.59, 95% CI = .56 to 2.62; P < .001).

Gender, Race and Age Distribution. In addition to the general
incidence trends of HCC and ICC, we further investigated the
incidence trends of these two pathological types of PLC
according to the demographic characteristics of the patients
during the study period. The median age at diagnosis of HCC
patients was significantly younger than that of the ICC pa-
tients since1981 (Figure 2A). Remarkably, the median age of
the HCC patients showed a decreasing trend since the 5-year
period from 1991 to 1995 and remained at a lower level than
that of the previous periods. In contrast, although the median
age of ICC had declined since the 5-year period from 1996 to
2000, the age level was not lower than that of the previous 5-
year period from 1991 to 1995 (Figure 2A). In total, 36.81%
of the diagnosed HCC patients were younger than 50, as
compared to the 25.98% of ICC patients. In contrast, 47.5%
of the diagnosed ICC patients were diagnosed older than 70
whereas only 32.3% of HCC patients were above that age
(Figure 2B). The incidence of ICC cases showed an in-
creasing tendency for each age group between 1975 and
2016. Furthermore, the increasing trend of ICC was statis-
tically more evident in those younger than 50 (APC = 4.00,
95% CI = 3.23 to 4.78; P < .001) than in those aged 50—
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Figure |. Age-adjusted incidence of hepatocellular carcinoma and intrahepatic cholangiocarcinoma, 1975-2016.
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Figure 2. Age distribution of HCC and ICC. (A): Median age at diagnosis by era. (B): Percentage of patients diagnosed with HCC or ICC
within the indicated age range. (C): Temporal trends in age-adjusted incidence rates of HCC by age. “Younger than 50” vs “50—69 years,” P
value was less than .001; “younger than 50” vs “older than 70” P value was less than .001; “50-69 years” vs “older than 70,” P value was less
than .001. (D): Temporal trends in age-adjusted incidence rates of ICC by age. “Younger than 50” vs “50-69 years,” P value was .001; “younger
than 50” vs “older than 70,” P value was .249; “50-69 years” vs “older than 70,” P value was less than .001.

69 years (APC = 3.87, 95% CI = 3.33 to 4.42; P <.001) or
older than 70 (APC =3.12, 95% CI=2.43 to 3.82; P <.001)
(Figure 2D). Nevertheless, the incidence of HCC in those
younger than 50 increased from 1975 to 2006 (APC = 5.99,
95% CI=5.33t0 6.65; P <.001) but declined from 2007 to
2016 (APC = —5.33, 95% CIl = —7.34 to —3.27; P <.001).
Although the incidence trend of HCC continued to show an
increase in patients aged 50—69 years and older than 70 from
2007 to 2016, it had slowed down obviously as compared to
the previous period (Figure 2C).

The incidence rates of both HCC and ICC were higher in
males than in females (Figure 3A and 3B). Furthermore, this
founding was more significantly higher in the HCC patients
than in the ICC patients. Additionally, among the HCC pa-
tients, the increasing trend was more evident in males (APC =
4.12,95% CI=3.88 to 4.37; P <.001) than in females (APC =
3.78, 95% CI = 3.54 to 4.03; P <.001). On the other hand, it
was less evident in males (APC =2.81, 95% CI=2.24 to 3.39;
P <.001) than in females (APC =4.03,95% CI=3.49 to 4.57,
P <.001) among the ICC patients.

Among the diverse racial groups comprising whites,
blacks, and other races, the incidence rate in the other races
subgroup was the highest for both HCC and ICC (Figure 3C
and 3D). The incidence in the blacks was moderately higher

than that in the whites among the HCC patients, but it did not
differ significantly between them in the ICC patients. Notably,
the increasing trend of HCC and ICC was more evident in the
whites (APC =4.56, 95% CI=4.32 10 4.79; P<.001 and APC =
3.41, 95% CI = 2.89 to 3.94; P < .001, respectively) and the
blacks (APC =3.89,95% CI=3.51t04.27; P<.001 and APC =
3.46,95% CI=2.47 to 4.46; P <.001, respectively) than in the
other races (APC =1.31,95% CI=1.03 to 1.59; P<.001 and
APC =2.65, 95% CI = 1.96 to 3.34; P < .001, respectively).

Stage Distribution. To investigate the influence of pathologic
characteristics on the incidence further, we examined the trend
in the four stage groups. HCC was diagnosed more frequently
in the early stage whereas ICC was diagnosed more frequently
in the advanced stage (Figure 4A). Limiting the number of
patients with definite staging information between 2004 and
2015, the proportion of HCC patients diagnosed with stage I or
II was more than that of the ICC patients (59.30% vs 30.78%).
Furthermore, the increasing trend of HCC was more evident in
the stage I patients (APC = 6.86, 95% CI =5.76 to 7.97; P <
.001) than in the other stages. In contrast, the increasing trend
of ICC showed the most rapid growth in the stage IV patients
(APC =10.93, 95% CI = 8.10 to 13.83; P <.001) among all
the stages.
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Figure 3. Age-adjusted incidence trends over time of HCC. Trends shown according to (A) sex (male vs female, P value was .037) and (C)
race (white vs black, P value was less than .001; white vs other, P value was less than .001; black vs other, P value was less than .001). Age-
adjusted incidence trends over time of ICC. Trends shown according to (B) sex (male vs female, P value was less than .001) and (D) race
(white vs black, P value was .339; white vs other, P value was .008; black vs other, P value was .106).

Survival Analysis

Baseline characteristics. The demographic and clinical char-
acteristics of the 23 443 patients diagnosed between 2004 and
2015 in the SEER database with available staging information
are shown in Table 1. Among these patients, 20 300 had HCC
(86.6%) and 3143 had ICC (13.4%). The white race was the
predominant racial group to be diagnosed with HCC or ICC in
the study cohort. There were more males among the HCC
patients than females (77.2% vs 22.8%) while ICC patients
showed no significant difference in the sex distribution (49.7%
vs 50.3%). Moreover, both HCC and ICC were more fre-
quently diagnosed in the non-married group. The number of
HCC cases showed a slight increase in the later years of
diagnosis, while ICC cases showed a huge rise. Moreover, the
HCC and ICC patients were more likely to be classified as
early stage and well differentiated grade and as advanced stage
and poorly differentiated grade, respectively. The frequency of
undergoing surgery was higher in the HCC patients (44.0% vs
55.5%) than in the ICC patients (34.9% vs 64.9%). However,
compared to the HCC patients, higher percentage of ICC

patients underwent radiation (17.2% vs 8.1%) and chemo-
therapy (57.0% vs 41.4%).

Prognostic factors. The prognostic factors of several demo-
graphic and clinical characteristics of OS are displayed in
Table 2. The median OS of the HCC and ICC patients between
2004 and 2015 was 18 months and 12 months, respectively
(Table 3). According to univariate Cox proportional hazard
regression models, older than 41, black race, male, worse
differentiated status, advanced TNM stage (stages III and IV),
large tumor size (>2 cm), positive AFP, lymph nodes testing
positive, radiation, and chemotherapy were identified as
significant risk factors for poor clinical prognosis of HCC
cases. Nevertheless, other races, married status, later year of
diagnosis, more examined lymph nodes and surgery were
considered significant protective factors of OS in HCC pa-
tients. A high fibrosis score had no significant impact on the
OS of HCC. The risk factors and protective factors of ICC
were similar with those of HCC except that race and year of
diagnosis were not prognostic factors of ICC, while high
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fibrosis score, radiation, and chemotherapy were significant
risk factors. Moreover, it is worth noting that the age group of
41-60 years and tumor size subgroup of 2-5 cm had no
significant impact on the OS of ICC when compared with
younger age (<41 years) and smaller tumor size (<2 cm),
respectively. Unlike the results of the univariate analyses, the
multivariate analyses for HCC patients showed that the black
race was not an obvious high-risk factor for poor clinical
prognosis as compared to the white race, whereas patients with
moderately differentiated tumors had significantly worse
survival than those with well differentiated tumors. For the
ICC patients, the multivariate analyses revealed that stage II
and moderately differentiated tumors were significant high-
risk factor for poor clinical prognosis as compared to stage I
and well differentiated tumors, which was different from the
univariate analyses results. Moreover, unlike the univariate
analyses findings, the multivariate analyses results showed
that the examination of lymph nodes was not associated with
clinical prognosis in both HCC and ICC patients.

Five-year OS. The OS of patients diagnosed with HCC was
significantly better than that of patients with ICC (Figure 5A).
The 5-year OS rate of the HCC and ICC diagnosed from 2004
to 2012 are shown in Figure 5B. A large improvement in the

S-year OS was observed in the HCC patients from 21.99% in
2004 to 29.85% in 2012. However, there was no significant
improvement in the 5-year OS in the ICC patients, which
fluctuated in the range of 11-16%. Furthermore, we inves-
tigated the impact of surgery, chemotherapy, and radiation on
the 5-year OS. The OS of the HCC patients undergoing
surgery showed an obvious improvement from 37.31% in
2004 to 56.40% in 2012, while those not undergoing surgery
showed a modest improvement during our study period
(Figure 6B). Notably, the 5-year OS of HCC patients who
underwent surgery present an approximate benefit of 40% as
compared to those who did not (Figure 6A and 6B). Patients
with HCC who received radiation or did not receive radiation
showed a modest improvement in the 5-year OS (Figure 6F).
Unlike surgery, the OS of HCC patients receiving radiation
was worse than that of patients not receiving radiation during
our study period (Figure 6E). Similarly, the OS of HCC pa-
tients receiving chemotherapy was worse than that of patients
not receiving chemotherapy during our study period, except in
2005 (Figure 61 and 6J). Specifically, the 5-year OS associated
with chemotherapy therapy remained relatively stable from
2005 to 2012 while that not receiving chemotherapy showed a
moderate increase from 24.92% in 2005 to 34.45% in 2012.
As for ICC, the OS of patients who underwent surgery was
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Table I. Baseline characteristics of the patients with HCC and ICC.  Table |. (continued)

HCC ICC HCC ICC

(N =20300; (N =3I43; (N =20300; (N =3143;

Characteristics 86.6%) 13.4%) P Value  Characteristics 86.6%) 13.4%) P Value

Age,y <001 Unknown 4358 (21.5) 1405 (44.7)
<4 502 (2.5) 119 (3.8) Fibrosis score <001
41~60 8650 (42.6) 1089 (34.6) FO—4 1550 (7.6) 270 (8.6)
61~80 9805 (48.3) 1698 (54.0) F5-6 4060 (20.0) 147 (4.7)
>80 1343 (6.6) 237 (7.5) Unknown 14 690 (72.4) 2726 (86.7)

Race, n (%) <.001 Surgery <.001
White 13518 (66.6) 244l (77.7) No I1 295 (55.6) 2040 (64.9)

Black 2795 (13.8) 277 (8.8) Yes 8939 (44.0) 1096 (34.9)
Other 3987 (19.6) 425 (13.5) Unknown 66 (.3) 7(2)

Sex, n (%) <.001 Radiation <.001
Female 4636 (22.8) 1580 (50.3) No 18 662 (91.9) 2601 (82.8)

Male I5 664 (77.2) 1563 (49.7) Yes 1638 (8.1) 542 (17.2)

Marital status, n (%) <.001 Chemotherapy <.001
Married 8644 (42.6) 1158 (36.8) No Il 886 (58.6) 1351 (43.0)

Not married Il 656 (57.4) 1985 (63.2) Yes 8414 (41.4) 1792 (57.0)

Year of diagnosis, n (%) <.001
2004-2006 3992 (19.7) 440 (14.0) apparently higher than that of patients who did not (Figure
2007-2009 4980 (24.5) 642 (20.4) P : )
20102012 5426 (267) 797 (25.4) 6C). However, t.here was no S{gnlﬁcant increase durm‘g j[he
2013-2015 5902 (29.1) 1264 (40.2) study period (Figure 6D). Patlen.ts who received rad.latlon

Grade, n (%) <001 pr(?sent better sh(.)r.‘[—term prognosis than thost? who d1§ pot
Well differentiated, | 4235 (209) 188 (6.0) (F igure 6G). Addltlonglly, the 5—year OS of patients receiving
Moderately 6179 (30.4) 889 (28.3) radiation fluctuated widely ranging from 4.17% to 26.83%,

differentiated, Il while that of patients not receiving radiation remained rela-
Poorly differentiated, Il 2656 (13.1) 733 (23.3) tively stable (Figure 6H). Generally, the ICC patients re-
Undifferentiated, IV 223 (1.1) 21 (.7) ceiving chemotherapy presented better short-term prognosis
Unknown 7007 (34.5) 1312 (41.7) as compared to those not receiving chemotherapy during the

Stage, n (%) <.001 study period except in 2007 and 2008 (Figure 6K and 6L).

| 8668 (42.7) 793 (25.2)

I 4353 (21.4) 295 (9.4)

i 4758 (23.4) 1075 (34.2) Discussion
\% 2521 (12.4) 980 (31.2)

Tumor size <.001 This study cohort included patients with two main histolog-
0~<2 cm 1755 (8.6) 121 (3.8) ically distinct subtypes of PLC from the SEER database and
2~5 cm 8494 (41.8) 791 (25.2) demonstrated a persistent increase in the incidence of HCC
>5 cm 8603 (42.4) 1804 (57.4) and ICC in the United States from 1975 to 2016. Although it is
Unknown 1448 (7.1) 427 (13.6) well acknowledged that the incidence of ICC has increased

Lymph nodes examined <.001 worldwide,'®'® our study confirmed the veracity of this
0 18 676 (92.0) 2384 (75.9) finding on the basis of the expanding data analysis comprising
I~5 1326 (6.5) 526 (16.7) patients diagnosed up to 2016. Notably, our study points out
26 66 (.3) 151 (4.8) that the incidence rate of ICC increased rapidly by 109% in the
Unknown 232 (1.1) 82 (2.6) last 10 years as compared to a much more modest increase of

Lymph nodes positive <001 129% in the incidence of HCC.

0 1379 (6.8) 439 (14.0) The reasons for the apparent increase in ICC incidence,
I~> 100 (.5) 257 (8.2) especially in the past decade, have not been clearly clarified.
26 47.(2) 43(14) Saha et al. revealed that the improved diagnosis of cancer
Unknown 18 774 (92.5) 2404 (76.5) ) .

cases that would previously have been classified as cancer of

AFP <00l unknown primary (CUP) origin may have contributed to the
Negative 4645 (22.9) 1237 (39.4) ) . o
Positive/elevated 11297 (55.7) 501 (15.9) increase in the number of ICC cases reported. ™ Great ad-

vances in diagnostic technology such as imaging diagnosis,
(continued)  histological examination, and molecular diagnostics, are
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Table 2. Variables associated with overall survival according to the Cox proportional hazards regression model.

HCC

ICC

Univariable analysis

Multivariable analysis

Univariable analysis

Multivariable analysis

P P P P
Variables HR (95%Cl) value HR (95%Cl) value HR (95%Cl) value HR (95%Cl) value
Age, y
<4| Reference Reference Reference Reference
41~60 1.238 (1.101-1.391) <.001 1.310 (1.164-1.475) <.001 1.178 (.948-1.464) .139 1.140 (.915-1.420) 244
61~80 1.512 (1.346-1.699) <.001 1.505 (1.337-1.694) <.001 1.364 (1.102—1.688) .004 1.322 (1.064-1.641) .012
>80 2411 (2.122-2.739) <.001 1.784 (1.567-2.031) <.001 1.925 (1.502-2.466) <.001 1.633 (1.266-2.107) <.001
Race, n (%)
White Reference Reference Reference
Black 1.203 (1.149-1.260) <.001 1.039 (.991-1.089) 14 11131 (.988-1.295) .074
Other .805 (.771-.841) <.001 .847 (.810-.885) <.001 .944 (.842-1.059) .328
Sex, n (%)
Female Reference Reference Reference Reference
Male 1.094 (1.052-1.137) <.001 1.099 (1.055-1.144) <.001 1.206 (I.116-1.304) <.001 1.237 (1.142-1.340) <.001
Marital status,
n(%)
Not married Reference Reference Reference Reference
Married .783 (.757-.809) <.001 .878 (.848-.908) <.001 914 (.843-.990) .027 911 (.838-.990) .027
Year of
diagnosis, n
(%)
2004~2006 Reference Reference Reference
2007~2009 .956 (.913-1.002) .059 916 (.875-.960) <.001 .999 (.879-1.135) .985
2010~2012 .923 (.881-.967) .001 .628 (.417-.945) 026 974 (.860-1.103) .680
2013~2015 .888 (.845-.933) <.001 .599 (.397-.903) 014 920 (.815-1.038) 174
Grade, n (%)
Well Reference Reference Reference Reference
differentiated,
|
Moderately 1.023 (.974-1.074) 362 1.146 (1.091-1.203) <.001 1.110 (.922-1.336) 269 1.219 (1.010-1.470) .039
differentiated,
I
Poorly 1.613 (1.523-1.707) <.001 1.528 (1.441-1.620) <.001 1.652 (1.370-1.993) <.001 1.578 (1.306—1.907) <.001
differentiated,
I
Undifferentiated, 1.958 (1.691—2.266) <.001 1.832 (1.581-2.124) <.001 1.840 (I.111-3.048) .018 1.767 (1.063-2.937) .028
v
Unknown 1.565 (1.496—1.638) <.001 1.232 (1.176-1.291) <.001 2.058 (1.721-2.462) <.001 1.426 (1.188-1.711) <.001l
Stage, n (%)
| Reference Reference Reference Reference
Il .986 (.941-1.033) 555 .969 (.857-1.095) 611 1111 (.946—1.305) 200 1.398 (1.186—1.648) <.001
[} 2.571 (2.468-2.679) <.001 1.437 (1.316-1.570) <.001 1.762 (1.581-1.964) <.001 1.730 (1.536—1.949) <.00I
1\ 4419 (4.203-4.645) <.001 2.060 (1.893-2.240) <.001 2.976 (2.665-3.323) <.001 2.269 (1.990-2.588) <.001
Tumor size
0~<2 cm Reference Reference Reference Reference
2~5 cm 1.736 (1.609-1.873) <.001 1.552 (1.438-1.676) <.001 1.019 (.810-1.283) 871 1.172 (.928-1.480) .183
>5 cm 3.598 (3.338-3.879) <.001 2.095 (1.933-2.271) <.001 1.513 (1.213-1.888) <.001 1.401 (I.118-1.757) .003
Unknown 5.387 (4.925-5.893) <.001 2.646 (2.410-2.906) <.001 2.072 (1.634-2.628) <.001 1.487 (1.168-1.892) .00l
Lymph nodes
examined
0 Reference Reference

(continued)
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Table 2. (continued)
HCC ICC
Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
P P P P

Variables HR (95%Cl) value HR (95%Cl) value HR (95%ClI) value HR (95%Cl) value

1~5 .394 (.362—-.428) <.001 482 (.430-.541)  <.001

>6 .553 (.399-.768) <.001 .502 (408-.617)  <.001

Unknown [.101 (.951-1.276) .199 1.099 (.873-1.384) 422
Lymph nodes

positive

0 Reference Reference Reference

|~5 3.096 (2.454-3.906) <.001 1.333 (1.048-1.696) .019 1.983 (1.648-2.387) <.001 1.640 (1.351-1.992) <.00l

>6 5.171 (3.806-7.027) <.001 1.560 (1.139-2.135) .006 3.364 (2.424-4.667) <.001 1.688 (1.202-2.369) .002

Unknown 2.613 (2.406-2.838) <.001 1.445 (1.326-1.574) <.001 2.655 (2.326-3.031) <.001 1.297 (I.114-1.510) .00l
AFP

Negative Reference Reference Reference Reference

Positive/elevated 1.609 (1.542—1.680) <.001 1.348 (1.290-1.408) <.001 1.421 (1.269-1.591) <.001 1.265 (1.129-1.418) <.001

Unknown 1.480 (1.407-1.557) <.001 1.249 (1.186-1.315) <.001 1.095 (1.005-1.193) .037 1.101 (1.009—1.201) .03I
Fibrosis score Reference

FO—4 Reference Reference

F5-6 1.014 (.940-1.093) 722 1.327 (1.051-1.675) .017

Unkonwn 1.579 (1.478-1.687) <.001 1.440 (1.243-1.669) <.001
Surgery

No Reference Reference Reference Reference

Yes .253 (.244-.262) <.00l .318(.305-.333) <.00l .305 (.278-334)  <.001 .361 (.319-.408) <.001

Unknown 1.288 (1.007-1.647) .044 1.275 (.996-1.632) .054  1.211 (.577-2.545) 613 1.450 (.683-3.079) 333
Radiation

No Reference Reference Reference Reference

Yes 1.439 (1.360-1.524) <.001 1.432 (1.353-1.516) <.001 0.867 (.783—-961) .006 .835 (.750-.929) .001
Chemotherapy

No Reference Reference Reference Reference

Yes 1.070 (1.036—1.106) <.001 1.060 (1.026—1.056) <.001 .903 (0.834-.978) 012 541 (494-592) <.001
Table 3. Median OS of HCC and ICC. period from 1975 to 1999."” Compared to the relatively short

study period of the previous study, our study expanded the

Treatment HCC (months) ICC (months) study period from 1975 to 2016 to observe the overall inci-
Total 18 12 dence of ICC more objectively. According to our study, the
Surgery proportion of patients with HCC and ICC aged younger than

No 8 8 50 increased from 1975 to 2016 as compared to the patients

Yes 58 30 aged 50-69 years and older than 70. We also found that the
Radiation incidence of ICC in woman showed a more remarkable in-

No 19 I crease than that in men from 1975 to 2016, although the

Yes 12 15 incidence rate in the latter was only slightly higher than that in
Chemotherapy the former. Furthermore, the median age of ICC patients at

’;‘0 :Z 74 diagnosis declined since 2000. Therefore, it is reasonable to

es

probably a crucial cause for this increasing trend.”® However,
Shaib et al. demonstrated that improved diagnostic technology
could not adequately explain the increased incidence of ICC
due to an absence in the shift toward increasing diagnosis of
ICC at a younger age and more frequently in females in the

presume that improved diagnostic technology may be a critical
factor accounting for the increased reported incidence of ICC.
However, there is insufficient scientific evidence to prove the
role of improved diagnostic technology.?!

Unlike ICC, the incidence trend of HCC over the last few
decades has apparently slowed down when compared with the
past four decades. The implementation of chronic HBV
vaccination and HBV antiviral therapy might have reduced the
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Figure 6. Continued.

incidence rate of HBV-related HCC worldwide, especially in
the Western Pacific regions.””* It was reported that HBV
vaccination contributed to an estimated 83% reduction in the
number of new HBV infections (310 million cases) be-
tween1990 and 2020.752° We found that the incidence rates of
HCC in patients aged younger than 50 years has declined in
the last 10 years. Effective prevention of viral hepatitis
transmission (such as single-use parenteral injection systems)
and HBV vaccination have resulted in low viral hepatitis-HCC
in the Western countries.”””® Nevertheless, the burden of
metabolic syndrome gradually emerged as a prominent eti-
ology of HCC in the United States.”*~*' Consistent with the
results of previous studies, we found that unlike the incidence
of ICC, the HCC incidence rate showed an obvious disparity
in diverse racial groups and sexes in the United States. Al-
though the highest incidence was reported in males from other
ethnic backgrounds, the increase in incidence in the white
racial group was the highest, followed by the black and other
racial groups. Consequently, HBV vaccination and enhanced
management of public health have remarkably reduced the
incidence of HCC; however, the non-infectious factors should
be given more attention.

It is universally recognized that HBV or HCV infection and
metabolic syndrome could cause decompensated cirrhosis,
which may eventually lead to HCC.>? Unlike HCC, the

etiology of ICC remains largely unknown as it may occur even
without cirrhotic liver or viral infection.”* However, previous
studies have suggested that HBV or HCV infections and liver
cirrhosis are associated with an upward trend of ICC inci-
dence.** Parasitic infections (e.g., Clonorchis sinensis) occur
frequently in Southeast Asia, which is an important cause of
the high incidence of ICC in these regions.’> The migration of
the infected population from these areas to the United States
could explain the higher incidence in the other racial groups as
compared to the white and black racial groups in our study.

For survival analysis, we adopted a cohort of 20 300 HCC
patients and 3143 ICC patients diagnosed between 2004 and
2015. Consistent with previous studies, the demographic and
clinicopathologic characteristics of the HCC patients such as
age, sex, marital status, degree of differentiation, and stage
showed a significant prognostic impact. The male patients
were more vulnerable to both HCC and ICC as compared to
the female patients, which is consistent with the findings of
previous studies. It was reported that estrogen deprivation
resulted in a decrease in the interleukin-6 production by the
peripheral blood mononuclear cells, which reduced the pro-
tective effect toward age-related diseases.’® This result partly
explains the relatively high incidence rate of HCC and ICC in
the males. Interestingly, individuals with HCC or ICC who
were married had a benefit in survival outcomes as compared
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Figure 6. Continued.

to the unmarried individuals. This could be attributed to good
social support which could partly reduce the occurrence of
adverse outcomes. Notably, there was a continued increase in
the OS of HCC patients from 2004 to 2015, but no significant
increase in that of ICC patients. This could be attributed to the
missed diagnosis of ICC and subsequently the ICC patients
lost the opportunity for optimal treatment.'® According to our
results, surgery remained the best treatment option to improve
the OS for both HCC and ICC when compared with radiation
therapy and chemotherapy. Specifically, the 5-year OS of HCC
patients who underwent surgery with HCC showed an approx-
imate benefit of 40% as compared to those who did not, and the
increasing trend of the 5-year OS was more obvious in patients
undergoing surgery than in those not undergoing surgery.

This study has several limitations in nature. As our study
was a retrospective cohort study, there were certain un-
avoidable biases. Furthermore, several associated variables
such as HBV or HCV infection and parasitic infections that
could affect the survival were not recorded in the SEER
database. The SEER database does not provide specific in-
formation on chemotherapy, including the course of the
treatment and agents/drugs administered. Finally, this study
focused on the United States population; hence, these results
are restricted to this population and may not be generalizable
to other populations worldwide. Despite these limitations, our
results provided important insights regarding PLC, as well as

valuable information on the incidence, prognostic factors, and
survival among PLC patients based on the large number of
cases in the SEER database.

Conclusion

This is the most up-to-date population-based analysis that
demonstrates the incidence of the two subtypes of PLC over
the past four decades in the United States. Although the study
filled a crucial knowledge gap concerning recent trends in
PLC, there is a lack of essential studies on the potential
mechanisms underlying the increased trends in ICC in the
United States. Additionally, our study summarized and
compared a variety of demographic, clinicopathologic, and
treatment variables that had a significant prognostic impact on
the OS of patients with HCC and ICC. It might assist clinicians
to accurately estimate prognosis and eliminate the restriction
of the AJCC staging. Particularly, surgery, the current critical
factor associated with the improvement of 5-year OS, should
be recommended for HCC and ICC patients as the optimal
therapeutic method in clinical practice.
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