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Abstract
BACKGROUND
Intrahepatic cholangiocarcinoma (ICC) is one of the most aggressive malignancies. However, because of its scarcity there are limited population-based data available for investigations into its epidemiologic characteristics. In Taiwan, we have a national cancer registry database that can be used to evaluate the secular trends of ICC.

AIM
To evaluate secular trends of ICC according to age, sex, and risk factors in Taiwan.

METHODS
In this population-based study, we used the national Taiwan Cancer Registry database. Age-standardized and relative percent changes in incidence rates were used to describe secular trends in incidence rates and sex ratios of ICC in Taiwan.

RESULTS
The age-standardized ICC incidence rate among males increased from 1.51 per 100000 in 1993-1997 to 4.07 per 100000 in 2013-2017 and among female from 1.73 per 100000 to 2.95 per 100000. The incidence in females tended to plateau after 2008-2012. For males, the ICC incidence increased as age increased. In the long-term incidence trend of ICC in females, the incidence of the four age groups (40-44, 45-49, 50-54 and 55-59 years) remained stable in different years; although, the incidence of the 60-64 group had a peak in 2003-2007, and the peak incidence of the 65-69 and 70-74 groups occurred in 2008-2012. Among males, beginning at the age of 65, there were increases in the incidence of ICC for the period of 2003-2017 as compared with females in the period of 2003-2017.

CONCLUSION
Increased incidence of ICC occurred in Taiwan over the past two decades. The increased incidence has progressively shifted toward younger people for both males and females.
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[bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK375][bookmark: OLE_LINK376]Core Tip: It is important to evaluate the secular trends of intrahepatic cholangiocarcinoma (ICC) incidence and to determine insightful etiological clues in a population with a high incidence of liver cancer. Using the national Taiwan Cancer Registry, we observed an increased incidence of ICC for both males and females. Our observations should be taken in the context of other studies conducted on secular trends of ICC.


INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is one of the most aggressive malignancies, and its mortality rates are 1–2 per 100000[1]. After surgery, patients with ICC have 5-year survival rates of approximately 60%, and the rates of recurrence are 60%-65%[2]. In the United States, there were 1.18 new cases per 100000 in 2012[3]. ICC is the second most commonly diagnosed liver cancer[4], and the incidence of ICC continues to increase[5]. Florio et al[5] reported that the incidence rate of ICC has regional differences. For example, the incidence rate of ICC in 2008-2012 was 2.80 per 100000 in South Korea [95% confidence interval (CI): 2.68 to 2.93], 2.19 per 100000 in Thailand (95%CI: 2.01-2.36), 0.58 per 100000 in Italy (95%CI: 0.48-0.69), 0.78 per 100000 in the United States (95%CI: 0.74-0.82), and 1.15 per 100000 in the United Kingdom (95%CI: 1.12-1.18)[5]. The average annual percent change (AAPC) of ICC in 2008-2012 also exhibits regional differences. In particular, the AAPC of ICC in 2008-2012 was 4.5% in South Korea (95%CI: 3.0-5.9), -1.0% in Thailand (95%CI: -3.8-1.9), 3.3% in Italy (95%CI: 1.5-5.2), 2.0% in the United States (95%CI: -2.3-6.5), and 4.6% in the United Kingdom (95%CI: 3.2-6.1)[5]. Although these previous studies show that the threat of ICC is rising in many parts of the world[4,5], few studies have used nationwide incidence data to study the epidemiology of ICC.
Moreover, this population-based data facilitates an unbiased estimate of the burden of ICC into the near future. We aimed to evaluate the current trends of ICC in Taiwan. We investigated secular trends in the incidence of ICC to provide insightful etiological analyses, particularly for the variations by age and sex.

MATERIALS AND METHODS
Incidence data from 1993–2017 were obtained from the Taiwan Cancer Registry (TCR). We extracted incidence data on ICC [topography code of International Classification of Diseases for Oncology (ICD-O-FT: T-155.1 before 2002 and ICD-O-3: C22.1, M code 9590-9993 was excluded)]. TCR is organized and funded by the Health Promotion Administration, Ministry of Health and Welfare, Taiwan. In 1979, TCR began to register all cancers nationwide[6,7].

Statistical analysis
In 1995, Taiwan launched the National Health Insurance system[8]. Since that time, the health status of the Taiwanese population has been fully registered[7]. The incidence data were grouped into 17 5-year age groups (0-4, 5-9, 10-14, 15-19, … to 80+ years) and 5 periods (1993–1997, 1998–2002, …, and 2013–2017). Therefore, the data design comprised 14 birth cohorts (the oldest: 1908-1912 to the youngest: 1973-1977). In this study, we reasoned the choice of 1993-1997 as the beginning of the analytical year to avoid incomplete records of incidence data, and the quality of diagnosis in 1993 was similar to that after 1995.
We calculated the incidence rates by sex for each age group by dividing the number of cases by the corresponding population size[9]. Age-standardized incidence rates by sex were calculated using the direct method with the 2000 world standard population as reference[10]. The male-to-female incidence ratios were calculated by dividing the rate in males by that in females for each age group.
All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, United States). The research protocol was approved by the Institutional Review Board of Fu-Jen Catholic University (No. C107099).

RESULTS
Age-standardized incidence rates
Figure 1 shows the trend of age-standardized rate (ASR) of ICC in men and women in Taiwan from 1993-1997 to 2013-2017. The incidence of ICC in men increased linearly. The ASR increased from 1.51 per 100000 in 1993-1997 to 4.07 per 100000 in 2013-2017, and its relative percent change was 169%. The incidence of ICC in women tended to plateau after 2008-2012. The ASR increased from 1.73 per 100000 population in 1993-1997 to 2.95 per 100000 in 2008-2012. The relative percentage change was 70%. From 1993-1997 to 2013-2017, the ASR incidence of ICC in men increased more rapidly than that in women.

Age-specific incidence rates
Figure 2A showed the age-specific rates of ICC per 100000 men in Taiwan. For males, the incidence of ICC increased as age increased. The age-specific rate of ICC in seven age groups (40-44, 45-49, 50-54, 55-59, 60-64, 65-69, and 70-74) increased steadily between 1993-1997 and 2013-2017. The respective relative percent changes were 372%, 265%, 156%, 124%, 153%, 231%, and 139%. The 70-74 age group had a larger growth between 1993-1997 and 2003-2007, and its relative percent change was 114%. Then, it increased more slowly between 2003-2007 and 2013-2017, and its relative percent change was only 5%. The 80+ age group showed a trend from rising to declining, with peaks occurring in 2008-2012. Compared to 1993-1997, its relative percent change was 175%. From 2008-2007 to 2013-2017, the incidence decreased 4%.
Figure 2B shows the age-specific rates of ICC per 100000 women in Taiwan. The age-specific rates of the four age groups of 40-44, 45-49, 50-54, and 55-59 remained stable in different years. The incidence of the 60-64 age group had a peak in 2003-2007, and the incidence increased by 69% compared with 1993-1997. The peak incidence of the 65-69 and 70-74 age groups occurred in 2008-2012 compared with the incidence of 1993-1997. The respective relative percent change was 111% and 136%. The incidence of the 75-79 age group increased steadily from 1993-1997 to 2013-2017, with an increase of 121%. The incidence of the 80+ age group peaked in 2008-2012 compared with that in 1993-1997, and the relative percentage change was 227%. Then, the incidence decreased by 11% between 2008-2012 and 2013-2017.
Figure 3 showed the age-specific rates of men and women in different birth cohorts. The incidence of ICC increased as the birth year increased for both males and females. For example, in the 70-74 age group, the incidence of males born in 1943-1947 was 8.41 times of those born in 1913-1917, and the incidence of women born in 1943-1947 was 16.11 times of those born in 1913-1917.

Sex ratios of age-standardized incidence rates
Figure 4 shows the sex ratio of the ASR of ICC in Taiwan from 1993 to 2017. A turning point was apparent at 1998-2002. Before that period, the incidence of ICC in women was higher than that in men. In 1998-2002, the sex ratio of the incidence of ICC was 1.02, which means that the incidence of ICC in men and women was almost the same. After 2002, the incidence of ICC in men was higher than that of women. From 1993-1997 to 2013-2017, the sex ratio of the incidence of ICC increased from 0.87 to 1.52, and the relative percent change was 75%, which indicates a trend of an increasing gap in the incidence of ICC between men and women.

Sex ratios of age-specific incidence rates
Figure 5 shows the sex ratio of the age-specific rates of ICC in Taiwan by diagnostic period. For ICC patients younger than 70-year-old, the sex ratio of age-specific rates increased with year. For example, in the 40-44 age group, the sex ratio was 0.72 in 1993-1997 and 2.98 in 2013-2017. Its relative percent change was 314% from 1993-1997 to 2013-2017. In the age group over 70-years-old, the sex ratio showed a stable baseline in different years, which meant that the incidence of ICC was similar in men and women.

DISCUSSION
This population-based study showed that the incidence of ICC has rapidly increased in Taiwan. This increase remained after stratification by age, sex, diagnosis period, and birth cohort. These results, which highlight the current and projected incidence of ICC, suggest that there is a need for more research to prevent the burden of this cancer in Asian countries. 
The incidence rate of ICC varies among different regions of the world[4]. Globally, the ASR is 0.85 per 100000[11]. In Asia, the highest ASR was 2.80 per 100000 in South Korea, and the lowest was 0.26 per 100000 in Israel during 2008-2012[5]. According to our result, the ASR in Taiwan was about 3.3 per 100000 during 2008-2012, which means that Taiwan is a high-risk region of ICC. Higher incidence of ICC in Asian countries is likely due to the presence of more risk factors[4,12]. 
Changes in the incidence of ICC also differs among different countries[5]. Overall, the incidence of ICC has increased in most of the countries in the world[5]. However, the incidence of ICC was higher in Asia, and the increase-rate was higher in Europe and North America[13]. The AAPC of ICC incidence from 1993 to 2012 was 5.0% in Canada, 6.1% in Costa Rica, 6.5% in France, 7.5% in Germany, 8.7% in Poland, 10.5% in Ireland, and 20.1% in Latvia[5]. In Asian countries, the AAPC of ICC incidence was -0.7% in Japan, -1.0% in Thailand, -2.4% in Philippines, 4.5% in South Korea, and 11.1% in China[5]. In some Asian countries, such as Philippines, Thailand, and Japan, the incidence of ICC showed a nonsignificant decline[5]. In contrast to other studies, our results indicate a rising burden of ICC in the Asia-Pacific area. 
A previous study attempted to report the population-based incidence rate of ICC[14]. A study conducted in the United States found that ICC incidence increased from 0.44 per 100000 in 1973 to 1.8 per 100000 in 2012. The AAPC from 2001 to 2012 was 2.3%, and AAPC was 4.36% from 2003 to 2012[3]. In this study, we used the national registry system, which provides comprehensive coverage of the entire population, to make an unbiased estimation of ICC incidence. We found that the incidence of ICC in Taiwan increased from 1.04 per 100000 to 3.36 per 100000 from 1988-1992 to 2013-2017. 
An expert consensus document reported that ICC has several risk factors, such as aging of the population, smoking, obesity, diabetes mellitus (DM), hepatitis B virus (HBV) infection, and hepatitis C virus (HCV) infection[4], which may account for this projected increasing incidence. However, due to the number of risk factors of ICC, the phenomenon of the increasing trend of the ICC incidence in Taiwan cannot be explained by a single risk factor.
Aging is an established risk factor for ICC[4]. A study published in 2016 found that the median age at diagnosis among patients in the United States diagnosed with ICC was 67 years between 2008 and 2012[3]. More than 73% of those patients with ICC were older than 60 years[15], which was similar to our results. We found that the incidence rate was low before age 60 and increased dramatically thereafter. The proportion of people in the population aged 60 and above increased from 13.6% in 2007 to 23.2% in 2020 in Taiwan[9]. A previous study found that the aging of populations in developed countries contributes to the increasing incidence of ICC[15]. Nevertheless, we found the age-adjusted incidence increased gradually over time, and the trend remained consistently elevated, even after stratification by age. This implies that population aging has contributed to the increasing ICC incidence in Taiwan.
A previous meta-analysis showed that DM significantly increased the risk of ICC independent of various confounding factors (relative risk: 1.97, 95%CI: 1.57-2.46; P = 0.025 for heterogeneity)[16]. A previous study reported an increasing prevalence of DM for both sexes in Taiwan from 1992 to 1996[17], while the incidence remained stable at 6.9–7.7 per 1000 person-years from 1999 to 2004[18]. From 2000 to 2007, the ASR of type 2 DM remained high, at 8.7–9.8 per 1000[19]. In the elderly age group (≥ 65 years), the incidence rate in women (873.2/100000) was higher than that in men (721.4/100000)[20].
Smoking is the most comprehensive environmental factor responsible for ICC. A study based on the National Cancer Institute’s SEER 18 database reported that smoking increases the risk of ICC by 46% (95%CI: 1.28-1.66)[20]. A cohort study that included 1518741 individuals showed that current smokers have a 47% greater risk of ICC compared to non-smokers (95%CI: 1.07-2.02)[21]. Taiwan has a high prevalence of smoking. The smoking rate among adult men increased from 59% in 1986 to 63% in 1990, which resulted from the cigarette market opening[22]. A study based on the National Health Interview Survey of Taiwan was conducted in 2001. The prevalence of smokers was 46.8% and the prevalence of ex-smokers was 6.8% in Taiwanese adult males in 2001. The prevalence of smoking was 4.3% and the prevalence of ex-smokers was 0.5% in Taiwanese adult females in 2001[23]. In 2009, a new anti-smoking law was established in Taiwan. Despite the efforts of the Taiwan government, a cross-sectional study that included 961 adults found that up to 42% of sampled Taiwanese adults had smoked cigarettes after that new law had been implemented[24]. The high prevalence of smoking among the early birth cohort in Taiwan may partly explain its high incidence of ICC and seemed to have a cohort effect on ICC.
Obesity was found to increase the risk of ICC by a previous meta-analysis [odds ratio (OR): 1.56, 95%CI: 1.26-1.94][25]. Recently, the prevalence of obesity in Taiwan has increased rapidly. More specifically, a study based on the Nutrition and Health Surveys in Taiwan reported that the prevalence of obesity in men increased from 10.5% in 1993–1996 to 17.0% in 2005. The prevalence of obesity tripled for elementary school boys from 1993 to 2002. Due to the consumption of high-fat foods and lack of physical activity, the prevalence of obesity is likely to increase further in Taiwan[26]. The aforementioned phenomenon may contribute to the increasing prevalence of ICC.
A previous study reported that ICC incidence rates were higher in males than in females in most countries in the world[5]. The sex ratio of the incidence of ICC was 2.9 in Malta, 1.9 in South Korea, 1.9 in Thailand, 1.9 in Japan, 1.9 in Spain, 1.6 in Slovakia, and 1.6 in France[5]. A study based on the SEER database reported that the incidence of ICC was higher in males than in females, and the sex ratio of the age-specific rates of ICC decreased in the aging group[27]. Our results also showed similar outcomes, and this phenomenon may be due to the different hormone profiles of males and females[28]. A study reported that estrogen may modulate cholangiocyte proliferation in nude mice[29]. A previous study used chromatography-tandem mass spectrometry and competitive electrochemiluminescence immunoassay to analyze the relationship between sex steroid hormones and ICC. In that study, a high level of estradiol was found to increase the risk of ICC (OR: 1.40, 95%CI: 1.05-1.89)[30]. A previous study in Taiwan reported that women born in younger cohorts had a later age at natural menopause (hazard ratio: 0.87 per 10-year difference, 95%CI: 0.81-0.95)[31]. The lower ICC incidence of females in our study may be attributed to decreasing estrogen levels in elderly and postmenopausal women. The lower prevalence of smoking among women (4%-8%) than men (47% in 2001)[22] may also contribute to their lower incidence of ICC.
A previous study found that hepatitis B surface antigen (HBsAg) and HCV antibodies had a high association with ICC[32]. A meta-analysis reported that HBV and HCV infection increased the risk of ICC (OR: 3.17, 95%CI: 1.88-5.34 and OR: 3.42, 95%CI: 1.96-5.99, respectively)[33]. Previously, Taiwan was classified as a high-risk region for HBsAg[34]. A study found that HBV DNA could interrupt seven genes (TERT, CEACAM20, SPATA18, TRERF1, ZNF23, LINC01449, and LINC00486) in ICC tissue, which may indicate a potential mechanism for the increased risk of ICC in HBV carriers[35].
A retrospective multicenter study in Taiwan reported that the HBsAg prevalence in hepatocellular carcinoma from 1981 to 2001 decreased from 81.5% to 61.2% in males and decreased from 66.7% to 41.4% in females[36]. The sex ratio of HBsAg prevalence of hepatocellular carcinoma increased from 1.22 to 1.61[36], which was consistent with the increasing trend of the sex ratio of the ICC incidence in our study. A previous review hypothesized that HCV could induce the transformation of hepatocytes into cholangiocyte precursors[37]. The HCV antibody prevalence in hepatocellular carcinoma was 31.5% (95%CI: 30.4%-32.6%) in Taiwanese males and 56.7% (95%CI: 54.4%-59.0%) in Taiwanese females[36]. A retrospective cross-sectional study in Taiwan reported that in patients with HCV infection, visceral obesity was significantly associated with waist-to-height ratio, body fat percentage, fat-free mass/body weight, and muscle mass/body weight[38]. Thus, we assumed that HBV and/or HCV infection may be at least partially explain why the incidence of ICC in Taiwan was high.
We found that the sex ratio of the incidence of ICC increased as the diagnostic year increased. In the group over the age of 70 years, the sex ratio of the incidence of ICC between men and women was close to 1, which meant that there was almost no difference in the incidence of ICC between men and women. The proportion of women with ICC increases with age. Another population-based study in the United States showed the proportion of females with ICC was 38.9% for those aged 40-59 years, 45.8% for those aged 60-79 years, and 56.3% for those aged ≥ 80 years[27]. The aforementioned research results are consistent with our study outcome. However, another study based on the Italian National Institute of Statistics A in Italy, another country with a high risk of ICC, reported that the incidence of ICC in males was always higher than that in females[39], which was different from our study outcome. Due to the variety of risk factors of ICC, it is difficult to identify the cause of this difference. A study based on the Netherlands Cancer Registry reported that the incidence of ICC in a low endemic area significantly increased in older populations, especially in in the 45–59 years age group[40]. Interestingly, we also found a similar pattern.
Assessing the temporal trends in the sex difference of ICC incidence has useful implications. Any temporal changes in the sex difference reflect the contributions from environmental and extrinsic risk factors, while a stable sex difference indicates the role of intrinsic exposures or environmental risk. The increase of the sex difference in the incidence of ICC may be explained by the decreasing prevalence of smoking, particularly in men with a historically higher prevalence[23,24]. The decline in smoking prevalence in Taiwan, which has been more rapid for men than for women, may have also contributed to the decreased sex difference in ICC[23,24]. In addition, we noted an increased sex difference in the incidence of ICC since 2008, which warrants confirmation through continued monitoring and investigations.
We found that the gap in the sex ratio between the 40-44 age group and the 80+ age group increased as the diagnostic year increased. In age groups younger than 70 years, the sex ratio increased as the diagnostic year increased. However, in the age groups over 70 years, the sex ratio was similar during each diagnostic period. In our cohort, we found that the incidence of ICC in males and females was higher in the elder birth cohort, which resulted in the aforementioned phenomenon.
Surgery is the only curative treatment for ICC[4]. A previous study found the incidence of sarcopenia among ICC patients following receipt of liver resection to be 50%. Preoperative nutritional evaluation is important for ICC[41]. In addition, nutritional factors may affect the disease incidence. Indeed, a population-based cohort study found that regular use of oil supplement lowered the risk of total liver cancer to 44% (95%CI: 25%-59%) and risk of ICC to 40% (95%CI: 7%-61%)[42]. A meta-analysis suggested that vegetable and fruit consumption may reduce the risk of ICC; specifically, the reported ORs of mixed vegetables, mixed fruits, and combined fruits and vegetables were 0.61 (95%CI: 0.50-0.75), 0.79 (95%CI: 0.65-0.96), and 0.68 (95%CI: 0.57-0.80), respectively[43]. A multi-center study determined that high dietary fiber intake could be associated with a lower risk of intrahepatic bile duct cancer[44]. Finally, an animal model-based study in Taiwan provided further evidence of a relationship between ICC and nutrition; vitamin D supplementation lead to significant suppression of ICC initiation and progression in the rat model via regulation of gene expression (e.g., of lipocalin 2)[45]. 
This study has several limitations. As seen in other studies based on cancer registry databases[46], a substantial portion of cases did not receive histological verification. Old age and advanced tumor stage at presentation likely prohibited this verification. Nevertheless, integrity of the TCR database was 98.4%[47]. The morphological veriﬁcation percentage of the TCR database is 93.0%[47], which minimizes the misdiagnosis of cancer incidence. In addition, quality and accuracy of clinical diagnosis in our databases has been validated, and the percentage of death certiﬁcate-only data is 1%[47]. In addition, we extracted the ICD-O-FT: T-155.1 before 2002 and ICD-O-3: C22.1 from 2003–2017, which may misclassify some diagnostic cases. However, due to the rarity of ICC cases in Taiwan, this deviation did not affect the statistical trend outcomes in our study. In addition, restriction to cases with histological proof would have introduced selection bias. Ultimately, although our study found that there are various risks associated with ICC, including sex, age, DM, HBV and/or HCV infection, obesity, nutritional factors, and smoking, the results need to be validated in larger cohorts, exploring the risk of ICC development in a high incidence area in particular. 

CONCLUSION
The incidence of ICC continues to rise in Asia. The etiological role of ICC is still unclear. However, future prospective evaluations are warranted to explore potential risk factors of ICC. The assessment of their independent and/or interactive effects are suggested, which could lead to prevention of ICC, development of early detection methods for early curative surgery, and identification of potential prognostic factors related to improved therapy and outcomes.

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) is one of the most aggressive malignancies. However, because of its scarcity few population-based studies have explored its epidemiology. In Taiwan, we have a national cancer registry database, which can be used to evaluate the epidemiology of ICC.

Research motivation
To discover the secular incidence trends and associated risk factors of ICC in Taiwan.

Research objectives
To observe secular trends in ICC incidence according to age, sex, and risk factors in Taiwan.

Research methods
In this population-based study, we used the national Taiwan Cancer Registry database. Relative percent change in incidence rates were used to describe secular trends in incidence rates and sex ratios of ICC in Taiwan.

Research results
The age-standardized ICC incidence rate among males increased from 1.51 per 100000 in 1993-1997 to 4.07 per 100000 in 2013-2017 and among females from 1.73 per 100000 to 2.95 per 100000. ICC incidence rates in females tended to plateau after 2008-2012. For males, the incidence of ICC increased as age increased. In the long-term incidence trend of ICC in females, the incidence of the four age groups of 40-44, 45-49, 50-54, and 55-59 years remained stable in different years, the incidence of the 60-64 age group had a peak in 2003-2007, and the peak incidence in the 65-69 and 70-74 age groups occurred in 2008-2012.

Research conclusions
An increased incidence of ICC has occurred in Taiwan over the past two decades. The increased sex ratios has progressively shifted toward younger people.

Research perspectives
Further long-term cohort studies are needed to investigate the relationship between ICC and its risk factors.
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Figure Legends
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Figure 1 Secular trend in age-standardized incidence rates of intrahepatic cholangiocarcinoma in Taiwan, 1993–2017.
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Figure 2 Age-speciﬁc incidence rates of intrahepatic cholangiocarcinoma by year of diagnosis and sex. A: Male age-specific rate; B: Female age-specific rate.
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Figure 3 Age-speciﬁc incidence rates of intrahepatic cholangiocarcinoma by birth year and sex. A: Male; B: Female.
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Figure 4 Sex ratio for age-standardized incidence rate of intrahepatic cholangiocarcinoma by year of diagnosis.
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Figure 5 Age-specific sex ratio of intrahepatic cholangiocarcinoma by year of diagnosis and age groups.
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