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Associations between ultrasound 
screening findings 
and cholangiocarcinoma diagnosis 
in an at‑risk population
Kavin Thinkhamrop1,2,3,4*, Narong Khuntikeo1,2,5, Nittaya Chamadol1,2,6, 
Apiporn T. Suwannatrai2,7, Surachai Phimha4,8 & Matthew Kelly9

The rate of cholangiocarcinoma (CCA) is increasing every year, especially in northeastern Thailand. 
Screening for CCA using ultrasonography (US) is the fastest technique to identify patients in 
early stage of CCA development. Currently, few studies have examined patterns of hepatobiliary 
abnormalities identified using US, which can be indicative of CCA. We aim to evaluate the rate of CCA 
and its relations to history of US findings. Our study included participants who underwent US and 
pathological diagnosis of CCA from the Cholangiocarcinoma Screening and Care Program, Northeast 
Thailand between 2013 and 2020. Data on histological findings were based on the standard protocol of 
the tertiary hospital at Khon Kaen University. CCA data is categorized into two groups (yes/no) to find 
the relationship with history of US findings. The adjusted odds ratio (AOR) and their 95% confidence 
intervals (CI) were used to evaluate the relationship obtained by multiple logistic regression. Of 1880 
subjects who underwent US and a pathological diagnosis of CCA, the overall rate of CCA was 35.74%. 
CCA rate among those with liver mass (LM) was 54.85% and with dilated bile duct (DBD) was 62.01%. 
The relationship between DBD and CCA was highly significant (AOR = 3.46; 95% CI 2.74–4.36) followed 
by LM (AOR = 2.28; 95% CI 1.81–2.86) P value < 0.001. Our study reveals that US findings history have 
a strong association with CCA, especially in people diagnosed with DBD and LM. Therefore, these 
abnormalities can be indicators for suspected CCA diagnosis through US.

Hepatobiliary disorders are key indicators in the development of hepatocellular carcinomas (HCC) including 
cholangiocarcinoma (CCA), a fatal cancer of the bile duct1–3. Previous studies have shown various hepatobiliary 
abnormalities that were associated with CCA, such as a case–control study in China which reported cirrhosis and 
cholecystolithiasis are risk factors for intrahepatic CCA (ICC), and extrahepatic CCA (ECC), respectively4,5. A 
systematic review and meta-analysis showed that cysts and stones in the bile ducts were risk factors for ICC and 
ECC6. Moreover, a study in Mexico showed that primary sclerosing cholangitis (PSC) was a positive risk factor 
for developing ICC7, and a study in Finland also indicated that PSC was associated with both ICC and ECC8.

In Thailand, spatial analysis of hepatobiliary abnormalities in a high-risk population for CCA showed that 
the distribution of liver mass (LM), periductal fibrosis (PDF), and bile duct dilatation (BDD) were high in the 
lower and upper parts of the Northeast region, where CCA is also highly prevalent9. In addition, a study in 
Thailand conducted histopathological diagnosis and found PDF in CCA patients, this indicated a link between 
PDF, a serious bile duct disorder and CCA​10. Another study in Thailand reported that BDD has also been found 
to be related with CCA​11.
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The incidence of CCA is increasing worldwide, and collectively CCA cancers comprise the second most com-
mon form of primary liver cancer12,13. However, the incidence of CCA cases is highly geographically concentrated, 
particularly within countries. For example, a previous study in Thailand, which has one of the highest national 
incidence levels globally, collected 39,421 CCA patients data between 2008 and 2013 and reported the annual 
incidence was highest in the Northeast region (62.8%)14. The rate of CCA is increasing every year, especially in 
the northeast of Thailand and is still a public health problem that needs to be addressed14,15.

Ultrasound (US) diagnosis is increasingly being used to detect hepatobiliary abnormalities associated with 
CCA risk, as well as early stage CCA, in order for treatment to be provided in a timely manner16. A study from 
a CCA screening program in Northeast Thailand concluded that US screening is an effective tool for detecting 
early stage CCA​17. Studies have also supported US as an effective method for detecting early risk factors for CCA, 
particularly BDD18,19. Moreover, studies in Thailand indicate that US should be offered as a first screening tool 
for CCA​20, and has an early CCA detection and surveillance role10.

Studies of CCA risk in Northeast Thailand to date have concentrated on other risk factors including: older 
age, infection with Opisthorchis viverrini, frequent praziquantel treatments, history of heavy alcohol consump-
tion, history of smoking cigarettes, having diabetes mellitus, and environmental factors21–24. However, to date, 
few studies have examined connections between CCA diagnosis and a history of abnormalities of liver and bile 
ducts identified using US. Therefore, our study aimed to evaluate the rate of CCA and its association with the 
history of US findings in participants who participated in a large scale CCA screening program amongst a high 
risk population in Northeast Thailand.

Materials and methods
Data sources.  Data from the Cholangiocarcinoma Screening and Care Program (CASCAP), Northeast 
Thailand were used for this study. CASCAP is the first project for large scale CCA screening in Thailand. The 
program has the aim of recruiting all residents aged 40 years and over in Northeast Thailand, a high risk area, 
for regular US screening for CCA and associated risk factors. The data resource profiles have been previously 
published16,21. In brief, the primary place for recruitment for the CASCAP study are 9 tertiary care hospitals in 
the Northeast region of Thailand. Subjects are recruited from these hospitals either from amongst patients who 
had presented with some symptoms that could be CCA related or from individuals present at hospital for other 
reasons and who were invited to join. All participants who underwent US through the CASCAP program, or 
those who underwent US elsewhere and were then enrolled in the program, between 2013 and 2020 were con-
sidered for inclusion in this study.

Study population.  Our study includes people who participated in CASCAP from two cohort groups 
(screening and walk-in). The screening group were people who were attending health services for reasons unre-
lated to CCA, but who were invited to undergo US screening due to being in the target population. The walk-in 
group were people who presented at hospital with symptoms indicating CCA, and who were then assessed using 
US. The participants who have liver mass (LM) and/or dilated bile duct (DBD) from US findings were classified 
as having suspected CCA, and were referred to computed tomography (CT) or magnetic resonance imaging 
(MRI) to confirm the diagnosis. Where US, and CT or MRI diagnosis indicated CCA risk, both screening and 
walk-in groups, underwent pathological diagnosis. The subjects included in our study were those enrolled in the 
CASCAP database from 2013 to 2020, for whom US diagnosis indicated CCA risk, and who underwent patho-
logical assessment for CCA, with a total of 1880 subjects (Fig. 1).

Outcome and independent variables.  The study outcome was CCA status from pathological diagnosis 
based on biopsy, which was initially categorized into four groups: not CCA, early stage, late stage, and stage 
unknown. Early stage of CCA was defined from stage 0, I, II and late state was defined from stage III and IV 
according to the 7th edition AJCC staging 25,26. Then, CCA data was categorized into two groups (no/yes) which 
was the primary outcome for this study. The final assignment of CCA stage in our study was based on the find-
ings after completion of surgery or treatment where the clinical and/or pathological characteristics can be cor-
rectly determined. The data on histological findings were based on the standard protocol of the tertiary hospital 
at Khon Kaen University. The independent variables included cohort types (screening/walk-in), gender (female/
male), and age at enrollment in years. These were collected using an enrolment questionnaire. The history of US 
findings: periductal fibrosis (none-PDF/PDF1/PDF2/PDF3), fatty liver disease (FLD) (no/yes), liver parenchy-
mal change (LPC) (no/yes), liver mass (LM) (no/yes), and dilated bile duct (DBD) (no/yes), were collected from 
case record forms.

Statistical analysis.  The baseline characteristics and history of US findings were summarized using fre-
quency counts and percentages for categorical data (i.e. cohort types, gender, age groups, PDF, FLD, LPC, LM, 
and DBD). The mean with standard deviation (SD), median, minimum and maximum range were summarized 
for continuous data such as age at enrollment in years. The rate of CCA was calculated by using the number of 
all CCA cases as the numerator and the total number of all study subjects who underwent US and histological 
examination as the denominator. This was calculated overall and separately by each factor category. Associations 
between explanatory factors and CCA were measured by crude odds ratios (ORs) using simple logistic regres-
sion. Stratified analysis was used to investigate the effect of each factor on the association between other factors 
using a Mantel–Haenszel test. The adjusted OR (AOR) and 95% confidence intervals (CIs) were obtained by 
multivariable analysis which was used to identify the association of all factors with CCA adjusted for the factors 
indicated above using multiple logistic regression. A P value of less than 0.05 was considered to be significant. 
All analyses were performed using STATA version 15 (StataCorp, College Station, TX).
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Ethical considerations.  The research protocol was approved by Khon Kaen University Ethics Commit-
tee for Human Research, reference number HE621288. The data were provided from the Cholangiocarcinoma 
Screening and Care Program (CASCAP). The CASCAP data collection was conducted according to the princi-
ples of Good Clinical Practice, the Declaration of Helsinki, and national laws and regulations about clinical stud-
ies. It was approved by the Khon Kaen University Ethics Committee for Human Research under the reference 
number HE551404. All patients gave written informed consent for the study.

Results
Sample characteristics.  A total of 1,880 subjects who underwent US and pathological diagnosis were 
enrolled in our study. More than half (57.4%) were from the screening group, males (59.9%), and aged at 60 years 
and over at enrolment (55%), with a mean age of 60.2 years (SD = 9.8). The history of US findings found around 
a quarter were diagnosed with LM (26.9%), and DBD (24.4%) (Table 1).

Distribution of cholangiocarcinoma.  Of 1,880 subjects, 672 were CCA positive (35.74%). From those 
CCA positive, the overall percent distribution of CCA categorized by staging, early, late, and unknown were 
27.68%, 32.89%, and 39.43%, respectively (Table 2). Separated by cohort types, 423 CCA cases were from screen-
ing, and 249 cases were from the walk-in group. Around a quarter (26%) of the screening group, and around 
one-third of the walk-in group (30.52%) were in early stage of CCA. Figure 2 shows the distribution of CCA 
cases by stage according to screening and walk-in groups. There were 59.14% and 66.97% found in the screening 
group from 186 to 221 CCA cases at early and late stage, respectively.

Associations between history of ultrasonography findings and cholangiocarcinoma.  The 
overall rate of CCA was 35.74% from a total of 1880 subjects who underwent biopsy with a pathological diag-
nosis. Crude analysis using simple logistic regression found factors which had significant (P value < 0.05) asso-
ciations with CCA were cohort types, age groups, LPC, LM, and DBD (Table 3). All of these variables were 

Figure 1.   Sample selection process. US—Ultrasonography.
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then included in the multivariable model measuring relationships between each factor and CCA using multiple 
logistic regression, also shown in Table 3. The results found that subjects from the walk-in group had less chance 
of having CCA compared to the screening group (AOR = 0.80; 95% CI 0.65–0.98; P value = 0.036), subjects aged 
from 60 years and over have 46% higher chance of having CCA compared to those aged < 50 years (AOR = 1.46; 
95% CI 1.07–2.01; P value = 0.049). Compared to the normal group, subjects with hepatobiliary abnormalities 
diagnosed by US were more likely to have CCA, AOR of LPC was 2.12 (95% CI 1.46–3.06), LM was 2.28 (95% 
CI 1.81–2.86), and DBD was 3.46 (95% CI 2.74–4.36) with the P value < 0.001 for all factors (Table 3 and Fig. 3).

Interaction effect results between history of US findings and CCA stratified by cohort types controlled for all 
factors such as age at enrollment, cohort types, LPC, DBD, LM, interaction between cohort types and DBD, and 
interaction between cohort types and LM were then calculated. The association between abnormal DBD and CCA 
was stronger in the walk-in group than in the screening group (AOR = 3.06; 95% CI 2.29–4.09; P value < 0.001, 
and AOR = 2.14; 95% CI 1.07–4.28; P value = 0.032, respectively). However, the association between LM and 
CCA was higher in the screening group (AOR = 2.88; 95% CI 1.46–5.67; P value = 0.002, and AOR = 2.39; 95% 
CI 1.81–3.15; P value < 0.001, respectively) (Table 4 and Fig. 4).

Table 1.   Base line characteristics and ultrasound findings of participants in the CASCAP study 2013–2020.

Characteristics Frequency Percentage

Cohort types

Screening 1080 57.4

Walk-in 800 42.6

Gender

Female 753 40.1

Male 1127 59.9

Age groups (years)

Less than 50 267 14.2

50–59 579 30.8

60 years and over 1032 55.0

Mean (standard deviation) 60.2 (9.8)

Median (minimum:maximum) 61 (40:87)

Fatty liver disease

No 1683 89.5

Yes 197 10.5

Liver parenchymal change

No 1720 91.5

Yes 160 8.5

Periductal fibrosis (PDF)

No 1662 88.4

PDF1 122 6.5

PDF2 79 4.2

PDF3 17 0.9

Liver mass

No 1375 73.1

Yes 505 26.9

Dilated bile duct

No 1422 75.6

Yes 458 24.4

Table 2.   Percent distribution of cholangiocarcinoma according to staging and cohort group. CCA 
cholangiocarcinoma, n number of sample, Unknown—Can not identify stage of CCA.

Stage of cholangiocarcinoma

All CCA cases 
n = 672

CCA in screening 
group n = 423

CCA in walk-in 
group n = 249

Number (%) Number (%) Number (%)

Early 186 (27.68) 110 (26.00) 76 (30.52)

Late 221 (32.89) 148 (34.99) 73 (29.32)

Unknown 265 (39.43) 165 (39.01) 100 (40.16)
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Discussion
Our study evaluated the rate of CCA and its association with history of liver and bile duct disorders diagnosed 
with US1–3, in a large scale CCA screening program (CASCAP) in a CCA high-risk population, Northeast of 
Thailand16. Our study findings indicate a high overall proportion of positive CCA cases which was consistent 
with previous studies indicating that Thailand has the highest incidence of CCA in the world15, especially in the 
Northeast region14. The most important finding of this study is the strong relationship between adverse US results 
and subsequent CCA diagnosis, emphasising the importance of US screening in discovering early symptoms 
that could lead to more serious diseases, including CCA.

One of the most important findings of the paper is that subjects from the screening group have higher odds 
of CCA than those from the walk-in group. That is, active screening from the general population was 1.25 times 
more likely to identify cases of CCA. This could be because the general population of Northeast Thailand is 
already at high risk of CCA and large scale screening of this at-risk population was able to identify more cases 
than passive screening of the walk in group, and these cases were more likely to be early stage increasing chances 
of treatment and survival. As well, many of the CCA symptoms are fairly non-specific. So, the walk-in group with 
potential CCA symptoms such as malaise and jaundice, may in fact be suffering from other conditions. These 

Figure 2.   Percent distribution of cholangiocarcinoma according to cohort types. n—Number of 
cholangiocarcinoma patients.

Table 3.   Crude and adjusted odds ratio of association between ultrasound findings and cholangiocarcinoma 
using multiple logistic regression. N/A not applicable, CCA cholangiocarcinoma, COR crude odds ratio, AOR 
Adjusted odds ratio, 95% CI—95% confidence interval of adjusted odds ratio; P value—Probability values 
from likelihood-ratio chi-square tests; *All crude odds ratio represent statistically significant association, P 
value < 0.05.

Factors Number CCA (%) COR* AOR 95% CI P value

Over all 1880 35.74 N/A N/A N/A N/A

Cohort types 0.036

Screening group 1080 39.17 1 1

Walk-in group 800 31.13 0.71 0.80 0.65–0.98

Age groups (years) 0.049

Less than 50 267 28.46 1 1

50–59 579 34.72 1.34 1.34 0.95–1.88

60 years and over 1032 38.18 1.55 1.46 1.07–2.01

Liver parenchymal change  < 0.001

No 1720 32.97 1 1

Yes 160 65.63 3.88 2.12 1.46–3.06

Liver mass  < 0.001

No 1375 28.73 1 1

Yes 505 54.85 3.01 2.28 1.81–2.86

Dilated bile duct  < 0.001

No 1422 27.29 1 1

Yes 458 62.01 4.35 3.46 2.74–4.36
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Figure 3.   Odds ratios of the association between history of ultrasound findings and cholangiocarcinoma 
adjusted for cohort types and age of subjects at enrollment.

Table 4.   Interaction between cohort types and history of ultrasonography findings with cholangiocarcinoma 
association using multiple logistic regression. CCA​ cholangiocarcinoma, COR crude odds ratio, AOR 
adjusted odds ratio, 95% CI—95% confidence interval of adjusted odds ratio; P value, probability values from 
likelihood-ratio chi-square tests.

Factors Number CCA (%) COR AOR 95% CI P value

Bile duct dilatation finding according to cohort types

Screening group 0.032

None-dilated bile duct 793 31.27 1 1

Dilated bile duct 287 60.98 3.43 2.14 1.07–4.28

Walk-in group  < 0.001

None-dilated bile duct 629 22.26 1 1

Dilated bile duct 171 63.74 6.14 3.06 2.29–4.09

Liver mass finding according to cohort types

Screening group 0.002

None-liver mass 735 31.43 1 1

Liver mass 345 55.65 2.74 2.88 1.46–5.67

Walk-in group  < 0.001

None-liver mass 640 25.62 1 1

Liver mass 160 53.13 3.29 2.39 1.81–3.15

Figure 4.   Odds ratios of interaction effects between cohort types and history of ultrasonography findings with 
cholangiocarcinoma association adjusted for age at enrollment, liver parenchymal change, cohort types, dilated 
bile duct, and liver mass.
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findings are in line with the previous studies conducted on CCA screening in Thailand that found a high rate in 
this group16,20. This has important implications for the design of programs to reduce the mortality rate from CCA.

The rate of CCA increased with age in our results, subjects aged higher than 50 years were more likely to have 
CCA compare to those aged less than that. This result similar to a study on risk factors for CCA in 2022 from USA 
which found that CCA patients had a mean age of 67 years (SD = 12.8 years)27. This is because the development 
of CCA takes time. Almost all people in the region have a habit of eating raw fish leading to risk of infection with 
the liver fluke Opisthorchis viverrini which is one of the main causes of CCA in Thailand. Therefore, after infec-
tion with O. viverrini, the parasites will live in the liver and bile duct for about 20–30 years until CCA develops28.

Our results also found that there was a high association between subjects diagnosed with LPC, LM, and DBD 
and CCA. These relationships were consistent with previous studies indicated that abnormalities of liver and bile 
duct were associated with CCA​10,18,19. Separately for the screening and walk-in groups, our results found a high 
association between history of US findings of DBD and LM, and CCA, the study area has a high prevalence of 
hepatobiliary abnormalities9. Our study also found that in the walk in group DBD was highly associated with 
CCA, whereas in the screening group the relationship was stronger for LM. However, these effects were in the 
same direction with the adjusted OR = 3.06, 95% CI 2.29–4.09, and adjusted OR = 2.88, 95% CI 1.46–5.67 for both 
DBD and LM, respectively. Both DBD and LM are important indicators of CCA and can be detected through US 
screening according to previously reported studies18,19,29. Other studies have been conducted in the northeast-
ern region of Thailand. In 2019 Chamadol and colleges reported a relationship between PDF and BDD, which 
is associated with CCA, and PDF can also be an indicator for suspected CCA diagnosis through US30. Also in 
2020, Khuntikeo and colleges reported US screening is an effective tool for detecting early stage of CCA in high 
incidence areas17. In addition, there was US screening for CCA program conducted in the north of Thailand in 
2016 by Sungkasubun and colleges to detect early stage of CCA which recommended that US should be offered 
as a first screening tool for CCA in an endemic area20.

The limitation of our study is that the temporal sequence of disease development cannot be clearly identi-
fied, between liver and bile duct abnormalities and CCA. As we cannot define clearly that these abnormalities 
preceded CCA development we cannot identify the exact cause of CCA. Therefore, we can only report such 
factors as being associated with CCA. In addition, the high rates of hepatobiliary abnormalities identified in 
our study subjects is likely due to the high risk population and cannot represent disease burdens in other areas 
of Thailand, or internationally.

However, our study has a sufficient sample size, allowing us to achieve a precise estimate of the OR leading 
to conclusive findings. Further studies should be conducted in population that are diverse in both behavioral 
and geographic areas. Prospective studies are needed to monitor healthy individuals until intra-abdominal 
abnormalities are identified and eventually progress to CCA.

Conclusions
Our study findings demonstrated that hepatobiliary abnormalities detected by US were associated with CCA, 
especially in subjects diagnosed with DBD, and LM which were strongly related to CCA. These liver and bile 
ducts abnormalities can be very important indicators for CCA. Therefore, we recommend that screening for 
CCA in populations living in high-risk areas, as well as the general population, should focus on finding early 
symptoms to detect suspected CCA that could develop into CCA such as liver and bile ducts abnormalities 
through US diagnosis.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.

Received: 5 May 2022; Accepted: 31 July 2022

References
	 1.	 Kirstein, M. M. & Vogel, A. Epidemiology and risk factors of cholangiocarcinoma. Visc. Med. 32, 395–400 (2016).
	 2.	 Welzel, T. M. et al. Risk factors for intrahepatic and extrahepatic cholangiocarcinoma in the United States: A population-based 

case–control study. Clin. Gastroenterol. Hepatol. 5, 1221–1228 (2007).
	 3.	 Shaib, Y. H., El-Serag, H. B., Davila, J. A., Morgan, R. & McGlynn, K. A. Risk factors of intrahepatic cholangiocarcinoma in the 

United States: A case–control study. Gastroenterology 128, 620–626 (2005).
	 4.	 Tao, L. Y. et al. Risk factors for intrahepatic and extrahepatic cholangiocarcinoma: A case–control study in China. Liver Int. 30, 

215–221 (2010).
	 5.	 Shaib, Y. H. et al. Risk factors for intrahepatic and extrahepatic cholangiocarcinoma: A hospital-based case–control study. Am. J. 

Gastroenterol. 102, 1016–1021 (2007).
	 6.	 Clements, O., Eliahoo, J., Kim, J. U., Taylor-Robinson, S. D. & Khan, S. A. Risk factors for intrahepatic and extrahepatic cholan-

giocarcinoma: A systematic review and meta-analysis. J. Hepatol. 72, 95–103 (2020).
	 7.	 Chinchilla-Lopez, P. et al. Prevalence, risk factors, and survival of patients with intrahepatic cholangiocarcinoma. Ann. Hepatol. 

16, 565–568 (2017).
	 8.	 Barner-Rasmussen, N., Pukkala, E., Hadkhale, K. & Farkkila, M. Risk factors, epidemiology and prognosis of cholangiocarcinoma 

in Finland. United Eur. Gastroenterol. J. 9, 1128–1135 (2021).
	 9.	 Thinkhamrop, K. et al. Spatial analysis of hepatobiliary abnormalities in a population at high-risk of cholangiocarcinoma in 

Thailand. Sci. Rep. 10, 16855 (2020).
	10.	 Chamadol, N. et al. Histological confirmation of periductal fibrosis from ultrasound diagnosis in cholangiocarcinoma patients. J. 

Hepat. Pancreat. Sci. 21, 316–322 (2014).
	11.	 Apisarnthanarak, P., Pansri, C., Maungsomboon, K. & Thamtorawat, S. The CT appearances for differentiating of peripheral, mass-

forming cholangiocarcinoma and liver meatastases from colorectal adenocarcinoma. J. Med. Assoc. Thai. 97, 415–422 (2014).



8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:13513  | https://doi.org/10.1038/s41598-022-17794-9

www.nature.com/scientificreports/

	12.	 Banales, J. M. et al. Expert consensus document: Cholangiocarcinoma—current knowledge and future perspectives consensus 
statement from the European network for the study of cholangiocarcinoma (ENS-CCA). Nat. Rev. Gastroenterol. Hepatol. 13, 
261–280 (2016).

	13.	 Florio, A. A. et al. Global trends in intrahepatic and extrahepatic cholangiocarcinoma incidence from 1993 to 2012. Cancer 126, 
2666–2678 (2020).

	14.	 Chaiteerakij, R. et al. Characteristics and outcomes of cholangiocarcinoma by region in Thailand: A nationwide study. World J. 
Gastroenterol. 23, 7160–7167 (2017).

	15.	 Sripa, B. & Pairojkul, C. Cholangiocarcinoma: Lessons from Thailand. Curr. Opin. Gastroenterol. 24, 349–356 (2008).
	16.	 Khuntikeo, N. et al. Cohort profile: Cholangiocarcinoma screening and care program (CASCAP). BMC Cancer 15, 459 (2015).
	17.	 Khuntikeo, N. et al. A comparison of the proportion of early stage cholangiocarcinoma found in an ultrasound-screening program 

compared to walk-in patients. HPB (Oxford) 22, 874–883 (2020).
	18.	 Khan, S. A. et al. Guidelines for the diagnosis and treatment of cholangiocarcinoma: An update. Gut 61, 1657–1669 (2012).
	19.	 Choi, B. I. et al. Hilar cholangiocarcinoma: Comparative study with sonography and CT. Radiology 172, 689–692 (1989).
	20.	 Sungkasubun, P. et al. Ultrasound screening for cholangiocarcinoma could detect premalignant lesions and early-stage diseases 

with survival benefits: A population-based prospective study of 4225 subjects in an endemic area. BMC Cancer 16, 346 (2016).
	21.	 Thinkhamrop, K. et al. Association of comorbidity between Opisthorchis viverrini infection and diabetes mellitus in the develop-

ment of cholangiocarcinoma among a high-risk population, northeastern Thailand. PLoS Negl. Trop. Dis. 15, e0009741 (2021).
	22.	 Kamsa-ard, S. et al. Risk factors for cholangiocarcinoma in Thailand: A systematic review and meta-analysis. Asian Pac. J. Cancer 

Prev. 19, 605–614 (2018).
	23.	 Lee, B. S., Cha, B. H., Park, E. C. & Roh, J. Risk factors for perihilar cholangiocarcinoma: A hospital-based case–control study. 

Liver Int. 35, 1048–1053 (2015).
	24.	 Suwannatrai, A. T. et al. Bayesian spatial analysis of cholangiocarcinoma in Northeast Thailand. Sci. Rep. 9, 14263 (2019).
	25.	 Chun, Y. S., Pawlik, T. M. & Vauthey, J. N. 8th edition of the AJCC cancer staging manual: Pancreas and hepatobiliary cancers. 

Ann. Surg. Oncol. 25, 845–847 (2018).
	26.	 Edge, S. B. & Compton, C. C. The American joint committee on cancer: The 7th edition of the AJCC cancer staging manual and 

the future of TNM. Ann. Surg. Oncol. 17, 1471–1474 (2010).
	27.	 Baidoun, F., Sarmini, M. T., Merjaneh, Z. & Moustafa, M. A. Controversial risk factors for cholangiocarcinoma. Eur. J. Gastroenterol. 

Hepatol. 34, 338–344 (2022).
	28.	 Lim, J. H. Liver flukes: The malady neglected. Korean J. Radiol. 12, 269–279 (2011).
	29.	 Fariduddin, M. M., Syed, W., Birjees, A. & Naqvi, M. R. Liver infarct masquerading as intrahepatic cholangiocarcinoma. Proc. 

(Bayl. Univ. Med. Cent.) 34, 693–695 (2021).
	30.	 Chamadol, N. et al. Association between periductal fibrosis and bile duct dilatation among a population at high risk of cholangio-

carcinoma: A cross-sectional study of cholangiocarcinoma screening in Northeast Thailand. BMJ Open 9, e023217 (2019).

Acknowledgements
The authors truly thankful for all members of CASCAP, particularly the cohort members and staff from all 
participating institutions. This research was supported by NSRF under the Basic Research Fund of Khon Kaen 
University through Cholangiocarcinoma Research Institute, and the National Research Council of Thailand 
(https://​www.​nrct.​go.​th/) (Grant Number RGNS 63-049). The study was also supported by the Data Management 
and Statistical Analysis Center (DAMASAC) and Health and Epidemiology Geoinformatics Research (HEGER), 
Faculty of Public Health, Khon Kaen University, Thailand.

Author contributions
K.T., N.K., N.C., and A.T.S. conceived and designed this study. K.T. and A.T.S. performed the analysis. K.T., 
N.K., N.C., A.T.S., S.P., and M.K. wrote the manuscript. K.T., N.K., and N.C. collected the data and generated 
the clinical database. All authors have been involved in revising the manuscript, and all authors have read and 
approved the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://www.nrct.go.th/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Associations between ultrasound screening findings and cholangiocarcinoma diagnosis in an at-risk population
	Materials and methods
	Data sources. 
	Study population. 
	Outcome and independent variables. 
	Statistical analysis. 
	Ethical considerations. 

	Results
	Sample characteristics. 
	Distribution of cholangiocarcinoma. 
	Associations between history of ultrasonography findings and cholangiocarcinoma. 

	Discussion
	Conclusions
	References
	Acknowledgements


