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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No. Recommendation 

Page  

No. 

Relevant text from 

manuscript 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1 Secular trend in universal 

hepatocellular carcinoma 

prevention: Taiwan, Poland and 

Belgium experience 

(b) Provide in the abstract an informative and balanced summary of what was done and what was 

found 

4 BACKGROUND 

Liver cancer poses a significant 

public health threat. Difference 

between disease patterns and 

national policies is crucial to 

elucidating factors influencing 

Hepatocellular Carcinoma 

(HCC) incidence. 

  

AIM 

To investigate the secular trend 

and disease pattern of liver 

cancer between Taiwan, Poland, 

Belgium. 

 

METHODS 

This population-based cohort 

study presents the incidence, 

period and cohort effects in 

HCC incidence between 2000-

2019 in Taiwan, Poland, and 

Flanders, Belgium. Data of 

HCC were obtained from cancer 

registry data from Taiwan, 
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Poland, and regional data from 

Belgium. Age-standardized 

incidence rates (ASIRs), annual 

percentage changes (APC) and 

age-period-cohort analyses were 

conducted by sex and period. 

 

RESULTS 

Taiwan’s ASIR decreased from 

2000 to 2019 (males: 55.17 to 

43.42, females: 21.91 to 16.20 

per 100000). In Poland, ASIR 

declined from 2000 to 2019 

(males: 3.21 to 2.77, females: 

1.95 to 1.32 per 100000). 

However, Flanders experienced 

an increase in ASIR from 2000 

to 2019 (males: 2.66 to 5.63, 

females: 1.40 to 2.20 per 

100000). In Taiwan, the cohort 

effect rate ratio (RR) increased 

from 1915-1935 (males: 1.02 to 

1.36, females: 1.04 to 1.54) and 

decreased from 1935-1989 

(males: 1.36 to 0.22, females: 

1.54 to 0.20). In Poland, RRs 

consistently decreased (males: 

1.75 to 0.25, females: 3.46 to 

0.26). Flanders exhibited an 

increase in both males (0.14 to 

2.52, 1915-1975) and females 

(0.53 to 3.66, 1915-1989). 
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CONCLUSION 

Taiwan and Poland’s declining 

ASIR may due to effective HBV 

immunization and viral hepatitis 

therapy. Flanders’ persistent 

increase may be tied to higher 

HCC risk in high HCV risk 

populations. 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5, 6 Primary liver cancer is the 

seventh most common type of 

cancer and the second leading 

cause of cancer-related 

deaths[1]. Hepatocellular 

carcinoma (HCC) was the major 

type of primary liver cancer. 

Depending on the population, 

the risk factors of HCC vary 

considerably. However, HCC 

incidence is mostly attributed to 

chronic Hepatitis B Virus 

(HBV) or Hepatitis C Virus 

(HCV) infection, metabolic 

dysfunction and alcohol 

consumption[2]. 

Viral hepatitis is the major risk 

factor for HCC. Generally 

speaking, HBV infection is the 

predominant type across East 

Asian countries, whereas in 
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European countries, the primary 

concern is HCV infection[2]. In 

previous decades, national 

vaccination programs[3-5], 

screening programs, hospital-

transmission control[6] and 

novel anti-viral therapies[7-9] 

were implemented. Such 

programs resulted in different 

rates of reduction in viral 

hepatitis, and thus, later 

reduction in HCC incidence. 

Objectives 3 State specific objectives, including any prespecified hypotheses 6 In this study, we analyzed the 

change in HCC incidence 

between 2000 and 2019 in 

Taiwan, Poland and the 

Flanders region of Belgium, as 

well as discuss the major risk 

factors contributing to observed 

changes and trends. These 

discrepancies between HCC 

incidence and major etiological 

factors across Taiwan, Poland 

and Flanders will be the central 

purpose of this article.. 

Methods  

Study design 4 Present key elements of study design early in the paper 6 Retrospective cohort study. In 

this study, we analyzed the 

change in HCC incidence 

between 2000 and 2019 in 

Taiwan, Poland and the 
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Flanders region of Belgium, as 

well as discuss the major risk 

factors contributing to observed 

changes and trends.   

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, 

follow-up, and data collection 

6 We conducted an observational 

study of HCC cases diagnosed 

from 2000-2019 using data from 

the Taiwan Cancer Registry 

(TCR) , Polish National Cancer 

Registry (PNCR) and Belgian 

Cancer Registry (BCR) 

respectively. 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods of case 

ascertainment and control selection. Give the rationale for the choice of cases and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of 

participants 

6, 7 We conducted an observational 

study of HCC cases diagnosed 

from 2000-2019 using data from 

the Taiwan Cancer Registry 

(TCR) , Polish National Cancer 

Registry (PNCR) and Belgian 

Cancer Registry (BCR) 

respectively. We calculated age-

specific incidence rates for 

various age groups (30-34, 35-

39, 40-44…80-84, 85-89) and 

age-standardized incidence rates 

(ASIR), per 100000 people. 

(b) Cohort study—For matched studies, give matching criteria and number of exposed and 

unexposed 

Case-control study—For matched studies, give matching criteria and the number of controls per 

case 

  

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 

Give diagnostic criteria, if applicable 

7 HCC was coded using the 

International Classification of 
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Disease-Oncology, Third 

Edition (ICD-O-3) for all three 

cancer registries. The ICD-O-3 

morphology code for HCC is 

C22. 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment 

(measurement). Describe comparability of assessment methods if there is more than one group 

6 We conducted an observational 

study of HCC cases diagnosed 

from 2000-2019 using data from 

the Taiwan Cancer Registry 

(TCR) , Polish National Cancer 

Registry (PNCR) and Belgian 

Cancer Registry (BCR) 

respectively. Each cancer 

registry is a nationwide 

population-based database and 

provides critical cancer data.  

Bias 9 Describe any efforts to address potential sources of bias 6 The completeness of the TCR 

was 97.7% with an overall 91.3 

MV% in 2011[10]. The  

completeness of the PNCR was 

91% with a 66% M/I ratio in 

2010[11]. The completeness of 

the BCR for Flanders for 

invasive tumors, except for non-

melanoma skin cancer, was 95% 

for the clinical network, and 

91% for the pathological 

network in 2019[12]. 

Study size 10 Explain how the study size was arrived at 6 Each cancer registry is a 

nationwide population-based 

database and provides critical 
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cancer data. The completeness 

of the TCR was 97.7% with an 

overall 91.3 MV% in 2011[10]. 

The  completeness of the PNCR 

was 91% with a 66% M/I ratio 

in 2010[11]. The completeness 

of the BCR for Flanders for 

invasive tumors, except for non-

melanoma skin cancer, was 95% 

for the clinical network, and 

91% for the pathological 

network in 2019[12]. 

Continued on next page   
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Quantitative 

variables 

11 Explain how quantitative variables were handled in 

the analyses. If applicable, describe which groupings 

were chosen and why 

7 We calculated age-specific incidence rates for various age groups (30-34, 35-39, 40-44…

80-84, 85-89) and age-standardized incidence rates (ASIR), per 100000 people. ASIR was 

computed using the WHO 2000 standard population with age-truncated population ≧30 

and ≦89 years. 

Statistical 

methods 

12 (a) Describe all statistical methods, including those 

used to control for confounding 

7, 8 We calculated age-specific incidence rates for various age groups (30-34, 35-39, 40-44…

80-84, 85-89) and age-standardized incidence rates (ASIR), per 100000 people. ASIR was 

computed using the WHO 2000 standard population with age-truncated population ≧30 

and ≦89 years. We divided a 20-year time period and birth cohort into 5-year intervals 

and calculated annual percentage changes (APC) and 95% confidence intervals (CIs) with 

the Joinpoint Regression program (Version 5.0). 

(b) Describe any methods used to examine 

subgroups and interactions 

7, 8 To investigate the temporal trends in hepatocellular carcinoma (HCC) incidence, we 

applied an age-period-cohort (APC) analysis using the National Cancer Institute (NCI) 

web-based APC tool[13]. The tool estimates longitudinal age-specific rates, period effects, 

and cohort rate ratios (CRRs) based on a Poisson log-linear model. HCC incidence data 

were stratified by five-year age groups (30–34 to 85–89 years), calendar periods (2000–

2004 to 2015–2019), and corresponding birth cohorts (1915–1919 to 1985–1989). 

Although the tool computes the estimates internally, the underlying R code is available for 

transparency and reproducibility. In this model, age, period, and cohort effects are 

expressed as incidence rate ratios (IRRs). The expected incidence rate for individuals born 

in year c and followed up at age a is estimated using the following equation: 

R(a│c)=LongitudinalAge(a│c_0 )×CohortRateRatio(c│c_0 )×e^(PeriodDeviation(c+a)). 

 

where: 

 LongitudinalAge(a|c0) : 

the longitudinal age-specific rate at age a based on a reference cohort c0, 

 CohortRateRatio(c|c0): 

the cohort rate ratio (CRR) comparing birth cohort c to the reference cohort, and 

 PeriodDeviation(c+a): 

the period deviation (PD) at calendar year p=c+a. 

All results, including IRRs by age, CRRs by cohort, and PDs by calendar period, were 

generated from the NCI tool output[13]. 
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(c) Explain how missing data were addressed 6 The completeness of the TCR was 97.7% with an overall 91.3 MV% in 2011[10]. The  

completeness of the PNCR was 91% with a 66% M/I ratio in 2010[11]. The completeness 

of the BCR for Flanders for invasive tumors, except for non-melanoma skin cancer, was 

95% for the clinical network, and 91% for the pathological network in 2019[12]. 

(d) Cohort study—If applicable, explain how loss to 

follow-up was addressed 

Case-control study—If applicable, explain how 

matching of cases and controls was addressed 

Cross-sectional study—If applicable, describe 

analytical methods taking account of sampling 

strategy 

6 The completeness of the TCR was 97.7% with an overall 91.3 MV% in 2011[10]. The  

completeness of the PNCR was 91% with a 66% M/I ratio in 2010[11]. The completeness 

of the BCR for Flanders for invasive tumors, except for non-melanoma skin cancer, was 

95% for the clinical network, and 91% for the pathological network in 2019[12]. 

(e) Describe any sensitivity analyses  No sensitivity analysis 

Results 

Participants 13* (a) Report numbers of individuals at each stage of 

study—eg numbers potentially eligible, examined 

for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

6 Taiwan Cancer Registry (TCR) , Polish National Cancer Registry (PNCR) and Belgian 

Cancer Registry (BCR) respectively. Each cancer registry is a nationwide population-based 

database and provides critical cancer data. The completeness of the TCR was 97.7% with 

an overall 91.3 MV% in 2011[10]. The  completeness of the PNCR was 91% with a 66% 

M/I ratio in 2010[11]. The completeness of the BCR for Flanders for invasive tumors, 

except for non-melanoma skin cancer, was 95% for the clinical network, and 91% for the 

pathological network in 2019[12]. 

(b) Give reasons for non-participation at each stage 6 Taiwan Cancer Registry (TCR) , Polish National Cancer Registry (PNCR) and Belgian 

Cancer Registry (BCR) respectively. Each cancer registry is a nationwide population-based 

database and provides critical cancer data. The completeness of the TCR was 97.7% with 

an overall 91.3 MV% in 2011[10]. The  completeness of the PNCR was 91% with a 66% 

M/I ratio in 2010[11]. The completeness of the BCR for Flanders for invasive tumors, 

except for non-melanoma skin cancer, was 95% for the clinical network, and 91% for the 

pathological network in 2019[12]. 

(c) Consider use of a flow diagram   No flow diagram 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg 

demographic, clinical, social) and information on 

exposures and potential confounders 

 Deidentified data source. No clinical, socioeconomic status, region or CCI_R… were 

available.  
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(b) Indicate number of participants with missing data 

for each variable of interest 

 Deidentified data source 

(c) Cohort study—Summarise follow-up time (eg, 

average and total amount) 

6 2000-2019 

Outcome data 15* Cohort study—Report numbers of outcome events or 

summary measures over time 

8, 9 Age-standardized incidence rate 

In Taiwan, the ASIR from 2000-2004 to 2015-2019 decreased significantly for both males 

and females (55.17 to 43.42 and 21.91 to 16.20 per 100000, respectively). The APC was -

1.85 (95% CI: -3.30 to -0.49) in males and -1.99 (95% CI: -3.92 to -0.16) in females. In 

Poland, we also observed reduced ASIR in both males and females (3.21 to 2.77 and 1.95 

to 1.32 per 100000, respectively) between the periods of 2000-2004 and 2015-2019. The 

APC was -1.47 (95% CI: -1.92 to -1.10) in males and -2.54 (95% CI: -3.53 to -1.63) in 

females. We observed the opposite trend in the Flemish population, with ASIR increasing 

significantly from 2000-2004 to 2015-2019 in both males and females (2.66 to 5.63 and 

1.40 to 2.20 per 100000, respectively). The APC was 5.27 (95% CI: 2.65 to 7.69) in males 

and 3.28 (95% CI: 2.95 to 3.53) in females (Figure 1, Table 1). Age-specific incidence 

rates by period, sex and birth cohort are presented in (Supplement 1). 

  

 

Age-period cohort 

Age, period and cohort effects are presented in (Figure 2, 3, and 4) for Taiwanese, Polish, 

and Flemish data, respectively.  

Age effects showed similar trends in all three countries, showing increasing incidence with 

increasing age, then slightly decreasing in the oldest age group. The highest age effects in 

Taiwan were 243.99 in males aged 75-79 and 144.04 in females aged 80-84. In Poland, 

they were 23.73 and 11.42 in males and females aged 75-79. In Flanders they were 118.08 

and 30.46 in males and females aged 80-84. 

The rate ratios of the period effects from 2000 to 2019 decreased for both males and 

females in Taiwan (1.03 to 0.79 and 1.07 to 0.72, respectively) and Poland (1.13 to 0.92 

and 1.17 to 0.77, respectively), but increased for both males and females in Flanders (0.76 

to 1.42 and 0.90 to 1.47, respectively).  

The rate ratios of the cohort effects in Taiwan increased during 1915-1935 (1.02 to 1.36 in 

males and 1.04 to 1.54 in females), but continually decreased from 1935-1989 (1.36 to 
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0.22 in males and 1.54 to 0.20 in females). In Poland, the rate ratios of the cohort effects 

continually decreased from 1915-1989 (1.75 to 0.25 in males and 3.46 to 0.26 in females). 

In Flanders, the rate ratios of the cohort effects for males increased from 0.14 to 2.52 for 

1915 to 1975, then decreased from 2.52 to 1.18 for 1975 to 1989. In females, rate ratios 

increased from 0.53 to 3.66 for 1915 to 1989. 

National or regional intervention of viral hepatitis or HCC in Taiwan, Poland, Flanders 

were showed in (Table 2) 

Case-control study—Report numbers in each 

exposure category, or summary measures of 

exposure 

  

Cross-sectional study—Report numbers of outcome 

events or summary measures 

  

Main results 16 (a) Give unadjusted estimates and, if applicable, 

confounder-adjusted estimates and their precision 

(eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were 

included 

8, 9 Age-standardized incidence rate 

In Taiwan, the ASIR from 2000-2004 to 2015-2019 decreased significantly for both males 

and females (55.17 to 43.42 and 21.91 to 16.20 per 100000, respectively). The APC was -

1.85 (95% CI: -3.30 to -0.49) in males and -1.99 (95% CI: -3.92 to -0.16) in females. In 

Poland, we also observed reduced ASIR in both males and females (3.21 to 2.77 and 1.95 

to 1.32 per 100000, respectively) between the periods of 2000-2004 and 2015-2019. The 

APC was -1.47 (95% CI: -1.92 to -1.10) in males and -2.54 (95% CI: -3.53 to -1.63) in 

females. We observed the opposite trend in the Flemish population, with ASIR increasing 

significantly from 2000-2004 to 2015-2019 in both males and females (2.66 to 5.63 and 

1.40 to 2.20 per 100000, respectively). The APC was 5.27 (95% CI: 2.65 to 7.69) in males 

and 3.28 (95% CI: 2.95 to 3.53) in females (Figure 1, Table 1). Age-specific incidence 

rates by period, sex and birth cohort are presented in (Supplement 1). 

  

 

Age-period cohort 

Age, period and cohort effects are presented in (Figure 2, 3, and 4) for Taiwanese, Polish, 

and Flemish data, respectively.  

Age effects showed similar trends in all three countries, showing increasing incidence with 

increasing age, then slightly decreasing in the oldest age group. The highest age effects in 
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Taiwan were 243.99 in males aged 75-79 and 144.04 in females aged 80-84. In Poland, 

they were 23.73 and 11.42 in males and females aged 75-79. In Flanders they were 118.08 

and 30.46 in males and females aged 80-84. 

The rate ratios of the period effects from 2000 to 2019 decreased for both males and 

females in Taiwan (1.03 to 0.79 and 1.07 to 0.72, respectively) and Poland (1.13 to 0.92 

and 1.17 to 0.77, respectively), but increased for both males and females in Flanders (0.76 

to 1.42 and 0.90 to 1.47, respectively).  

The rate ratios of the cohort effects in Taiwan increased during 1915-1935 (1.02 to 1.36 in 

males and 1.04 to 1.54 in females), but continually decreased from 1935-1989 (1.36 to 

0.22 in males and 1.54 to 0.20 in females). In Poland, the rate ratios of the cohort effects 

continually decreased from 1915-1989 (1.75 to 0.25 in males and 3.46 to 0.26 in females). 

In Flanders, the rate ratios of the cohort effects for males increased from 0.14 to 2.52 for 

1915 to 1975, then decreased from 2.52 to 1.18 for 1975 to 1989. In females, rate ratios 

increased from 0.53 to 3.66 for 1915 to 1989. 

National or regional intervention of viral hepatitis or HCC in Taiwan, Poland, Flanders 

were showed in (Table 2) 

(b) Report category boundaries when continuous 

variables were categorized 

 Only Age-standardized incidence rate, Age-specific rate, Age-period-cohort were 

calculated  

(c) If relevant, consider translating estimates of 

relative risk into absolute risk for a meaningful time 

period 

 No relative risk, absolute risk used in this study 

Continued on next page   
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses  No sensitivity analysis 

Discussion 

Key results 18 Summarise key results with reference to study objectives 9, 10 The ASIR and Age-specific 

incidence rates indicated that both 

Taiwan and Poland had similar 

decreasing trends by period and by 

sex; however, Flemish data showed 

consistently increasing trends by 

sex and by period. For both Taiwan 

and Poland, this observation can be 

traced back to several major factors. 

Long–term HBV immunization 

programs with high coverage rates 

resulted in decreasing trends of 

HCC prevalence through individual 

and herd immunity in the 

vaccinated cohort[3, 4, 14]. The 

national viral hepatitis therapy 

program launched in Taiwan in 

2003 may have contributed to 

reducing HCC risk[7]. Hospital 

transmission control in Poland, such 

as sterilizing medical equipment or 

blood donor screening may be 

associated with decreasing HCC 

prevalence[6]. In Flanders, the 

reasons for increasing HCC risk 

could be due to higher HCV 

prevalence in certain populations, 

especially injection drug users 

(IDU)[9] and HIV patients. 
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Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias 

15 The limitations of our study include 

the use of three cancer registry 

databases, with potential 

underrepresentation of HCC 

incidence in Poland due to 

discrepancies with National Health 

Fund Institution reports, and data 

from only a single region in 

Belgium. However, the changes in 

overall HCC incidence trends and 

the explainable differences in 

etiology are of particular 

importance in this study. Secondly, 

understanding the future impact of 

metabolic syndrome on liver cancer 

necessitates extended research 

efforts for conclusive findings. 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 

analyses, results from similar studies, and other relevant evidence 

10-15 In Taiwan and Poland, HBV and 

HCV infection are the main risk 

factors for HCC[15, 16], with HBV 

infection being the majority in 

Taiwan and HCV being more 

prominent risk factor of HCC in 

Poland[17]. In Taiwan, the 30-34 

age group (1985-1989) had the 

lowest cohort effect. The decrease 

may be attributed to the HBV 

vaccination policy starting in 1984 

for infants of HBV-infected 

mothers, which expanded to all 

infants in 1986. Moreover, Hepatitis 

B immune Globulin (HBIG) was 
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provided to infants of 

HBeAg(+)/HBsAg(+) mothers 

since 1986 and to all HBsAg (+) 

mothers since 2019. 

Seroepidemiological data collected 

between 1984 and 2014 

demonstrated that the seropositive 

rates of HBsAg and anti-HBc were 

significantly lower among 

individuals in the vaccinated cohort 

than those in the unvaccinated 

cohort[18]. Another 20 year follow-

up study conducted through 1983 to 

2004 pointed out that the universal 

three doses recombinant HBV 

vaccination policy significantly 

reduced HCC incidence rates in the 

vaccinated cohort[3]. However, 

highly infectious mothers, 

especially HBeAg(+)/HBsAg(+), 

were still an important risk factor 

for HBV vaccine failure[19]. As a 

result, starting in 2018, anti-viral 

therapy, such as Tenofovir and 

Telbivudine was given to highly 

infectious mothers in the third 

trimester to prevent mother-to-

infant transmission, reducing the 

HBV DNA positivity rate by 25.3% 

in HBIG(+) infants compared with 

HBIG(-) infants[20].  
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In Taiwan, for the unvaccinated 

population, cohort effects increased 

from 1915 to 1935, then decreased. 

This decreasing trend may be 

attributed to several reason listed 

below. Firstly, the national viral 

hepatitis therapy program was 

launched at 2003. Based on the 

community-based REVEAL-

HBV/HCV study, 15-25% of CHB 

or CHC patients eligible for 

reimbursed treatment were covered 

by 2011[21, 22]. There was 22% 

reduction in chronic liver diseases 

and cirrhosis associated mortality, 

24% reduction in HCC mortality 

and 14% reduction in HCC 

incidence in 2008–2011, compared 

with the 4-year period before the 

program launch (2000–2003)[7]. As 

a result, the antiviral therapy is 

considered effective to prevent the 

occurrence of end stage liver 

diseases (ESLDs) and HCC. 

Secondly, the disposable syringes 

and improvement of medical 

equipment sterilization since 1980s. 

Thirdly, universal anti-HCV 

serologic screening of blood donors 

were also implemented in 1992 and 

were further enhanced by the 

introduction of highly sensitive 
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nucleic acid test (NAT) assays in 

2013. Lastly, Several HCV 

screening programs were also 

launched since 2011[23]. A 

nationwide seroepidemiological 

study demonstrated that the overall 

crude prevalence of anti-HCV 

decreased from 15.5 to 4.5 per 1000 

blood donors between 1999 and 

2017[24]. Overall, as the HBV 

incidence decreased throughout 

period, HCV incidence also 

decrease as well. 

Liver transplantation (LT) was also 

an important management in HCC 

or ESLD. However, due to strict 

patient selection criteria and 

shortage of organ, most of ESLD or 

HCC patients weren’t able to 

undergo liver transplantation. 

Although overall 1-year and 3-year 

survival rate in LT patients were 86 

to 98% and 61 to 96%[25-27], 

previous study showed that only 

3017 liver transplantation cases 

were done from 2003 to 2012[28], 

which is far less than HCC patients. 

As a result, trans-arterial embolism 

or surgical resection still remained 

an important therapy for HCC 

curation or survival improvement. 
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In Poland, the cohort effect for the 

30-34 age group (1985-1989) was 

also lower than any previous cohort. 

Infants of HBsAg(+) mothers were 

vaccinated since 1989, and this 

policy expanded to all newborns in 

1996[4]. However, in contrast to 

Taiwan, where most HBV cases 

resulted from highly infectious 

mothers and incomplete 

immunization[14], Polish HBV 

cases mostly resulted from hospital 

transmission[6]. From 2010 to 

2014, 74% of acute HBV cases 

were attributed to hospital 

transmission or outpatient medical 

procedures, and the overall 

hospitalization population 

attributable risk (PAR%) was 

25.7% (95% CI=20.3%-31.1%)[6]. 

Due to the low prevalence of HBV 

infection and horizontal 

transmission being the major 

transmission route, a 2-dose 

preoperative vaccination policy for 

selective surgery patients was 

implemented in 1993-1997.  

In Poland, for those without 

vaccination coverage, cohort effects 

consistently decreased during the 

period from 1915 to 1989. Although 

there is no nationwide antiviral 
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therapy program, policies for 

hospital-transmission control[6] and 

HBV vaccination in high-risk 

groups[4] in the past may have 

contributed to the reduced HCC 

incidence. This is supported by data 

showing that HBV incidence 

dropped from approximately 45 to 

under 15 cases per 100000 by 1997 

following the introduction of 

medical sterilization protocols in 

and later targeted vaccination 

programs[29]. Programs to control 

hospital-related infections included 

improving medical equipment 

sterilization and early vaccination 

programs for health care workers[6, 

30]. Moreover, NAT screening tests 

in blood donors for both HCV and 

HIV began in 2003, and NAT 

screening tests for HBsAg and anti-

HBc began in 2005 with two 

decades of decreasing tendency of 

HBsAg among donors[31]. As a 

result, such improvements might 

have contributed to the decreasing 

trends in the non-vaccinated cohort. 

Lastly, Data for the LTs in Poland 

during 2001–2017 period states that 

3332 primary liver transplantations 

were performed. Among those 

patients with a HCV infection 
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accounted for 581 cases while those 

with only HBV for 185 cases[32]. 

More recent data states that the total 

number of liver transplants in 2022 

equaled to 362[33]. Similarly to 

Taiwanese experience number of 

patients who annually undergo LTs 

in Poland is still limited. 

In the Flanders region of Belgium, 

cohort effects showed an overall 

increasing trend after 1915. In 

Belgium, HCV infection is the 

major risk factor for HCC[34]. In 

2015, the HCV RNA seropositivity 

rates among injection drug users 

(IDU), People living with HIV 

(PLHIV) and men who have sex 

with men with HIV (MSM with 

HIV) were 25.0%, 6.3% and 18.4%, 

which was higher than the 0.1% in 

the general population[9]. 

Moreover, IDU, PLHIV and MSM 

with HIV account for 18.3%, 8.7% 

and 8.5% (overall 35.5%) of HCV 

patients, which were the 3 most 

important risk factors for HCV 

transmission in Belgium[9]. The 

prevalence of IDUs increased from 

2.9% to 3.5% from 2000 to 2010 

and continues to increase in recent 

years[35]. Subnational surveillance 

data also revealed that around 30% 
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of undiagnosed HIV patients lived 

in Antwerp, the largest city in 

Flanders, where MSM, particularly 

those born abroad, account for the 

most cases, showing much higher 

rates than other regions in 

Belgium[36]. These factors might 

contribute to the increasing cohort 

effect in Flanders. 

WHO’s Global Hepatitis Strategy 

aims to eliminate hepatitis by 2030 

- a 90% reduction in incidence and 

65% reduction in mortality. 

In 2014, Taiwan’s high vaccination 

coverage rate led to significantly 

lower HBsAg and anti-HBc 

prevalence rates in children under 

30 years (0.5% and 4.5%, 

respectively) compared to older 

individuals (30-50 years) born 

before the vaccination program 

(HBsAg: 6.7%; anti-HBc: 

44.1%)[18]. Since 2018, anti-viral 

therapy for highly infectious 

mothers in the their third trimester 

has further bolstered prevention 

efforts against vertical 

transmission[20], providing strong 

evidence of HBV infection 

prevention success. The Taiwanese 

government’s 2025 short-term goals 

are to maintain HBV vaccination 
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coverage rate above 98% and raise 

coverage rate for national viral 

hepatitis screening program to 

70%[37]. Despite this, studies 

indicate a rising HCV infection risk 

in certain groups like homosexual, 

IDU and HIV patients[38]. 

Therefore, goals include precision 

screening and expanding oral anti-

HCV drug coverage to 40% 

enhancing health education for 

IDUs, aiming for a 50% reduction 

in viral hepatitis[37].  

In Poland, the HBV vaccination 

coverage rate was 90.9% in 

2018[39], which is still less than the 

2020 WHO target. Thus, a vaccine 

coverage rate over 95% will be the 

future target. For HCV treatment, 

due to the availability of highly 

effective and safe direct acting 

antivirals (DAAs)[8], HCV 

infection is highly controlled, with 

average 0.4% HCV RNA positivity 

in recent years. Moreover, efficacy 

of DAAs improved from 50% 

during 2009-2013 to around 97% 

during 2016-2018. It is predicted to 

reach 99% efficacy and reduce the 

HCV RNA positivity rate to 0.3% 

by 2030[8].  
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In Flanders, the overall HBV, HCV 

prevalence were low, while the 

IDU, PLHIV and MSM with HIV 

had significantly higher HCV risk 

than general population. Instead of 

providing nationwide antiviral 

therapy, focusing on reducing 

transmission and provide antiviral 

therapy to high risk group would be 

more important. With direct-acting 

antiviral (DAA) drug ≧95% cure 

rate, HCV elimination was 

achievable[40, 41]. However, 

unlimited access of DAA started 

late on 2019[42], for the HCV 

treatment program, 67% of PLHIV 

and migrants and 73% of IDUs will 

be left untreated by 2030[43] in 

order to reach the WHO Global 

Hepatitis Strategy. A Belgian 

'Hepatitis C Plan' was developed in 

2014 in response to the WHO's 

objectives, and included developing 

a national HCV screening program, 

expanded access to HCV 

medication and epidemiological 

follow-up studies[44]. However, the 

effect of program were still under 

observation. 

As the prevalence of hepatitis B and 

C continues to decline following 

widespread antiviral and 
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vaccination programs[45], non-viral 

liver disease such as ALD and 

MAFLD are becoming relatively 

more prominent contributors to 

HCC. While these conditions may 

not confer significant cancer risk 

during early stages, their 

progression to advanced fibrosis or 

cirrhosis is a well-established 

pathway to HCC development[46]. 

Given this epidemiologic shift, 

long-term surveillance is essential 

to monitor the evolving role of 

MAFLD and ALD in 

hepatocarcinogenesis. Preventive 

strategies should prioritize 

modifiable risk factor control 

through lifestyle interventions, 

including weight management, 

dietary improvement, physical 

activity promotion, and reduction of 

harmful alcohol use. 

Generalisability 21 Discuss the generalisability (external validity) of the study results 15 In this study, we analyzed long-

term trends of HCC in Taiwan, 

Poland, and Flanders from 2000-

2019, and discussed differences in 

trends and risk factors. Our study 

observed age groups from 30 to 85+ 

over 20 years. We also compared 

public health policies across 

countries and suggested 

improvements to meet the WHO’s 
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2030 Global Hepatitis strategy. 

Given this epidemiologic shift, 

long-term surveillance is essential 

to monitor the evolving role of 

MAFLD and ALD in 

hepatocarcinogenesis. Preventive 

strategies should prioritize 

modifiable risk factor control 

through lifestyle interventions, 

including weight management, 

dietary improvement, physical 

activity promotion, and reduction of 

harmful alcohol use. 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 

original study on which the present article is based 

22 No funding source 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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