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Introduction

Multidisciplinary team care coordinates with medical teams to improve the quality of cancer care. This study explored multidisciplinary team care in hepatitis B or hepatitis C virus-related hepatocellular carcinoma patients from the time of diagnosis to the first-time treatment interval and investigated treatment outcomes and prognosis.





Methods

This retrospective cohort study included data from a nationwide population from 2007 to 2016. Data were collected from the Taiwan Cancer Registry Database, linked to the Taiwan National Health Insurance Research Database. Propensity score matching was applied at a ratio of 1:2 to reduce the selection bias. A multiple regression model with generalized estimating equations was used to analyze whether multidisciplinary team care affected the diagnosis-to-treatment interval. The stratified Cox proportional hazards model examined whether involvement in multidisciplinary team care influenced survival status.





Results

A total of 10,928 and 21,856 patients with hepatocellular carcinoma received multidisciplinary and non-multidisciplinary care, respectively. Participants with multidisciplinary care had a longer diagnosis-to-treatment interval but a lower risk of cumulative cancer death (HR=0.88, 95% CI:0.84-0.92). In patients with intermediate- to advanced-stage hepatocellular carcinoma, multidisciplinary team care has obvious benefits for improving survival.





Conclusion

Patients with hepatocellular carcinoma who participated in multidisciplinary team care had a longer diagnosis-to-treatment interval but a lower risk of cancer death. Patients with intermediate- to advanced-stage hepatocellular carcinoma who received multidisciplinary team care significantly benefited from this outcome. Hospitals should provide HCC patients with multidisciplinary team care to improve cancer care.
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1 Introduction

Primary liver cancer, also known as hepatocellular carcinoma (HCC), has high incidence and mortality rates. According to the latest report from the International Agency for Research on Cancer (IARC), HCC is estimated to be the sixth leading cause of new cancer cases and the second leading cause of cancer-related deaths worldwide in 2020 (1). The latest Taiwan Cancer Registry Annual Report stated that HCC was the fifth leading cause of cancer (11,272 people per 100,000 person-years) and the second leading cause of cancer-related deaths (7,881 people per 100,000 person-years) in Taiwan in 2019 (2). The major risk factor for HCC is the gradual progression of chronic hepatitis to liver fibrosis and cirrhosis following hepatitis B virus (HBV) or hepatitis C virus (HCV) infection (3). About 80% of HCC cases are associated with chronic hepatitis B (CHB) or chronic hepatitis C infections (3). Other common risk factors for HCC include alcoholic hepatitis, non-alcoholic fatty liver disease, obesity, and diabetes (4). With liver injury or inflammation, liver cells respond to simultaneous regeneration and fibrosis. Liver fibrosis also regulates inflammatory cell activity in the liver. More than 80% of the patients diagnosed with HCC have cirrhosis (5). Liver dysfunction and worse tumor burden (multiple nodules or large tumors) are associated with a poorer prognosis for patients with HCC (6). Liver disease is usually insidious in onset, with inconspicuous symptoms; therefore, HCC has previously been diagnosed in the middle to late stages (7). Since HCC is always diagnosed at a non-early stage, treatment options are severely limited (6). There are no specific specialists who are sufficiently trained to meet the needs of this patient population (6).

Multidisciplinary team (MDT) care originated in a cancer care study that recommended integrated medical staff in each category and across specialists to provide consistent, high-quality individualized care (8). The purpose of MDT care is to help healthcare professionals make better medical decisions, improve patient outcomes, and optimize the quality of the healthcare system (9). MDT care is widely used for the clinical management of various cancers and chronic diseases (10–16). Some studies have reported that MDT care can extend the survival of late-stage non-small cell lung cancer and oral cavity cancer patients (17, 18), lower the mortality risk of colorectal, oral cavity, and esophageal cancer patients (19–21), decrease the frequency of emergency department visits of lung and colorectal cancer patients (22, 23), reduce the 14-day readmission rates of colorectal cancer patients (24), and lowering the relative risk of recurrence and death in breast cancer patients (25). However, the evidence that MDT care interventions are helpful in patient care is controversial (26, 27). Nonetheless, due to the complexity of HCC treatment, MDT care is emphasized to improve timely and fitting treatment guidelines and the overall survival of HCC patients (28). To improve the quality of cancer care, Taiwan’s Ministry of Health and Welfare (MOHW) promulgated the Cancer Control Act in 2003 and initiated the Complete Cancer Care Quality Improvement Project in 2005, which helped hospitals set up an MDT care meeting for cancer patients. The National Health Insurance (NHI) system is designed with a “Cancer Patient Treatment Planning and Consultation Fee” to encourage the establishment of MDT care plans (29). The Cancer Patient Treatment Planning and Consultation Fee is limited to one declaration for patients with a confirmed cancer or recurrence diagnosis according to the MDT treatment plan. Based on the Cancer Control Act and Regulations for Cancer Care Quality Assurance Measures, medical institutions follow the regulations to establish a committee and assign designated physicians to take charge of the cancer patient care tasks. The medical institutions must follow rigorous standards and pass the hospital evaluation, then get the qualification as a medical institution of cancer control (29). The MDT committee in each hospital abides by the regulations to hold a scheduled meeting with prescribed participating experts. Once a people diagnosed with cancer disease, the doctor may refer the patient to a cancer care team and implement MDT care. The MDT treatment plan was discussed and made based on the consensus of various specialists in the regular meetings. After the MDT meetings, the oncology nurse helps complete the medical record and upload the required information in the NHI system. Details regarding MDT care in Taiwan were described in our previous study (17, 21).

Studies using nationwide populations to explore MDT interventions for HBV- or HCV-associated HCC are lacking. This study aimed to explore the factors associated with MDT care in patients with HCC due to CHB or CHC, and to investigate the treatment outcomes and prognosis of patients with HCC who underwent MDT care. This study can be used as an important reference to improve cancer care and provide resources for health insurance policies.




2 Materials and methods



2.1 Study design and data sources

This was a retrospective cohort study of a national population. Data was sourced from the population-based Taiwan Cancer Registry Database (TCRD), which records information on all types of cancers diagnosed and treated in Taiwan with excellent quality and high completeness (97%). The records from the TCRD were linked with the Taiwan National Health Insurance Research Database (NHIRD) and the Cause of Death files obtained from the MOHW. The NHIRD is a comprehensive healthcare database that covers almost the entire population (up to 99.99%) of this country (30). This study was reviewed and approved by the Research Ethics Committee of China Medical University and Hospitals in Taichung, Taiwan (IRB number: CMUH110-REC3-227).




2.2 Study participants

First, the authors applied TCRD to select all patients newly diagnosed with HCC from January 1, 2007, to December 31, 2016. We defined the study population as those aged ≥ 20 years with CHB or CHC. This study defined disease status based mainly on diagnosis codes according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) or International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM). The confirmed diagnosis of primary malignant neoplasm of the liver (hepatocellular carcinoma, HCC) was based on ICD-9-CM code:155.0 or ICD-10-CM code C22.0. Those who were infected with CHB used ICD-9-CM codes: 070.20, 070.21, 070.22, 070.23, 070.30, 070.31, 070.32, 070.33, V02.61 or ICD-10-CM codes: B18.0, B18.1, B19.1. Those who were infected with CHC used ICD-9-CM codes: 070.41, 070.44, 070.51, 070.54, 070.70, 070.71, V02.62 or ICD-10-CM codes: B18.2, B19.2, B19.21. This study assessed the survival status of HCC patients who received MDT care. The exclusion criteria were as follows:1) death within 30 days after diagnosis, 2) those who were later confirmed to have carcinoma in situ, 3) those diagnosed with other cancers, 4) those with other catastrophic illnesses, except for cirrhosis, 5) those without treatment within six months after diagnosis, and 6) those with missing relevant information. Whether a research subject had joined MDT care was based on the medical record, which declared a Cancer Patient Treatment Planning and Consultation Fee (47079 B). All included patients were followed up until death, loss to follow-up, or December 31, 2018, whichever occurred first. Ultimately, 39,799 patients were enrolled in this study. We used propensity score matching (PSM) to match the group of patients with HCC who received MDT care to those who did not at a ratio of 1:2. A flowchart of the screening process for study participants is shown in Figure 1.




Figure 1 | Flowchart of the study participant screening.






2.3 Variable definitions and explanations

The typical characteristics of the patients with HCC were also examined. Age was defined as the age at which the study participants had a confirmed diagnosis of HCC. Participants’ socioeconomic status was based on their monthly salaries and grouped according to the National Health Insurance Administration. The environmental factor used was the degree of urbanization of the residential areas. The level of urbanization was established at seven degrees, from highly urbanized areas (level 1) to rural areas (level 7). Patients’ health status included comorbidity severity (Charlson Comorbidity Index [CCI]) and cirrhosis severity. According to the patient’s diagnosis, the comorbidity score of patients within two years before cancer diagnosis was calculated as an indicator of the severity of comorbidities in the study population. CCI was recorded along with Deyo’s Charlson Comorbidity index (31). The severity of cirrhosis was divided into no cirrhosis, mild cirrhosis, and severe cirrhosis in three groups. The confirmed diagnosis of cirrhosis was based on the ICD-9-CM codes 571.5, and ICD-10-CM codes K70.2, K70.30, K70.31, K74.1, K74.60, and K74.69. Patients who had a catastrophic cirrhosis illness belonged to the severe cirrhosis group; patients with only a diagnosis of cirrhosis were grouped into the mild cirrhosis group. Based on the NHI guidelines, the requirements for catastrophic illness of cirrhosis include cirrhosis complicated with 1) massive ascites that cannot be controlled, 2) esophageal varices or gastric varices with bleeding, or 3) hepatic encephalopathy or liver decompensation. This study excluded patients with other catastrophic illnesses because the catastrophic illness of cirrhosis was included in the classification of cirrhosis severity. The definition of ‘catastrophic illness’ aligns with the NHI definition, which includes 30 major disorders such as malignant neoplasm, chronic kidney disease requiring regular hemodialysis, respiratory failure requiring long-term mechanical ventilation, and liver cirrhosis with complications etc. (30). Whether patients received antiviral treatment for CHB or CHC is also an important factor affecting the prognosis of HCC, so the variable of antiviral treatment was divided into two groups: receiving antiviral therapy yes or no. Tumor factors included the tumor size and cancer stage. Tumor size according to the TCRD was recorded based on the maximum diameter of the tumor (if there were multiple nodules in one patient, only the diameter of the largest nodule was registered) and grouped into < 3 cm, 3-5 cm, and > 5 cm. Cancer staging was based on the Barcelona Clinic Liver Cancer (BCLC) classification and divided into BCLC stages 0, A, B, C, D, and unknown. The definitions of applied therapy were based on the relevant treatment codes as stated in the NHIRD, which were cross-comparisons with the therapy registered in the TCRD. A primary medical care facility was defined as a patient’s major care hospital. Medical institutions were divided into medical centers, regional hospitals, and district hospitals. Hospital ownership was allocated to public and nonpublic hospitals.




2.4 Outcomes and measurements

This study had two significant outcomes. The first outcome was diagnosis-to-treatment interval (DTI). DTI was defined as the time interval from the date of a confirmed diagnosis of HCC (date of imaging study or liver biopsy) to the date of the first course of treatment (surgery, local treatment, embolization, radiotherapy, or chemotherapy). Patients with HCC generally undergo an imaging assessment of therapy within three–six months of the first treatment. To clearly define the time frame of the first course of treatment, the treatment combination was defined as within six months after the confirmed diagnosis of HCC (32). The second outcome was cancer-related death. Cancer-related death was based on patient data from the Cause of Death file and compared with the NHIRD for validation.




2.5 Statistical analysis

Descriptive statistics were used to evaluate the univariate association between various variables (Table 1) and the status of participation in MDT care for patients with HCC. Statistics such as the number and percentage of each variable were calculated. DTI was expressed as the median and quartile.


Table 1 | Bivariate analysis and multivariate logistic regression analysis of hepatocellular carcinoma patient characteristics with or without multidisciplinary team care.



The study used variables, including sex, age at diagnosis, comorbidity severity (CCI), cirrhosis severity, antiviral therapy, tumor size, and tumor staging, to build a logistic regression model to calculate the propensity score for matching. Then, the propensity score using greedy nearest neighbor matching by digit without replacement was used to form a focus matching set to match the group of HCC patients who joined MDT care to those who did not receive MDT at a ratio of 1:2 to mitigate selection bias. The MDT and non-MDT patients have been matched in the same diagnosis year. The process executed the “best” match first, then the “next best” match in a classified sequence until no more matches could be made. Those with the highest digit match in the propensity score were considered the best matches. Each control sample was selected only once. The final matched-pair tests comprised tightly matched individual pairs and balanced control and case groups.

The Chi-square test was used to investigate whether patients with HCC were involved in MDT care and patient demographic characteristics (sex and age), socioeconomic status (monthly salary), urbanization level of the residence area, health condition, tumor characteristics (tumor size and cancer stage), and hospital characteristics (hospital level and hospital ownership). As DTI was not normally distributed, non-parametric statistics with the Kruskal-Wallis H test and Wilcoxon rank-sum test were used to analyze differences in DTI between patients with HBV- or HCV-induced HCC with or without MDT care intervention. The DTI time was then transformed into a natural log for further analysis. Multiple regression models with Generalized Estimating Equations were used for multivariate analysis to determine whether MDT care affected DTI. The results are presented as ratios with 95% confidence interval.

The log-rank test was employed as a bivariate analysis to evaluate the risk factors for cancer death after being involved in MDT. For the matched groups, the stratified Cox proportional hazards model was used to examine whether MDT care influenced the risk of death in patients with HCC when individual characteristics, socioeconomic status, environmental condition, health status, tumor features, and hospital characteristics were controlled (33). The results are presented as hazard ratios and 95% confidence intervals (CIs). The authors composed the survival curve of HCC patients with MDT versus non-MDT involvement at different BCLC stages after controlling for confounding variables, as listed above. All statistical analyses were performed using the SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA). All tests were two-sided, and the level of statistical significance was set at p < 0.05.





3 Results

After participant enrollment, the total number of study participants was 39,799. A total of 10,928 patients with HBV- or HCV-related HCC underwent MDT (Table 1). Before matching, bivariate analysis showed significant differences in demographic characteristics (sex and age), socioeconomic factors (monthly salary), environmental factors (urbanization level), patient health status (CCI and severity of cirrhosis), tumor characteristics (tumor size, cancer stage), and medical institution characteristics (hospital level, hospital ownership) between patients with HCC participating in and those not participating in MDT (p < 0.05) (Table 1). After multivariate adjustment, HCC patients diagnosed at ≥ 75 years of age were 15% less likely to receive MDT care than those diagnosed at ≤ 44 years of age (OR 0.85, 95% CI 0.76-0.94). Increasing severity of cirrhosis and HCC stage at the time of diagnosis were associated with lower odds of receiving MDT care. However, increasing tumor size at diagnosis was associated with higher odds of receiving MDT care. Compared with those visiting medical centers, patients visiting regional hospitals were around two times more likely to receive MDT care. Patients at non-public hospitals were less likely to receive MDT (Table 1).

After PSM, 32,784 patients were enrolled in this study. After matching, bivariate analysis showed no significant differences in sex, age, monthly salary, CCI, severity of cirrhosis, antiviral therapy, tumor size, and cancer stage between the two groups (p > 0.05) (Table 2).


Table 2 | Bivariate analysis of factors associated with HCC patients participating in MDT post-propensity score matching.



HCC patients who had participated in MDT care had a longer DTI than those who did not participate in MDT care (median:22 days vs. 20 days, p < 0.05) (Supplementary Table 1). Patients with no comorbidities or without cirrhosis had the shortest DTI. DTI was shorter in patients with larger tumors or more advanced tumors but was longer among patients who visited medical centers and public hospitals (Supplementary Table 1). We compared the DTI of liver cancer patients with different characteristics between MDT and non-MDT care groups. This revealed that patients with HCC who participated in MDT care had longer DTI for the most relevant factors. The average day of DTI was 29.55 ± 28.93 days in MDT care participants compared to 27.91 ± 29.65 days in non-MDT care participants (Supplementary Table 2). After controlling for the relevant variables, DTI increased by 1.24 times for HCC patients with MDT care than for those without MDT care (ratio = 1.24, 95% CI:1.18-1.32) (Table 3).


Table 3 | Factors associated with diagnosis to the first treatment time interval in patients with HCC.



A log-rank test was used to analyze which factors were related to the decreased risk of cancer-related death in HBV- or HCV-related HCC patients after joining MDT care (Supplementary Table 3). By the end of the study, the total number of deaths among patients with HCC was 5,904 (54.03%) and 11,203 (51.26%) in the MDT and non-MDT care groups, respectively. However, the mortality of patients with HCC who did or did not participate in MDT care was not statistically significant (p = 0.206). Patients who lived in urbanization level 3 and received MDT care had a lower death rate than those who did not participate in MDT (51.58% vs. 52.49%, p = 0.034). Patients who visited medical centers (Death: MDT vs. non-MDT= 48.22% vs. 50.51%, p < 0.001) or public hospitals (Death: MDT vs. non-MDT= 48.62% vs. 50.87%, p = 0.002) with MDT care had a relatively lower death rate than those who did not (Supplementary Table 3).

After multivariate adjustment, patients who received MDT care had 12% higher survival than those who did not (HR=0.88, 95% CI:0.84-0.92) (Table 4). The receipt of anti-viral therapy for HBV- or HCV-related HCC was also associated with higher survival (lower risk of death). Increasing tumor size or a higher HCC stage were both independently associated with a higher risk of death (Table 4 and Supplementary Figure 1). HCC patients who received only surgical intervention or treatment combination with surgery within six months after diagnosis had better survival conditions (lower HR of cancer death) (Table 4).


Table 4 | Analysis of MDT participant status and various factors affecting cancer death in HCC patients.



On stratified analysis by the BCLC staging system for HCC, after controlling for all other variables, patients with Stage B who received MDT care had a 10% higher survival, and those with Stage C had a 18% higher survival than those without MDT care (Figure 2).




Figure 2 | Stratification analysis of the patients according to BCLC stage. MDT care significantly reduced the risk of death for patients with BCLC stage B (Adj. HR = 0.90, p = 0.001) and stage C (Adj. HR = 0.82, p < 0.001) HCC. Event: cancer death. Stratification analysis was controlled for sex, age, monthly salary, urbanization level, CCI, cirrhosis severity, anti-viral therapy, tumor size, treatment method, hospital level, and hospital ownership. Adj. HR, adjusted hazard ratio; BCLC, Barcelona Clinic Liver Cancer classification; HCC, Hepatocellular carcinoma; MDT, multidisciplinary team. *The non-MDT group was the reference group. Cox proportional Hazard model.






4 Discussion

In this national population-based study with more than 10 years of coverage, we found that older patients, those with cirrhosis, a later stage of HCC, medical center visits, and non-public hospital visits were less likely to receive MDT care. Patients with HBV- or HCV-related HCC who had MDT care had prolonged DTI, but higher survival, while those with stages B and C also had a lower risk of cancer-related death (higher survival) when they received MDT care.

Yegin et al. compared surgical versus non-surgical treatment of HCC and found that treatment decisions were becoming more complex for increasing diversity and availability of treatment options. Therefore, comprehensive MDT care is required for HCC treatment (34). MDT care integrates the recommendations of medical experts to improve cancer care quality. However, this study found that old age, cirrhosis, late cancer stage, treatment in medical centers, and non-public hospitals were all factors contributing to a lower chance of participating in MDT care. Although the treatment options for HCC are varied and complex, this cancer staging system helps clinicians easily make treatment choices for HCC. The Taiwan Liver Cancer Association and Gastroenterological Society of Taiwan recommend using the BCLC staging system as the primary cancer staging and treatment guidance system (35). In Taiwan, hospital cancer care accreditation may compel hospitals, particularly medical centers and regional hospitals, to implement MDT care. Most district hospitals are non-public hospitals with limited capacity to implement MDT care.

After adjusting for correlated factors, patients with HBV- or HCV-related HCC who participated in MDT care had a longer time interval from diagnosis to first treatment than those who did not participate in MDT care. Studies have reported that demographic and socioeconomic factors may affect DTI (36, 37). Sharma et al. further pointed out that treatment modalities (radiation therapy) in medical centers and hospitals with large treatment volumes will extend DTI (37). Some researchers have shown that prolonged DTI is associated with poor cancer prognosis (37–40). However, clinical studies have reported no significant correlation between longer DTI and local tumor control, survival without distal metastasis, or overall survival in head and neck cancer (41). A systemic review article concluded that no significant association exists between longer DTI and poor prognosis in colorectal cancer (42). One population-based study revealed that early-stage HCC patients (AJCC stage I and II) who have prolonged DTI (> 60 days) would have lower survival rates (43). Taiwan’s MOHW has promulgated multiple rules to incentivize clinicians and people to strengthen the tracking and treatment of viral hepatitis. In a previous study in Taiwan, 78.46% of patients with HCC received early-stage cancer therapy within 30 days of diagnosis (43). Therefore, when MDT care requires regular meetings, the DTI is prolonged. In this study, patients with HBV- or HCV-related HCC who participated in MDT care had prolonged DTI compared to those who did not.

Several studies have reported that MDT care in patients with cancer has an improved survival rate or a decreased risk of cancer-related death (10, 15, 17–21, 24, 25). MDT care is used in patients with HCC to assist clinicians in making accurate diagnoses and treatment choices and prolonging or improving survival status (28, 44–48). In addition, studies have shown that MDT care increases the proportion of patients with HCC receiving appropriate therapy (5, 44–46, 49, 50). This nationwide population-based cohort study also found that HBV- and HCV-related HCC patients had a reduced risk of death after participating in MDT care. According to Chen et al., compared with the AJCC staging system, the BCLC staging system has a better long-term prognostic prediction for curative therapies, such as surgical treatment, in HCC patients (51). Most of the participants in this study whose therapy combination included surgery (62.73%) as the first treatment after diagnosis. Therefore, the BCLC staging system in this study has a better prognostic prediction than the AJCC staging system, which is commonly used for other cancers. Sinn et al. conducted a cohort study that enrolled 6,619 newly diagnosed HCC patients over nine years. It was concluded that the subgroup of patients with poor liver function (albumin-bilirubin grade 2 or 3), high alpha-fetoprotein (≥ 200 ng/mL), and intermediate to advanced HCC (BCLC stage B or C) who received MDT care had specific improvements in survival benefits (47). This study confirmed that HCC patients with BCLC stage B or C who participated in MDT care had a significantly higher survival rate.

This study used a nationwide population-based research database and PSM to eliminate selection bias; therefore, the sample was representative. However, the present study has some limitations. First, secondary data were used, and some personal information about detailed cancer treatment and disease prognosis could not be obtained. Second, some important clinical data influencing outcomes, such as portal hypertension, laboratory data, detailed Child-Turcotte-Pugh score, accurate tumor numbers, and each tumor’s actual size, were unavailable. This study employed cirrhosis severity to compensate for data limitations in assessing accurate liver function. Third, the members of the MDT (the actual members of medical experts), the method (direct meeting or virtual meeting), and the period of MDT meetings (the accurate frequency of MDT meetings, usually once a week in Taiwan) were different in every hospital; therefore, the study populations joining the exact model of MDT care were unknown. Even though there is a minor difference in MDT care in each hospital, the medical institute must follow the Act and Regulations to hold MDT conferences, maintain cancer care quality, and get cancer care qualifications. Fourth, we did not match variables that had less relation to disease outcome, such as urbanization level, hospital level, and hospital ownership. However, we have included those variables in the multivariate model to control them.

In conclusion, patients with HBV- or HCV-related HCC who participated in MDT care had longer DTI but a lower risk of cancer death. In patients with intermediate-to advanced-stage HCC (BCLC stage B or C), participation in MDT care significantly improved their outcomes. Hospitals should provide HCC patients with multidisciplinary team care to improve cancer care.
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Level 1 (Reference)
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Charlson Comorbidity Index
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Severity of cirrhosis

No cirrhosis (Reference)
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History of anti-virus therapy
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Hospital ownership
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BCLC, Barcelona Clinic Liver Cancer classification; CI, confidence index; MDT, multidisciplinary team; NTD,New Taiwan Dollar.
“Multiple regression analysis with generalized estimating equations: The natural logarithmic conversion was taken from the diagnosis to the first treatment interval, and the analysis result
coefficients were then used to extract the values after the exponential conversion.
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<20,008 3428 8.61 2612 76.20 816 23.80 1.00
20,009-22,800 15227 3826 10998 7223 4229 27.77 1.07 097 117 0.175
22,801-28,800 8571 21.54 6244 72.85 2327 27.15 1.00 0.90 110 0.919
28,801-36,300 3438 8.64 2504 72.83 934 27.17 1.00 0.89 112 0.989
36,301-45,800 4648 11.68 3292 70.83 1356 29.17 1.08 097 120 0.152
> 45,801 4487 1127 3221 71.79 1266 28.21 1.06 096 118 0.262
Urbanization level <0.001
Level 1 9412 23.65 6741 71.62 2671 28.38 1.00
Level 2 11184 28.10 8020 7171 3164 28.29 0.99 093 1.06 0.850
Level 3 6413 16.11 4866 75.88 1547 24.12 0.82 0.76 0.88 <0.001
Level 4 6816 1713 4866 71.39 1950 28.61 1.04 097 L12 0.313
Level 5-7 5974 15.01 4378 73.28 1596 26.72 0.92 085 1.00 0.049
Charlson Comorbidity Index <0.001
0 2293 5.76 1578 68.82 [ 715 3118 1.00
1 8444 21.22 5945 70.41 2499 29.59 1.00 091 L1l 0.944
2 6214 1561 4438 71.42 1776 28.58 0.98 0.87 1.09 0.657
23 22848 57.41 16910 74.01 5938 25.99 0.93 0.84 1.03 0.167
Severity of cirrhosis <0.001

[ No cirrhosis 21372 53.70 15061 70.47 6311 29.53 1.00
Mild cirrhosis 16605 4172 12355 7441 4250 25.59 0.85 0381 0.89 <0.001
Severe cirrhosis 1822 458 1455 79.86 367 20.14 0.66 058 075 <0.001
Tumor size (centimeters) 0.003
<3 15859 39.85 11615 73.24 4244 26.76 ‘ 1.00
35 9900 24.87 7212 72.85 2688 27.15 1.05 098 L1l 0.147
>5 14040 3528 10044 71.54 3996 28.46 1.09 1.02 3 0.018
Cancer stage — BCLC stage ‘ <0.001
0 2639 6.63 1824 69.12 815 30.88 1.00
A 13626 3424 9553 70.11 4073 29.89 0.89 0381 0.98 0.021
B 8000 20.10 5536 69.20 2464 30.80 0.88 079 0.98 0.024
€ 7342 1845 5216 71.04 2126 28.96 0.84 075 0.94 0.003
D 822 207 662 80.54 160 19.46 0.53 043 0.65 <0.001
Unknown 7370 1852 6080 82.50 1290 17.50 0.46 041 052 <0.001
Hospital level <0.001
Medical centers 25021 62.87 18968 75.81 6053 24.19 1.00
Regional hospitals 14606 36.70 9765 66.86 4841 33.14 1.96 1.87 2.06 <0.001
District hospitals 172 043 138 80.23 34 19.77 1.03 071 151 0.866
Hospital ownership ‘ <0.001
Public 12324 30.97 7853 63.72 4471 36.28 1.00
Non-public 27475 69.03 21018 76.50 6457 23.50 045 043 048 <0.001

BCLC, Barcelona Clinic Liver Cancer classification; CI, confidence index; MDT, multidisciplinary team; NTD, New Taiwan Dollar; OR, odds ratio; SD, standard deviation.
*Chi-square tests.
Multivariate logistic regression analysis.





