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Purpose: Few studies have compared the long-term medical resource consumption between radical prostatectomy (RP) and intensity-modulated radiation therapy (IMRT) among old (≥80 years) patients with localized prostate cancer (LPC), particularly in those at high risk of prostate adenocarcinoma.

Patients and Methods: The propensity score matching was conducted to investigate the medical expenditure of two therapeutic modalities (RP and IMRT) in elderly patients with high-risk LPC (HR-LPC). The generalized linear mixed and logistic regression models were employed to evaluate the number of postdischarge visits and medical reimbursement for urinary diseases or complications and the number of hospitalizations for treatment-related complications over 5 years after treatment, respectively.

Results: Significant differences were observed in the median or mean urology clinic visit numbers across the two therapeutic modalities from the first until fifth year post treatment (p < 0.0001). After adjustment for covariates, the mean difference [95% confidence interval (CI)] of urology clinic visit numbers between RP and IMRT was 13.07 (10.45–15.49, P < 0.0001), 7.47 (8.01–14.92, P < 0.0001), 8.24 (4.59–9.90, P < 0.0001), 6.63 (3.55–11.70, P < 0.0001), and 5.02 (1.12–8.73, P < 0.0001) for the first, second, third, fourth, and fifth years, respectively. In the logistic regression multivariate model with adjustment for covariates [therapy type, age, diagnosis year, income, hospital area, hospital level (academic or nonacademic), clinical and pathological T-stage, grade (Gleason score), pretreatment PSA level (ng/ml), and D'Amico risk classification], the adjusted odds ratio (95% CI) of IMRT was 2.10 (1.37–2.56, P = 0.0013), 1.55 (1.08–2.21, P = 0.0151), 1.35 (1.08–2.21, P = 0.0084), 1.24 (1.07–2.21, P = 0.0071), and 1.09 (1.02–1.81, P = 0.0379) for the first, second, third, fourth, and fifth years, respectively, compared with those of RP. The mean difference (95% CI) of total medical claims amounts of RP and IMRT between the RP and IMRT + ADT groups was 2,69,823 New Taiwan Dollars (NTD) (247,676–291,970, P < 0.0001), 40,803 NTD (17,379–54,228, P < 0.0001), 36,202 NTD (24,375–68,029, P < 0.0001), 26,708 NTD (11,179–54,595, P = 0.0321), and 12,173 NTD (17,140–41,487, P = 0.0187) for the first, second, third, fourth, and fifth years, respectively.

Conclusion: The long-term medical resource consumption was higher in old men with HR-LPC undergoing IMRT than in those undergoing RP.
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INTRODUCTION

Localized prostate cancer (LPC) mean prostate cancer is still confined within prostate glands without extension to other sites in the patients. LPC is commonly asymptomatic if it has been diagnosed in the early stage, because slowly progression of disease (1, 2). Consequently, fewer older men receive curative-intent therapy, namely radiotherapy (RT) or radical prostatectomy (RP), compared with younger men, because elderly patients with LPC might receive conservative treatments (1). Active surveillance is generally the treatment strategy applied in older men (2). Between the aforementioned two curative-intent therapies, RT is preferable for older men, who are typically aged more than 70 years, (1, 3, 4) whereas another therapy, such as watchful waiting or androgen deprivation therapy (ADT) with luteinizing hormone-releasing hormone agonist, are preferable for men older than 80 years (1). In Taiwan, the most common risk classification used is the National Comprehensive Cancer Network (NCCN) risk classification depending on the clinical tumor (T) stage; Gleason scores and Pretreatment Prostate-Specific Antigen (PSA) are applied for further decision-making based on NCCN guidelines (5). Even for old (≥80 years) men with NCCN high-risk LPC (NCCN-HR-LPC) with a life expectancy of >5 years, more aggressive treatments such as RT or RP are suggested as per NCCN guidelines (5). understanding the medical resource consumption of the two curative treatments is valuable for establishing health policies, and the results can be used as a reference for implementing relevant national health services.

The treatment of patients with PC is expensive (3). Studies have provided inconsistent results regarding the cost of RP and RT (3, 6, 7). Some studies have shown that the expenditure incurred in RP is higher than that incurred in RT (3), which was most likely caused by the emergence of the advanced RP techniques, namely laparoscopic RP and robot-assisted radical prostatectomy (RARP) (8). In addition, the hospitalization cost of RP is significantly higher than that of RT, as the major proportion of RT patients are outpatients (3). A study evaluated the value of RP based on the morbidity and mortality rates and found that overall adjusted in-hospital mortality after radical prostatectomy was relatively low (0.25%), with a decreased length of hospitalization (6). Intensity-modulated radiation therapy (IMRT) is the contemporary RT technique; it is more suitable for HR-LPC, with a higher radiation dosage, higher dose conformity to cancer, and less radiation to normal tissues (9–13). RT with IMRT technique is more costly than the RT techniques applied in the studies that identified RP as more expensive than RT (7, 14). The medical resource consumption of RP and IMRT for men with NCCN-HR-LPC is unclear (3, 7, 14), especially in elderly patients. However, no long-term evaluation with a follow-up duration of >5 years has been conducted for the medical resource consumption of RP and high-dose IMRT plus long-term ADT in old men with NCCN-HR-LPC.

Geriatric medicine has gained increasing importance for cancer treatment because the average life span is increasing (15). The two curative-intent modalities of RP and IMRT are effective for improving the survival of old men with NCCN-HR-LPC (16–22), but no comparative study has been conducted for the medical resource consumption of the two treatments. This research gap leads to difficulty in shared decision-making between old patients and physicians. Therefore, we conducted this comparative study of the medical resource consumption of RP and high-dose IMRT with long-term ADT using propensity score matching (PSM) among old (≥80 years) men with NCCN-HR-LPC. The results would provide a valuable reference for shared decision-making between old patients and physicians in the future. Selection of the same clinical outcomes therapeutic option with less financial toxicity on patients and Taiwan's healthcare financing system would be important to establish the more cost-effective health policy in the near future, because Taiwan's health care system on the verge of collapse (23).



PATIENTS AND METHODS


Study Cohort

The data were collected retrospectively from the Taiwan Cancer Registry Database (TCRD) and the Taiwan National Health Insurance (NHI) Research Database (NHIRD). All medical costs have been paid by NHI and data recorded in the NHIRD. The index date was the date of PC diagnosis. The cohort included patients aged ≥80 years who had been diagnosed with LPC and who had received RP or high-dose IMRT and long-term ADT between January 1, 2011, and December 31, 2016.

In the inclusion criteria, (1) RP was defined as surgical procedures to remove the entire prostate gland and its surrounding lymph nodes for men with LPC (24). (2) High-dose IMRT was defined for RT administered a 54Gy to the seminal vesicles as well as cone-down boosts of 72–81Gy to cover the prostate in 1.8Gy per fraction. (3) Patients were confirmed through a review of following information: pathological data, magnetic resonance imaging for PC stratification (cT1-T3a), pretreatment PSA levels (>20 ng/ml), and grade based on GS ≥8. (4) According to the aforementioned criteria, patients were included in our cohort and were defined as having NCCN-HR-LPC (5). RP and high-dose (≥72Gy) IMRT with long-term (≥18 months) adjuvant ADT were included as the curative-intent therapies for men with NCCN-HR-LPC and a life expectancy of >5 years.

In the exclusion criteria, (1) patients who had other cancers, clinical lymph node metastasis, or distant metastasis [based on the staging system of the American Joint Committee on Cancer (AJCC), 7th edition] were excluded from this study. (2) Inadequate doses of IMRT (<72Gy) were excluded from this study. (3) Patients with unidentified clinical or pathological stage, unidentified D'Amico risk classification, unidentified Gleason score, unidentified postoperative Gleason grade, missing data on pretreatment PSA levels, and nonadenocarcinoma histology were excluded from this study.

Furthermore, the comparison of the two procedures, were specified into the RP and high-dose IMRT plus long-term ADT groups, respectively. The follow-up duration was 5 years after the index date; the medical resource consumption of the two curative-intent therapies was calculated over these 5 years. The study protocols were reviewed and approved by the Institutional Review Board of Tzu-Chi Medical Foundation (IRB109-015-B).



Prospensity Score Matching

To improve analysis precision, we employed head-to-head PSM between the RP and high-dose IMRT plus long-term ADT groups (25). Most of the independent variables were matched at a ratio of 1:2; the other variables were matched at a ratio of 1:2 or 1:1. To reduce the effects of potential confounders when comparing all-cause death between the RP and high-dose IMRT+ ADT groups, the participants were matched based on propensity scores. The matching variables used were age, year of diagnosis, CCI scores, myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, diabetes, hypertension, income levels, hospital areas, hospital levels (academic or non-academic hospitals), clinical T-stage, Gleason score, Grade (max of Gleason grade), preoperative PSA (ng/ml), and D'Amico classification. Comorbidities were determined according to ICD-9-CM codes in the main diagnosis of inpatient records or if the number of outpatient visits was ≥2 within 1 year. Continuous variables are presented as means ± standard deviations or medians (first and third quartiles), as appropriate. We matched the participants at a ratio of 1:1 or 1:2 by using the greedy method, matched with a propensity score within a caliper of 0.2 (26). Matching is a common technique for selecting controls with identical background covariates as study participants, and it is done to minimize differences among study participants (that the investigator deems necessary to be controlled for).



Covariates and Endpoints

The primary independent variables in this study were RP and IMRT. The covariates were therapy type, age, diagnosis year, income, hospital area, hospital level (academic or nonacademic), clinical and pathological T-stage, grade (Gleason score), pretreatment PSA level (ng/ml), and D'Amico risk classification, which might be correlated with all-cause mortality. Comorbidities were evaluated using the Charlson comorbidity index (CCI) (27, 28). Comorbidities that were correlated with all-cause death and which occurred 6 months prior the index date were examined in this study. Comorbidities were identified based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes; comorbidities were defined as those with more than two repetitive primary diagnostic codes for visits to the outpatient department or the first admission. The dependent variables were as follows: (1) the number of urology outpatient clinic visits, (2) the proportion of patients being hospitalized for urinary diseases or treatment-related complications, and (3) medical reimbursement for urinary diseases or treatment-related complications.



Statistical Analysis

In this nationwide population-based cohort study, the generalized linear mixed model with multivariate analysis, with adjustment for covariates including age, clinical and pathological T-stage, Gleason score, preoperative PSA, D'Amico risk classification, hospital level, and therapeutic modality, was applied to compare the RP and high-dose IMRT+ ADT groups. The generalized linear mixed model fitted with the random intercept was used for grouping patients by the hospital level, and Type III tests of fixed effects were conducted. As a result, the p-value was the only indicator that could be observed. Descriptive statistics were used to describe patient characteristics based on the therapeutic modality. The descriptive statistics were the mean and standard deviation for normal continuous data, median and interquartile range for nonnormal continuous data, and number and proportion for categorical data. Student's t test, analysis of variance, and nonparametric counterpart tests were applied, as appropriate. Two types of multivariate mixed models stratified by the hospital level were fitted to ensure the effect of therapeutic modalities on the outcomes: (1) a linear model for continuous outcomes, number of urology outpatient clinic visits, and medical costs for therapeutic complications and (2) a logistic regression model for the number of hospitalizations for therapeutic complications, with adjustment for covariates. The significance level was set at 5%.




RESULTS


Clinicopathological Characteristics

Totally, 659 patients were included in this study, comprising 277 and 382 who underwent RP and IMRT + ADT, respectively. Patients who underwent RP and IMRT + ADT were followed up for a mean period of 61.7 [standard deviation (SD) = 18.9] months and 58.4 (SD = 18.4) months, respectively. No statistically significant differences were observed in age, diagnosis year, CCI score, clinical T-stage, T-stage, postoperative Gleason score, Gleason grade, pretreatment PSA level, D'Amico risk classification, hospital level and area, follow-up duration, and income (Supplementary Table 1, online only).



Number of Urology Outpatient Clinic Visits Stratified by RP and IMRT

Table 1 presents the number of urology outpatient clinic visits per patient classified by treatment approaches (RP and IMRT). Significant differences were observed in the median or mean urology clinic visit numbers across the two therapeutic modalities from the first until fifth year post treatment (p < 0.0001). The numbers of urology outpatient clinic visits per patient were significantly more in the IMRT group than in the RP group (Table 1). In the generalized linear mixed model with adjustment for covariates (Supplementary Table 1, online only), the mean difference [95% confidence interval (CI)] of RP and IMRT + ADT was 13.07 (10.45–15.49), 7.47 (8.01–14.92), 8.24 (4.59–9.90), 6.63 (3.55–11.70), and 5.02 (1.12–8.73) for the first, second, third, fourth, and fifth years, respectively, with all p-values of <0.0001. The median and mean clinic visit numbers significantly reduced from the initial year post treatment (median of 31 and 42 visits for RP and IMRT, respectively, p < 0.0001) to the latest follow-up in the fifth year (median of 20 and 22 visits for RP and IMRT, respectively, p < 0.0001).


Table 1. Generalized linear mixed model of numbers of urology outpatient clinic visits stratified by RP and IMRT.
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Hospitalization for Urinary Diseases or Treatment-Related Complications Stratified by RP and IMRT

A significant decrease was observed in the rate of hospitalization for urinary diseases or treatment-related complications for both modalities (Table 2, p < 0.05) from the first year (hospitalization rates of 29.96% and 51.83% for RP and IMRT + ADT, respectively, p = 0.0013) onward after treatment until the last follow-up (hospitalization rates of 9.80% and 15.97% for RP and IMRT + ADT, respectively, p = 0.0379). In the logistic regression multivariate model with adjustment for covariates, the adjusted odds ratio (aOR) (95% CI) of IMRT was 2.10 (1.37–2.56), 1.55 (1.08–2.21), 1.35 (1.08–2.21), 1.24 (1.07–2.21), and 1.09 (1.02–1.81) for the first, second, third, fourth, and fifth years, respectively, compared with that of RP.


Table 2. Logistic regression model of hospitalization for urinary diseases or treatment-related complications stratified by RP and IMRT.
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Medical Reimbursement for Urinary Diseases or Treatment-Related Complications Stratified by RP and IMRT

Treatment costs were lower for RP because treatment-related complications were fewer after RP than after IMRT, with approximately 55% reduction in the first year (p < 0.0001) and ~30% reduction in the second to fourth years (Table 3). The total medical claims amounts of RP and IMRT + ADT over 5 years were 5,65,313 New Taiwan Dollars (NTD) and 9,60,692 NTD in terms of the mean value (Table 3) and 3,51,598 NTD and 7,24,702 NTD in terms of the median value, respectively. RP was associated with a saving of 395,709 NTD, which was approximately 80% of the medical cost of IMRT at that time (Table 3). In the generalized linear mixed model with adjustment for covariates (Supplementary Table 1, online only), the mean difference (95% CI) between RT and IMRT + ADT was 2,69,823 (2,47,676–2,91,970, p < 0.0001), 40,803 (17,379–54,228, p < 0.0001), 36,202 (24,375–68,029, p < 0.0001), 26,708 (11,179–54,595, p = 0.0321), and 12,173 (17,140–41,487, p < 0.0187) for the first, second, third, fourth, and fifth years, respectively. The bar plots of medical costs trends by time were presented in Figure 1.


Table 3. Generalized linear mixed model of medical reimbursement for urinary diseases or treatment-related complications stratified by RP and IMRT.
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FIGURE 1. The bar plots of medical costs trends by time stratified by RP and IMRT. RP, radical prostatectomy; IMRT, intensity-modulated radiation therapy; NTD, new Taiwan dollars. *P < 0.05.





DISCUSSION

The incidence of LPC is likely to increase in the future due to population aging (the number of older persons is projected to double) and increased life expectancy worldwide (15). In the United States, cancer medical costs showed a 27% increase within 2010–2020, with the largest proportion (42%) of cost accounting for PC (29). In addition, the global cost of PC has increased considerably, from USD11.85 billion in 2010 to USD18.53 billion in 2020 (30). Gaining a comprehensive understanding of therapy cost requires comprehensive knowledge; thus, measuring health care costs is a great challenge faced by health care providers. The society and the national government health departments have prevented such unnecessary expenditure by encouraging bundled payments provided by insurance reimbursement. Such action can systematically reduce the cost throughout PC treatment (30). Nevertheless, no comparative study has evaluated the long-term medical resource consumption of the curative-intended therapies of RP and IMRT for men with HR-LPC until now. To the best of our knowledge, our study is the first population-based study of the long-term medical resource consumption of the RP and IMRT modalities according to the number of urological clinical visits, hospitalization rate, and medical costs for treatment-related complications (Tables 2, 3). According to our findings, RP significantly decreased the number of urology outpatient clinic visits required postoperatively compared with IMRT + ADT and effectively reduced the hospitalization rate for urinary diseases or treatment-related complications as well as succeeding medical reimbursement arise for urinary diseases or treatment-related complications compared with IMRT (Tables 1–3).

From the first year post treatment onward, the number of urology outpatient clinic visits showed a significant difference between the RP and IMRT plus long-term ADT groups (Table 1). The higher number of outpatient clinic visits in the IMRT group indicated the significant medical resource consumption for old men with NCCN-HR-LPC compared with the RP group (median visit numbers of 12.9% and 16.8% for RP and IMRT, respectively, p < 0.0001). In each follow-up year (first, second, third, fourth, and fifth years), a higher disparity was observed in the medical resource consumption of the modalities. This finding indicated lower medical resource consumption for old patients with NCCN-HR-LPC who underwent RP than for those who underwent IMRT plus ADT. The number of outpatient clinic visits after 5 years was similar between both modalities, as affected by the slowly regressing medical resource consumption between the RP and IMRT groups. This medical resource consumption (Tables 1–3) might be attributed to treatment-related complications. Side effects after IMRT + ADT include urinary incontinence (31), gastrointestinal toxicity, and soreness and swelling, as after-effects of radiation exposure.

The trend of hospitalization for urinary diseases or treatment-related complications was similar to that of the number of urology outpatient clinic visits (Tables 1, 2). The medical resource consumption of the RP group was superior to that of the IMRT group in the long-term 5-year follow-up due to the fewer hospitalizations (Table 2). With time, the difference in the medical resource consumption between the two treatments narrowed. The hospitalization rates for urinary diseases or treatment-related complications of RP and IMRT in the first and fifth years were 29.96% and 51.83% (p = 0.0013) and 9.80% and 15.97% (p = 0.0379); thus, in terms of hospitalization, the medical resource consumption of the RP group was half of that of the IMRT group. These findings support the findings of Cooperberg et al. (7) that IMRT is actually less effective and more expensive than RP. The NHI universal program is a compulsory enrollment system for all citizens and foreign residents of Taiwan and thus covers almost the entire population. Up to now, it includes up to 99.8% of the 23.57 million inhabitants of Taiwan. This insurance system ensures that everyone has the same accessibility and affordability to medical care, with the extensive coverage of emergency care, inpatient and outpatient care, imaging and laboratory tests, prescription drugs, traditional Chinese medicine, dental services, and home nursing care (32–35). Therefore, our study represents a comprehensive comparative study of the long-term medical resource consumption of RP and IMRT. Our findings indicate that RP is associated with less medical resource consumption in old men with NCCN-HR-LPC compared with IMRT; this is prevalent even in HR-LPC with more aggressive cancer behavior and advanced tumor stages.

In this study, the generalized linear mixed model was used to evaluate medical reimbursement for urinary diseases or treatment-related complications for RP or IMRT (Table 3). Based on the analysis results, RP was more cost-effective than IMRT in each year or overall from the beginning until the end of the follow-up period. Therefore, this hints that RP has more favorable outcomes with potential fewer complications and side effects, and it has less medical resource consumption. RP is correlated with positive margin rates of up to 50% (36). In addition, the RP approach for NCCN-HR-LPC requires adherence to several principles (37), as follows: (1) complete removal of the gland, (2) confirmed negative surgical margins intraoperatively on the frozen section, and (3) great performance of the extended pelvic lymph node dissection. In general, RP might be more complicated and difficult to perform for advanced tumor stages in men with NCCN-HR-LPC; post-RP complications might be more in men with HR-LPC, especially in old men (38, 39). Our results contradict the hypothesis that old men might be more suitable for IMRT rather than for RP (1, 3, 4). In our results, higher medical resource consumption was found for IMRT than for RP in old men with NCCN-HR-LPC (Tables 1–3). In addition, the mean follow-up time for the two treatments was similar (Supplementary Table 1, online only); therefore, there was no competing risk of mortality in the endpoint of the medical resource consumption between RP and IMRT (40).

RT has several disadvantages, namely time and resource consuming (9, 41). IMRT is the advanced RT technique that enables higher conformal therapy for differentiating the adjacent normal tissue from the targeted tumor, allowing better dose distribution and delivering an escalated dose to the targeted area (9–12). In terms of advantages of IMRT, the cost of IMRT likely depends on radiation conformity, which can decrease the area of tissue exposed to high-dose radiation (9–12). Moreover, the radiation costs are mostly influenced by the total number of treatments and the fixed costs of the equipment (30). With the progression of contemporary RT techniques, the cost of IMRT might be higher in the near future (42, 43). Our study showed a higher medical resource consumption in IMRT than in RP. We believe that the medical resource consumption might be different in the next generation of proton therapy with fewer RT-related complications and toxicities, although the proton therapy is very expensive (42–44).

This study has many strengths. First, the entire dataset of old men with NCCN-HR-LPC undergoing RP and IMRT was retrieved from the TCRD in Taiwan, which represented almost the entire population. Second, the data were collected periodically, and the study population was followed up successively for 5 years. Third, covariates were balanced between the RP and IMRT groups, which decreased bias probability. Additionally, all medical costs have been paid by NHI and data recorded in the NHIRD. Therefore, there is no non-direct costs of care that may confound and/or influence interpretation of these direct costs findings. The findings of this study can assist physicians and patients in choosing the most effective and optimal therapy for old patients with NCCN-HR-LPC considering the medical cost, quality of life, and treatment-related complications. Our findings provide a valuable reference for shared decision-making by old patients and physicians and for establishing health policies for providing national health services. Quality of life and empirical clinical outcomes should be considered when selecting curative-intent treatments in old men with HR-LPC, which are expected to have a higher economic burden in the future, and the most cost-effective treatment option should be determined, especially for HR-LPC. This study provided the first complete nation-wide empirical population-based evidence that RP could be the preferred treatment option for old men with NCCN-HR-LPC considering both clinical and economical endpoints.

However, this study has several limitations. First, it only considered patients with treatment covered by Taiwan's NHI system and did not consider treatment with out-of-pocket payment. However, such old men with NCCN-HR-LPC were most likely to be few. Furthermore, the cost might vary between countries. Therefore, the findings may not be generalized to other countries. Despite these limitations, this is the first population-based cohort study with current updated information and long-term follow-up for the medical resource consumption of RP and IMRT. The results can help in formulating health care policies, particularly for the medical reimbursement of the treatment modalities for the old men with NCCN-HR-LPC.



CONCLUSIONS

The total medical resource consumption in the RP group of old men with NCCN-HR-LPC was less in terms of the number of urology outpatient clinic visits, the number of hospitalizations for urinary diseases or treatment-related complications, and medical reimbursement for urinary diseases or surgical complications compared with the high-dose IMRT plus long-term ADT group.



DATA AVAILABILITY STATEMENT

The data used in this study is from the National Health Insurance Research Database and Taiwan Cancer Registry Database. The data cannot be made available due to the Personal Information Protection Act executed by Taiwan's government, starting in 2012. Requests for data can be sent as a formal proposal to obtain approval from the Ethics Review committee of the appropriate governmental department in Taiwan. Specifically, links regarding contact info for which data requests may be sent to are as follows: http://nhird.nhri.org.tw/en/Data_Subsets.html#S3 and http://nhis.nhri.org.tw/point.html. Requests to access the datasets should be directed to szuyuanwu5399@gmail.com.



ETHICS STATEMENT

The study protocols were reviewed and approved by the Institutional Review Board of Tzu-Chi Medical Foundation (IRB109-015-B). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

S-YW, FE, JP, and C-CH: conception, design, and manuscript writing. S-YW and C-CH: collection and assembly of data. S-YW: data analysis, interpretation, and administrative support. All authors: final approval of manuscript.



FUNDING

This work was supported by Lo-Hsu Medical Foundation, Lotung Poh-Ai Hospital, supports S-YW work (Funding Numbers: 10908, 10909, 11001, 11002, 11003, 11006, and 11013).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.843709/full#supplementary-material



ABBREVIATIONS

PC, Prostate cancer; HR-LPC, high-risk localized prostate cancer; RP, radical prostatectomy; RT, radiotherapy; IMRT, intensity-modulated radiotherapy; aOR, adjusted odds ratio; OR, odds ratio; CI, confidence interval; NCCN, National Comprehensive Cancer Network; PSA, prostate-specific antigen; NCCN-HR-LPC, National Comprehensive Cancer Network high-risk localized prostate cancer; PSM, propensity score matching; NHIRD, National Health Insurance Research Database; TCRD, Taiwan Cancer Registry Database; AJCC, American Joint Committee on Cancer; ADT, androgen deprivation therapy; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; CCI, Charlson comorbidity index; T, tumor; SD, standard deviation; RARP, robot-assisted radical prostatectomy; NHI, National Health Insurance; NTD, New Taiwan Dollars; US, United States; USD, United States Dollars.



REFERENCES

 1. Stangelberger A, Waldert M, Djavan B. Prostate cancer in elderly men. Rev Urol. (2008) 10:111–9.

 2. Rawla P. Epidemiology of prostate cancer. World J Oncol. (2019) 10:63–89. doi: 10.14740/wjon1191

 3. Brandeis J, Pashos CL, Henning JM, Litwin MS. A nationwide charge comparison of the principal treatments for early stage prostate carcinoma. Cancer. (2000) 89:1792–99.

 4. Ilic D, Evans SM, Allan CA, Jung JH, Murphy D, Frydenberg M. Laparoscopic and robotic-assisted versus open radical prostatectomy for the treatment of localised prostate cancer. Cochrane Database Syst Rev. (2017) 9:CD009625. doi: 10.1002/14651858.CD009625.pub2

 5. Oncology NCPGI. NCCN Clinical practice guidelines in oncology: Prostate Cancer [Online]. 94 N Woodhull Rd, Huntington, NY 11743: Harborside Press, LLC (2021). Available online at: https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf (accessed Feburary 17, 2021).

 6. Ellison LM, Heaney JA, Birkmeyer JD. The effect of hospital volume on mortality and resource use after radical prostatectomy. J Urol. (2000) 163:867–9. doi: 10.1016/S0022-5347(05)67821-4

 7. Cooperberg MR, Ramakrishna NR, Duff SB, Hughes KE, Sadownik S, Smith JA, et al. Primary treatments for clinically localised prostate cancer: a comprehensive lifetime cost-utility analysis. BJU Int. (2013) 111:437–50. doi: 10.1111/j.1464-410X.2012.11597.x

 8. Wu SY, Chang SC, Chen CI, Huang CC. Latest comprehensive medical resource consumption in robot-assisted versus laparoscopic and traditional open radical prostatectomy: a nationwide population-based cohort study. Cancers. (2021) 13:1564. doi: 10.3390/cancers13071564

 9. Mangar SA, Huddart RA, Parker CC, Dearnaley DP, Khoo VS, Horwich A. Technological advances in radiotherapy for the treatment of localised prostate cancer. Eur J Cancer. (2005) 41:908–21. doi: 10.1016/j.ejca.2004.12.028

 10. Kale MS, Mhango G, Bonomi M, Federman A, Sigel K, Rosenzweig KE, et al. Cost of Intensity-modulated Radiation Therapy for Older Patients with Stage III Lung Cancer. Ann Am Thorac Soc. (2016) 13:1593–9. doi: 10.1513/AnnalsATS.201603-156OC

 11. Dearnaley D, Griffin CL, Lewis R, Mayles P, Mayles H, Naismith OF, et al. Toxicity and patient-reported outcomes of a phase 2 randomized trial of prostate and pelvic lymph node versus prostate only radiotherapy in advanced localised prostate cancer (PIVOTAL). Int J Radiat Oncol Biol Phys. (2019) 103:605–17. doi: 10.1016/j.ijrobp.2018.10.003

 12. Viani G, Hamamura AC, Faustino AC. Intensity modulated radiotherapy (IMRT) or conformational radiotherapy (3D-CRT) with conventional fractionation for prostate cancer: Is there any clinical difference? Int Braz J Urol. (2019) 45:1105–12. doi: 10.1590/s1677-5538.ibju.2018.0842

 13. NCCN. NCCN Guidelines for Patients: Advanced-Stage Prostate Cancer. Pennsylvania (2020).

 14. Williams SB, Duan Z, Chamie K, Hoffman KE, Smith BD, Hu JC, et al. Risk of hospitalisation after primary treatment for prostate cancer. BJU Int. (2017) 120:48–55. doi: 10.1111/bju.13647

 15. Vernooij RWM, Van Oort I, De Reijke TM, Aben KKH. Nationwide treatment patterns and survival of older patients with prostate cancer. J Geriatr Oncol. (2019) 10:252–8. doi: 10.1016/j.jgo.2018.06.010

 16. Warde P, Mason M, Ding K, Kirkbride P, Brundage M, Cowan R, et al. Combined androgen deprivation therapy and radiation therapy for locally advanced prostate cancer: a randomised, phase 3 trial. Lancet. (2011) 378:2104–11. doi: 10.1016/S0140-6736(11)61095-7

 17. Wilt TJ, Brawer MK, Jones KM, Barry MJ, Aronson WJ, Fox S, et al. Radical prostatectomy versus observation for localized prostate cancer. N Engl J Med. (2012) 367:203–13. doi: 10.1056/NEJMoa1113162

 18. Brundage M, Sydes MR, Parulekar WR, Warde P, Cowan R, Bezjak A, et al. Impact of radiotherapy when added to androgen-deprivation therapy for locally advanced prostate cancer: long-term quality-of-life outcomes from the NCIC CTG PR3/MRC PR07 Randomized Trial. J Clin Oncol. (2015) 33:2151–7. doi: 10.1200/JCO.2014.57.8724

 19. Mason MD, Parulekar WR, Sydes MR, Brundage M, Kirkbride P, Gospodarowicz M, et al. Final report of the intergroup randomized study of combined androgen-deprivation therapy plus radiotherapy versus androgen-deprivation therapy alone in locally advanced prostate cancer. J Clin Oncol. (2015) 33:2143–50. doi: 10.1200/JCO.2014.57.7510

 20. Hamdy FC, Donovan JL, Lane JA, Mason M, Metcalfe C, Holding P, et al. 10-year outcomes after monitoring, surgery, or radiotherapy for localized prostate cancer. N Engl J Med. (2016) 375:1415–24. doi: 10.1056/NEJMoa1606220

 21. Kishan AU, Cook RR, Ciezki JP, Ross AE, Pomerantz MM, Nguyen PL, et al. Radical prostatectomy, external beam radiotherapy, or external beam radiotherapy with brachytherapy boost and disease progression and mortality in patients with gleason score 9-10 prostate cancer. JAMA. (2018) 319:896–905. doi: 10.1001/jama.2018.0587

 22. Tilki D, Chen MH, Wu J, Huland H, Graefen M, Braccioforte M, et al. Surgery vs radiotherapy in the management of biopsy gleason score 9-10 prostate cancer and the risk of mortality. JAMA Oncol. (2019) 5:213–20. doi: 10.1001/jamaoncol.2018.4836

 23. Wu TY, Majeed A, Kuo KN. An overview of the healthcare system in Taiwan. London J Prim Care. (2010) 3:115–9. doi: 10.1080/17571472.2010.11493315

 24. Wu SY, Chang SC, Chen CI, Huang CC. Oncologic outcomes of radical prostatectomy and high-dose intensity-modulated radiotherapy with androgen-deprivation therapy for relatively young patients with unfavorable intermediate-risk prostate adenocarcinoma. Cancers. (2021) 13:1517. doi: 10.3390/cancers13071517

 25. Rassen JA, Shelat AA, Myers J, Glynn RJ, Rothman KJ, Schneeweiss SJP, et al. One-to-many propensity score matching in cohort studies. Pharmacoepidemiol Drug Saf. (2012) 21:69–80. doi: 10.1002/pds.3263

 26. Austin PC. Optimal caliper widths for propensity-score matching when estimating differences in means and differences in proportions in observational studies. Pharm Stat. (2011) 10:150–61. doi: 10.1002/pst.433

 27. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. J Clin Epidemiol. (1994) 47:1245–51. doi: 10.1016/0895-4356(94)90129-5

 28. Chen JH, Yen YC, Yang HC, Liu SH, Yuan SP, Wu LL, et al. Curative-intent aggressive treatment improves survival in elderly patients with locally advanced head and neck squamous cell carcinoma and high comorbidity index. Medicine. (2016) 95:1–8. doi: 10.1097/MD.0000000000003268

 29. Becerra V, Avila M, Jimenez J, Cortes-Sanabria L, Pardo Y, Garin O, et al. Economic evaluation of treatments for patients with localized prostate cancer in Europe: a systematic review. BMC Health Serv Res. (2016) 16:541. doi: 10.1186/s12913-016-1781-z

 30. Laviana AA, Ilg AM, Veruttipong D, Tan H-J, Burke MA, Niedzwiecki DR, et al. Utilizing time-driven activity-based costing to understand the short- and long-term costs of treating localized, low-risk prostate cancer. Cancer. (2016) 122:447–55. doi: 10.1002/cncr.29743

 31. Dutz A, Agolli L, Baumann M, Troost EGC, Krause M, Holscher T, et al. Early and late side effects, dosimetric parameters and quality of life after proton beam therapy and IMRT for prostate cancer: a matched-pair analysis. Acta Oncol. (2019) 58:916–25. doi: 10.1080/0284186X.2019.1581373

 32. Cheng YW, Sung FC, Yang Y, Lo YH, Chung YT, Li KC. Medical waste production at hospitals and associated factors. Waste Manag. (2009) 29:440–4. doi: 10.1016/j.wasman.2008.01.014

 33. Chan WP, Liao CH, Hsu CH, Yang CM. Assessing a population's need for scintigraphy: use under universal health insurance in Taiwan. Nucl Med Commun. (2010) 31:375–9. doi: 10.1097/MNM.0b013e3283367327

 34. Cheng YW, Li KC, Sung FC. Medical waste generation in selected clinical facilities in Taiwan. Waste Manag. (2010) 30:1690–5. doi: 10.1016/j.wasman.2010.04.006

 35. Ministry of Health and Welfare. National Health Insurance Administration. (2020). Available online at: https://www.nhi.gov.tw/English (accessed February 7, 2021).

 36. Ho CH, Cheng KC, Chao CM, Lai CC, Chiang SR, Chen CM, et al. Does radiotherapy increase the risk of colorectal cancer among prostate cancer patients? a large population-based study. J Cancer. (2020) 11:6204–12. doi: 10.7150/jca.44726

 37. Chang AJ, Autio KA, Roach M, Scher HIJNRCO. High-risk prostate cancer—classification and therapy. Nat Rev Clin Oncol. (2014) 11:308–23. doi: 10.1038/nrclinonc.2014.68

 38. Briganti A, Joniau S, Gontero P, Abdollah F, Passoni NM, Tombal B, et al. Identifying the best candidate for radical prostatectomy among patients with high-risk prostate cancer. Eur Urol. (2012) 61:584–92. doi: 10.1016/j.eururo.2011.11.043

 39. Moris L, Cumberbatch MG, Van Den Broeck T, Gandaglia G, Fossati N, Kelly B, et al. Benefits and risks of primary treatments for high-risk localized and locally advanced prostate cancer: an international multidisciplinary systematic review. Eur Urol. (2020) 77:614–27. doi: 10.1016/j.eururo.2020.01.033

 40. Berry SD, Ngo L, Samelson EJ, Kiel DP. Competing risk of death: an important consideration in studies of older adults. J Am Geriatr Soc. (2010) 58:783–7. doi: 10.1111/j.1532-5415.2010.02767.x

 41. Zereshkian A, Cao X, Puts M, Dawdy K, Di Prospero L, Alibhai S, et al. Do canadian radiation oncologists consider geriatric assessment in the decision-making process for treatment of patients 80 years and older with non-metastatic prostate cancer? - national survey. J Geriatr Oncol. (2019) 10:659–65. doi: 10.1016/j.jgo.2019.01.015

 42. Goitein M, Jermann MJCO. The relative costs of proton and X-ray radiation therapy. Clin Oncol. (2003) 15:S37–50. doi: 10.1053/clon.2002.0174

 43. Thariat J, Hannoun-Levi J-M, Myint AS, Vuong T, Gérard J-PJNRCO. Past, present, and future of radiotherapy for the benefit of patients. Nat Rev Clin Oncol. (2013) 10:52–60. doi: 10.1038/nrclinonc.2012.203

 44. Schippers JM, Lomax A, Garonna A, Parodi K. Can technological improvements reduce the cost of proton radiation therapy? Semin Radiat Oncol. (2018) 28:150–9. doi: 10.1016/j.semradonc.2017.11.007

Conflict of Interest: FE was employed by PT Inertia Utama. JP was employed by Roche Diagnostics Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wu, Effendi, Peng and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-843709-t002.jpg
Hospitalization (%) RP (Ref), N = 277 IMRT, N = 382 aOR (95% CI)* p-value

N, % N, %
First year after treatment 83 20.96 198 51.83 2.10 (1.37,2.56) 0.0013
Second year after treatment 67 24.19 119 31.15 155 (1.08,2.21) 00151
Third year after RP 53 19.13 101 26.44 135 (1.08,2.21) 0.0084
Fourth year after treatment 39 1408 81 21.20 124 (1.07,2.21) 0.0071
Fifth year after treatment 27 9.80 61 1597 1.09 (1.02, 1.81) 0.0379

“Multivariate model with acjustment for covariates: Age, year of diagnosis, CCl score, myocardialinfarction, congestive heart ailure, peripheral vascular disease, cerebrovascular disease,
chronic pulmonary disease, diabetes, hypertension, income, hospital area, hospital level, clincal T stage, Gleeson score, grede, preoperative PSA, and Demico risk classification. Least
square mean difference for continuous variables and odds ratio for binary variables through the fitting generalized linear modl with stratification of matched pairs.

RR radical prostatectomy; IMRT, intensity-modulated radiation therapy; Ref, reference group; Cl, confidence interval.





OPS/images/fmed-09-843709-t003.jpg
Medical cost (NTD)

First year after Mean (SD)
treatment

Median (IR, Q1-G3)
Secondyearafter  Mean (SD)
treatment

Median (R, Q1-Q3)
Third year after Mean (SD)
treatment

Median (IR, Q1-G8)
Fourthyear after  Mean (SD)
treatment

Median (IR, Q1-G8)

fth year after Mean (SD)
treatment

Median (IQR, Q1-G3)

RP (Ref), N = 277
2,17,606.6 (1,82,341.8)
176838 (1,44,113-2,21615)
90,4795 (1,63.852.6)
45,563 (2,57,55-77,989)
86,160.1 (1,12,920.6)
42,384 (23,572-84,132)
85,9839 (1.74,618.0)
37,628 (17,125-67,590)
85,0833 (1,30,088.1)
49,185 (28,120-91,347)

IMRT, N = 382
4,87,430.0 (1,64,201.9)
470451 (4,25,597-5,23,395)
1312829 (159.277.0)
70798 (37,366-1,32,908)
1,22,362.0 (1,69,854.7)
70088 (34,006-136,271)
1,12,602.2 (1.75,758.5)
52,330  (23,338-1,26,386)
97,256 (1,45,4002)
61,00 (31,871-1,00,628)

Mean difference (95% CIj*

2,69,823 (2,47,676, 2,91,970)

40,808 (17,379, 54,228)

36,202 (24,375, 68,029)

26,708 (11,179, 54,595)

12,173 (17,140, 41,487)

p-value

<0.0001

<0.0001

<0.0001

0.0821

0.0187

“Mulivariate model with acjustment for covariates: Age, year of diagnosis, CCl score, myocardialinfarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease,
chronic pulmonary disease, diabetes, hypertension, income, hospital area, hospital level, clincal T stage, Gleason score, grade, preoperative PSA, and Demico risk classification. Least
square mean difference for continuous variables and odds ratio for binary variables through fitling generalized inear mode! with stratiication of matched pairs.
RR raical prostatectomy; SD, standard deviation; IR, interquartie range; IMRT, intensity-modulated radiation therapy; Ref, reference group; NTD, New Taiwan Dolars; N, number; Cl,

confidence interval.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long-Term Medical Resource Consumption of Radical Prostatectomy vs. Intensity-Modulated Radiotherapy for Old Patients With Prostate Cancer: A Nationwide Population-Based Cohort Study



		Introduction



		Patients and Methods



		Study Cohort



		Prospensity Score Matching



		Covariates and Endpoints



		Statistical Analysis







		Results



		Clinicopathological Characteristics



		Number of Urology Outpatient Clinic Visits Stratified by RP and IMRT



		Hospitalization for Urinary Diseases or Treatment-Related Complications Stratified by RP and IMRT



		Medical Reimbursement for Urinary Diseases or Treatment-Related Complications Stratified by RP and IMRT







		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Long-Term Medical Resource
Consumption of Radical
Prostatectomy vs.
Intensity-Modulated Radiotherapy
for Old Patients With Prostate
Cancer: A Nationwide
Population-Based Cohort Study





OPS/images/fmed-09-843709-g001.gif
o
il ol

=
il






OPS/images/fmed-09-843709-t001.jpg
Numbers of outpatient clinic visits RP (Ref) N = 277 IMRT N =382 Mean difference (95% CI)* p-value

N, % N, %

First year after treatment Mean (SD) 31.7(12.9) 44.8(16.8) 13.07 (10.45, 15.49) <0.0001
Median (IGR, Q1-Q8) 31 (22-39) 42 (32-59)

Second year after treatment Mean (SD) 282(14.6) 357 (188) 7.47 801, 14.92) <0.0001
Median (IOR, Q1-Q3) 25 (18-35) 33 (23-46)

Third year after treatment Mean (SD) 27.8(153) 350 (18.7) 824 (4.59,9.90) <0.0001
Median (IQR, Q1-Q3) 26 (17-35) 32 (21-44)

Fourth year after treatment Mean (SD) 245(14.3) 307 (208) 6.63 (3.5, 11.70) <0.0001
Median (IGR, Q1-Q8) 23 (12-39) 24.5(15-41)

Fifth year after treatment Mean (SD) 20.8(105) 25.1(17.4) 5.02(1.12,8.73) <0.0001
Median (IGR, Q1-Q8) 20 (11-31) 22 (13-39)

“Multivariate model with adjustment for covariates: Age, year of diagnosis, CCl score, myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease,
chronic pulmonary disease, diabetes, hypertension, income, hospital area, hospital level, cinical T stage, Gleason score, grade, preoperative PSA, and Damico risk classifcation. Least
square mean difference for continuous variables and odds ratio for binary variables through fitting the generalized finear modiel with stratification of matched pairs.

AP radical prostatectomy; SD, standard deviation; IQR, interquartile range; IMRT, intensity-modulated radiation therapy; Ref, reference group; Cl, confidence interval.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Medicine





