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Background: Since 2011, through the Community-Based Colorectal Cancer Screening Program in Shanghai, China (SHcsp), residents aged >50 years were offered initial colorectal cancer screening using the fecal immunochemical test (FIT) and risk assessment questionnaire (RAQ) for free. Colonoscopy was then recommended for positive results.

Objective: To evaluate the cost-effectiveness of the Community-Based Colorectal Cancer Screening Program in Shanghai, China from the payer perspective.

Methods: This analysis estimated the long-term cost and effectiveness of the 2014–2016 SHcsp based on real-world follow-up data from the SHcsp database, Shanghai Cancer Registry System, vital statistics from Shanghai Municipal Center for Disease Control and Prevention and inpatient CRC expense data from hospitals. A decision-tree model and Markov model were constructed to simulate the 25-year health outcomes. The screening branch was the cohort with a definite diagnosis of adenoma, advanced adenoma, and CRC. The other branch was residents who were neither screened nor treated until CRC symptoms appeared. A payer prospective was adopted to measure direct costs and effectiveness by life years (LYs) and quality-adjusted life years (QALYs) gained, and were discounted by 3%. Stimulation robustness was tested by one-way sensitivity analysis.

Results: Of 1,097,656 residents, 13,250 were diagnosed with adenoma, advanced adenoma, or CRC. Assuming those had not been found through screening, SHcsp resulted in 1,570.1 LYs and 13,984.3 QALYs gained at an extra cost of USD9.96 million. The incremental cost-effectiveness ratio (ICER) was USD6,342.02 per LY and USD712.08 per QALY obtained, far below the threshold of USD59,598 of three-time GDP per capita in Shanghai.

Conclusion: The SHcsp was cost-effective than no screening strategy. The results were generalisable to the Chinese population for mass CRC screening.
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Introduction

Colorectal cancer (CRC) is the fourth most common cancer in China; 4.29 million new cases were diagnosed in 2018, accounting for 1/4 of new cases worldwide. It is also the second most common cause of cancer-related deaths in China, with 2.81 million CRC-related deaths in 2018, with a rapid growth rate (1). Accumulated evidence from global CRC screening programs strongly suggests that CRC screening increases the proportion of early detection and reduces CRC incidence and mortality (2–5). Epidemiological studies have shown that annual mortality of CRC in the United States fell by 3.9% every year from 2002 to 2009, and 53% of the reduction was attributed to screening (6). Due to the lack of CRC screening in China, only 12% of the newly diagnosed cases per year were in the early stages in 2012 (7), compared with 39% of US cases in the same period (8).

Colorectal cancer screening programs have been conducted worldwide. Over half of European countries, such as Germany, France, the United Kingdom, Denmark, and the Netherlands, have implemented CRC screening programs, and several countries have established the guidelines for CRC screening (9–13). These programs mostly targeted the natural population over 50 years old instead of the high-risk population, used the fecal immunochemical test (FIT) as initial screening and colonoscopy as diagnostic tests, and operated regularly and periodically. South Korea, Croatia, and some developing countries have also explored the feasibility of CRC screening (14, 15). In the 1970s, some small cities in China carried out a few pilot screening programs for CRC among local residents, such as Haining and Jiashan in Zhejiang Province (16, 17). Recently, metropolitan areas in mainland China, including Shanghai, Tianjin, and Guangzhou, have promoted screening programs for CRC on a larger scale (18–20). In addition, health economics research has shown CRC screening programs to be cost-effective in France, England, and Belgium (4, 9, 21, 22). However, the long-term outcomes and economic evidence for mass CRC screening programs are unknown, apart from cohort simulations in China and other developing countries (23).

As one of the most developed cities in China, Shanghai faces the threat of a dramatically increased incidence and mortality of CRC, which are second and fourth highest among all cancers, respectively (24). As an aging megalopolis in China, Shanghai is the pioneer of mass CRC screening for community residents with the most extensive participation. After a pilot CRC screening program in the Qibao community, the Community-Based Colorectal Cancer Screening Program in Shanghai (SHcsp) was officially launched in 2011 to provide free colorectal cancer screening for community residents over 50 years old every 3 years (18). Approximately 4 million community residents were estimated to be eligible, and ~1 million were planned to be included every 3 years. During 2011–2013, SHcsp made significant achievements (18), and during 2014–2016 provided 1,097,656 initial screenings.

The entire process can be divided into four steps (shown in Figure 1): (1) Sponsored by the local government and organized by the community health centers, the initial screening was free for residents after registration and completion of FIT and risk assessment questionnaire (RAQ). (2) Community physicians informed participants of their initial screening results and recorded them in the SHcsp database. (3) Participants with positive screening results based on either FIT or RAQ results were suggested by doctors in community health centers to undergo colonoscopy in hospitals, which was covered by the local basic health insurance schemes. As a diagnostic test, colonoscopy results confirmed the patients' health status. (4) Patients diagnosed with adenoma, advanced adenoma, or CRC were treated differently. Almost all adenomas and advanced adenomas were surgically removed during colonoscopy in outpatient settings. Only a few advanced adenoma and CRC patients required hospitalization for further treatment, and CRC patients were reported to the Shanghai Cancer Registry System (SCRS). Patients were followed up by doctors in community health centers for one year after their initial screenings, which were updated in the SHcsp database.


[image: Figure 1]
FIGURE 1
 Process of 2014–2016 SHcsp.


SHcsp is rare in community-based populations and extensive participation. It is essential to evaluate not only the short-term results of the implementation, but also the long-term health effectiveness (18). Other CRC screening programs in China were limited to evaluate the health value of community-based CRC screening programs because of the small sample size, short-term implementation, or lack of detailed follow-up data on diagnosis, treatment, and survival results. The cohort of one million people, strict procedures, and accessible data of SHcsp are suitable for analyzing the cost-effectiveness of mass CRC screening programs and providing real-world economic evidence in China.

This study, based on real-world data collected from the SHcsp database, Shanghai Cancer Registry System managed by Shanghai Municipal Center for Disease Control and Prevention (SCDC), vital statistics from SCDC and inpatient information from hospitals, constructed a decision tree model and a Markov model to stimulate the cost and effectiveness over 25 years from the payer perspective. The incremental cost-effectiveness ratio (ICER) was reported to show the results, and a sensitivity analysis was performed to confirm the validity of this study.



Materials and methods


Model overview

Of 1,097,656 SHcsp participants, positive initial screening results were detected in 284,287 and 82,729 of them underwent colonoscopy. Finally, 13,250 patients were diagnosed: 10,653 had adenoma, 745 had advanced adenoma, and 1,852 were CRC patients without obvious symptoms. Because SHcsp prevented disease progression in the 13,250 patients who were finally diagnosed and treated, our study focused on the long-term effectiveness of these patients. Their improved health condition directly and accurately reflected the real screening performance, rather than simulating a hypothetical cohort based on CRC prevalence rate, sensitivity and specificity of FIT and RAQ, detection rates, and adherence to colonoscopy (shown in Figure 1).

The target population can be divided into two groups: the screening group, with 13,250 residents diagnosed positive; and the comparison group, as counterfactual reference, residents who did not participate in the screening and whose diseases progressed naturally until their clinical symptoms of CRC emerged and they sought medical care.

The essential difference between the two groups was that in the screening group, adenoma, advanced adenoma, and more early stage CRC patients were diagnosed and treated, which greatly prevented or slowed down the disease progression. However, in the comparison group of natural disease processes, these patients could hardly be detected because they were normally asymptomatic.



Model structure

To represent the screening results and further progress of CRC, a model combining a decision tree and a Markov model was constructed (9, 21, 22, 25, 26). The screening program only changed the initial health state distribution of residents shown by the decision tree, but did not influence the further transition probabilities between health states in the Markov model. The Treeage Pro 2018 was used to generate the cost-effectiveness estimates.

According to the Tumor-Node-Metastasis (TNM) stages recommended by American Joint Committee on Cancer (AJCC) (27), a decision tree was constructed to determine the initial distribution in the Markov model (21). Based on the diagnostic results of colonoscopy for 13,250 residents, the initial distribution of the screening group and the comparison group was divided into 12 initial states (shown in Figure 2).


[image: Figure 2]
FIGURE 2
 Structure of decision tree model.


We classified the 15 possible health states of the two groups in the Markov model (shown in Figure 3): normal (no adenomas or cancer), adenoma (low-risk adenoma with a diameter <10 mm), advanced adenoma (high-risk adenoma with a diameter bigger than 10 mm), adenoma follow-up (5 years after adenoma polypectomy), advanced adenoma follow-up (5 years after advanced adenoma polypectomy), undiagnosed CRC Stage I, Stage II, Stage III, and Stage IV; CRC follow-up Stage I, Stage II, Stage III, and Stage IV; death from CRC, and death from other causes. Transitions occur once in each annual cycle over 25 years, considering the starting age for screening and life expectancy of Shanghai residents (25, 26).


[image: Figure 3]
FIGURE 3
 Structure of the Markov model.


The assumptions to simplify our model are as follows:

(1) During 2014–2016, only unscreened natural residents were included in the SHcsp. Neither repeat screening nor complications of initial screening were considered, due to the low incidence.

(2) In the screening group, residents diagnosed with adenoma or advanced adenoma underwent immediate polypectomy during colonoscopy and returned to the normal state after a 5-year follow-up. In the comparison group, adenoma or advanced adenoma patients could not be detected or treated, and no death occurred.

(3) In the screening group, patients diagnosed with CRC were assumed to undergo radical surgery and transition to the corresponding follow-up states with no recurrence. In the comparison group, only a small number of undiagnosed patients were diagnosed and treated due to clinical symptoms and timely consultations.



Model parameters

The model was built as much as possible with real-world follow-up data from the SHcsp database, Shanghai Cancer Registry System, and inpatient CRC expense data from hospitals, supplemented by the literature where necessary. The half-cycle correction was applied, and the annual discount rate was assumed to be 3% (2, 3, 23, 28, 29). The parameters of the model are listed in Table 1.


TABLE 1 Parameters of the Markov model for SHcsp.

[image: Table 1]


Clinical data

The initial distribution was calculated based on the follow-up results from the SHcsp database. The 13,250 diagnosed patients were divided into six states by the decision tree: adenoma follow-up, advanced adenoma follow-up, Stage I CRC follow-up, Stage II CRC follow-up, Stage III CRC follow-up, and Stage IV CRC follow-up. These patients were treated immediately after diagnosis and returned to the corresponding follow-up status.

The crude mortality of residents was reported by vital statistics from SCDC. The CRC mortalities of the four CRC stages were calculated, respectively, as 5-year survival rates derived from the SCRS in the same period. The 5-year survival rates of the four stages were converted to annual survival rates. The CRC mortality rates of the four CRC stages were then determined and are shown in Table 2 using the following formula: Other transition probabilities between underlying disease states were mainly based on previously validated studies.

[image: image]


TABLE 2 Survival rates and mortality of the four CRC stages.
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Costs

From the payer perspective, direct costs of SHcsp during 2014–2016 were collected, including initial screening costs, colonoscopy costs, and treatment costs for advanced adenoma and CRC patients. There were different numbers of participants at each step of the whole screening process and treatments afterwards, as shown in Figure 1 and Table 3. The mean exchange rate of US dollar to Renminbi during 2014 to 2016 was used, where USD1 equals RMB6.3743.


TABLE 3 Costs for SHcsp and input costs in the Markov model.

[image: Table 3]

During 2014–2016, initial screening costs for 1,097,656 participants included costs of purchasing materials, organizing programs, publicizing, communicating with residents, and manpower inputs. The costs of materials, organization, and publicity, which were sponsored by the municipal and district governments, were the actual expenses of SHcsp and were collected from organizers such as community health centers and SCDC. To calculate other costs, our staff designed a questionnaire and interviewed health care providers and administrators from community health service centers and SCDC, who implemented SHcsp in practice. We collected information on staff man-hours spent on SHcsp and their monthly salaries. The total cost for initial screening was USD16,852,628.

Colonoscopy costs for 82,729 participants were calculated by multiplying the number of patients with the costs per patient. According to the guidelines and clinical practice in Shanghai, the average costs included the costs of colonoscopy and preoperative tests, including chest radiography, electrocardiogram, and liver function tests. The flat fees for these tests were summed up based on the official prices in Shanghai. The cost for colonoscopy was USD158.73 per capita.

As mentioned before, 13,250 residents who were detected were entered in the model, so that the costs of initial screening and colonoscopy were converted into average costs of screening for every 13,250 residents as model inputs. The input cost for initial screening and colonoscopy was USD1,271.90 in total.

The treatment costs for 10,653 adenoma patients were included in the colonoscopy costs. The vast majority of adenoma polypectomies were completed during the colonoscopy procedure in an outpatient setting with limited extra cost, as suggested by health care providers.

Treatment costs for 745 advanced adenoma and 1,852 CRC patients were calculated by multiplying the number of patients with the median treatment costs for each status. Patients' health expenses were collected from local hospitals by matching the unique IDs of registered residents in SHcsp. The treatment costs were defined as the total hospitalization expenses of each diagnosed patient who underwent operations and other treatments in hospitals within 1 year after screening. After data cleansing, we deleted outliers and used median treatment costs due to the partial distribution. The median treatment costs for advanced adenoma and four stages of CRC were USD1,109, USD8,567, USD10,555, USD13,396, and USD11,178 per patient, respectively.



Effectiveness

As for effectiveness in our analysis, health outcomes were valued in terms of life years (LYs) gained as the main results, and utilities of possible health states of Chinese residents and patients were obtained from the literature. We estimated cumulative life years and quality-adjusted life years over 25 years using the model to reflect the survival condition of the population.

As recommended by the World Health Organization (36), three times the local gross domestic product (GDP) per capita was used as the threshold to estimate whether SHcsp was cost-effective. In 2017, the GDP per capita in Shanghai was USD19,866 per capita.




Uncertainty

A one-way sensitivity analysis was performed on the model parameters: (1) Transition probabilities between health states: the transition probabilities from normal to adenoma, from adenoma to advanced adenoma, and between different CRC stages. (2) The costs for diagnosis and treatment: the costs of colonoscopy and treatment costs for the four CRC stages. (3) Discount rates. These explored the uncertainty of the model results due to important parameters, especially those not derived from program data. The substituted parameters used in the analysis were independently varied by ±25% from the base-case value. The results of the sensitivity analysis are reported in Table 5 and presented in a tornado diagram in Figure 4. A cost-effectiveness threshold was also used.


[image: Figure 4]
FIGURE 4
 Tornado diagram of the results of the one-way sensitivity analysis.





Results


Incremental cost-effectiveness

The estimates of cost and effectiveness of SHcsp are shown in Table 4. The total costs of the screening group and the no screening group were USD37.17 million and USD27.21 million respectively. The incremental costs for SHcsp were USD9.96 million.


TABLE 4 Comparison of the cost effectiveness between SHcsp and no screening.
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After 25 years, a total of 187,377.7 LYs were cumulated in the screening group and 185,807.4 LYs were cumulated in the no screening group. Compared with no screening strategy, the SHcsp gained additional effectiveness of 1,570.1 LYs with extra costs of USD9.96 million. The ICER was $6,342.02 per LY gained.

Considering the health utility of patients, we also estimated the cost-utility of SHcsp. After 25 years, a total of 174,587.2 QALYs were cumulated in the screening group and 160,602.9 QALYs were cumulated in the no screening group. Compared with no screening, additional 13,984.3 QALYs were gained with same extra costs of USD9.96 million. Only USD712.08 was required for each QALY gained.

The Shanghai GDP in 2017 was US$ 19,866 per capita. The ICER of SHcsp was under Shanghai GDP per capita in 2017 and far below the threshold of three times the Shanghai GDP per capita (USD59,598). These results prove that SHcsp is highly cost-effective.



Sensitivity analysis

A one-way sensitivity analysis was performed on the relevant model parameters, as listed in Table 5. A tornado diagram graphically displays the results of one-way sensitivity analysis of the 14 parameters with their respective impacts on ICER (Figure 2).


TABLE 5 One-way analysis of the parameters in the Markov model.
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The one-way analysis demonstrates the robustness of the results of the cost-effectiveness analysis, indicating that our model was relatively insensitive to changes in parameter values. The most sensitive of the parameters was the discount rate, with a range of 0–5% leading to a change in ICER from USD1,360.84 to USD4,137.28 per LY gained. The costs for screening and treatment had relatively limited impacts on cost-effectiveness, such as the annual transition probabilities between health states. All the results were still under the threshold.




Discussion

This study demonstrates the notable cost-effectiveness of mass CRC screening for Chinese community residents. SHcsp brought benefits for 13,250 residents with more precancerous lesions, causing a higher detection rate of early stage CRC and providing the chance to prevent and treat CRC, which directly relieved the burden of disease for patients and society. In the long term, after the 25-year simulation, there was more health improvement and life years gained. The incremental cost-effectiveness ratio was USD6,342.02 per LY and USD712.08 per QALY gained, which was far below the threshold of USD59,598. The cost-effectiveness results of the base-case scenario were shown to be robust by sensitivity analysis.

China has only implemented CRC screening programs in a few cities. However, no economic evaluation of mass CRC screening has been performed. There are also limited studies that have evaluated completed programs globally (4, 9, 21). On the contrary, most of the economic evaluations of CRC screening have been based on simulative cohorts using parameters from the literature that are not appropriate for specific populations in other countries (3, 5, 23, 25, 26, 29, 31). Seizing the opportunity to analyse a long-term, large-scale, and well-finished program, our study aimed to analyse the cost-effectiveness of mass CRC screening programs in developing countries. Another advantage was the SHcsp data accessibility and integrity of other population health indicators in Shanghai, leading to more convincing results. Our study provides new evidence that mass CRC screening has effective outcomes and economic influence in China.

Although there were false-positive results in practice, these residents' health conditions were not influenced by SHcsp, but all screening and colonoscopy expenses were included in the analysis. To directly and accurately reflect real-world effectiveness, our study focused on 13,250 diagnosed and treated patients. For the same reason, we did not make ideal model assumptions regarding such factors as the disease morbidity rate, colonoscopy compliance of patients with positive initial screening (2), or sensitivity and specificity of the screening tests (29), thereby reducing bias and distortion. Our model combined a decision tree, indicating the main results of the screening, with a Markov model of long-term health state transitions. The Markov model was established through careful consideration, and 15 health states might be closer to the natural disease progression of CRC (2, 3, 5, 23).

The transition probabilities between health states were calculated according to the actual incidence and mortality rates in Shanghai. These local and detailed information included data from the SHcsp follow-up database, the Shanghai Cancer Registry System of SCDC, vital statistics from SCDC, and clinical records from hospitals. The integrity of multiple local data resources, the initial distribution, and costs were more reliable and suitable than previous studies, which mainly used simulative cohorts and data from other original studies (3, 5, 21, 23, 25, 26, 29, 31).

This study has several policy implications. Mass CRC screening programs are feasible, effective, and cost-effective for the Chinese population and in the current situation. The initial screening strategy combining FIT with RAQ proved to be scientific and suitable (18). These results should be generalisable to the Chinese population, because the clinical and cost parameters were mostly based on real-world data from the completed program (3, 25). Policymakers and healthcare providers in other regions should also use care when taking this local evidence into consideration (26, 29).

This study has a few limitations. First, like all model simulations, our model structures were simplified from the natural history of CRC. All treatments were regarded as radical treatment, so recurrences after treatment were not considered (21, 26, 31). Second, due to the limitations of available data, the probabilities of cancer progression were assumed to be equivalent in different ages and between the two groups, and the medians of treatment costs were used due to loss to follow-up of every treatment, leaving room for improvement (22). Last but not least, as other related studies have mentioned, it is difficult to determine transition probabilities without the basis of solid epidemic studies or pathological examination of colorectal adenoma and cancer, so some of the transition probabilities were derived from estimates in the literature (21, 31). For further research, basic epidemic studies, accurate follow-ups and registered data are required. In addition to direct costs, indirect costs should be measured to shed light on the comprehensive burden of CRC (5, 23, 25, 29), and investigations of patients' life condition and health-related utility should be conducted.

In conclusion, using real-world data from the completed program and a valid combined model, this study demonstrated that mass CRC screening, SHcsp during 2014–2016, was cost-effective compared to no screening, improving the general health state and relieving the disease burden. Mass CRC screening with a suitable strategy and optimized process is feasible, beneficial, and economical.



Data availability statement

The original contributions generated for the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Author contributions

HJ and PZ contributed to the conception and design of the study under the supervision of WC and CF. KG, YG, and YS performed the data collection. PZ, KG, and DA conducted statistical analysis. PZ wrote the manuscript and revised as needed under the guidance of HJ and WC. WC and CF supervised the overall study and provided feedback throughout all stages. All authors contributed to the article and approved the submitted version.



Funding

Research support funding for this project was received from Shanghai Science and Technology Achievement Transformation and Industrialization Project (18401933403). This research is partially supported by Shanghai Clinical Research Center for Aging and Medicine (19MC1910500).



Acknowledgments

We would like to thank all the members who participated in the Community-Based Colorectal Cancer Screening Program in the Shanghai Municipal Centers for Disease Control and Prevention in Shanghai.



Conflict of interest

The 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.



References

 1. Hao J, Chen W. 2017 China Cancer Register Annual Report. Beijing: National Cancer Center (2018).

 2. Van Rossum LGM, van Rijn AF, Verbeek ALM, van Oijen MGH, Laheij RJF, Fockens P, et al. Colorectal cancer screening comparing no screening, immunochemical and guaiac fecal occult blood tests: a cost-effectiveness analysis. Int J Cancer. (2011) 128:1908–17. doi: 10.1002/ijc.25530

 3. Barzi A, Lenz H, Quinn DI, Sadeghi S. Comparative effectiveness of screening strategies for colorectal cancer. Cancer. (2017) 9:123. doi: 10.1002/cncr.30518

 4. Berchi C, Guittet L, Bouvier V, Launoy G. Cost-effectiveness analysis of the optimal threshold of an automated immunochemical test for colorectal cancer screening: performances of immunochemical colorectal cancer screening. Int J Technol Assess. (2010) 26:48–53. doi: 10.1017/S0266462309990808

 5. Berchi C, Bouvier V, Réaud J, Launoy G. Cost-effectiveness analysis of two strategies for mass screening for colorectal cancer in France. Health Econ. (2004) 13:227–38. doi: 10.1002/hec.819

 6. Edwards BK, Ward E, Kohler BA, Eheman C, Zauber AG, Anderson RN, et al. Annual report to the nation on the status of cancer, 1975-2006, featuring colorectal cancer trends and impact of interventions (risk factors, screening, and treatment) to reduce future rates. Cancer. (2010) 116:544–73. doi: 10.1002/cncr.24760

 7. SCDC. Malignant tumor report of Shanghai, 2012. Shanghai: Shanghai Municipal Center for Disease Control and Prevention (2012).

 8. National Cancer Institute. Surveillance, Epidemiology, and End Results Program. colorectal cancer. Washington DC, US (2012).

 9. Kearns B, Whyte S, Chilcott J, Patnick J. Guaiac faecal occult blood test performance at initial and repeat screens in the English Bowel Cancer Screening Programme. Brit J Cancer. (2014) 111:1734–41. doi: 10.1038/bjc.2014.469

 10. Larsen MB, Njor S, Ingeholm P, Andersen B. Effectiveness of colorectal cancer screening in detecting earlier-stage disease—a Nationwide Cohort Study in Denmark. Gastroenterology. (2018) 155:99–106. doi: 10.1053/j.gastro.2018.03.062

 11. Leuraud K, Jezewski-Serra D, Viguier J, Salines E. Colorectal cancer screening by guaiac faecal occult blood test in France: evaluation of the programme two years after launching. Cancer Epidemiol. (2013) 37:959–67. doi: 10.1016/j.canep.2013.07.008

 12. Pox CP, Altenhofen L, Brenner H, Theilmeier A, Stillfried DV, Schmiegel W. Efficacy of a nationwide screening colonoscopy program for colorectal cancer. Gastroenterology. (2012) 142:1460–7.e2. doi: 10.1053/j.gastro.2012.03.022

 13. Toes-Zoutendijk E, van Leerdam ME, Dekker E, van Hees F, Penning C, Nagtegaal I, et al. Real-time monitoring of results during first year of dutch colorectal cancer screening program and optimization by altering fecal immunochemical test cut-off levels. Gastroenterology. (2017) 152: 767–75.e2. doi: 10.1053/j.gastro.2016.11.022

 14. Rim JH, Youk T, Kang JG, Park BK, Gee HY, Kim J, et al. Fecal occult blood test results of the national colorectal cancer screening program in South Korea (2006–2013). Sci Rep. (2017) 1:2804. doi: 10.1038/s41598-017-03134-9

 15. Zavoral M. Colorectal cancer screening: 20 years of development and recent progress. World J Gastroenterol. (2014) 20:3825–34. doi: 10.3748/wjg.v20.i14.3825

 16. Zheng Y, Gong Y. Research and practice of screening for colorectal cancer in population of Shanghai. China Cancer. (2013) 02:86–9. doi: 10.1155/2012/846985

 17. Cao P, Shen Y, Huang Y, Yuan W, Ma H. Early diagnosis and early treatment of colorectal cancer in the target population of 40~74 years old in Haining city. China Cancer. (2017) 3:181–4.

 18. Gong Y, Peng P, Bao P, Zhong W, Shi Y, Gu K, et al. The implementation and first-round results of a community-based colorectal cancer screening program in Shanghai, China. Oncologist. (2018) 23:928–35. doi: 10.1634/theoncologist.2017-0451

 19. Yuan X. Study and practice of the first round of colorectal cancer screening in Heping District, Tianjin. Contin Med Educ. (2017) 02:91–4.

 20. Zhou Q, Liang Y, Li Y, Liu H, Li K, Lin G. Cost analysis of colorectal cancer screening program in Guangzhou 2015-2017. China Cancer. (2019) 4:257–63.

 21. Pil L, Fobelets M, Putman K, Trybou J, Annemans L. Cost-effectiveness and budget impact analysis of a population-based screening program for colorectal cancer. Eur J Intern Med. (2016) 32:72–78. doi: 10.1016/j.ejim.2016.03.031

 22. Murphy J, Halloran S, Gray A. Cost-effectiveness of the faecal immunochemical test at a range of positivity thresholds compared with the guaiac faecal occult blood test in the NHS Bowel Cancer Screening Programme in England. BMJ Open. (2017) 10:e017186. doi: 10.1136/bmjopen-2017-017186

 23. Huang W, Liu G, Zhang X, Fu W, Zheng S, Wu Q, et al. Cost-effectiveness of colorectal cancer screening protocols in urban Chinese populations. PLoS ONE. (2014) 9:e109150. doi: 10.1371/journal.pone.0109150

 24. SCDC. Malignant tumor report of Shanghai, 2018. Shanghai: Shanghai Municipal Center for Disease Control and Prevention (2018).

 25. Wong CK, Lam CL, Wan Y, Fong DY. Cost-effectiveness simulation and analysis of colorectal cancer screening in Hong Kong Chinese population: comparison amongst colonoscopy, guaiac and immunologic fecal occult blood testing. BMC Cancer. (2015) 15:1–12. doi: 10.1186/s12885-015-1730-y

 26. Lam C, Law WL, Poon J, Chan P, Fong D. Health-related quality of life in patients with colorectal neoplasm and cost-effectiveness of colorectal cancer screening in Hong Kong. Hong Kong Med J. (2015) 21:S4–8.

 27. Hongwei Y, Hongwei W, Yinhua L. From traditional population-based approach to individualized precision medicine: the interpretation of update on The AJCC Colorectal Cancer Staging System, Eighth Edition. Chin J Surg. (2017) 55:24–7. doi: 10.3760/cma.j.issn.0529-5815.2017.01.007

 28. Wu HM, Wang YM, Yen MF, Wong JM, Lai HC, Warwick J, et al. Cost-effectiveness analysis of colorectal cancer screening with stool DNA testing in intermediate-incidence countries. BMC Cancer. (2006) 6:136. doi: 10.1186/1471-2407-6-136

 29. Sekiguchi M, Igarashi A, Matsuda T, Matsumoto M, Sakamoto T, Nakajima T, et al. Optimal use of colonoscopy and fecal immunochemical test for population-based colorectal cancer screening: a cost-effectiveness analysis using Japanese data. Jpn J Clin Oncol. (2016) 2:116. doi: 10.1093/jjco/hyv186

 30. Li Z, Huang H, Shi J, Guo C, Zhou S, Liu C, et al. Systematic review of worldwide natural history models of colorectal cancer: classification transition rate and a recommendation for developing Chinese population-specific model. Chin J Epidemiol. (2017) 2:253–60. doi: 10.3760/cma.j.issn.0254-6450.2017.02.024

 31. Tappenden P, Chilcott J, Eggington S, Sakai H, Karnon J, Patnick J. Option appraisal of population-based colorectal cancer screening programmes in England. Gut. (2007) 56:677–84. doi: 10.1136/gut.2006.095109

 32. Altekruse S, Kosary C, Krapcho M, Neyman N, Aminou R, Waldron W, et al. SEER Cancer Statistics Review. Bethesda, MD: National Cancer Institute (2010).

 33. Pickhardt PJ, Hassan C, Laghi A, Zullo A, Kim DH, Morini S. Cost-effectiveness of colorectal cancer screening with computed tomography colonography. Cancer. (2007) 109:2213–21. doi: 10.1002/cncr.22668

 34. Hur C, Chung DC, Schoen RE, Gazelle GS. The management of small polyps found by virtual colonoscopy: results of a decision analysis. Clin Gastroenterol Hepatol. (2007) 5:237–44. doi: 10.1016/j.cgh.2006.11.003

 35. SCDC. Births and Deaths Monitoring Report of Shanghai in 2014. Shanghai: Shanghai Municipal Center for Disease Control and Prevention (2014).

 36. Bertram MY, Lauer JA, Joncheere KD, Edejer T, Hutubessy R, Kieny MP, et al. Cost-effectiveness thresholds: pros and cons. B World Health Organ. (2016) 12:925–30. doi: 10.2471/BLT.15.164418



OPS/images/fpubh-10-986728-t001.jpg
Parameters

Distribution of screening group

Adenoma follow-up

Advanced adenoma follow-up

CRC follow-up

CRC I follow-up

CRC il follow-up

CRCIV follow-up

Distribution of assumed no-screening group
Adenoma

Advanced adenoma

Undiagnosed CRC

Undiagnosed CRCII

Undiagnosed CRC 11

Undiagnosed CRC IV

Transition probability (per year)

From normal to adenoma

From adenoma to advanced adenoma

From advanced adenoma to undiagnosed CRC 1
From undiagnosed CRC I to undiagnosed CRC I1
From undiagnosed CRC I to CRC I follow-up
From undiagnosed CRC II to undiagnosed CRC 111
From undiagnosed CRC 11 to CRC 11 follow-up
From undiagnosed CRC I11 to undiagnosed CRC IV
From undiagnosed CRC I11 to CRC III follow-up
From undiagnosed CRCIV to CRC IV follow-up
Death from other causes

Death from CRC I follow-up

Death from CRCII follow-up

Death from CRC I1I follow-up

Death from CRCIV follow-up.

Costs ($ per capita)*

Cost for initial screening and colonoscopy
Treatments for advanced adenoma

Treatments for CRC 1

Treatments for CRC 11

Treatments for CRC 111

Treatments for CRC IV

Utility

Normal

Adenoma

Advanced adenoma

Stage I CRC

Stage Il CRC

Stage I1I CRC

Stage IV CRC

Discount rate

Discount rate of costs

Discount rate of life years gained

“All costs converted i

o dollars using 2014-2016 mean exchange rate of USD $1

Base-case

0.8040
0.0562
0.0578
00361
00371
0.0088

0.8040
0.0562
0.0578
00361
00371
0.0088

00160
0.0200
00326
02400
02000
0.3600
02000
0.1750
06500
1.0000
00175
00218
0.0458
0.0994
02028

127190
1,108.82
8,566.63
10,554.70
13,395.73.
11,177.51

1.000
03871
0827
0829
0860
0814
0738

3%
3%

RMB ¥ 63743,

Reference

SHesp follow-up data
SHesp follow-up data
SHesp follow-up data
SHesp follow-up data
SHesp follow-up data
SHesp follow-up data

SHesp follow-up data
SHesp follow-up data
SHesp follow-up data
SHesp follow-up data
SHesp follow-up data

SHesp follow-up data

(30)

(30)

[€3)]

(32,33)

(32)

(32,34)

(32)

(32,39)

(32)

(2)

(35)

Vital statistics and SHesp follow-up data
Vital statistics and SHsp follow-up data
Vital statistics and SHesp follow-up data

Vital statistics and SHesp follow-up data

Questionnaire and official prices data
Inpatient expense data
Inpatient expense data
Inpatient expense data
Inpatient expense data

Inpatient expense data

Assumption
(5)

(2,3,23,28,29)
(2,3,23,28,29)





OPS/images/fpubh-10-986728-t002.jpg
5-year survival rate Annual survival rate Mortality

CRCI 0.8957 09782 00218
CRCII 07912 09542 0.0458
CRCIII 05924 0.9006 0.0994

CRCIV

07972 02028





OPS/images/fpubh-10-986728-g003.gif





OPS/images/fpubh-10-986728-g004.gif
FESSLS S S S S S S SS






OPS/images/fpubh-10-986728-t005.jpg
Model parameters

Discount rate

Costs for initial screening and colonoscopy per diagnosed patient

Colonoscopy per diagnosed patient

Costs for treatments

Advanced adenoma

CRCI

CRCI

CRC I

CRCIV

Transition probabilities (from - to)
Normal-adenoma

Adenoma-advanced adenoma
Undiagnosed CRC I-undiagnosed CRC 1
Undiagnosed CRC Il-undiagnosed CRC 1T
Undiagnosed CRC Ill-undiagnosed CRC IV

Base-case

3%

158.73

1,108.82
8,566.63
10,554.70
13,395.73
11,177.51

0016
0.02
024
036

0175

Sensitivity analysis

Low value

0%

119.05

831.62
642498
7.916.03
10,046.80
8,383.14

0012
0015
0.180
0270
0131

High value

5%
198.41

1,386.03
10,708.29
13,193.38.
16,744.66
13,971.89

0020
0025
0300
0450
0219

ICER(S$/LY)
Lowvalue  High value
1,360.84 13,013.86
4,251.19 8,432.84
6,210.49 6,473.55
6,235.01 6,449.02
6,262.05 6,421.98
7,324.67 5,359.37
6,774.84 5,909.19
6,342.02 6,342.02
7,306.69 5,478.46
9,003.41 5,039.56
8,958.52 5,145.85
7,025.71 5,837.66





OPS/images/fpubh-10-986728-t003.jpg
Costs for initial screening and colonoscopy
allocated to the diagnosed patients

Initial screening

Colonoscopy

Treatments for advanced adenoma

Treatments for CRC 1
Treatments for CRC II
Treatments for CRC Il
Treatments for CRC IV

All costs converted into dollars using 2014-2016 mean exchange rate of USD §

13,250

1,097,656
82,729

116

RMB ¥ 6.3743.

Total costs ($)

16,852,628

3,721,054
13,131,574
826,071
4,814,446
3,704,700
4,835,859
950,088

Per capita cost included in the
model ($)

1271.90

280.83

991.06
1,108.82
8,566.63
10,554.7
13,395.73
11,177.51





OPS/images/fpubh-10-986728-t004.jpg
Effectiveness

Deaths from CRC

Deaths from other causes

Life years gained (LYs)

Quality-adjusted life years (QALYs)
Incremental lfe years (LYs)

Incremental quality-adjusted life years (QALYs)
Costs (million $)

Total costs

Incremental costs

Incremental cost-effectiveness ratio
Incremental costs/LY gained ($/LY)
Incremental costs/QALY gained ($/QALY)

SHesp
screening

1,226
4,067
187,
174,587.20
.1.10

7.70

1,5
13,984.30

3717
9.96

6,342.02
712.08

No
screening

1,821
3,831
185,807.40
160,602.90

2721





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cost-effectiveness analysis of a community-based colorectal cancer screening program in Shanghai, China



		Introduction



		Materials and methods



		Model overview



		Model structure



		Model parameters



		Clinical data



		Costs



		Effectiveness









		Uncertainty







		Results



		Incremental cost-effectiveness



		Sensitivity analysis







		Discussion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Cost-effectiveness analysis of a
community-based colorectal
cancer screening program in

Shanghai, China





OPS/images/fpubh-10-986728-g001.gif
—






OPS/images/fpubh-10-986728-g002.gif
¢
i

T

Erind

e

o





OPS/images/math_1.gif
3
= SurvivalRates._year
SurvivalRateannually

Mortality

— SurvivalRate gy









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





