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Background

BRCA1/2 mutation carriers are suggested with regular breast cancer surveillance screening strategies using mammography with supplementary MRI as an adjunct tool in Western countries. From a cost-effectiveness perspective, however, the benefits of screening modalities remain controversial among different mutated genes and screening schedules.



Methods

We searched the MEDLINE/PubMed, Embase, Cochrane Library, Scopus, and Web of Science databases to collect and compare the results of different cost-effectiveness analyses. A simulated model was used to predict the impact of screening strategies in the target group on cost, life-year gained, quality-adjusted life years, and incremental cost-effectiveness ratio (ICER).



Results

Nine cost-effectiveness studies were included. Combined mammography and MRI strategy is cost-effective in BRCA1 mutation carriers for the middle-aged group (age 35 to 54). BRCA2 mutation carriers are less likely to benefit from adjunct MRI screening, which implies that mammography alone would be sufficient from a cost-effectiveness perspective, regardless of dense breast cancer.



Conclusions

Precision screening strategies among BRCA1/2 mutation carriers should be conducted according to the acceptable ICER, i.e., a combination of mammography and MRI for BRCA1 mutation carriers and mammography alone for BRCA2 mutation carriers.



Systematic Review Registration

PROSPERO, identifier CRD42020205471.
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Introduction

Currently, breast cancer is a common cancer worldwide (1). Women with germline mutations in cancer predisposition genes develop breast cancer with cumulative risks, e.g., 55% of BRCA1 mutation carriers and 45% of BRCA2 mutation carriers were 80 years old (2). In addition, women with a positive familial history and dense breasts were also characterized as high-risk women (3). These women, especially BRCA1 mutation carriers, develop breast cancer at younger ages with an increased possibility of triple-negative breast cancer (4). Intensive breast screening modalities were more widely undertaken than bilateral prophylactic mastectomy (5). Thus, a regular screening regimen is necessary and important for BRCA1/2 mutation carriers and high-risk women.

Currently, mammography is still the most widely used modality in Western countries, as it has been confirmed to reduce breast cancer mortality (6, 7). However, for BRCA1/2 mutation carriers, it has been demonstrated that mammography has limited performance in cancer detection related to their benign appearance and high interval cancer rate (8). MRI serves as a diagnostic tool with the highest sensitivity, and it performs well on dense breasts (9). Considering that there is no radiation harm to patients, MRI is suggested to start at an early age. However, the high cost, increased false-positive rate, and unnecessary biopsies should not be neglected (10, 11). The combination of MRI and mammography would increase sensitivity compared with mammography alone among BRCA1/2 mutation carriers (12). Although screening ultrasound has been confirmed to show comparable performance with improved cancer detection, it has exceeded the false-positive rate, resulting in the subsequent cost of more benign biopsies (13). In addition, ultrasound and clinical breast examination have not appeared to add addictive benefits for the screening regimen in Western countries (14, 15). These findings mainly focused on BRCA1/2 mutation carriers. Women without high breast cancer risk could not gain an advantage when performing combined mammography and MRI (16).

Therefore, a combination of mammography and MRI is recommended. For BRCA1/2 mutation carriers, the National Comprehensive Cancer Network (NCCN) recommends the combination of annual MRI from 25 to 75 years old and annual mammography from the age of 30 to 75 (17). Different guidelines vary in the start and terminal age of screening: the National Institute for Health and Care Excellence (NICE) recommends annual MRI for patients aged 30 to 49 years and annual mammography for patients aged 40 to 69 years (18). The European Society for Medical Oncology (ESMO) suggests annual MRI from age 25, and it proposes a combination of annual MRI with annual mammography from age 30 (19). Several factors influence adherence to regular screening regimens in BRCA1/2 mutation carriers, including disease suffering load, patient awareness, education level, country development, access to MRI, and so forth. More importantly, the cost-effective intervention of different screening strategies for high-risk women carrying BRCA1/2 mutations is still unclear.

Herein, we focused on cost-effectiveness benefits from screening combinations of MRI and mammography in comparison with mammography alone in BRCA1/2 mutation carriers. Direct outcomes of lifetime cost, life-years gained (LYG), and quality-adjusted life years (QALYs) were collected to compare the incremental cost-effectiveness ratio (ICER) (20). In cost-effectiveness analysis, a cost-effective intervention was evaluated with ICER falling in a definitive threshold (21). This review may help health policymakers make informed, optimal, and unified decisions.



Materials and Methods


Study Design and Search Strategy

We developed a research question according to PICOT (Population, Intervention, Comparison, Outcome, Time): “Which screening strategy is more cost-effective comparing the combination of MRI and mammography with mammography alone among BRCA1/2 mutation carriers from different ages?” (22). The PICOT question aided in the selection and evaluation of studies.

We conducted a systematic literature search for studies published from January 1990 to September 2020 in the following databases: MEDLINE/PubMed, EMBASE, Scopus, Cochrane Library, and Web of Science. We searched for key terms, including BRCA1 and BRCA2, breast cancer, cost-effectiveness, and screening (Supplementary Table S1). We also screened eligible reviews to select relevant studies in reference lists. This review was conducted under PRISMA guidelines (23). The study was registered in the International Prospective Register of Systematic Reviews (PROSPERO, CRD42020205471).

Articles were screened by two researchers independently. An economic evaluation for cost-effectiveness analysis should meet the following criteria: i) it should be a cost-effectiveness analysis that had available outcomes of costs, LYG, QALYs, and ICER; ii) it should focus on the target population of BRCA1/2 mutation carriers; and iii) it should include screening strategies of mammography, MRI, or the combination of the two. After screening titles and abstracts, full-text documents were acquired to select the final inclusive studies by the criteria above. Disagreements among the included articles were discussed to reach a consensus.

Mainly, we investigated cost-effectiveness analyses with sufficient evaluation outcomes such as cost, QALYs or LYGs, and ICER. The following types of studies were not included: a) studies that used the insufficient decision-analytic model to conduct cost-effectiveness analysis, b) studies that did not compare cost-effectiveness between a combination of MRI and mammography, c) studies that merely included patients with dense breasts, d) studies that conducted complicated comparisons between different screening strategies among nations, and e) studies that only involved high-risk women.



Data Extraction and Quality Assessment

We used a standardized evidence table to collect definite information, which included model-related characteristics (author, country/region, target population, model type, perspective, type of cost, discount rate, currency, outcomes, sensitivity analysis, threshold). The cost-effectiveness (cost, QALYs, LYG, ICER) and description of the screening method were also evaluated. Cost-effectiveness analysis models were monitoring life cycles of the target population and comparing the consequence and cost in the procedure. ICER was calculated by comparing the incremental cost of two screening strategies divided by incremental effects. Incremental QALYs and LYGs were the incremental effects. In these model-based cost-effectiveness analyses, BRCA1/2 mutation carriers were simulated female and hypothetical individuals. Among different studies, simulated BRCA1/2 mutation carrier women were majorly introduced into the model from age 25 years with no breast cancer and prophylactic surgery history. Parameters including breast cancer incidence, the detection rate of screening surveillance, and other related parameters were extracted from national cancer databases and critical literature review.

We used the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) quality assessment checklist to calculate the scores of the included studies (24).

Several reviews about cost-effectiveness analysis transformed into one unified currency; however, the evaluation of cost-effectiveness varies by region or country. As a result, we used the threshold mentioned in the previously selected study to make a further comparison.




Results


Study Selection

There were 1,422 references with 516 duplicates. We screened 906 references through titles and abstracts, and we selected 40 references for full-text investment, with eight (25–32) meeting the inclusion criteria. Eventually, after adding one (33) reference from the updated literature search, nine studies were included (Figure 1).




Figure 1 | The PRISMA flow diagram for the study selection: search for cost-effectiveness analyses evaluating screening strategies among BRCA1/2 mutation carriers and high-risk women. The exclusion criteria were as follows: review, conference abstract, clinical trial or editorial, no full text available, high-risk women, and no direct combined screening comparison (N = 9), which included studies not presenting a combination of MRI and mammography (N = 6), studies comparing the screening over countries (N = 1), studies involving patients with dense breast (N = 1), and studies with non-standard cost-effectiveness analysis (N = 1).





Description of Studies: Key Characteristics

Selected studies covered a small number of countries, including five in the United States, one in the United Kingdom, two in the Netherlands, and one in Canada (Table 1 and Supplementary Tables S2, S4). The models simulated women as the target population and reported three (26, 27, 29) in solely BRCA1 mutation carriers, four (25, 28, 30, 33) in both BRCA1 and BRCA2 mutation carriers, and two (31, 32) in discriminatory BRCA1/2 mutation carriers. Among the nine selected studies, BRCA mutation carriers were simulated women cohorts with no breast cancer history or prophylactic surgery. Associated parameters in building cost-effectiveness analysis were originated from national databases and literature reviews. Eight studies used the model to simulate the screening process, except that one study did not mention the model type. All nine studies calculated the direct cost, including screening, treatment for breast cancer, and other costs related to disease. In particular, three studies involved indirect costs for loss of productivity and time. The discount rate mainly ranged from 3% to 3.5% using international data in nine studies, despite one also considering the discount rate by the nation. Furthermore, the outcomes measured QALYs gained in seven studies and LYGs in two to obtain ICER. ICER was calculated by comparing incremental cost divided by incremental effects (QALYs and LYGs) of the two strategies: one was the combination of mammography and adjunct MRI and the other was mammography alone. Threshold definition was not mentioned in four studies, and we assumed the threshold definition to be the same as the remaining studies for analysis.


Table 1 | Information of cost-effectiveness analysis from the study selection.





Description of Studies: Quality Assessment

Generally, these studies were of good quality (Supplementary Table S3), and the main misreported item was conflicts of interest in three studies.

According to the checklist, several items were not mentioned in all selected articles. One study did not present study perspectives, one failed to reveal the model type, and two studies did not mention the time horizon explicitly. Currency details (such as price adjustments) were not shown in one study. In addition, two studies did not state the source of funding. Model parameters, uncertainty, and heterogeneity analyses were not sufficiently considered in one, one, and three studies, respectively. Except for the items above, model information on screening effectiveness and suggested viewpoints for screening strategies were finely described in all manuscripts.



Outcomes in BRCA1 Mutation Carriers

For cost-effectiveness evaluation, the ICER is mainly collected by the comparison of a combination of MRI and mammography with mammography alone. Among BRCA1 mutation carriers, ICER varies from £7,781 to £13,486 per QALY gained (26) and from $41,183 to $88,651 per QALY gained (25, 27, 28) (Figure 2A). Therefore, the most effective screening strategy is combined mammography and MRI annually for BRCA1 mutation carriers.




Figure 2 | Outcomes from studies from cost-effectiveness analysis of screening strategies comparing mammography and MRI which are categorized by age in BRCA1 mutation carriers (A), BRCA2 mutation carriers (B), and BRCA1/2 mutation carriers (C). The incremental cost-effectiveness ratio (ICER) extracted from our study selection is considered cost-effective if it reaches the threshold. The bars implicate the modality is conducted annually without special illustrations. The explanation of an expensive way which is considered absolutely not cost-effective is discussed. Comparison of the different screening strategies, mainly discussing the combination of MRI and mammography compared with mammography alone (brown color means using MRI alone, gray color means mammography alone, and light orange color means applying a combination of the two). The target population involves BRCA1 mutation carriers (A), BRCA2 mutation carriers (B), and not discriminated BRCA1/2 mutation carriers (C). ICER, threshold, and cost-effectiveness evaluation are shown in each following strategy. MRI, magnetic resonance imaging; MMG, mammography; LYG, life-year gained; QALY, quality-adjusted life years; ICER, incremental cost-effectiveness ratio. a) Screening was conducted for patients with an age range of 10 years and this model involves an age range of women which includes the 30–39 age group and 40–49 age group; b) patients with dense breast; c) screening modalities through a lifetime; d) the result of the cost-effective analysis is under the Dutch discount rate; e) ICER is not reported in the original studies, which is calculated by the average of ICER from its original data; f) the screening modalities continue till 79 years old.



Among BRCA1 mutation carriers, simulated screening regimens are conducted mostly from age 25 or 30 until 70 or 74. One study modeled the screening from a non-specific age range of 10 years, and the surveillance continued for 10 years to compare the difference (26). In particular, dense breast women with breast cancer are considered (25), and ICER is counted under the Dutch discount rate (30). In addition, ICERs exceeding the threshold are distinguished by conducting among old women (30), adding MRI alone compared with no screening from young women (28), and delaying the usage of MRI (29). One dominated ICER (33) is identified with regard to expensive screening strategies.

Considering the starting and ending times of modalities, middle-aged BRCA1 women who apply the combination of MRI and mammography are mainly discussed in two studies, which revealed that it reaches the minimum level of ICER under the most stringent threshold of $50,000 in the United States and £20,000 in the United Kingdom (25, 26), implying that the combination in age 35 to 54 is cost-effective. In addition, the results also indicate that BRCA1 women with a prolonged screening strategy to use MRI as an adjunct screening tool roughly from age 30 to 70 (25, 27, 28) are still under a loose cost-effectiveness threshold of $100,000, although ICER rises. Extending the screening until the elderly age from age 60 to 74 will not be cost-effective, whereas the threshold is stringent in the Netherlands (30).

The interval of screening would not affect the cost-effectiveness. Most studies conducted the combination of mammography and MRI annually, whereas one study (28) simulated the alternating modality, with 6-month intervals taking turns to apply MRI and mammography. It seemed that the alternating screening still worked well among BRCA1 mutation carriers.



Outcomes in BRCA2 and BRCA1/2 Mutation Carriers

For BRCA2 mutation carriers, it is only cost-effective using combined mammography and MRI in dense breasts among BRCA2 mutation carriers (25, 30), as well as measured in the Dutch discount rate (30). In contrast, other studies showed no benefits (25, 28, 30, 33). For the cost-effectiveness evaluation, the ICER above the threshold in these studies varies from €25,100 per LYG (30) and $111,600–$554,900 per QALY gained (25, 28, 33) (Figure 2B). BRCA2 mutation carriers showed higher ICER, which implied that additional MRI with mammography annually may not be cost-effective.

Two studies simulated women not specifically separated into BRCA1 and BRCA2 mutation carriers (31, 32). Even so, ICERs were revealed both within the threshold, ranging from $25,277 to $50,911 per QALY gained, when they compared mammography and MRI together with mammography alone (Figure 2C).




Discussion

To date, mortality caused by breast cancer is increasing (34). Patients expect a more effective and cost-effective surveillance strategy to survive (35). According to the guidelines, mammography and MRI are acceptable for BRCA1/2 mutation and high-risk women. However, the cost-effectiveness of different modalities and their combination is still a topic of controversy (12). Suffering from long-term screening surveillance (8, 12), BRCA1/2 mutation carriers are supposed to choose a better screening regimen, both for individual perspectives and social resource utility, with consideration of the burden on patients and society (36).

In our systematic review, we found an acceptable ICER using a combination of mammography and MRI among BRCA1 mutation carriers. ICERs within the threshold of BRCA1 mutation carriers varied from £7,781 to £13,486 per QALY gained and from $41,183 to $88,651 per QALY gained in four studies. Nevertheless, BRCA2 mutation carriers benefit less from adjunct MRI, since ICER above the threshold varies from €25,100 per LYG and $111,600–$554,900 per QALY gained in four studies. This implies that mammography alone would be sufficient from a cost-effectiveness perspective for BRCA2 mutation carriers.

The willingness-to-pay threshold of cost-effectiveness evaluation varies in definition. The WHO demonstrates that the threshold should be less than three times the GDP (gross domestic product) of the country. In the United States, the rigorous level is $50,000, and it has recently expanded to $100,000–$150,000 (37). In the United Kingdom, a threshold below £20,000 is generally acceptable for a cost-effective strategy (38). For the Netherlands, the commonly used value is €20,000 (37). Our selected studies presented the willingness-to-pay threshold, including £20,000 (UK), $50,000–$100,000 (USA and Canada), and €20,000 (Netherlands). We used the given threshold in these studies to analyze the cost-effectiveness.

The timing of combined mammography and MRI regimens in women with BRCA1 mutations is debatable. When the threshold is strict within £20,000 (UK), $50,000 (USA), and €20,000 (Netherlands), the inclusive ICER within cost-effectiveness evaluation is using the combination of mammography and MRI from age 35 to 54 in BRCA1 mutation carriers (25, 26). Thus, it is reasonable to suggest that middle-aged women benefit more from adjunct MRI. Considering a loose threshold of $100,000 (USA), the combined mammography and MRI is still cost-effective to apply from age 25–30 to 70–74 (25, 27, 28). However, the elongation of screening time is accompanied by a higher ICER, implying that a prolonged regimen might weaken the benefits of the combination of mammography and MRI.

At younger ages, from 25 to 30, MRI may perform acceptably fine (25, 28, 29, 32) and benefit patients with no radiation harm. Our results showed that postponed mammography is cost-saving (29), which implied that MRI alone from age 25 to 39 might be cost-effective. Concurrently, NCCN and ESMO suggest applying MRI alone from age 25 to 30. In addition, adjunct MRI is coherently cost-effective in middle age (roughly age 35 to 54), and extensive usage of a combination of mammography MRI results in higher ICER, making it less cost-effective. Moreover, extending the combination of MRI and mammography from a younger age will increase potential radiation risks. Accordingly, based on our findings and the guidelines, MRI alone might work well for these young BRCA1 women.

Considering the elderly age ranging from 60 to 74, mammography alone would work well in cost-effectiveness evaluation since the combination of mammography and MRI exceeded the willingness-to-pay threshold (30). Indirectly, the result suggests that the combination is costly for elderly women with BRCA1 mutations. Simultaneously, NICE recommends applying mammography alone from age 50 to 69, whereas NCCN and ESMO still propose to use combined mammography and MRI until age 75. Hence, the results indicate that mammography alone might be cost-effective for elderly women. We summarize our findings based on the cost-effectiveness perspective and guidelines in the Supplementary Figure, which still needs more studies to test its accuracy and validity.

With regard to BRCA2 mutation carriers, only dense breast females with breast cancer are reported to economically benefit using combined MRI and mammography (25, 30), which was even provided under restraint scenarios, only from age 60 to 74 in the Dutch discount rate (30).

The difference between BRCA1 and BRCA2 could be explained by mutation-related age-specific breast cancer incidence (25, 28) in the sense that BRCA1 mutation carriers are more likely to develop breast cancer and that cancer is more aggressive. Hence, it would become more beneficial to use MRI for detection to reduce downstream breast cancer treatment and prevent mortality (27), which may balance the high expense of surveillance (28). In addition, false-positive results are likely to appear in BRCA2 mutation carriers (25). In addition, BRCA2 mutation carriers tend to develop breast cancer in older age (30). These might result in MRI being less beneficial in BRCA2 mutation carriers. Therefore, we are more likely to infer that the combination of MRI and mammography for BRCA1 mutation carriers is more cost-effective than BRCA2 mutation carriers.

Our study found it most cost-effective using the combination of MRI and mammography in middle-aged BRCA1 mutation group. Several possible reasons might explain the finding. Cancer detection by adjunct mammography in younger women is low (39–41). It means to detect additional cancer by a combination of MRI and mammography would perform more mammography screening when compared with MRI alone. By increasing the number of mammographies, it results in increased cost, making the combination less cost-effective. Applying mammography in the younger group would endure screening radiation (27, 28). It is still a concern for associated possible risk by radiation-induced cancer (42). The older group also showed fewer cost-effectiveness benefits applying the combination. Increased false-positive findings when performing mammography with adjunct MRI were reported in the older group (43). This might raise the cost for subsequent costs in biopsy and treatment. In addition, declining quality of life and other reasons causing death might explain the reduction of benefits from screening; thus, it leads to a decrease in cost-effectiveness (24). Although other evidence was not given from an economic perspective, mammography with MRI also showed less benefit in younger age among BRCA1/2 mutation carriers (14, 38). Accordingly, the middle-aged group benefited more from the combination of mammography and adjunct MRI. For young women, we found that MRI alone may be enough to present high sensitivity and no radiation. It is beneficial to conduct MRI from age 25 (38). In addition, a recent RCT study also concluded that MRI could detect early cancer better than mammography (44).

Multiple factors will affect the evaluation of cost-effectiveness. MRI screening is crucial in surveillance, but it is 10 times more expensive than mammography in cost and has restricted resources for patients to gain access (25). Higher false-positive rates leading to unnecessary biopsies should not be ignored (10). Therefore, in our selected studies, confounding factors of cost-effectiveness included screening modality detection sensitivity and specificity (25, 27, 28, 31, 33), false-positive rate (25, 27, 28), breast cancer risk (25, 27, 28, 33), breast cancer mortality (25, 27–29), screening elongating life expectancy (25, 27, 29), and mammography-related radiation (28, 29). The cost of MRI (27, 28, 32, 33), the discount rate (25, 30), and willingness-to-pay threshold (26, 27, 32) associated with payment influence cost-effectiveness. Dense breast women (25, 30), screening interval (28), strategy modification (29), and high-risk women (31) varying in breast cancer prevalence are separately shown to produce an effect on the evaluation of cost-effectiveness.

In this review, we focused on the cost-effectiveness of screening strategies; however, it cannot be considered the only perspective in clinical application. Indeed, a comprehensive evaluation of personal acceptance, resource distribution, modality detection performance, and so forth is needed. With the development of screening modalities, sensitivity and specificity should be updated among BRCA1/2 mutation carriers and age groups using different screening strategies (10, 43, 45). Additionally, QALYs are difficult to define and it remains a controversial topic to use for analysis (46). False-positive results, anxiety, and potential treatment of detected cancer would influence quality of life, which most studies failed to take into account, which should be considered in the further evaluation of life quality of target women in future analysis.

Several cost-effectiveness analyses were conducted among Asian countries, focusing on high-risk women (47, 48). However, Asian BRCA1/2 mutation carriers had different characteristics against mutation carriers from Western countries (49). In addition, mainstream screening modalities for Asian high-risk women include ultrasound and mammography, and MRI is rarely used in clinical practice. Our selected studies covered only several developed countries and lacked more evidence from different races.

Moreover, high-risk women are also recommended to apply a combination of MRI and mammography; however, heterogeneous cohorts are difficult to evaluate. Countries vary in the definition of high-risk women that are estimated by different models (50). In the United States, those with lifetime risk above 20% are suggested with adjunct MRI, depending on the risk assessment model, which combines multiple factors, including personal history, prior biopsies, family history, chest radiation, and so forth (17). Studies (31, 51–53) simulated high-risk women classified by different cancer prevalences (31), varied lifetime risks of breast cancer (51), and unknown mutations (52, 53) and analyzed the cost-effectiveness. The outcomes are summarized in Tables SD1–4 in the Supplementary Data. However, the results differ in the definition of high-risk women and screening scenarios, which could not be overlooked due to heterogeneity, making it rather difficult to compare. Therefore, defining and classifying high-risk women is still indefinite so as to draw a conclusion from the present findings, and more evidence is needed to determine the best strategy.

BRCA1/2 mutation carriers are also associated with increased risk in ovarian cancer, prostate cancer, and pancreatic cancer (54–56). Cost-effectiveness analyses were also conducted. Intensified surveillance, prophylactic and risk-reducing surgery of bilateral mastectomy, and salpingo-oophorectomy were compared from a cost-effective perspective (57, 58). The identification of BRCA mutation carriers by genetic testing for early recognition of ovarian cancer was also discussed in cost-effectiveness analysis (58). Furthermore, cost-effectiveness analysis was conducted to discuss applying maintenance olaparib for patients with BRCA-mutated metastatic pancreatic cancer (59). Although the cost-effectiveness of prostate cancer screening has been discussed in studies from different nations (60), however, no specific cost evaluation of prostate cancer screening is conducted among BRCA1/2 mutation carriers. Future attempts and discoveries are expected.

Herein, we only compared BRCA1/2 mutation carriers because these women are admitted with the greatest lifetime risk. Rated by the CHEERS quality assessment (Supplementary S3 and Table SD4 in the Supplementary Data), the scores of studies discussing high-risk women were poorer than those of studies focusing on BRCA1/2 mutation carriers, which might be explained by the uncertainty and heterogeneity of patients. Although only nine studies provided limited evidence, focusing on BRCA1/2 mutation carriers by deletion of high-risk women, the results were more convincing and integrated.

There are several limitations in our study. First, the selection of inclusive studies was primarily conducted in high-income developed countries, which may influence the final outcomes. In addition, the threshold used by different countries varies in definition, making it hard to compare the available budget, which arises as a relatively unified and objective standard for cost-effectiveness evaluation in the future. Heterogeneity in countries, ethnicity, and publication period among cost-effectiveness analysis results in impairment of evidence strength. Future studies in specific population groups are expected. Additionally, there are different types of mammography, and film screens or digital screens are not considered separate in our study. In addition, although we searched databases and references, it could not cover all studies, with some existing in the gray area. Furthermore, we only target those studies using simulated models evaluating cost-effectiveness. Presently, cost-effectiveness analyses comparing screening modalities in BRCA1/2 mutation carriers are still limited, failing to cover all age intervals, which requires more investigations to fill the gaps. However, resulting from insufficient evidence to evaluate health benefits and weaknesses from RCTs of screening modality implementation on BRCA1/2 mutation carriers, simulation model-based economic evaluation can compare the cost-effectiveness of screening tool implementation (20).



Conclusion

In our systematic review, we found an acceptable ICER using a combination of mammography and MRI among BRCA1 mutation carriers, especially in middle-aged women. Nevertheless, BRCA2 mutation carriers benefit less with adjunct MRI, which implies that mammography alone would be enough from a cost-effectiveness perspective. The cost-effectiveness perspective is significant in conducting screening strategies among BRCA1/2 mutation carriers to surveil breast cancer, which is highly influenced by multiple factors. Recommendations for BRCA1/2 mutation carriers should take into account cost-effectiveness among different age groups for further clinical usage.



Data Availability Statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Author Contributions

JiaxL and ZJ completed the design of the study, conducted the data analysis and interpretation, and wrote the manuscript. MZ completed the design of the study. GL, ZX, XinW, XH, KF, JiangW, and JieW helped with the data collection. JiaqL conceived the study, conducted the data analysis and interpretation, and wrote the manuscript. XiangW conceived the study. All authors revised the manuscript and made the final approval of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was funded in part by the National Natural Science Foundation of China (81802669 to JiaqL), the CAMS Innovation Fund for Medical Sciences (2020-I2M-C&T-B-068 to JiaqL), the Beijing Hope Run Special Fund (LC2020B05 to JiaqL), the Science and Technology Innovation Foundation for university or college students (202010023021 to JiaxL), and the CAMS Initiative Fund for Medical Sciences (2016-I2M-1-001 to XiangW).



Acknowledgments

We declare that the paper has not been submitted to another journal and has not been published in whole or in part elsewhere previously. We thank Xiao-Yong Fu from the Wharton School of the University of Pennsylvania for his kind help in the revision of the language of the manuscript and we also appreciate Springer Nature Author Services (SNAS) for language revision.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.763161/full#supplementary-material



Abbreviations

NCCN, National Comprehensive Cancer Network; NICE, National Institute for Health and Care Excellence; ESMO, European Society for Medical Oncology; LYG, life-years gained; QALY, quality-adjusted life years; ICER, incremental cost-effectiveness ratio; CHEERS, Consolidated Health Economic Evaluation Reporting Standards.



References

1. Yap, YS, Lu, YS, Tamura, K, Lee, JE, Ko, EY, Park, YH, et al. Insights Into Breast Cancer in the East vs the West: A Review. JAMA Oncol (2019) 5(10):1489–96. doi: 10.1001/jamaoncol.2019.0620

2. Dorling, L, Carvalho, S, Allen, J, González-Neira, A, Luccarini, C, Wahlström, C, et al. Breast Cancer Risk Genes - Association Analysis in More Than 113,000 Women. N Engl J Med (2021) 384(5):428–39. doi: 10.1056/NEJMoa1913948

3. Prado, A, Andrades, P, and Parada, F. Recent Developments in the Ability to Predict and Modify Breast Cancer Risk. J Plast Reconstr Aesthet Surg (2010) 63(10):1581–7. doi: 10.1016/j.bjps.2009.06.034

4. Franceschini, G, Di Leone, A, Terribile, D, Sanchez, MA, and Masetti, R. Bilateral Prophylactic Mastectomy in BRCA Mutation Carriers: What Surgeons Need to Know. Annali Italiani Di Chirurgia (2019) 90(1):1–2.

5. Warner, E. The Role of Magnetic Resonance Imaging in Screening Women at High Risk of Breast Cancer. Top Magn Reson Imaging (2008) 19(3):163–9. doi: 10.1097/RMR.0b013e31818bc994

6. Independent UK Panel on Breast Cancer Screening. The Benefits and Harms of Breast Cancer Screening: An Independent Review. Lancet (2012) 380(9855):1778–86. doi: 10.1016/S0140-6736(12)61611-0

7. Mandrik, O, Zielonke, N, Meheus, F, Severens, JL, Guha, N, Acosta, RH, et al. Systematic Reviews as a ‘Lens of Evidence’: Determinants of Benefits and Harms of Breast Cancer Screening. Int J Cancer (2019) 145(4):994–1006. doi: 10.1002/ijc.32211

8. Warner, E. Screening BRCA1 and BRCA2 Mutation Carriers for Breast Cancer. Cancers (Basel) (2018) 10(12):477. doi: 10.3390/cancers10120477

9. Bakker, MF, de Lange, SV, Pijnappel, RM, Mann, RM, Peeters, PHM, Monninkhof, EM, et al. Supplemental MRI Screening for Women With Extremely Dense Breast Tissue. N Engl J Med (2019) 381(22):2091–102. doi: 10.1056/NEJMoa1903986

10. Whitaker, KD, Sheth, D, and Olopade, OI. Dynamic Contrast-Enhanced Magnetic Resonance Imaging for Risk-Stratified Screening in Women Withbrcamutations or High Familial Risk for Breast Cancer: Are We There Yet? Breast Cancer Res Treat (2020) 183(2):243–50. doi: 10.1007/s10549-020-05759-3

11. Schenberg, T, Mitchell, G, Taylor, D, and Saunders, C. MRI Screening for Breast Cancer in Women at High Risk; Is the Australian Breast MRI Screening Access Program Addressing the Needs of Women at High Risk of Breast Cancer? J Med Radiat Sci (2015) 62(3):212–25. doi: 10.1002/jmrs.116

12. Warner, E. Breast Surveillance of Patients With BRCA1 and BRCA2 Mutations. Curr Breast Cancer Rep (2013) 5(3):255–61. doi: 10.1007/s12609-013-0111-2

13. Berg, WA, Bandos, AI, Mendelson, EB, Lehrer, D, Jong, RA, and Pisano, ED. Ultrasound as the Primary Screening Test for Breast Cancer: Analysis From ACRIN 6666. J Natl Cancer Inst (2016) 108(4):djv367. doi: 10.1093/jnci/djv367

14. van Zelst, JCM, Mus, RDM, Woldringh, G, Rutten, MJCM, Bult, P, Vreemann, S, et al. Surveillance of Women With the BRCA1 or BRCA2 Mutation by Using Biannual Automated Breast US, MR Imaging, and Mammography. Radiology (2017) 285(2):376–88. doi: 10.1148/radiol.2017161218

15. Euhus, D, Di Carlo, PA, and Khouri, NF. Breast Cancer Screening. Surg Clinics North Am (2015) 95(5):991–1011. doi: 10.1016/j.suc.2015.05.008

16. Health Quality O. Magnetic Resonance Imaging as an Adjunct to Mammography for Breast Cancer Screening in Women at Less Than High Risk for Breast Cancer: A Health Technology Assessment. Ontario Health Technol Assess Ser (2016) 16(20):1–30.

17. Daly, MB, Pilarski, R, Yurgelun, MB, Berry, MP, Buys, SS, Dickson, P, et al. NCCN Guidelines Insights: Genetic/Familial High-Risk Assessment: Breast, Ovarian, and Pancreatic, Version 1.2020. J Natl Compr Canc Netw (2020) 18(4):380–91. doi: 10.6004/jnccn.2020.0017

18. National Institute for Health and Care Excellence. Clinical Guidelines. Familial Breast Cancer: Classification, Care and Managing Breast Cancer and Related Risks in People With a Family History of Breast Cancer Vol. 2019. London: National Institute for Health and Care Excellence (UK)Copyright © NICE (2020).

19. Paluch-Shimon, S, Cardoso, F, Sessa, C, Balmana, J, Cardoso, MJ, Gilbert, F, et al. Prevention and Screening in BRCA Mutation Carriers and Other Breast/Ovarian Hereditary Cancer Syndromes: ESMO Clinical Practice Guidelines for Cancer Prevention and Screening. Ann Oncol (2016) 27(suppl 5):v103–v10. doi: 10.1093/annonc/mdw327

20. Koleva-Kolarova, RG, Zhan, Z, Greuter, MJ, Feenstra, TL, and De Bock, GH. Simulation Models in Population Breast Cancer Screening: A Systematic Review. Breast (2015) 24(4):354–63. doi: 10.1016/j.breast.2015.03.013

21. Petelin, L, Trainer, AH, Mitchell, G, Liew, D, and James, PA. Cost-Effectiveness and Comparative Effectiveness of Cancer Risk Management Strategies in BRCA1/2 Mutation Carriers: A Systematic Review. Genet Med (2018) 20(10):1145–56. doi: 10.1038/gim.2017.255

22. Thabane, L, Thomas, T, Ye, C, and Paul, J. Posing the Research Question: Not So Simple. Can J Anaesth (2009) 56(1):71–9. doi: 10.1007/s12630-008-9007-4

23. Moher, D, Liberati, A, Tetzlaff, J, and Altman, DG. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Bmj (2009) 339:b2535. doi: 10.1136/bmj.b2535

24. Husereau, D, Drummond, M, Petrou, S, Carswell, C, Moher, D, Greenberg, D, et al. Consolidated Health Economic Evaluation Reporting Standards (CHEERS)–Explanation and Elaboration: A Report of the ISPOR Health Economic Evaluation Publication Guidelines Good Reporting Practices Task Force. Value Health (2013) 16(2):231–50. doi: 10.1016/j.jval.2013.02.002

25. Plevritis, SK, Kurian, AW, Sigal, BM, Daniel, BL, Ikeda, DM, Stockdale, FE, et al. Cost-Effectiveness of Screening BRCA1/2 Mutation Carriers With Breast Magnetic Resonance Imaging. JAMA (2006) 295(20):2374–84. doi: 10.1001/jama.295.20.2374

26. Norman, RP, Evans, DG, Easton, DF, and Young, KC. The Cost-Utility of Magnetic Resonance Imaging for Breast Cancer in BRCA1 Mutation Carriers Aged 30-49. Eur J Health Econ (2007) 8(2):137–44. doi: 10.1007/s10198-007-0042-9

27. Lee, JM, McMahon, PM, Kong, CY, Kopans, DB, Ryan, PD, Ozanne, EM, et al. Cost-Effectiveness of Breast MR Imaging and Screen-Film Mammography for Screening BRCA1 Gene Mutation Carriers. Radiology (2010) 254(3):793–800. doi: 10.1148/radiol.09091086

28. Chubiz, JEC, Lee, JM, Gilmore, ME, Kong, CY, Lowry, KP, Halpern, EF, et al. Cost-Effectiveness of Alternating Magnetic Resonance Imaging and Digital Mammography Screening in BRCA1 and BRCA2 Gene Mutation Carriers. Cancer (2013) 119(6):1266–76. doi: 10.1002/cncr.27864

29. Obdeijn, I-M, Heijnsdijk, EAM, Hunink, MGM, Tilanus-Linthorst, MMA, and de Koning, HJ. Mammographic Screening in BRCA1 Mutation Carriers Postponed Until Age 40: Evaluation of Benefits, Costs and Radiation Risks Using Models. Eur J Cancer (2016) 63:135–42. doi: 10.1016/j.ejca.2016.05.012

30. Phi, X-A, Greuter, MJW, Obdeijn, I-M, Oosterwijk, JC, Feenstra, TL, Houssami, N, et al. Should Women With a BRCA1/2 Mutation Aged 60 and Older be Offered Intensified Breast Cancer Screening? - A Cost-Effectiveness Analysis. Breast (2019) 45:82–8. doi: 10.1016/j.breast.2019.03.004

31. Taneja, C, Edelsberg, J, Weycker, D, Guo, A, Oster, G, and Weinreb, J. Cost Effectiveness of Breast Cancer Screening With Contrast-Enhanced MRI in High-Risk Women. J Am Coll Radiol (2009) 6(3):171–9. doi: 10.1016/j.jacr.2008.10.003

32. Pataky, R, Armstrong, L, Chia, S, Coldman, AJ, Kim-Sing, C, McGillivray, B, et al. Cost-Effectiveness of MRI for Breast Cancer Screening in BRCA1/2 Mutation Carriers. BMC Cancer (2013) 13:339. doi: 10.1186/1471-2407-13-339

33. Grann, VR, Patel, PR, Jacobson, JS, Warner, E, Heitjan, DF, Ashby-Thompson, M, et al. Comparative Effectiveness of Screening and Prevention Strategies Among BRCA1/2-Affected Mutation Carriers. Breast Cancer Res Treat (2011) 125(3):837–47. doi: 10.1007/s10549-010-1043-4

34. Shieh, Y, and Tice, JA. Medications for Primary Prevention of Breast Cancer. JAMA (2020) 324(3):291–2. doi: 10.1001/jama.2020.9246

35. Love, RR, Love, SM, and Laudico, AV. Breast Cancer From a Public Health Perspective. Breast J (2004) 10(2):136–40. doi: 10.1111/j.1075-122X.2004.21375.x

36. Jayasekera, J, and Mandelblatt, JS. Systematic Review of the Cost Effectiveness of Breast Cancer Prevention, Screening, and Treatment Interventions. J Clin Oncol (2020) 38(4):332–50. doi: 10.1200/JCO.19.01525

37. Santos, AS, Guerra-Junior, AA, Godman, B, Morton, A, and Ruas, CM. Cost-Effectiveness Thresholds: Methods for Setting and Examples From Around the World. Expert Rev Pharmacoecon Outcomes Res (2018) 18(3):277–88. doi: 10.1080/14737167.2018.1443810

38. Bertram, MY, Lauer, JA, De Joncheere, K, Edejer, T, Hutubessy, R, Kieny, MP, et al. Cost-Effectiveness Thresholds: Pros and Cons. Bull World Health Organ (2016) 94(12):925–30. doi: 10.2471/BLT.15.164418

39. Narayan, AK, Visvanathan, K, and Harvey, SC. Comparative Effectiveness of Breast MRI and Mammography in Screening Young Women With Elevated Risk of Developing Breast Cancer: A Retrospective Cohort Study. Breast Cancer Res Treat (2016) 158(3):583–9. doi: 10.1007/s10549-016-3912-y

40. Vreemann, S, van Zelst, JCM, Schlooz-Vries, M, Bult, P, Hoogerbrugge, N, Karssemeijer, N, et al. The Added Value of Mammography in Different Age-Groups of Women With and Without BRCA Mutation Screened With Breast MRI. Breast Cancer Res (2018) 20(1):84. doi: 10.1186/s13058-018-1019-6

41. Obdeijn, IM, Winter-Warnars, GA, Mann, RM, Hooning, MJ, Hunink, MG, and Tilanus-Linthorst, MM. Should We Screen BRCA1 Mutation Carriers Only With MRI? A Multicenter Study. Breast Cancer Res Treat (2014) 144(3):577–82. doi: 10.1007/s10549-014-2888-8

42. Berrington de Gonzalez, A, Berg, CD, Visvanathan, K, and Robson, M. Estimated Risk of Radiation-Induced Breast Cancer From Mammographic Screening for Young BRCA Mutation Carriers. J Natl Cancer Inst (2009) 101(3):205–9. doi: 10.1093/jnci/djn440

43. Phi, XA, Saadatmand, S, De Bock, GH, Warner, E, Sardanelli, F, Leach, MO, et al. Contribution of Mammography to MRI Screening in BRCA Mutation Carriers by BRCA Status and Age: Individual Patient Data Meta-Analysis. Br J Cancer (2016) 114(6):631–7. doi: 10.1038/bjc.2016.32

44. Saadatmand, S, Geuzinge, HA, Rutgers, EJT, Mann, RM, van Zuidewijn, D, Zonderland, HM, et al. MRI Versus Mammography for Breast Cancer Screening in Women With Familial Risk (FaMRIsc): A Multicentre, Randomised, Controlled Trial. Lancet Oncol (2019) 20(8):1136–47. doi: 10.1016/S1470-2045(19)30275-X

45. Chiarelli, AM, Blackmore, KM, Muradali, D, Done, SJ, Majpruz, V, Weerasinghe, A, et al. Performance Measures of Magnetic Resonance Imaging Plus Mammography in the High Risk Ontario Breast Screening Program. J Natl Cancer Inst (2020) 112(2):136–44. doi: 10.1093/jnci/djz079

46. Sroczynski, G, Gogollari, A, Kuehne, F, Hallsson, LR, Widschwendter, M, Pashayan, N, et al. A Systematic Review on Cost-Effectiveness Studies Evaluating Ovarian Cancer Early Detection and Prevention Strategies. Cancer Prev Res (Phila) (2020) 13(5):429–42. doi: 10.1158/1940-6207.CAPR-19-0506

47. Sun, L, Legood, R, Sadique, Z, Dos-Santos-Silva, I, and Yang, L. Cost-Effectiveness of Risk-Based Breast Cancer Screening Programme, China. Bull World Health Organ (2018) 96(8):568–77. doi: 10.2471/BLT.18.207944

48. Lee, SY, Jeong, SH, Kim, YN, Kim, J, Kang, DR, Kim, HC, et al. Cost-Effective Mammography Screening in Korea: High Incidence of Breast Cancer in Young Women. Cancer Sci (2009) 100(6):1105–11. doi: 10.1111/j.1349-7006.2009.01147.x

49. Zeng, H, Chen, W, Zheng, R, Zhang, S, Ji, JS, Zou, X, et al. Changing Cancer Survival in China During 2003-15: A Pooled Analysis of 17 Population-Based Cancer Registries. Lancet Glob Health (2018) 6(5):e555–e67. doi: 10.1016/S2214-109X(18)30127-X

50. Cintolo-Gonzalez, JA, Braun, D, Blackford, AL, Mazzola, E, Acar, A, Plichta, JK, et al. Breast Cancer Risk Models: A Comprehensive Overview of Existing Models, Validation, and Clinical Applications. Breast Cancer Res Treat (2017) 164(2):263–84. doi: 10.1007/s10549-017-4247-z

51. Ahern, CH, Shih, YC, Dong, W, Parmigiani, G, and Shen, Y. Cost-Effectiveness of Alternative Strategies for Integrating MRI Into Breast Cancer Screening for Women at High Risk. Br J Cancer (2014) 111(8):1542–51. doi: 10.1038/bjc.2014.458

52. Saadatmand, S, Tilanus-Linthorst, MM, Rutgers, EJ, Hoogerbrugge, N, Oosterwijk, JC, Tollenaar, RA, et al. Cost-Effectiveness of Screening Women With Familial Risk for Breast Cancer With Magnetic Resonance Imaging. J Natl Cancer Inst (2013) 105(17):1314–21. doi: 10.1093/jnci/djt203

53. Geuzinge, HA, Obdeijn, I-M, Rutgers, EJT, Saadatmand, S, Mann, RM, Oosterwijk, JC, et al. Cost-Effectiveness of Breast Cancer Screening With Magnetic Resonance Imaging for Women at Familial Risk. JAMA Oncol (2020) 6(9):1381–9. doi: 10.1001/jamaoncol.2020.2922

54. Ibrahim, M, Yadav, S, Ogunleye, F, and Zakalik, D. Male BRCA Mutation Carriers: Clinical Characteristics and Cancer Spectrum. BMC Cancer (2018) 18(1):179. doi: 10.1186/s12885-018-4098-y

55. Kotsopoulos, J. BRCA Mutations and Breast Cancer Prevention. Cancers (Basel) (2018) 10(12):524. doi: 10.3390/cancers10120524

56. Wong, W, Raufi, AG, Safyan, RA, Bates, SE, and Manji, GA. BRCA Mutations in Pancreas Cancer: Spectrum, Current Management, Challenges and Future Prospects. Cancer Manag Res (2020) 12:2731–42. doi: 10.2147/CMAR.S211151

57. Müller, D, Danner, M, Rhiem, K, Stollenwerk, B, Engel, C, Rasche, L, et al. Cost-Effectiveness of Different Strategies to Prevent Breast and Ovarian Cancer in German Women With a BRCA 1 or 2 Mutation. Eur J Health Econ (2018) 19(3):341–53. doi: 10.1007/s10198-017-0887-5

58. Kwon, JS. Cost-Effectiveness of Ovarian Cancer Prevention Strategies. Clin Obstet Gynecol (2017) 60(4):780–8. doi: 10.1097/GRF.0000000000000317

59. Wu, B, and Shi, L. Cost-Effectiveness of Maintenance Olaparib for Germline BRCA-Mutated Metastatic Pancreatic Cancer. J Natl Compr Canc Netw (2020) 18(11):1528–36. doi: 10.6004/jnccn.2020.7587

60. Sanghera, S, Coast, J, Martin, RM, Donovan, JL, and Mohiuddin, S. Cost-Effectiveness of Prostate Cancer Screening: A Systematic Review of Decision-Analytical Models. BMC Cancer (2018) 18(1):84. doi: 10.1186/s12885-017-3974-1




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.

Copyright © 2022 Li, Jia, Zhang, Liu, Xing, Wang, Huang, Feng, Wu, Wang, Wang, Liu and Wang. 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.


OEBPS/Images/fonc-11-763161-g002.jpg
A

For BRCAI mutation carriers

Study P 30 35 40 43 50 32 50 L2 10 13 ICER Threshold | Evaluation

Norman (2007)* £7,781/QALY £20,000 Cost effective

Norman (2007)* £13,486/QALY | £20,000 Cost effective
= -—--- "

Plevritis (2006)° | FEm I $41,183/QALY | $ 100,000 | Cost effective
.

Plevritis (2006) | FE L $43,484/QALY | $ 100,000 | Cost effective
-

Plevritis (2006) | B I $55420/QALY | $ 100,000 | Cost effective
1

Lee (2010)° $69,125/QALY | $100,000 | Cost effective

—

Cott (2013) Alternating MRI and MMG in 6 months interval $74,200/QALY | $ 100,000 | Cost effective

Plevritis (2006) $88,651/QALY | $ 100,000 | Cost effective
== EBEee————

Phi (2019)¢ | Altemating MR and MMG every year | € 38,000/LYG €20,000 Not cost-effective

Altemating MRI and MMG in 6 months interval

Cott (2013) [ Alternating MRI and MMG in 6 months interval $226,500/QALY | $ 100,000 | Not cost-effective
I

Obdeijn (2016) ] €272,900/LYG €20,000 Not cost-effective

Grann (2011) $ Dominated $ 100,000 | Not cost-effective

B MRI = MMG MMG+MRI
B For BRCA2 mutation carriers
Study P30 35 40 4 0 55 0 6 W T cer Threshold | Evaluation
Agely

Phi (2019)* €18,000LYG €20,000 | Cost effective

Plevritis (2006) $98,454/QALY | $100,000 | Cost effective

Phi (2019) €25,100/LYG €20,000 Not cost-effective

Plevritis (2006) $ 111,600/QALY | § 100,000 | Not cost-effective

Plevritis (2006) $130,695/QALY | $ 100,000 | Not cost-effective

Plevritis (2006) $ 188,034/QALY | $ 100,000 | Not cost-effective

Cott (2013) Alternating MRI and MMG in 6 months interval $215,700/QALY | $ 100,000 | Not cost-effective

3
Grann (2011)¢ - $241,500/QALY | $ 100,000 | Not cost-effective
Altemating MRI and MMG in 6 months interval
Cott (2013) Altemating MRI and MMG in 6 months interval $554,900/QALY | $ 100,000 | Not cost-effective
B MRI W MMG MMG+MRI
c For BRCA1/2 mutation carriers

Study ICER Threshold | Evaluation

Taneja (2009)¢ $25,277/QALY | $ 100,000 | Cost effective

Pataky (2013)" $50,911/QALY | $100,000 | Cost effective






OEBPS/Images/fonc-11-763161-g001.jpg
Records identified through database
searching (MEDLINE, Embase, Scopus,

Cochrane Library, Web of Science)

(n=1422)
Excluded duplicate records
(n=516)
Records Screened
(n=906)
Records excluded by title and abstract
(n=866)

Full-text articles assessed for eligibility

(n=40) Full-text articles excluded, with reasons

(n=32)
Review 5

Literature update Conference abstract 10
(n=1) Clinical Trial or Editorial 2

No direct combined screening comparison: 9
No full text available 3

Studies included in systematic review High-risk women 3
(n=9)






OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc.2021.763161_cover.jpg
’ frontiers
in Oncology

Cost-Effectiveness Analysis
of Imaging Modalities for
Breast Cancer Surveillance
Among BRCA1/2 Mutation
Carriers: A Systematic Review





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Cost-Effectiveness Analysis of Imaging Modalities for Breast Cancer Surveillance Among BRCA1/2 Mutation Carriers: A Systematic Review

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Systematic Review Registration

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Design and Search Strategy

          



          		

            Data Extraction and Quality Assessment

          



        



        



        		

          Results

        

          		

            Study Selection

          



          		

            Description of Studies: Key Characteristics

          



          		

            Description of Studies: Quality Assessment

          



          		

            Outcomes in BRCA1 Mutation Carriers

          



          		

            Outcomes in BRCA2 and BRCA1/2 Mutation Carriers

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Study: Author
(year); Country/
region

Plevritis et al.
(2006); USA (25)

Norman et al.
(2007); UK (26)

Lee et al. (2010);
USA (27)

Grann et al.
(2011); USA (33)

Cott et al. (2013);
USA (28)

Obdeijn et al.
(2016);
Netherlands (29)
Phi et al. (2019);
Netherlands (30)

Taneja et al.
(2009); USA (31)

Pataky et al.
(2013); Canada
(32)

Target
population

BRCAT1 and
BRCA2 mutation
carriers

BRCA1 mutation
carriers

BRCA1 mutation
carriers

BRCAT1 and
BRCA2 mutation
carriers

BRCA1 and
BRCA2 mutation
carriers

BRCAT mutation
carriers

BRCAT and
BRCA2 mutation
carriers
BRCA1/2
mutation carriers

BRCA1/2
mutation carriers

Model type; Perspective; Type of cost;
Discount rate; Currency

Continuous time Monte Carlo; Societal;
Direct and indirect; 3%; 2005 US dollars

Markov; National Health Service; Direct;
3.5%; 2006 UK pounds

Markov Monte Carlo; Societal; Direct;
3%; 2007 US dollars

Markov Monte Carlo; Societal; Direct and
indirect; 3%; 2009 US dollars

Markov Monte Carlo; Perspective not
mentioned; Direct and indirect; 3%; 2010
US dollars

Microsimulation; Healthcare system;
Direct; 3.5%; Not clearly mentioned Euros

Microsimulation; Payer; Direct; 1.5%, 4%;
3%; 2017 Euros

NR; Healthcare system; Direct; 3%; 2005
US dollars

Markov Monte Carlo; Health care system;
Direct; 3.5%; 2008 CAD dollars

Outcome
measures

QALYs Cost;
ICER (cost/QALY
gained)

QALY; Cost; ICER
(cost/QALY
gained)

QALY; Cost; ICER
(cost/QALY
gained)

QALY; Cost; ICER
(cost/QALY
gained)

QALY Cost; ICER
(cost/QALY
gained)

LYG; Cost; ICER
(cost/LYG)

LYG; Cost; ICER
(cost/LYG)

QALYs; Cost;
ICER (cost/QALY
gained)

QALYs; Cost;
ICER (cost/QALY
gained)

Sensitivity analyses

One-way, multivariate sensitivity
analysis

Univariate sensitivity analysis and
probabilistic sensitivity analysis

Univariate sensitivity analysis and
multivariate sensitivity analysis

Probabilistic sensitivity analysis

Univariate sensitivity analysis;
two-way, multiparameter
sensitivity analysis

Univariate sensitivity analysis

Univariate sensitivity analysis

Not sufficient

One-way, probabilistic sensitivity
analysis

Direct cost: screening cost and related procedure, cancer therapy; indirect cost includes cost of not working and loss of productivity.

Threshold definition

Cost-effectiveness
threshold of $100,000 US
dollars
Cost-effectiveness
threshold of £20,000
pounds
Cost-effectiveness
threshold of $50,000-
100,000 US dollars
Threshold not reported
Assumed as <$100,000

Threshold not reported
Assumed as <$100,000

Threshold not reported
Assumed as <€20,000
Euros

Threshold <€20,000 Euros

Threshold not reported
Assumed as <$100,000

Threshold <$50,000~
$100,000





