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Background and objectives: The relationship between age and the outcome of breast cancer neoadjuvant chemotherapy (NAC) remains controversial, and little is known about the choice of surgical treatment for young patients. In this multicenter real-world study, we sought to analyze the outcome of NAC as well as the current status and trend of surgical decision-making after NAC in young breast cancer patients.

Methods: The medical records of patients from 20 hospitals in different regions of China were collected retrospectively. The study population included females diagnosed with cT1-4N0-3M0 breast cancer who received NAC from January 2010 to December 2020.

Results: A total of 9,643 eligible patients were included, 1,945 (20.2%) of whom were ≤40 years old. Young patients tend to have a higher tumor stage and a higher proportion of Luminal B and triple-negative breast cancer (TNBC) tumors compared with the >40-year-old group. The breast pathological complete response (pCR) rate in the young group was 20.3%, and Luminal B tumor was more likely to obtain pCR in young patients. The implementation rate of breast-conserving surgery (BCS) and breast reconstruction surgery was higher in young patients and tended to increase over time. In different regions of China, there were great differences in the choice of surgical treatment after NAC among young patients.

Conclusion: Breast cancer in young women has unique clinical characteristics, but age does not affect the overall pCR rate. In China, the BCS rate after NAC is increasing over time but is still at a low level.
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1. Introduction

The diagnosis and treatment of breast cancer (BC) in young patients is a global problem. According to BC statistics in 2022, the incidence rate of BC in young individuals is increasing yearly. From 2015 to 2019, 5% of BC patients in the United States were younger than 40 years old at the time of diagnosis. In 2020, there were 10,850 new cases of young BC in the United States (1). In East Asia, the incidence rate of BC is higher among young individuals. It has been reported that the average age of BC patients in East Asia is more than 10 years younger than that in Europe and the United States. Patients younger than 35 years old account for 8–10% of the total BC population. It is estimated that in China alone, the number of young patients with BC is more than 50,000 (2). The younger trend of BC incidence needs to be considered and valued.

The relationship between age and the outcome of neoadjuvant chemotherapy (NAC) remains controversial. Although compared with elderly patients, younger BC patients tend to have larger tumor diameters and more aggressive tumors (3–5), some studies have shown that the rate of pathological complete response (pCR) after NAC in younger BC patients is higher than that in elderly women. For example, the GeparTrio study reported that the pCR rate of patients younger than 40 years old was 31%, while in patients older than 40 years old, the pCR rate was 18% (6). Similar conclusions were confirmed by several studies (7–9). However, some studies indicate that the effect of age on the outcome of NAC varies with BC molecular subtype (10–13). In hormone receptor (HR)+/human epidermal growth factor receptor 2 (HER2)- and triple-negative breast cancer (TNBC) subtypes, young patients are more likely to reach pCR, while there is no such difference in other subtypes of BC. Due to a lack of direct evidence of the relationship between age and the efficacy of NAC, neither the National Comprehensive Cancer Network (NCCN) nor the European Society of Medical Oncology (ESMO) guidelines recommend age as the only basis for BC patients to receive NAC.

One of the main purposes of NAC is to reduce tumor stage so that patients can obtain the opportunity to receive breast-conserving surgery (BCS). In a prospective study, the NAC rate and clinical complete remission rate increased significantly from 2006 to 2016, but the incidence of BCS in young BC patients did not increase (14). This study suggests that although the proportion of young women eligible for BCS has increased after NAC, patients will still choose mastectomy due to social and psychological factors.

At present, because of the high incidence rate of BC and the trend of youth, BC in young women has become an important public health problem. The existing research is contradictory to whether young BC patients have unique clinicopathological characteristics and survival outcomes. High-quality clinical research evidence is urgently needed to guide the treatment of young patients. As an ideal treatment for young patients, BCS can greatly reduce the physical and psychological trauma of patients. There is a lack of relevant statistical research on the current trend of surgical treatment and the acceptance rate of BCS for young BC patients in China. In this multicenter real-world study, we sought to analyze the outcome of NAC as well as the current status and trend of surgical decision-making after NAC in young BC patients.



2. Materials and methods


2.1. Study design

This study is a multicenter real-world study. The Chinese Society of Breast Surgery (CSBrS) conducted retrospective data collection in 20 hospitals in different regions of China (CSBrS-012 study). The 20 hospitals are located in central, northern, eastern, northwest, northeast, and southwest China (Figure 1). All hospitals are required to collect the information of BC patients who meet the inclusion and exclusion criteria from January 2010 to December 2020 and report the general characteristics, disease information, treatment plans and outcomes of patients according to the case report form (CRF) designed by CSBrS. The study was carried out in accordance with the Helsinki Declaration and was approved by the Ethical Review Committee of the First Affiliated Hospital of Xi'an Jiaotong University. Since this is a retrospective study and all data analysis was conducted anonymously, the Ethical Review Committee exempted the informed consent of patients.


[image: Figure 1]
FIGURE 1
 Geographical distribution of hospitals included in the CSBrS-012 study. Colored areas are included in our study, while white areas are not.




2.2. Patient inclusion

CSBrS-012 set unified criteria for the inclusion and exclusion of subjects for all hospitals to reduce the selection bias of subjects. The enrolled population included females who were pathologically diagnosed with cT1-4N0-3 unilateral primary invasive BC from January 2010 to December 2020 and who met the indications for NAC in the NCCN Breast Cancer Guidelines. Patients who had incomplete pathological results, nonstandard neoadjuvant chemotherapy or surgery treatment, or distant metastasis found during treatment were excluded. The detailed screening criteria for patients are shown in Figure 2. All the treatment plans of the included patients were in line with the NCCN Breast Cancer Clinical Practice Guidelines and the Chinese Society of Clinical Oncology (CSCO) Breast Cancer Diagnosis and Treatment Guidelines.


[image: Figure 2]
FIGURE 2
 Flow chart of patient inclusion and exclusion. NAC, neoadjuvant chemotherapy; NCCN, National Comprehensive Cancer Network.




2.3. Factor collection and end points

The patient data collected included age, chemotherapy scheme, chemotherapy cycle, clinical stage, Ki-67 index, molecular typing, pathological results, etc. The histological type was in accordance with the World Health Organization (WHO) classification criteria for breast tumors. We determined the molecular type for BC patients according to the St. Gallen Guidelines guidelines (15): (I) HR-, HER2+; (II) HR+, HER2+; (III) TNBC: HR-,HER2-; (IV) Luminal A: HR+, HER2-, Ki67 <20%; (V) Luminal B: HR+, HER2-,Ki67≥20%. The clinical stage of the patient was based on the Union for International Cancer Control tumor-node-metastasis (UICC TNM) system. pCR after NAC was defined as no residual invasive tumor found in the primary breast lesions according to the postoperative pathological results, namely, bpCR (ypT0/is). The clinical and pathological information of patients was collected from the electronic medical system by two independent researchers and examined by a third researcher, which ensured the accuracy of the data and reduced the information bias of the study. CSBrS randomly selected 5% of the forms from each hospital for quality inspection.



2.4. Statistical analysis

We performed the chi-square test to compare the differences between groups. Descriptive statistics were used to explain the distribution and characteristics of the study population and are displayed as figures, averages and percentages. Logistic regression was used to identify the predictors related to pCR. In order to reduce confounding bias, we conducted a hierarchical analysis of the variable factors that may affect the outcome. The P values were double tailed, and P < 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics software version 22.0 (IBM Corporation, Armonk, NY, USA).




3. Results


3.1. Patient and tumor characteristics

A total of 9,643 eligible patients were included in this study, 1,945 (20.2%) of whom were ≤40 years old (Table 1). In the young patient group, the average age of diagnosis was 34.5 ± 4.3 years old. Clinical stage II and III patients accounted for 1,275 (65.6%) and 609 (31.3%) respectively. In patients aged ≤40 years, the most common histological subtype was luminal B (733, 37.7%), followed by HR+/HER2+ (424, 21.8%) and TNBC (363, 18.7%). Most patients received chemotherapy based on taxane and/or anthracyclines during NAC. Compared with women over 40 years old, young women tend to have a higher tumor stage, larger tumor diameter, more metastatic lymph nodes and higher expression of the Ki-67 index. At the same time, the proportion of Luminal B and TNBC molecular subtypes in young patients was higher than that in >40-year-old patients (P < 0.001).


TABLE 1 Patient characteristics in the ≤40 year group and >40 year group.
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3.2. PCR rates in different molecular subtypes

The pCR rate of the total population was 20.6% (1,986/9,643) and 20.3% (395/1,945) in the young group, which was not significantly different from that in the >40-year-old patients (Table 2). In different molecular subtypes of young patients, the incidence of pCR was higher in TNBC and HR-/HER2+, which was 31.1% (113/363) and 26.1% (68/261), respectively. The difference in the pCR rate among different molecular subtypes in the ≤40-year-old group and >40-year-old group was shown in Table 2. In Luminal B tumor, the pCR rate in ≤40-year-old patients was higher than that in >40-year-old patients, while in the HR-/HER2+ subtype, the >40-year-old group was more likely to achieve pCR (P < 0.05). The pCR rates in the HR+/HER2+, TNBC and Luminal A subtype did not differ between age groups.


TABLE 2 The pathologic complete response (pCR) rates in different molecular subtypes of breast cancer patients.
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3.3. Correlation between pCR and clinical factors

To further discuss the clinical characteristics related to pCR after NAC in young BC patients, we conducted logistic regression to analyze possible predictors (Table 3). Univariate logistic regression analysis showed that patients who had stage II disease, cT1 tumors, ductal carcinoma, TNBC subtype, TCbHP/THP/AC-THP chemotherapy plan, 6/8 chemotherapy cycles and high expression of Ki-67 were more likely to achieve pCR. In multivariate analysis, clinical T stage, molecular subtype, NAC regimen, chemotherapy cycle and Ki-67 index were independently related to pCR.


TABLE 3 Logistic regression analysis of clinical characteristics related to pathologic complete response (pCR) after neoadjuvant chemotherapy in young breast cancer patients.
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3.4. Current trend of BCS in young patients

After NAC, the percentages of the overall cohort receiving BCS, mastectomy and breast reconstruction surgery were 13.4, 83.6, and 2.8%, respectively. The rates of performing BCS (20.4 vs. 11.7%) and breast reconstruction surgery (6.2 vs. 1.9%) in young patients were higher than those in the >40-year-old group (Figure 3A). Among young patients, the acceptance rate of BCS was on the rise and increased significantly from 7.5% in 2010 to 25.2% in 2020 (Figure 3B). In different regions of China, the implementation rate of BCS varies significantly among young patients. Among them, the BCS implementation rates in the southwestern and northwestern regions were the highest, at 39.2 and 30.9%, respectively, while in the eastern region, only 8.7% of young patients chose BCS after NAC (Figure 3C).


[image: Figure 3]
FIGURE 3
 Acceptance rate of breast-conserving surgery after breast cancer neoadjuvant chemotherapy in different age groups (A), years (B) and regions of China (C).





4. Discussion

In this study, we conducted a retrospective analysis of 9,643 patients who received NAC from January 2010 to December 2020. Research on population characteristics showed that young patients tend to have a higher tumor stage and a higher proportion of Luminal B and TNBC tumors. There was no statistically significant difference in the pCR rate between ≤40-year-old patients and >40-year-old patients. However, subgroup analysis suggested that the ≤40-year-old group had a higher pCR rate in Luminal B tumor, while the >40-year-old group was more likely to obtain pCR in the HR-/HER2+ subtype. Multivariate logistic regression indicated that clinical T stage, molecular subtype, NAC regimen, chemotherapy cycle and Ki-67 index were independently related to pCR in young patients. The implementation rate of BCS and breast reconstruction surgery was higher in young patients and tended to increase over time. In different regions of China, there are great differences in the choice of surgical treatment after NAC among young patients. To the best of our knowledge, this is one of the largest cohorts of young BC patients receiving NAC and one of the most comprehensive reports on the acceptance of BCS for young BC patients after NAC in China.

Compared with older women, young BC patients have a higher risk of recurrence and a poorer prognosis (16). One of the possible reasons is the higher tumor stage when patients are diagnosed (17, 18), which is consistent with our results. According to the CSCO guideline, women younger than 40 years old are classified as low-risk groups for BC, and it is not recommended to conduct regular BC-related screening for young women, while mammography and ultrasound screening since the age of 40 have greatly improved the detection rate of BC in the elderly population (19). Young women tend to pay less attention to health than elderly women, and a lack of health awareness of BC is also one of the reasons for delays in seeking medical advice. Especially for the changes in breast appearance during pregnancy, puerperium and lactation, young women tend to consider that these are normal physiological changes and ignore the possibility of BC (20). Young BC tumors show different biological behaviors. According to previous studies, the proportion of TNBC in young patients is relatively higher (21). In our study, 18.7% of young patients had the TNBC subtype, and 37.7% were Luminal B tumor, both of which were higher than those in the >40-year-old group. TNBC and Luminal B are the molecular subtypes with the worst prognosis in BC. BRCA1/2 gene mutation may explain the high proportion of TNBC tumor in young patients (22). In addition, even in young patients with HR+, mutations of the PIK3CA gene may lead to resistance to endocrine therapy (23).

Whether age affects the outcome of chemotherapy is controversial. Some researchers believe that young patients are more likely to achieve pCR (8, 13). In a pooled analysis of eight prospectively randomized controlled trials, it was shown that the pCR rate in <40-year-old patients was higher than that in 40–49-year-old and ≥50-year-old patients (20.9 vs. 17.7 vs. 13.7%; p < 0.001), and this difference was limited to the HR+/HER2- and TNBC subtypes (8). Verdial et al. believed that the pCR rate of TNBC tumor in young patients was indeed higher, but age did not affect the overall pCR rate (12). Consistently, the above studies all indicated that the influence of age on NAC outcome may vary according to the molecular subtype of BC. Our research data showed that the relationship between age and the pCR rate was not significant. Only in the Luminal B subtype did young patients have a higher pCR rate (15.6 vs. 12.6%, P = 0.04). One of the possible reasons for the difference in research results is the definition of outcomes. We define pCR as ypT0/is, while some researchers accept it as ypT0, ypN0 or ypT0/is, ypN0, which are stricter than the definition used in our study. Different outcome criteria will lead to different research conclusions. In addition, the population we studied was Asian. Race affects the outcome of neoadjuvant chemotherapy, which may be related to biological differences in chemosensitivity and socioeconomic factors (24).

Since the European Milan trial and National Surgical Adjuvant Breast and Bowel Project (NSABP) data showed that there was no significant difference in disease-free survival and overall survival between BCS combined with radiotherapy and mastectomy, the long-term safety of BCS has been confirmed (25, 26). In recent years, a study from the Netherlands Cancer Registry suggested that the 10-year survival of patients receiving BCS combined with radiotherapy was better than that of patients receiving mastectomy, which was conducive to the enhancement of local treatment (27). Moreover, BCS has a better cosmetic effect, reduces the psychological burden of patients, and greatly improves the quality of life of young patients (28). Therefore, BCS has become an ideal treatment for early BC. The acceptance rate of BCS varies greatly in different countries and regions. According to data from the Surveillance, Epidemiology, and End Results (SEER) database, the implementation rate of BCS in early BC in the United States is 55–60%, and this proportion is increasing yearly (29). Data from more than 20 BC centers in Europe showed that the acceptance rate of BCS is 75–80% (30). However, BCS is not popular in China. The BCS rate in China was 1.29% in 1999 and 11.57% in 2008. Even in economically developed areas such as Beijing and Shanghai, the BCS rate was only 24.3% in 2008 (31, 32). Most Chinese female patients chose mastectomy after NAC (83.6%), while among young women, the proportion was still as high as 73.1%. Increasing the possibility of breast preservation is not the main purpose of Chinese women receiving NAC.

The acceptance of BCS is affected by many factors, and socioeconomic factors are one of the leading factors (33). Choosing BCS means an extra cost of breast radiotherapy, so the acceptance rate of BCS among low-income groups and low medical insurance groups is relatively low (34, 35). The BCS rate is also affected by the level of regional economic development, which is also confirmed by our research. It is more convenient to carry out BCS in economically developed areas where high-quality medical resources are concentrated. In some areas with poor medical conditions, patients have to give up the choice of BCS due to the lack of radiotherapy equipment and professional radiotherapy doctors. Jeong et al. showed that the proportion of young women eligible for BCS increased significantly after NAC, but a considerable number of patients were still undergoing mastectomy (14). This prospective clinical study indicated that patients' personal preferences also played an important role in surgical decision-making. Concerns about tumor recurrence and the side effects of radiotherapy make patients prefer to choose total mastectomy, which is more obvious among women with a low education level (36, 37). Doctor–patient communication on the safety of BCS will also affect the acceptance rate of BCS, including the communication skills of doctors, the frequency of communication and the cognitive ability of patients. In future research, the influence of the social economy and tumor psychology on patients' surgical treatment decision-making should be emphasized, especially for young cancer patients.

As a real-world study, there are inevitably some deficiencies. First, most of the 20 hospitals included in the CSBrS Alliance are first-class hospitals, which have relatively high-quality medical conditions in the region, so there may be some bias in the current research. In addition, we lack relevant data from patients in southern China, which may affect the presentation of the overall results. However, the 20 hospitals included in CSBrS have covered regions with different economic development levels in China, and it is the largest and most comprehensive retrospective cohort study on NAC of BC in China thus far. Therefore, we believe that our study can reflect the overall level of diagnosis and treatment of BC in China to a certain extent. We will further include more subcenter hospital data to make our research more representative. Second, doctors are subjective in assessing whether patients have BCS qualifications, which may affect the choice of surgical treatment. Third, there were pCR-related factors in young patients who were not included in our analysis, such as BRCA mutation status, family history, and histological grade. Our research conclusion needs to be verified by a larger population and a longer follow-up time. We will follow up with the latest statistics to conduct validation-related supplementary research in our further study.



5. Conclusion

Young BC patients tend to have a higher tumor stage and a higher proportion of Luminal B and TNBC tumors than elderly patients. Age does not affect the overall pCR rate, but the Luminal B tumor was more likely to obtain pCR in young patients. In different regions of China, there are great differences in the choice of surgical treatment after NAC. The BCS rate of young Chinese BC patients after NAC has increased over time but is still at a low level. In the individualized precise treatment of BC, young patients need special attention due to their unique clinical characteristics. NAC may be especially recommended for young BC patients with Luminal B subtype. In future research, the influence of the social economy and tumor psychology on patients' surgical treatment decision-making should be emphasized, especially for young cancer patients.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethical Review Committee of the First Affiliated Hospital of Xi'an Jiaotong University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

JH, ZF, and HZ designed the research, the corresponding authors who revised the manuscript, and supervised the completion of the study. YL and HC analyzed the data. YL, HC, and HZ drafted the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by the Institutional Foundation of The First Affiliated Hospital of Xi'an Jiaotong University (No. 2022YQPY08).



Acknowledgments

We appreciate the participation of the CSBrS-012 Group members Zhenzhen Liu (Henan Breast Cancer Center, Affiliated Cancer Hospital of Zhengzhou University and Henan Cancer Hospital), Rui Ling (Breast and Vascular Surgery, Xijing Hospital, Fourth Military Medical University), Yi Zhao (Shengjing Hospital of China Medical University), Hongjian Yang (The Cancer Hospital of the University of Chinese Academy of Sciences, Institute of Basic Medicine and Cancer), Yunjiang Liu (The Fourth Hospital of Hebei Medical University), Ke Liu (Jilin Cancer Hospital), Jianguo Zhang (The Second Affiliated Hospital of Harbin Medical University), Dahua Mao (Affiliated Wudang Hospital of Guizhou Medical University), Zhigang Yu (The Second Hospital, Cheeloo College of Medicine), Yinhua Liu (Peking University First Hospital), Peifen Fu (The First Affiliated Hospital, School of Medicine), Jiandong Wang (The First Medical Center, Chinese PLA General Hospital), Hongchuan Jiang (Beijing Chaoyang Hospital, Capital Medical University), Zuowei Zhao (The Second Affiliated Hospital of Dalian Medical University), Xingsong Tian (Shandong Provincial Hospital Affiliated to Shandong University), Zhongwei Cao (The Inner Mongolia Autonomous Region People's Hospital), Shaomei Fu (Obstetrics and Gynecology Hospital of Fudan University), Ailin Song (Lanzhou University Second Hospital), and Feng Jin (The First Hospital of China Medical University).



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. Giaquinto AN, Sung H, Miller KD, Kramer JL, Newman LA, Minihan A, et al. Breast Cancer Statistics, 2022. CA Cancer J Clin. (2022) 72:524–41. doi: 10.3322/caac.21754

 2. Li T, Mello-Thoms C, Brennan PC. Descriptive epidemiology of breast cancer in China: incidence, mortality, survival and prevalence. Breast Cancer Res Treat. (2016) 159:395–406. doi: 10.1007/s10549-016-3947-0

 3. Colleoni M, Rotmensz N, Robertson C, Orlando L, Viale G, Renne G, et al. Very young women (< 35 years) with operable breast cancer: features of disease at presentation. Ann Oncol. (2002) 13:273–9. doi: 10.1093/annonc/mdf039

 4. Dubsky PC, Gnant MF, Taucher S, Roka S, Kandioler D, Pichler-Gebhard B, et al. Young age as an independent adverse prognostic factor in premenopausal patients with breast cancer. Clin Breast Cancer. (2002) 3:65–72. doi: 10.3816/CBC.2002.n.013

 5. Maggard MA, O'Connell JB, Lane KE, Liu JH, Etzioni DA, Ko CY. Do young breast cancer patients have worse outcomes? J Surg Res. (2003) 113:109–13. doi: 10.1016/S0022-4804(03)00179-3

 6. Huober J, von Minckwitz G, Denkert C, Tesch H, Weiss E, Zahm DM, et al. Effect of neoadjuvant anthracycline-taxane-based chemotherapy in different biological breast cancer phenotypes: overall results from the GeparTrio study. Breast Cancer Res Treat. (2010) 124:133–40. doi: 10.1007/s10549-010-1103-9

 7. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al. Pathological complete response and long-term clinical benefit in breast cancer: the CTNeoBC pooled analysis. Lancet. (2014) 384:164–72. doi: 10.1016/S0140-6736(13)62422-8

 8. Loibl S, Jackisch C, Lederer B, Untch M, Paepke S, Kummel S, et al. Outcome after neoadjuvant chemotherapy in young breast cancer patients: a pooled analysis of individual patient data from eight prospectively randomized controlled trials. Breast Cancer Res Treat. (2015) 152:377–87. doi: 10.1007/s10549-015-3479-z

 9. von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, Fasching PA, et al. Definition and impact of pathologic complete response on prognosis after neoadjuvant chemotherapy in various intrinsic breast cancer subtypes. J Clin Oncol. (2012) 30:1796–804. doi: 10.1200/JCO.2011.38.8595

 10. Boughey JC, McCall LM, Ballman KV, Mittendorf EA, Ahrendt GM, Wilke LG, et al. Tumor biology correlates with rates of breast-conserving surgery and pathologic complete response after neoadjuvant chemotherapy for breast cancer: findings from the ACOSOG Z1071 (Alliance) Prospective Multicenter Clinical Trial. Ann Surg. (2014) 260:608–14; discussion 14–6. doi: 10.1097/SLA.0000000000000924

 11. Schott AF, Hayes DF. Defining the benefits of neoadjuvant chemotherapy for breast cancer. J Clin Oncol. (2012) 30:1747–9. doi: 10.1200/JCO.2011.41.3161

 12. Verdial FC, Mamtani A, Pawloski KR, Sevilimedu V, D'Alfonso TM, Zhang H, et al. The Effect of Age on Outcomes After Neoadjuvant Chemotherapy for Breast Cancer. Ann Surg Oncol. (2022) 29:3810–9. doi: 10.1245/s10434-022-11367-w

 13. Villarreal-Garza C, Bargallo-Rocha JE., Soto-Perez-de-Celis E, Lasa-Gonsebatt F, Arce-Salinas C, Lara-Medina F, et al. Real-world outcomes in young women with breast cancer treated with neoadjuvant chemotherapy. Breast Cancer Res Treat. (2016) 157:385–94. doi: 10.1007/s10549-016-3811-2

 14. Kim HJ, Dominici L, Rosenberg SM, Zheng Y, Pak LM, Poorvu PD, et al. Surgical treatment after neoadjuvant systemic therapy in young women with breast cancer: results from a prospective cohort study. Ann Surg. (2022) 276:173–9. doi: 10.1097/SLA.0000000000004296

 15. Harbeck N, Thomssen C, Gnant M. St Gallen 2013: brief preliminary summary of the consensus discussion. Breast Care (Basel). (2013) 8:102–9. doi: 10.1159/000351193

 16. Kroman N, Jensen MB, Wohlfahrt J, Mouridsen HT, Andersen PK, Melbye M. Factors influencing the effect of age on prognosis in breast cancer: population based study. BMJ. (2000) 320:474–8. doi: 10.1136/bmj.320.7233.474

 17. Anders CK, Hsu DS, Broadwater G, Acharya CR, Foekens JA, Zhang Y, et al. Young age at diagnosis correlates with worse prognosis and defines a subset of breast cancers with shared patterns of gene expression. J Clin Oncol. (2008) 26:3324–30. doi: 10.1200/JCO.2007.14.2471

 18. Collins LC, Marotti JD, Gelber S, Cole K, Ruddy K, Kereakoglow S, et al. Pathologic features and molecular phenotype by patient age in a large cohort of young women with breast cancer. Breast Cancer Res Treat. (2012) 131:1061–6. doi: 10.1007/s10549-011-1872-9

 19. Duffy SW, Vulkan D, Cuckle H, Parmar D, Sheikh S, Smith RA, et al. Effect of mammographic screening from age 40 years on breast cancer mortality (UK Age trial): final results of a randomised, controlled trial. Lancet Oncol. (2020) 21:1165–72. doi: 10.1016/S1470-2045(20)30398-3

 20. Radecka B, Litwiniuk M. Breast cancer in young women. Ginekol Pol. (2016) 87:659–63. doi: 10.5603/GP.2016.0062

 21. Azim HA Jr, Partridge AH. Biology of breast cancer in young women. Breast Cancer Res. (2014) 16:427. doi: 10.1186/s13058-014-0427-5

 22. Brenner DR, Brockton NT, Kotsopoulos J, Cotterchio M, Boucher BA, Courneya KS, et al. Breast cancer survival among young women: a review of the role of modifiable lifestyle factors. Cancer Causes Control. (2016) 27:459–72. doi: 10.1007/s10552-016-0726-5

 23. Partridge AH, Hughes ME, Warner ET, Ottesen RA, Wong YN, Edge SB, et al. Subtype-dependent relationship between young age at diagnosis and breast cancer survival. J Clin Oncol. (2016) 34:3308–14. doi: 10.1200/JCO.2015.65.8013

 24. Killelea BK, Yang VQ, Wang SY, Hayse B, Mougalian S, Horowitz NR, et al. Racial differences in the use and outcome of neoadjuvant chemotherapy for breast cancer: results from the national cancer data base. J Clin Oncol. (2015) 33:4267–76. doi: 10.1200/JCO.2015.63.7801

 25. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al. Twenty-year follow-up of a randomized trial comparing total mastectomy, lumpectomy, and lumpectomy plus irradiation for the treatment of invasive breast cancer. N Engl J Med. (2002) 347:1233–41. doi: 10.1056/NEJMoa022152

 26. van Dongen JA, Voogd AC, Fentiman IS, Legrand C, Sylvester RJ, Tong D, et al. Long-term results of a randomized trial comparing breast-conserving therapy with mastectomy: European Organization for Research and Treatment of Cancer 10801 trial. J Natl Cancer Inst. (2000) 92:1143–50. doi: 10.1093/jnci/92.14.1143

 27. van Maaren MC, de Munck L, de Bock GH, Jobsen JJ, van Dalen T, Linn SC, et al. 10 year survival after breast-conserving surgery plus radiotherapy compared with mastectomy in early breast cancer in the Netherlands: a population-based study. Lancet Oncol. (2016) 17:1158–70. doi: 10.1016/S1470-2045(16)30067-5

 28. Jacobs L. Positive margins: the challenge continues for breast surgeons. Ann Surg Oncol. (2008) 15:1271–2. doi: 10.1245/s10434-007-9766-0

 29. Habermann EB, Abbott A, Parsons HM, Virnig BA, Al-Refaie WB, Tuttle TM. Are mastectomy rates really increasing in the United States? J Clin Oncol. (2010) 28:3437–41. doi: 10.1200/JCO.2009.27.6774

 30. Biganzoli L, Marotti L, Hart CD, Cataliotti L, Cutuli B, Kuhn T, et al. Quality indicators in breast cancer care: an update from the EUSOMA working group. Eur J Cancer. (2017) 86:59–81. doi: 10.1016/j.ejca.2017.08.017

 31. Fan L, Strasser-Weippl K, Li JJ, St Louis J, Finkelstein DM Yu KD, et al. Breast cancer in China. Lancet Oncol. (2014) 15:e279–89. doi: 10.1016/S1470-2045(13)70567-9

 32. Zhang B, Song Q, Zhang B, Tang Z, Xie X, Yang H, et al. A 10-year (1999 ~ 2008) retrospective multi-center study of breast cancer surgical management in various geographic areas of China. Breast. (2013) 22:676–81. doi: 10.1016/j.breast.2013.01.004

 33. Liu J, Zhou D, Pan T, Cao L, Yang Q, Zhang J. Socioeconomic and clinical factors affecting the proportion of breast conserving surgery in Chinese women with breast cancer. Gland Surg. (2022) 11:341–51. doi: 10.21037/gs-22-25

 34. Suen D, Chow L, Kwong A. Breast-conserving surgery in Hong Kong Chinese women. World J Surg. (2008) 32:2549–53. doi: 10.1007/s00268-008-9586-9

 35. Zhang L, Jiang M, Zhou Y, Du XB, Yao WX, Yan X, et al. Survey on breast cancer patients in China toward breast-conserving surgery. Psychooncology. (2012) 21:488–95. doi: 10.1002/pon.1922

 36. Chen R, You S, Yin Z, Zhu Q, Jiang C, Li S, et al. Non-doctoral factors influencing the surgical choice of Chinese patients with breast cancer who were eligible for breast-conserving surgery. World J Surg Oncol. (2019) 17:189. doi: 10.1186/s12957-019-1723-4

 37. Prehn AW, Topol B, Stewart S, Glaser SL, O'Connor L, West DW. Differences in treatment patterns for localized breast carcinoma among Asian/Pacific islander women. Cancer. (2002) 95:2268–75. doi: 10.1002/cncr.10965



OPS/images/fpubh-11-1100421-t001.jpg
Patient characteristic Age group

<40 years >40 years
N 1,945 (20.2%) 7,698 (79.8%)
Age (years, mean = SD) 345+43 523+7.0 <0.001
Clinical stage 0.803
1 61 (3.1%) 262 (3.4%)
I 1,275 (65.6%) 5,060 (65.7%)
i 609 (31.3%) 2,376 (30.9%)
Clinical T stage <0.001
cT1 212 (10.9%) 974 (12.7%)
T2 1,234 (63.4%) 5,148 (66.9%)
T3 386 (19.8%) 1,127 (14.6%)
T4 113 (5.8%) 449 (5.8%)
Clinical N stage 0.013
<NO 560 (28.8%) 2,126 (27.6%)
oNI1 1,053 (54.1%) 4,011 (52.1%)
N2 200 (10.3%) 978 (12.7%)
N3 132 (6.8%) 583 (7.6%)
Histological subtype 0041
Ductal 1,760 (90.5%) 6,836 (88.8%)
Lobular 18 (0.9%) 133 (1.7%)
Mixed 19 (1.0%) 77 (1.0%)
Other 148 (7.6%) 652 (8.5%)
Molecular subtype <0.001
HR-/HER2+ 261 (13.4%) 1,311 (17.0%)
HR+/HER2+ 424 (21.8%) 1,734 (22.5%)
TNBC 363 (18.7%) 1,264 (16.4%)
Luminal A (HR+/HER?2-, Ki67<20%) 164 (8.4%) 740 (9.6%)
Luminal B (HR+/HER?2-, Ki67>20%) 733 (37.7%) 2,649 (34.4%)
Neoadjuvant chemotherapy plan <0.001
TAC/AC-T/TA 1,324 (68.1%) 4,949 (64.5%)
TC/TX/TP/IAC 116 (6.0%) 599 (7.8%)
AC-TH/TCbH 193 (9.9%) 907 (11.8%)
TCbHP/THP/AC-THP 98 (5.0%) 303 (3.9%)
Other 212 (10.9%) 919 (12.0%)
Chemotherapy cycle 0.125
4 297 (15.3%) 1,241 (16.1%)
6/8 1,330 (68.4%) 5,291 (68.7%)
>8 142 (7.3%) 454 (5.9%)
Other 176 (9.0%) 712 (9.2%)
Ki-67, % 46.5 £24.0 424£229 <0.001

HER?2, human cpidermal growth factor receptor 2; TNBC, triple negative, negative for ER, PR and HER2; T, Docetaxel; H, Herceptin; X, Capecitabine; B, Carboplatin; A, Doxorubicin; C,
Cyclophosphamide; Cb, Carboplatin; P, Pertuzumab.





OPS/images/fpubh-11-1100421-t002.jpg
Molecular subtype Age group

Overall cohort <40 years >40 years

20.6% (1,986/9,643) 20.3% (395/1,945) 20.7% (1,591/7,698) 0726
HR-/HER2+ 32.0% (503/4,572) 26.1% (68/261) 33.2% (435/1,311) 0.024
HR+/HER2+ 22.4% (484/2,158) 21.2% (90/424) 22.7% (394/1,734) 0.508
TNBC 30.6% (498/1,627) 31.1% (113/363) 30.5% (385/1,264) 0.807
Luminal A (HR+/HER2-, Ki67 <20%) 5.8% (52/904) 6.1% (10/164) 5.7% (42/740) 0.834
Luminal B (HR-+/HER2-, Ki67>20%) 13.3% (449/3,382) 15.6% (114/733) 12.6% (335/2,649) 0.040

HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative, negative for ER, PR and HER2.





OPS/images/fpubh-11-1100421-g003.gif
e e gy Mistecomy @Bt reconnn @ODer

mon.
I3
£ o
3 soom.
£ oo

e v oo
Aectioss

o

3000%

aso0%

§EiE

‘Breast-conserving surgery rate,

§

20102011 2012 2013 2004 2015 2016 2017 2018 2019 2020
eor

sa00%
. I win I o
oaon. I

Region

st-conserving surgery rate
i






OPS/images/fpubh-11-1100421-i001.gif





OPS/images/fpubh-11-1100421-t003.jpg
Patient characteristic Univariate analysis Multivariate analysis

95% ClI P-value 95% Cl P-value
Clinical stage <0.001
I 1
I 1.701 0.828-3.493 0.148
il 1.081 0.516-2.246 0.836
Clinical T stage <0.001 <0.001
<T1 1 1
T2 0.864 0.616-1.212 0.398 0759 0.532-1.081 0.127
T3 0.457 0.298-0.701 <0.001 0.387 0.248-0.606 <0.001
T4 0.459 0.246-0.859 0.015 0.378 0.197-0.722 0.003
Clinical N stage 0.629
NO 1
N1 0.999 0.776-1.287 0.996
N2 0.957 0.640-1.431 083
N3 0.724 0.435-1.205 0214
Histological subtype 0.043
Ductal 1
Lobular 0236 0.031-1.780 0.161
Mixed 0472 0.109-2.054 0317
Other 1.538 1.053-2.246 0.026
Molecular subtype <0.001 <0.001
HR-/HER2+ 1 1
HR+/HER2+ 0.765 0.533-1.098 0.146 0712 0.487-1.040 0.079
TNBC 1.283 0.900-1.829 0.169 1.337 0.871-2.053 0.185
Luminal A (HR+/HER2-, 0.184 0.092-0.370 <0.001 0334 0.154-0.722 0.005
Ki67<20%)
Luminal B (HR-+/HER2-, 0523 0.372-0.735 <0.001 0.644 0.427-0.972 0.036
Ki67>20%)
Neoadjuvant chemotherapy plan <0.001 0.002
TAC/AC-T/TA 1 1
TC/TX/TP/AC 1.062 0.654-1.725 0.806 1.029 0.620-1.708 0913
AC-TH/TCbH 1.461 1.022-2.089 0.037 1.456 0.934-2.270 0.098
TCbHP/THP/AC-THP 3.001 1.956-4.604 <0.001 2.900 1.744-4.821 <0.001
Other 1.285 0.903-1.829 0.163 1.344 0.913-1.979 0.134
Chemotherapy cycle <0.001 <0.001
4 1 1
6/8 251 1.693-3.720 <0.001 2558 1.699-3.853 <0.001
>8 2914 1.715-4.953 <0.001 2.900 1.676-5.108 <0.001
Other 1.555 0.894-2.705 0.118 1.547 0.875-2.736 0.133
Ki-67, % 1.015 1.011-1.020 <0.001 1.011 1.005-1.017 <0.001

HER2, human epidermal growth factor receptor 2; TNBC, triple negative, negative for ER, PR and HER2; T, Docetaxel; H, Herceptin; X, Capecitabine; B, Carboplatin; A, Doxorubicin; C,
Cyclophosphamide; Cb, Carboplatin; P, Pertuzumab.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The outcome of neoadjuvant chemotherapy and the current trend of surgical treatment in young women with breast cancer: A multicenter real-world study (CSBrS-012)



		1. Introduction



		2. Materials and methods



		2.1. Study design



		2.2. Patient inclusion



		2.3. Factor collection and end points



		2.4. Statistical analysis







		3. Results



		3.1. Patient and tumor characteristics



		3.2. PCR rates in different molecular subtypes



		3.3. Correlation between pCR and clinical factors



		3.4. Current trend of BCS in young patients







		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















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

The outcome of neoadjuvant
chemotherapy and the current
trend of surgical treatment in
young women with breast cancer:
A multicenter real-world study
(CSBrs-012)





OPS/images/fpubh-11-1100421-g001.gif





OPS/images/fpubh-11-1100421-g002.gif









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





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





