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Editorial on the Research Topic 


Oncoplastic surgery for breast cancer


The surgical treatment of breast cancer has changed radically. We have moved from radical mastectomy to conservative treatment of the breast and axilla, as it was observed that less radical treatment did not change survival. Our concept of surgical margins has also changed, and we have begun to better understand tumour biology through molecular subtypes (1). We have begun to evaluate local recurrence, reduction of sequelae, cosmesis and quality of life.

In the 1990s, Audrestch proposed the term oncoplasty (2), and this concept has evolved. Regarding breast conservative treatment (BCT), non-oncological mammoplasty opened space for a set of techniques to be used in the treatment of breast cancer. The benefits of aesthetic techniques were assimilated, leading to improvements in breast cosmesis and quality of life. Such techniques were improved and adjusted according to the location of the tumor and the resection volume. Aiming at dissemination, standardization and medical education, classifications emerged. Initially, Urban C (2008) (3) proposed three levels of competence. Clough K.B. et all (2010) (4), proposed a classification based on the resected volume, and finally, the American Society of Breast Surgeons (ASBS, 2019) (5, 6) defined the term volume displacement for redistributing the resection volume. They also considered the term volume replacement, in the context of implant-based reconstruction or local/regional flap reconstruction (5).

Radical mastectomy, which was initially associated with delayed reconstruction with myocutaneous flaps, was modified with immediate breast reconstruction techniques that allow preservation of the skin and nipple with the addition of breast prostheses. Aiming to improve the results, we started using dermal matrices, subcutaneous prostheses and fat grafts. In some centres, robotic and video-assisted mastectomy are already performed. The term oncoplastic surgery has been associated with BCT, but some non-American authors associate it with breast reconstruction.

Although axillary surgery has decreased, the spectrum of breast surgeries has expanded, making it necessary to have knowledge and training in the range of surgical possibilities. Neoadjuvant chemotherapy allows the initial reduction of tumors, and resection of residual disease is increasing the rate of BCT (1). The concept of tumor size has shifted to a breast/volume ratio. Then, the concept of extreme oncoplasty emerged (2015) (7), allowing BCT for tumors larger than 5 cm, with multifocal and/or multicentric disease. Oncoplasty represents a new paradigm to be disseminated and assimilated by breast surgeons (8).

When evaluating publications related to breast oncoplasty in PubMed (oncoplastic surgery or oncoplasty), we began to observe an increasing annual publication rate, summing up to a total number of 1,415 references in 2022. These publications cover four main topics (9): (1) indication: type of patient and tumor; (2) type of surgery: technique, oncological safety, laterality, symmetrization, and local recurrence-free survival time; (3) cosmesis: type, patient acceptance, surgeon training, and symmetry; and (4) quality of life: general quality of life, breast quality and associated sequelae. No less important, we must consider three additional topics: (5) breast reconstruction; (6) special situations in mastology, where oncoplasty can be used; and (7) training in oncoplasty.

In 2022, given this growing demand, we had the opportunity to serve as the Guest Editorial Board on “Oncoplastic Surgery for Breast Cancer” (OSBC) topic. The main focus was to discuss oncoplasty through articles related to the seven main topics previously described. We made a list of the main authors who have been applying oncoplastic techniques and have been publishing it this field. A total of 330 researchers were invited to participate. To be part of this Research Topic, the author must have chosen a Research Topic in the OSBC context and accepted the conditions associated with open access publication. Over one year, 30 researchers considered sending articles, 18 manuscripts were fully submitted, and according to the standards of the journal and the reviewers, 12 articles were accepted within the estimated deadline. Fortunately, we have closed this special volume with the OSBC theme.

This special volume includes 3 reviews and 9 original articles encompassing the seven main themes in oncoplasty. The reviews discuss the multiple aspects associated with breast oncoplasty; the multiple indications, possibilities and results related to the extreme oncoplasty; and methodologies and results for assessing quality of life. In terms of patient selection, there is a publication discussing the impact of nuclear magnetic resonance imaging and another discussing the impact of neoadjuvant chemotherapy and potential therapeutic possibilities. From the point of view of surgical techniques, we have a review related to extreme oncoplasty. We also have original articles showing results associated with the use of dermoglandular advancement flaps and Wise Pattern Mammoplasty. Regarding the evaluation of long-term results, we have articles related to recurrence and conditions associated with unsatisfactory results in BCT. We also have a study related to the use of the latissimus dorsi in breast reconstruction. Under the theme of special conditions, we discuss the use of OSBC in Paget’s disease of the breast. We have one article reporting a successful model of training in oncoplasty. We are happy to organize and assist the discussion of OSBC, allowing breast surgeons to broaden their horizons on such an important topic.

Our patients deserve qualified treatment. All breast surgeons must think about surgical possibilities associated with OSBC and be qualified. Breast oncoplasty is here to stay, and this publication is a gift from the journal, the editors, the reviewers and authors, to breast surgeons and mainly our patients, the reason for this entire publication.
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Aim

While many studies reported the oncological outcomes of oncoplastic breast-conserving surgery (OBCS), there were inherent differences in the study population, surgeons’ expertise, and classifications of techniques used. There were also limited studies with long term follow up oncological outcomes beyond 5 years. This current study aimed to compare long-term oncological outcomes of ipsilateral breast tumor recurrence (IBTR) disease-free survival (DFS) and overall survival (OS) following conventional and oncoplastic breast-conserving surgery using volume displacement and replacement techniques.



Methods

Between 2009 and 2013, 539 consecutive patients who underwent breast conservation surgery including 174 oncoplastic and 376 conventional procedures were analysed. A systematic review of studies with at least five years of median follow up were performed to compare long term oncological outcomes.



Results

At a median follow-up of 82.4 months, there were 23 (4.2%) locoregional recurrences, 17 (3.2%) metachronous contralateral breast cancer, 26 (4.8%) distant metastases, and 13 (2.4%) deaths. The hazard ratio of OBCS for IBTR, DFS and OS were 0.78 (95% confidence interval [CI] 0.21–2.94, p=0.78), 1.59 (95% CI, 0.88 to 2.87, p=0.12), and 2.1 (95% CI, 0.72 to 5.9, p=0.17) respectively. The 10-year IBTR-free, DFS and OS rate were 97.8%, 86.2%, and 95.7% respectively.



Conclusion

There remained a dearth in well-balanced comparative studies with sufficient long-term follow-up, and our study reported long-term oncological outcomes for OBCS which were favourable of either VD or replacement techniques.





Keywords: oncoplastic, breast-conserving surgery, oncological outcomes, volume displacement, volume replacement



Introduction

Historical data have shown that breast-conserving surgery followed by radiotherapy has equivalent oncological outcomes to those of mastectomy in early breast cancer (1, 2). As long-term survival after breast cancer treatment has become commonplace, more attention has been given to develop oncoplastic techniques to provide better patient and aesthetic satisfaction (3, 4). The primary role of oncoplastic breast-conserving surgery (OBCS) is to achieve oncological safety while minimizing the risk of unacceptable local deformity by allowing reconstruction of the defect and preventing the need for mastectomy (5, 6).

Following the inception of tumor-specific immediate breast reconstruction more than 20 years ago, Werner Audretsch coined the term oncoplastic surgery, and many international experts contributed to the burgeoning field of OBCS (5, 7–11). Despite the similarity in rationale behind various oncoplastic techniques, there remained differences across geographical locations in terms of surgeons’ perspectives and practices in defining OBCS (12–14). Clough described a classification based on tumor volume, location, and glandular density, while Hoffmann and Wallweiner divided breast cancer surgery into two broad types with six tiers, each of increasing complexity (13, 14). A notable consensus definition came from the American Society of Breast Surgeons, which stated that OBCS incorporated oncologic partial mastectomy with ipsilateral defect repair using volume displacement (VD) and volume replacement (VR) techniques, with contralateral symmetry surgery as appropriate (11). For small-to-moderate breast volumes, however, there was also a difference in technical considerations compared with those for larger breast volumes, which require significantly more VR techniques (6, 15–17).

Korea had been an early adopter of oncoplastic surgery but long-term follow up data remained limited. As with any surgical procedures, long-term follow up was necessary to establish safety parameters of surgical techniques. Furthermore, locoregional recurrences after breast conservation surgery could occur later than mastectomy, perhaps due to the differences in biology or presentations that led to a decision for mastectomy (18). Having previously examined the short-term oncological safety and patient-reported outcomes of various OBCS techniques (17–20), this current study aimed to compare long-term oncological safety following conventional BCS (CBCS) and OBCS, focusing on overall survival (OS), ipsilateral breast tumor recurrence (IBTR) rates, and disease-free survival (DFS). We also report the rate of positive margins (PMR) detected in intraoperative frozen sections and eventual rate of conversion to mastectomy (CMR) following BCS during a 10-year follow-up period. A literature review was performed to discuss the available data on long-term oncological outcomes with at least five years median follow up duration reported to date and how our results compared with those of other centers.



Methods

We analyzed prospectively collected data from 539 consecutive breast cancer patients at Kyungpook National University Chilgok Hospital who underwent breast conservation surgery performed by four breast surgeons between January 2009 and December 2013. Treatment strategy was coordinated at multidisciplinary board discussions, which included breast surgeons, plastic surgeons, radiologists, pathologists, and medical and radiation oncologists. All breast conservation surgeries were performed by the breast surgeons, with oncoplastic techniques performed by either a breast or plastic surgeon.

A literature review was performed to summarise suitable studies for comparison of definitions and reported oncological outcomes (Tables 6, 7) (21–40). A search was conducted through the MEDLINE database using PubMed in March 2022. Our search terms included ‘oncoplastic’ [All Fields] AND (‘breast’ [MeSH Terms] OR ‘breast’ [All Fields]) AND (‘surgery’ [Subheading] OR ‘surgery’ [All Fields] OR ‘surgical procedures, operative’ [MeSH Terms]) AND (‘oncological’ [All Fields] OR ‘outcomes’ [All Fields]). A manual search of bibliographies of relevant articles was performed.

We included single center studies reporting on various oncoplastic breast conserving surgery to ensure consistency in the reported surgical procedures. Studies with cohort size less than 50 were deemed too small; similarly, a follow up period less than 60 months inadequate to capture late recurrences and death events and hence excluded. Case series or cohort studies reporting on particular surgical techniques were also excluded as they were not generalisable to all oncoplastic breast conserving surgery. A PRISMA flowchart is available as supplementary material.


Definition of conventional and oncoplastic BCS techniques

CBCS involved a direct skin incision, including use of a parallelogram incision overlying the index tumor to allow direct parenchymal closure. Following excision of primary breast tumors with gross margins, a frozen section of the circumferential margins was processed. The defect was closed primarily without further mobilization. When tumor cells were detected on the frozen section, more extensive resection was performed until negative frozen section results were achieved or no further surgical margins were deemed necessary. A final paraffin block of the surgical margins was examined by pathologists for the presence of tumor cells, and the presence of no stained tumor cell was defined as a negative resection margin.

OBCS was performed as described previously in detail based on general principles of oncoplastic breast surgery in small-to-moderate-sized breasts (15–17).

The procedures were divided into VD and replacement techniques. VD techniques included dual-plane glandular flap mobilization-closure, purse string suture closure of central defect, roundblock mastopexy, tennis racket incision, batwing mastopexy, rotating flap, and reduction mammoplasty (Table 1) (15).


Table 1 | Oncoplastic procedures divided into volume displacement and volume replacement techniques (N=174).



In cases of anticipated significant breast volume loss, VR techniques were individualized according to the excised breast volume and tumor location with planned use of either adipofascial flap, lateral thoracodorsal flap (LTD), intercostal artery perforators (ICAP), thoracodorsal artery perforator (TDAP), thoracoepigastric (TE), or latissimus dorsi (LD). LD myocutaneous flaps were preferred for excised specimen >150 g (16, 17).



Patient and tumor characteristics

Patient demographics, surgical details, clinicopathological characteristics, including clinical tumor size, specimen weight, tumor type, pathological tumor size, pathological tumor, nodal stage, receptor status, grade, presence of neoadjuvant and adjuvant therapy, metachronous contralateral breast cancer, locoregional and distant disease recurrences, and death were recorded (Table 2).


Table 2 | Baseline characteristics of patients who underwent conventional and oncoplastic breast-conserving surgery (BCS).





Follow-up

Patients were followed up after surgery using a standardized protocol. After completing adjuvant treatments, frequency of follow-up was biannually for the first 2 years and annually for 5 to 10 years. Locoregional recurrence or distant metastasis was evaluated with clinical examination, blood tests including tumor markers, mammography, breast ultrasonography, with or without magnetic resonance imaging, bone scans, and positron emission tomography/computed tomography.



Oncological outcomes

The oncological outcomes assessed include OS, DFS with disease events defined as local or regional recurrences, distant recurrences, and metachronous contralateral breast cancer.



Statistical analysis

Statistical analysis was performed in March 2022 using Stata software, v17.0 (StataCorp); a statistically significant difference was concluded when p<0.05. Categorical variables were analyzed using the chi-square or Fisher exact test. Continuous variables were analyzed using the Student’s t-test. The Kaplan–Meier method was used to estimate survival function, and the log-rank test was used to compare survival functions. The univariate Cox proportional hazard regression model was also used to examine the correlation of clinically relevant covariates that were likely to affect oncological outcomes. These included patient age, tumor grade, hormonal profile, pathological tumor stage, nodal disease, and adjuvant therapy received. A multivariate analysis was performed with variables with significant p-values in the univariate model.

The study was approved by the Institutional Review Board of Kyungpook National University (2015-05-205) and conducted in compliance with the principles of the Declaration of Helsinki.




Results

Of the 539 patients who were analyzed, 365 (67.7%) patients underwent CBCS while 174 (32.3%) underwent OBCS. Of the 174 cases of OBCS, VR techniques were utilized in 98 (56.3%) cases, while VD techniques were utilized in 76 (43.7%) cases. Table 1 shows the breakdown of oncoplastic procedures in descending order. The most commonly employed techniques among the oncoplastic procedures were tennis racket incision (32), rotating flap (31), and LD myocutaneous flap (23). Five patients who defaulted further clinical visits or transferred care to other hospitals were considered lost to follow up.


Patient characteristics

Patients who underwent CBCS were older (50.7 vs. 46.5 years old), had smaller clinical tumor size (1.5 cm vs. 2.1cm), smaller specimen weight (53.1 g vs. 96.3 g), and smaller pathological tumor size (1.3 cm vs. 1.8 cm) compared to those who underwent OBCS. In terms of tumor characteristics, patients who underwent CBCS had earlier pathological T and N stage compared to those who underwent OBCS, while there was no statistically significant difference in histology subtype, grade, or hormone profile (Table 2) among the two groups.



Tumor location

OBCS was performed on a higher proportion of central (17.4%), lower outer quadrant (14.8%), lower inner quadrant (7.4%), and multifocal tumors (6.7%) than CBCS. The majority of all CBCS was performed on upper outer quadrant tumors (58.5%).



Intraoperatively detected involved margins on frozen section

The rate of intraoperatively detected involved margins on frozen section was higher in the CBCS than in the oncoplastic group, and further margins were excised intraoperatively. Three patients required completion mastectomy for close or involved final margins.



Disease recurrence, overall survival, and success of breast conservation surgery at 10 years

At a median follow-up of 82.4 months, (range, 1.4–156.7 months) there were 23 (4.2%) locoregional recurrences of which 11 had ipsilateral breast tumor recurrences, 17 (3.2%) metachronous contralateral breast cancer, 26 (4.8%) distant metastases, and 13 (2.4%) deaths. The hazard ratio of OBCS for IBTR, DFS and OS were 0.78 (95% confidence interval [CI] 0.21–2.94, p=0.78), 1.59 (95% CI, 0.88 to 2.87, p=0.12), and 2.1 (95% CI, 0.72 to 5.9, p=0.17) respectively. The 10-year IBTR-free, DFS and OS rate were 97.8%, 86.2%, and 95.7% respectively. Overall, five patients underwent mastectomy either from involved margins or disease recurrence, giving a successful BCS rate of 99.1%.



Statistical analysis of oncological outcomes

The use of oncoplastic surgery was not associated with a higher likelihood of IBTR or death in the Cox regression model analysis (Tables 3, 4, 5). Patients who underwent adjuvant chemotherapy had significantly lower IBTR rates, with a hazard ratio of 0.25 (95% CI, 0.07 to 0.98). Regarding OS, higher histological grade was significantly associated with higher risk of death, with a hazard ratio of 9.56 (95% CI, 2.41 to 37.86) (Tables 3 and 5). Univariate analysis was performed using the log-rank method stratified by tumor histological grade, pathological tumor staging, nodal disease, and hormone receptor profile. There was no difference in IBTR-free survival when performing OBCS after stratifying by high-grade tumors; larger tumors (T2/3); and node positive, hormone receptor-positive, or triple negative breast tumors (Figures 1, 2, 3).


Table 3 | Univariate and multivariate Cox regression analysis with ipsilateral breast tumor recurrence-free survival as an endpoint.




Table 4 | Univariate and multivariate Cox regression analysis with disease-free survival+ as an endpoint.




Table 5 | Univariate and multivariate Cox regression analysis with overall survival as an endpoint.






Figure 1 | (First row) Kaplan–Meier estimates of (Left) ipsilateral breast tumor recurrence (IBTR)-free survival, (Middle) disease-free survival (DFS), and (Right) overall survival (OS) curves (shown with 95% confidence level) for all patients undergoing breast-conserving surgery (BCS) and (second row) by conventional (CBCS) versus oncoplastic breast-conserving surgery (OBCS) group.






Figure 2 | Kaplan–Meier estimates for ipsilateral breast tumor recurrence (IBTR)-free survival by (First Row) pathological tumor stage (first row) and (Second Row) nodal stage (second row) showing no difference between oncoplastic and conventional breast-conserving surgery (BCS).






Figure 3 | Kaplan–Meier estimates for ipsilateral breast tumor recurrence (IBTR)-free survival stratified by (Left) high-grade, (Middle) hormone-positive tumors, and (Right) triple negative breast cancer subtypes (first row) and others (second row) showing no difference between oncoplastic and conventional breast-conserving surgery (BCS).



Comparison of our current study with other similar studies reporting long-term oncological outcomes are summarized in Tables 6 and 7.


Table 6 | Retrospective studies showing single center studies with large cohort and long term follow up, comparing definitions of OBCS and breakdown of oncoplastic procedures by year of published study.




Table 7 | Retrospective studies showing oncologic outcomes of oncoplastic breast conservation surgery according to surgeons, operation period, and follow-up interval to show directly reported results for local recurrence, disease-free survival, and overall survival.






Discussion

Over the last two decades, oncoplastic breast surgery quickly gained widespread acceptance as a standard of care option that balanced oncological and aesthetic outcomes of oncological resection in breast cancer management (21–27). The main findings of this study were that there was an overall low rate of IBTR (2.2%) and death (4.3%) observed in this cohort of 539 patients after a median follow-up of 82.4 months. This study had one of the largest single center cohorts with a long follow-up period (Table 7). Like other studies, IBTR rates were estimated to be between 1.4% and 14.6%, and 10-year OS rates were approximately 90.2–100%. Stratified analysis did not reveal any associated difference in survival outcomes in larger tumors, higher grade disease, or disease with a nodal burden. The observed outcomes could be the result of other factors, such as younger age (mean age <50 year), earlier disease stage (majority stage 1 and 2), favorable histological subtype, and generally high uptake rates of adjuvant therapies such as chemotherapy, radiotherapy, and hormonal therapy, when indicated. The proportion of cases with neoadjuvant chemotherapy was lower than expected in current practice; this might be because of the trend of favoring upfront surgery 10 years ago. However, as this was a retrospective cohort analysis, the cumulative incidence of events could also be underestimated because of a loss to follow-up or selection bias.

We also observed a similar trend that oncoplastic techniques allowed higher resection volumes for larger tumors and reduced intraoperative positive margin rates. Large systematic reviews showed that oncoplastic surgery was more frequently performed in younger patients who required greater breast volume removal for larger tumors (23, 25, 27). While this may not translate to any survival benefit, there could be improvement in patients’ satisfaction rates given the lower rate of reoperation and conversion to mastectomy (28).

Our literature review showed that there were several registry studies and meta-analyses published on oncological outcomes of oncoplastic breast surgery (21–42). However, we must caution that conclusions drawn from such meta-analyses or registries have inherent limitations. Many studies have difficulties pooling study subjects together due to the heterogeneity of the study population, surgeons’ expertise, and techniques and classifications used (21–26, 42). Therefore, we analyzed the different definitions and breakdowns of oncoplastic techniques used across various studies (Table 5). We noted that majority of the studies were small observational studies on specific techniques, limiting their generalizability and had to be excluded from the meta-analysis. Most had a limited cohort size or a barely sufficient follow-up duration to fully capture recurrence or death events. As it would be impossible to conduct any randomized control trial studying conventional and oncoplastic techniques because of ethical considerations, large cohort studies with long-term follow-up could be regarded as the highest level of evidence.

This study generated fresh data on long-term outcomes so as to compare with the reported standards over the last decade. First, the main strength of this study was the clear definition of procedures performed with balanced representations of both VD and replacement techniques. Second, consistency in surgical standards was maintained in the procedures performed by a dedicated oncoplastic team made up of both breast and plastic surgeons. Third, these 539 patients were followed up for more than a median of 80 months to allow for more valid capture of long-term outcomes.

Next, we examined the most commonly used definition of the Clough classification in the literature. The Clough classification of oncoplastic techniques primarily considers the excision volume ratio, requirement of skin excision for reshaping or mammoplasty, and tumor location. However, VR techniques were notably excluded because of their primary use in smaller breasts (13). Similarly, we found that many comparative studies with long-term outcomes reported a disproportionately low number of VD techniques, mainly level 2 oncoplastic mammoplasty with little or no representation of VR techniques. In our and many other East Asian populations, we adopted similar principles of deciding the type of oncoplastic procedures such as breast-to-tumor volume ratio, and tumor locations, but it was also proposed that an absolute value of tumor volume excised in itself could be an indication for VR techniques in small-to-moderate-sized breasts. These may be due to inherent differences in the patients’ morphometric characteristics or influenced by different cultural beliefs and resource settings (15, 41). In a smaller native breast with less space for VD maneuvers, a different threshold for VR techniques may apply. Evidence also shows that patients are more accepting of VR options and have good functional outcomes regardless of the VR technique (17).

As a result, our percentage of VR performed among OBCS was the highest among the selected studies, with VR techniques accounting for 43% of all oncoplastic procedures. Most of the other studies either had less than 10% of procedures represented by VR, or did not specify the type of reconstruction techniques at all. Our cohort also showed that the LD myocutaneous flap was the most commonly used VR techniques followed by chest wall perforator flaps. This was concordant to our finding that the LD flap was the largest and the most commonly reported VR technique as a single cohort series in the literature (20, 25, 37–42). However, we did not report and compare the oncological results from these studies that only focused on singular technique such as LD flap or omental flap reconstruction because they would have limited generalizability to other oncoplastic techniques and patient selection (40, 41).

We maintained that both VD and VR techniques formed the fundamentals of oncoplastic techniques and would not need to be separately studied from each other. Hence, it remained vital to establish comparable oncological outcomes of various oncoplastic techniques to reassure patients that oncoplastic breast surgery would not compromise on oncological safety in the long run, and that both aesthetic outcomes and patient satisfaction were equally important performance indicators in the treatment of breast cancer.


Limitations

The main limitations of the study were largely in its retrospective nature, which could lead to underestimated incidence rates due to the nature of selection bias and loss to follow-up. The surgical teams involved a dedicated oncoplastic team including both breast and plastic surgeons; consequently, these findings may not be logistically reproducible in all centers. We acknowledged that there were many confounding factors that could affect oncological outcomes and tried to address these by adjusting for the variables in the statistical analysis. However, considering the limitations of cohort size and event rates, it would be prudent to avoid generating too many hypotheses regarding secondary analysis findings but rather appreciate the general theme of oncological safety established across various tumor characteristics and adjuvant therapies provided in our study population. We also noted there was a low percentage of patients treated with neoadjuvant chemotherapy in our cohort. Neoadjuvant chemotherapy has gained much traction in its role in increasing rates of breast conservation; therefore, future research should be directed to study its influence on long-term oncological outcomes (43).




Conclusion

Our review of existing literature on the oncological outcomes of OBCS highlighted the dearth in well-balanced comparative studies with sufficient long-term follow-up, and reported our center’s own long-term oncological outcomes for OBCS to support the use of either VD or replacement techniques.
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Breast Oncoplastic Surgery (OS) has established itself as a safe procedure associated with the treatment of breast cancer, but the term is broad, encompassing procedures associated with breast-conserving surgeries (BCS), conservative mastectomies and fat grafting. Surgeons believe that OS is associated with an increase in quality of life (QOL), but the diversity of QOL questionnaires and therapeutic modalities makes it difficult to assess from the patient’s perspective. To answer this question, we performed a search for systematic reviews on QOL associated with different COM procedures, and in their absence, we selected case-control studies, discussing the main results. We observed that: (1) Patients undergoing BCS or breast reconstruction have improved QoL compared to those undergoing mastectomy; (2) In patients undergoing BCS, OS has not yet shown an improvement in QOL, a fact possibly influenced by patient selection bias; (3) In patients undergoing mastectomy with reconstruction, the QoL results are superior when the reconstruction is performed with autologous flaps and when the areola is preserved; (4) Prepectoral implants improves QOL in relation to subpectoral implant-based breast reconstruction; (5) ADM do not improves QOL; (6) In patients undergoing prophylactic mastectomy, satisfaction is high with the indication, but the patient must be informed about the potential complications associated with the procedure; (7) Satisfaction is high after performing fat grafting. It is observed that, in general, OS increases QOL, and when evaluating the procedures, any preservation or repair, or the use of autologous tissues, increases QOL, justifying OS.




Keywords: quality of life, systematic review, meta-analysis (MA), breast cancer, oncoplastic surgery, patient-reported outcome measures



Introduction

The World Health Organization (WHO) (1) defines quality of life (QOL) as “the individual’s perception of their position in life, in the context of culture, value systems in which they live in relation to their goals, expectations, standards and concerns”. In patients treated for breast cancer, many of the acute symptoms disappear. However, emotional deficits in social relationships and cognitive functions, associated with specific symptoms and concerns arising from cancer, impair QOL (2).

In the past, the only surgical treatment for breast cancer was mastectomy, with the possibility of late reconstruction with a myocutaneous flap (3). Subsequently, breast-conserving surgery (BCS) was established when combined with radiotherapy (4, 5). However, it is not always associated with good cosmetic results, as up to 30% of patients undergoing quadrantectomy require delayed repair due to unsatisfactory aesthetic results (6).

Thus, the concept of oncoplastic surgery (OS) is born, which is defined as the use of plastic surgery techniques to improve the aesthetic result of oncological surgery (7, 8). The surgery can be performed after mastectomy or BCS (9), with increasing indications in clinical practice. From an oncological point of view, greater ease of wide resection is observed, with the possibility of wider margins (10), a lower index of compromised margins (11) and a greater amount of resected tissue, without aesthetic damage (12).

Many patients who are not initially candidates for BCS (13) can undergo this procedure with the help of OS (14, 15), especially in the presence of tumours larger than 5 centimetres and with localized skin infiltration and multifocal and multicentric tumours, provided that it is possible to obtain neoplasia-free margins and that the residual breast volume allows an aesthetically satisfactory result. In this sense, the concept of extreme oncoplasty (EO) emerges (16).

Likewise, radical mastectomies have become more conservative, through skin preservation, with skin-sparing mastectomy (SSM) and nipple-sparing mastectomy (NSM) (17, 18). Immediate breast reconstruction, initially performed with myocutaneous flaps, was mostly replaced by the use of prostheses, and was considered a safe procedure, given the low cancer recurrence rates (19–22) and the high degree of patient satisfaction (23).

However, OS is generally used to describe a broad group of surgeries associated with BCS, including mastectomy with immediate reconstruction and late reconstruction surgeries (7, 8). Thus, when evaluating OS, we must consider the type of surgery, the conditions associated with its indication, the cosmetic quality and the QOL of the patient (24, 25). OS seems to be associated with the improvement of QOL (8). The articles usually assess specific situations and little studies evaluate all situations associated with OS and QOL (26–28). In this study, we sought to identify the main circumstances leading to OS, QOL questionnaires, systematic reviews and case−control studies.


Quality-of-life questionnaires

Several questionnaires can be found in the literature, but they need to be validated through a specific methodology (29, 30). The patient-reported outcome measures (PROMs) are organized in domains and questions. Domains correspond to the grouping of questions that evaluate the same subject. Grouping similar situations allows us to consider the subject and compare groups of patients in similar situations.

QOL associated with breast reconstruction were validated (26, 31, 32). To better understand and value the QOL questionnaires, we must understand how they are created (33, 34), the importance of the domains, the validation studies (35) and the steps associated with linguistic translation (36, 37).

The construction of a QOL questionnaire involves four main phases (34). The first phase is the question generation phase. Patients at different stages of the disease and health professionals are interviewed to determine the main questions to be asked. In the second phase, a list of questions is created, measurement scales are evaluated, health professionals are consulted, and an initial version of the questionnaire is drafted. A smaller group of patients evaluates questions for redundancy and low response rates, decreasing the number of questions, organizing the potential domains and drafts a potential questionnaire. In the third phase, the questionnaire is administered to a group of patients, and a validation test is performed. The acceptability, the structure of the questionnaire and the variability are evaluated, and changes are suggested. In the fourth phase, the module is completed, and validation tests are performed, aiming at a final review, regarding the number of questions and domains, and reaching a final version (33, 34).

There are several steps associated with the validation of a QOL questionnaire (38, 39). To validate a QOL questionnaire, in general, construct validity and reliability can be evaluated. Validity is the ability of a test to measure what it is proposed to measure. Factor analysis group questions organizing the domains. The internal consistency is assessed, which evaluates the degree of uniformity or coherence between the responses of the subjects to each of the domains that make up the instrument. In addition, the test-retest is performed, which evaluates the reliability at two different times, when no changes in the disease are observed. Construct validity evaluates the construction of the questionnaire through known, convergent or divergent (discriminant) groups and factor analysis. In the convergent validation of the scale, the correlations between the questionnaires and the conceptually related measures are evaluated, and they are expected to be substantially related to each other. For this purpose, domains of different QOL questionnaires are compared. This method allows the separation of the domains of the original questionnaire and tests whether the relationship of the original scale will be confirmed between other QOL and the variables observed in another language. Reliability evaluates whether the instrument is reliable and measures a construct over time between different individuals and situations. Confirmatory factor analysis is used to test the hypothetical scale structure and cross-cultural equivalence of the measurement properties.

A questionnaire is valid in the language in which it was created. To be used in another language, it must be translated, and the questions must have the same meaning in the translated language. There are different methods of translation and cultural adaptation (36, 37). Briefly, considering an example of translation into Portuguese/Brazil (36, 40), we have the following: translation from English to Portuguese/Brazil, by native Brazilians with English skills; synthesis of the translation by an expert committee; reverse translation into English; evaluating the versions by a committee of experts, comparing the versions and arriving at the initial version for the Portuguese language; pretest with 10 patients, aiming to evaluate understanding, eliminate embarrassing items, respond to semantic questions, adapt the questions, and test them with a small number of patients, reaching the final Portuguese/Brazil version (40).



Quality-of-life questionnaires associated with breast cancer

There are several QOL questionnaires related to cancer. In the literature, we found questionnaires used to evaluate cancer in general, questionnaires associated with specific situations (such as anxiety and depression), specific questionnaires for breast cancer and questionnaires developed to evaluate surgical results. In addition, there were questionnaires used for other pathologies, which can be used in breast cancer given the sequelae associated with treatment. In the context of cancer, there are reviews on the subject (29, 32), and the most used in breast cancer studies are those presented in Table 1. Of these, the EORTC QLQ-BR45 (41) (update of EORTC QLQ-BR23) is in Phase 4 of validation.


Table 1 | Main questionnaires associated with breast cancer treatment.





Quality-of-life questionnaires associated with breast surgery

Despite the existence of general questionnaires for breast cancer, questionnaires were created to evaluate the relationship between the type of surgery and QOL (32).

For patients undergoing BCS, we have the BCTOS (Breast Cancer Treatment Outcome Scale) (35, 40) and the Breast-Q module for BCS (42). The BCTOS, when formulated, used another methodology for the construction of questionnaires, and for a long time it was the only questionnaire associated with BCS. The 22-item survey subjectively evaluates the aesthetic and functional outcomes after breast cancer treatment through questions about functional status, cosmetic status, specific breast pain and oedema (43). In patients undergoing BCS combined with radiotherapy, BCTOS was effective (44). It was observed, through the BCTOS, that the specific breast pain related to the treatment exceeds the importance of the cosmetic result in relation to QOL. Nevertheless, the appearance of the breast after conservation surgery is significantly associated with psychosocial outcomes, and women with large breast asymmetry are more likely to have a worse psychosocial state than those with minimal asymmetry (43). Regarding the Breast-Q, the initial questionnaire for plastic surgery was used, and recently a version of the BCS was created (42).

For patients who have undergone mastectomy and breast reconstruction, historically, the MBROS (32), followed by the Breast-Q reconstruction module (45) and EORTC QLQ BRECON23 (46) have been used. Using MBROS, delayed reconstruction increases emotional well-being and body image. Immediate and delayed breast reconstruction provide substantial psychosocial benefits for mastectomy patients, but the type of reconstruction did not impact in QOL (47). BRECON23 was published in 2018 and uses new methodology for QOL development. It is divided in scales are related to surgical side-effects, sexuality, satisfaction (breast cosmesis, nipple cosmesis, surgery), donor-site symptoms and single items (46). The number of publications using MBROS and BRECON are low.

New methodologies and validation studies were used for Breast-Q and BRECON questionnaires (31). The Breast-Q, initially developed for the evaluation of plastic and reconstructive breast surgery (48), is divided into six domains: satisfaction with the breasts, overall outcome, care processes, psychosocial, physical and sexual. In the first version, questionnaires related to augmentation mammoplasty, reduction mammoplasty and reconstruction were created (48). Currently, the Breast-Q is in its the second edition and is the most popular questionnaire for breast reconstruction (49, 50). Regarding the Breast-Q, the main domains related to cancer modules are summarized in Table 2.


Table 2 | Summary of domains and number of questions in BREAST-Q version 2.0 for breast cancer.






Quality of life and oncoplastic surgery

To evaluate QOL in OS setting, we performed a literature review in PubMed database. We choose the terms: Breast Neoplasms [Mesh] and (“Surgery, Plastic”[Mesh] or “oncoplastic surgery” or “oncoplasty” or “oncoplastic” or “Reconstructive Surgical Procedures”[Mesh] or “Mammaplasty”[Mesh] or “Mastectomy, Segmental”[Mesh]) and “Quality of Life”[Mesh]. The terms were evaluated (09/12/2022) without (n=926) or with filters (Meta-analysis, Review and Systematic Review; n=127). Based on title and resume, 25 articles were selected. In the absence of review articles, case-control studies or observational studies were evaluated.

OS has become a generic term. With regard to BCS, the concept goes beyond reduction mastoplasty techniques, with different techniques aimed at the readjustment of breast tissue to contralateral symmetrisation. Char et al (26) performed a systematic review of QL in level 2 volume displacement or volume replacement OS, including NSM, SSM with autologous or IBBR. The studies used Breast-Q or other validated PROMs. Of the 702 initial articles, 43 were included, representing 14,994 patients, and the main questionnaire used was the Breast-Q (n = 11,176). Using Breast-Q, 1,400 patients who underwent BCS and OS, 2,970 who had reconstruction with autologous flap and 6,806 who received implants were selected. Superior results were observed in the BCS in relation to mastectomy with implant, in autologous reconstruction in relation to the implant, in nipple preservation in relation to the absence of nipple preservation, and in the use of the prepectoral implant in relation to the retro-pectoral (26).

Many studies have compared specific surgical situations of OS and its relationship with QOL. We then sought, through systematic reviews, to choose more representative studies that evaluated OS in different surgical situations related to the treatment of breast cancer. In the absence of systematic reviews case-control studies or case series were selected for discussion.


Conservative breast treatment and oncoplastic surgery

The relationship between BCS and OS involves several criteria, ranging from indication (tumour, patient, safety), type of surgery (technique, oncological safety, laterality, symmetrisation, follow-up time), and cosmetic quality, influencing QOL (24). QOL, in turn, is influenced by conditions associated with treatment, reflected in the sequelae, return to usual activities, whether in relation to work, family or sexuality.

A systematic review that evaluated the topic compared BCS associated or not with OS. Of the 688 initial articles, 6 were selected, which included 832 patients with controversial results; OS was not associated with QOL improvement in 5 studies, and an association with improvement was observed in only one study (51). The nature of the studies, usually retrospective, the patient selection bias, the time since the performance of the primary procedure and the absence of systematic use of symmetrisation in all patients negatively influenced the results of patients undergoing OS-BCS (25, 52).

With regard to BCS associated with EO (16), there is only one study in the literature (53), which analysed 204 patients, only 33 of whom had undergone EO. The results were superior when performing EO in the face of psychological well-being and satisfaction with the breast, outcome and nipple-areola complex (53).



Mastectomy and oncoplastic mastectomy

The history of breast reconstruction begins with late reconstructions using myocutaneous flaps (autologous) and changed over time to immediate reconstructions in which the flaps were replaced by breast prostheses. We proceeded to skin-preserving mastectomies, followed by nipple-preserving mastectomies and then prophylactic mastectomies. All of these surgeries have pros and cons. Over time, asymmetries and adverse effects became more pronounced, especially in the presence of radiotherapy. Recently, to refine the results, we resorted to fat grafting.

Breast loss, without shape replacement, implies a decrease in QOL. Meta-analysis evaluated the QOL of patients undergoing mastectomy without reconstruction compared to patients undergoing BCS (54). Initially, 892 articles were evaluated, and 6 including a total of 1,931 patients were selected. It was found that patients undergoing BCS have better body image and future prospects, with a decrease in the effects associated with local effects.

BCS or reconstruction is always better than mastectomy without reconstruction. The role of the presence of breast reconstruction in relation to mastectomy was evaluated. A review of 277 studies, 9 were identified and 1.734 analysed, observing that the absence of reconstruction was associate with increased risk of depression (55). A study conducted with 400 patients using Breast-Q evaluated four groups (control, BCS, mastectomy with and without reconstruction), observing better satisfaction with breast appearance and sexual wellbeing in patients undergoing reconstructive mastectomy, followed by BCS and mastectomy without reconstruction. When evaluating the BCS in relation to the control group, the results were similar in relation to breast satisfaction, but the sexual wellbeing was superior in the control group (56). Another study evaluated 618 patients divided into BCS, mastectomy, and mastectomy with reconstruction groups using the EORTC QLQ-C30 and QLQ-BR23 questionnaires. Similar results were observed for role functioning and social functioning in patients undergoing BCS and mastectomy with reconstruction. However, when evaluating body image, the results were higher in patients undergoing BCS, followed by patients undergoing mastectomy with reconstruction compared to patients undergoing mastectomy without reconstruction (57). A meta-analysis comparing BCS versus mastectomy evaluated 9 studies identify 2.301 patient, observing better QV associated to BCS in relation to body image, emotional function and social function (58).

A systematic review and meta-analysis evaluated the impact of breast reconstruction in relation to BCS. From 12,192 initial articles, there were 16 articles, with the analysis of 5,544 patients (1,458 mastectomies, 2,612 undergoing BCS and 1,474 undergoing mastectomy with reconstruction). The results showed great heterogeneity among the studies, with similar results in relation to BCS and mastectomy with reconstruction. In turn, the patients who underwent mastectomy without reconstruction exhibited poorer physical health and body image (27).

The role of the presence of breast reconstruction in relation to mastectomy was evaluated. From 277 studies, 9 were identified and 1.734 analysed, observing that the absence of reconstruction was associate with increased risk of depression (55).

Platt et al (59), performed a review of different conditions related to mastectomy with breast reconstruction and QV, reporting: (1) Immediate and delayed breast reconstruction increases satisfaction and quality of life; (2) Autologous reconstruction demonstrates superior PROMs over long-term when compared with implant-based breast reconstruction (IBBR); (3) NSM was associated with increased satisfaction than SSM.

Saldanha et al (28) performed a systematic review of breast reconstruction after mastectomy, selecting 83 nonrandomized studies, 8 randomized controlled trials and 69 single group studies. They observed that: (1) autologous reconstruction were associated with clinically better patient satisfaction with breast and sexual well-being than IBBR; (2) There is insufficient evidence about IBBR versus radiotherapy and QV; (3) Silicone and saline implants result in clinically similar patient satisfaction; (3) The evidence related to acellular dermal matrix (ADM) and QV is insufficient; (4) The type of Autologous reconstruction did not influence QV.

Also, in the comparison between the different breast reconstruction modalities (autologous tissue or implant), a meta-analysis performed on 219 initial studies yielded 9 studies suitable for analysis, encompassing 2,954 patients (2,129 with implants and 825 with autologous tissue). High overall satisfaction was observed among patients who had undergone breast reconstruction, and overall satisfaction and satisfaction with the breast was higher with the use of autologous tissue. On the other hand, psychosocial, psychic and sexual well-being was higher in patients with breast implants (60). Another meta-analysis evaluated the same item, selecting from 280 articles, 10 full-texts, including a total of 4,957 patients, of which 3,836 were evaluated using the Breast-Q questionnaire. It was found that satisfaction with the results, the breasts and sexual well-being was higher with the use of autologous tissue (61).

The use of prepectoral or subpectoral IBBR was evaluated. A meta-analysis evaluates 3.789 studies, 7 publications and 548 patients, observing that patients with prepectoral implants reported higher Breast-Q scores and lower postoperative pain (62), suggesting the use of acellular dermal matrix (ADM). Although, the use of acellular dermal matrix (ADM) do not improve the QOL (63), and one or two-stage IBBR with ADM, also do not chance QOL (64).

Nipple-areolar preservation improves QOL, although the number of studies and casuistry are limited, positive results were observed (59). Char et al (26) performed a systematic review of QL including NSM and SSM with autologous or IBBR, observing superior results related do NSM. A non-randomized, cross-sectional study used evaluated the impact of areolar preservation with Breast-Q questionnaire. It evaluated 137 patients (83 SSM x 53 NSM), observing that body image and sexual functioning associated to SSM (65). Wei et al, prospective evaluate patients submitted to NSM (n=52) and patients submitted do SSM and areolar reconstruction (202). NSM patients reported higher scores in psychosocial and sexual well-being (66). Two studies performed matched comparison, all using Breast-Q. The first (n = 62), matched by reconstruction type and operative period, compared NSM (n = 32) and SSM (n = 32), observing better satisfaction of results and the breasts in NSM (67). The second, with smaller number of patients (n = 52; 26x26), matched by age, race and body index, observed a significant improvement only in sexual well-being, associated with NSM (68).

Prophylactic mastectomy has risen in popularity, a fact associated with the dissemination of genetic tests, facilitating the selection of patients. It is observed that the patients are satisfied with the indication, but have complaints related to the prosthesis (69, 70). The first systematic review found 1,082 studies and selected 22 studies with a total of 2,046 patients. Satisfaction with the indication, high psychosocial well-being and body image were observed, with social well-being and somatosensory function being the most affected items (69). The second review, based on 7,272 articles, selected 7 articles that included 730 women and used different questionnaires. Overall satisfaction and cosmetic results were high, but surgery was associated with complaints related to breast hardness, numbness and sex, suggesting the importance of informing patients about the complications associated with the procedure (70).

Contralateral prophylactic mastectomy for unilateral breast cancer was evaluated in a systematic review of 19 articles, representing 6.088 patients. High levels of satisfaction were observed with the decision for surgery, with high satisfaction with cosmesis and reconstruction (71).

Evaluating robotic mastectomy, one study (n=80), using Breast Q, evaluated the impact in QOL, observing that Breast-Q scores in satisfaction with breasts, psychosocial, physical and sexual well-being were significantly higher after robotic mastectomy in relation to conventional mastectomy (72).

To improve the cosmetic results, we have fat grafting. A systematic review evaluating the technique found 2,915 articles and selected 6 that reported on Breast-Q, representing 1,437 patients. Although fat grafting improves breast satisfaction, the difference was not significant (73).




Discussion

When evaluating studies that selected patients for OS, it is necessary to consider that most of them are retrospective, and even in prospective patients, there may be a selection bias. Commonly, patients subjected to OS have a large tumour size, are younger, undergo neoadjuvant chemotherapy, have higher education, or are potentially more demanding, not accepting major defects or mastectomy without reconstruction, a fact that may influence the results (24, 74).

Breast symmetry, the timing of the procedure and the individual who evaluates outcomes are also considerations. OS is not always synonymous with the performance of symmetrisation, which improves the cosmetic effects, and time is an important risk factor for the appearance of asymmetries. In patients undergoing BCS, the irradiated breast undergoes little volume change, even with the increase in weight, which is contrary to the contralateral breast, which may present a volume increase and accentuation of ptosis, without alteration of the consistency (24). In patients undergoing mastectomy with prostheses, capsular contracture, the emergence of rippling, elevation of the breast furrow height and, when associated with increased weight, increased asymmetry in the contralateral breast are observed. Such outcomes may influence QOL and breast satisfaction. Regarding the cosmetic result, it is observed that in general, patients are less demanding than health professionals, with disagreement between them regarding the quality of the results, which makes it difficult to compare cosmetic results and QOL (75).

For a long time, the number of QOL questionnaires directed at breast cancer were few and evaluated specific situations, and the breast shape and outcomes were poorly evaluated. For cosmetic breast evaluation we used the BCTOS (43) and MBROS (32). The Breast-Q initially used in plastic surgery has been improved, and new questionnaires specific to the different conditions associated with breast cancer have emerged, allowing better evaluation of the impact of OS in different situations (29, 48, 76). Recently, we started to have the Breast-Q associated with BCS (42), and all questionnaires associated with the Breast-Q are in their second edition (77). The EORTC questionnaires have also evolved in this direction, and the BRECON23 was recently created (46). Updated EORTC QLQ-BR45 (41) aspects associated with breast shape were included, allowing a better evaluation of this aspect as it relates to QOL, but these questionnaires are recent, and the number of publications is limited. The Breast-Q is a questionnaire that has the greatest number of associated publications (49).

Quality of life involves multiple aspects. In breast cancer, there are many sequelae resulted from the treatment (78), many of which are poorly contextualized, since evaluating objective measurements and QOL questionnaires (35). In this context, sequelae associated with shoulder mobility after reconstruction (79), alterations associated with the use of IBBR, or alterations associated with the use of myocutaneous flaps, mainly the rectus abdominis muscle, are observed. Although the degree of satisfaction is high associated with OS, the look under the functional part is little discussed, and me must take care evaluating sequelae and functional functioning. Also, the impact of rehabilitation (80) and exercise (81) in OS is under reported. Future reviews evaluating these conditions are necessary.

The limitation of this study was to group literature results and not evaluate the quality of the studies. Although this situation it was possible to report multiple conclusions. Many studies are needed to accumulate evidence, especially in different populations (39), as the systematic reviews note the presence of heterogeneity in the literature (27, 60–62), a fact possibly associated with the patient selection criteria, techniques used, differences in time since OS, presence of symmetrization and nonuniformity in relation to the questionnaires. Despite these limitations, due to the aforementioned limitations, OS improves QOL. Based on articles presented, we can conclude the following from these studies: (1) Patients undergoing BCS or breast reconstruction have improved QOL compared to those undergoing mastectomy; (2) Patients undergoing BCS or OS have not yet shown improvement in QOL, a fact possibly influenced by patient selection bias; (3) Patients undergoing mastectomy with reconstruction demonstrate better QOL results when reconstruction is performed compared to BCS using autologous flaps and when preserving the nipple-areola complex; (4) Prepectoral implants improves QOL in relation to subpectoral IIBR; (5) ADM do not improves QOL; (6) Patients undergoing prophylactic mastectomy indicate high satisfaction, but patients should be informed about the potential complications associated with the procedure; (7) Satisfaction is high after fat grafting.

Oncoplasty has become a routine procedure. As the literature increases, more publication will occur and new meta-analysis will appear increasing the number of patients for evaluation. The impact of surgery (mastectomy versus mastectomy with fasciocutaneous or myocutaneos flaps for skin closure) in QOL for locally advanced breast cancer was never studied in case-control study, although we believe that this surgery improves QOL (82). Also, new techniques, new indications of EO and robotic surgery are becoming popular, making space for new studies related to QOL. While there is usually a selection bias in studies and the studies are heterogeneous, some results possibly will not change: the preservation of the breast or the nipple-areola complex and the use of autologous flaps are associated with better QOL results. OS already has a defined role in improving QOL.
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Background

Routine use of magnetic resonance imaging (MRI) in the staging of patients with early breast cancer is still controversial. Oncoplastic surgery (OP) allows for wider resections without compromising the aesthetic results. This study aimed to assess the impact of preoperative MRI on surgical planning and on indications of mastectomy.



Methods

Prospective study including T1-T2 breast cancer patients treated between January 2019 and December 2020 in the Breast Unit of the Hospital Nossa Senhora das Graças in Curitiba, Brazil. All patients had indication for breast conserving surgery (BCS) with OP and did a breast MRI after conventional imaging.



Results

131 patients were selected. Indication for BCS was based on clinical examination and conventional imaging (mammography and ultrasound) findings. After undergoing breast MRI, 110 patients (84.0%) underwent BCS with OP and 21 (16.0%) had their surgical procedure changed to mastectomy. Breast MRI revealed additional findings in 52 of 131 patients (38%). Of these additional findings, 47 (90.4%) were confirmed as invasive carcinoma. Of the 21 patients who underwent mastectomies, the mean tumor size was 2.9 cm (± 1,7cm), with all having additional findings on breast MRI (100% of the mastectomies group vs 28.2% of the OP, p<0.01). Of the 110 patients submitted to OP, the mean tumor size was 1,6cm (± 0,8cm), with only 6 (5.4%) presenting positive margins at the final pathology assessment.



Conclusion

Preoperative breast MRI has an impact on the OP scenario, bringing additional information that may help surgical planning. It allowed selecting the group with additional tumor foci or greater extension to convert to mastectomy, with a consequent low reoperation rate of 5.4% in the BCS group. This is the first study to assess the impact of breast MRI in the preoperative planning of patients undergoing OP for the treatment of breast cancer.





Keywords: breast magnetic resonance imaging, oncoplastic surgery, preoperative planning, breast conservative surgery, mastectomy




Introduction

Several prospective and randomized clinical trials have demonstrated equivalence of mastectomy and breast conserving surgery (BCS) in terms of survival and local disease control for the treatment of early breast cancer (1–6). However, up to 20% of patients submitted to BCS would undergo to a second procedure due to the involvement of the margins (7). Thus, accuracy in preoperative local staging is essential for choosing the best surgical treatment for the patient. Although clinical examination, mammography and ultrasound (US) represent the triad traditionally used in the preoperative planning, they fail to assess true tumor size in approximately one-third of patients eligible for BCS (8).

Breast magnetic resonance imaging (MRI) has a high sensitivity (95-100%) in the assessment of tumor extension, multifocality and multicentricity (9–13). However, the routine use of MRI in the staging of patients with early breast cancer is still controversial, as it increases the indications for broader resections and mastectomies (14, 15). Opponents of the routine use of MRI in preoperative staging argue that many of these additional lesions might not have clinical or biological relevance, or even be treated effectively by radiotherapy (16). Regarding the reduction of reoperation rates with the preoperative use of MRI, the literature is also controversial. Some studies failed to show this association (17–19), while others showed a reduction of up to a third of reoperations (20, 21).

Oncoplastic surgery (OP) associates the principles of breast plastic surgery with oncologic surgery and represents an important advance in BCS (22, 23). It allows for wider resections, which results in a lower risk of compromising surgical margins when compared to traditional BCS techniques and improves radiotherapy planning by creating smaller breasts (24–26). However, the accuracy of the imaging methods is also essential in the oncoplastic setting for adequate surgical planning (choosing which pedicles technique and better incision). Studies published to date have not evaluated the use of preoperative MRI in conjunction with OP.

Thus, this study aimed to assess the impact of preoperative MRI on surgical planning and changes in management in patients with early breast cancer and candidates for OP.



Materials and methods



Patients

One hundred and thirty-one patients with a diagnosis of T1-T2 breast cancer were enrolled in this prospective study between January 2019 and December 2020 in the Breast Unit of the Hospital Nossa Senhora das Graças in Curitiba, Brazil. All patients had indication for BCS with OP and performed breast MRI before the surgery for the surgical planning. We excluded patients diagnosed with locally advanced or metastatic breast cancer, those who opted for mastectomy despite having an indication for BCS, patients undergoing neoadjuvant chemotherapy, those submitted to breast MRI prior to diagnosis of breast cancer, patients with previous cancer treatment in the breast or other organs, and those with contraindications or limitations for breast MRI (allergy or claustrophobia).



Breast MRI

Breast MRIs were performed on a 1.5T MRI system (Avanto®, Siemens), in a prone position using Ominiscan® contrast (Gadolineo, HE Healthcare) with a dose of 0.2ml/kg and use of an infusion pump with 3ml/s. The imaging protocol included T2-weighted (axial plane) and STIR (sagittal plane) sequences, followed by a dynamic 3D T1-weighted sequence with fat saturation (axial) and immediate reconstruction with subtraction (on pre-contrast sequence and four sequences after contrast, with a time of 90 seconds/acquisition and a total time of 7 minutes). The dynamic sequence was followed by a high-resolution 3D acquisition with fat saturation T1-weighted (sagittal) for reconstruction. Then, all exams were sent to a workstation (Carestrean Health) were the same radiologist, dedicated exclusively to breast imaging, evaluated the morphology and dynamic behavior of the lesions, classifying them according to the BI-RADS® system.

Nonspecific lesions, considered as BI-RADS 3 were not biopsied, following the standard recommendation for this type of lesion. Lesions classified as BI-RADS 4 on MRI were submitted to direct ultrasound (second-look) and percutaneous biopsy. If there was no translation of the lesion on US, they were submitted to percutaneous vacuum biopsy (Mamotomme®) guided by MRI or preoperatively marked with technetium and 4% activated charcoal and resected during oncoplastic surgery or mastectomy. Lesions classified as BI-RADS 5 on breast MRI were biopsied preoperatively.



Pathological analysis

A pathologist with dedication exclusively to breast pathology evaluated the tumor margins in two situations: first, during the intra-operative through imprint and frozen sections and, later, by definitive examination of the paraffin-embedded material. We considered as free-negative margins the tumor distance from the margin above 1mm; narrow when bellow 1mm; positive when carcinoma in situ or invasive were detected under the India-painted margin. Additional lesions detected on MRI were evaluated for size and whether it was invasive, in situ carcinoma, or a benign lesion.



Oncoplastic surgical techniques

OP used for conservative surgery were: inferior pedicle, superior pedicle, centralectomy or round-block. Patients undergoing mastectomy were evaluated in terms of tumor size, distance from the tumor to the skin and distance from the tumor to the nipple-areolar complex to decide which type of mastectomy they would be submitted (simple mastectomy, skin-sparing mastectomy or nipple-sparing mastectomy).



Statistical analysis

Patients were classified according to the following variables: age, menopausal status, family history of breast cancer, body mass index (BMI), breast size (small breasts if bra up to 42, medium if bra between 44 and 46 and large breast if bra 48 or more), type of surgical technique performed, tumor histology, presence of angiolymphatic invasion, margins status and axillary involvement. Family history was considered positive when a first degree relative or two second-degree relatives or male relative with breast cancer were present. The following variables were considered to evaluate the results and compare them with literature: change from BCS to mastectomy; change from unilateral to bilateral mastectomy; wilder resection in conservative surgery (if difference in tumor size between MRI and mammography or ultrasound were greater than 1cm); change in the surgical approach of the contralateral breast; rate of positive margins. We also evaluated the concordance between MRI, mammography, ultrasound and anatomopathological examination in relation to tumor size (variations of up to 5mm were concordant). The analysis of the primary outcome (post-MRI surgical indication) was performed using the Mann-Whitney U test (Wilcoxon Rank Sum Test). Secondary analyzes were designed according to the type of the variable in question: categorical dependent variables were evaluated with Chi-Square Test and Fisher’s Exact Test; continuous variables were evaluated with Mann-Whitney U test (Wilcoxon Rank Sum Test). A p value <0.005 was considered significant. The software used was STATA 17.1.




Results

Between January 2019 and December 2020, we included 131 patients diagnosed with T1-T2 breast cancer and with indication to BCS based on clinical examination and imaging (mammography and ultrasound) findings. After undergoing breast MRI, 110 patients (84.0%) underwent BCS with oncoplastic techniques and 21 (16.0%) had their surgical procedure changed to mastectomy. Table 1 shows the clinical features of this cohort. The median age was 55.5 years. Most of the patients were postmenopausal (64.9%) and had no family history of breast cancer (74.8%). The mean tumor size on ultrasound, mammography, MRI and anatomopathological examination was, respectively, 1.5cm, 1.4cm, 2.2cm and 1.8cm.


Table 1 | Clinical and pathological features of study cohort.



Breast MRI revealed additional findings in 52 of 131 patients (38%) (Figure 1). The incremental information is shown in Table 2. Summarily, breast MRI revealed 29 multifocal lesions (22.1%), 8 multicentric (6.1%), 8 contralateral (6.1%) and 13 patients whose lesions were 1cm larger on MRI when compared with US and mammography (9.9%). Of the 8 patients with multicentric lesions, four also had lesions in the contralateral breast. One patient had multifocal lesions on breast MRI and a contralateral lesion, and another patient had multifocal lesions and a difference in tumor size greater than 1cm on MRI.




Figure 1 | A 58-year-old asymptomatic patient underwent mammography in the mediolateral oblique (A) and cranio-caudal (B) views, which showed an irregular nodule, low density and indistinct margins in the middle third of the upper quadrants of the right breast (arrow). Ultrasound showed an irregular, hypoechoic nodule, with non-circumscribed margins, parallel to the skin, with no sound change in this topography (C), with percutaneous biopsy demonstrating invasive ductal carcinoma, moderate grade, negative for estrogen and progesterone receptors (Luminal A). Magnetic resonance imaging for staging confirmed the nodule at the junction of the upper quadrants of the right breast (arrow), in addition to demonstrating non-nodular enhancement extending from the nodule to the papilla (double arrow), confirmed as ductal carcinoma in situ (D).




Table 2 | Breast MRI additional findigns in 131 patients.



Of the 52 additional findings, 47 (90.4%) were confirmed as invasive carcinoma by pathological assessment: 22 of the 29 with multicentric lesions (75.9%); 7 of 8 with multifocal lesions (87.5%); 7 of 8 with contralateral lesions (87.5%) and 11 of 13 with altered tumor size (84.6%). Regarding the contralateral lesions evidenced by MRI, there were 7 cases of invasive carcinoma and 1 case of atypical hyperplasia. Half of the patients underwent mastectomy, and the other half underwent OP.

The surgical procedure was changed to mastectomy in 21 patients (16%): 11 (52.4%) due to multifocality, 7 (33.3%) because of multicentricity, 4 (19%) due to lesions in the contralateral breast and 3 (14.3%) because tumor size was greater than 1cm on MRI in relation to US and mammography. Only in two cases (9.5%), final pathologic analysis did not confirm additional disease seen on MRI. However, these two patients had small breasts and borderline indication for BCS. Table 3 shows clinical, imaging, and pathological features of patients submitted to OP or to mastectomy. Patients who had their surgical procedure changed to mastectomy had larger tumors on MRI (3.7cm versus 2.0cm, p=0.03) and a higher percentage of family history of breast cancer (42.9% versus 21.8%, p=0.04). All patients submitted to mastectomy had additional findings on breast MRI, unlike most OP patients (100% vs 28.2%, p<0.01). The immunohistochemical subtype did not differ between the types of surgery.


Table 3 | Clinical, imaging and pathological features of patients submitted to OP or mastectomy.



Of the 110 patients submitted to OP, 6 (5.4%) presented positive margins at the final pathology assessment. Of these, two had multifocal tumors on breast MRI, one had a contralateral tumor, and one had a tumor size greater than 1cm on MRI when compared to US and mammography. The remaining two cases did not have additional findings on MRI. One patient submitted to mastectomy had positive margins on final pathology (4.8%). This patient had multifocal lesions on breast MRI and pathological tumor size of 6,0cm.



Discussion

In this study, preoperative breast MRI did provide relevant additional information for 38% of the patients candidates for BCS with oncoplastic techniques. These additional findings led to a change from BCS to mastectomy in 16% of the cases. The final pathological analysis confirmed invasive carcinoma in 90.5% of the additional findings that led to change in surgical management. This is the first study to assess the impact of breast MRI in the preoperative planning of patients undergoing OP for the treatment of breast cancer.

The studies published to date evaluating the role of preoperative breast MRI have heterogeneous designs and conflicting results, with no consensus on the real role of breast MRI in surgical planning. Regarding the rate of additional findings revealed by breast MRI, our results are in agreement with the POMB Trial, a prospective, randomized, multicenter study, which demonstrated a 38% rate of additional findings (20). The two published metanalysis on this topic separated the rates of multifocal/multicentric lesions from the rates of contralateral lesions (13, 15). The prevalence of additional foci in the same breast ranged from 6% to 34% across studies analyzed by Houssami et al. (median of 16%) and from 6 to 71% across the studies included in Plana et al. metanalysis (mean of 20%). In our study, considering only multifocal or multicentric lesions, the additional detection rate by MRI was 28.2%. Our rate of contralateral lesions (6.1%) was like that found by Plana’s metanalysis (5.5%).

Despite being an important factor, few studies have evaluated the difference in tumor size found by MRI and its impact on changing the surgical management. In our study, 9.9% (13 of 131) of the cases had lesions that were 1cm larger on MRI when compared with US and mammography, a lower rate than that found in the POMB Trial (15%) (20). Several studies draw attention to the tendency of MRI to overestimate tumor size, with overestimation rates ranging from 28% to 33% (27–29). In our study, 11 of the 13 cases (84.6%) had their tumor size confirmed by pathological analysis, indicating a high accuracy of the breast MRI. Furthermore, although 13 patients had their tumor size altered by MRI, this led to a conversion to mastectomy in only 3 cases (2.3% of the total cohort). This may be because all patients underwent OP, which allows wider resections without compromising the aesthetic and functional results of the surgery.

A major concern and discussion in literature is regarding the increase in conversion to mastectomy when breast MRI is routinely used on surgical planning. Our results showed a rate of conversion of 16%, which was similar to that found in the POMB Trial (15%) (20) and slightly higher when compared to two other studies: BREAST-MRI (8.7%) and MIPA Trial (11.3%) (21, 30). Considering wide BCS and contralateral surgeries, in addition to conversion to mastectomy, the preoperative MRI was responsible for changing the surgical approach in 31.1% of patients in BREAST-MRI. MRI correctly modified the surgical procedure in 80% of the cases in this trial. In our study, 90.5% of the additional findings that led to change in surgical management were confirmed by the pathological analysis. The evaluation of MRI images by the same radiologist, with years of experience in breast imaging, may be one of the explanations for the high accuracy of our results.

Interestingly, although our cohort was composed of patients undergoing oncoplastic surgery, this did not reduce the rate of conversion to mastectomy when compared to other studies in the literature. This may be explained by the fact that the decision to perform a mastectomy or BCS is multifactorial. It involves factors besides the imaging findings, such as the patient’s desire, family history of breast cancer, and the relationship between tumor size and breast size.

In our study, patients had a lower reoperation rate due to positive margins (5.4%), when compared to the rates of BCS, whose values vary from 20% to 30% (7, 31, 32). This might be explained by two main factors: the use of OP and the role of MRI in preoperative planning. Several studies have already shown that OP significantly reduces the rates of positive margins and re-excisions, as it allows for larger resections with better aesthetic results (33–35). Our study was not comparative, as all patients underwent preoperative breast MRI. Therefore, we could not measure the impact of MRI in reducing reoperation rates in the scenario of OP. The trials published to date were performed with patients undergoing standard BCS and show conflicting results regarding the role of preoperative MRI in reducing reoperation rates. The POMB Trial, a randomized study, and the MIPA Trial, an observational study with 5896 patients, demonstrated a significant reduction in the reoperation rate in the group undergoing preoperative MRI (5% versus 15% and 8.5% versus 11.7%, respectively) (20, 21). Conversely, other studies have not demonstrated an impact of MRI on reoperation rates (18, 19, 30).

There are some limitations to the present study. First, the study was conducted in a single center, which limits the generalizability of the data. Second, this was a prospective observational study, with no control group. Therefore, the results found here and the real impact of preoperative MRI in the OP setting will require further studies to be confirmed. On the other hand, our study has several strengths, for example, the evaluation of all MRI images by a dedicated exclusively to breast imaging. Another strength is that this is the first study to assess the impact of preoperative MRI in patients undergoing OP. After several studies have already proven that OP are not only oncologically safe, but also improves the aesthetic and functional results, these techniques have been increasingly used and are part of the day-to-day treatment of breast cancer.

In conclusion, our study demonstrated that preoperative breast MRI has a positive impact on the OP scenario, bringing additional information that may help the surgeon in the surgical planning. It allowed selecting the group with additional tumor foci or greater extension to convert to mastectomy, with a consequent low reoperation rate in the BCS group, which is important in the OP scenario.
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Introduction

The majority of breast cancer patients from India usually present with advanced disease, limiting the scope of breast conservation surgery. Therapeutic mammoplasty (TM), an oncoplastic technique that permits larger excisions, is quite promising in such a scenario and well suited to breast cancer in medium-to-large-sized breasts with ptosis and in some cases of large or multifocal/multicentric tumors. Here, we describe our TM cohort of 205 (194 malignant and 11 benign) patients from 2012 to 2019 treated at a single surgeon center in India, the largest Asian dataset for TM.



Methods

All patients underwent treatment after careful discussions by a multidisciplinary tumor board and patient counseling. We report the clinicopathological profiles and surgical, oncological, cosmetic, and patient-related outcomes with different TM procedures.



Results

The median age of breast cancer patients was 49 years; that of benign disease patients was 41 years. The breast cancer cohort underwent simple (n = 84), complex (n = 71), or extreme (n = 44) TM surgeries. All resection margins were analyzed through intra-operative frozen-section assessment with stringent rad-path analysis protocols. The margin positivity rate was found to be 1.4%. A majority of the cohort was observed to have pT1–pT2 tumors, and the median resection volume was 180 cc. Low post-operative complication rates and good-to-excellent cosmetic scores were observed. The median follow-up was 39 months. We observed 2.07% local and 5.7% distal recurrences, and disease-specific mortality was 3.1%. At median follow-up, the overall survival was observed to be 95.9%, and disease-free survival was found to be 92.2%. The patient-reported outcome measures (PROMs) showed good-to-excellent scores for all types of TMs across BREAST-Q domains.



Conclusion

We conclude that in India, a country where women present with large and locally advanced tumors, TM safely expands the indications for breast conservation surgery. Our results show oncological and cosmetic outcomes at acceptable levels. Most importantly, PROM scores suggest improved overall wellbeing and better satisfaction with the quality of life. For patients with macromastia, this technique not only focuses on cancer but also improves self-image and reduces associated physical discomfort often overlooked by women in the Indian setting. The popularization of this procedure will enable Indian patients with breast cancer to receive the benefits of breast conservation.





Keywords: therapeutic mammaplasty (TM), largest cohort from Asia, quality of life, PROMS (patient reported outcome measures), oncoplasty, breast cancer




1 Introduction

Therapeutic mammoplasty (TM), an oncoplastic technique, combines oncological safety, breast reduction, and mastopexy techniques enabling breast conservation for select breast tumors in moderate-to-large breasts. In the last three decades, breast conservation therapy (BCT), which involves breast conservation surgery (BCS) followed by radiation therapy (RT), has gained acceptance as a standard of care for breast cancer (1, 2). Several large cohort studies have shown equivalent survival rates between BCT and mastectomy with long-term follow-up (3, 4). Recent studies have also suggested better disease-free and overall survival with improvement in quality of life (QoL) in patients undergoing BCT as compared with mastectomy (5–8).

However, in cases where large excisions of the breast tissue were required, unsatisfactory cosmetic outcomes, like BCT site defects, bird-beak deformity (9), or asymmetry in breasts or nipples post-BCT, have been observed (10), thus limiting the application of conventional BCT. In addition, BCT has limited applications in patients with multifocal or multicentric (MF/MC) disease and in cases of extensive microcalcifications. Though conventionally MF/MC cancers have been labeled as a contraindication for BCS, with modern extreme oncoplasty, they can be accommodated under the TM fold (11–15).

The concept of oncoplastic breast surgery (OBS) was first introduced in the 1990s by Prof. Audretsch when he described the technique of partial reconstruction of the breast using plastic surgical (15–17). OBS is now increasingly being accepted as the standard of care in the surgical management of breast cancer cases across the world due to benefits such as oncological safety with concurrent improvement in aesthetic results and QoL (5, 8, 18).

OBS procedures involving partial breast reconstruction are classified as volume replacement or displacement techniques (9, 19). TM is a commonly used volume displacement technique suitable for OBS in women with medium-to-extra-large breasts with ptosis. TM combines the advantages of an oncologically safe wide excision of the tumor with breast reduction, mastopexy, and contralateral symmetrization techniques (20–22). In addition, TM has been shown to achieve satisfactory outcomes by reducing breast size, thereby facilitating better delivery and distribution of RT regimens, achieving contralateral breast symmetry, and improving the QoL (23). TM is reported to have recurrence rates of between 0% and 9% and shows oncological outcomes comparable to those of BCS (24–26). Furthermore, TM offers an option for BCS in women who present with locally advanced breast cancer (LABC) (Stage IIB or greater) (27) or large operable breast cancer (LOBC) (>5 cm), MF/MC, or extensive microcalcifications wherein a mastectomy would be the surgical procedure of choice (20, 22). However, even though its use has been indicated for smaller ptotic breasts in selective cases, TM may not be effective due to the paucity of breast tissue (28). Recently, data from the national iBRA-2 and TeaM studies were combined to compare the safety and short-term outcomes of TM and mastectomy with or without immediate breast reconstruction (IBR). These data indicated that BCS was possible in 87% of TM cases without delay in adjuvant treatment, indicating that TM may allow high-risk patients who are not candidates for IBR to avoid mastectomy safely (22, 29). However, the need of the hour is large, randomized trials assessing the benefit of oncoplastic techniques with long-term follow-up.

The majority of Indian breast cancer patients present with large tumors in advanced stages (30). This limits the scope of upfront BCS with or without OBS unless the patient has a favorable breast-to-tumor ratio. In such patients with large tumors but an unfavorable breast-to-tumor ratio, OBS with the TM procedure has been shown to effectively extend the boundaries of surgical excisions (31). However, the field of OBS is still nascent in India and is practiced only by a handful of breast surgeons in metropolitan cities.

With this background, we undertook the current study to investigate and analyze the outcomes of TM with a focus on oncological safety and efficacy. From our single-institutional TM cohort, we present data on 205 patients with breast disease who underwent 222 TM surgeries after analysis of the feasibility and safety of the procedure, careful counseling, and multidisciplinary team (MDT) discussion.

Based on the guidelines of the TeaM Study protocol, we report the clinicopathological profiles and oncological outcomes of our cohort and experiences related to various TM surgical techniques. In addition to being the largest single institutional study from Asia, a major asset of the study is the patient-reported outcome measures (PROMs) as well as cosmetic outcomes for a large portion of the cohort. This study also aims to provide recommendations and suggestions for breast oncosurgeons to easily adapt TM in their regular clinical practice for breast cancer management.



2 Methods



2.1 Patient selection

At our institution, detailed pre-op counseling is performed by the surgeon to discuss the various treatment and surgical options in a shared decision-making process. Patients presenting with breast disease who had moderate-to-extra-large breasts with ptosis were counseled for TM.



2.2 Clinical management

Triple assessment based on clinical examination, appropriate imaging, and image-guided core needle biopsy was routinely used to establish a diagnosis. Confirmed breast cancer cases underwent a breast surgery at a network hospital site. After clinical staging, patients were selected for neoadjuvant chemotherapy/neoadjuvant hormonal therapy (NACT/NAHT) and adjuvant treatment based on decisions made at MDT, in accordance with the unit’s protocol and suggested global treatment guidelines.



2.3 Surgical procedures

In our practice, we classify TM techniques into four categories according to the indications described in Table 1 (9, 11, 19).


Table 1 | Classification of TM techniques.





2.3.1 Pre-operative markings

In the pre-operative planning, appropriate markings are made on both breasts based on a Wise pattern or vertical scar incision. The nipple–areolar complex (NAC) is re-positioned between 19 and 23 cm from the sternal notch, which is often determined by placing the fingers at the inframammary fold (IMF) and projecting on the anterior surface of the breast into the meridian.



2.3.2 Tumor localization

Clinically palpable lesions are localized in the usual fashion intraoperatively. For impalpable lesions, tumor localization is performed pre-operatively by stereotactic guide-wire placement using mammography or high-resolution ultrasonography. For sono-localizable lesions, intra-op ultrasonography (USG) might be used. Post-NACT impalpable tumors may be localized with the help of marker clips placed pre/mid chemotherapy (Koppiker et al. unpublished observations).



2.3.3 Incision, tumor excision, and oncological clearance

The surgery begins by marking out the Wise pattern incision (Figure 1A). The Wise pattern is located to excise the localized tumor with wide margins. The area of the appropriate pedicle that will carry the nipple is marked and de-epithelized. The tumor is then excised with wide margins through one of the limbs of the Wise pattern. If required, further imaging of the specimen is performed using specimen mammography to ensure that the tumor is excised with wide margins. The shaved margins of the cavity are further excised and sent for frozen-section evaluation to ensure margin negativity and perform any cavity margin re-excision if needed. Once negative tumor margins of the excision cavity are achieved, the decision is made to use one of the appropriate pedicles.




Figure 1 | Schematic representation of Wise pattern incision and various choices of pedicles. (A) Wise pattern incision. (B) Superior pedicle. (C) Superior-medial pedicle. (D) Inferior pedicle. (E) Lateral pedicle.





2.3.4 NAC positioning

The NAC is marked out, and an incision is carefully made around the areola. The tumor and its quadrant are then widely excised through one of the limbs of a Wise pattern incision (based on the type of TM technique decided).



2.3.5 Marking out the tumor bed for targeting radiotherapy

The tumor bed is marked with Liga clips in the superior, inferior, medial, lateral, basal, and anterior margins. In our experience, the tumor margins remain contained within the initial tumor volume for targeted radiotherapy. The possibility of the tumor margin getting repositioned in some other quadrant is less likely (34, 35).



2.3.6 Choice of pedicles for various TM techniques

The appropriate pedicles are marked out and dissected according to the location of the tumor. According to quadrant diagrams (Figures 1B–E), if the tumor is at the 12 o’clock position in the upper outer quadrant (UOQ), an extended inferior pedicle is used. If a tumor is present in the outer quadrants (i.e., at the 2, 3, or 4 o’clock position of the left breast or the 8, 9, or 10 o’clock positions of the right breast), the dual pedicle technique is preferentially used. In this technique, the inferior pedicle fills up the gap, and the NAC is positioned on a superior, superomedial, or lateral pedicle. The main aim of the dual pedicle technique is to contour the defect with one pedicle and position the NAC on the other, thereby providing a dual vascular supply.

We also discuss representative cases from each type of surgery. Simple TM typically utilizes a single pedicle and is represented in Case 1. An extended inferior pedicle or a dual pedicle provides optimal outcomes in complex TM procedures (Cases 2 and 3). Extreme or split reduction TM is a suitable option for cases with large excisions that are otherwise indicated for mastectomy (Case Study 4).



2.3.7 Axillary management

Once these Wise pattern incisions are carried out through to the chest wall, the lateral dissection is taken into the axilla for axillary management through one of the limbs of the same incision (sentinel lymph node biopsy/axillary lymph node dissection (SLNB/ALND), as appropriate). No separate incision is taken on the axilla. Care is taken to dissect the lateral thoracic artery and to ensure that the lateral pillar is well-perfused by various perforators. Thereafter, the incisions are closed. Drains are not inserted in the axilla unless an axillary clearance has been performed.




2.4 Post-surgery protocols



2.4.1 Assessment of post-surgery complications

Post-surgery outcomes were assessed by breast oncoplastic surgeons and radiation oncologists. As per the Clavien–Dindo classification, post-surgery complications were classified as “major” when they required surgical intervention and “minor” when they were managed conservatively (36). We also noted the time between the completion of surgery and the start of adjuvant therapy to ascertain any delays in adjuvant therapy.



2.4.2 RT methodology

The RT dose planning was aimed at achieving a biologically effective dose (BED) of 40 Gy in 15 cycles (with an optional boost to the tumor bed, if indicated). The breast along with the supraclavicular region (if indicated) was irradiated by 6-MV photon beams using forward plan field-in-field intensity-modulated radiation therapy (F-P FiF IMRT) or volumetric modulated arc therapy (VMAT). Vac-Lok immobilization and CT-based contouring and planning were performed after target delineation after Eclipse™ treatment planning system (TPS) (Version 13.5.35) for F-P FiF IMRT plans and Monaco (Version 5.11) TPS for VMAT plans. Tangential fields with sub-fields were used for radiotherapy planning. Linac, Elekta Medical System™ (Crawley, UK) with 80-leaf multileaf collimator (MLCi) was used. RT plan was accepted if at least 95% of the prescribed dose covers 100% of the planning target volume (PTV). Hot spot in PTV was accepted up to 110% of the prescribed dose. Tumor bed boost, wherever indicated, was performed using either an electron portal or simultaneous integrated boost (SIB) technique with standard dose fractionation schedules.



2.4.3 Patient-reported outcome measures

PROMs were used to evaluate patient satisfaction and QoL after TM procedures. To assess PROMs, the standardized BREAST-Q questionnaire was utilized. Higher scores indicate greater patient satisfaction and functionality (37).




2.5 Data collection



2.5.1 Patient

Data collection was performed according to the recommendations of the TeaM study protocol. Data included demography, medical history, clinical findings, pathological reports (diagnostic biopsy and surgical histopathology including immunohistochemistry), details on neoadjuvant therapy, surgical intervention, pre- and post-operative images of patients, post-surgery complications, follow-up details, and PROMs. Clinical response (clinically complete response (cCR), clinically partial response (cPR), clinically stable disease (cSD), and clinically progressive disease (cPD)) and pathological complete response (pCR) to NACT of the primary tumor were calculated as per Response Evaluation Criteria in Solid Tumors (RECIST) criteria (V1.1) (38).




2.6 Survival analysis and statistics

Data were collected retrospectively from patient records. Follow-up information was taken as recorded in the patient file. The date of recurrence was taken from one of the biopsy pathologies, fine-needle aspiration cytology (FNAC), or PET reports. Overall survival was calculated as all-cause since in many cases it was difficult to ascertain if death was due to disease or other unrelated causes. The overall survival interval was taken as the time period between surgery and death. The exact date of death used in the analysis was in most cases taken as the closest approximation to the date of death as informed by relatives of the patient (especially for deaths that occurred in 2020–2021). Due to the COVID-19 pandemic, follow-up was very sparse starting from early 2020 until early 2022. This could be the cause for patients lost to follow-up since traveling was prohibited or much more challenging for a large part of this time period.

Median follow-up was calculated using the reverse Kaplan–Meir (KM) method of Schemper and Smith (39) in R. Survival analysis was performed in R Version 4.2 using the survivor and survminer packages (36, 40). Kaplan–Meir plots were plotted using ggpubr. Percent disease-free and percent overall survival were derived from the survival table when the time was the closest median follow-up.




3 Results



3.1 Overview of TM study cohort: characteristics of study cohort

The demographic distribution of study participants and their clinicopathological characteristics are summarized in Figure 2A and Tables 2–5. At our center, a total of 222 TM procedures were performed on 205 patients with moderate and large breasts with various grades of ptosis during 2012–2019. Among the 205 patients, 178 were unilateral breast cancer patients, 10 patients were identified with unilateral benign disease and 17 had bilateral breast disease. Among the 17 bilateral cases, eight were bilateral breast cancer cases, eight patients presented with one side benign and one side malignant, and one patient presented with bilateral benign disease. The median age at diagnosis of patients with breast cancer was 49 (29–75) years, while patients with benign breast disease had a median age of 41 (28–60) years at diagnosis. As observed in previous reports (40), a proportion of the breast cancer patients (i.e., 77/194, 40%) had comorbidities such as diabetes, making them poor candidates for a mastectomy with immediate reconstruction.




Figure 2 | (A) Clinicopathological features of the cohort. (B) Quadrant-wise tumor location. CQ, central quadrant; LQ, lower quadrant; LIQ, lower inner quadrant; LOQ, lower outer quadrant; UIQ, upper inner quadrant; UOQ, upper outer quadrant; UQ, upper quadrant. (C) Molecular subtype-wise distribution of various TM techniques. TM, therapeutic mammoplasty.




Table 2 | Demographic distribution of breast cancer patients.




Table 3 | Clinical features of surgeries for breast cancer.




Table 4 | Demographic features of patients with benign breast disease.




Table 5 | Clinical features of surgeries for benign disease.



Among 194 breast cancer patients (quadrant-wise tumor location is represented in Figure 2B), 64.4% of tumors were observed in the upper quadrant. Of 222 TM procedures (breast cancer and benign cohort together), simple TM accounted for 92 (eight benign) surgeries, while 77 (six benign) complex and 49 (five benign) extreme surgeries were performed. Subtype distribution for the different surgeries among breast cancer patients is shown in Figure 2C. The median pathological tumor size was 25 mm (range 2–85 mm), and the median resection volume was 180 cc. Of our 194 breast cancer patients, 56 patients received NACT, 141 ACT, and 183 RT.



3.2 Neoadjuvant chemotherapy (NACT/NAHT)

Among the 56 patients who received NACT, pCR was observed in 28.6% (16/56) patients. The distribution of response to NACT is given in Table 2. Our extreme oncoplasty cohort comprised 44 breast cancer patients of whom 18 received NACT and 4/18 showed pCR to NACT.



3.3 Surgical outcomes



3.3.1 Surgical margins and nodal clearance

The Wise pattern technique was used in 90.1% (181/202) of therapeutic procedures for breast cancer. Clear margins were achieved in all the cancer patients with only three of 194 (1.4%) cases having positive margins. Re-excision of margins was carried out in one patient, one patient underwent an immediate complete mastectomy, and one received an additional boost to the tumor bed. Sentinel node biopsy was performed in 121 (60.2%) and axillary lymph node dissection in 83 (41.3%) of the 202 malignant surgeries.



3.3.2 Post-operative complications

Post-operative complications were classified based on grades as per the Clavien–Dindo classification adapted for breast cancer (36). A total of 27/194 (14%) cases of complications were observed, similar to observations reported in earlier literature (2) (Figures 3A, B and Table 6). All complications were treated conservatively in the outpatient setting. In general, we observe immediately post-surgery a low rate of Grade I/II complications even with complex and extreme mammoplasty techniques.




Figure 3 | (A) Post-op complications observed in the study cohort (in percentage). (B) Distribution of post-op complications according to TM surgery type. TM, therapeutic mammoplasty.




Table 6 | Post-op complications in the cohort as per the Clavien–Dindo classification.






3.4 Adjuvant radiotherapy

Of the 194 breast cancer patients included in our study cohort, 183 patients underwent RT as clinically indicated. Among those who did not receive RT, 11 patients did not comply with the RT treatment protocol. Among those who received RT, 46 did not have any adverse reactions to the RT, 113 developed Grade I–II reactions, while only five patients developed Grade III reactions. For 19 patients, post-RT complications were not reported in our data sources. The RT regimen for various types of TM procedures was thus considered effectively safe.



3.5 Survival outcomes

The median follow-up was 39 months. We observed four local (2.07%) and 11 distant recurrences (5.7%), with overall recurrence at 7%, over the complete follow-up available at the time of this report. Overall mortality was 3.6% (7/194), while disease-specific mortality was only 3.1% (6/194). At the median follow-up, the overall survival probability was found to be 95.9%, with all reported deaths occurring before the median follow-up. In addition, the disease-free survival probability at median follow-up was 92.2%. KM plots of overall survival and disease-free survival are shown in Figures 4A, B.




Figure 4 | Survival Kaplan–Meir plots of disease-free and overall survival. (A) In disease-free survival, local and distant recurrences and metastasis are taken as events. Time is the time period in months between surgery and the known date of evidence of recurrence and is shown in months. The probability of a patient being disease-free at median follow-up (39 months) is 92.2%. (B) In overall survival, the approximate date of death due to any cause was taken as an event. Time is the time period in months between surgery and the approximate cause of death and is shown in months. The probability of survival at median follow-up (39 months) is 95.9%. Vertical bars indicate censored patients in both plots. (C) PROM scores according to TM surgery type represented graphically. Overall PROM scores are presented in the table. PROM, patient-reported outcome measure; TM, therapeutic mammoplasty.





3.6 Cosmetic score analysis

Out of 202 TM surgeries for 194 breast cancer patients, cosmetic scores were assessed by surgeons within 3–6 months post-surgery. Table 7 shows the cosmetic scores as reported by the surgeons. Satisfaction with breasts in the PROM analysis showed an average score of 78%.


Table 7 | Cosmetic scores for surgeries in breast cancer patients.





3.7 Patient-reported outcome measures

PROM data were collected from the study participants after a minimum period of 12 months post-surgery using the BREAST-Q questionnaires. Out of 194 breast cancer patients, 139 (72.0%) responded to the questionnaire. High patient satisfaction scores were observed from our PROM data as seen in Figure 4C.




4 Discussion

The TeaM publication established a comprehensive protocol for extending indications of breast conservation through mammoplasty techniques for breast cancer patients who needed wider excisions. However, there were a few limitations to the report, as it was an analysis of short-term outcomes of the practice (41, 42). Here, we present the first comprehensive, globally largest single-institutional study of 222 TM surgeries in 205 patients from 2012 to 2019 with breast disease based on the recommendations of the TeaM protocol. The major strengths of our study include the largest cohort from a single surgeon unit from a middle-income country, assessment of oncological outcomes, and cosmetic outcomes along with patient-reported outcomes.

TM is a well-established oncoplastic technique that combines the advantages of an oncologically safe wide excision of tumors with breast reduction, mastopexy, and contralateral symmetrization techniques. It extends the indications of breast conservation by enabling wider excision margins, lower re-excision rates, and a reduction in the rate of mastectomies (25). TM has been shown to achieve satisfactory outcomes by reducing the breast size, thereby facilitating better delivery and distribution of RT regimens, achieving contralateral breast symmetry, and improving the QoL. The oncological safety and efficacy of TM have been confirmed in early breast cancer cases indicated by higher rates of overall survival (OS) and disease-free survival (DFS) with low recurrence, lower complication rates, and superior cosmeses (21, 25, 43). In the Indian context, wherein mastectomy is still the default approach to breast cancer management, it is essential to incorporate oncoplastic techniques like TM in the surgical management protocol and offers more options for breast conservation.



4.1 Oncoplastic breast surgery and its relevance in Indian scenario

With many studies showing equivalent oncological outcomes for BCT compared to mastectomy, globally, BCT and oncoplasty have become a regular practice in the surgical management of breast cancer (41, 42). However, India brings about its own challenges, as the clinical, psychosocial, and economic profiles of breast cancer patients in India are significantly different than in Western countries. It is imperative that India rises above its current rigid mindset of mastectomy as the primary approach to breast cancer management. Another major contributor to this rigid mindset is the fact that India is a low- and middle-income country (LMIC), and for most of its population, any disease brings fear of an economic burden, aggravated by other factors like lack of education and low socio-economic status (44). Most Indian women not only are unaware of available healthcare options but also lack information regarding disease symptoms, screening modalities, self-breast examination, and/or routine mammographic screening due to societal circumstances and conservative social structure. This ultimately results in costly delays in diagnosis and treatment (45). Oncoplastic procedures are considered to be relatively expensive, and many women are not able to afford these procedures. As a result, total mastectomy is the standard of care, the rate of BCS is low, and mastectomy remains the most common option in many Tier II and III cities. BCT or OBS options are offered only by a few reputed tertiary cancer care centers in Tier I cities. The low rates of BCS are further augmented by the paucity of skilled oncoplastic surgeons in smaller centers in addition to a lack of awareness about OBS in the medical fraternity. Hence, it is essential that more surgeons are given an opportunity to train in oncoplastic techniques (45, 46).

Thus, the need for standard OBS procedures modified to fulfill the requirements of Indian breast cancer patients is even more pertinent. Taking into consideration multiple factors relevant to the Indian population, we have developed specific patient-related decision-making algorithms. These algorithms include extensive MDT discussions with a focus on the tumor location and breast size as well as patient counseling. We have developed a meticulous counseling protocol that concentrates on the psychology of the Indian woman. The counseling involves discussion of the associated pros and cons of available surgical options that enable patients to make an informed decision regarding their treatment.

Surgical management of breast cancer the world over has shifted focus from mere survival to post-breast cancer patient quality of life. Our oncoplastic practice believes that Indian breast cancer patients should also be given the opportunity to avail the benefits of breast conservation and when needed oncoplastic techniques. This will enable them to not only lead an oncologically safe life but also be cosmetically at-par. In pre-surgery counseling, our patients are made aware of the various options available to them and the advantages and disadvantages of each. Our patients are also counseled about the fact that it is necessary to think about life beyond the disease and consider the repercussions of mastectomy on their quality of life.



4.2 TM algorithm at our single surgeon center

Our study represents the first detailed report on surgical, oncological, and PROM outcomes after TM surgery in breast cancer patients from India as observed in a single breast oncoplasty unit.

MDT-based decisions and patient counseling identified TM as the most appropriate surgical approach for the 205 patients (194 malignant and 11 benign) in our cohort. Among these, 56 (29.01%) received NACT. In our post-NACT subset, 28.6% (16/56) had a pCR to NACT. For patients who had large residual tumors (>4 cm) post-NACT (6/56, 10.7%) an oncoplastic technique like TM, where large excisions can be achieved, facilitated breast conservation. Interestingly, in our NACT subset, a large majority of NACT non-responders were also able to undergo breast conservation through extreme oncoplastic procedures. In a parallel study from our center focused on post-NACT surgical protocols, TM was found to be an essential oncoplastic tool for successful breast conservation (Koppiker et al., manuscript in preparation).

TM gives superior cosmetic outcomes for ptotic breasts (Grades I–III) and moderate-to-large-sized breasts (47, 48). However, owing to financial and logistical challenges, Indian patients have reduced acceptance of a second operative procedure (49). We hence perform a single-step TM procedure that involves simultaneous reconstruction of the NAC and contralateral reduction mammoplasty for bilateral symmetrization in which the nipple may undergo resection with a NAC graft. Most of the cases in our study cohort have been operated using the dual pedicle technique in which NAC was carried out on the superior pedicle and the inferior pedicle was used to fill the defect caused by the excision of the tumor. In patients with smaller breasts or with large excisions, we have frequently used the whole lower segments of the breast (i.e., infero-medial and infero-lateral pedicles), so the breast mound is advanced into the defect and NAC is reimplanted onto the pedicle. TM also improves self-image and reduces physical discomfort, especially for women with macromastia, which is often overlooked by women in the Indian setting. If the patient does not consent to opposite symmetrization, alternative OBS procedures to TM are recommended.

TM has a potential advantage in achieving lower rates of re-excision due to the scope of excising wider margins (50). However, re-excision in the case of TM could also be challenging due to glandular re-arrangement during mammoplasty. This should be considered carefully after discussing within the MDT and only if the operating surgeon is confident in identifying the tumor bed and orientation (51). The TeaM protocol showed a 21% margin positivity rate, while literature reports indicate rates of positive margins ranging from 0% to 36% (22, 52) with institutions reporting lower rates of margin positivity, after conducting intra-operative frozen-section analysis (53–55). Consistent with previous reports (32), with the inclusion of intra-operative frozen-section analysis, we were able to achieve lower margin positivity with 1.4% of cases having positive margins.

Consensus guidelines for optimal RT planning after oncoplastic procedures are unclear, and further methodical investigations are needed. Indeed, results are eagerly awaited from the MIAMI trial, which is the first randomized trial designed to address the clinical safety of TM associated with the excision of each cancer and the possibility of performing up to two tumor bed(s) boost(s) radiotherapy (56).

In our study, the mean duration from TM to the start of adjuvant treatment was 50 days without any delay. This observation is consistent with several studies that indicate OBS does not result in a delay in adjuvant treatment. Although the optimal duration between OBS and RT has not yet been established, in our practice, we prefer commencing RT within 6 months of treatment during which adjuvant chemotherapy is administered, wherever recommended. If no ACT is required, RT is started within 5–6 weeks post-op.



4.3 Therapeutic mammoplasty in extreme situations

In the recent past, several studies have now emerged where authors have reported acceptable oncological results with equivalent survival combined with much improved cosmetic results and QoL with OBS (48, 57, 58). This has finally culminated in the concept of extreme oncoplasty (EO) where large, multicentric, and multifocal tumors as well as extensive ductal carcinoma in situ (DCIS) have been effectively treated with BCS.

Prof. Melvin Silverstein first introduced the concept of extended resections using oncoplastic surgery and introduced the term extreme oncoplasty (11). Extreme oncoplasty patients are generally those with large tumors (>5 cm), MC/MF disease, locally advanced breast cancer, or recurrences in previously irradiated breasts.

In the Indian scenario, extreme oncoplasty holds special relevance. Several reports indicate that the majority of breast cancer patients in India are diagnosed at an advanced stage, with large-sized LABC or LOBC (59). For patients with large tumors and MC/MF disease, the surgical choice of EO looks very promising. The EO technique allows the resection of larger amounts of breast tissue with safer margins and acceptable aesthetic results, thereby increasing breast conservation rates (33, 60, 61).

Our cohort includes 48 (five benign) patients who underwent extreme oncoplasty of whom 30 (62.5%) underwent an upfront extreme procedure and 18 (37.5%) received NACT followed by extreme TM. Based on our experiences, we propose that EO surgery has excellent applications for OBS-based clinical management.



4.4 Post-surgery commentary: oncological and cosmetic outcomes

Many studies report complication rates between 15% and 30% for OBS (62, 63). Comparable to published literature from Western cohorts, we observed lower rates of complication (13%) with a majority being only minor complications. Similarly, recurrence rates in OBS have been reported to range from 0.5% to 12%, and we observed lower rates of recurrence with only 2% local recurrence and 7% overall recurrence in our cohort. In keeping with the literature, we report 3.6% overall mortality and only 3.1% disease-specific mortality (64, 65). Although TM is an established technique and is widely practiced as a standard of care in developed nations even in high-risk patients (40, 66), it is still finding its ground in developing countries. Our encouraging results with equivalent oncological outcomes suggest the adaptability of TM as an oncoplastic technique even in low-resource settings.

Cosmetic assessment by surgeons indicated that over 80% of cases exhibited good-to-excellent cosmetic outcomes. This cosmetic assessment is mirrored in patients’ perspective as well, as we report high levels of satisfaction, with over 83% mean score of patient satisfaction with outcomes on BREAST-Q PROMs, which is expected (67), as the aim of TM is to provide an aesthetically pleasing breast along with oncological safety. In our study, a comparison of the PROMs among the types of TMs demonstrates almost equal scores, indicating that all types of TMs were well accepted. Our analysis also reveals a higher mean score of 77.05% for sexual wellbeing, which may be attributed to better body image and self-esteem arising from the satisfactory outcomes of the TM procedure and contralateral reduction mammoplasty. This is in line with previous reports that have indicated that satisfaction with breasts was better in women who underwent OBS than in those who underwent a BCT alone (29).



4.5 Single institution, single surgeon practice—advantages

One of the many advantages of our institution is that it is a single surgeon practice and hence brings with it benefits such as improved level of patient engagement and involvement in shared decision-making, streamlined standard operating protocols, dedicated tumor board, reduced treatment delays, and a better understanding of the patient pathway. In fact, many benefits have been associated with the independent practice that contributes to more satisfied providers, successful practice management, and higher quality care for patients. Our encouraging results could thus be credited to a multitude of factors at our institution such as quality counseling, shared decision-making, surgical expertise, a dedicated medical and surgical team, and even nursing staff that has gained experience and expertise over years. This cohesive and proficient setup contributes to the lower complication rates, personalized hospital services, and comprehensive post-operative care provided at our center.

Protocols and surgical techniques established here along with PROMs would be a useful framework for replication by other breast units. As discussed, there is a paucity of trained oncoplastic surgeons and therefore an inherent need for a structured oncoplastic training program in the country. With this aim, to fill existing gaps in breast cancer surgical training in the niche field of oncoplastic breast surgery, a sister organization of our institution, the International School of Oncoplastic Surgery (ISOS), was founded in 2014, and a structured Masters in Oncoplastic Breast Surgery program in association with University of East Anglia (UEA), UK, was initiated. The program allows budding young surgeons to gain hands-on experience and training in oncoplastic techniques specific to the Indian scenario.

If the techniques and outcomes of OBS are popularized and the broad indications of TM are clearly defined, it is possible that more eligible breast cancer patients will receive the benefits of this procedure over the routine practice of mastectomy.



4.6 Surgeon’s recommendations

	Careful marking placement so that the closures are not tight.

	The tumor excision should be maximum through one limb of the incision, and the axilla should be accessed through the same incision by identifying the lateral border of the pectoralis major and minor.

	The supero-lateral area and the lateral pillar should be carefully mobilized to prevent devascularization from the lower lateral segment.

	SLNB should be performed through the same incision using indocyanine green (ICG) or nuclear dye, and if the status is positive, axillary dissection should be carried out via the same incision.

	All the tumor margins should be analyzed on frozen sections and by a specimen mammogram. The breast restoration should be delayed until the results on frozen sections are negative. The contralateral reduction should be performed while frozen-section analysis is ongoing.

	The interruptive sutures should be used at the “T” junction instead of continuous sutures to minimize necrosis.





4.7 Post-surgery radiation therapy recommendations

In our opinion, in the majority of TM cases, margins around the tumor bed do not shift significantly due to the following reasons:

	During TM, adequate care is taken to check whether the tumor bed is well delineated with markings by Liga clips, as soon as the tumor is removed.

	In some cases, the margins may get advanced into the tumor cavity to form the bed of the tumor cavity (such as in an extended inferior pedicle). Herein, for dealing with the tumor in the superior quadrant, the lower margin (which is the highest point of the extended pedicle) shifts into the tumor cavity, where exactly the boost is required.

	In simple mammoplasty (or tumor in the lower quadrant or superior quadrant), in which the tumor is in a tissue segment within the specimen, it is likely that some of the margins may shift into the tumor cavity but not shift away from it.

	If the tumor is lying outside (i.e., in the outer quadrant or supero-medial quadrant) and if the excision is large, central mound advancement can be performed to fill up these cavities. In this situation, even if the infero-medial margin may shift, being a supero-medial margin, it will not go outside the tumor cavity.

	For the cavity on the outer side, if a dual pedicle technique is applied, even then inferior pedicle will be used only to fill in the gap.






5 Conclusion

Therapeutic mammoplasty is a promising and safe approach to manage breast cancer in medium-to-large breasts with ptosis even in the Indian context despite the scope and limitations. However, sociodemographic factors like its availability, feasibility, and resource constraints severely limit its uptake by providers and utilization by patients. Despite this, TM holds a potential promise of delivering the goal of good oncological outcomes with aesthetically pleasing results without detrimentally affecting the course of adjuvant therapies.

Our study shows promising results for the adoption of TM in routine surgical practice in India. However, given the large variability in sociocultural, psychological, and economic ground realities of the general Indian population, similar TM-focused studies from Indian breast units as well as other parts of Asia are needed to corroborate the observations from our study.

We conclude that our TM technique(s) may be suited even for advanced-stage patients with moderate-to-large breasts with mild/severe ptosis. In general, our study observations are compliant with the guidelines of TeaM protocol except for a few non-compliances such as the lack of MRI, which has poor uptake in India due to cost barriers. At our center, we were able to mitigate this challenge by doing a detailed assessment using USG and 3D tomosynthesis. Additionally, we emphasize the need to include cosmetic and PROM outcomes to assess the efficacy of TM as a viable surgical option for breast disease patients from India.



6 Case discussion



6.1 Case I: Simple Therapeutic Mammoplasty

A patient aged <35 years (Grade II ptosis) presented with a lump in the left central quadrant. USG revealed a unifocal tumor that extended from the 11 o’clock position to the 12 o’clock position, taller than wider in shape, measuring 21 × 17 × 19 mm. Tru-Cut biopsy report revealed invasive ductal carcinoma (IDC) with triple-negative breast cancer (TNBC): estrogen receptor (ER) negative, progesterone receptor (PR) negative, and HER2 negative.

Pre-operative marking was performed using a Wise pattern incision with a plan of an inferior pedicle mammoplasty. The tumor was widely excised via the limbs of the marked incision with the volume of excision 8 × 7 × 2.5 cm (85 g). Margin negativity was confirmed radiologically using a specimen mammogram, and the shave margins analyzed on the frozen section were negative. The tumor bed was clipped with Liga clips. The sentinel node was dissected through the same incision and was node negative. An extended inferior pedicle was mobilized to fill the defect. Thereafter, the axilla was closed, and the inferior pedicle was fixed to the chest wall. The two pillars were brought together, and the nipple–areola was sutured. The left breast tissue was reshaped and reconstructed. Contralateral reduction mammoplasty was performed on the opposite breast (right side). The post-op histopathology revealed Grade III IDC with foci of DCIS of solid and comedo type with high nuclear grade and a lesion spanning 25 × 20 mm in the central quadrant. The patient received adjuvant chemotherapy (AC-4q + paclitaxel-12q) followed by adjuvant RT with a simultaneous electron boost to the tumor bed. The patient tolerated treatment well. Genetic testing had revealed BRCA2 pathogenic mutation in the patient, and she was thus advised and underwent a prophylactic salpingo-oophorectomy. Given the high-risk status of the patient, the PCCM team has ensured diligent follow-up with routine mammograms and check-ups for the patient. She is doing well and has not developed any abnormalities or recurrence at the latest follow-up 5 years post-diagnosis.

The case images for this patient are depicted in Figure 5, and the technique is demonstrated in Supplementary Video 1.




Figure 5 | Simple TM. Pre-operative radiology images (A, B) show a partially circumscribed obscured iso- to hyperdense lesion seen in the upper central quadrant of the left breast. (C) Markings. (D–J) Intra-operative images. (D) Wise pattern incision marked. (E) De-epithelialized area. (F) Excision of the tumor. (G) Tumor bed. (H) Sentinel node biopsy. (I, J) Inferior pedicle is used to restructure the breast. (K, L) Post-operative images. (K) One-month follow-up. (L) Annual follow-up. TM, therapeutic mammoplasty.





6.2 Case II: Complex Therapeutic Mammoplasty

A patient aged above 60 years, with Grade III ptosis, presented with a large diffuse lump in the right UOQ. Breast radiology revealed a hypoechoic lesion measuring 28.2 mm × 16.2 mm at 12.5 o’clock 2B position along with suspected right axillary lymphadenopathy. Tru-Cut biopsy suggested Grade II invasive lobular carcinoma (ILC), and immunohistochemistry (IHC) reports indicated ER/PR-positive, HER2-negative status.

The patient was marked for a Wise pattern incision followed by excision of the large area in the UOQ. The volume excised was 8.5 × 10.5 × 5.5 cm. Specimen mammography was performed to confirm the complete removal of the tumor. The tumor bed was clipped with Liga clips. The shave margins on the frozen-section evaluation were reported as negative. The marked area for the inferior pedicle including the medial and lateral wings was de-epithelialized. The tumor was excised via the marked incision, and the base was clipped. The skin over the lower, medial, lateral, and superomedial quadrants was mobilized in the mastectomy plane. An extended inferior pedicle was used to fill the defect in the UOQ. Further axillary dissections were performed through the same incision. Even though the tumor location was close to the nipple, the nipple core and margins of the NAC were negative for DCIS on frozen sections. Contrary to common practice, we marked the future nipple–areola complex after mobilization and restructuring to avoid any deviation of the nipple. The right breast was reshaped and closed in two layers. A contralateral symmetrization procedure was performed.

The post-op histopathology revealed Grade II IDC. The patient received adjuvant RT. The patient was counseled for adjuvant therapy and chose to have adjuvant endocrine therapy. The patient tolerated treatment well and is disease-free after 4 years post-diagnosis. The pre- and post-operative images for this patient are depicted in Figure 6, with the technique demonstrated in Supplementary Video 2.




Figure 6 | Complex TM. (A) Pre-operative radiology image: craniocaudal view of both breasts. Ill-defined radiodensity with spiculations and surrounding architectural distortion is seen in the deep central quadrant of the right breast. Pleomorphic amorphous microcalcification is also seen. (B) Markings for Wise pattern incision of the right with the tumor and contralateral breast for symmetrization. (C–K) Intra-operative images. (C) De-epithelialization of the inferior pedicle. (D) Excision of the tumor. (E) Excised tumor specimen. (F) Sentinel node biopsy. (G) Extended inferior pedicle to fill the defect. (H) Re-structuring of the breast. (I) Marking of the future nipple–areolar complex (NAC). (J, K) Re-structured breast with the final outcome. (L, M) Post-operative images. (L) One-month follow-up. (M) Annual follow-up. TM, therapeutic mammoplasty.





6.3 Case III: Extreme Therapeutic Mammoplasty

A patient aged approximately 40 years with Grade II ptosis presented with a large diffuse lump in the right lower outer quadrant (LOQ). Mammogram revealed an MF (multifocal) tumor occupying a large area of the outer quadrant at the 8 o’clock position measuring 17 × 12 mm with multiple enlarged axillary lymph nodes. USG-guided core biopsy suggested IDC Grade II and IHC revealed ER/PR-positive status. HER2-positive status was confirmed by fluorescence in situ hybridization (FISH). The patient underwent lumpectomy twice with axillary node dissection at an external surgery site. The histopathology report showed IDC Grade III + extensive DCIS with positive margins. Axillary lymph nodes 27/32 were positive.

Before she was referred to our clinic, she underwent external site surgery, with a wide local excision of Ca breast (right). The histopathology report revealed that margins were negative for the tumor except for the lateral margin, which was positive. The patient received adjuvant chemotherapy (paclitaxel + Herceptin 12 cycles followed by AC regimen for four cycles followed by completion of Herceptin regimen). The patient was advised for mastectomy at the external site.

After referral to our hospital, the ultrasound showed a large cavity with microcalcifications extending to the lower and mid-outer quadrants in the right breast and suspicious microcalcifications in the lower quadrant of the left breast. A stereotactic vacuum-assisted biopsy was performed on the left breast, and the histopathology report revealed no malignant disease. Clips were placed at the site of the biopsy. Thereafter, a right extreme TM was performed at our hospital. The patient was marked for a Wise pattern incision, and a wide excision of the outer quadrant was performed to excise the whole cavity along with calcifications with good and adequate margins. The specimen excised was 4 × 3 × 0.5 cm, 8 × 8 × 0.5 cm, 15 × 10 × 6 cm (900 cc). Intraoperative radiology was performed to ascertain the complete removal of microcalcifications. Shave margins were sent for frozen-section evaluation and were reported to be negative. The NAC was carried out on the supero-medial pedicle, and the inferior pedicle was used as a filler to restructure the breast. Since the woman had Grade II ptosis, the length of the inferior pedicle was adequate to reach the area of excision. The right breast was restructured and closed in two layers.

On the left, the remaining microcalcification was excised under wire guidance to reconfirm the diagnosis on the frozen section. As it was benign, a contralateral symmetrization procedure was performed.

The post-op histopathology report showed unclassified residual IDC with single axillary node positivity. The patient received adjuvant RT followed by an electron boost to the tumor bed. The patient was counseled for adjuvant hormone therapy. The patient tolerated the overall treatment well and is disease-free after 6 years post-oncoplastic surgery (Figure 7 and Supplementary Video 3).




Figure 7 | Extreme TM. (A) Pre-operative radiology imaging 2D mammogram—MLO view of both breasts. Ill-defined spiculated lesion is seen in the upper deep central quadrant of the right breast, and single enlarged right axillary node is seen. (B) Markings. (C) Previous lumpectomy scar. (D–L) Intra-operative images. (D) De-epithelialization of the infero-medial pedicle. (E) Excision of the tumor with skin. (F) Defining the pedicles. (G) Nipple–areolar complex (NAC) is on the superomedial pedicle, and inferior pedicle is defined to be used as a filler. (H) Clipping of the tumor bed. (I) Inferior pedicle used as a filler in the defect (arrow). (J) Inferior pedicle used as a filler and fixed. (K) Restructuring of the breast. (L) Re-structured breast. (M, N). Post-operative images. (M) One-month follow-up. (N) Annual follow-up. TM, therapeutic mammoplasty; MLO, mediolateral oblique.





6.4 Case IV: Split Reduction Mammoplasty

A patient >50 years with E-cup breasts (Grade III ptosis) presented with a large diffuse lump in the left UOQ measuring 23 × 36 × 34 mm on radiological evaluation. Tru-Cut biopsy suggested IDC Grade II, and IHC revealed ER/PR-positive and HER2-negative status.

The patient was marked for a Wise pattern incision. The inferior pedicle and the medial wing were de-epithelialized, but the lower lateral wing (LOQ) of the IMF incision was omitted. With the use of a separate incision, the whole UOQ was excised with the overlying skin. The dimensions of the specimen were 10 × 8 × 4 cm, 8 × 6 × 2.5 cm, and the weight was 320 cc. The shave margins were sent for frozen-section evaluation to confirm margin negativity. An axillary nodal clearance was performed following a sentinel node biopsy (2/3 nodes) via the same incision (2/14 nodes). The superomedial pedicle was dissected, and the de-epithelialized medial part of the lower pedicle was used as a filler. The lateral wing (LOQ) and tumor cavity were connected to create a continuum of the skin. The NAC was positioned on the superomedial pedicle, and the breast tissue was reshaped. After closure, an S-shaped incision was made, termed “split reduction”.

The post-op histopathology revealed IDC Grade II. The patient received adjuvant RT followed by an electron boost to the tumor bed. The patient’s hormonal therapy was continued. The patient tolerated treatment well and is disease-free after 4 years post-diagnosis. The pre- and post-operative images for this patient are depicted in Figure 8, and the technique demonstration is presented in Supplementary Video 4.




Figure 8 | Split reduction TM. (A, B) Pre-operative radiology images. (A) 2D mammogram—MLO view of the left breast. Oval iso- to hyperdense lesion is seen in the upper quadrant of the left breast, which shows spiculations and a small enlarged left axillary node. (B) USG—a hypoechoic solid lesion, taller than wide is seen at the 2 o’clock 2B position of the left breast. (C, D) Markings also showing tumor in the UOQ with involved skin (arrow). (E–M) Intra-operative images. (E) No incision on lower outer part of IMF. (F) De-epithelialized inferior pedicle along with the medial wing. (G) Excision of the tumor along skin. (H) Dual pedicles being defined. (I) Delineating the superomedial pedicle. (J) Marking of the future NAC. (K) Connecting the tumor cavity and the lateral wing to create a continuum of skin. (L) Inferior pedicle being used as a filler. (M) Restructured breast, with the dermal incision in the lateral aspect taken inadvertently. Post-operative images at (N) 1-month follow-up and (O) 3-year follow-up. TM, therapeutic mammoplasty; MLO, mediolateral oblique; USG, ultrasonography; UOQ, upper outer quadrant; NAC, nipple–areolar complex.
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Objective

to describe and evaluate the dermoglandular advancement-rotation flap with no contralateral surgery as a technique for the conservative treatment of breast cancer when skin or a large proportion of gland requires resection.





Patients/Methods

14 patients with breast tumors with a mean size of 4.2 cm and need for skin resection. The resection area is included within an isosceles triangle, with its apex located on the areola, which is the pivot for rotation of a dermoglandular flap released through a lateral extension along that triangle base. Symmetry before and after radiotherapy was objectively assessed by authors using the BCCT.core software, as well as subjectively by three experts and patients themselves using the Harvard scale.





Results

Experts considered the breast symmetry results to be excellent/good for 85.7% of patients in the early post-operative period and 78.6% in the late post-operative period. Excellent/good ratings provided by BCCT.core software amounted to 78.6% of cases in the early post-operative period and 92.9% in the late post-operative period. Symmetry was rated as excellent/good by 100% of patients.





Conclusion

Dermoglandular advancement-rotation flap technique with no contralateral surgery provides good symmetry when a large proportion of skin or gland requires resection on breast conservative cancer treatment.





Keywords: breast-conservative surgery, breast neoplasms/surgery, breast reconstruction/methods, aesthetics, software, assessment of results/methods





Introduction

Breast-conservative surgery is the standard surgical treatment for most breast cancer cases. As demonstrated by solid and long-term follow-up studies, breast-conservative surgery associated with radiotherapy provides overall survival rates comparable to those of radical treatment, and even more recent studies suggest that breast-conservative surgeries may provide higher disease-free survival rates than radical mastectomies (1–9).

Various studies have reported breast asymmetries deriving from conservative surgery, especially when resections exceed 20% of breast volume. When located in the medial, inferior or central quadrants, resection volumes of more than 10% can already produce asymmetries (10–12). Numerous factors contribute to the risk of breast asymmetry, including younger age, high BMI, large tumors, unfavorable tumor location, compromise of skin, need for new surgeries, postoperative seroma and adjuvant radiotherapy (13, 14). An estimated 30% of all women undergoing locoregional treatment experience fair/poor esthetic results, which negatively impacts their psychosocial recovery and quality of life (10, 15).

It is necessary to resect the skin when it is compromised by the tumor or when the skin flap resulting from resection with appropriate margins would result very thin, and therefore, prone to necrosis. When necessary, resection of the skin overlying small tumors in breast-conserving surgeries can be performed using classical techniques, i.e. closing the resected area by approximation of the skin and glandular tissue. In medium to large tumor resections, however, this closure can lead to significant distortions of breast architecture and position of the nipple-areola complex and may require a contralateral mammoplasty as an attempt to achieve some breast symmetry. Resection and remodeling techniques focused on minimizing these distortions may allow for simpler and unilateral surgeries, which would help to save patients’ biological resources – an advantage that is especially beneficial for patients in poor clinical condition. Furthermore, faster and more resolutive surgeries would preserve resources from health services, which may be already overwhelmed and incapable of providing proper care to all patients with breast cancer.

Burow’s Triangle technique was first described in 1855 by Karl August von Burow as a procedure for facial reconstructions (16). This technique consists in releasing a full-thickness flap from adjacent tissues for large-size advancements. This principle can also be used for breast remodeling surgeries after quadrantectomies and involves the advancement-rotation of a full-thickness flap with its pivot centered on the nipple-areola complex. This approach uses adjacent breast tissue to close the resected area, minimizing the nipple’s position distortion. However, an evaluation of the application of this method for breast cancer treatment seems to be unavailable in the literature.




Objective

The purpose of this study is to describe the surgical technique of dermoglandular advancement-rotation flap for breast remodeling as a breast-conserving treatment of breast cancers, avoiding the need for contralateral surgery, and to evaluate the breast symmetry results by means of objective and subjective assessments.






Patients and method

This study enrolled 14 patients diagnosed with invasive breast carcinoma who were treated at the Hospital da Santa Casa Misericórdia (São Paulo) between 2016 and 2020. The inclusion criteria for this study were: women older than 18, having breast cancer diagnoses that required the resection of skin that was compromised by the tumor or near it, and which underwent breast remodeling surgery using the dermoglandular advancement-rotation flap technique.

This study has been approved by the Research Ethics Committee of the Santa Casa de São Paulo and participating patients signed an informed consent.




Surgery

None of the selected patients had any contraindication to breast-conserving surgery. The axillary approach was performed using the same incision that was made for the breast surgery. Patients with clinically negative axillae underwent a biopsy of sentinel lymph node identified after the periareolar injection of 2 ml of blue dye. Axillary dissection was only performed in cases where the axilla was clinically positive or the patient had undergone neoadjuvant chemotherapy and had residual lesions under evaluation using the sentinel lymph node frozen section method.

Vacuum drains were used in all patients until flows amounted to less than 30 ml in 24 hours. No patients had any surgery-related complications, such as hematomas, surgical wound infections and dehiscence. No patients required reoperation.





Surgical site marking

In surgical site marking, the resection area is delimited with an isosceles triangle with its apex located on the papilla, which will serve as the pivot for rotation of the flap. The base of this triangle is extended laterally. Another isosceles triangle is subsequently marked at the end of this lateral extension. Smaller in size, the apex of this triangle is located on the opposite side of the first triangle. This second triangle demarcates the resection that will be used to correct the excess tissue that the flap advancement will produce. The minimal distance between both triangles must be equal to the base of the first triangle. Marking this second triangle is not mandatory, since sometimes it will also be possible to compensate the excess tissue after advancing the full-thickness flap with no further resection (Figure 1).




Figure 1 | Pre-surgical marking and tissue movement to be performed using a dermoglandular advancement-rotation surgical technique and final appearance.







Description of surgical technique

After general anesthesia, the patient lies in the supine position with the arm adjacent to the side that will be operated open at 90 degrees, supported by an arm board. The full-thickness triangle, limited posteriorly by the pectoralis muscle and containing the tumor, is resected using a cold scalpel for the skin and an electric cautery for the gland. Resection is performed so as to provide free margins both macroscopically as well as for the frozen section. Following the previously described quadrantectomy, the extension of the triangle base is incised in full thickness, delimiting a dermoglandular flap that is released from the pectoralis muscle and subsequently advanced and reattached in order to close the resection. This repositioning causes a redundancy of the tissue that was not advanced. This can be corrected by resection of the second triangle or alternatively by distributing the excess tissue along the closure of the incision. Occasionally, it may be also necessary to further adjust the areola’s position, a procedure that is carried out by demarcating the areola with an areola marker and de-epithelizing the adjacent skin to produce a round and properly positioned areola (Figure 2)




Figure 2 | Dermoglandular flap released and before tissue advancement and final surgical appearance after advancement- rotation of dermoglandular flap to correct a defect generated by segmental resection with adjustment of the shape of the nipple-areola complex.







Assessment of results

All patients were assessed using photographs taken in the pre-operative, initial post-operative (6-15 days after surgery) and late post-operative (at least 30 days after the end of radiotherapy) stages. The aesthetic results particularly with regards to symmetry were assessed by two mastologists and a plastic surgeon, and rated by them using the Harvard scale in Excelent: when the operated breast is very similiar to the contralateral breast, Good: when the operated breast presents small differences compared to the contralateral breast, Fair: when the operated breast presentes a clear difference, but without serious distortion or Poor: when the operated breast presentes serious distortions when compared with contralateral breast (17). Patients were also requested to rate their results using the same scale. The objective tool chosen for symmetry evaluation was the Breast Cancer Conservative Treatment software Cosmetic results - BCCT.core (18–23).





Statistical analysis

Statistical analyses included central tendency and dispersion values of the study’s quantitative variables, as well as absolute and relative frequencies of its categorical variables.

Ratings provided by the examiners and the software were grouped into the excellent/good or fair/poor categories for further agreement analyses to be carried out between the different operators and different scales.

This study analyzed the agreement between assessments provided by a panel of experts using the Harvard scale (in the early and late post-operative periods). Agreement between the ratings from experts and the BCCT.core software in both periods was also assessed. The tool used for this assessment was the Kappa coefficient of agreement and its respective 95% confidence intervals and included the subsequent categorization of the coefficients as per the criteria established by Landis & Koch.

The variation between subsequent assessments, i.e., the comparison between the early and late post-operative periods, was analyzed using the McNemar test, which enables the assessment of “before” and “after” situations in which each patient serves as his/her own matched control.

All statistical tests used an alpha error of 5%, in other words, the results were considered to be statistically significant when p<0.05.






Results

Analyzing the 14 patients, we found that their ages ranged from 42 to 67 years (mean = 58.9 years, standard deviation = 8.4 years). Tumor size ranged from 2 to 7 cm (mean=4.2 cm, standard deviation =1.6 cm). The mean follow-up time for patients was 21.7 months (standard deviation 9.8 months). All patients underwent radiotherapy with a fractionated 46Gy dose + 14Gy boost in 5 - 5.5 weeks. The patients’ demographic and oncological characteristics can be seen in Tables 1–3.


Table 1 | Demographic and clinical characteristics of patients.




Table 2 | Tumor characteristics.




Table 3 | Adjuvant treatment and final results.



In our sample, no patient required ree-excision, there were no post-surgical complications and the hospitalization time of all patients was less than 24 hours.

Experts considered the breast symmetry results to be excellent/good for 85.7% of patients in the early post-operative period and 78.6% in the late post-operative period. Excellent/good ratings provided by the BCCT.core software amounted to 78.6% of cases in the early post-operative period and 92.9% in the late post-operative period.

The study found no statistically significant differences between the early and late post-operative results, whether using the Harvard scale or the BCCT.core software.

Out of all the ratings provided by the experts and the software in both periods, the rate poor was used only once, by an expert, for a case in the late pos-operative treatment.

According to the criteria of Landis and Koch, agreement between experts was rated as fair for the early post-operative period and moderate for the late post-operative period. Agreement between the Harvard scale and the BCCT.core software yielded identical agreement results.

Half of the patients rated their final symmetry as good; the other half rated it as excellent.

Figure 3 presents the late post-operative image of the case shown in Figures 2, 4 presents typical cases treated with the advance-rotation flap technique.




Figure 3 | Late post-operative image of the same case.






Figure 4 | Preoperative, early post-operative and late post-operative images of typical cases treated using advancement-rotation flap technique.







Discussion

Oncoplastic surgery has been shown to be a safe and convenient option for patients requiring relatively large parenchyma or skin resections – or even for cases with challenging positions for resection closure (24, 25). The classical treatment for these patients would be a mastectomy or segmental resection, which would likely give rise to breast distortions and asymmetry. However, both options pose significant aesthetic consequences to patients.

For these patients, one option would be the oncoplastic surgical technique called mammoplasty with geometric compensation, which has been developed as an alternative to conventional conservative surgery, allowing for the resection of large tumors with skin resection in challenging locations such as the superior quadrants. This technique uses mammoplasty principles, therefore correcting breast ptosis and changing the shape and position of the nipple-areola complex. This would require contralateral surgery for symmetrization, which may be inconvenient in some situations (26, 27).

The proposed breast remodeling technique with dermoglandular advancement-rotation flap has made it possible to perform conservative surgery on relatively large tumors or even tumors requiring skin resection without the need for contralateral breast intervention. Unilateral surgery is faster and less morbid, an option that is especially beneficial for elderly women, patients with comorbidities, or even people who prefer to avoid bilateral surgery. None of the enrolled patients had any surgical complications.

In our sample, we observed a volumetric reduction of the operated breast in one pacient, associated with scar retraction after radiotherapy. In imaging tests performed, we observed areas of steatonecrosis that may explain what happened. Although this patient had undergone neoadjuvant systemic treatment, a 7 cm tumor was left for surgical approach. Due to the tumor size, a large dermoglandular advancement-rotation flap was necessary to correct the defect generated after removal of the tumor with free margins. Thus, this large area of ​​breast tissue that was detached from the pectoralis major muscle associated with the action of radiotherapy evolved with areas of steatonecrosis and fibrosis, generating an unfavorable final aesthetic result.

Our study did not assess scar patterns as a specific item, rather it was incorporated as a parameter for the breast symmetry assessment. Even though the dermoglandular advancement-rotation flap technique proposed in this study requires an extensive incision, its tension-free closure considerably decreases the probabilities of complications such as dehiscence and pathological scarring. The study also indicated that the scar issue had no negative impact on the final ratings provided either by the patients or the experts.

The advantage of this technique that we describe is that it allows a unilateral approach in those cases in which the the conventional breast-conserving surgery would not be suitable because of tumors being large, in unfavorable locations or involving or near skin. This technique allowed a quick surgery and with lower morbidity, what is specially important for patients with comorbidities, elderly or even those who do not want bilateral surgery. It also provides the possibility of carrying out conservative surgery in cases where a mastectomy would be performed, and allowed a satisfactory result, both from an oncological and aesthetic point of view.

In the evaluations carried out using the Harvard scale by 3 specialists, we found that 12 (85.7%) cases were categorized as Excellent/Good in the initial postoperative period and 11 (78.6%) of them remained with this evaluation in the late postoperative period. In 1 case there was a worsening of symmetry when comparing the two moments, a fact that we relate to the complications of radiotherapy. Two cases evaluated in the initial postoperative period as Fair/Poor remained so in the late postoperative period. Thus, the final surgical outcome was found to be Excellent/Good in 78.6% of the cases and Fair/Poor in 21.4%.

In the evaluation by the BCCT.core software, 11 (78.6%) cases were categorized as Excellent/Good in the initial postoperative period, 10 of these cases remained classified as such in the late postoperative period and there was a worsening of symmetry in 1 case, which was the same case mentioned above, in which the patient developed steatonecrosis. On the other hand, in the initial postoperative evaluation, 3 cases were categorized as Fair/Poor but all of them had an improvement in symmetry in the final postoperative evaluation, a fact that we can relate to the decrease in post-surgical edema and also due to the improvement in the quality of the photo taken correctly in a standardized fashion in the late postoperative period. The evaluation of the photo by the software can be hampered by poor positioning of the patient and poor image quality, impacting the result. Finally, evaluating the final surgical outcome using the BCCT.core software, we found 92.9% (13 cases) of Excellent/Good results and 7.1% (1 case) of Fair/Poor results.

The final outcome of the proposed technique amounted to an excellent/good rating of 78.6% according to the Harvard scale and 92.9% as per the BCCT.core software – figures that suggest that this technique can deliver satisfactory post-surgical symmetry results both according to subjective as well as objective criteria. These values are close to the ratings provided in the initial post-operative period, which demonstrates that satisfactory aesthetic results could already be seen in the initial post-operative period – an important aspect, especially at a time when patients are known to be emotionally vulnerable.

In our study, we identified that the percentage of cases evaluated as Excellent/Good by the Harvard scale applied by the specialists was lower than the percentage of cases that are in this same category by the evaluation of the BCCT.core software. One of the facts that could explain this difference would be the evaluation of the scar incorporated into the evaluation of symmetry which, when performed by specialists, has a more rigorous judgment than the software which, as we know through other studies, has a deficit in the evaluation of the scar.29

Patients’ self-assessments were also recorded and achieve excellent/good ratings in 100% of the cases. Some studies suggest that patients are likely to rate their own aesthetic results higher than the software or the expert panel (28). It is also known that patients’ self-assessments provide important information not only with respect to the aesthetic results of the breast, but also its functional aspects. Thus, more recent studies that included surgical outcome assessments have indicated that patients’ self-assessments should be carried out alongside expert panels and software assessments, since self-assessments reflect the patients’ psychological adaptation to both the aesthetic as well as functional aspects of the breast (28, 29).

The contrasting results arising from the different assessment methods makes a case for their complementarity and the importance of using and reporting distinct subjective and objective tools to assess the aesthetic outcomes of breast surgery (29).





Conclusion

The dermoglandular advancement-rotation flap technique enables tumor resection with satisfactory margins and the correction of oncological defects in cases that are challenging due to location, size of the tumor or need for skin removal. Despite our small series, we found good results with oncological safety and it proved to be an effective technique to avoid mastectomy in selected cases.

Furthermore it provides good symmetry, as assessed both subjectively as well as objectively, and allows patients to undergo unilateral conservative surgery.
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Introduction

Paget’s disease of the breast (PDB) is a rare nipple entity associated with multifocality. Due to its location, resection of the entire nipple-areolar complex is necessary. Historically central quadrantectomy and mastectomy have the surgical treatments of choice. The feasibility of oncoplastic breast surgery (OBS) for PDB is unknown.





Methods

This was a retrospective study performed in a Brazilian oncological hospital. We evaluated the factors related to the performance of OBS in PDB. In addition, the impact of OBS on local recurrence and survival was analysed. Comparisons were made between groups using the chi-square test, Mann−Whitney U test, and Kaplan–Meier method. To assess the impact factor of the variables on the performance of OBS, logistic regression was performed.





Results

Eighty-five patients were evaluated. OBS was performed in 69.4% (n=59), and of these, 16 (27.2%) were symmetrized with contralateral surgery. Mastectomy without reconstruction was performed in 28.3% of the patients. The primary procedure performed was mastectomy with reconstruction (n=38; 44.7%), and the preferential technique for immediate reconstruction was skin-sparing mastectomy with prosthesis; for late reconstruction, the preferred technique was using the latissimus dorsi. Breast conserving-surgery was performed in 27.0% (n=23), primarily using the plug-flap technique (OBS). Age was associated with the use of OBS; as patients aged 40-49 exhibited a higher rate of OBS (p = 0.002; odds ratio 3.22). OBS did not influence local recurrence (p=1.000), overall survival (p=0.185), or cancer-specific survival (p=0.418).





Conclusion

OBS improves options related to surgical treatment in PDB without affecting local recurrence or survival rates.
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Introduction

The surgical treatment of breast cancer has changed radically in the last two decades, with improvements in mastectomy, breast-conserving surgery (BCS) and axillary preservation. The oncological safety of BCS has been extrapolated to larger tumours, provided a favourable breast/tumour ratio is maintained (1, 2). Likewise, indications for neoadjuvant chemotherapy have increased the rates of BCS (3), and when mastectomy is indicated, immediate reconstruction using implants or even myocutaneous flaps has become common practice (4).

In this context, oncoplastic breast surgery (OBS) has recently emerged (5), in which plastic surgery techniques are added to the therapeutic arsenal for the treatment of breast cancer. Thus, another dimension in the approach to the breast/tumour relationship has been created, expanding the indications for BCS (2), even for larger tumours, thus giving rise to the concept of extreme oncoplasty (1). In the case of mastectomies, immediate reconstruction with myocutaneous flaps was replaced by implants, which is associated with shorter surgical duration, lower complication rates and easier performance (6, 7). Thus, despite conceptual questioning, some authors have begun to consider OBS techniques both for BCS (2, 8) and breast reconstruction (6, 9, 10). As breast surgeons become qualified, the range of surgical options will expand, improving patient quality of life (11) with no increase in the risk of recurrence (12, 13).

Due to its central location, the surgical treatments for Paget’s disease of the breast (PDB) have also been modified with OBS, which allows the use of different technical options (14). Patients initially were submitted to BCS with purse-string suturing or spindle incision, but now with OBS (14–16), patients are treated with local skin flaps using the plug-flap technique or with pedicle surgery or other techniques, which prepare the areolar region for future tattooing (16, 17). If the patient demonstrates indications for mastectomy, skin-sparing mastectomy with immediate reconstruction with a prosthesis (16) is one possibility and presents with good aesthetic results (4).

However, the spectrum of OBS techniques performed for PDB is unknown (18) given the rarity of this pathology and the need for a team trained in OBS. Few published studies have described OBS for PD  (19, 20). Accordingly, we sought to evaluate this relationship in an oncology referral service where OBS is systematically performed.





Materials and methods

This retrospective study was approved by the institutional Research Ethics Committee under numbers 657293 and CAAE 31046314.5.0000.5437. Patients with PDB treated at a tertiary cancer hospital between 2000 and 2021 were evaluated.

The patients were selected based on the presence of Paget’s disease in the surgical specimen of the breast according to the pathological database of the institution. The clinicopathological and surgical data of the patients, as well as data on local recurrence and survival, were obtained from the medical records and evaluated.

To evaluate tumour size, the total size of the tumour was considered, regardless of the associated in situ or invasive component. Likewise, in the molecular subtype analysis, the invasive component was evaluated, and in its absence, the ductal carcinoma in situ component was evaluated.

We sought to evaluate aspects related to surgery in PDB, particularly the use of oncoplasty techniques. We refer to oncoplastic breast surgery (OBS) for techniques used for breast-conserving surgeries (8) and techniques used for breast reconstruction after mastectomy (9, 10).

Patients were followed from the first to the last consultation at the hospital. If the patient did not return for more than twice the period stipulated in the consultation, the she was considered to have been lost to follow-up. Death was evaluated based on its cause. We considered death from cancer to be the presence of death related to breast cancer. Based on this definition, we examined overall survival (OS) and cancer-specific survival (CSS). The last date of patient evaluations was 29/09/2022.

In the statistical analysis, descriptive statistics were performed for categorical and continuous variables (Table 1). Continuous numbers were reported by means and standard deviation (± SD). We also sought to compare potential factors associated with the performance of OBS. The chi-square test was used to compare categorical variables; when there were fewer than five patients in a category, Fisher’s test was performed. For continuous variables, a normality test was performed, and the Mann−Whitney U test was performed for non-normally distributed variables. For the variables associated with OBS, logistic regression was performed to evaluate the impact of each variable on the final result (Supplementary Table 1). The Kaplan–Meier method was used to analyse OS and CSS, and the log-rank method was used to evaluate the impact of OBS on survival. Differences were considered significant for p values <0.05. IBM SPSS® for Mac® was used for data collection, tabulation and all statistical analyses.





Results

During the study period, 85 women with PDB were evaluated. The mean age was 52.2± 13.3 years. Most patients were treated after 2010 (87.0%), and the majority were aged between 40-59 years (56.5%). A minority exclusively had PD (7.1%), and the other cases included DCIS (18.8%), invasive carcinoma (57.6%) and DCIS with invasive carcinoma (16.5%). From a clinical perspective, 58.8% had visible areolar disease, and 57.6% had a palpable tumour. PDB was unilateral in all patients, with a higher frequency on the right side (58.8%), despite the low presence of bilateral breast cancer (4.7%). The mean total size of the tumours was 4.1±3.3 cm. With respect to clinical stage, 27.1% had in situ disease, and one patient had metastatic disease at diagnosis (1.2%). With respect to the molecular subtype, HER2-overexpressed tumours represented50.6% of cases, followed by HER2-positive Luminal B tumours (22.9%).

In the evaluation of surgical treatment, 23 patients (27.0%) underwent BCS. Among those who underwent mastectomy (73.0%; n=62), 54.8% (n=34) underwent immediate reconstruction, typically with submuscular breast prostheses (n=31). Late reconstruction was performed in four patients (6.4%), three with latissimus dorsi and prosthesis (n=3), and one with sufficient skin, where pre-pectoral prosthesis was placed. Of the patients who underwent primary mastectomy without reconstruction, one required the use of the external oblique muscle for skin closure. Because external oblique muscle was used for skin closure, we not considered it as OBS. Overall, 27.0% (n=23) of the patients underwent BCS, and the majority underwent oncoplastic surgery (20 plug-flap, 1 pedicle). All patients had pathologically free margins. Thus, evaluating all surgeries performed (final results), OBS was performed in 69.4% (n=59) of the patients, and of these, 16 (27.2%) were symmetrized to the contralateral breast. The flowchart of the surgical techniques performed is presented in Figure 1, and the main types of surgery performed are presented in Figure 2.




Figure 1 | Surgery flowchart. OBS= oncoplastic breast surgery; BCS= breast conserving-surgery; LD= latissimus dorsi. Green = OBS; Purple for all group and non-OBS.






Figure 2 | Examples of breast oncoplastic surgery performed. (A–D) conservative breast surgery with different plug-flap techniques; (E) reconstruction with prosthesis; (F) reconstruction with latissimus dorsi.



In the evaluation of factors related to OBS (Table 1), an association was found with age and clinical stage at diagnosis. However, in the multivariate analysis, only age was associated with OBS (p = 0.035); the use of OBS was lowest in patients over 70 years of age (Supplementary Table 1) and highest in patients in the 40-49–years age group (p=0.002), with an odds ratio of 3.22 [CI 3.39-184.50].

With regard to axillary surgical treatment, 41.2% underwent axillary lymphadenectomy. Adjuvant radiotherapy was performed for 60% (51) of patients, and fossa radiotherapy was performed for 3.5% (3) of patients. Due to the association with invasive disease, 57.6% (49 patients) underwent chemotherapy using various regimens.

For the patients undergoing chemotherapy, 16 were treated with a neoadjuvant regimen. Patients submitted to neoadjuvant chemotherapy had lower rate of OBS (17.1%- present versus 39.1%-absent). Trastuzumab was used in 30 patients (35.3%), primarily as an adjuvant therapy. Hormone therapy was used in 37 patients (43.5%), and tamoxifen (27.1%, n=23) was the primary hormonal medication.

In the mean follow-up period of 71.2± 43.3 months, all patients were followed. At the end of follow-up, 81.2% (n=69) of patients were alive without cancer, 1 (1.2%) developed lung metastasis, 10.6% (n=9) died secondary to disease progression, and 7.1% (n=6) died of non-cancer-related causes. Four patients experienced local recurrence, including patients treated with a variety of different surgical techniques (BCS-OBS, mastectomy without reconstruction, mastectomy with prosthesis, immediate mastectomy with latissimus dorsi reconstruction). The OS and CSS at 120 months were 69.6% and 83.1%, respectively.

OBS did not affect local recurrence or survival (Tables 1, 2). The presence or absence of OBS (Supplementary Figure 1) did not affect OS (p=0.558) or CSS (p=0.785). Furthermore, the type of surgery performed did not affect OS or CSS (Table 2; Supplementary Figure 1).


Table 1 | Characteristic of the groups related to Oncoplastic Breast Surgery for Paget disease.




Table 2 | Survival of patients with PDB in relation to the type of surgery.







Discussion

PDB is a rare entity, generally described in retrospective studies or large databases. Because most series include fewer than one hundred patients (19, 21–23), sample size is limitation; however, we reported 85 cases over 21 years.

Clinically, PDB is characterized by areolar changes such as eczema, desquamation, ulceration or bleeding (24) and a high rate of multifocality (25, 26). PDB has been described separately or in association with carcinoma in situ, invasive breast cancer or both (19, 26, 27), as seen in the current cohort. Because it is a clinical and/or pathological alteration, selected cases that show the clinical characteristics of PDB and subclinical diseases have been presented together in many review articles (28).

Due to the multifocal nature of PDB, simple central resection results in incomplete removal of the lesion in many cases (26). Thus, imaging evaluation is essential in the surgical planning for PDB (29, 30). Mammography typically reveals microcalcifications but can be negative in 50% of cases. The presence of nodulation is generally associated with invasive disease, which can be visualized on mammography and ultrasonography. Magnetic resonance imaging (MRI) of the breast, in turn, assists in the evaluation of new findings, and PDB is currently considered one of the indications for MRI (29, 30). However, its usefulness in radical surgical treatment, i.e., mastectomy, is unknown.

In recent years, with a better understanding of the disease, most patients with PDB and HER 2 expression (26), were submitted to targeted therapies. However, this association has not yet been thoroughly evaluated in the literature.

In previous studies, choices of surgical treatment have been limited to mastectomy or BCS through central quadrantectomy  (19, 21, 22), which requires free surgical margins and radiotherapy  (19, 30, 31). Depending on the multifocality and extension of the lesion, mastectomy is necessary  (32–34). In general, the BCS rate is lower than that of mastectomy, ranging from 10% to 38%  (18, 21–23, 27, 33), although one study reported a BCS rate of 60%  (19). Past articles reported the feasibility of BCS without reference to the technique  (21, 22, 30), although these studies were published when BCS was commonly performed with spindle incisions or purse-string sutures  (24).

The surgical treatment of breast cancer has become more complex with the addition of oncoplastic surgery techniques (5), which require adequate treatment planning based on the tumor/breast volume ratio, the presence of ptosis and the tumor location (1, 5, 17, 35). In this regard, due to the preferential central location of PDB, central quadrant resection methodologies have become of great importance in preoperative planning  (14, 17, 35, 36). Generally, the Grisotti technique, inferior pedicle reduction or inverted T resection is used  (17, 37). The nipple-areola complex (NAC) is resected, and in its place, the tissue can be sutured or the NAC can be replaced by a circumferential island of skin that will be tattooed in the future  (14, 37). Specific techniques (Supplementary Figure 2), including the Grisotti technique (17), mammoplasty, glandular remodeling (14, 36), and geometric compensation (38), allow the skin total circumference to be created and replace in the local of areola, or when it is difficult, the use of half-moon technique (superoinferior or mediolateral local flaps). Other repair possibilities include the use of locoregional skin flaps (15) and the latissimus dorsi myocutaneous flap for central filling (16, 20). Few articles have focused on the conservative oncoplastic treatment of PDB (15, 16, 24), and few studies have described approaches to reconstruct the central region (16, 17, 19, 36). Despite the limited number of cases in our study, the present work includes one of the largest series of PDB patients undergoing OBS, with the Grisotti plug-flap technique being preferred (n = 20) when using local flaps. In one case, mammoplasty was performed, and a circular area of skin was preserved to allow the tattooing of an areola.

The American Society of Breast Surgeons  (8) defines the OBS term exclusively for techniques associated with breast-conserving surgery, but non-American publications (6, 7, 9, 10, 39) also use this term for breast reconstruction after mastectomy, and we opted to use OBS for both conditions. Patients with PDB who undergo mastectomy typically do not undergo reconstruction. There are only a few articles in the literature reporting on patients with PDB who undergo mastectomy also undergo reconstruction, which can be performed with a prosthesis, as in skin-sparing mastectomy or skin-reducing mastectomy  (19, 40, 41), a myocutaneous flap, such as the latissimus dorsi  (37), or local flaps  (15). In one study of 115 patients, 46 mastectomies (40%) were performed, of which 17 (36.9% of the mastectomies) were skin sparing/skin reducing mastectomies  (19). Our sample represents the largest series of PDB patients undergoing breast reconstruction, which was performed immediately in 54.1% (33/61) of the mastectomies, preferably with a prosthesis only, or, in some selected cases, the latissimus dorsi and a prosthesis. The decision to perform latissimus dorsi surgery was based on the desire to achieve a good long-term outcome and on selected patients who potentially would not need radiotherapy. Late reconstruction was performed in 4 of the patients who were initially mastectomized, and the preferred treatment was reconstruction with a latissimus dorsi flap and prosthesis. It should be noted that for one patient who underwent mastectomy, delayed reconstruction was possible with a direct prosthesis without the need for an expander due to excess skin associated with nonperformance of radiotherapy, which provided good local conditions.

OBS surgery represents the last paradigm for surgical treatment of breast cancer, and whether it is performed depends on the indication for surgery as well as several additional factors. The presence of a plastic surgeon or a breast surgeon with knowledge of oncoplastic techniques is fundamental. Breast surgeons are currently improving their techniques, and as time goes by, they have become more skilled in performing these techniques, which has led to the expansion of indications for OBS (42). Although the tumor board discusses case management, the surgery board discusses the surgical indications  (43, 44). Our group is composed of six surgeons with experience in performing OBS. Since 2010, all cases have been discussed by the tumor board. The surgeon chooses the type of surgery based on the tumor, patient condition, radiological exams and intraoperative frozen sections. Multiple factors are associated with OBS  (45), but the surgeon is not a variable associated with OBS because all surgeons are trained in the approach. Few case series have reported on the use of OBS for PDB  (19, 20). Our study includes the largest series of patients with PDB undergoing OBS. There was an apparent selection bias for OBS, as it was more likely to be performed in patients in the 40-49 age group, an age group that has previously been described in the literature as being likely to undergo BCS (45).

We opted to evaluate only conditions related to OBS and local recurrence to ensure the focus of this article is surgery. The local recurrence rate for PDB was low (4.7%), which has been observed in other studies (23, 46). The rate of local recurrence was different following different surgical techniques, but despite these results, OBS was not associated with an increased rate of local recurrence. Another study is underway to evaluate the conditions related to distant recurrence and factors related to survival in PDB.

We sought to present the total extent of the disease, which is the sum of the invasive disease and disease in situ, and the factors influencing surgical treatment. Thus, even with large tumors, OBS was performed in a considerable proportion of patients. In the presence of in situ disease, surgical treatment does not affect survival; however, whether patients with invasive disease experience worse  (33) or similar survival outcomes after adjustment for different variables  (47, 48) remains unknown. Similarly, the presence of a palpable lesion is associated with a worse prognosis (28). These factors are likely influenced by the conditions of the invasive disease. It is worth noting that the association of PDB with the Her2 molecular subtype (26) may be related to a worse prognosis for these patients, but paired case−control studies evaluating this association are needed. In this study, we sought to focus more on the conditions associated with surgery and OBS, which did not influence OS or CSS.

The primary limitation of this study is that it is a retrospective evaluation; however, it is difficult to perform prospective studies of rare diseases and evaluate nonadherence to OBS, as they are based on case selection and patient discussion. Because of the retrospective nature of the analysis, it was not possible to evaluate cosmesis and quality of life in our patients. OBS was shown in the present study to be feasible, and its performance was not associated with local recurrence, nor did it influence survival, thus justifying OBS for PDB.

As surgeons become more experienced in performing OBS, more patients with PDB will undergo OBS. We anticipate future publications on the topic, but we are the first to report a high rate of OBS for PDB.





Conclusion

OBS improves options related to surgical treatment for patients with PDB without affecting local recurrence or survival rates. To this end, it is necessary to select appropriate cases by means of clinical evaluation and imaging, and surgeons must be aware of the various OBS techniques.
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Introduction

The breasts are a female symbol, impacts self-image and self-esteem. Breast reconstructive and oncoplastic surgeries have an important role in minimizing injuries. In Brazil less than a third of public health system (SUS) users have access to immediate reconstructive surgery. The low rate of breast reconstructions has multiple causes and the deficiency in availability and surgeons’ technical qualification play a role. In 2010, the Breast Reconstruction and Oncoplastic Surgery Improvement Course was created by professors of the Mastology Department of Santa Casa de São Paulo and State University of Campinas (UNICAMP). The objectives of this study were to evaluate the impact of the techniques learned on patients’ management by the surgeons enrolled in the Course, as well as to characterize their profile.





Methods

All students enrolled in the Improvement Course between 2010 and 2018 were invited to answer an online questionnaire. Students who did not agree to answer the questionnaire or answered them incompletely were excluded.





Results

Total students included: 59. The mean age: 48.9 years, male (72%) with more than 5 years of Mastology practice (82.2%), from all regions of Brazil, 1.7% from the North, 33.9% from the Northeast, 44.1% from the Southeast, and 12% from the South. Most of the students considered they had little or no knowledge of breast reconstruction (74.6%) and 91,5% did not consider they had enough aptitude to perform breast reconstructions after finishing residency. After the Course, 96.6% considered themselves apt to perform such surgeries. Over 90% of the students considered the Course had impacted their practice and changed their surgical strategy view. Before the Course, 84.8% of the students stated that less than half of their patients who were operated on for breast cancer had breast reconstruction, compared to 30.5% after the Course.





Conclusion

The Breast Reconstruction and Oncoplastic Surgery Improvement Course studied here positively impacted the mastologists’ management of patients. New training centers worldwide can help a lot of women with breast cancer.
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Introduction

Breasts are symbol of femininity. They impact on self-image, self-esteem, and the relationship between women with themselves and the world. For these reasons, breast conservative surgery (BCS) is preferred by patients (1, 2).. It is estimated that up to 30% of women who undergo BCS will have some residual deformity, many times difficult to correct (3).. Breast reconstruction began in 1895 with Vincent Czerny (4, 5). Since then, several surgical techniques have been developed and refined, such as myocutaneous flaps (3–15). Breast reconstructive and oncoplastic surgeries have an important role in minimizing injuries (13). Techniques that involve reconstruction of resection defects either by volume replacement or by volume displacement are adaptations of conventional methods of breast reconstruction or breast reduction and are applied to correct defects generated by oncological surgery (13).

In many countries, immediate reconstructive surgery is routinely offered to patients without contraindications (14). However, this is not a reality in Brazil. Less than a third of SUS´s (Sistema Único de Saúde - Brazil´s public health system) users have access to immediate reconstructive surgery (1, 16) even though they have the lawful right of having so (1). This low rate of breast reconstructions has multiple causes. Brazil´s population has important socioeconomic, ethnic and cultural diversity, and the deficiency in availability and surgeons’ technical qualification (1, 16), which makes quality care a challenge (17). A greater number of surgeons trained to perform breast reconstructions and breast repairs tend to increase the percentages of these types of surgeries. One of the alternatives is through training courses after medical specialization (16).

Developing countries, such as Brazil, tend to diagnose breast cancer at more advanced stages, which also makes it harder to carry out breast-conserving surgery (17–19).

In 2010, the Breast Reconstruction and Oncoplastic Surgery Improvement Course was created by professors of the Mastology Department of Santa Casa of São Paulo and one professor of State University of Campinas (UNICAMP) whose scope is precisely to spread the knowledge of surgical techniques for breast reconstruction.





Objectives

The objectives of this study were to evaluate the impact of the surgical techniques taught in the Course and to characterize the profile of Brazilian mastologists (breast surgeons).





Methods

The study was approved by the Ethics and Research in Human Beings Committee of the Santa Casa de Misericórdia of São Paulo (ISCMSP).

Between 2010 and 2013, the course was held at the Department of Obstetrics and Gynecology at ISCMSP. It was divided into 5 modules. Each module consisted of 4 hours of theoretical classes: Module 1: anatomy of the breast applied in surgery, pedicles and it´s different types and locoregional flaps (epigastric thoracic, lateral thoracic, Burrow); module 2: mastectomies and reconstructions with implants, types of prostheses and expanders, anterior chest wall anatomy, skin-sparing and nipple-sparing mastectomy and use of acellular dermal matrix (ADM); module 3: posterior thoracic wall anatomy, abdominal wall anatomy, autologous latissimus dorsi reconstruction with different techniques (extended, with prosthesis and fat grafted), single and bipedicled TRAM, flap autonomization; module 4: capsular contracture management, nipple-areola reconstruction, fat grafting, asymmetry correction; module 5: post-operative care and management of complications, proper use of surgical materials (suture, drains, dressings), instructions of patients after surgery, management of dehiscence and necrosis, management of exposed/infected protheses. The practical training had 16 hours of surgeries. On each module 8 patients, on average, were operated, with the majority of bilateral surgeries. The students were divided into groups for the practical part. This was carried out in the operating room, where the student, with the instructor of the course, performed the preoperative marking on the patient and the surgery. For each breast there was one professor teaching and guiding one student according to what was discussed and planned in the theoretical class.

This workload was divided into 2 days once a month. The activities started with the theoretical part and then the practical.

Between 2014 and 2018, the course was held at Hospital Beneficência Portuguesa in São Paulo, with 10 modules, in the same format. The themes were repeated in order to reinforce/sediment knowledge (e.g. module 1 classes were repeated on module 6). In this other format more classes were added in module 9: nipple-sparing mastectomy in irradiated breasts, pre and subpectoral reconstruction and nanolipografting; and module 10: discussion of clinical cases brought by colleagues (students) and discussion of scientific articles.

There were eight classes, seven of which were composed by 10 students and one of 12 students. The Course had seven professors-instructors. All mastologists with long experience in breast reconstructive surgery and its different techniques. Four of them are Ph.D, two MS and one MD.

All students were physicians with active Regional Medicine Council (CRMs), mastologists and with Specialist Title in Mastology (TEMa) by the Brazilian Society of Mastology and the Brazilian Medical Association. They underwent curriculum analysis and had preference for enrollment, those who had links with teaching hospitals, to serve as replicators of the acquired knowledge.

All students who took the course between 2010 and 2018 were invited. Sample calculation for this study was not necessary. They were contacted by email and phone calls and invited to answer an online questionnaire that had 38 fields and an average response time of 10 minutes. Students filled out an informed consent form agreeing to participate in the study. Exclusion criteria: students who did not agree to answer the questionnaire or answered them incompletely.




Statistical analysis

Qualitative characteristics were described using absolute and relative frequencies, and the quantitative characteristics evaluated were described using mean and standard deviation (20). The performances of the procedures were described, and their frequencies compared, before and after the course, using McNemar test (20). For statistical purposes, in this study, surgeries were divided into complex and simple. The criterion used for this classification is the skill required by the surgeon to perform the procedure. In the group of complex surgeries, were allocated: skin sparing mastectomy with prosthesis, skin sparing mastectomy with expander, nipple sparing mastectomy with prosthesis, nipple sparing mastectomy with expander, TRAM and Latissimus dorsi flap. Simple surgeries were: sectorectomy with breast remodeling with superior/inferior/superior-medial/superior-lateral pedicle, round block, fat grafting, capsulotomy/capsulectomy and Nipple-Areola Complex Reconstruction.

Likelihood ratio tests were used to verify associations between certain characteristics of technical behavior and changes after the course was completed, based on the surgeons’ profiles. Mann-Whitney or Kruskal-Wallis tests were used to compare the percentages of changes in the reconstructions. The IBM-SPSS for Windows version 22.0 software was used to perform the analyses. For data tabulation, the Microsoft Excel 2010 software was used. The tests were performed with a significant level of 5% (p<0,05).






Results

This study included 59 students.

Table 1 contains personal characteristics and information about the students’ technical training. The mean age is, today, 48.9 years, most of them were male (72%), working in public and private settings simultaneously (71.2%) and with over 5 years of Mastology practice (82.2%). The Improvement Course enrolled students from all regions of Brazil, 1.7% from the North, 33.9% from the Northeast, 44.1% from the Southeast, and 12% from the South. Most of the students considered they had little or no knowledge of breast reconstruction (74.6%) and almost all of them did not consider they had enough aptitude to perform breast reconstructions after finishing residency (91.5%).


Table 1 | Personal characteristics and information about the students’ technical training.



In Table 2, 86.4% of the students reported having as motivation to start the course the need to expand their knowledge. Before the course, 44.1% already performed reconstructions in their surgeries, but 81.4% of them were performed by a plastic surgeon. Of these mastologists, 90.6% indicated that did not perform the reconstruction because believed they did not have the necessary technical skills.


Table 2 | Description of characteristics and opinions about the Course.



After the Course, 96.6% considered themselves apt to perform such surgeries. After the 1st module, 28.6% put the acquired knowledge into practice. After half the course, this number reached 66.1%.

Over 90% of the students considered the Course had impacted their practice and changed their surgical strategy view. Before the Course, 84.8% of the students stated that less than half of their patients who were operated on for breast cancer had breast reconstruction, compared to 30.5% after the Course

Tables 3, 4 describe all the surgical techniques performed by the students, before and after completing the course. There was a statistically significant increase in the performance of all reconstruction techniques after completing the Course (p < 0.05). The muscle flap techniques (TRAM and latissimus dorsi) are the ones that students feel less confident/apt to perform.


Table 3 | Description of the techniques used and the confidence in performing the techniques after the course.




Table 4 | Description of techniques performed before and after the Course and results of comparative tests.



According to Table 5, male professionals performed more breast reconstruction surgery and with more complex techniques before the course (p < 0.001). Despite this, there was no statistically significant difference between the sexes regarding the gain in reconstructions in the services. (p = 0.916).


Table 5 | Description of the complexities of the techniques performed before the Course and the change in the number of procedures in the service according to gender and results of statistical tests.



Finally, after analyzing the information in Tables 6–8, it is noted that the gains of students in relation to the complexity of surgeries performed before and after the Course, having as parameters the places of performance (private or private and public service), the region of activity and the time of specialization were statistically similar (p> 0.05).


Table 6 | Description of the complexities of the techniques performed before the Course and the change in the number of procedures in the service according to the type of service and results of statistical tests.




Table 7 | Description of the complexities of the techniques performed before the Course and the change in the number of procedures in the service according to the region of trainning in Brazil and results of statistical tests.




Table 8 | Description of the complexities of the techniques performed before the Course and the change in the number of procedures in the service according to graduation time and results of statistical tests.







Discussion

Medicine is a dynamic science. However, it has a traditional and conservative bias, necessary for its own safety and validation as a science. Breaking paradigms is always very challenging and adopting them, especially in practice, is not always an easy task. This was what Veronesi and Fisher observed when advocating breast conserving surgery (20–29).

Breast reconstruction can be immediate or delayed. The moment in which it is performed and the technique to be used are defined by some factors, among which are the desire and choice of the patient, stage of the disease, extension of the tumor, need or not for adjuvant therapies, comorbidities and surgical ability of the physician (30, 31). The immediate reconstruction is, in fact, an integral part of the treatment of breast cancer, even recommended by the NCCN (32), with aesthetic and psychological benefits (31), besides being less costly (32).

Although the safety, benefits and importance of oncoplasty and breast reconstruction in the treatment of breast cancer have already been well established (3, 33), it is still little performed in Brazil. The socioeconomic disparity between the regions of the country is also reflected in the screening rates, in numbers of early and advanced diagnoses, and, consequently, in different treatments for the disease (1, 17). Additionally, as we verified in the results of the analysis performed in this study, training in oncoplastic and breast reconstruction is poorly disseminated among mastologists. Most of the students, 91.5%, left the mastology residency without being able to perform such surgical techniques (Table 1). Of the few students who had reconstructions performed in their surgeries, almost all of them were performed by a plastic surgeon (Table 2).

It is certain that plastic surgery was pioneer when the subject is reconstruction and will always have its space (34). However, it is verified that there is a large number of women who do not have their breasts repaired and reconstructed, and one of the explanations is the lack of professionals able to perform such procedures. The training of a greater number of medical professionals, in fact, aims to provide an increasing number of women with the chance of having more satisfactory aesthetic results in the treatment of breast cancer, which, we cannot forget, is still very stigmatized.

Breast surgery is becoming more specialized, due to the emergence of proper courses, higher demand of patients in this direction and investment in the training of surgeons. Similar scenarios are found in other countries such as Australia, France, Germany, Italy, Portugal, Spain and United States (29)

In 2020, Brazil had 2,500 mastologists (0.6% of all medical specialists) and, in 2019, 306 physicians were pursuing medical residency in mastology (35). The number of residency programs with associated breast reconstruction teaching is uncertain. Observing the results of the present study, we can assume that this amount is low, since 91.5% of the students reported leaving the residency unable to perform reconstructions (Table 1).

The pioneering nature of this course, initiated by the group in 2010, and which already has seven other editions, has served as a reference, including with encouragement from the Brazilian Society of Mastology, for the implementation of others in various locations and regions of the country. The model of this course in monthly modules, with theoretical and practical content, is reproduced in other cities around the country and has proven to be very efficient (16, 29). The interest in learning about oncoplastic and breast reconstruction has been growing among mastologists, from the youngest to the most experienced.

The students participating in this study are approximately 50 years old on average today (Table 1). This shows that oldest medical residency programs in mastology, in fact, did not have this type of teaching. Exactly for this reason, mastologists linked to teaching hospitals were preferred to take the course. They became multipliers of knowledge, causing many medical residency programs throughout the country to offer the teaching of reconstruction.

In this study, we found that the students gained a lot of knowledge regarding oncoplastic and reconstruction techniques and began to perform these types of surgeries in their respective hospitals (Tables 5-8). The results obtained by this study indicate a higher concentration of students in the course coming from the Northeast and Southeast regions, 33.9% and 44.1%, respectively (Table 1). This, we believe, is a mere reflection of the distribution of mastologists across the country, which, of their total, by number obtained in 2020, 21.8% are from the Northeastern region and 51.4% from the Southeastern region (35).

In the course studied here, all students had the opportunity to learn the techniques listed in Table 3. Despite this, most reported less confidence in performing surgeries with muscle flaps (TRAM and Latissimus dorsi), as shown in the results presented in Table 3 as well. This result is expected, since these are more complex techniques that require a greater learning curve from the surgeon, in addition to the greater need for constancy in their performance.

In the daily practice of the mastologists, the so-called simpler techniques, such as sectorectomies with breast remodeling and its variations, are the most commonly used. In relation to these, it was noted that the gain in knowledge was quite expressive (Table 4), a fact that demonstrates in a more evident manner the optimal impact of the Course.

This Course was a pioneer and served as a model for others Brazilian Mastology Society courses Around the country: Brasília, Belo Horizonte, Goiânia (16) and Jaú.

During the Course the students didn´t had any kind of effective evaluation nor report of surgery done outside, we counted on the students recall and self-reportion. For future studies some bias like recall and self-report can be avoided with implementation of test and monthly report of surgery. This way we can objectively know the number of surgeries and complication each student have and evaluate his performance and knowledge.

Another point to improve is including classes about perforator flaps, free flaps and microsurgical flaps.





Conclusion

The Breast Reconstruction and Oncoplastic Surgery Improvement Course studied here positively impacted the mastologists’ management of patients. New training centers worldwide can help a lot of women with breast cancer.
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This article provides an overview of the principles and techniques of oncoplastic and reconstructive breast surgery for patients with early-stage breast cancer. Oncoplastic breast surgery (OPBS) with partial breast reconstruction is a natural evolution in the application of breast conserving surgery and permits wide surgical resection of tumours that might otherwise mandate mastectomy and whole breast reconstruction. These reconstructive techniques must be optimally selected and integrated with ablative breast surgery together with non-surgical treatments such as radiotherapy and chemotherapy that may be variably sequenced with each other. A multidisciplinary approach with shared decision-making is essential to ensure optimal clinical and patient-reported outcomes that address oncological, aesthetic, functional and psychosocial domains. Future practice of OPBS must incorporate routine audit and comprehensive evaluation of outcomes.
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Part 1





Introduction – Breast cancer epidemiology

Breast cancer remains the most common malignancy worldwide with recent lifetime estimates of 1 in 7 in the United Kingdom (UK) (1) where the annual number of cases has almost doubled in the past four decades. Globally, one-quarter of female cancers have breast as the primary site and the World Health Organisation (WHO) reported in 2020 that 2.3 million women worldwide were diagnosed with breast cancer and more than 600,000 women died from their disease (2). Within the UK, almost half of breast cancers are diagnosed within the screening age bracket and introduction of the screening programme led to a surge in incidence that was confined to women of initial screening age (3). Breast cancer is a disease predominantly of post-menopausal women and rising rates during the final decade of the last century has been attributed to increased usage of hormone replacement therapy (HRT) amongst affluent women (4, 5). Use of exogenous hormones in women aged 45-69 years fell dramatically after 2002 and resulted in a transient reduction in breast cancer incidence amongst white American women but this decline has not been sustained despite limited contemporary usage of HRT (6, 7). Genetic factors are likely to be more important for breast cancer development in younger women with increasing recognition of lower penetrance genes that individually confer lower levels of risk but are collectively important. Breast cancers frequently display epigenetic phenomena that permit changes in gene expression without DNA sequence alterations and thereby acts as translators between the external environment and the genome.

Those countries that historically had moderate or low rates of breast cancer based on income levels are now experiencing rapid rate increases with an inexorable rise in the incidence of breast cancer in China and India and a doubling of rates in Japan over the past 50 years. The high incidence rates in Western industrial nations have been attributed to lifestyle factors that now have relevance to increasing rates amongst emerging economies. These include changes in reproductive behaviour, altered dietary habits with increased consumption of polyunsaturated fats and alcohol together with a more sedentary lifestyle and physical inactivity (8–10). These are potentially modifiable risk factors and breast cancer incidence could be significantly reduced by adoption of a healthier lifestyle with maintenance of optimum body weight, limited alcohol intake and regular exercise (11–13).

Mortality rates for breast cancer have fallen over the past 30 years despite a continued rise in incidence. This testifies to the success of interventional strategies such as screening and adjuvant systemic therapies that permit diagnosis of breast cancer prior to formation of micrometastatic disease or obliteration of established foci of disease at distant sites. Survival rates at 10 years for breast cancer in the UK are currently 80.4% compared with approximately 55% in the final quarter of the last century (1). Survivorship has become an important issue with an estimated 7.8 million patients around the world living with breast cancer diagnosed in the past 5 years (14). Survival rates will continue to improve with advances in translational research and development of tailored therapies (e.g antibody drug conjugates) that can effectively target micrometastatic disease with acceptable levels of serious side-effects – there is a balance between length and quality of life. Many women with breast cancer typically diagnosed when in their fifties are now surviving well into their eighties and any adverse effects of treatment (surgery, radiotherapy, chemotherapy, oestrogen deprivation) can have a lasting impact on the remaining period of the patient’s life. With improved clinical outcomes for breast cancer treatments including both disease-free and overall survival, the focus has now shifted to quality-of-life issues. Although many studies have confirmed that aesthetic results of breast cancer surgery are a principal determinant of quality-of-life and patient satisfaction, functional and psychosocial outcomes are equally important and should be part of any shared decision-making process (15, 16).





Development of oncoplastic breast surgery

William Stewart Halsted (1852-1922) published the first formal description of an operation for breast cancer based on a series of patients treated at the Johns Hopkins Hospital in Baltimore, USA (17). He postulated that breast cancer is a loco-regional disease and metastatic dissemination occurs by centrifugal and contiguous spread of the primary tumour with progressive involvement of adjacent tissue and the lymphatic system of the breast. The operation of radical mastectomy aimed to remove en bloc the breast, pectoral musculature, and the axillary lymph nodes (up to level III). This operation was rapidly implemented as routine surgical practice for breast cancer patients in the first half of the twentieth century irrespective of clinical features (assuming the tumour was operable). A fundamental concept of this so-called Halstedian paradigm was that maximal efforts at local control would prolong survival; breast cancer was considered to originate as a localised disease, and it was surmised that cure rates could be improved by a more meticulous and comprehensive surgical approach. Local recurrence was considered to be the cause of distant metastases and the aim was to minimise rates of local relapse. Halsted observed that many patients developed local recurrence before they succumbed from distant metastatic disease. His operation of radical mastectomy reduced rates of local recurrence from 60% to 6% but had no impact on overall survival – so this mutilating operation did not provide patients with any additional years of life. There was a problem with the existing paradigm; hence an alternative hypothesis was proposed by the eminent surgeon Bernard Fisher (1918-2019) whose brother Edward (‘Ed”) was a pathologist. This paradigm was known as biological pre-determinism and contended that breast cancer is a local manifestation of a systemic disease with complex interactions between the host, the primary tumour and distant micrometastases (18). Breast cancer was considered capable of accessing the circulation at an early stage in carcinogenesis with cancer cells breaking away from the tumour bolus and entering the bloodstream via holes between the endothelial cells in the neovasculature. In addition, haematogenous dissemination was possible via lymphatico-venous communications in the regional (axillary) lymph nodes. It followed that surgery could only achieve local control of disease and some form of systemic treatment was necessary to improve overall survival (19). This paradigm of Fisher was supported by results of six randomised prospective trials that allocated breast cancer patients to either a breast conservation procedure (lumpectomy, wide local excision, quadrantectomy) or total mastectomy. The first of these trials was conducted by Umberto Veronesi (1925-2016) at the National Cancer Institute of Milan, Italy (20) and the largest trial (NSABP B-06) (21) by Bernard Fisher under the auspices of the National Surgical Adjuvant Breast and Bowel Project in Pittsburgh. Results of the Milan I trial appeared on the front cover of the New York Times in 1981 and provided level I evidence demonstrating survival equivalence for breast conservation therapy compared with radical or modified radical mastectomy (22). An update of the NSABP B-06 trial with a 20 year follow up confirmed that post-operative irradiation improved local recurrence-free survival after breast conserving surgery (BCS) with similar distant disease-free and overall survival for modified radical mastectomy, wide local excision and radiotherapy or wide local excision alone (21). Hence permutations of breast surgery had no impact on breast cancer-specific mortality and BCS was deemed to be a safe surgical procedure for patients with tumours <5cm in size. This heralded the start of a trend for de-escalation of breast surgical procedures. Residual cancer cells are a determinant of local failure but not of distant metastatic disease with a finite rate of ipsilateral breast tumour recurrence (IBTR) when BCS is undertaken. Contemporary rates of IBTR are very low (<1% per annum) with combined multimodality treatments; systemic therapies reduce IBTR by approximately one-third and anti-HER2 directed treatments halve rates of in-breast recurrence. BCS represents a balance between oncological mandates and cosmetic outcomes with the aim of removing the tumour and a narrow margin of surrounding breast tissue such that negative margins are achieved. There is now international consensus that an adequate margin exists when tumour is not touching ink and wider margins do not reduce rates of local recurrence (23). Nonetheless, the Association of Breast Surgery (UK) have decreed that a negative margin requires tumour to be no closer than 1mm from the inked margin for both invasive and non-invasive breast cancer. A negative margin does not imply absence of any residual disease within the remaining breast tissue but indicates a residual tumour burden sufficiently low to be controlled with adjuvant treatments. Local surgery does not completely eliminate residual disease with local recurrence determined by a combination of surgery, tumour biology, radiation and systemic therapies (24).

A spectrum or intermediate paradigm is emerging which encompasses this variable capacity to form distant metastatic disease, with more indolent, slower growing tumours (luminal subtypes) behaving according to the Halstedian paradigm and more aggressive tumours (triple negative and HER2 positive cancers) disseminating early on – consistent with the Fisherian paradigm (25). Molecular profiling of tumours has revealed a dichotomy of gene expression patterns that permits assignment of tumours to one or other group based on predicted biological behaviour with appropriate intensities of loco-regional and systemic treatments.

The modified radical mastectomy removed breast and axillary tissue in continuity but preserved the pectoralis major muscle and much reduced the morbidity of the traditional radical operation. This operation was championed by David Patey of the Middlesex Hospital in London but was never widely adopted outside the UK (26). With the rapid development of breast reconstructive techniques over the past three decades, the modified radical mastectomy has evolved into skin-sparing and nipple-sparing forms of mastectomy that are now being applied to both prophylactic and therapeutic breast surgical procedures. Skin-sparing mastectomy (SSM) was introduced by Toth and Lappert in 1991 (27); initial concerns that greater skin preservation might lead to higher rates of local recurrence have not been justified. Several studies have now confirmed low rates of local recurrence (<5%) for skin-sparing procedures are not significantly higher than for conventional forms of mastectomy when patients are matched for stage of disease (28, 29). Nipple-sparing mastectomy (NSM) is the ultimate form of conservative mastectomy in which the entire breast envelope is preserved. Ongoing studies are attempting to define those breast cancer patients for whom NSM can be safely performed for the ipsilateral breast without adversely affecting oncological outcomes, especially recurrence within the territory of the nipple. It is particularly important that ductal tissue within the nipple is ‘cored’ out without compromising the vascular supply to the nipple-areola complex (30).

Axillary surgery is an integral component of breast cancer surgery and has undergone a revolutionary change with progressive de-escalation of nodal resection. The operations of both radical and modified radical mastectomy implied concomitant axillary lymph node dissection (ALND). However, with the advent of sentinel lymph node (SLN) biopsy, formal ALND is now much less commonly performed (as either a primary or a secondary procedure); a notable change has been omission of completion ALND in selected sentinel node positive cases with reliance on adjuvant non-surgical treatment modalities for eradication of low burden axillary disease in non-sentinel lymph nodes (31). The majority of patients nowadays undergo initial SLN biopsy, be this in the context of conventional mastectomy without reconstruction, SSM, NSM or BCS. Thus patients are more likely to undergo simple mastectomy combined with SLN biopsy rather than mastectomy and ALND – the modified radical mastectomy.

The development of oncoplastic surgery and partial breast reconstruction is a natural evolution in the application of BCS to management of breast cancer. Most patients who are considered eligible for BCS have a favourable tumour to breast size ratio and are suitable for conventional forms of wide local excision with local glandular readjustment but no formal remodelling of the breast. Even when re-excision of margins is required (in up to one-quarter of cases), an optimal cosmetic outcome should be attainable in the long term after irradiation of the breast. There is a ‘grey area’ where the limits of BCS are being approached and the patient may be better served with a skin/nipple-sparing mastectomy and immediate breast reconstruction at the outset. It becomes progressively more difficult to achieve a good cosmetic outcome as the proportion of breast tissue removed increases. When more than 10%-20% of breast tissue is removed, there is a risk of an unsatisfactory result, but relatively modest losses of 5%-10% of breast volume from tumours in cosmetically sensitive areas (medial and inferior quadrants) can adversely affect cosmesis (32). Oncoplastic breast surgery (OPBS) provides the opportunity for enhancing quality-of-life by improving cosmetic outcomes and psychological wellbeing after larger resections for unifocal and some multifocal breast cancers. OPBS can facilitate wide surgical clearance of a tumour and improve a patient’s cosmetic outcome when larger volumes of resected tissue are required (33). Techniques for OPBS include volume replacement and volume displacement techniques (34). The former imports additional tissue in the form of a flap and attempts to compensate for loss of volume from surgical excision. By contrast, the latter rearranges the remaining breast tissue using methods of glandular advancement or rotation that serve to redistribute the parenchyma and minimise the impact of wide local excision. Volume displacement techniques absorb volume loss over a wider area and do not incur donor site morbidity from harvesting of any local tissue flaps. Werner Audretsch from Dusseldorf in Germany is credited with pioneering many of these techniques for OPBS and incorporating techniques of aesthetic plastic surgery into routine breast surgery for partial breast reconstruction after extirpative procedures for breast cancer. Audretsch coined the term ‘oncoplastic surgery’ and worked closely with colleagues such as Krishna Clough in Paris and Richard (Dick) Rainsbury in UK to establish OPBS techniques and define indications for use of a variety of different techniques depending on the size of the tumour, location within the breast and whether uni- or multifocal (35, 36). The advent of oncoplastic techniques has very much defined the ethos of current approaches to breast surgery and acceptance that a good cosmetic result should be standard of care for all patients without compromise of oncological safety. A particular challenge is the integration of adjuvant treatments into management pathways for breast cancer patients with determination of optimum sequencing and timing of chemotherapy and radiotherapy. These techniques remain contentious, and Clough has referred to the oncoplastic ‘frenzy’ (37); careful selection of patients is crucial and partial breast reconstruction should not be attempted in patients who are not amenable to BCS from an oncological perspective and for whom mastectomy is warranted (38). These techniques of OPBS must be appropriately integrated with ablative breast surgery to avoid emergence of a ‘breast cripple’. Cross-specialty training opportunities are fostering increasing numbers of oncoplastic breast surgeons and those without oncoplastic competencies should work co-operatively with plastic surgeons to provide a comprehensive service. Notwithstanding availability of surgical expertise, these OPBS techniques are relevant to a relatively small proportion of patients (10-15%) although indications for the use of oncoplastic techniques are increasing and breast surgeons are accruing more experience with these techniques for the benefit of patients (39). All ‘breast surgeons’ are in a sense ‘oncoplastic’ and whatever their precise breed must work co-operatively with plastic surgeons to ensure that a mix of surgical skills can be optimally applied to maximise oncological, aesthetic and patient reported outcomes.

The ‘coming of age’ of OPBS (40) has allowed many women to benefit from management planning by a multidisciplinary team offering a comprehensive breast cancer and reconstructive service. By restoring the size, shape and appearance of the breast, reconstruction improves a patient’s gender identity and quality-of-life across multiple domains – psychological, social, sexual, emotional, and functional. The breast is a symbol of femininity and its characteristic curves have defined the female form throughout the ages. In addition, there is enhanced aesthetic satisfaction compared with mastectomy alone (41), and some patients with borderline conservable tumours may opt for mastectomy and whole breast reconstruction rather than BCS with partial breast reconstruction. Some women steadfastly want to keep their breast if at all possible, whilst others are adamant they want a mastectomy (often with a contralateral prophylactic mastectomy-so called ‘big surgery’) despite having a small tumour. It is therefore imperative that patients make fully informed decisions and are aware of reconstructive options early on in discussions of surgical management of their breast cancer. Breast surgical oncologists have a key role as gatekeepers in ensuring that patients have access to reconstructive surgeons and referrals to plastic surgery colleagues are made as soon as possible following diagnosis of breast cancer – including patients managed with primary chemotherapy. Interestingly, there is evidence that patients are significantly more likely to be referred for reconstruction if breast surgeons are female, have a high workload and are affliated with a designated cancer centre (42). Decisions made in terms of breast reconstruction are very much ‘preference sensitive’ and must be individualised and made jointly between a patient and her surgeon(s). They should take account not only of a patient’s wishes, but also her personality, self-perception, hobbies, family, and socio-economic circumstances. There may be a selection bias with OPBS patients tending to be younger with higher levels of educational attainment and income that may influence their self-perception and attitudes towards body image. Outcomes of breast cancer surgery are better when clinical decision making integrates information giving, shared decision-making and patients’ personal values. There is now greater appreciation of a patient’s perspective and issues such as quality-of-life and patient choice. These complement traditional outcomes based on objective surgical criteria and are being formally measured with validated questionnaire-based instruments such as BREAST-Q that can measure more subjective outcomes related to psychological, emotional, and functional sequelae of reconstruction (43). Incorporation of patient reported outcome measures (PROMS) with more objective clinical parameters will inform future patient choice and lead to improvements in clinical care. Clinical decision making in the field of surgical oncology and OPBS has become increasingly complex in recent years and involves multidisciplinary team working and integration of a large number of variables requiring collective assessment before planning surgery. As previously mentioned, many treatment options are based on low levels of evidence that is of poor quality and often outdated and not necessarily related to contemporary practice. Artificial intelligence offers the potential opportunity to more accurately assess this complex array of variables and aid the clinical-decision making process; this can avoid personal judgement and bias and the adage ‘my way and the wrong way’. Methodologies such as GRADE and Delphi interviews attempt to reconcile potentially conflicting viewpoints and assimilate opinion and experience from a large number of clinicians and place this in context with published data. The technique of text–mining can be employed to analyse decision drivers (44). Surgeons and other healthcare workers must be honest with patients when discussing cosmetic and other outcomes of breast reconstructive surgery. In particular, patients’ expectations must be realistic and appreciate that the reconstructed breast is a facsimile of a normal breast. It is important to stress to the patient it is a ‘breast mound’ that is being created rather than a ‘breast’. Whenever possible, patients should be offered a full repertoire of reconstructive options but the final surgical procedure undertaken will depend on several factors including surgeon experience and training, general health of the patient (including co-morbidities and smoking habits) and local healthcare resources.

A patient’s expectations of the final cosmetic result will be determined by any relevant prior knowledge and influenced by information derived from family, friends, other patients, the media and increasingly the internet. Any misperceptions must be corrected, and fully informed consent obtained before proceeding with any form of breast reconstruction. Levels of patient satisfaction are often more related to adequate information and a robust shared decision-making process than an aesthetically pleasing cosmetic result.

There must be alignment between the aims of the surgeon and the patient – the latter takes comfort and reassurance from a surgeon’s knowledge and skills. Establishment of a good rapport will encourage shared decision-making and lead to optimal outcomes. Patients must be given sufficient time to assimilate all information and reach a decision that feels right for them; sometimes they will change their mind, and this must be accommodated. Surgeon preference should not dominate discussions and patients should be offered a full repertoire of reconstructive options and not compelled to accept a reconstructive option that is especially favoured by her surgeon (for whatever reason). Surveys have revealed that patients who chose reconstruction are motivated by body image rather than reasons relating to sexuality or femininity (45). By contrast the most common reason for patients declining breast reconstruction is to avoid additional surgery (45). Higher levels of patient satisfaction are associated with immediate breast reconstruction compared with mastectomy alone in terms of psychosocial, sexual and physical well-being (46, 47). Nonetheless, a desire to complete adjuvant cancer treatments prior to reconstructive surgery is a frequently cited reason for patients deliberately opting for a delayed breast reconstruction.

Increasingly breast units around the world are employing specialist breast care nurses as well as dedicated breast reconstruction nurses. These individuals exercise a valuable role in clarifying and processing information for patients. They can sometimes help frame relevant questions ahead of any consultation with the surgeon and this will facilitate shared decision-making. Introduction of separate oncoplastic multidisciplinary team meetings combines the expertise of breast surgeons, plastic surgeons, radiologists, and medical/radiation oncologists. It is important that these potentially problematic OPBS cases are discussed jointly between breast surgeons, plastic surgeons and oncologists to determine optimal management. Treatments are increasingly tailored to individual patients and based on tumor phenotype. Most triple negative and HER2 positive tumors >2cm will be managed with primary chemotherapy and in the latter case anti-HER2 therapy. Complete pathological response rates often exceed 50% and concentric shrinkage of tumors will facilitate subsequent surgery with breast conservation being an option instead of mastectomy (with or without whole breast reconstruction). Individual cases can be discussed in depth with access to clinical notes, radiological images and medical photography. Oncoplastic multidisciplinary team meetings are being widely adopted and used to aid in surgical decision making and providing options for patients. These meetings are also an excellent forum for trainees.

The range of OPBS options in the modern era is considerable and the potential choice of options available to a woman with a newly diagnosed breast cancer can be overwhelming. Extreme oncoplastic breast conserving surgery (EOBCS) refers to the use of oncoplastic breast conservation techniques in patients with multifocal, multicentric or locally advanced breast cancer (>5cm) which would be conventionally treated with mastectomy (+/- reconstruction). EOBCS has evolved with the improvements in systemic therapies, radiotherapy techniques and increased awareness of the psychological and quality-of-life benefits of breast conservation. In 2015 Silverstein et al. reported 66 cases of EOBCS in patients who were advised mastectomy and declined. There is a lack of long-term data on the impact on recurrence, overall survival and distant metastases in patients opting for EOBCS (48, 49). There is arguably no longer a primary decision of BCS versus mastectomy with or without reconstruction. Instead, two key questions are whether the patient is a candidate for conventional BCS and if not, can she be spared mastectomy with either pre-operative chemotherapy or an oncoplastic procedure? (50) Addressing these questions may involve complex surgeon-patient discussions with viewing of radiological images (preferably correlation with MRI) and anonymised before and after photographs of previous patients. These discussions will involve patient tailoring measurements and conceptualised diagrams. The possibility of retaining or improving shape whilst replacing or displacing breast tissue with OPBS may be an option. Alternatively, there will always be the option of removing all breast tissue with preservation of much of the skin envelope and whole breast reconstruction with prosthetic material, autologous tissue, or a combination thereof. The relative advantages and disadvantages of each option must be discussed with patients including surgeon-specific complication rates. It should be remembered that OPBS is not plastic surgery per se, but the use of plastic surgical techniques and principles to improve outcomes of cancer treatment. Patients should appreciate that surgery is only one aspect of their management pathway and other treatment modalities will affect the final cosmetic results.

Historically there has been a dearth of high quality research in OPBS with minimal level I evidence derived from randomised controlled trials – the latter are arguably more challenging to undertake in this field. This often relates to issues of patient and surgeon preference in terms of specific operative procedures that can undermine surgical equipoise and dissuade patients from accepting treatment options determined by a process of randomisation. A more pragmatic trial design for evaluation of clinical and patient reported outcomes is prospective observational studies whereby patients can chose a particular surgical option and different groups of patients will then be compared in terms of specific outcome measures. This type of design is subject to confounding from unmeasured bias but otherwise represents a way of encouraging trial participation and relatively rigorous evaluation of outcomes whilst allowing patients to chose their surgery (irrespective of how this might be influenced by their surgeon’s personal procedural preference). Failure of trials to randomise OPBS patients provides valuable insights into how future clinical trials in this field should be designed (51).





Genetics, breast cancer and reconstruction

There has been a flurry of public interest in genetic testing and risk reduction strategies following revelations that the actress Angelina Jolie had chosen to undergo bilateral prophylactic mastectomy due to carriage of a BRCA-1 gene mutation. In addition to increased demand for genetic testing amongst breast cancer patients, the number of contralateral prophylactic mastectomy (CPM) cases have increased three-fold since this story appeared in the New York Times in 2013 (52). Genetic counselling and testing for breast cancer predisposition has been formally implemented in many countries and the number of women seeking genetic testing continues to rise. In the UK, The National Institute for Health and Clinical Excellence (NICE) has recommended that women undergo genetic testing when the chance of finding a high-penetrance mutation is 10% (reduced from the previous mandate of 20%) (53). Most women over-estimate their risk and genetic testing allows accurate risk assessment that more confidently informs any proposed management decisions. Nonetheless, despite these advances in genetics, approximately 30% of familial breast cancer risk remains unaccounted for by mutations in currently known genes. Moreover, genetic changes do not necessarily have a causative association with a diseased state and phenotypic manifestations of cancer are variable. The clinical management of women with an asymptomatic mutation in BRCA1 and BRCA2 or carriage of a mutation in other high-risk genes such as TP53, PALB2 or pTEN is increasingly complex but often those with a pathogenic mutation in a high-risk gene will seek bilateral risk-reducing mastectomy (RRM) (with or without immediate breast reconstruction).The PALB2 gene encodes for a protein that interacts with the BRCA-2 gene product to repair damaged DNA and maintain fidelity of DNA replication. Mutations of the PALB2 gene are associated with a breast cancer risk of 35 - 40% by age 70 years that is slightly lower than for BRCA-2 mutations where the comparable risk is 40 – 60% (54). Increasing numbers of patients with PALB2 mutations are being referred from clinical genetics for consideration of bilateral RRM. Most patients with mutations in high/moderate risk genes are relatively young and seek immediate breast reconstruction – hence genetic testing has led to increased demand for reconstructive breast surgery. However, the risks associated with bilateral RRM must be carefully balanced against benefits in terms of reduced incidence (not mortality) of subsequent breast cancer (>90%) and psychological advantages with alleviation of uncertainty and concomitant anxiety. All patients undergoing prophylactic surgery (including CPM) must receive appropriate counselling and have a formal psychological assessment.

Genetic testing in the UK can take up to 12 weeks before results become available and management of younger women with primary chemotherapy (triple negative/HER2 positive breast cancer) provides a convenient surgical pause allowing genetic test results to be available when planning definitive surgical treatment. Some younger women without a documented pathogenic variant but a strong family history of breast/ovarian cancer may opt for risk-reducing surgery.





Part 2

The second part of this article will address the different types of techniques available for OPBS and criteria for selection of patients for appropriate options. The latter must ensure optimal oncological, and patient reported outcomes whilst minimising complications and delays in commencement of adjuvant treatments.





What are the aims of oncoplastic surgery in management of breast cancer patients?

The challenge of oncoplastic surgery is to reconcile oncological and aesthetic outcomes and maximise levels of patient satisfaction. There are broadly three primary aims that need to be addressed for each patient:

	1) Optimal oncological outcome – performing an extirpative procedure that minimises the chance of recurrence by removing the tumour with a clear margin of normal surrounding breast tissue as part of either a partial or complete mastectomy.

	2) Optimal cosmetic outcome – reconstituting the breast with either partial or whole breast reconstruction to provide optimal symmetry and shape in relation to the native breast.

	3) Minimal delays in commencement of adjuvant treatments – prevention of post-operative complications such as infection, wound dehiscence, haematoma, seroma, or fat necrosis that interfere with delivery of adjuvant treatment such as radiotherapy and chemotherapy.



Reconstructive breast cancer surgery includes both mastectomy and whole breast reconstruction as well as partial breast reconstruction employing a variety of oncoplastic techniques that have been developed by breast surgeons and often drawn from plastic surgery principles. Oncoplastic breast surgery (OPBS) encompasses volume rearrangement, volume displacement and volume replacement techniques. Volume rearrangement involves the use of local tissues to optimize the shape after wide local excision. It incorporates careful incision planning, appropriate undermining of the breast skin, meticulous closure of the dead space and mobilization of the local tissues. Volume replacement imports additional tissue with a flap to compensate for loss of volume from surgical ablation. By contrast, volume displacement rearranges the remaining breast tissue using methods of glandular advancement/rotation/transposition that serve to redistribute parenchyma and minimize the cosmetic impact of tumour excision. This is also referred to as ‘therapeutic mammoplasty’. In effect, the volume loss is absorbed over a wider area with concomitant re-shaping of the breast. Volume displacement surgery is less complex than autologous tissue transfer methods and avoids associated donor site morbidity. The reconstructed breast is notably of smaller volume and plastic surgery on the contralateral side is often required for symmetrization, which (more often than not) is an integral part of therapeutic mammoplasty. This applies especially to therapeutic mammoplasty where tumour excision is incorporated into standard/modified reduction procedure or breast lift. Volume displacement represents the simplest option for partial breast reconstruction and is usually preferred over techniques for volume replacement that involve more extensive surgery with harvesting of a myocutaneous or subcutaneous perforator flap. Volume displacement techniques are preferably used in patients with medium to large breasts with a significant degree of ptosis that render these patients well suited to these techniques. By contrast, volume replacement techniques are indicated in small breasted women (48, 49, 55).





Partial breast reconstruction

Techniques for OPBS were formally classified by Krishna Clough in 2010 (35) and divide procedures into two categories based on the extent of breast tissue resection and degree of surgical complexity for reconstruction of the conserved breast:

	Level 1 OPBS techniques - these involve resection of at least 20% of total breast volume that require relatively straightforward volume displacement techniques to achieve an acceptable cosmetic result with reshaping of the breast through advancement, rotation or transposition of existing parenchyma and skin with a resultant decrease in overall breast volume.

	Level 2 OPBS techniques – these involve resection of between 20% and 50% of total breast volume with restoration using methods for either displacement or replacement of breast tissue that may be combined with skin reduction or transfer.






Level 1 OPBS

When up to 20% of breast volume is resected without any attempt to mobilize and re-model adjacent glandular tissue, then a significant defect in breast contour, shape and size may ensue. Resection of breast tissue in the upper outer or lower outer quadrants is less likely to result in a noticeable defect compared with resections in more cosmetically sensitive areas such as the upper inner quadrant. The cosmetic outcome after removal of a relatively small volume of tissue can be enhanced by simple mobilization of breast tissue adjacent to the surgical cavity. The extent of mobilization required will depend on the size of the defect and may involve undermining the whole breast plate. Extensive mobilization of breast tissue can sometimes threaten the blood supply to both the glandular tissue and skin. This can lead to post-operative necrosis and secondary infection with a poor aesthetic outcome and impaired quality-of-life (56). Therefore, mobilization and displacement of glandular tissue using advancement or rotational flaps to fill a defect presents an opportunity for improved cosmesis but can be technically challenging (57).





Level 2 OPBS

Volume displacement techniques – these can be employed to adjust for loss of larger breast volumes (20 – 50%) and usually involve some form of mammoplasty that includes a variety of techniques such as Wise pattern, batwing, Grisotti, Benelli, Round block and vertical mammoplasty (LeJour) pattern.

These various mammoplasty techniques involve resecting the tumour and a pre-determined volume of tissue and skin with rearrangement of the glandular tissue to re-form the breast. The re-fashioned breast is often smaller and less ptotic than the native breast and contralateral breast surgery is frequently indicated for symmetrization (especially for high percentage excision of breast volume) – Figure 1. Depending on tumour location and disease extent, it may be feasible to preserve the nipple-areola complex on a defined pedicle but otherwise this structure may need to be sacrificed (in which case a partial breast reconstruction can be performed using a Grisotti flap) – Figure 2. An inferior pedicle technique (Figure 3) preserves a pyramid of tissue in the inferior portion of the breast to maintain perfusion of the nipple. This can potentially compromise the oncological resection volume for a tumour in the inferior portion of the breast and therefore a superior pedicle is more appropriate. The superior pedicles can be superolateral or superomedial (Figure 4). The batwing and hemi-batwing mammoplasty are used for tumours in the superior breast that are relatively close to the nipple-areola complex and involve less mobilization of glandular tissue yet permit excision of tumours with an adequate margin and a good cosmetic result. A symmetrizing procedure on the contralateral breast can be undertaken simultaneously with the therapeutic procedure or at a later date following completion of adjuvant treatments such as chemotherapy and radiotherapy – and allowing time for radiotherapy changes to settle.




Figure 1 | Left therapeutic mammaplasty in a patient with gigantomastia necessitating contralateral balancing breast reduction. Symmetrisation surgery is an integral part of therapeutic mammaplasty specifically and oncoplastic surgery in general.






Figure 2 | Right modified Grisotti flap based on the inferior pedicle, used for partial reconstruction to create a neo-areola after right therapeutic wise pattern mammoplasty with axillary clearance and left inferior pedicle based contralateral balancing reduction mammoplasty. Right therapeutic reduction weight 778g. Left breast reduction weight 842g.






Figure 3 | Right therapeutic wise pattern mammoplasty and contralateral symmetrising left breast wise pattern reduction mammoplasty using inferior pedicles. White arrows indicate the direction of flap rotation and final placement. Illustrated by Shiuan Shyu.






Figure 4 | (A) Superolateral pedicle and secondary (de-epithelialised totally buried) inferior pedicle: Bilateral breast cancers – different locations, multifocal left breast cancer. (B) Intraoperative sequence.



Volume replacement techniques – these have previously been reliant on use of the latissimus dorsi (LD) flap harvested as either a myocutaneous flap in the form of a standard LD flap or the mini-LD muscle flap, the latter popularized by Rainsbury (58). More recently replacement techniques have been increasingly based on local flaps such as chest wall perforator flaps. Chest wall perforator flaps have become popular in recent years as a method for partial breast reconstruction when larger volumes of tissue are resected in the inferior and lateral aspects of the breast (Figure 5). These highly specialized volume replacement techniques include the lateral intercostal artery perforator flap (LICAP), anterior intercostal artery perforator flap (AICAP), medial intercostal artery perforator flap (MICAP), lateral thoracic artery perforator (LTAP) flap as well as the thoracodorsal artery perforator which utilizes the same pedicle as the latissimus dorsi musculocutaneous or muscle flap (Figure 6) (59–62).




Figure 5 | Schematic diagrams showing the intercostal artery perforator flaps: nomenclature and anatomy.






Figure 6 | TDAP flap vascular anatomy and intraoperative harvest. Courtesy of Plastic Surgery Key. TDAP flap with key perforator 3cm posterior to the anterolateral border of the LD muscle. Intraoperative images show location of the perforator and the muscle split required to increase vascular pedicle length and increase its arc of rotation. No muscle is sacrificed. A small part of muscle can be sacrificed (type 1) vs type 2.



Although older forms of loco-regional flaps are associated with worse cosmetic results, these can be used on selected patients and permit breast conserving surgery to be undertaken based on random flaps (thoraco-epigastric, thoracolateral and bi-pedicled flaps).

Other methods for enhancing breast volume include lipo-modelling that has recently had a renaissance in the context of breast cancer surgery. This is especially useful as an adjunctive technique to ‘plump up’ mastectomy skin flap thickness around implants (Figure 7A) and restoring local volume defects following breast conservation (Figure 7B). Lipo-modelling (or fat grafting) involves harvesting fat from a donor site (lateral thigh, hip, lower back, buttocks or abdomen), filtering the fat and injecting it into the breast to improve volume, shape and symmetry. It can also be used to fill localized mastectomy flap defects after whole breast reconstruction. This is especially so after pre-pectoral (epi-pectoral) breast reconstruction when it is used to soften the sharp take off and pad the tissues around the implant. The benefits of fat grafting relate to its being bio-compatible and readily available coupled with its versatility and ability to integrate into host tissues and survive. Lipo-modelling can result in improved aesthetic outcomes but has some notable disadvantages, especially in terms of the donor site where there may be a defect, loose skin or cellulite-like appearance in the long term (63, 64). Moreover, short-term bruising and swelling can be associated with significant morbidity for patients. Only 40- 60% of the injected fat is likely to be retained at the recipient site with significant local absorption of grafted fat tissue (65, 66). There are also risks of fat necrosis and oil cyst formation and a requirement for multiple courses of lipo-modelling which often require general anaesthesia. Nonetheless, the advent of lipo-modelling has permitted correction of intractable aesthetic deformities and minor asymmetries that were previously difficult to ameliorate surgically. A notable usage is the improvement of the skin quality in radiotherapy-damaged skin either with lumpectomy or total breast reconstruction.




Figure 7 | (A) Fat grafting of contour defects of bilateral LD + expandable implants for risk reducing surgery. (B) Fat necrosis of an immediate SIEA flap: treated by a TDAP flap and serial fat grafting from the abdomen and flanks.



A wide range of OPBS techniques are now available and selection of the optimal method for any individual patient is dependent on breast size, degree of ptosis, tumour location (quadrant), the surgeon’s expertise and patient preference. In terms of patient satisfaction, it is important that expectations are realistic, and patients understand that their overall breast size many be smaller following oncoplastic breast surgery and scarring can be more extensive than anticipated for some level II OPBS techniques. The choice of OPBS technique will also be influenced by the surgeon’s skills set.

Careful planning of skin incisions and appropriate orientation of the nipple-areola complex pedicle is essential when performing more complex volume displacement techniques that demand detailed knowledge of the blood supply of the breast and appreciation of plastic surgery principles. This applies particularly to transposition of glandular tissue when there has been extensive undermining from both chest wall and skin and secondary pedicles have been created during a classical Wise-pattern (therapeutic) mammoplasty to address complex/extensive defects and avoid a mastectomy (Figure 8). The nipple-areola complex must be preserved on a robust pedicle – be this superior or inferior or variations of these. These more complex cases of OPBS often demand a multidisciplinary approach involving collaboration between plastic and breast surgeons for optimal outcomes.




Figure 8 | Superolateral pedicle and secondary (de-epithelialised totally buried) inferior pedicle. White arrows indicate the direction of flap rotation and final placement. Illustrated by Shiuan Shyu.



It is important to take account of treatment effects upon surgical outcomes for OPBS; any reduction in final breast volume and shape can be unpredictable following radiotherapy (Figure 9). The ultimate aesthetic result may fall short of patient and surgeon expectations even in the absence of any technical challenges during surgery or complications thereafter.




Figure 9 | Effects of radiotherapy following inferior pedicle technique therapeutic mammaplasty in a 44 year old showing severe radiotherapy reaction and follow up 5 years later showing changes have largely settled.








Whole breast reconstruction

In many parts of the world, reconstructive surgery is the exclusive remit of plastic surgeons, with breast surgeons undertaking the extirpative component of surgery only (namely skin/nipple-sparing mastectomy with axillary surgery). In the UK, breast surgeons are routinely trained in techniques of whole breast reconstruction that are implant-based with or without adjuvant material (matrix/mesh). NICE guidelines state that patients should be offered reconstruction unless existing co-morbidities pose a contraindication (67).

Breast reconstruction can be performed at the time of mastectomy (immediate breast reconstruction [IBR]) or at any time after mastectomy (delayed breast reconstruction [DBR]). In recent years, IBR has gained wider acceptance with improved cosmetic results and reassuring evidence that reconstruction does not mask detection of recurrent disease (68–72).

Furthermore, there are documented psychological benefits from IBR (73–76) and patients awake from anaesthesia with two breasts, albeit one being a facsimile of a breast (i.e a breast mound). By contrast, patients must endure being flat-chested on one or both sides for a period of time whilst awaiting DBR. Nowadays, patients most frequently request IBR and studies with PROMs have shown high levels of satisfaction for IBR (although some studies report higher scores for DBR as patients may compare the reconstructed breast with a flat chest rather than a native breast (77–79)).

For some patients, mastectomy is mandated for breast cancer treatment based on factors such as the tumour: breast ratio, multifocal/centric cancers, or perhaps failed attempts at breast conserving surgery. A decision for mastectomy may also relate to age, genetic predisposition, and availability of IBR. Not all patients seek IBR and this may be contraindicated for some patients based on cancer type (inflammatory cancers), co-morbidities, BMI and smoking history. When proceeding with IBR, one of the most important early decisions is whether the nipple-areola complex should be preserved, and this will be determined on grounds of oncological safety, aesthetic benefit, surgical feasibility, and patient wishes. If pre-operative imaging reveals no direct involvement of the nipple by tumour and there is sufficient distance to the nipple, then nipple preservation is usually feasible, and several studies have confirmed the safety of NSM in terms of local recurrence (80, 81). Nonetheless, some surgeons prefer to take nipple biopsies either pre-operatively with a needle or intra-operatively with frozen section examination of the specimen or intraoperative cores behind the nipple for paraffin sections.

Many breast units have strict selection criteria for IBR with smoking status and BMI being of paramount importance. A BMI in excess of 30 is associated with a 4-fold increase in major complications following IBR (82–84) but most breast units set a BMI threshold between 32 and 35 for IBR. It is essential that patients understand the relative risks and benefits associated with IBR, especially for autologous tissue reconstruction and show compliance with post-operative guidance/instruction.

Skin incisions for skin- and nipple sparing mastectomy should be discussed between surgeon and patient as these are associated with different rates of complications but a peri-areolar incision (+/- medial/lateral extensions) and infra-mammary fold (IMF) incision respectively are conventionally used and preferred by the majority of surgeons (Figure 10). The IMF incision is generally used for smaller breasts with no pre-operative ptosis, but a radial incision can be employed for more central access to the breast parenchyma. For larger breasts it may be necessary to use special incisions for so-called skin-reducing mastectomies (Figure 11).




Figure 10 | Access incisions for nipple-sparing mastectomies and flap reconstruction (85).






Figure 11 | Intraoperative sequence of skin-reducing mastectomy with nipple-preservation, pre-pectoral implant and dermal sling reconstruction.



The technique for performing either skin- or nipple-sparing mastectomy should respect the oncological plane and ensure that dissection is confined to this plane between the anterior lamella of the superficial fascia and the subcutaneous tissue. It is crucial that subcutaneous blood vessels are preserved, and flaps are not too thin as this will compromise viability and lead to areas of flap necrosis. Adequate access is imperative to ensure that dissection continues to the extreme medial and superior limits of the breast; a separate axillary incision can be made if necessary to approach the ligament of Spence and axillary contents. Some patients require reduction of the breast skin envelope and this will usually be undertaken with a Wise pattern incision and occasionally an inferior dermal sling can be created to support the reconstruction (Figure 12).




Figure 12 | Skin reducing mastectomy, expandable implant and dermal sling reconstruction.







Autologous tissue versus implant-based reconstruction

Breast reconstruction can be performed using either prosthetic material or autogenous tissue whether this be IBR or DBR. It is recommended that patients meet with their breast surgeon early on to discuss options for reconstruction and be fully informed about these, especially with regards to various types of autologous reconstruction; patients may underestimate the complexity and risks of reconstructive surgery involving tissue transfer techniques.

Autologous tissue reconstruction is most commonly undertaken using flaps harvested from the lower abdomen or the upper back. Abdominal flaps comprise the transverse rectus abdominis myocutaneous (TRAM) flap and deep inferior epigastric artery perforator flap (DIEP) and the superficial inferior epigastric flap (SIEA). The upper back flaps based on the thoracodorsal vessels are the standard latissimus dorsi (LD) flap and the totally autologous LD flap. Other potential flap donor sites for breast reconstruction include the thighs (TUG/TMG, PAP, ALT flaps) buttocks (IGAP, SGAP flaps) posterior trunk (LAP flap) and iliac region (Ruben’s peri-iliac flap). Interestingly the use of the LD flap in conjunction with an implant (implant-assisted LD flap) for breast reconstruction has dramatically fallen in recent years with the advent of acellular dermal matrices that provide alternative coverage and support for an implant (86, 87). Similarly, a totally autologous LD flap (usually only possible in 15% of patients undergoing LD flaps) is now less frequently performed with emergence of pre-pectoral approaches to implant-based breast reconstruction that minimize animation and reduce post-operative pain. There has also been a reduction in the percentage of complex lower abdominal flaps for breast reconstruction.

The lower abdominal pannus provides generous tissue bulk for reconstruction purposes and therefore supplementation with an implant is unnecessary. These abdominal flap-based reconstructions have pedicle and free-flap variants and are more technically challenging with a greater risk of complications than implant only methods and may entail a microvascular anastomosis. Training in these autologous flap techniques is often protracted and involves specific microsurgical training (e.g. one year fellowship) and therefore these procedures are performed exclusively by plastic surgeons. The free-TRAM flap necessitates harvesting a variable amount of the ipsilateral rectus abdominis muscle (Nahabedian types 1-4) with consequent associated morbidity. The DIEP flap involves dissection and isolation of vascular perforators that pass from the inferior epigastric artery through to the rectus muscle fibres to supply the overlying skin and fat. The muscle therefore remains intact without compromise of abdominal wall integrity but retaining a large infra-umbilical pannus of skin and subcutaneous tissue with which to reconstruct the breast. The evolution of the free-TRAM into the DIEP flap has helped reduce donor site morbidity but there remains a finite risk of complete flap failure. This is generally between 3% and 5% and surgeon-specific rates should be made available to patients who may then chose not to embark on these higher risk reconstructive procedures. Rates of flap failure as low as 3% are achievable in units with high volume throughput and dedicated plastic surgeons with a predominant interest in breast reconstruction. Pre-operative CT angiography has helped predict the chance of success with a DIEP flap reconstruction by identifying candidate perforators and conversely indicating those patients who are technically unsuitable for this procedure. The biggest advantage of CT angiography in breast reconstruction has been to speed up the surgery (88) as it provides an intraoperative roadmap for perforator selection, location and dissection.

Implant-based procedures are the most commonly performed type of reconstruction worldwide and constitute about 70% of breast reconstructions in the UK (and a progressively increasing proportion of cases in the United States). This represents a simpler reconstructive option and has a more acceptable risk profile for many patients than autogenous forms of breast reconstruction. A particular advantage of implant-based IBR is a more rapid return to work and daily activities including familial and other commitments. Most women prefer to retain the same breast size but bilateral mastectomy and implant reconstruction provides the option for either downsizing or upsizing. This can also be possible with abdominal flap reconstruction depending on the relative sizes of the breasts and lower abdomen (Figure 13).




Figure 13 | Bilateral DIEP flap immediate breast reconstruction following right therapeutic and left prophylactic skin sparing mastectomies. Illustration by Shiuan Shyu.



Implant-based reconstruction is technically easier and faster to perform but can be associated with an overall complication rate of 25%. A recent national audit was completed in the UK revealing a mean implant loss rate of 9% (89).

Key issues with implant-based reconstruction relate to type of implant (fixed volume or temporary expander or expandable implant), anatomical site (sub-pectoral or pre-pectoral), shape (anatomical or round) and implant size and to a lesser extent projection. More recently whether to use a smooth or textured surface prostheses has become important in the light of the causative association of implant surface texturing with ALCL.

Round implants provide uniform projection all around and especially in the upper pole. Rotation of such implants has minimal consequence in terms of cosmetic appearance. By contrast, anatomical/bi-dimensional implants are tear drop in shape and more closely mimic the natural anatomical shape of the breast. Their in situ rotation can have serious consequences for the cosmetic appearance by producing weird breast shapes. Fortunately, anatomical implants only come with textured surfaces which reduce malrotation, malposition and flicking over.

Fixed volume implants are exactly as their name implies and have an immutable size and volume compared with expander implants whose volume is adjustable via a port that is tunnelled subcutaneously. This can be minimally filled initially to relieve any pressure effects on the mastectomy flaps and wound during healing and can then be slowly expanded. Expanders can be temporary or permanent and ports can be removed separately if required (under local anaesthesia).

Fixed volume implants and tissue expanders can be placed in a sub-muscular location with complete muscle coverage (beneath a pocket formed from the pectoralis major and serratus anterior muscles). Today prostheses are generally placed in the subpectoral position with partial coverage in a dual plane setting with a combination of pectoralis major muscle and a piece of ADM that is sutured between the lateral border of pectoralis major and the chest wall (IMF) to complete the implant pocket. Increasingly, the implant is placed in a pre-pectoral (epipectoral) location without disruption of the pectoralis major muscle. In consequence there is no muscle animation, less post-operative pain and possibly evidence of less capsular contracture (90). A potential disadvantage of pre-pectoral implants is rippling which is more apparent in patients with a lower BMI and hence thinner flaps. The latter can be subsequently lipo-filled to improve overall contour of the flaps (increasingly oncoplastic surgeons are considering pre-pectoral  reconstruction as a multiple stage procedure factoring in 2-3 rounds of postoperative fat grafting). Emerging data including a meta-analysis (90, 91) suggests there is no difference in patient reported outcome measures (Breast Q scores) between pre-pectoral and sub-pectoral implant reconstruction but significant differences in rates of capsular contracture, animation deformity and prosthesis failure favouring pre-pectoral placement of implants (92–94). In addition to issues such as pain and animation, dissection of a sub-pectoral pocket with elevation of the pectoralis major muscle in a dual plane approach with ADM can cause significant upper limb morbidity with associated arm weakness.

The current generation (5th) of implants are composed of material that is unlikely to cause an issue with longevity and necessitate routine replacement. Capsular contracture is an individual response of the host and exacerbated by exposure to irradiation which may require further surgery with capsulotomy and implant exchange. Breast implant associated anaplastic large cell lymphoma (BIA-ALCL) and breast implant-related illness are well publicized conditions which remain poorly understand but explanation of associated risks are part of the standard consent process. The risk of BIA-ALCL is commonly quoted as 1 in 28,000 but figures vary widely. This rare form of lymphoma arises in an effusion or scar capsule and patients are warned that any sudden breast swelling occurring more than 8-10 years from original surgery should be investigated to exclude BIA-ALCL. Fluid aspirated from around the implant can be tested for CD30 and the disease-specific marker ALK (anaplastic lymphoma kinase), reflecting a translocation in the tyrosine kinase receptor gene. Treatment in most cases is local and involves excision of the capsule and removal of the implant with later stages sometimes requiring systemic treatment with chemotherapy that is more effective for ALK positive cases (95).

Radiotherapy has a major impact on aesthetic outcomes following irradiation of skin and remaining breast parenchyma after OPBS and in the context of post-mastectomy radiotherapy (PMRT) with whole breast implant-based reconstruction. Although all cases of breast conservation will require radiotherapy, often a final decision on PMRT is made post-operatively when results of definitive histopathology are available. Nonetheless, PMRT may be anticipated, and this will be factored into the decision-making process in terms of surgical approach. Reports to-date suggest that ADM offers some protection from radiotherapy effects (96)and pre-pectoral reconstruction is not associated with significantly higher rates of capsular contracture following PMRT (94).





Complications of oncoplastic surgery

The Dindo classification of surgical complications introduced in 2004 is widely employed in breast surgery and permits objective comparison of outcomes between different studies.

Complications relating to breast surgery patients are generally of mild to moderate severity and lie somewhere between grade 1 and grade 3b, grade 1 being a deviation from normal surgical course without the need for any type of intervention; grade 2 being a complication that requires pharmacological intervention or blood transfusion; grade 3a requiring surgical or radiological intervention without general anaesthetic (97). Nonetheless, these levels of complication can cause significant harm to a patient’s physical and mental well-being as well as trust in their surgeon. Neoadjuvant chemotherapy (NACT) patients often require some form of oncoplastic or reconstructive surgery and are more susceptible to surgical complications. The latter may lead to delays in radiotherapy (breast, chest wall, regional nodes) or systemic adjuvant treatments that are increasingly being used in patients with residual disease following NACT (e.g. capecitabine or CDK4/6 inhibitors). Major complications and problems with wound healing can impact significantly on long term breast cancer outcomes in terms of overall and disease-free survival and efforts should be made to minimize the incidence of any adverse surgical events. This includes appropriate selection of patients for more complex procedures, judicious use of surgical adjuvant materials and administration of antibiotics and thromboembolic prophylaxis.

Neoadjuvant chemotherapy approaches increase rates of breast conservation from down-sizing of tumors with rates of mastectomy reduced by 25% - 50% after induction chemotherapy (98, 99) Studies have shown a benefit to patients in terms of physical morbidity and psychological well-being from breast conservation surgery (BCS) compared with mastectomy which is also a more cost-effective treatment with significantly fewer surgical complications. Moreover, there are several other potential advantages for patients with larger lesions undergoing primary chemotherapy. They include in vivo determination of tumor sensitivity, eradication of micrometastatic disease with improved overall survival and downstaging of axillary nodes to de-escalate definitive surgery and minimize upper limb morbidity. Some patients have dramatic clinical response to standard pre-operative chemotherapy regimens and for patients with HER2 positive disease and triple negative cancers, complete pathological response rates can be as high as 70%. Those patients with a complete pathological response (pCR) in both the breast and axilla have improved longer term survival (100) but recent improvements in pCR have failed to translate into higher rates of breast conserving surgery (101). Furthermore, there is an increasing body of evidence that BCS and radiotherapy produces better overall survival outcomes compared with mastectomy (102). Nonetheless, a meta-analysis of clinical trials comparing neoadjuvant to adjuvant chemotherapy reported an increase in local recurrence for the breast conserving surgery group (99). The increase in local recurrence was greatest in the trials that included “no surgery” after NACT. When these 2 trials were excluded then there was only a 3.2% absolute increase in local recurrence in the NACT group at 10 years (RR 1.28, 95% CI: 1.06-1.55). During these trials there was no marking of the tumour site, so in patients with a complete imaging response who had residual disease, the surgeon performed an excision without guidance and is likely to have missed this residual disease in a significant number. It is for this reason that marking the tumour site is now standard practice and there is no reason to resect the original tumour footprint when there is radiological evidence of concentric shrinkage or no residual tumour is apparent. Techniques of OPBS may permit breast conserving surgery in large breasted patients with a ‘honeycomb’ pattern of shrinkage; there are many advantages of achieving, determining, and utilizing treatment response prior to surgical intervention and patients should be encouraged to undergo breast conserving surgery after neoadjuvant chemotherapy when indicated (103).





Shared decision making

The clinical decision-making process for oncoplastic and reconstructive surgery is broadly based on a range of patient-related factors (including patient preference), surgeon-related factors (including preference and skills set) and healthcare resources (including availability of theatre/capacity).

Patients should be encouraged to engage in a shared decision-making process and will derive information from discussion with surgeons and breast care nurses often supplemented with online resources. They must be given sufficient time to absorb and process information before reaching a final decision on surgical management. Some studies have reported that only one-third of patients recalled being adequately informed about surgical options upon being questioned 3 months following surgery (104, 105). These have emphasized the importance of a balanced information giving process such that patients can make an informed decision regarding breast reconstruction without feeling overwhelmed. More than one-third (35%) of patients in one study who declined reconstruction stated that they considered the amount of information provided on surgical options was insufficient. In the study of Alderman et al, patients who were well informed of reconstructive options were four times more likely to undergo mastectomy (with IBR) than oncoplastic breast conserving surgery. Patients’ personal preference may be influenced by family, financial and social pressures depending on her particular circumstances and socio-economic background. Patients may have already formed a clear decision on what type of surgery they want but remain receptive to additional information; there is evidence that levels of patient satisfaction post-operatively are partly determined by the degree to which a surgeon influences a patient’s decision. Surgeons should strive to understand why patients chose a particular option and understand that most patients are motivated by body image issues such as “seeking to maintain a balanced appearance” (45).

More objective patient-related factors that influence suitability for an oncoplastic or reconstructive procedure include tumour: breast ratio, breast size and shape (degree of ptosis), body habitus, BMI, co-morbidities, anticipated adjuvant treatments, smoking habits, anatomical factors determining available tissue volume for breast reconstruction/replacement and previous radiotherapy.

Patient factors and co-morbidities that influence healing, recovery, and tolerance of surgical/adjuvant treatments (chemotherapy and radiotherapy) include factors such as: smoking, diabetes, high BMI, vasculopathy, connective tissue diseases. Other factors to consider are patient expectations and understanding of their disease and treatment together with the need for any psychological evaluation and support.

Breast cancer treatment involves a variety of modalities with possible side effects, which can be difficult for patients to understand and accept. One patient compared her journey through chemotherapy, surgery, and radiotherapy to being "poisoned, slashed, and burnt." She revealed that she was unprepared for the whirlwind experience and its considerable impact. From a holistic perspective, breast cancer treatment affects patients' families, relationships, work, sexuality, confidence, independence, and mortality perception. With deadlines looming, patients must overcome obstacles and make decisions, even though they recognize that their choices may affect their survival. It is not unreasonable for patients to question the consequences of failure.

As we have all seen once patients cross that initial phase of treatment and suddenly their chemotherapy and radiotherapy has finished, they are left with the one visible reminder of their journey; the breast. It can be a conflicting entity, a symbol of their sexuality, motherhood, cancer, and mortality. Many studies have confirmed that better aesthetic outcomes improve quality-of-life. The aforementioned catalogue of oncoplastic and reconstructive procedures provide breast cancer patients with a variety of options that can maintain or improve overall well-being and quality-of-life.

Future directions of oncoplastic and reconstructive breast cancer surgery includes the sharing of information on a national and international level to identify trends and learn from good practice. BCCT.core software can help breast surgeons evaluate cosmetic outcomes of OPBS more objectively and 3D imaging for reconstruction can help with the consent and planning process (106). As we continue to perfect aesthetic outcomes the next frontier in OPBS may be sensation preservation (107).

Other patient-related factors that impact wound healing, post-operative recovery and how well patients tolerate adjuvant treatments include diabetes (types I and II), vasculopathy and connective tissue disorders. These latter conditions can affect viability of mastectomy flaps and transposed glandular tissue of the breast and some connective tissue diseases are a relative contraindication to radiotherapy.





Concluding comments 

The diagnostic and treatment pathway for breast cancer patients is a difficult journey psychologically and it is important to gauge patients’ understanding of their disease and in particular expectations from breast reconstructive surgery. Patients should not undergo simultaneous contralateral prophylactic mastectomy without formal psychological assessment. There is a relatively restricted timeline once a tissue diagnosis of breast cancer has been made and this may prove challenging and overwhelming for some patients who need more time to adjust to the diagnosis and accept a management plan that is likely to involve multi-modality treatment. Patients must cope with the mutilating effects of surgery and adverse side-effects of radiotherapy and systemic treatments (that usually include hair loss – a major concern and frequent source of alarm for many younger patients). A breast cancer diagnosis has wider implications for a patient’s family and relationships be this work-related or more intimate. Apart from negatively affecting body image, self-confidence and sense of femininity, breast cancer is a potentially life-threatening disease and can abruptly remind a patient of their own mortality. Survivorship has come to the forefront in recent years with more attention to quality-of-life and minimising the sequelae of breast cancer treatments – especially surgery and radiotherapy. Patients should have not only an acceptable cosmetic result, but also optimal functional outcomes without chronic symptoms of niggling discomfort or more overt pain symptoms. Nonetheless, the majority of women are successfully treated and will live for many years following breast cancer treatment.
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Background

The latissimus dorsi flap (LDF) is the most commonly used autologous flap for breast reconstruction (BR) in China. We conducted this study to explore the current status of BR using LDF with/without implants.





Methods

This study was a single-center retrospective study that included breast tumor patients who underwent LDF breast reconstruction at Fudan University Shanghai Cancer Center (FUSCC) between 2000 and 2021.





Results

We analyzed 4918 patients who underwent postmastectomy BR, including 1730 patients (35.2%) with autologous flaps. LDF was used for BR in 1093 (22.2%) patients, and an abdominal flap was used in 637 (13.0%) patients. The proportion of LDFs used in autologous BR patients decreased each year and dropped to approximately 65.0% after 2013 due to the increased use of abdominal flaps. Among these patients, 609 underwent extended LDF (ELDF) BR, 455 underwent LDF BR with implants, and 30 received a LDF as a salvage flap due to previous flap or implant failure. Patients who underwent ELDF reconstruction were older and had a higher BMI than those who received a LDF with implants. There was no significant difference in the mean postoperative hospital stay, neoadjuvant chemotherapy rates, or adjuvant radiotherapy rates between the two groups. Major complications requiring surgical intervention occurred in 25 patients (2.29%). There was no significant difference in the incidence of major complications between the two groups (P=0.542).





Conclusions

LDF breast reconstruction is a well-developed and safe procedure. The duration of postoperative hospitalization nor the incidence of major complications was affected by implant use.





Keywords: breast tumor, latissimus dorsi flaps, implants, breast reconstruction, complications





Introduction

Owing to increasing public awareness and the development of screening programs, more patients with breast cancer can be diagnosed at much earlier stages, and the survival rate of these patients has greatly increased (1, 2). Patients have become increasingly concerned about changes in body shape and complain about diminished femininity and self-confidence after mastectomy. Thus, breast reconstruction has become an important part of breast cancer management and can improve patient satisfaction without affecting multidisciplinary adjuvant treatment (3).

Implant-only breast reconstruction remains the most performed type of immediate breast reconstruction, but autologous techniques involving donor sites account for approximately 20% (4). The common donor sites for autologous breast reconstruction are the latissimus dorsi flap (LDF) and the abdominal flap. Kamali et al. conducted a retrospective study using the Nationwide Inpatient Sample database (2008 to 2012), which showed a trend of a significant increase in the use of the LDF both nationally (P < 0.001) and regionally (P < 0.001) (4). Asian women have relatively smaller breasts than European and American women, so the latissimus dorsi flap (LDF) is the most used autologous flap for breast reconstruction in Chinese patients with breast tumors. In 2017, a nationwide cross-sectional survey of 110 hospitals conducted in China showed that among patients with autologous flap reconstruction, 69.8% (1562 cases in 2238 cases) underwent LDF reconstruction, including 625 extended latissimus dorsi flaps (ELDFs) and 927 LDFs with implants (5). Compared to abdominal flaps, latissimus dorsi flaps are beneficial in that they have reliable vessel distribution, favorable proximity to defects and simple dissection, so effective application requires a relatively shorter learning curve for surgeons and a shorter operating time.

Although several researchers have reported successful clinical outcomes after autologous flap breast reconstruction to date, there is a lack of large-scale studies in which researchers focus on the development of LDF breast reconstruction over time in China (6). We conducted this study to explore the status of breast reconstruction using LDF with or without implants (IMP) and the potential factors influencing the choice of reconstruction procedure.





Methods

Patients with breast tumors who underwent breast reconstruction after mastectomy at Fudan University Shanghai Cancer Center (FUSCC) between 2000 and 2021 were included in the retrospective study. Patients who underwent breast reconstruction using LDF with/without implants were analyzed. This study was approved by the Ethics Committee of FUSCC (Shanghai, China; ID: 1612167-18) and conducted in accordance with the Declaration of Helsinki. Informed consent was not needed for the retrospective study.

Female patients aged 18 to 85 years with breast tumors who underwent postmastectomy breast reconstruction were analyzed in this study. Patients who underwent prophylactic mastectomy, breast-conserving surgery, partial reconstruction, poor cardiopulmonary function or with contraindications to surgery were excluded. We obtained data on basic clinicopathological information, the timing and type of reconstruction, the duration of postoperative hospitalization and the incidence of major complications requiring surgical intervention. The clinical and pathological stages of patients included in the analysis were classified according to the AJCC version 8. The pathological diagnoses were confirmed independently by two expert pathologists. Only patients with invasive carcinoma were classified by pathological tumor stage (pT), pathological nodal stage (pN), estrogen receptor (ER) status, progesterone receptor (PR) status, pathologic HER2 status and Ki67 status. Pathologic HER2 status was defined according to the ASCO/CAP 2007 guidelines (7). For ER and PR, ≥1% of cells with strongly stained tumor nuclei were considered positive, and <1% were considered negative (8). For a more accurate analysis of postoperative complications, only those requiring reoperation were included.

For patients planned for immediate breast reconstruction, standard skin sparing mastectomy (SSM) or nipple sparing mastectomy (NSM) was performed. Autologous breast reconstruction included latissimus dorsi flaps with or without implants and abdominal flap breast reconstruction, including pedicle transverse rectus abdominis myocutaneous (pTRAM) flaps, and free tissue transfers using abdominal flaps, including free TRAM, muscle-sparing free TRAM, and deep inferior epigastric perforator flap (DIEP). Implant-only based breast reconstruction included tissue-expander prosthetic placement and prosthetic placement alone.

Continuous variables are expressed as the mean values or median values, and categorical variables are expressed as frequencies. The consecutive variables were analyzed by t test. Categorical variables were analyzed by using Chi-square and Kruskal−Wallis tests. Multivariate logistical regression analysis was performed to determine factors associated with the selection of LDF breast reconstruction with or without implants. Statistical analyses were performed using SPSS version 26. All P values reported were two-sided and were calculated at a significance level of 0.05.





Results




Trends in breast reconstruction technology from 2000 to 2021

From 2000 to 2021, a total of 4918 patients with breast tumors underwent postmastectomy breast reconstruction at FUSCC. The proportion of reconstruction in total breast tumor surgery has increased year by year, reaching 13.7% in the past 2 years. Advances in breast reconstructive techniques have broadened the postmastectomy reconstruction choices for female patients. Significant progress has been made in both implant- and autologous-based breast reconstruction in the past 22 years (Figures 1A, B). During the past 22 years, the proportion of autologous-based breast reconstructions performed in patients who underwent postmastectomy breast reconstruction gradually decreased to a relatively stable proportion of approximately 24.7% after 2016 due to IBBR being increasingly performed, and the proportion of LDF breast reconstructions decreased to approximately 15.4% (Figure 1C). The proportion of LDFs used in autologous breast reconstruction patients also decreased each year and dropped to a relatively stable proportion of approximately 65.0% after 2013 due to the increased use of abdominal flaps (Figures 2A, B). Of all reconstruction cases, 35.2% were autologous reconstruction, and LDF was the most popular option for use in autologous reconstruction (Figure 2C).




Figure 1 | Trends of breast reconstruction from 2000 to 2021. (A) Trends of the proportion of IBBR and autologous breast reconstruction over years. (B) Trends of different types of breast reconstruction over years. (C) Trends of the proportion of different types in all breast reconstruction over years. LDF, latissimus dorsi flap; IMP, implants; IBBR, implant-based breast reconstruction.






Figure 2 | Trends of autologous breast reconstruction from 2000 to 2021. (A) Trends of LDF and LDF+implant breast reconstruction over years. (B) Trends of the proportion of LDF ± implant and abdominal flap in autologous breast reconstruction over years. (C) Histogram of the proportion of LDF ± implant and abdominal flap to autologous reconstruction over years. LDF, latissimus dorsi flap; IMP, implants.







Current status of LDF breast reconstruction

In a total of 1093 (63.2% of autologous reconstruction patients) patients, a LDF was used for breast reconstruction, and in 637 (36.8%) patients, abdominal flaps were used for autologous breast reconstructions. Among patients who underwent LDF breast reconstruction, most (1043/1093, 95.42%) underwent immediate breast reconstruction, only 29 (2.65%) underwent delayed reconstruction and 21 (1.92%) underwent immediate-delayed reconstruction. In patients who underwent immediate-delayed reconstruction, an expander was implanted immediately after mastectomy. After inflating the expander with saline over a period of time or adjuvant radiotherapy, the expander was then replaced by a LDF with or without a permanent implant. A total of 615 patients underwent extended LDF breast reconstruction, and 478 (43.6%) patients underwent LDF combined with implant breast reconstruction, including 34 patients who underwent two-stage expander-to-implant LDF flap breast reconstruction. Thirty patients received a LDF as a salvage flap in cases of previous flap or implant failure and chest wall defects. Among these patients, 27 received a LDF due to unsatisfactory outcomes of expander reconstruction or failed implant reconstruction, including 11 patients who underwent ELDF reconstruction and 16 patients who underwent LDF with implant reconstruction. One patient received a LDF to repair a poorly healed breast incision, and two patients underwent LDF reconstruction due to failed abdominal flap reconstruction, including one TRAM and one DIEP.

The mean age of the patients at the time of breast reconstruction surgery was 38.14 years (range 19 to 77). The mean BMI of the LDF reconstruction patients was 22.30 kg/cm2. The mean duration of postoperative hospitalization was 9.41 days. In terms of pathological type, 925 (84.63%) patients had invasive carcinoma, 135 (12.35%) had carcinoma in situ, 21 (1.92%) patients had phyllodes tumors and 11 (1.90%) patients had other malignancies. There were 264 (24.15%) patients treated with neoadjuvant chemotherapy and 356 (32.57%) treated with adjuvant radiotherapy.

Major complications requiring surgical intervention occurred in 25 patients (2.29%). The incidence of major complications over the years is shown in Figure 3, and the list is shown in Table 1. Fourteen patients underwent surgical debridement or scar revision due to wound infection or poor healing, 8 patients underwent implant or flap removal due to serious infection or vascular crisis, and one patient underwent breast reconstruction revision operations concurrently with nipple reconstruction. The reconstructed breast and implant were removed in 1 patient due to the recurrence of breast cancer. One patient requested replacement of a smaller prosthesis 10 years after reconstruction because she perceived that the reconstructed breast was too large.




Figure 3 | The trend of major complications requiring surgical intervention over the years. (A) The incidence of major complications. (B) The cases of major complications.




Table 1 | Cases with complications requiring surgical intervention.







Potential influencing factors of LDF combined with or without implants

The clinicopathological information of patients who underwent postmastectomy LDF breast reconstruction with or without implants is summarized in Table 2. Compared with the LDF combined with implants group, the patients in the LDF without implants breast reconstruction group were older (39.46 vs. 36.44, P <0.0001) and had a higher mean BMI (22.16 ± 2.91 kg/cm2 vs. 21.60 ± 2.65 kg/cm2, P=0.001). In terms of reconstruction timing, 97.4% of ELDF breast reconstructions were immediate, only 2.3% of ELDF reconstructions were delayed, and 0.3% were immediate-delayed. For patients treated with a LDF combined with implants, 19 (4.0%) were immediate-delayed, and 15 (3.1%) were delayed. The patients with phyllodes tumors and other malignant tumors tended to undergo extended latissimus dorsi flap reconstruction (P=0.021). There were no significant differences in the duration of postoperative hospitalization (P=0.540), the rate of neoadjuvant chemotherapy (P=0.569), or the rate of adjuvant radiotherapy (P=0.852) between patients treated with ELDF breast reconstruction and those treated with a LDF combined with implants. There was also no significant difference in the incidence of major complications requiring surgical intervention between the patients who underwent extended LDF and those who underwent LDF combined with implant reconstruction, P=0.542.


Table 2 | The clinicopathological information of patients underwent LDF with or without implants breast reconstruction.



Among the patients diagnosed with invasive carcinoma, there was no significant difference in pT, pN, ER, PR, HER2, Ki67, or the rate of neoadjuvant chemotherapy and adjuvant radiotherapy between the patients who underwent extended LDF and those who underwent LDF combined with implant breast reconstruction (Table 3). To further explore the potential factors influencing the choice of reconstruction procedure, we performed univariate logistical regression analysis and constructed forest plots. The results showed that age and BMI were important factors influencing whether LDF combined with implant breast reconstruction was chosen (Figure 4). Multivariate logistic regression analysis was performed using the factors that showed significance in the univariate logistic regression analysis, and the results suggested that age (OR (95% CI): 0.957 (0.942-0.973), P<0.0001) and BMI (OR (95% CI): 0.948 (0.907-0.991), P=0.019) were independent factors influencing the choice of LDF or LDF combined with implant breast reconstruction.


Table 3 | The clinicopathological information of patients diagnosed with invasive carcinoma.






Figure 4 | Forest plots for the potential influencing factors of the type of reconstruction.








Discussion

Breast reconstruction retains the shape of the breast and significantly improves the quality of life and increases the confidence of patients after mastectomy (9, 10) In this study, we analyzed the trends of breast reconstruction performed in China from 2000 to 2021 and found a steady increase over time in implant-based, LDF and abdominal flap breast reconstruction, which was consistent with the trends observed in America (4, 11, 12). The scale of autologous breast reconstruction is affected by IBBR, and it has reached a relatively stable state. According to a nationwide cross-sectional survey of 110 hospitals in China, the proportion of breast reconstruction procedures performed after mastectomy was 10.7%, with 70% being implant-based reconstruction, 17% being autologous tissue reconstruction, and 13% being a combination (13). Consistent with changes in MD Anderson’s reconstruction methods over the past ten years, the number of free flaps for breast reconstruction has steadily increased as the use of prostheses has increased, which is an international trend (14). In Europe, Petit et al. showed that autologous breast reconstruction was used in approximately 20% of all reconstructions (15). This finding suggested that the advantages of autologous reconstruction has continued to be affirmed. In autologous reconstruction, the patient’s own tissue is used, thus ensuring a breast that appears and feels more natural, is permanent, better withstands the aging process and better tolerates radiation.

The proportion of LDFs used in autologous breast reconstruction patients also decreased each year and decreased to a relatively stable proportion of approximately 65.0% after 2013. The proportion of breast reconstruction using abdominal flaps has increased over time, and the trend is expected to surpass LDF thus becoming the most used autologous flap. However, the latissimus dorsi flap is still the most used autologous flap for breast reconstruction in China. This was in contrast to the situation in the United States, where abdominal flaps were most commonly used in autologous reconstruction (16). In Europe, LDF and TRAM flaps are the most frequently used for breast reconstruction (17). Compared with the data from MROC, patients undergoing LDF reconstruction in the study were younger than those in America (37 vs. 53.5 years old). The mean age of patients who underwent reconstruction using a LDF was younger than that of those receiving a DIEP, which is in contrast to the results of MROC (16). The proportion of delayed reconstruction and radiotherapy was lower than that in American patients (16). The LDF has a small amount of tissue and can be combined with the implant to reconstruct a satisfactory breast shape. For American patients with larger or more ptotic breasts desiring reconstruction, a single LDF may be insufficient in providing enough tissue volume, while DIEP might be more sufficient in providing adequate tissue volume (5, 18). Compared with breast reconstruction using an abdominal flap, LDF with/without implants breast reconstruction is advantageous in that the operation is simple and safe, produces a concealed back scar, and can fill subclavian defects and form breast axillary folds, which is especially suitable for patients who have not given birth and wish to have children (9). The comparative study performed by Lee et al. showed that the risk of complications of LDF breast reconstruction was similar to that of abdominal-based autologous breast reconstruction, despite having a shorter operative time than abdominal-based autologous breast reconstruction (19). In addition, the learning curve of surgeons for latissimus dorsi reconstruction is relatively short, which is more conducive to its adoption in local hospitals. The extensive use of prostheses has jointly improved the popularity of LDF in China.

LDF is a solid and reliable donor site for autologous breast reconstruction, and it has wide applicability in breast reconstruction. A LDF is used more often for immediate breast reconstruction and less often for delayed reconstruction. This may be related to the relatively small tissue volume of the LDF, which is insufficient for delayed reconstruction. The LDF can be easily transposed to the anterior chest for primary breast reconstruction and coverage of chest wall defects, for salvage of previous flap failure, such as abdominal flap necrosis or partial necrosis, and for salvage of implant reconstruction failure, exposed expander/implant or as part of a combined approach (20, 21). It can be used for oncoplastic surgery, especially in volume replacement technology.

There are two main technical modalities of LDF breast reconstruction, including ELDF and LDF with implant reconstruction. In our study, we found that age and BMI were independent factors influencing the reconstruction options, and older patients or those with a higher BMI tended to receive an ELDF. There was no significant difference in choosing radiotherapy or neoadjuvant chemotherapy. Considering that patients with more metastatic lymph nodes are more likely to receive subsequent radiotherapy, surgeons tend to choose extended LDF breast reconstruction rather than LDF combined with implants. A prospective study performed by Cowen et al. showed that T3 or T4 tumors (P = 0.0005), smoking habit (P = 0.001), and pN+ axillary status (P = 0.004) were significant factors associated with IBBR failure after radiotherapy (22). In this study, LDF reconstruction with implants did not increase the duration of hospitalization or decrease the rate of adjuvant radiotherapy. Leuzzi S et al. showed that there was no significant difference in the hospitalization duration of patients receiving a LD flap with an implant or lipofilling, which is consistent with this study. However, they found that the surgical complication rate was higher in patients undergoing LDF combined with implant reconstruction (14.2% vs. 18.8%), which was not observed in this study (major complications of LDF vs. LDF+implant: 2.6% vs. 1.9%, P=0.542).

Advantages of the LDF used for breast reconstruction include minimal donor site morbidity, relatively quick recovery, and reasonably good aesthetic outcome. A previous study showed that only 2.29% of patients experienced major complications, suggesting that LDF combined with or without implant breast reconstruction was reliable and safe. Berthet G et al. suggested that immediate breast reconstruction using LDF appeared to have excellent tolerance to subsequent radiotherapy, and adjuvant radiotherapy had no impact on patient aesthetic satisfaction (23). Even combined with prosthetic reconstruction, the latissimus dorsi muscle can provide better prosthesis coverage compared with the mesh, which greatly reduces the rate of postoperative infection and prosthesis exposure. Patients who underwent LDF with lipofilling had a higher BREAST-Q score (6). Santosa KB et al. performed a prospective, multicenter trial to determine the outcomes of patients undergoing IBBR or autologous breast reconstruction using Breast-Q. The study showed that patients who underwent autologous reconstruction were more satisfied with their body (P<0.001) and had better psychosocial well-being (P=0.002) and sexual well-being (P<0.001) at 2 years postoperatively (24). Several studies have shown that patients with LDF flaps or rectus abdominis flap breast reconstruction have similar satisfaction scores (25, 26).

In this cohort study with a large number of patients, we comprehensively and reliably described the current development status of latissimus dorsi breast reconstruction in China. However, there were still several limitations. First, the inherent bias caused by a single-center retrospective study is inevitable. Second, seroma is an important complication after a latissimus dorsi (LD) flap procedure, but due to the limitation of retrospective studies, we failed to obtain the incidence of seroma in these patients. Aesthetics outcomes are indeed one of the important evaluation criteria for breast reconstruction surgery, but the aesthetics evaluation is relatively subjective. The lack of patient-reported outcomes made it impossible to analyze the development status of latissimus dorsi reconstruction with or without implants from the patients’ perspective. We will perform relevant studies on the patient-reported outcomes of patients with breast reconstruction in the future and compare the aesthetics outcomes of patients who received ELDF with those who received LDF with implants.





Conclusion

The latissimus dorsi flap with or without implant breast reconstruction is a well-developed and safe reconstruction procedure performed in our center. Whether combined with implant reconstruction, the duration of postoperative hospitalization nor the incidence of major complications was affected.





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 Ethics Committee Review Board of the Fudan University Shanghai Cancer Center (Shanghai, China; ID: 1612167-18). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.





Author contributions

SZ: Conceptualization, investigation, writing–original draft and writing–review, and editing. SH: Help analysis data and draft–review. SZ and SH contribute equally to this article and were considered co-first authors. JC, BY, XH, GL, YZ: Help to collect the data. JW: Supervise the planning and design of the study; data collection; statistical analysis and data interpretation; have full access to all the data in the study and be responsible for the integrity of the data and the accuracy of the data analysis; and manuscript review, revision, and reporting. All authors contributed to the article and submitted and approved the submitted section.





Funding

This work was supported by the National Key R&D Program of China (2017YFC1311004).




Acknowledgments

Thank SH for helpful study design, data collection, and draft–review, JC, BY, XH for data collection, JW for supervising the planning and design of the study, manuscript review and revision.





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.





References

1. Fitzmaurice, C, Allen, C, Barber, RM, Barregard, L, Bhutta, ZA, Brenner, H, et al. Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted life-years for 32 cancer groups, 1990 to 2015: A systematic analysis for the global burden of disease study. JAMA Oncol (2017) 3(4):524–48. doi: 10.1001/jamaoncol.2016.5688

2. Siegel, RL, Miller, KD, and Jemal, A. Cancer statistics, 2020. CA Cancer J Clin (2020) 70(1):7–30. doi: 10.3322/caac.21590

3. Jia-Jian, C, Nai-Si, H, Jing-Yan, X, Ben-Long, Y, Guang-Yu, L, Gen-Hong, D, et al. Current status of breast reconstruction in southern china: a 15 year, single institutional experience of 20,551 breast cancer patients. Med (Baltimore) (2015) 94(34):e1399. doi: 10.1097/MD.0000000000001399

4. Kamali, P, Paul, MA, Ibrahim, AMS, Koolen, PGL, Wu, W, Schermerhorn, ML, et al. National and regional differences in 32,248 postmastectomy autologous breast reconstruction using the updated national inpatient survey. Ann Plast Surg (2017) 78(6):717–22. doi: 10.1097/SAP.0000000000000963

5. Wang, J, Xiu, B, Guo, R, Zhang, Q, Su, Y, Li, L, et al. Autologous tissue reconstruction after mastectomy-A cross-sectional survey of 110 hospitals in China. Eur J Surg Oncol (2020) 46(12):2202–7. doi: 10.1016/j.ejso.2020.07.008

6. Leuzzi, S, Stivala, A, Shaff, JB, Maroccia, A, Rausky, J, Revol, M, et al. Latissimus dorsi breast reconstruction with or without implants: A comparison between outcome and patient satisfaction. J Plast Reconstr Aesthet Surg (2019) 72(3):381–93. doi: 10.1016/j.bjps.2018.10.003

7. Wolff, AC, Hammond, ME, Schwartz, JN, Hagerty, KL, Allred, DC, Cote, RJ, et al. American Society of Clinical Oncology/College of American Pathologists guideline recommendations for human epidermal growth factor receptor 2 testing in breast cancer. J Clin Oncol (2007) 25(1):118–45. doi: 10.1200/JCO.2006.09.2775

8. Hammond, ME, Hayes, DF, Dowsett, M, Allred, DC, Hagerty, KL, Badve, S, et al. American Society of Clinical Oncology/College Of American Pathologists guideline recommendations for immunohistochemical testing of estrogen and progesterone receptors in breast cancer. J Clin Oncol (2010) 28(16):2784–95. doi: 10.1200/JCO.2009.25.6529

9. Liu, Q, Li, W, Wu, X, Xu, L, Hu, P, and Cao, Y. Immediate breast reconstruction using latissimus dorsi muscular flap: A retrospective study of Chinese patients with breast cancer. Med (Baltimore) (2021) 100(24):e26175. doi: 10.1097/MD.0000000000026175

10. Ter Louw, RP, and Nahabedian, MY. Prepectoral breast reconstruction. Plast Reconstr Surg (2017) 140(5S):51s–9s. doi: 10.1097/PRS.0000000000003942

11. Pien, I, Caccavale, S, Cheung, MC, Butala, P, Hughes, DB, Ligh, C, et al. Evolving trends in autologous breast reconstruction: is the deep inferior epigastric artery perforator flap taking over? Ann Plast Surg (2016) 76(5):489–93. doi: 10.1097/SAP.0000000000000339

12. Wilkins, EG, and Alderman, AK. Breast reconstruction practices in north america: current trends and future priorities. Semin Plast Surg (2004) 18(2):149–55. doi: 10.1055/s-2004-829049

13. Yang, B, Ren, G, Song, E, Pan, D, Zhang, J, Wang, Y, et al. Current status and factors influencing surgical options for breast cancer in china: a nationwide cross-sectional survey of 110 hospitals. Oncologist (2020) 25(10):e1473–80. doi: 10.1634/theoncologist.2020-0001

14. Yu, P. Breast reconstruction at the MD Anderson Cancer Center. Gland Surg (2016) 5(4):416–21. doi: 10.21037/gs.2016.05.03

15. Petit, JY, Gentilini, O, Rotmensz, N, Rey, P, Rietjens, M, Garusi, C, et al. Oncological results of immediate breast reconstruction: long term follow-up of a large series at a single institution. Breast Cancer Res Treat (2008) 112(3):545–9. doi: 10.1007/s10549-008-9891-x

16. Wilkins, EG, Hamill, JB, Kim, HM, Kim, JY, Greco, RJ, Qi, J, et al. Complications in postmastectomy breast reconstruction: one-year outcomes of the mastectomy reconstruction outcomes consortium (mroc) study. Ann Surg (2018) 267(1):164–70. doi: 10.1097/SLA.0000000000002033

17. Petit, JY, Rietjens, M, Lohsiriwat, V, Rey, P, Garusi, C, De Lorenzi, F, et al. Update on breast reconstruction techniques and indications. World J Surg (2012) 36(7):1486–97. doi: 10.1007/s00268-012-1486-3

18. Thiruchelvam, PT, McNeill, F, Jallali, N, Harris, P, and Hogben, K. Post-mastectomy breast reconstruction. Bmj (2013) 347:f5903. doi: 10.1136/bmj.f5903

19. Lee, HC, Lee, J, Park, SH, and Yoon, ES. The hybrid latissimus dorsi flap in immediate breast reconstruction: a comparative study with the abdominal-based flap. Ann Plast Surg (2021) 86(4):394–9. doi: 10.1097/SAP.0000000000002565

20. Serletti, JM, Fosnot, J, Nelson, JA, Disa, JJ, and Bucky, LP. Breast reconstruction after breast cancer. Plast Reconstr Surg (2011) 127(6):124e–35e. doi: 10.1097/PRS.0b013e318213a2e6

21. Hultman, CS, and Bostwick, J 3rd. Breast reconstruction following mastectomy: review of indications, methods, and outcomes. Breast Dis (2001) 12:113–30. doi: 10.3233/BD-2001-12112

22. Cowen, D, Gross, E, Rouannet, P, Teissier, E, Ellis, S, Resbeut, M, et al. Immediate post-mastectomy breast reconstruction followed by radiotherapy: risk factors for complications. Breast Cancer Res Treat (2010) 121(3):627–34. doi: 10.1007/s10549-010-0791-5

23. Berthet, G, Faure, C, Dammacco, MA, Vermesch, C, Delay, E, Ho Quoc, C, et al. Tolerance of latissimus dorsi in immediate breast reconstruction without implant to radiotherapy. J Plast Reconstr Aesthet Surg (2018) 71(1):15–20. doi: 10.1016/j.bjps.2017.08.010

24. Santosa, KB, Qi, J, Kim, HM, Hamill, JB, Wilkins, EG, and Pusic, AL. Long-term patient-reported outcomes in postmastectomy breast reconstruction. JAMA Surg (2018) 153(10):891–9. doi: 10.1001/jamasurg.2018.1677

25. Augustinho, LBZ, Sabino Neto, M, Veiga, DF, Abla, LEF, Juliano, Y, and Ferreira, LM. Patient satisfaction with breast reconstructionusing musculocutaneous flap from latissimus dorsiversus from rectus abdominis: a cross-sectional study. Sao Paulo Med J (2018) 136(6):551–6. doi: 10.1590/1516-3180.2018.032916112018

26. Benditte-Klepetko, HC, Lutgendorff, F, Kästenbauer, T, Deutinger, M, and van der Horst, CM. Analysis of patient satisfaction and donor-site morbidity after different types of breast reconstruction. Scand J Surg (2014) 103(4):249–55. doi: 10.1177/1457496913512829




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 © 2023 Zheng, Hao, Chen, Zhang, Yang, Huang, Liu, Shao and Wu. 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.




ORIGINAL RESEARCH

published: 24 July 2023

doi: 10.3389/fonc.2023.1071127

[image: image2]


Factors associated with unsatisfactory cosmetic results in oncoplastic surgery


Idam de Oliveira-Junior 1,2,3*†§, René Aloísio da Costa Vieira 1,2‡§, Gabriele Biller 2,4†, Almir José Sarri 3†§, Fabíola Cristina Brandini da Silva 2,3†§ and Eliana Aguiar Petri Nahás 1‡§


1 Postgraduate Program of Tocogynecology, Botucatu Medical School, Sao Paulo State University, UNESP, Sao Paulo, Brazil, 2 Postgraduate Program of Oncology, Barretos Cancer Hospital, Sao Paulo, Brazil, 3 Nucleous of Mastology, Barretos Cancer Hospital, Sao Paulo, Brazil, 4 Faculty of Health Sciences of Barretos Dr. Paulo Prata (FACISB) School of Medicine, Sao Paulo, Brazil




Edited by: 

Sung Gwe Ahn, Yonsei University Health System, Republic of Korea

Reviewed by: 

Janghee Lee, Hallym University Dongtan Sacred Heart Hospital, Republic of Korea

Regis Resende Paulinelli, Universidade Federal de Goiás, Brazil

*Correspondence: 

Idam de Oliveira-Junior
 idamjr88@gmail.com


†These authors have contributed equally to this work


‡These authors have contributed equally to this work and share senior authorship


§ORCID: 

Idam de Oliveira-Junior
 orcid.org/0000-0001-6963-4253
 René Aloísio da Costa Vieira
 orcid.org/0000-0003-2014-9016 

Almir José Sarri
 orcid.org/0000-0001-9184-584X
 Fabíola Cristina Brandini da Silva
 orcid.org/0000-0002-7804-9053
 Eliana Aguiar Petri Nahás
 orcid.org/0000-0002-0803-8535


Received: 15 October 2022

Accepted: 10 July 2023

Published: 24 July 2023

Citation:
de Oliveira-Junior I, da Costa Vieira RA, Biller G, Sarri AJ, da Silva FCB and Nahás EAP (2023) Factors associated with unsatisfactory cosmetic results in oncoplastic surgery. Front. Oncol. 13:1071127. doi: 10.3389/fonc.2023.1071127






Introduction

Oncoplastic surgery (OS) has expanded the indications for breast-conserving surgery associated with an adequate aesthetic result. However, few studies have described the factors associated with unsatisfactory cosmetic outcomes from this surgical modality.





Materials and methods

This is a cross-sectional prospective study that included patients undergoing breast-conserving surgery (BCS) with or without OS. The patients self-evaluated the cosmetic results of the breasts posttreatment and had them photographed. The photos were analyzed by BCCT.core. Individual and treatment factors (local and systemic) for all patients were evaluated. These factors were dichotomized according to the use of OS and to the cosmetic result (satisfactory and unsatisfactory). Categorical variables were tested for association with surgical outcome using the chi-square test while numerical variables using the Mann−Whitney U test. Variables with p <0,2 were selected for multivariate analysis.





Results

Of the 300 patients evaluated, 72 (24,0%) underwent OS. According to the patient self-evaluations, an unsatisfactory cosmetic result from OS was significantly associated with younger age at diagnosis, higher body mass index (BMI) at the time of evaluation, larger tumor size and greater weight of the surgical specimen. According to the BCCT.core, only the laterality of the tumor (left) was significantly associated with an unsatisfactory cosmetic result. In logistic regression, considering OS as a control variable, the risk of an unsatisfactory outcome according to patient self-evaluation was related to the tumor ≥ T2 odds ratio (OR) 1,85 (1,027-3,34) and age at diagnosis < 40 [OR 5,0 (1,84-13,95)]. However, according to the software, the variables were associated with an increased risk of an unsatisfactory outcome were the time interval between surgery and evaluation [OR 1,27 (1,16-1,39)], the presence of lymphedema [OR 2,97 (1,36-6,46)], surgical wound infection [OR 3,6 (1,22-11,16)], tumor location on the left side [OR 3,06 (1,69-5,53)], overweight [OR 2,93 (1,48-5,8)] and obesity [OR 2,52 (1,2-5,31)].





Conclusion

There is no standard methodology for breast cosmesis evaluation, which influences the factors associated with unsatisfactory results. Younger patients and those with increased BMI, left breast cancer and extensive resections tend to present with unsatisfactory cosmetic results when OS is performed.





Keywords: breast cancer, conservative surgery, breast-conserving surgery, oncoplastic surgery, cosmesis





Introduction

The outcome of the surgical treatment of breast cancer extends beyond purely oncological issues (1–3). The unsatisfactory cosmetic results of breast conservative surgery motivated the development of oncoplastic surgery (OS), which, by incorporating concepts and techniques of plastic surgery in the treatment of breast cancer, has allowed an increase in the number of breast conservation indications as well as better cosmetic results (4–6). However, OS is highly technically variable, which involves from small parenchyma remodeling to complex resections, making it difficult to judge the results and limiting oncological and cosmetic comparisons (2, 7, 8).

Cosmetic analysis after conservative breast treatment can be performed through subjective methods, which take into account the self-evaluation of the patient or the analysis of the health professionals involved in the treatment, and objective methods, which consider the measurement of asymmetry between the treated versus untreated breast. The lack of standards in the evaluation of these results and the low agreement between them directly influence the reproducibility and validity of the methods (9–13). In this sense, the BCCT.core (Breast Cancer Conservative Treatment Cosmetic Results) software, which employs algorithms for calculating breast symmetry and yields highly correlated results calibrated by specialists, was established to contend with these problems (14, 15).

Unsurprisingly, breast conserving-surgery (BCS) typically results in varying degrees of breast asymmetry, which can negatively affect the quality of life of women (16). The main factors associated with unsatisfactory cosmetic results after BCS classical surgery (CS) include high body mass index (BMI) and tumor size, advanced age, tumor location (medial, central or lower quadrants), reexcision, small breast volume, heterogeneity of the radiation dose and resection of the breast parenchyma greater than 100 cm3 (17–19). However, few studies have investigated the factors that can influence the outcomes of OS. Therefore, it necessary to investigate these factors to better understand them, to optimize the information delivered to the patient, and prevent their onset. Such a study would also assist in monitoring the cosmetic results over time and their relationship with the patient profile, surgical technique and adjuvant therapies.





Materials and methods

This was a prospective cross-sectional study approved by the Research Ethics Committee under number 782/2014 with support from FAPESP (2014/08197-0) that randomly included patients followed up at the Mastology and Breast Reconstruction outpatient clinic of the Barretos Cancer Hospital who underwent BCS (CS or OS) for the treatment of breast cancer.

Patients who had completed radiotherapy at least one year prior, without metastatic disease and/or locoregional recurrence and who signed the informed consent form were included in the study. Patients with bilateral breast cancer, male patients and those with cognitive limitations for cosmetic self-assessment were excluded.

The patients were photographed in a standardized manner (1 meter distance with a point marked on the sternal furcula and another 20 cm below, at the sternal level, for distance calibration) and self-assessed the cosmetic result of the breast (excellent, good, reasonable, or poor). The photographs were analyzed prospectively, cross-sectionally and blindly using BCCT.core software, which provides results on a 4-point scale (1-excellent, 2-good, 3-fair, 4-poor). For patients with no areola, a central point on the breast was marked when possible. This methodology was previously published (12, 13).

In the cosmetic evaluation, classifications of excellent and good, both by the patient and by BCCT.core, were considered satisfactory. Conversely, evaluations classified as reasonable/fair and poor were categorized as unsatisfactory cosmetic results.

Next, breast cosmesis categorized as satisfactory and unsatisfactory were evaluated by the patient and the BCCT.core software and correlated with the patient’s personal and oncological history, obtained retrospectively from the medical records.




Statistical analysis

The data were initially analyzed for all patients undergoing conservative breast treatment (classic and with oncoplasty). Subsequently, they were dichotomized according to the use of breast oncoplasty and according to the cosmetic result (satisfactory and unsatisfactory). For the categorical variables, the frequencies (absolute and relative) are reported. Numerical variables are reported as the mean, median and standard deviation.

The associations between surgical outcome and categorical variables were performed using the chi-square test; those for continuous variables were calculated with the Mann−Whitney test.

The variables with a descriptive p level<0,20 in the analysis of all cases and OS group were selected for multivariate analysis. An adjusted logistic regression model was derived to calculate the odds ratio (OR) and its respective 95% confidence interval (95% CI) for an unsatisfactory cosmetic result. Because it is important for analysis, oncoplastic surgery (present vs. absent) was considered as a control variable in all cases. The analyses were performed using IBM-SPSS software version 27.0, and a 5% significance level was adopted.






Results

A total of 300 patients were evaluated, as described in a previous study, for validation of the BCTOS questionnaire (12). Of these, 298 had their photographs evaluated by BCCT.core, and 297 performed a breast self-assessment. A total of 228 (76,0%) patients underwent CS, and 72 (24,0%) underwent OS; of these, 37 (51,4%) underwent contralateral symmetrization surgery. The mean follow-up time from the first medical evaluation to participation in the study was 7,4 years (1,2-20,6; standard deviation 4,3). Among patients who underwent OS, 73,6% self-assessed a satisfactory cosmetic result, and 26,4% considered the outcome unsatisfactory; according to the software analysis, 29,2% and 70,8% of the outcomes were satisfactory and unsatisfactory, respectively.

In the patient self-evaluations, across all patients (Supplementary Tables 1, 2), factors such as younger age at diagnosis and at the time of evaluation (gross and by age group), larger tumors (either categorically according to the T stage in the TNM classification or numerically), the use of radiation therapy boost and a longer time interval between surgery and evaluation and between the end of radiotherapy and evaluation were significantly associated with unsatisfactory cosmetic results.

Among patients who underwent classical conservative treatment (quadrantectomy), according to their self-assessment, factors such as younger age at diagnosis (categorical or numerical), variability in radiotherapy dose, the use of boost and a longer time interval between surgery and evaluation and between the end of radiotherapy and evaluation were significantly associated with unsatisfactory cosmetic results. However, among those treated with OS, an unsatisfactory result was significantly associated with younger age at diagnosis, higher BMI at the time of assessment (categorical or numerical), larger tumor size and greater weight of the surgical specimen. In the logistic regression for overall unsatisfactory cosmetic outcome (Table 1), in the patient selfevaluation, a significantly increased risk was observed for tumors ≥ T2  odds ration (OR) 1,86 (1,035–3,35)] and age <40 years [OR = 5,1 (1,86–14,01)]. When using OS variable as a control (Table 1), tumor ≥ T2 [OR =1,85 (1,027–3,34)] and age <40 years [OR = 5,1 (1,86-14,01)]. When using OS variable as a control (Table 1), tumor ≥ T2 odds ratio (OR) 1,85 (1,027-3,34) and age at diagnosis < 40 years [OR 5,0 (1,84-13,95)] was associated with increased risk of an unsatisfactory outcome. In the OS group (Table 2), only tumor size was associated with an increased risk of an unsatisfactory result [≥ T2 OR = 7,205 (1,403 – 37,017)].


Table 1 | Logistic regression for unsatisfactory cosmetic results in all cases according to different criteria for evaluation.




Table 2 | Logistic regression for unsatisfactory cosmetic results in OS group according to different criteria for evaluation.



In the analysis of the BCCT.core software (Supplementary Tables 3, 4) across all patients, a higher BMI (numerical and categorical) at diagnosis and at the time of evaluation, tumors with a higher T stage (TNM), a tumor of the left side, axillary lymphadenectomy, chemotherapy, radiotherapy dose of 28 x 180 cGy, presence of lymphedema (evaluated based on the water displacement methodology, considered present when the difference between the upper limbs had a value greater than or equal to 200 milliliters (12)), greater weight of the surgical specimen, greater distance from the surgical margins and longer time interval between surgery and evaluation and between the end of radiotherapy and evaluation were significantly associated with unsatisfactory cosmetic results. Conversely, among patients undergoing CS, higher BMI at diagnosis (categorical and numerical) and at the time of evaluation, lower patient educational level, tumor on the left side, axillary lymphadenectomy and chemotherapy, radiotherapy dose of 28 x 180 cGy, higher weight of the specimen and distance from the surgical margins and a longer time interval between surgery and evaluation and between the end of radiotherapy and evaluation were significantly associated with unsatisfactory cosmetic results. However, among those treated with OS, only tumors on the left side were related to an unsatisfactory cosmetic result. In the logistic regression analysis for unsatisfactory cosmetic outcomes across all patients (Table 1), there was an increased risk for the weight of the surgical specimen [OR = 1,004 (1,001-1,008)], the time interval between surgery and evaluation [OR = 1,26 (1,15-1,38)], the presence of lymphedema [OR = 2,54 (1,17-5,53)], the occurrence of surgical wound infection [OR 3,06 (1,04-8,99)], tumor on the left side [OR 2,96 (1,64-5,34)] and overweight at diagnosis [OR = 2,57 (1,3-5,0)]. Using OS as a control variable in the logistic regression (Table 1), an increased risk of unsatisfactory results was observed in the time interval between surgery and evaluation [OR 1,27 (1,16-1,39)], the presence of lymphedema [OR 2,97 (1,36-6,46)], surgical wound infection [OR 3,6 (1,22-11,16)], tumor location on the left side [OR 3,06 (1,69-5,53)], overweight [OR 2,93 (1,48-5,8)] and obesity [OR 2,52 (1,2-5,31)]. In the logistic regression in the OS group (Table 2), only the laterality of the tumor influenced the unsatisfactory result [left side OR 4,21 (1,43-15,27)].





Discussion

OS includes oncological treatment versus adequacy of the residual breast volume, whether or not associated with symmetrization of the contralateral breast. In addition to expertise, in choosing the technique, the surgeon must consider the characteristics of both the tumor and the breast and understand the expectations and frustrations of the patient, remaining cognizant to the fact that there is no single formula to solve the difficulties imposed by the tumor and that OS is not a guarantee of good cosmetic results (2, 20).

Our study, which included only patients undergoing BCS, sought to evaluate the factors associated with an unsatisfactory cosmetic outcome in OS, both according to the patient and through a previously consolidated and reproducible objective methodology via BCCT.core. The correlation among cosmetic evaluations of breast surgery is low among different methodologies (16, 21), as are the factors that influence unsatisfactory results. In the patient self-assessment, younger women with higher BMI at the time of evaluation, with larger tumors and heavier surgical specimen tended to present with unsatisfactory breast results. However, according to the software, only the laterality of the tumor influenced these results. We observed a non-significant increase in the unsatisfactory result in the logistic regression using OS as a control variable. However, this fact may be related to the presence of larger tumors, younger patients (potentially questioning) and the small number of contralateral symmetrization in the oncoplastic surgery group.

Understanding these factors allows sharing of the decision-making process with the patient and guidance of training programs for breast surgeons. Indeed, the aesthetic result of breast surgery is closely related to the woman’s body self-image, sexual function and quality of life. In addition, because breast cancer survival has been a reality and patients end up experiencing greater treatment morbidity over the years, the aesthetic outcome of the breast has become one of the pillars of cancer treatment, with a priority of patient satisfaction. Thus, the results reported by the patients are a current issue that deserves to be discussed and addressed, as in the present study (21, 22).

In judging the cosmetic result of the breasts after conservative treatment, it is necessary to take into account considerations, often not found in the literature, that influence the factors related to unsatisfactory outcomes. The first corresponds to the time in which the evaluation is performed. Over the years, the woman presents with body changes, sequelae of systemic therapy, and the chronic and progressive effect of radiotherapy, which accentuates the asymmetry in breast size and shape and causes the deceleration of natural breast ptosis and asymmetry in the position of the areolo-papillary complex and skin color (22, 23). Second, we emphasize that the analysis of cosmetic results requires a gold standard and that current methods can show wide variability. Likewise, the literature is heterogeneous with regard to the predisposing factors for unsatisfactory breast cosmesis, primarily due to differences in the studies with regard to the design, size and different instruments of cosmetic evaluation and even with the different classifications of OS, making comparisons difficult (24). In addition, the cosmetic concept in cancer is relatively recent and, from the patient’s perspective, involves several psychosocial factors, posttreatment body acceptance, educational level, socioeconomic level and factors related to her own experience with the disease and treatment process, with the corresponding complications and sequelae.

A recent study, in which the surgeon involved in the treatment evaluated the cosmetic outcome of BCS-OS subjectively, analyzed 755 patients subjected to OS, with a mean follow-up of 74,3 months, and found 89 cosmetic sequelae. Most of these occurred during the first 3 years of follow-up; however, for major deformities classified as type III, the mean time of onset was longer. In the multivariate evaluation, postoperative complications and level II oncoplasty techniques (in which there is resection of more than 20% of the breast parenchyma, requiring remodeling and contralateral symmetrization in most cases) increased the risk of cosmetic sequelae in 4,6 and 2,6 times, respectively (22). Another study, evaluating 103 patients, found that increased BMI and breast size were associated with unsatisfactory results. A similar result was found in our study, but due to its retrospective nature, breast size was not evaluated (25).

We found different variables that negatively influenced the cosmetic outcome of classical BCS-CS and BCS-OS, both from the patient’s perspective and according to the software analysis. The time of the analysis may influence our results, as patients dissatisfied with their breasts during follow-up likely seek surgical approaches to improve the cosmetic result. In addition, when performing the OS, the surgeon has already preselected the best candidate for the procedure, typically a younger and more educated patient, which can be inferred as greater questioning of the final result of their breast reconstruction procedures. Moreover, OS is more likely to be performed for larger tumors, which requires greater resection and heavier surgical specimens to avoid mastectomy (26). These three conditions represent a bias selection associated with retrospective studies. Our analyzed population is composed of Brazilian patients assisted by the public health system, which have their particularities, requiring further studies in private patients, other centers and in other countries.

Future studies are necessary to assess the unsatisfactory results, which may help surgeons in patient selection and surgical technique. In practice it is not easy because we usually try to perform the BCS and we have many modalities associated with OS (4–7). For this condition the creation of a nomogram may anticipated unsatisfactory results, adding information for the surgeon, in order to understand whether, for the best late aesthetic result, a new surgery should be performed on the breast treated for cancer or on the contralateral one (symmetrization).

Among the limitations of the study are its retrospective and cross-sectional nature and the limited number of patients undergoing OS, which justifies the need for further longitudinal studies. In contrast, its strengths include the use of an objective, standardized and reproducible methodology (BCCT.core) associated with patient self-assessment in long-term follow-up.





Conclusion

The different methods for evaluating cosmetic results after surgical treatment of breast cancer directly influence the identification of factors related to unsatisfactory results. Younger patients with extensive resections (large tumor size and heavy surgical specimen) and increased BMI tend to self-report evaluate the cosmetic result from OS as unsatisfactory. Understanding these results helps in sharing the decision-making process with the patient and in the training programs for breast surgeons.
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Introduction

The essential goal of neoadjuvant chemotherapy (NACT) is to downstage the primary tumor making it amenable for breast conservation surgery (BCS). However, since the safety of this surgery is paramount, post-NACT breast conservation rates remain low. As per the recommendation of the 2018 Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) overview of long-term post-NACT follow-up, we have devised a protocol for imaging, localization, rad-path analysis, and documentation of radiotherapy techniques to ensure the safety of post-NACT breast conservation.





Methods

This is a retrospective cohort of 180 breast cancer patients who received NACT and were operated on by a single surgical oncologist from 2015 to 2020. After selection based on published guidelines, patients were treated with neoadjuvant systemic (chemo or hormone) therapy. In cases where primary tumors responded and reduced to 1–2 cm in size mid-NACT, the residual tumors were localized by clips under ultrasound guidance and calcification was wire localized. All patients were treated using appropriate surgical and oncoplastic techniques where indicated. Negative margins were ensured by intra-operative rad-path analysis. Adjuvant chemotherapy and radiotherapy were given as per protocol.





Results

In 81 cases that required mastectomy at presentation, we were able to achieve a 72.8% post-NACT BCS rate with the help of oncoplasty. Overall, 142 of 180 (80%) patients were treated with breast conserving surgery of which 80% (121 of 142) were oncoplasty. Margins were assessed on intra-operative frozen and re-excised in the same setting. No positive margins were reported in final histopath of 142 breast conservation procedures. Post-operative complication rates after breast conservation in the first year were at 17% (24 of 142 including two major complications). Patient reported outcomes were satisfactory with increased satisfaction for breast conservation compared with immediate breast reconstruction.





Discussion

Employing oncoplastic breast surgery (OBS) techniques following stringent protocols for accurate localization of the residual tumor, intra-operative rad-path analysis, and adjuvant treatments, we show successful breast conservation in 72.8% of our mastectomy-qualified patients after downstaging by NACT. We also report satisfactory outcomes for post-NACT surgery, patient-reported satisfaction, and survival.
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Introduction

Breast cancer is the most diagnosed cancer and the leading cause of cancer-related death in India and globally(1, 2). Population-based screening in Western Europe and the USA has enabled early diagnosis, making early intervention possible. With the acceptance of conventional breast conservation surgery (BCS) as a safe technique (3), it has become possible to reduce or completely avoid mastectomy in breast cancer patients, leading to better quality of life (4–6). BCS is now becoming the gold standard of surgical treatment for early breast cancer (7–9). Locally advanced breast cancers (LABCs) and large operable breast cancers (LOBC) are treated with neoadjuvant therapy (NACT) with the aim to downstage these advanced cancers loco-regionally. Downstaging helps to avoid mastectomy in favor of BCS where oncologically and esthetically feasible (9–11).

Conventional BCS is limited to selected patients where it has been shown to be oncologically safe and demonstrable esthetically superior outcomes (12). A hurdle in expanding BCS to patients outside, this limited set is the extent to which post-NACT excision volumes can safely be minimized (13). The Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) overview of long-term adjuvant and neoadjuvant therapy outcomes (14) showed increased loco-regional recurrence rates for post-NACT BCS as compared with mastectomy in long-term follow-up. This overview created more doubts about the safety of post-NACT BCS even though the authors accepted that there were several flaws in the studies included in the overview (discussed later). A combination of these factors has resulted in the slow uptake of post-NACT BCS despite adequate data that show post-NACT BCS to be safe (15). The conversion rates for mastectomy to BCS post-NACT downstaging have therefore remained low (~40%) (14, 16, 17).

Oncoplastic techniques have been demonstrated to expand the indications for breast conservation in a variety of situations (12–22). Multiple studies in recent years have shown oncoplastic breast conservation surgeries (OBS) to be as safe as BCS with superior esthetic outcomes (20, 23). Silverstein first reported on breast conservation performed in a series of cases where mastectomy was the only recommended surgical option and termed the procedure “Extreme Oncoplasty” (18). Subsequently such procedures have been shown to be a safe and viable option in selected cases with good patient reported outcomes (15, 19, 22). In a comparison of post-NACT BCS and oncoplastic volume displacement surgery, patients treated with either surgery had similar survival outcomes (24).

Here, we present an audit of our cohort of 180 breast cancer patients who were treated with post-NACT surgery, assessing breast conservation rates, oncological outcomes, and 1 year patient reported outcomes measures (PROMs). We present a series of precautions and procedures that we carried out to ensure safe breast conservation to address the lacunae/issues raised by the EBCTCG overview. At our center, we routinely perform OBS whenever needed and possible for all breast tumors, including LABC and LOBC downstaged with NACT. In recent times, the scope of patients for whom guidelines recommend neoadjuvant therapy has been broadened (25). In this scenario, evidence for the safety of post-NACT breast conservation and approaches to expand the scope of breast conservation are urgently required. Currently, although there are reports of post-NACT oncoplastic breast conservation (19, 22, 24, 26–28), most of these reports focus on a single approach for oncoplastic breast conservation. As with breast conservation, each surgical approach is appropriate only for a specific set of patients. The current study utilizes an arsenal of oncoplastic techniques and a series of precautions in a variety of scenarios to safely increase post-NACT breast conservation. In our experience, oncoplastic breast conservation has proven to be an oncologically safe procedure with good cosmetic and patient reported outcomes (19, 22). This comprehensive report on post-NACT oncoplastic breast conservation demonstrates how such techniques can be carefully leveraged to increase post-NACT breast conservation rates.





Methods




Patient selection

This is a single institutional study involving retrospective analysis of prospectively collected data. The following pathological criteria were used for patient selection for neoadjuvant systemic treatment: (1) LABC (not including node positive T1 and T2 LABC cases), (2) LOBC, (3) luminal HER2-positive and HER-positive (non-luminal) tumors greater than 2 cm; (4) Triple Negative Breast Cancer (TNBC) greater than 3 cm, (5) luminal HER2 negative large T2/T3 tumors, and (6) any patient with clinically or histologically proven positive axillary nodes. Patients with demonstratable metastatic disease were excluded. All patients underwent definitive breast surgery post-NACT in the period between January 2015 and December 2020. Patients were deemed qualified for upfront mastectomy based on the following criteria: (1) LABC; (2) LOBC; that is, Stage IIB and above (T3N0 but not T2N1) as described by Simos et al. (29); (3) small breast volume to tumor ratio; and (4) multicentric/multifocal tumors. Having upfront qualification for mastectomy enabled us to compute conversion rates to BCS/OBS post-NACT. The plan of management (NACT and proposed surgical plan) was discussed with the patient, and written informed consent was obtained for each step/procedure, for each patient.





Data collection

Data included demography, medical history, clinical findings, pathological reports (diagnostic biopsy and surgical histopathology including immunohistochemistry), details of NACT, surgical intervention, pre- and post-operative images of patients, post-surgery complications, follow-up details, and PROMs.





Clinical management

Triple assessment based on clinical examination, imaging and image-guided core needle biopsy was routinely used to establish a diagnosis. Systemic staging was assessed based on Positron Emission Tomography (PET) imaging. Patients were selected for neoadjuvant treatment based on decisions made by the multidisciplinary team (MDT). After clinical staging, NACT was administered based on NCCN guidelines.





Tumor response

After every other cycle of chemotherapy and at the completion of NACT, the patient was monitored clinically and radiologically. Clinical response of the primary tumor to therapy was calculated according to the RECIST Ver 1.1 criteria (30). The pathological response was determined by comparing the pre-therapy clinical stage with the stage at final histopath.





Tumor localization

For all cases, the residual tumor was pre-operatively localized by ultrasound (USG) imaging. In cases where the tumor responded to NACT, the residual tumor was clipped mid-NACT at ~1cm size by USG guided insertion of liga clips. At least four clips were used to facilitate identification by intra-operative USG (Figure 1). We believe that accurate delineation of the center is difficult in a 4- to 5-cm tumor and therefore needs to be done after response to therapy and reduction in tumor volume. Mid-NACT localization after good NACT response mitigated the requirement of another localization procedure such as wire guidance before the definitive surgery. Pre-operative localization by mammography-guided wire bracketing was done only where there was extensive residual calcification post-NACT. Intra-operative USG was used to target the clipped center, and a wide excision of the clip-bearing area was carried out. Intra-operative specimen mammography and USG were used to confirm that all wire-bracketed calcifications and/or clipped specimen were excised with negative margins. Figure 1 also shows specimen mammogram from clipped residual tumors that were T0 and T1 on final pathology.




Figure 1 | Tumor localization by liga clips mid-NACT. (A) Liga clips and needles used for USG-guided clip insertion. The liga clip is cut in half and deposited in the tumor mass under USG guidance with the 16-gauge needle. (B) Mammogram of pre-NACT lesion HER2-positive non-luminal 3 × 1.8 cm in size in upper and inner quadrant of left breast. (C) Mammogram of the residual lesion after two cycles of AC with clips inserted. (D, E) USG images of clip insertion into a tumor. (F) Specimen mammogram of a clipped specimen with ypT1 residual IDC + DCIS. The residual tumor was clipped at 16.5 mm on USG. The specimen is from a simple therapeutic mammoplasty procedure (volume displacement, Level 2). (G) Specimen mammogram of a clipped specimen with complete response (ypT0). Clipping was done when the residual tumor was 18 mm on USG. The specimen is from a complex therapeutic mammoplasty procedure (volume displacement, Level 2).



In this report, paraffin slides of margin tissue were accessed from the pathology laboratory to verify the negative margin outcome. Slides of tissue assessed at frozen were quality checked for tissue integrity on Mantra (PerkinElmer). Frozen and pathology slides were imaged on an OS-15 (OptraSCAN, San Jose, CA, USA) bright field digital scanner. These digital images were blinded and shared from our server with the second pathologist (SB) to assess concordance in margin assessment.





Surgical techniques

In every case, wide local excision of the residual tumor was identified by palpation as well as USG of the residual tumor and the marker clips used for localization. Post-excision margin adequacy was assessed on the table by USG or by specimen mammography. In addition, all specimens were sent for frozen section margin assessment to the pathologist. Any close margin (1–2 mm) seen on specimen mammogram or reported on frozen section (including focally positive margins) was revised in the same sitting before restoration of the breast form. Margin guidelines based on the consensus on margin safety by the American Society of Clinical Oncology, Society of Surgical Oncology, and American Society for Radiation Oncology Consensus Guideline (31) were followed.

The surgical plan was determined based on assessment at diagnosis, post-therapy clinical-radiological assessment of residual disease, residual tumor location, and extent of calcification, breast size, and ptosis. Patients were counseled for safety and esthetic outcomes. Final decisions were based on patient choice. Volume displacement and volume replacement techniques were employed in all cases where conventional breast conservation was deemed unsuitable. In cases where breast conservation was not feasible mastectomy with immediate whole breast reconstruction was performed. Very few patients did not undergo reconstruction. The surgical procedures used are described here.





Conventional breast conservation surgery

BCS with primary breast closure was performed in patients with small residual tumors with adequately sized breasts or tumors in favorable locations.





Oncoplastic breast conservation

Oncoplastic surgeries have been classified based on the recent recommendations of the American Society of Breast Surgeons (32) and as expanded on by Silverstein (20). As defined in these recommendations, oncoplastic surgery refers purely to oncoplastic breast conservation surgery. Oncoplastic techniques performed were simple: Level 1, complex; Level 2, volume displacement and more complex; and Level 3, volume replacement and by perforator flap in most cases. Mini-Latissimus dorsi (LD) flaps were only used in surgeries performed prior to 2019 before perforator flaps were incorporated in routine practice.





Mastectomy with reconstruction

In certain situations, a complete mastectomy was performed. Seventy percent cases of mastectomy were followed by immediate breast reconstruction by implant or LD flaps. Dermal sling was employed for larger ptotic breasts, which has been shown to be a safe procedure (33). For cases with small breasts, an Advanced–Lower Dermal Sling (A-LDS) was used in place of an acellular dermal matrix (34).

Post-surgical oncological management decisions regarding chemoradiation protocols were undertaken by a multidisciplinary clinical team in accordance with guidelines.





Surgical outcomes

Surgical outcome data were recorded as minor or major based on the presence or absence of surgical complications such as seroma, delayed wound healing, fat necrosis, lymphedema, and infection and the interventions required to treat them. Major complications were those that required surgical intervention, whereas minor complications could be treated by therapy in the clinic.





Oncological outcomes

Margin status was assessed by histopathology of frozen sections intra-operatively and paraffin section post-operatively. Patients were carefully monitored for local and distant recurrences, quarterly for the first 2 years post-surgery and then every 6 months. Suspicious symptoms or signs were assessed by appropriate imaging and histological confirmation wherever feasible.





Patient reported outcomes measures

Patients were evaluated for patient reported outcome measures (PROMs) using the BREAST-Q questionnaire (35) at 1-year post-surgery follow-up. BREAST-Q questionnaire was offered to all patients at the completion of 1-year post-surgery follow-up, and data are presented for all patients who responded.





Statistical methods

Data were analyzed using Fishers Exact Count Statistic (when less than five cases), chi-square test, Wilcoxon Rank Test, and Student’s t-test using the stat and BSDA (36) package in R Ver 4.0 (37). Median follow-up was calculated using the reverse KM method of Schemper and Smith (38) using the Prodlim (39) and Hmisc (40) packages in R Ver 4.0. All graphs were plotted using ggpubR (41) in R Ver 4.0. Survival parameters were calculated using the survival (42) package in R. Kaplan–Meier plots were plotted using the survminer (43) package.






Results




Patient cohort

One hundred eighty breast cancer patients treated with neoadjuvant therapy and operated between January 2015 and December 2020 were included in the study. Table 1 describes the demographic and clinical features of the patients included in the cohort. The median age of the patients was 50 years (range: 23–75). Most cases (41%, 74 of 180) were luminal HER2 negative, followed by TNBC (31%, 57 of 180) and HER2 + 27% (49 of 180). HER2-positive cases comprise 21 luminal HER2-positive cases and 28 HER2-positive non-luminal cases.




A majority of cases (86%) were diagnosed at biopsy as IDC (155 of 180), and the rest were IDC with DCIS (9 of 180, 5%) and ILC (7 of 180, 4%). Most tumors were T2 at presentation (63%, 113 of 180), and 85% of patients were node positive (153 of 180). Most of these cases were N2 on imaging (56%, 86 of 153). A significant number of cases were clinically stage IIIA at presentation (38%, 69 of 180). The three cases that were treated with neoadjuvant therapy post an excisional biopsy performed at other centers. Excision biopsy is performed on lumpectomy specimens. These are the results of surgical procedures performed for diagnosis, immediately after a suspicious imaging report or clinical examination, without any initial biopsy. This is a common practice in many centers. Such patients often come to our center for reconstructive surgery to regain breast shape, remove scars, and so forth. This is a common practice in many centers. Such patients often come to our center for reconstructive surgery to regain breast shape, remove scars, and so forth. Since margin positivity is often not assessed after such procedures, patients are always assessed for residual tumor by imaging or a histopathological review of specimen tissue when available. The three cases included here came to us post such a procedure from other centers with reported positive margins. Two of these cases also had positive nodes that had not been treated. The cases included in this cohort were young age (< 40 years) and offered NACT prior to surgery.





Neo-adjuvant treatment

Among patients with luminal HER2-negative tumors, 49% (36 of 74) received hormonal therapy and 51% (38 of 76) were given Anthracycline- or Anthracycline- and Paclitaxel-based chemotherapy. Patients on hormone therapy were significantly older (mean age: 61 + 9.6, (range: 41–75 years) than the chemotherapy group (mean age: 48 + 10.3, (range: 29–67 years), p = 6.39e−07), and all except 1 were post-menopausal. Seventy-seven percent (38 of 49) of HER2-positive (luminal and non-luminal) patients received trastuzumab, a very high rate in an Indian setting for the use of HER2-directed therapy due to the prohibitive cost involved (44). Fifty-eight percent of TNBC patients (33 of 56) received AC followed by a Taxane, and the rest were treated with protocols such as AC alone, Fluorouracil, Epirubicin, Cyclophosphamide (FEC) with Taxane and Taxane with platinum drug as per guidelines. These variations in drug regimen are unavoidable confounders in our data and are a result of the socio-economic realities that patients face during treatment. In some cases where the delay in surgery and/or increased costs due to neoadjuvant therapy proved unacceptable, the preferred regiment of AC + taxane was cut down to four cycles of AC alone.





Response to treatment and surgery

OBS dominated as the choice of surgery in our cohort (Figure 2). Seventeen of 20 patients who had complete clinical response underwent OBS, while 53 of 73 patients with partial response were treated with OBS. Patients with progressive disease had the highest percent of mastectomy with immediate breast reconstruction (31%) or without reconstruction (9%).




Figure 2 | Surgery types and clinical tumor response to NACT. Post-NACT surgery type is dependent on the clinical response observed. Clinical response was determined to be complete, partial, stable, or progressive by pre-operative imaging according to RECIST criteria. A greater than 30% increase was taken as progressive disease and greater than 20% decrease as a partial response. Tumors that did not sufficiently decrease to be classified as a partial response or increase enough for progressive response were classified as stable. Cases that did not show any residual breast tumor on imaging were classified as complete response. Surgery types are classified as described in methods. Each bar represents the percent of each surgery type performed for the given clinical response type. In some cases, pre-surgical imaging was unavailable—one in mastectomy, one in breast reconstruction, two cases of OBS, and one case of BCS, and these cases are therefore omitted from this figure. Each subsection is labeled with the total number of surgeries shown in the figure. Numbers in parenthesis are % values for the response type in each surgery type.



The clinical response to treatment was determined by RECIST criteria Ver 1.1. (30). The pattern of response based on molecular subtype is similar to the reported data (45). Complete response (pathological) was high in TNBC and HER2-positive non-luminal (pCR in 48 and 60%, respectively), and low in luminal HER2-positive and luminal HER2-negative (pCR in 29 and 10% cases, respectively). The clinical and pathological response is shown in Figure 3.




Figure 3 | Tumor response to therapy. (A) Clinical response determined by pre-operative imaging. The response was determined by comparing the longest dimension of the tumor as reported by pre-operative (i.e., post-therapy) imaging versus the longest dimension reported by the same methods at the time of diagnosis. (B) Pathological response was determined by comparing the pre-therapy clinical stage (cTcN) to the post-therapy pathological stage (ypTypN). Complete responses shown here are ypT0ypN0 (pCR).







Mastectomy to BCS conversion rates

Patients were classified as qualified for upfront BCS (99 of 180) or upfront mastectomy (81 of 180). The basis for qualification for mastectomy is summarized in Table 2. Definitive surgery was performed at the end of the prescribed NACT period, based on the clinical response of the tumor to NACT (Figure 2).


Table 2 | Upfront mastectomy qualification (n = 81).



Out of 81 cases that initially qualified for mastectomy, 59 showed a good response to NACT and hence were converted to BCS/OBS with the conversion rate from mastectomy to BCS/OBS of 72.8%. The rest underwent mastectomy with reconstruction (15) or mastectomy alone (7) (see Table 3 and Supplementary Table S1). These patients received mastectomy despite being pre-therapy candidates for breast conservation. Two of these patients had progressed on treatment, and two patients had a complete response but missed mid-NACT USG examination for clip placement and therefore had to be treated with mastectomy. For the rest of the cases, the surgery choice was based on patient preference. In some of these cases, after inadequate response to therapy and with worrisome biology, the patients were not convinced of the safety of breast conservation and were therefore treated with a mastectomy.


Table 3 | Surgery types in the entire (n = 180) and mastectomy qualified (n = 81) cohort.







Post-NACT oncoplastic—breast-conserving surgery

Overall, 142 (80%) breast-conserving surgeries were performed in the cohort. A substantial proportion (79%) of the breast conservative operations is oncoplastic procedures (OBS) (121 of 142). The types of OBS carried out in the cohort and for the subset that qualified for upfront mastectomy are shown in Table 4. The frequency and type of oncoplastic surgeries in the mastectomy qualified cohort (81 of 180) and those amenable to upfront BCS (99 of 180) are not significantly different. The complexity of oncoplastic surgeries varied from volume displacement techniques (Level 1 techniques) such as rotational mammoplasty to more complex skilled procedures for extreme oncoplasty such as therapeutic mammoplasty and perforator flaps. Volume replacement procedures (46 of 142) following partial mastectomy utilized perforator flaps in most cases (83%, 38 of 46) and for the rest mini-LD (17%, 7 of 46) was performed, if such procedures could achieve superior outcomes. Mini-LD partial reconstructions were mostly done before 2019 when we had yet to adopt perforator flap as a routine technique in our practice. Examples of imaging findings and oncoplastic procedures are illustrated in Figure 4.


Table 4 | Oncoplastic breast conservation techniques used.






Figure 4 | Case studies of representative OBS techniques. (A) Simple oncoplasty—round block incision surgery of post-NACT HER2-positive non-luminal grade II invasive breast carcinoma (i) pre-NACT mammogram, (ii) post-NACT CC view of right breast with liga-clip localization, (iii) immediate post-operative, and (iv) 3-year post-operative upright patient image. (B) Volume displacement Level 2: Inferior pedicle therapeutic mammoplasty with contralateral symmetrization reduction mammoplasty. Luminal HER2-positive grade II IDC after one cycle of NACT with paclitaxel intolerance. Bracketing wires were placed for residual microcalcifications localization. (i) Pre-NACT mammogram, (ii) post-NACT mammogram left CC view with wire localized area of residual microcalcifications and clip localized residual tumor, (iii) patient with pre-operative markings and wire localized tumor for left therapeutic mammoplasty and right reduction mammoplasty, and (iv) 8-month post-operative and post-RT upright patient image. (C) Volume displacement Level 2: Dual pedicle therapeutic mammoplasty with NAC graft and contralateral symmetrization reduction mammoplasty. Post-NACT HER2-positive non-luminal grade II IDC. (i) Pre-NACT mammogram CC view, (ii) post-NACT mammogram left CC view shows a residual lesion with marker clips, (iii) upright patient with pre-operative markings, and (iv) upright patient’s image 15-month post-operative. (D) Volume replacement: Partial breast reconstruction with LICAP flap of post-NACT grade II TNBC IDC. (i) Pre-NACT mammogram CC view, (ii) post-NACT mammogram CC view of the lesion, (iii) pre-operative upright patient image, and (iv) 7-month postoperative image.



Patients who were selected for volume displacement Level 2 surgeries were also counseled for contralateral symmetrization. Only patients who consented for symmetrization were treated with this oncoplastic technique (40 cases). In addition, three cases of perforator flap volume replacement and 11 cases of immediate breast reconstruction received simultaneous symmetrization.

The tissue volume after resection was significantly smaller in BCS (82 ± 53 cc) as compared with average resection volume in OBS procedures (235 ± 280 cc, p = 0.0012) (Figure 5A). To ensure the oncological safety of breast conservation, larger volumes of excisions were required in some cases; hence, we had to adopt OBS techniques. The volume and the location of the excision required dictated the complexity of the OBS technique required (Figure 5A).




Figure 5 | Excision volumes and closest margin distance for post-NACT breast conservative surgery. (A) Excision volumes were calculated from the sum of the specimen volume and the volume of the cut margins. Error bars represent standard deviation values. P-values are from Wilcoxon Rank Sum tests with 95% confidence intervals. Error bars represent standard deviation values. (B) The distance of the closest margin from residual tumor at final pathology is shown for conventional breast conservative (BCS) and oncoplastic breast conservative surgeries (OBS) in the cohort. All distances are in cm. For OBS margins the closest margin is calculated after considering revised margin dimensions. Margin data were available for 13 BCS and 83 OBS cases.







Adjuvant treatment

A total of 40% patients (72 of 180) received adjuvant chemotherapy. A majority of HER2-positive (luminal and non-luminal) patients received adjuvant trastuzumab (57%), while only 45% (25 of 56) TNBC patients and 49% (36 of 74) luminal HER2-negative patients received adjuvant chemo- or hormonal therapy. Most patients received adjuvant radiotherapy (RT) (92%—167 of 180). Of the patients who did not receive RT, seven were lost to follow up, and six patients refused RT. Of these six patients, none had recurred at the time of last follow-up (average follow-up for these patients = 39 months).





Post-surgical complications

The frequency and type of post-surgical complications observed in the NACT cohort in the first year post-surgery are shown in Table 5. Minor complications including seroma, fat necrosis, and insignificant delayed wound healing in OBS surgeries were observed in 19% of cases (23 of 121) and in 16% of immediate breast reconstruction surgeries (4 of 25). Two patients had major complications due to delayed wound healing post and OBS surgery, leading to flap necrosis and completion mastectomy in one case and abdominal flap graft in the other. Delayed wound healing in one case of breast reconstruction led to loss of implant (more than 1 year post-surgery). All other complications were minor and were treated with either no intervention or conservatively without needing to go back to the theater.


Table 5 | Early surgical complications observed in NACT cohort (at 1-year post-surgery).







Oncological outcomes




Surgical margins

We assessed margin positivity rates and the minimum tumor margin size in BCS and OBS surgeries. Due to the extreme care during the surgical procedure with stringent radiological and pathological analysis and revision of margins in the same setting (see Methods), none of our patients needed a second surgery. To independently verify intra-operative frozen assessment of negative margins, pathology margin slides were imaged, blinded, and shared with an independent US-board certified pathologist (SB) for assessment of margin involvement. One hundred sixty-two slides (68 specimen margins, 46 revised margins, 43 frozen specimen margins, and five frozen-revised margins) from 23 patients were re-examined. All the examined margins were found to be negative. In patients with scattered tumor in excised tissue, much wider than 2-mm margins were taken to ensure not to miss any scattered residual disease. The average margin in breast conservation surgeries was 12.2 ± 13.4 mm, with larger average margins for OBS compared with BCS (12.8 ± 14.3 mm compared with 8.5 ± 5.3 mm). Figure 5B shows the spread in tumor margins for breast conservative surgeries (OBS and BCS) in the cohort. There were no cases of a positive margin on final pathology. In 15 cases (10.5%), margins were found to be involved or close intra-operatively (≤ 2 mm) on frozen and were revised in the same surgery. The revised re-excision margins were free of tumor on frozen and final pathology.






Survival outcomes

The median follow-up for this cohort is 38 months (minimum 6.1 months and maximum 86 months, i.e., 7.2 years). Sixteen cases (9%) have less than 1-year follow-up. At median follow-up (38 months), the entire cohort had an overall survival (OS) rate of 90.5%, distant disease–free survival of 84%, and loco-regional recurrence free survival at 93% (Figure 6 upper panel and Table 6). The 142 breast conservation–treated cases had an OS rate of 91.3%, distant disease free at 86.0%, and LRR-free survival of 93.5%. (Figure 6 lower panel). These are acceptable rates for post-NACT–treated cohorts. The Kaplan–Meier plot for surgery stratified disease free and OS is shown in Figure 6. Surgery-type specific local and distant recurrences that occurred during median follow-up time are shown in Table 7. Further details for each breast conservation type are shown in Supplementary Table S2. Cox proportional hazards showed no significant difference at median follow-up (38 months) between breast conservation (conventional BCS and OBS) and mastectomy (mastectomy with or without immediate breast reconstruction) for both distant and local disease free and OS (data not shown). This pattern was seen even in the comparison of the outcomes for the mastectomy qualified versus unqualified cohort (Figure 7). Subtype-stratified distant and local disease free and OS was significantly worse for TNBC subtype. Multivariate cox proportional hazards showed that only TNBC subtype and pathological node status are significantly associated with disease free outcomes in this dataset (data not shown).




Figure 6 | Kaplan–Meier plots of disease-specific, distant disease–free, and locoregional disease–free survival for the entire cohort, and mastectomy or breast conservation treated subsets. Top panel: Kaplan–Meier plots for the entire cohort for different survival types; bottom panel: Kaplan–Meier plots for the mastectomy and BCS-treated subsets. Log rank P-values are shown; survival types: The left most plots show the disease specific survival; central panel shows the plots for locoregional disease–free survival and the right most are for distant disease–free survival. Disease-free interval is calculated from the time of surgery to the first recurrence (local or distant) observed. OS time is calculated from the time of surgery to the most accurately available date of death where the death is known to relate to cancer. In cases where date of death was not available, the date of last follow-up has been used. Distant disease–free survival is plotted for the time from surgery to a distant recurrence or detection of systemic metastasis. Distant recurrence may be the first recorded recurrence or subsequent or concomitant to a local recurrence. Similarly, loco-regional recurrences shows data for the first recorded recurrence or concomitant with a distant recurrence.




Table 6 | Survival outcomes at 3 years (median follow-up) post-surgery local, distant recurrence, and survival percentages.




Table 7 | Kaplan–Meier survival estimates*.






Figure 7 | Kaplan–Meier plots of disease-specific, distant disease–free and locoregional disease–free survival for the mastectomy qualified and unqualified subsets. Survival types: The left most plots show the disease-specific survival; central panel shows the locoregional disease free survival and the right most are for distant disease free survival. Dotted lines indicate the survival probabilities at median follow-up stratified by mastectomy qualification and log-rank p-values (at 95% confidence interval) for each survival type. Survival is calculated as described in Figure 6. Survival probabilities at median follow-up are given in the table below with number at risk. Data are taken from the actuarial tables used to plot the survival curve.







PROMs

The PROM scores from the BREAST-Q questionnaire (35) (Questions 1–5) are shown in Table 8. The data represent 1-year PROM scores collected for 18 of 25 patients who had a mastectomy with immediate breast reconstruction, and 72 of 121 patients who underwent OBS (22 volume displacement Level 1, 25 volume displacement Level 2, and 25 volume replacement—perforator flaps). All parameters are satisfactory in all three surgery types, that is, breast reconstruction, BCS, and OBS (values range from 67% to 88%). The variation among surgery types for scores of Question 1 (satisfaction with breasts) was significantly different in ANOVA analysis. OBS showed significantly better satisfaction scores compared with reconstruction, for Question 1 (Table 8) (P < 0.001) by Mann–Whitney Test.


Table 8 | Patient-reported outcome measures at 1-year follow-up.








Discussion

Breast conservation gives the best surgical outcome for breast cancer in appropriately selected patients (15). Recently, BCS has been shown to be associated with better survival outcomes in early breast cancer compared with mastectomy (46, 47) in data from the Dutch national registry (T1-T2, N0-N2), and the Danish National Registry cohort (pT1-3/pN1-3), (47) even after adjusting for confounding factors such as age, tumor size, and treatment. Conventionally, mastectomy is considered the safe surgical option for LABC/LOBC disease regardless of the response to NACT (15). Encouraged by the establishment of BCT as a safe treatment, breast conservation in LABC patients with good response to NACT has been shown to be as safe as mastectomy, with comparable LRR, disease-free survival (DFS), and OS rates (23, 48). Meta-analyses show that the rate of conversion from mastectomy to BCT post-NACT using conventional BCT techniques is around 40% globally (14, 16, 17). In the EBCTCG overview of 2018, the average conversion rate of planned mastectomy to breast conservation was 33% in the post-NACT setting. In India, this rate is still lower at 11–23% (49), with few isolated cases of higher conversion rates of up to 46.5% (50). Breast conservation gives the best surgical outcome for breast cancer in appropriately selected patients (15). Given this fact, there is a need for better utilization of this technique in the post-NACT setting.

The long-term EBCTCG overview of neoadjuvant compared with adjuvant therapy (14) did not show any specific survival benefit for NACT. Instead, NACT-treated cases had a higher rate of local recurrence. This difference was substantially reduced when cases not treated with surgery were removed from the dataset. The remaining increase in local recurrence was attributed to the increase in post-NACT BCS. The authors discuss that this increase could be a result of flaws in the included studies such as the inconsistency of imaging protocols, tumor localization, and rad-path analysis. In addition to these flaws, the assumption that post-NACT excision volumes decrease as residual tumor decrease in size (13) has led to high-positive margin and re-excision rates for post-NACT BCS (51). Conventional BCS requires small excision volumes and favors specific breast quadrants for acceptable cosmetic outcomes (12). Even post-NACT, conventional BCS, is appropriate and safe only in selected patients with a large breast to tumor volume ratio for tumors in the appropriate quadrants (14, 52, 53). In addition, even after good NACT response, large tumors may respond with a honeycomb-like residual tumor (13, 54, 55) and with residual calcifications or fibrosis, which mimic residual tumor on visual examination. Such cases would require increased excision volumes, making conventional BCS an inappropriate surgical choice.

Oncoplastic techniques have previously been shown to drastically increase the scope of breast conservation and reduce the rate of mastectomy with better margin positivity and re-excision rates (28, 56–58). Silverstein et al.(18, 59) first reported on extreme oncoplasty where patients who would be advised mastectomy in the conventional and contemporary practice were offered breast conservation with the use of oncoplastic techniques. We, in 2019, reported a series of patients with large tumors, multifocal and limited multicentric disease, post-NACT large residual tumor/calcifications, and certain extreme conditions who underwent extreme oncoplastic breast surgery (OBS) with excellent cosmesis and oncological outcomes. There are a few reports of the effective use of oncoplastic surgical techniques in post-NACT cohorts (24, 26, 28) with better outcomes with the technique. Losken and group compared simple BCS with volume displacement oncoplastic surgery in a series of late-stage (> T2 or N1) cases. Even though the group treated with oncoplastic techniques had significantly larger tumors and higher T stage, recurrence, metastasis, and survival rates were not significantly different between BCS and OBS (24).

Here, we report post-NACT outcomes for a series of 180 patients. All cases were operated by a single surgical oncologist after extensive patient counseling and with the aim of providing the best result to the patient in terms of oncological safety, long-term outcomes, cosmetic outcome, and patient satisfaction. Mastectomy has been shown to have an adverse effect on quality of life end points for most patients (5). In our practice, we aim to offer the advantage of breast conservation where oncologically safe to every patient. In India, due to a complex interplay of social norms and economic status of women, a second surgery is not an option for most patients. Hence, negative margins on the first surgery are essential. To achieve this, every tumor is widely excised and margins < 2 mm are revised. In certain situations where there is a large residual scar or lesion or scattered tumor in the excised specimen on frozen, much larger margins were taken (average margin 1.2 cm, Figure 5B). This may come at the expense of surgical simplicity, thus requiring complex oncoplastic techniques to achieve acceptable esthetic outcomes.

The flaws brought out by the EBCTCG overview about the inconsistency of the protocol of imaging, tumor localization, and rad-path analysis were mitigated by adherence to a strict protocol as discussed. In case of tumors that responded well to NACT, the tumor center was localized mid-NACT at ~1–2 cm by USG-guided insertion of at least four liga clips (see Figure 1) as discussed in methodology. The four clips used here were used to aid the identification of the residual tumor by intra-operative USG. The clips are inserted under USG guidance in the center of the residual tumor and not at the edges of the residual tumor. Accurate location of the center of the residual tumor by intra-operative USG also allows us to avoid additional procedures for wire localization. By placing the radio-opaque clips mid-NACT after a good response, as opposed to pre-NACT, we ensure that procedures such as wire localization of the clips are not routinely required (60). Only in cases where there is extensive calcification post-NACT, wire localization was done pre-operatively to identify the area of calcifications (Figure 4B). At times, this was in addition to prior mid-NACT clip localization of residual tumor. Other authors have used clip insertion before us; however, the purpose was to identify the tumor footprint (61). We follow the current recommendations of excision of post-NACT residual tumor rather than pre-NACT tumor footprint. This addressed the problem reported by the EBCTCG overview concerning improper localization. Two cases with a complete response missed mid-NACT follow-up and had to be treated with mastectomy since the tumor bed could not be accurately identified. Residual calcifications were targeted with bracketing and excised completely with immediate radiological confirmation. We employed intra-operative assessment of margins on frozen sections to ensure clear margins. The use of frozen sections to ensure clear margins has been reported and encouraged earlier by an Italian group of oncologists (62). This helped in ensuring zero margin positivity rates and reduced the repeat surgery rates to zero. Margin negativity was confirmed by blinded assessment by a second independent US-board certified pathologist of 100 randomly selected margin slides.

A recent meta-analysis on outcomes of post-NACT BCS (51), reported 2–33.6% positive margins with 0–12.4% re-excision rates. In contrast, in our cohort, even though 80% (142 of 180) surgeries are breast conserving, we report 0 positive margins with 0 re-excisions. In the subset that qualified for mastectomy at presentation, 73% cases (59/81) could be converted to breast conservation post-NACT. This conversion rate is mostly achieved by OBS, since 88% of breast conservation surgeries are oncoplastic surgeries (52/59). Previously, 6% positive margins were reported in a series of 47 post-NACT oncoplastic surgeries (24). Similar rates in our setting would put a strain on our system where socio-economic issues make second surgeries extremely difficult to perform. The use of frozen section removed this concern in our dataset, since we report 0 positive margins on final pathology. Stringent and extensive imaging and rad-path analysis with accurate delineation of the tumor bed were followed by well-planned radiation techniques. All these measures have resulted in excellent tumor control in the median follow-up of three years with an overall survival rate of 91.3%, distant disease free at 86% and LRR free survival 93.5% for breast conservation treated cases. These compare very well with 5 year rates reported by Chen et al. for 401 post-NACT BCT-treated patients with 63-month median follow-up (87, 89, and 91%, respectively) (48) despite the fact that conventional BCT makes up only 15% of the breast conservation surgeries (21 of 142) in our dataset. Importantly, disease-free interval is dependent on only disease characteristics such as TNBC subtype and pathological node positivity (data not shown). The type of surgical procedure used (breast conservation or mastectomy) does not affect the disease-free or survival outcomes. These results also hold true for the mastectomy qualified cohort.

The relatively short median follow-up of 38 months (~3 years) may have biased some of the oncological outcome presented here. This cohort covers 6 years of retrospective data from 2015 to 2020. The first 3 years (2015–2018) have a median follow-up of 50 months and account for 60% of the cases. Cases from 2019/2020 have shorter follow-up of 29–20 months. However, many of the patients in this cohort are in active follow-up and the outcomes of this cohort will be subsequently updated. In addition, in the time covered by this retrospective cohort, the practice was to offer the PROM questionnaire only once at the time of the 1 year follow-up. We are therefore unable to present long-term patient outcomes.

With a range of oncoplastic techniques, we were able to achieve a rate of 80% breast conservation in our cohort despite having 61% (110/180) LABC cases. Oncoplasty conferred the ability to excise a variety of volumes as was required in each case with adequate margins to make the surgery oncologically safe. These included cases where the residual tumor was large or the excised specimen sent for the frozen section showed scattered tumor foci. The esthetic outcomes were deemed acceptable based on the satisfactory PROM scores. Carefully carried out breast oncoplasty has the potential to increase breast conservation rates and patient satisfaction in the post-NACT setting. The incorporation of oncoplastic techniques helps treat larger tumors, achieves better cosmetic outcomes, and maintains comparable survival rates as that of mastectomy.

Our experience shows that meticulous protocol for imaging and targeting the tumor with mid-cycle clipping, intra-operative evaluation of margins, stringent RAD-PATH analysis, and application of appropriate oncoplastic and RT techniques confers a major benefit in terms of surgical, oncological, and patient-reported outcomes. Using these protocols, we were successful in avoiding re-excisions by a second surgery and providing breast conservation in our socio-economic conditions. In fact, avoiding second surgeries should be an aim even in the developed world as it would help save on resources. The inclusion of oncoplastic surgery in the armamentarium of surgical techniques will improve breast care for patients presenting with larger tumors and more advanced disease, which is found to a larger extent in developing countries.
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Breast surgery has evolved from mastectomy to breast-conserving surgery (BCS). Breast oncoplastic surgery later emerged with the inclusion and development of techniques used in plastic surgery for breast neoplasms. Recently, a new paradigm has been considered for mastectomy candidates with large multifocal and multicentric tumours, designated extreme oncoplasty (EO), which has allowed new techniques to be applied to tumours that would have been ineligible for BCS before. There are few publications and no uniform descriptions grouping all the technical possibilities and new indications together. We performed this a review with the objective of evaluating the indications and surgeries performed in the EO context, representing a new perspective for BCS. We observed new indications as extensive microcalcifications, locally advanced breast carcinoma with partial response to chemotherapy, small to moderate-sized non-ptotic central tumours and extreme ptosis. Small breasts are able for EO since the presence of ptosis. New surgeries are reported as disguised geometric compensation, perforators flaps, local/regional flaps, latissimus dorsi miniflap and partial breast amputation. It is important to decrease barriers to oncoplastic surgery if we want to increase the use of EO and BCS rates.
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Introduction

Oncoplastic surgery (OS) allows for higher levels of care in breast-conserving surgery (BCS). BCS was initially advised for the treatment of tumours up to 3–5 cm with a favourable breast/tumour ratio, being deemed safe and having an acceptable recurrence rate (1, 2). OS associated with BCS evolved from breast remodelling (3, 4), causing a loss of 20–50% of the breast parenchyma, to the mammoplasty and mastopexy techniques, which was classified as a type II procedure for the above tumours (5, 6). OS was later used for tumours up to 5 cm or multicentric/multifocal tumours, in which case it was designated extreme oncoplasty (EO) (7).

EO is a group of new BCS techniques for patients who are initial candidates for mastectomy. This new paradigm for BCS includes diverse techniques. Recently, a systematic review article described geometric compensation (GC)/split reduction based on Wise pattern (WP) mammoplasty, but it only reviewed one technique that fell under EO (8), noting the improvement of the initial indications. We aimed to review the EO concepts in more detail to summarize the state of the art and propose future directions.





Materials and methods

A review was conducted to evaluate the indications and surgeries performed in the context of EO. We used the PICO system for article evaluation: Problem = breast neoplasm; Intervention =EO; Comparison = all; Outcome = indication and type of surgery. We also considered OS and reconstructive surgical procedures to find associated surgeries related to EO.

Based on the concept of EO with resection for tumours larger than 5 cm or multicentric/multifocal tumours, and referring to previous publications, we based our search strategy on the following search terms: extreme oncoplasty, geometric compensation, regional flaps and mammaplasty. A review was performed by screening two databases (PubMed and LILACS). To evaluate articles in PubMed, we used the following terms: (((“breast neoplasms”[Mesh]) AND (“surgery, plastic”[Mesh] OR “plastic surgery procedures”[Mesh] OR “mammaplasty”[Mesh] OR “mastectomy, segmental”[Mesh])) AND (“oncoplastic surgery” OR “oncoplasty” OR “oncoplastic” OR “extreme oncoplasty” OR “extreme oncoplastic” OR “regional flaps” OR “geometric compensation”)). The terms used in LILACS were “neoplasias da mama” and “ procedimentos cirúrgicos reconstrutivos”; “neoplasias da mama” and “ cirurgia oncoplastica ou oncoplastia.” The deadline for article publication was 12/31/2022. There was no language restriction. Two authors (RACV, I-OJr) performed the revision and jointly evaluated the full articles selected. Each article selected was evaluated based on the type of study, its main endpoints (Table 1; Supplementary Table 1) and indications related to EO (Table 2). Based on main endpoints we group variables to be considered in future studies (Supplementary Table 2). The quality of the studies was evaluated using the MINORS instrument (24) (Supplementary Table 3) and NOS (Newcastle-Ottawa Scale) instrument (25) (Supplementary Table 4).


Table 1 | Main studies reporting Extreme Oncoplasty*.




Table 2 | Extreme oncoplasty: Indications and surgeries.







Results

Initially, 806 articles were identified from the PubMed database and 2 articles from LILACS. All articles identified and selected were in English. The titles and abstracts were evaluated, and 140 articles were selected for reading. After content evaluation, 46 articles were selected for this study. For EO specifically, 23 original articles and four comments were evaluated. Supplementary Figure 1 shows the PRISMA flowchart.

Silverstein suggested the term “EO” and the articles selected here (7, 10, 11). Paulinelli considered the term “GC using WP resection” (9, 16), and similar articles were selected based on modified techniques (22), case descriptions (26–28), and one institutional casuistic with systematic reviews (8). We found articles related to preoperative care (15, 20, 29–31), traditional indications (13, 17), multicentric/multifocal tumours (14, 23), increased indications (8, 13, 19, 21), casuistic (14, 17), and case reports (27, 32, 33). Quality of life (12, 14) was also evaluated. In addition, four replies were found (29–31, 34).

Evaluating the quality of the studies MINORS (Supplementary Table 3) score range of 12 to 19 points, and NOS (Newcastle-Ottawa Scale) evaluation (Supplementary Table 4) range of 3 to 7 stars. Most studies are retrospective. The best methodological study was a matched case-control study comparing EO with mastectomy (23). Four case−control studies, evaluated level II oncoplastic procedures (10, 12, 23), the indications and surgeries were different and one study performed matched evaluation (23) and one compare volume replacement with latissimus dorsi flaps (15). Of the case-control studies, the comparisons patients who underwent OE or not (10, 12, 23). Two studies present a retrospective component and prospective collection of information such as cosmesis assessment photos (8) and quality of life questionnaires (14). Two studies are prospective, showing the geometric compensation technique and its variation (9, 22). In most studies, follow-up time was short, limiting the assessment of local recurrence. Follow-up is stated in a generic way, without description related to patients’ loss of follow-up, being considered positive in studies with cosmesis and with quality outcomes.

EO was associated with higher tumour size, higher specimen weight, narrower margins, and possible conversion to mastectomy, without increasing the recurrence rate. Of the seven observational studies (8, 9, 13, 14, 16, 17, 22), four used the geometric compensation technique or its modification (8, 9, 16, 22). The main endpoint was related to indications, postoperative complications and cosmesis. Table 1 summarizes the main published results related to EO. Supplementary Table 1 shows the main results related to the studies.

Retrospective cohort studies maintained the indications for EO (13, 14, 17), showing that it is a safe procedure for large tumours (> 5 cm), multicentric tumours, and multifocal tumours with acceptable complication rates (7.7% to 28%) (8, 9, 13, 14, 17) and low recurrence rates at a follow-up of > 5 years (6% to 9%) (12, 17). Some studies mentioned breast sized/tumour size ratio or resection size to breast size ratio (35, 36), which can be used for small- and medium-sized breasts, using regional tissue transfer with local/regional flaps (18, 35–37). We also observed new options, such as regional flaps (38–47), partial breast amputation (48–51), and flap guides for central tumours (52). It is important to accept and include these new indications in the spectrum of EO. With this in mind, Table 2 summarizes all possible indications, and Figures 1 and 2 show the indication flowchart.




Figure 1 | Indications flow associated with Extreme Oncoplasty and associated surgeries. NCT, neoadjuvant chemotherapy.






Figure 2 | Indications for Extreme Oncoplasty based on breast characteristics.



The re-excision rate of EO is acceptable (0–12.5%) (7, 8, 12, 14, 15, 17). It was high (37.8%) in a study in which 73.9% of patients had multifocal/multicentric disease (13). The rate of conversion to mastectomy ranges from 0% to 13.5% (8, 13, 14, 34). One study reported 21% and 3% of mastectomy when EO was associated with traditional mammoplasty or latissimus dorsi, respectively (34).

The studies reported different follow-up, which were generally short and approximately 12 (14, 22), 24 (9, 10), and 36 months (8, 13, 16). Four studies had a follow-up higher than 60 months (12, 15, 17, 23).The recurrences were described as locoregional or local recurrences. Although limited follow up, local recurrence reported is lower than 3.5% (14/413 patients). The rate of breast symmetrisation is variable (48–100%) (10, 13, 17), and although it is not part of EO, it allows us to evaluate symmetry and cosmesis. All studies have shown that EO is a safe procedure (7, 12) with acceptable cosmetic results (8, 9, 16).

OS is associated with high satisfaction with the breasts (78%–83.5%) (8, 9, 12, 16, 22) and seems to improve the quality of life (12, 14, 22). Three studies evaluated quality of life using the Breast-Q questionnaire. One, a case series (n=39), reported high (>75%) satisfaction with the breast, outcomes, psychosocial well-being, and sexual well-being (14). The second study reported high scores associated with satisfaction with outcome and satisfaction with breasts (22). The third was a case−control study, which evaluated BCS (n=171) versus OE (n=33) and observed superior scores for OE in the outcome, satisfaction with the nipple complex, and psychological well-being (12).





Discussion

In 2014, Silverstein et al. (7) presented a new paradigm for OS, putting forth the concept of EO (10). Sixty-six potential candidates for a mastectomy with an unfavourable breast/tumour ratio due to the presence of tumours larger than 5 cm and/or multicentric/multifocal tumours (10) were subjected to standard WP reduction or split reduction procedures and immediate contralateral surgery to achieve symmetry (10). In the same year (2014), another publication showed, through mammaplasty techniques, the achievement of BCS in 17 cases of advanced tumours using the modified WP, called GC (9). This technique emphasizes breast preservation in situations when a breast-versus-tumour relationship is unfavourable for BCS. The skin is resected over the tumour, but using a modification of the standard WP and constituting an EO, which shows satisfactory cosmetic results (9, 28). The procedure is also performed for unicentric tumours < 5 cm with resection of the skin over the tumour, valuing other indications for EO (9), which was also evidenced in a larger series that used split reduction (16). A recent case series with systematic review refined the indications, considering the breast-size ratio, and it showed results associated with small and medium breasts (8). Since the objective of this study was to evaluate the indications, techniques and main results associated with EO, we opted to separately discuss all aspects related to EO, performing an integrative review.

EO is not for beginners (31). For OS, it is necessary to plan, perform clinical and imaging evaluations, and have surgical training (30, 34). Clinical evaluation, preoperative radiological evaluation, intraoperative frozen section margins, intraoperative specimen radiography, and clipped cavity margins are helpful for patient selection and operative evaluation (29, 31). Only one publication has considered the importance of breast nuclear magnetic resonance for surgical planning in the presence of multifocal/multicentric lesions (20).

The EO definition is extended to candidates for mastectomy who underwent BCS (14, 30), including patients with extensive ductal in situ, previously irradiated breast, locally advanced breast carcinoma with limited or partial imaging response to neoadjuvant chemotherapy, past excision biopsy with inappropriate scarring (14), extensive microcalcifications, and an unfavourable tumour/breast volume ratio (8, 21).

With the wide knowledge and dissemination of EO, it is necessary to review potential techniques and group them to facilitate decision-making regarding the indications, surgical possibilities, technical training, and associated complications (8, 18). GC (9) is a technical modification of the initially described procedure (22). An exceptional example of such a literature review was recently published that evaluated patients undergoing GC and WP and examined 243 patients previously described to have undergone this procedure (8). In that review (8), 36 patients were included. The indication for GC was extended to single tumours of smaller size and medium-to-small breasts, provided that they presented with ptosis and that EO was possible in tumours with an unfavourable breast/tumour ratio, valuing the indication for EO in tumours smaller than 5 cm.

When evaluation studies about EO, we have to review the level of oncoplastic surgery. Urban (53) considered three levels of Oncoplasty and EO would be considered for Level II procedures. Clough et al. (3) considered two levels and EO would be considered for Level II: extensive resections, requiring mammoplasty techniques, representing 20-50% of the breast/volume ratio. In 2019, the American Society of Breast Surgeons (6) began to use the term volume displacement and volume replacement. Volume displacement techniques are Level I (< 20%) and Level II techniques (20-50%), and volume replacement (>50%) are local/regional flap reconstruction, miocutaneous flaps and implants. Among the procedures performed for EO, most used WP reduction mastoplasty (8, 9, 17), followed by mastopexy and racquet mammoplasty (13), which is associated with Level II OS procedures associated with volume displacement (6). We have to add volume replacement techniques to arsenal of options related to EO (Figures 1, 2). After reviewing the concept of extensive resection associated with BCS, we found that other techniques could be included, such as pedicled flaps (17) and flaps with lateral thoracic perforators (19). One study compared traditional EO with latissimus dorsi (LD) miniflap (15), with lower complications and higher revision related to LD but no impact on local recurrence.

The EO concept extends the original technique to the use of locoregional flaps (37) and other techniques where extensive resections would lead to loss of cosmetic results (54), while OS allows safe resection with acceptable results. New possibilities for EO are random flaps (55), pedicled flaps (38), latissimus dorsi miniflaps (12, 39), and partial breast amputation (48–51). The techniques are associated with volume replacement (37) for small-to-moderate-sized breasts. For example, of random flaps, we have thoraco-epigastric flap, thoracic-lateral flap, bilobed flap and Burow’s triangle (55), but they can be used in lower resections. Older techniques used before the emergence of OS should not be forgotten. They are usually performed in a nonstandard way for patients in whom preservation of the breast is desired and cosmesis is not the primary endpoint. These techniques are locoregional flaps (37, 38, 40–47, 52, 55) and nonpedicled flaps, such as thoracoepigastric, thoracic-lateral, and bilobed flaps (55). It is necessary to accept and group these new techniques, allowing other reviews in the future.

Articles have shown images of voluminous breasts (7–10, 16, 19, 32) and medium-sized breasts (7, 8) subjected to EO. Hence, we must use techniques such as mammoplasty WP, GC (8, 9, 16, 22), and other mammoplasty techniques (13, 17). Some techniques are associated with volume replacement for small- to moderate-sized breasts (37). The presence of a small-to-moderate-sized nonptotic breast presenting centrally located breast cancer was initially considered a limitation, but perforator flaps are useful in this condition (19).

All patients who are candidates for EO should be aware of the possibility of conversion to mastectomy (8), and skin-preserving mastectomy may eventually be an option. This requires prior reservation of a breast prosthesis if BCS with OS is not safe during surgery based on the tumour margins of breast cosmesis.

Symmetrisation has an unknown impact on quality of life (56) since patients evaluate their cosmesis better than health professionals (57). Another option that can be used after extensive resection associated with BCS is immediate autologous fat grafting (58), which can improve patient selection for EO.

We try to evaluate the quality of the studies, but there was no randomized study and RoB 2.0 assess risk of bias was not performed, and for observational studies we used MINORS (Supplementary Table 3) and NOS scores (Supplementary Table 4). The major problem observed was too little description of the control group and short follow up in some studies. Although scores are low these studies are important to show the importance of EO. As it is an innovation, the follow up is low and we need more time to evaluate local recurrence. There is a lack of a paired matched case-control study, and new studies need to be performed, comparing EO, oncoplastic surgery and simple breast-conserving surgery. Locorregional recurrence would not be an endpoint but local recurrence. The future authors must take care reporting adequate follow up, loss of patient and local disease-free recurrence.

EO arose due to the need for breast preservation in cases that were difficult to resolve. This fact makes it impossible to carry out prospective randomized studies. It is unethical to perform a mastectomy when breast-conserving treatment can be performed. It limits the quality of the studies (Supplementary Table 3). Therefore, we must improve the literature (59), seeking to report the main metrics reported in previous studies (Supplementary Table 2), aiming to standardize information. Future studies determine the complexity of performing different procedures, reporting the experience of training centres in oncoplasty, and evaluating the learning curve, mastectomy conversion rate, complications, re-excision rate, local recurrence, patient satisfaction, and cosmetic results of different techniques. Also, it is necessary to perform matched case-control studies, with a long follow-up period.

EO implies developing clinical training to select cases, technical knowledge to evaluate different oncoplastic solutions, a fact that denotes a long learning curve. It is important to decrease barriers to OS (60) if we want to increase the use of EO. When performing OS, it is important to report the indications, type of surgeries (61, 62), postoperative endpoints and long term results (Supplementary Table 2). The EO qualifies the service and should be one of the parameters to be used in the quality assessment of breast centres.

Reflections and discussions of published articles (29, 30, 34) are important, but systematic reviews (8) are essential. Since the definition of EO (7, 11), the literature has evolved in indications, and this review considers the new technical possibilities (Table 2). Future systematic reviews evaluating the different techniques will facilitate a better understanding of the multiple technical availabilities and results, helping surgical oncologists choose the right procedure for BCS from the multiple techniques of EO.
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Median age, years 55.5+10.5
Menopausa status

Premenopausal 46 (35.1)

Postmenopausal 85 (64.9)
Family history

Positive 33 (25.2)

Negative 98 (74.8)
Histological subtype

Invasive ductal carcnome 122 (93.1)

Invasive lobular carcinoma 9 (6.9)
Angiolymphatic invasion

Present 31 (23.7)

Absent 100 (76.3)
Estrogen receptor

Positive 118 (90.1)

Negative 13 (9.9)
Progesterone receptor

Positive 110 (84)

Negative 21 (16)
HER2-neu

Positive 10 (7.6)

Negative 120 (91.6)

Unkown 1(0.8)
Tumor size (cm)

Ultrasound 15

Mammography 14

Breast MRI 22

Pathology 18
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Multifocality 29 (22.1) ‘
Muticentricity 8 (6.1)

Contralateral lesion 8 (6.1) ‘
Altered tumor size 13 (9.9) ‘






OPS/images/fonc.2022.1099125/crossmark.jpg
©

2

i

|





OPS/images/fonc.2022.1099125/table1.jpg
Quality of Life pe of evaluat

General EORTC QLQ-30; FACT-G
Breast FACT-B; EORTC QLQ-BR23; EORTC QLQ-BR45 (BR23 actualization)
Brest Surgery Mastectomy: BREAST-Q/mastectomy module

Breast-conserving Surgery: BCTOS; BREAST-Q/breast conserving surgery module
Reconstruction: MBROS, EORTC BRECON23; BREAST-Q reconstruction module
Shoulder FACT-B+4; SPADL; DASH; Quick-DASH
Special situation Anxiety and depression (HADS)
EORTC, European Organisation for Research and Treatment; QLQ, quality of life questionnaire; FACT, Functional Assessment of cancer therapy; BCTOS, Breast Cancer Treatment Outcome

Scale; BREAST-Q, Breast questionnaire; MBROS, Michigan Breast Reconstruction Outcomes Study; BRECON23, breast reconstructive; SPADI, Shoulder Pain and Disability Index; DASH,
Disabilities of the Arm, Shoulder and Hand; HADS, Hospital Anxiety and Depression Scale
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DOMAIN OF QUALITY OF LIFE

Mastectomy

Reconstruction

Psychosocial well-being 10 10 10 10 10 10
Sexual well-being 6 6 6 6 6 6

Physical well being

- Chest 10 9 10 11 10 11
- Abdomen - - - - 4 7

Adverse effects of radiation - 6 - 6 - 6

SATISFACTION DOMAINS

Satisfaction with Breast 4 11 4 4 4 15
Satisfaction with the Results

- Nipple reconstruction - - - = 2 1

- Abdomen - - - = 1 3

- Implant - - - - - 2

Satisfaction with care

Satisfaction with Information

- Surgeon - 12 - 12 - 15
- Radiotherapist - 11 = - - -

Satisfaction experience

- Surgeon - 12 - 12 - 12
- Medical Team - 7 - 7 - 7

- Office Staff - 7 - 7 - 7

Satisfaction with Latissimus Dorsi

Back = = = = 8 8

Back and shoulder - - - - 11 11
Sub-total 30 91 30 75 35 102

RECONSTRUCTION EXPECTATIONS
Short form

Long form

BCS, Breast- conserving Surgery.

5 questions

27 questions
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Follow up status Mastectomy Breast reconstruction

N=13 N =25

At median follow-up (3-year post-surgery)

Local recurrence 3 (23%) 0 0 7 (6%)
Distant recurrence 1 (8%) 6 (24.0%) 5 (24%) 10 (8%)
Death due to Cancer 2 (15%) 2 (8.0%) 1 (5%) 8 (7%)
Death due to unrelated cause - = 1(5%) -

Survival outcomes: Crude survival and recurrence rates at median follow-up (3 years) post-surgery. Outcomes are shown according to surgical treatment received. Numbers represent the number
of events for each survival type that occurred before median time point. Percentages are calculated from the total number of surgeries of the given type performed.
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No. of cases,N=539

Type of BCS

Oncoplastic 174
Conventional 365
Age 539
Histological subtype

IDC 469
Others 70
Grade

Grade 1/2 386
Grade 3 115
Missing 38
Tumor stage

T1 423
T2/3 115
Missing 1
Nodal stage

Node negative 430
Node positive 108
Missing 1
Hormone receptor

Positive 427
Negative 111
Triple negative

Yes 63
No 476

Adjuvant chemotherapy

Yes 308
No 231
Adjuvant radiotherapy

Yes 467
No 72

Adjuvant hormonal therapy

Yes 407
No 132

No. of deaths, N=13

13

10

10

10

10

Univariable HR

1.78 (0.60-5.29)
Ref

261 (0.87-7.82)

1.03 (0.98-1.09)
Ref

Ref
1.78 (2.96-39.2)

Ref
1.01 (0.28-3.68)

Ref
1.35 (0.41-4.42)

0.31 (0.10-0.91)
Ref

2.32 (0.63-8.43)
Ref

221 (0.61-8.06)
Ref

0.92 (0.20-4.14)
Ref

0.36 (0.12-1.08)
Ref

“Variables with p-values <0.05 in the univariate analysis were included in the multivariate analysis.

HR = hazard ratio; Ref = Reference; BCS = breast conservation surgery; ALND = axillary lymph node dissection; IDC

P

0.31

0.10

0.29

0.0001

0.98

0.62

0.04

0.24

0.20

091

0.08

Multivariate HR*

1.82 (0.55-5.97)

Ref
9.56 (2.41-37.86)

0.80 (0.25-2.56)
Ref

nvasive ductal carcinoma.

0.33

0.001

0.70
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Mastectomy Breast conservation

Disease-specific survival

38 0.904(80) ‘ 0.877 (22) 0913 (59) 0.59

Distant disease-free survival

38 0.835(70) 0.763 (17) 0.860 (54) 0.33
Locoregional recurrence-free survival
38 0.931(70) ‘ 0.908(17) 0.935(54) 0.61

Kaplan-Meier estimate of disease (local and distant)-free and overall survival. Survival probabilities for the entire cohort and stratified by surgery type (mastectomy and breast conservation) are
shown with log-rank p-values (at 95% confidence interval) for the comparison between mastectomy and breast conservation outcomes. Survival is analyzed for overall survival, distant disease~
free survival, and locoregional recurrence-free survival. Data are taken from the actuarial tables used to plot Figure 6.
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Study and center Year Cohort Classification of OBCS Percentage of VR among
size OBCS

Our study, Kyungpook National University Chilgok Hospital, 2022 539 VD and VR 43.7
Korea -174 (OBCS)
-365 (CBCS)

Oh, Seoul National University Hospital, Korea ** 2021 742 VD and VR 54
-371 (OBCS)
-371 (CBCS)
Kelemen, National Institute of Oncology, Hungary * 2019 756 Clough bilevel Excluded VR
-378 (OBCS)
-378 (CBCS)

Calabrese, Sapienza University Italy *° 2018 1024 VD Excluded VR
(All OBCS)

Clough, Paris Breast Centre, France ** 2017 350 Clough Bilevel Excluded VR
(All OBCS)

Mansell, Victoria & Western Infirmary, UK *! 2017 666 Clough Bilevel 135
-108 (OBCS)
-558 (CBCS)

De Lorenzi, European Institute of Oncology, Italy 32 2016 1362 Tumor location Includes VD, VR and 103
-454 (OBCS)  implant
-908 (CBCS)

Chakravorty, Royal Marsden, UK ** 2012 590 By location and 3 standardized VD Excluded VR
-150 (OBCS)
-440 (CBCS)

Fitoussi, Institut Curie Paris, France ** 2010 540 Tumor location Excluded VR
(All OBCS)  Aesthetic vs combination

“No available data on breakdown
VD = volume displacement; VR = volume replacement; OBCS = oncoplastic breast-conserving surgery; CBCS = conventional breast-conserving surgery.
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Breast-Q question Breast" reconstructi BCS* OBS* i)

1.Satisfaction with breasts 68 + 16 (16) 80 £19 (7) 81+ 14 (72) 0.0046

2.Satisfaction with outcome 88 +16.6 (16) 73 +14.7 (7) 84 + 9.5 (72) 0.0188

3.PsychoSocial well-being 83 +20 (16) 86 +20 (7) 87 + 17 (72) 0.66 (N.S)

4.Sexual well-being 52437 (5) 76 + 22 (5) 80 + 25 (34) 0.11(N.S)

5.Physical well-being 72 +17 (16) 68 £6(7) 73 £ 13 (72) 0.63 (N.S)
Response rate 16/25 (67%) 7121 (64%) 72/121 (80%) '

Patient-reported outcomes measure. Mean scores for patient response to selected Breast-Q questions. The number of patients who responded varied by question and is given in parenthesis.
The total rate of response for each surgery type is given as response rate (bold) at the bottom of the table.
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Calabrese **
Clough *
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De Lorenzi
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Fitoussi **

Surgeons

Both breast and plastic
surgeons

Not specified

2 breast surgeons

Breast and plastic surgeons
Not specified
Either breast or plastic

surgeons

Not specified

2 oncoplastic surgeons

Not specified

Operation
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5 years
(2009-2013)
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(2011-2014)

7 years
(2010-2017)

11 years (2000-
2010)

13 years
(2004-2016)

4 years
(2009-2012)

9 years
(2000-2008)

7 years
(2003-2010)

22 years
(1986-2008)

Follow-up, IBTR rates (%)
months

825 22
(all) (10 years, all)
82.9 1.8
(OBCS) (10 years OBCS)
81.4 (CBCS) 24
(10 years CBCS)
84.4 31
(OBCS) (5 years, OBCS)
87.9 (CBCS) 14
(5 years, CBCS)
51 (OBCS) -
52 (CBCS)
74.2 (all) 4.7 (all)
55 -
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56.2 2
(all) (5 years, OBCS)
56.8 (OBCS) 34
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86.4 6.7
(10 years, OBCS)
42
(10 years, CBCS)
28 43
(Projected 6 years,
OBCS)
37
(Projected 6 years,
CBCS)
49 6.8

(5 years, all)

OBCS = oncoplastic breast-conserving surgery; CBCS = conventional breast-conserving surgery.

Disease-free sur-
vival, %

86.2
(10 years, all)

79.7

(10 years, OBCS)
88.5

(10 years, CBCS)
929
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945

(5 years, CBCS)
88.5
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782
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95.0 (all)
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69
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87.9
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95.7
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100
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914
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913

(10 years, CBCS)

929
(5 years, all)





OPS/images/fonc.2023.1176609/table2.jpg
2 3-cm tumor in small-sized breast 16 20%
2 4-cm tumor in moderate-sized breast 13 16%
LABC 23 28%
LOBC 20 25%
Multicentric/multifocal 9 11%

Basis for classification of upfront mastectomy qualification.(A) Cases were labeled as qualified
for upfront mastectomy based on **tumor size and spread (LABC/LOBC), #Smaller tumors
with high tumor to breast ratio and multicentric, multifocal tumors. One case with a small
invasive tumor but extensive DCIS component has been included. LABC and LOBC were
assigned as described by (27).
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Entire cohort Mastectomy qualified

= 180) (n=81)
Mastectomy 13 72% ‘ 7 8.6%
Breast reconstruction 25 13.9% ‘ 15 18.5%
BCS 21 11.7% ‘ 7 8.6%
OBS 121 67.2% ‘ 52 64.2%

Surgery types performed in the mastectomy qualified and entire cohorts. The mastectomy qualified cases are the cases identified in Table 2. Breast conservation (conventional and oncoplastic)
accounts for 78.9% cases in the entire cohort and 72.8% in the mastectomy qualified subset. 72.8% is the rate of conversion from mastectomy to breast conservation.
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Oncoplastic surgery type and subtype NAT cohort Upfront mastectomy

N (%) N (%)
Volume displacement: Level 1 - Round block technique 14 (11.6%) 4 (7.7%)
Volume displacement: Level 1 - Lateral mammoplasty 10 (8.3%) 2 (3.8%)
Volume displacement: Level 1 - Simple oncoplastic closure 6 (5.0%) 1(1.9%)
Volume displacement: Level 1 - Rotational mammoplasty 2 (1.7%) 2 (3.8%)
Volume displacement: Level 1 - Wise pattern incision 2 (1.7%) 2 (3.8%)
Volume displacement: Level 1 - Grisotti flap 1(0.8%) -
Volume displacement: Level 1 - Medial mammoplasty 1(0.8%) 1(1.9%)
Volume displacement Level 1 36 (29.8%) 12 (23.1%)
Volume displacement: Level 2 - Therapeutic mammoplasty: Simple 17 (14%) 7 (13.5%)
Volume displacement: Level 2 - Therapeutic mammoplasty: Extreme 8 (6.6%) 6 (11.5%)
Volume displacement: Level 2 - Therapeutic mammoplasty: Complex 13 (9.1%) 2 (3.8%)
Volume displacement: Level 2 - Therapeutic mammoplasty: Type unavailable 2(1.7%) 2 (3.8%)
Volume displacement: Level 2 40 (33.1%) 17 (32.7%)
Volume replacement: mini-LD flap 7 (5.8%) 4 (7.7%)
Volume replacement: Perforator flap 38 (31.4%) 19 (36.5%)
Total cases 121 (100%) 52 (100%)

Distribution of oncoplastic breast conservation techniques used in post-NAST surgery. Level 1 surgeries were of a wide variety with reduced excision volumes (Figure 4). Volume replacement
surgeries by perforator flaps were mostly LICAP (n = 26/40) and included TDAP, LTAP, MICAP, Epigastric thoracic flap, and two cases of LICAP with an LTAP flap. Text in bold is a summation
of the previous data and scores corresponds to how the levels of oncoplastic surgery are related to surgery.

*Two cases of therapeutic mammoplasty have not been classified as simple, complex or extreme, and have therefore not been included in the details.
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Complication type Surgery type

Mastectomy Breast reconstruction
Delayed wound healing - 1 - 7+2*
Haematoma - - - 1
Seroma = 2 1 6
Lymphedema 1 - - -
Fat necrosis = 1 = 6
Hematoma - = - 1

Capsular contracture - - - =

Complication rate %(n) 7.7% 16% 4.8% 19%
(1/13) (4/25) (1/21) (23/121)

Surgical complications: Post-operative surgical complications in the NACT cohort at 1-year post-surgery. Complications are described as major or minor depending on the intervention required.
The rate of complications in oncoplastic breast conservation versus breast reconstruction was not significantly different. *Major complications.
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Features Class N(%)

Total patients 180
| Age Average + SD years 515 +11.3
Median (Range) | 50 (23,75)
< 40 years 27 (15%)
40-60 years 112 (62.2%)
> 60 years 41 (22.8%)
| Clinical stage* ITA d 25 (13.9%)
| 1IB | 43 (23.9%)
IITA 71 (39.4%)
1I1B 35 (19.4%)
Imic 3 (1.7%)
Not available 3 (1.7%)
| Clinical tumor size* T1 19 (10.6%)
| T2 | 113 (62.8%)
T3 20 (11.1%)
T4 24 (13.3%)
Not available 4 (2.2%)
Clinical node status** Positive 154 (85.6%)
| Negative 23 (12.8%)
Not available | 3 (1.6%)
| Subtype Luminal HER2 negative | 75 (41.7%)
HER2-positive non-luminal 28 (15.6%)
Luminal HER2 positive 21 (11.6%)
TNBC 56 (31.1%)
| Tumor type IDC (post-excision biopsy)*+ 3 (1.7%)
| IDC | 156 (86.7%)
IDC + DCIS | 9 (5.0%)
IDC + ILC 2 (1.1%)
ILC 7 (3.9%)
Other 3 (1.6%)
Tumor grade I 3 (1.7%)
I 111 (61.7%)
111 | 53 (29.4%)
Not available | 13 (7.2%)

Demographic distribution of NACT cohort.

*Clinical tumor size was assigned based on pre-NACT radiological and clinical assessment of
tumor.

**Node status was assigned based on ultrasound observations and biopsy/FNAC data where
available. These were used to assign a clinical stage.

*tThree cases that presented post an excision biopsy have been included. All had IDC with
positive margins on biopsy histopathology, and two cases had a palpable node on presentation
at our clinic. These cases were treated with neoadjuvant therapy prior to definitive surgery.
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Conventional BCS 365 362 359 356 348 288 218 173 118 72 40 Conventional BCS 363 359 352 347 342 280 211 167 113 71 39 Cg'l“‘ézg‘l';s“;c'ggss ?gg ?g; fgj ??j i‘?} ﬁ; 212; ’g ’5202 ;_2 ‘g
OncoplasticBCS 174 173 172 169 169 143 117 84 59 26 12 OncoplasticBCS 173 173 166 162 162 138 111 77 53 22 10

Conventional BCS

Oncoplastic BCS

Conventional BCS Oncoplastic BCS Conventional BCS Oncoplastic BCS
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No. of cases, N=539 No. of IBTR, Univariate HR

Type of BCS

Oncoplastic 174 3 0.78 (0.21-2.94)
Conventional 365 8 Ref
ALND

Yes 108 5 291 (0.88-9.63)
No 420 6 Ref
Missing 11

Age 539 11 1.0 (0.96-1.08)
Histological subtype

IDC 469 11 Ref
Others 70 0 0.67 (0.17-2.68)
Grade

Grade 1/2 386 9 Ref
Grade 3 115 2 0.77 (0.17-3.60)
Missing 38

Tumor stage

T1 424 10 Ref

T2/3 115 1 0.34 (0.04-2.69)
Nodal stage

Node negative 430 7 Ref
Node positive 108 4 2.06 (0.60-7.08)
Hormone receptor

Positive 427 7 0.44 (0.21-1.51)
Negative 111 4 Ref
Triple negative

Yes 63 2 1.75 (0.37-8.10)
No 476 9 Ref

Adjuvant chemotherapy

Yes 308 8 0.26 (0.07-0.96)
No 231 3 Ref

Adjuvant radiotherapy

Yes 467 9 0.71 (0.15-3.28)
No 72 2 Ref

Adjuvant hormonal therapy

Yes 407 7 0.52 (0.15-1.82)
No 132 4 Ref

*Variables with p-values <0.05 in the univariate analysis were included in the multivariate analysis.

P

0.71

0.03

Multivariate HR*

0.89 (0.23-3.39)
Ref

0.25 (0.07-0.98)
Ref

P

0.87

0.047
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No. of cases, N=539

Type of BCS
Oncoplastic
Conventional
ALND

Yes

No

Missing

Age

Histological subtype
IDC

Others

Grade

Grade 1/2

Grade 3

Missing

Tumor stage

T1

T2/3

Nodal stage

Node negative
Node positive
Hormone receptor
Positive

Negative

Triple negative

Yes

No

Adjuvant chemotherapy
Yes

No

Adjuvant radiotherapy
Yes

No

Adjuvant hormonal therapy

Yes
No

174
365

108
420
11

539

469
70

386
115
38

423
115

430
108

427
111

63
476

308
231

467
72

407
132

No. of recurrences, N=47

19
28

16
31

47

43

30
17

35
12

33
14

31
16

41

26
21

37
10

31
16

Univariate HR

1.59 (0.88-2.88)
Ref

1.79 (0.97-3.31)
Ref

1.02 (1.00-1.05)

Ref
223 (0.31-16.2)

2.15 (1.17-3.94)

1.21 (0.62-2.34)

1.47 (0.78-2.76)
Ref

0.49 (0.27-0.91)
Ref

1.13 (0.48-2.68)
Ref

0.84 (0.47-1.51)
Ref

0.62 (0.31-1.25)
Ref

0.57 (0.31-1.03)
Ref

P

0.13

0.07

0.05

0.48

0.02

0.57

0.24

0.03

0.78

0.57

0.20

0.07

Multivariate HR*

1.95 (1.04-3.64)
Ref

1.05 (1.00-1.07)

1.80 (0.91-3.55)

0.70 (0.35-1.39)

“Disease-free survival events were defined as any ipsilateral or contralateral breast recurrence (invasive or non-invasive) or regional or distant metastases.
*Variables with p-values <0.05 in the univariate analysis were included in a multivariate analysis.

HR = hazard ratio; Ref = Reference; BCS = breast conservation surgery; ALND = axillary lymph node dissection; IDC

invasive ductal carcinoma.

P

0.04

0.03

0.09
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Volume displacement

Tennis racket

Rotating flap

Reduction mammoplasty
Purse string suture closure
Batwing mastopexy

Glandular flap

N=98

2 (18.3%)
31(17.8%)
14 (8.0%)
13 (7.5%)
4(2.3%)
4(23%)

Volume replacement

Latissimus dorsi myocutaneous flap
Intercostal artery perforator flap
Lateral thoracodorsal flap
Thoracodorsal artery perforator flap
Thoracoepigastric flap

Adipofascial flap

N=76

23 (13.2%)
20 (11.5%)
18 (10.3%)
11 (6.3%)
2 (1.1%)
2 (1.1%)
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All, N=539 Conventional BCS, N=365 Oncoplastic BCS, N=174 p-value

Mean age (years, + SD) 494 +9.0 50.7 £9.2 46.5 £ 7.5 <0.001
Mean body mass index (kg/m” + SD) 236+33 23.6+35 235+3.1 055

Mean specimen weight + SD, g 68.1 + 46.6 53.1 +26.8 96.3 + 60.9 <0.001
Mean clinical tumor size (cm + SD) 1.7 0.8 15+ 0.7 21+11 <0.001

Tumor location by quadrant (n, %)*

Central 34 9 (6.0%) 26 (17.4%) <0.001
Upper outer quadrant 140 87 (58.3%) 53 (35.6%)

Upper inner quadrant 61 36 (24.2%) 25 (16.8%)

Lower inner quadrant 16 5(3.3%) 11 (7.4%)

Lower outer quadrant 32 10 (6.7) 22 (14.8%)

Multifocal 12 2 (1.3%) 10 (6.7%)

Mean pathological tumor size (cm + SD) 1.5+0.7 13+ 0.6 1.8+08 <0.001
Axillary lymph node dissection 108 (20.5%) 66 (18.5%) 42 (24.6%) 0.10
Tumor type

DCIS/pleomorphic LCIS 6 (4.8%) 19 (5.2%) 7 (4.0%) 0.81
Invasive ductal carcinoma 469 (87.0%) 318 (87.1%) 151 (86.8%)

Invasive lobular carcinoma 7 (3.1%) 10 (2.7%) 7 (4.0%)

Mixed/others 7 (5.0%) 18 (4.9%) 9 (5.2%)

Pathological tumour staging

0 23 (4.3%) 16 (4.3%) 7 (4.0%) <0.001
1 401 (74.5%) 295 (80.1%) 106 (60.9%)

2 113 (21.0%) 54 (14.8%) 59 (33.9%)

3 1(0.2%) 0 1.(0.5%)

Pathological nodal staging

0 430 (80.0%) 299 (81.9%) 131 (75.3%) 0.03
1 89 (16.5%) 55 (15.1%) 34 (19.5%)

2 14 (2.6%) 6 (1.6%) 8 (4.6%)

3 5 (0.9%) 5 (1.4%) 0

Pathological TNM stage

0 36 (6.1%) 23 (6.0%) 13 (7.5%) 0.002
1 325 (60.3%) 240 (65.7%) 85 (48.9%)

2 158 (29.3%) 91 (25.2%) 67 (38.5%)

3 20 (3.71%) 11 (3.0%) 9 (5.2%)

Receptor profile

HR+ Her2- 362 (67.2%) 249 (68.5%) 113 (64.9%) 0.89
HR+ Her2+ 57 (10.6%) 38 (10.4%) 19 (10.9%)

HR- Her2- 86 (16.0%) 57 (15.6%) 29 (16.7%)

HR- Her2+ 25 (4.6%) 15 (4.1%) 10 (5.7%)

Grade

1 114 (22.8%) 86 (23.5%) 28 (16.1%) 0.04
2 268 (53.5%) 184 (50.4%) 84 (48.3%)

3 115 (23.0%) 67 (18.3%) 48 (27.6%)

Positive frozen margin status 6 (6.8%) 32 (9.0%) 4 (2.3%) 0.04
Neoadjuvant therapy 9 (3.5%) 12(3.2%) 7 (4.0%) 0.67
Adjuvant chemotherapy 308 (57.1%) 196 (53.7%) 112(64.7%) 0.02
Adjuvant radiotherapy 467 (86.6%) 325 (89.0%) 142 (81.6%) 0.02
Adjuvant hormonal therapy 407 (75.5%) 282 (77.3%) 125 (71.8%) 0.17
Contralateral breast cancer 17 (3.2%) 10 (2.7%) 7 (4.0%) 0.42
Ipsilateral breast tumor recurrence 11 (2.0%) 8 (2.1%) 3 (1.7%) 0.78
Locoregional recurrence 23 (4.2%) 14 (3.8%) 9 (5.7%) 0.47
Distant recurrence 26 (4.8%) 16 (4.8%) 10(5.7%) 0.49
Death 13 (2.4%) 7 (1.9%) 6 (3.5%) 0.28

SD = standard deviation; DCIS = ductal carcinoma in situ; LCIS: lobular carcinoma in situ; HR = Hormone receptor (estrogen receptor and progesterone receptor); Her2 = human
epidermal growth factor receptor 2.
*Available data from 149 consecutive conventional breast conserving surgery was compared with 147 oncoplastic breast conserving surgery between 2011 and 2013.
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LDF+implant

Characteristics

N(%)

Postoperative hospital stay, Mean + SD 950 + 5.90 929 + 537 0.540

Age, Mean + SD 39.46 + 8.56 36.44 +7.52 <0.0001

Age 0.002

<35 201(32.7%) 200(41.8%)

35-64 406(66.0%) 277(57.9%)

>64 8(1.3%) 1(0.2%)

BMI Mean + SD 22.16 £ 291 21.60 + 2.65 0.001

BMI

<185 43(7.0%) 46(9.6%) 0213

18.5-28 546(88.8%) 418(87.4%)

>28 22(3.6%) 10(2.1%)

Unknown 4(0.7%) 4(0.8%)

Neoadjuvant therapy 0.569

No 462(75.1%) 367(76.8%)

Yes 153(24.9%) 111(23.2%)

Pathological types 0.021

Invasive carcinoma 515(83.7%) 410(85.8%)

Carcinoma in situ 73(11.9%) 62(13.0%)

Phyllodes tumors 19(3.1%) 3(0.6%)

Other tumors 8(1.3%) 3(0.6%)

Timing of reconstruction <0.0001

Immediately 599(97.4%) 444(92.9%)

Delay 142(2.3%) 15(3.1%)

Immediate to delay 2(0.3%) 19(4.0%)

Radiotherapy 0.852
I Yes 199(32.4%) 157(32.8%)

No 341(55.4%) 268(56.1%)

Unknown 75(12.2%) 53(11.1%)

Complications 0.542

No 599(97.4%) 469(98.1%)

Yes 16(2.6%) 9(1.9%)
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variables

Age

BMI

Pathological types
pT

PN

ER

PR

HER2

Ki-67
Neoadjuvant chemotherapy
Adjuvant radiother

07

08

09

LOF LOF+IMP

el

10
0dd Ratio(95%Cl)

11

12

F-value
<0.0001

0.001
0.063
014
0.308
0.801
0.454
0.924
0.283
0.526
0.977

OR(997%C
0.954(0.939-0.969)
0.93(0.89-0.972)
0.808(0.646-1.012)
0.877(0.737-1.044)
0.925(0.794-1.075)
1.038(0.776-1.389)
0.902(0.69-1.191)
1.014(0.762-1.349)
0.753(0.637-1.141)
0.913(0.69-1.209)
1.004(0.771-1.306)
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LDF+implant

LDF

10
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16

Complications

Postoperative hemorrhage

Reconstructed latissimus dorsi flap venous crisis

Implant infection
Prosthesis exposure
Insufficient expansion volume
Breast cancer recurrence
Reconstructed breast pain
Perceived prosthesis too large
Implant infection
Postoperative hemorrhage
Back incision dehiscence
Back incision dehiscence
Back incision poor healing
Poor incision healing
Incision not healing
Reconstructed breast fat liquefaction
Seroma in back
Breast incision scarring
Back incision scarring
LDF necrosis
Vascular crisis
Back incision dehiscence
Reconstructed breast deformity
Postoperative hemorrhage

Sinus tract formation of back incision

Solut

Debridement and hemostasis

Debridement, hemostasis and remove the implant

Remove implant
Remove the prosthesis
Remove the expander

Remove the reconstructed breast and prosthesis
Remove implant
Replace a smaller prosthesis
Remove implant
Debridement and hemostasis
Debridement and suturing
Debridement and suturing
Suturing
Debridement and suturing
Debridement and suturing
Debridement
Debridement
Scar excision
Scar excision
Remove the reconstructed breast
Remove the graft flap
Debridement and suturing
Revision
Debridement and hemostasis

Flap repair

me after surgery
1 day
5 days
8 days
4 months
1 year
2 years
6 years
10 years
2 years
2 days
1month
7 months
12 days
4 months
2 months
2 months
6 months
4 months
6 months
2 months
1 day
7 months
1 year
1 day

4 months
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Variable Categol OBS abse OBS presen Total p
Age mean + SD 58.0 159 49.0 £ 11.7 522 +133 0.014
Total tumor size mean + SD 22+16 5.0+ 4.0 41+33 0.548
Follow up mean + SD 66.5 + 39.2 719 £ 453 712 +£433 0.932
Age range <40 4 8 12 (14.1) 0.01
40-49 3 25 28 (32.0)
50-59 7 13 20 (23.5)
60-69 6 11 17 (20.0)
>70 6 2 8(9.4)
Treatment period 2000-2009 4 7 11 (12.9) 0.737
2010-2013 10 18 28 (32.9)
2014-2017 4 11 16 (18.8)
2018-2021 7 23 30 (35/3)
Paget Clinic 15 35 50 (58.8) 0475
Pathologic 11 24 35 (412)
Tumor Palpable 17 32 49 (57.6) 0.475
Non-palpable 9 27 36 (42.4)
Laterality Right 15 35 50 (58.8) 1.000
Left 11 24 35 (41.2)
Bilateral tumor Absent 25 56 81 (95.3) 1.000
Present 1 3 4(4.7)
Histology PD alone 0 6 2(24) 0.131
PD+ in situ | 6 10 20 (23.5)
PD+ invasive 18 31 49 (57.6)
PD+ in situ + invasive 2 12 14 (16.5)
Clinical stage 0 5. 18 23 (27.1) 0.05
1 3 17 20 (23.5)
2 9 8 17 (20.0)
3 8 16 24 (28.2)
4 1 0 1(1.2)
Molecular Luminal Her - 2 10 12 (14.5) 0.227
Subtype* Luminal B Her + 9 10 19 (22.9)
Her + 11 31 42 (50.6)
Triple negative 4 6 10 (12.0)
Local recurrence Absent 25 55 81 (95.3) 1.000
Present 1 3 4 (4.7)
Death for cancer Absent 22 55 76 (89.4) 0.276
Present 4 5 9 (10.6)
Death (overall) Absent 19 51 70 (82.4) 0215
Present 7 8 15 (17.6)

PD, Paget disease; *excluded missing information.
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Variable Categ: p (log rank)
Overall OS = 85 89.1% 72.8% -
OBS Absent 30 89.3% 73.7% 0.558
Present 55 88.3% ‘ 72.4%
Initial OBS BCS 2 100% 100% 0.675
BCS + OBS 21 100% ‘ 68.6%
Mast. 28 88.4% 71.1%
Mast.+OBS 34 81.1% 76.1%
BCS BCS 2 100% 100% 0.400
BCS + OBS 21 100% 68.6%
Mastectomy Mast. 28 88.4% 71.1% 0.523
Mast.+OBS 34 81.1% [ 76.1%
OBS BCS 23 100% 74.1% 0.568
Mast. 28 88.4% 71.1%
Mast.+OBS 34 81.1% 76.1%
Overall CSS e 85 92.3% ‘ 83.1% E
OBS Absent i 30 | 100% 81.6% 0.785
Present 55 91.3% 84.0%
Initial OBS BCS 2 100% 100% 0.709
BCS + OBS 21 100% 90.0%
Mast. 28 92.9% 79.4%
Mast.+OBS 34 85.9% 80.5%
BCS BCS 2 100% ] 100% 0.400
BCS + OBS 21 100% ‘ 90.0%
Mastectomy Mast. 28 92.9% 79.4% 0.523
Mast.+OBS 34 85.9% 80.5%
OBS BCS 23 100% 74.1% 0.568
Mast. 28 I 92.9% | 79.4%
Mast.+OBS 34 85.9% 80.5%

0S, Overall survival; CSS, cancer specific survival; OBS, oncoplastic breast surgery; Mast., mastectomy.
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Variables Category N
‘White 7
Black 5 357
Color/Breed Brown 2 14,3
‘ No 11 78,6
Nodule excision 1 7,1
Mastopexy 1 7.1
Previous surgery Contralateral breast cancer 1 7,1
|
No 6 42,9
Systemic arterial hypertension ‘ Yes 8 57,1
No 12 85,7
Diabetes Mellitus Yes 2 14,3
‘ No 6 42,9
Overweight/obesity Yes 8 57,1
No 13 92,9
Smoking Yes 1 7,1
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Variables Catego

1A 1
IIA 4 28,6
1B 1 7,1
1A 3 214
Clinical Stage 1B 5 357
‘ . No . 9 64,3
Skin involvement Yes 5 357
|
Upper outer quadrant 2 14,3
Upper inner quadrant 7 50,1
Union of upper quadrants 3 214
Union of outer quadrants 1 7,1
Localization Union of inner quadrants 1 7.1
‘ I 1 7,1

I 10 71,5

Tumor grade 11 3 214
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Variables Category
Adjuvant Treatment
Invasive breast carcinoma NST 12 85,7
Invasive lobular carcinoma 1 7,1
Histology Invasive breast carcinoma NST + papillary 1 71
Luminal A 1 7,1
Luminal B 8 57,2
Triple negative 4 28,6
IHC Hybrid Luminal 1 7,1
Sentinel node biopsy 10 714
Axillary surgery Axillary dissection 4 286
No 1 7.1
Neodiuvant 9 64,3
Chemotherapy Adjuvant 4 27,6
No 4 28,6
Tamoxifen 3 214
Endocrine Therapy Aromatase inhibitor 7 50
Final Result
Early post-operative 12 85,7
Excelent/Good (Harvard Scale) Late post-operative 11 78,6
Early post-operative 11 78,6
Excelent/Good (BCCT.core) Late post-operative 13 92,9
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Variant

Northeast

Southeast

Complexity before the course 0,629#
Did not perform 1 (100) 12 (60) 11 (42,3) 5(41,7) 29 (49,2)

Simple 0(0) 2(10) 3(1L,5) 3(25) 8 (13,6)

Complex 0(0) 6 (30) 12 (46,2) 4(33,3) 22 (37,3)

After the course, what is the increase in reconstruction rates in your service? 0,938*
0% 0(0) 0(0) 1(38) 0(0) 1(1,7)

1-10% 0(0) 1(5) 0(0) 0 (0) 1(1,7)

11-30% 0(0) 1(5) 1(38) 1(83) 3(51)

31-50% 0(0) 4 (20) 4 (15,4) 5(41,7) 13 (22)

51-70% 1 (100) 6 (30) 8(30,8) 0(0) 15 (25,4)

71-90% 0(0) 4(20) 6(23,1) 3 (25) 13 (22)

91-100% 0(0) 4(20) 6(23,1) 3(25) 13 (22)

Total 1 (100) 20 (100) 26 (100) 12 (100) 59 (100)

#Likelihood ratio test; “Mann-Whitney Test
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Variavel Specialization time

Up to 5 years 6 to 10 years 11 to 20 years > 20 years

Complexity before the course 0,510#
Did not perform 3(30) 10 (58,8) 9 (52,9) 6 (50) 28 (50)

Simple 2 (20) 1(59) 1(59) 3(25) 7 (12,5)

Complex 5 (50) 6(353) After 3(25 21 (37,5)

After the course, what is the increase in reconstruction rates in your service? 0,825*
O’k 0(0) 0(0) 1(59) 0(0) 1(1,8)

1-10% 1(10) 0(0) 0(0) 0(0) 7 1(18)

11-30% 0(0) 0(0) 1(59) 1(8,3) 2(36)

31-50% 2 (20) 4(23,5) 4 (23,5) 3(25) 13 (23,2)

51-70% 3(30) 4(235) 6(353) 2(16,7) 15 (26,8)

71-90% 1(10) 6(353) 1(59) 4(33,3) 12 (21,4)

91-100% 3(30) 3(17,6) 4(23,5) 2(16,7) 12 (214)

Total 10 (100) 17 (100) 17 (100) 12 (100) [ 56 (100)

#Likeilhood ratlo test. *“Mann-Whitney Test.
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Variant Description

(N =59)

Which types of reconstruction did you perform before the course?

Sectorectomy with breast remodeling- superior pedicle 10 (16,9)
Sectorectomy with breast remodeling- superior- medial 7 (11,9)
pedicle

Sectorectomy with breast remodeling- superior lateral pedicle I 5(8,5)

Sectorectomy with breast remodeling- inferior pedicle 4(6,8)

Skin-sparing mastectomy with prosthesis/implant 12 (20,3)
Skin-sparing mastectomy with expander 9(15,3)
Nipple-sparing mastectomy with prosthesis 8(13,6)
Nipple-sparing mastectomy with expander 6(10,2)
Round Block 19 (32,2)
TRAM 35,1

Latissimus Dorsi flap 6 (10,2)
Lipografting 2(34)

Capsulectomy I Capsulotomy 6(10.2)
Nipple-Areola Complex Reconstruction 3(51)

After completing the course, which surgeries do you perform?

Modified radical mastectomy without reconstruction 45 (76,3)
Sectorectomy with breast remodeling- superior pedicle 57 (96,6)
Sectorectomy with breast remodeling- superior- medial 56 (94,9)
pedicle

Sectorectomy with breast remodeling- superior lateral pedicle ‘ 53 (89,8)
Sectorectomy with breast remodeling- inferior pedicle 56 (94,9)
Skin-sparing mastectomy with prosthesis/implant 56 (94,9)
Skin-sparing mastectomy with expander 53 (89,8)
Nipple-sparing mastectomy with prosthesis 58 (98, 3)
Nipple-sparing mastectomy with expander 52 (88,1)
Round Block 58 (98, 3)
TRAM 11 (18,6)
Latissimus Dorsi flap 33 (55,9)
Lipografting 25 (42,4)
Capsulectomy I Capsulotomy 50 (84,7)
Nipple-Areola Complex Reconstruction 39 (66,1)

Which technique do you feel most confident and able to perform?

Classic Quadrantectomy I Sectorectomy 31 (52, 5)
Modified radical mastectomy without reconstruction 32 (54,2)
Sectorectomy with breast remodeling- superior pedicle 48 (81, 4)
Sectorectomy with breast remodeling- superior- medial 41 (69, 5)
pedicle

Sectorectomy with breast remodeling- superior lateral pedicle 36 (61)
Sectorectomy with breast remodeling- inferior pedicle 46 (78)
Skin-sparing mastectomy with prosthesis/implant 44 (74, 6)
Skin-sparing mastectomy with expander 39 (66,1)
Nipple-sparing mastectomy with prosthesis 43(72,9)
Nipple-sparing mastectomy with expander 37 (62,7)
Round Block 41 (69,5)
TRAM 6 (10.2)
Latissimus Dorsi flap 23 (39)
Lipografting 15 (25, 4)
Capsulectomy I Capsulotomy 30 (50, 8)

Nipple-Areola Complex Reconstruction 30 (50, 8)
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ypes of reconstruction performed Before After p

Sectorectomy with breast remodeling - superior pedicle 10 (16,9) 57 (96,6) <0,001
Sectorectomy with breast remodeling - superior - medial pedicle 7 (11,9) 56 (94,9) <0,001
Sectorectomy with breast remodeling - superior lateral pedicle 5(8,5) 53 (89.8) <0,001
Sectorectomy with breast remodeling - inferior pedicle 4(6,8) 56 (94,9) <0,001
Skin-sparing mastectomy with prosthesis/implant 12 (20,3) 56 (94,9) <0,001
Skin-sparing mastectomy with expander 9 (15,3) 53 (89,8) <0,001
Nipple-sparing mastectomy with prosthesis 8 (13,6) 58 (98,3) <0,001
Nipple-sparing mastectomy with expander 6 (10,2) 52 (88,1) <0,001
Round Block 19 (32,2) 58 (98,3) <0,001
TRAM 3(5,1) 11 (18,6) 0,008
Latissimus Dorsi flap 6(10,2) 33 (55.9) <0,001
Lipografting 2(34) 25 (424) <0,001
Capsulectomy/Capsulotomy 6(10,2) 50 (84,7) <0,001
Nipple-Areola Complex Reconstruction 3(51) 39 (66,1) <0,001

McNemar Test
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Variant Gender

Female

Complexity before the course <0,001#
Did not perform 14 (87,5) 15 (34,9) 29 (49,2)

Simple 0(0) 8 (18,6) 8(13,6)

Complex 2(12,5) 20 (46,5) 22(37,3)

After the course, w hat is the increase in reconstruction rates in your service? 0,916*
0% 1(63) 0(0) 1(1,7)

1-10% 1(63) 0(0) 1(1,7)

11-30% 0(0) 7 3 | 361

31-50% 3 (18,8) 10 (23,3) 13 (22)

51-70% 5(31,3) 10 (23,3) 15 (25,4)

71-90% 1(63) 12 (27,9) 13 (22)

91-100% 5(31,3) 8 (18,6) 13 (22)

Total 16 (100) 43 (100) 59 (100)

#Likelihood ratio test; “Mann-Whitney Test.
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Variant

Place of performance

Private Private and Public

Complexity before the course 0,981#
Did not perform 8 (50) 21 (50) 29 (50)
Simple 2(12,5) 6(14,3) 8(13,8)
Complex 6 (37,5) 15 (35,7) 21 (36,2)
After the course, w hat is the increase in reconstruction rates in your service? 0,101*
0% 1(63) 0(0) 1(17)
1-10% 0(0) 1(24) 1(L,7)
11-30% 0(0) 3(7,0) 3(52)
31-50% 3(18,8) 10 (23,8) 13 (22,4)
51-70% 2(12,5) 13 (31) 5(25,9)
71-90% 4(25) 9 (21,4) 3(22,4)
| 91-100% 6 (37,5) 6(14,3) 2(20,7)
Total 16 (100) 42 (100) 58 (100)

#Likelihood ratio test; *Mann-Whitney Test.
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Variant Description

(N=59)
Age, averaget SO 489 +82
Gender
| Female | 16 (27,1)
Male 43 (72,9)
Regions
North 1(17)
Northeast 20 (33,9)
Southeast 26(44,1)
South 12 (20,3)

Medical Residency / Specialization

General Surgery 14 (23,7)
Gynecology and Obstetrics 41 (69,5)
Others 4(6,8)

Current sector of work

Private 16 (27,1)
Private and public 42 (71,2)
Others 1(17)

Consider your knowledge about breast reconstruction after leaving
medical residency as:

None 15 (254)
Very Little 29 (49,2)
Reasonable 9 (153)
Enough 1(1'7)
Good 3(51)

Very Good 26,4

Did you finish the Medical Residency feeling capable of performing
Breast Reconstruction surgeries?

Yes 5(8,5)
No 54 (91,5)

End time of specialization*

Up to 5 years 10 (17,9)
6 to 10 years 17 (30,4)
11 to 20 years 17 (30,4)
More than 20 anos 12 (21,4)

* not all responded.
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Variant Description

(N=59)

What motivated you to start the course

Need to expand knowledge 51 (86,4)
New and reievant subject 3(51)
Incentive from a mastologist colleague 5(8,5)

Did you feel able to perfonn reconstructions surgeries aner the
course?

Yes 57 (96,6)
No 2(3,4)

In which module have you already put Into practice what you learned?
*

Ist 16 (28,6)
2nd 1(1,8)
3rd 4(7,1)
4th 8(14,3)
5th 8(14,3)
6th 3(54)
7th 5(8,9)
8th 2(3,6)
9th 1(1,8)
10th 8(14,3)

Did you already perfonn any type of reconstruction before the course?
Yes 26 (44,1)
No 33 (55,9)

Complexity of reconstructions before the course

Did not perform 29 (49,2)
Simple 8 (13,6)
Complex 22 (37,3)

Who perfonned the reconstructions?

The surgeon himself 6(10,.2)
Plastic surgeon 48 (81,4)
Mastologist surgeon who already perfOrmed reconstruction 5(8,5)

If you didn’t perfonn reconstruction before the course, why?

Did not feel able to perform 48 (90,6)
There was no team to perfOrm 4(7,5)
T didn’think it was necessary 1(19)

Complexity of reconstructions aner the course

Simple 1(L7)
Complex 58 (98,3)
Quadrantectomy I Classic Sectorectomy 46 (78)

Did taking the course impact your daily clinical practice?

Yes

Changed the strategy surgical 1.1ew 54 (91,5)
1 feel my patients are happier with the results. 32 (542)
The number of surgeries perfOrmed increased 21 (35,6)
Other impacts 3(51)

Before taking the course, what Is the percentage of breast recon-
structions performed In your service?

0% 5(8,5)
1-10% 24(40,7)
11-30”A. 13 (22)
31-50"A. 8 (13,6)
51-70"A. 1(1,7)
n 5

Aner taking the course, which was the increase in the number of
breast reconstructions in your service?

1% 1(17)
1-10% 1(1,7)
11-30"A. 3(51)
31-50"A. 13 (22)
51-70"A. 15 (25,4)
71-90"A. 13 (22)
91-100% 13 (22)

Did taking the course encourage other mastologists colleagues to
take the course as well?

Yes 54 (91,5)
No 5(8,5)

Do you keep improving/updating your knowledge in reconstruction?

Yes 58 (98,3)
No 1(17)
Types of updates

Taking other courses 23 (39)
Congresses I Symposiums I Conierences 54 (91,5)
Literature: Books and scientific articles 42 (71,2)
Other updates 7 (11,9)
How do you rate the course in general, average + SO 91,5 + 13,4
How do you rate the theoretical part, average + SO 87,4 +17,9

How do you rate the practical part, averaget so 90,5 + 14,4
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Indication

Type of

Surgery

Classical Tumour > 5cm Wyse Pattern
Multicentric and multifocal tumours Geometric
compensation
Initial candidates for mastectomy
Breast/tumour unfavourable ratio Modified
mammoplasty
New Breast/tumour unfavourable ratio Modified
indications mammoplasty
Extensive CDIS or microcalcifications -
New or recurrence in irradiated breasts -
Locally advanced breast carcinoma with -
partial response to chemotherapy
Inappropriate scare -
Medium and low breast with ptosis Geometric
compensation
New Small to moderate-sized non-ptotic with Perforators flaps
situations centrally located breast cancer

Small to moderate sized-breast

Regional volume
replacement

Random

Pedicle flap

Extreme ptosis

Local/regional
flaps

Pedicle flap

Latissimus dorsi
miniflap

Partial breast
amputation
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of patients

Silverstein (7)
Paulinelli (9)

Silverstein (10)

Silvestein (11)

Acea Nebril (12)

Crown (13)
Koppiker (14)
Pearce (15)
Paulinelli (16)
Savioli (17)
Alder (18)
Nigram (19)
Joukainen (20)
Cakmak (21)
Paulinelli (22)
De Lorenzi (23)

Franca (8)

2014

2014

2015

2016

2017

2019

2019

2020

2020

2021

2021

2021

2021

2021

2021

2022

2022

Viability
17 Descriptive; CG

- Conceptual;
Case-control

= Descriptive
33 EO Case-control
171 control
111 Casuistry
39 Casuistry
90 Case-control
73 Descriptive; CG
50 Casuistry
- Conceptual
4 Case series
98 Casuistry
- Conceptual
29 Disguised CG
100 Case-control
34+ Casuistry and literature review
243 (review)

Options
Clinic results, cosmesis

Conceptual EO

Evolution of EO

PS, quality of life

PS, techniques, complications
PS, techniques, complications, quality of life
PS, techniques, complications recurrence; Subgroup analysis
PS, techniques, complications, follow-up, cosmesis
PS, techniques, complications
Inclusion of miniflap
Inclusion of perforating vessels
Imaging
Evolution of EO
Clinic results, cosmesis
Recurrence and survival

Clinic results, cosmesis,
literature review

CG, Geometric compensation; EO, extreme oncoplasty; PS, patient selection.
* Summary of the main endpoints of case-control or observational studies is reported in the Supplementary Table 1.
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Tumor > 5cm

Neoadjuvant
chemotherapy

Multicentric/ multifocal
tumor

Up-front surgery

Breast/tumor
unfavorable ratio

Level Il OBS

Volume displacement

New possibilities

Volume replacement

Pedicle
Local/regional flaps

Latissimus dorsi miniflap

Evaluate possibility for
breast-conserving surgery

Extreme oncoplasty

New possibilities

Random
Local/regional flaps

Burow’s triangule

Simmetrization

Fat grafting
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Mastecto

Median age, y 56.1 +10.2 517 £ 11.7 0.07

Menopausa status 0.21
Premenopausal 36 (32.7%) 10 (47.6%)
Postmenopausal 74 (67.3%) 11 (52.4%)

Family history 0.04
Positive 24 (21.8%) 9 (42.9%)
Negative 86 (78.2%) 12 (57.1%)

Histological subtype 0.64
Invasive ductal carcinoma 103 (93.6%) 19 (90.5%)

Invasive lobular carcinoma 7 (6.4%) 2 (9.5%)

Tumor size (cm)

Breast MRI 20£1.1 37+19 <0.01
Pathology 1.6 £ 0.8 29+17 <0.01
Additional findings on MRI 31 (28.2%) 21 (100%) <0.01
Multifocality 18 (16.4%) 11 (52.4%) <001
Multicentricity 1(0.9%) 7 (33.3%) 0.01
Contralateral lesion 4 (3.6%) 4 (19%) 0.02
Altered size 10 (9.1%) 3 (14.3%) 0.44
Positive margins 6 (5.4%) 1 (4.8%) 0.88

Immunohistochemical

ER positive 101 (91.8%) 17 (80.9%) 0.18
PR positive 93 (84.5%) 17 (80.9%) 049
HER2 positive 8 (7.3%) 2(9.5%) 0.63

OP, oncoplastic; y, years; MRI, magenetic resonance imaging; ER, estrogen receptor; PR, progesterone receptor.
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Characteristics

Grades

Complications, number (n = 194)

Simple TM Complex
(13) ™ (11)

No complications in n = 165, NA=2

Extreme
oncoplasty (2)

Grade I (seroma/hematoma not requiring drainage, minor skin necrosis, fat necrosis, delayed 15 8 5
wound healing)

Grade II (wound infection) 1 1 0
Grade Illa (seroma/hematoma were drained under USG guidance, lymphedema, nipple 3 1 2
necrosis, skin necrosis undergoing debridement)

Grade IIIb (seroma/hematoma drained under general anesthesia—major skin necrosis, wound 8 4 4
infection requiring debridement, bleeding)

Total 27 14 11

TM, therapeutic mammoplasty; USG, ultrasonography.
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Score Classificatio Number, (%)

1 0-3 Bad 0, (0)

2 4-5 Fair 6, (3.5%)

3 6-8 | Good 117, (68.4%)

4 9-10 Excellent 48, (28.1%)
Total 171

5 NA Not available 23

NA, Not Available.
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Feature Class N (194)

Age (years) Median (range) 49 (29, 75)

<40 45

41-60 172

>60 31
Comorbidities Yes 77 ‘

No 115

NA 2
Size of breast S 0

M 75

L 104

XL 9

NA 6
Ptosis 1 19

I 69

it 98

No 3

NA ‘ 5
Molecular subtype ER/PR 99

HER2 55

TNBC 40
NACT response N =56
Clinical cCR ‘ 6
Clinical cPR 37
Clinical cSD 3
Clinical cPD 4

NA 6
Pathological pCR 16

ER, estrogen receptor; PR, progesterone receptor; TNBC, triple-negative breast cancer; NACT,
neoadjuvant chemotherapy; cCR, clinically complete response; cPR, clinically partial response;
<SD, clinically stable disease; cPD, clinically progressive disease; pCR, pathological complete
response. NA, Not Available.
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Feature Surgeries
(202)
Clinical tumor size cT1 68
(cT)
cT2 111
T3 12
NA 11
Tumor grade i 12
“ 1T 117
it 56
NA 17
Type of tumor IDC 164
(biopsy)
IDC + DCIS 22
‘ ILC 3
ILC + LCIS 3
DCIS ‘ 8
‘ NA 2
Focality Unifocal 165
‘ Multifocal/multicentric (MC/ 34
MF)
NA 3
Quadrant cQ 30
LIQ 22
LOQ 17
Q 5
uIQ 40
uoQ 80
uQ 3
NA 5
Pathological tumor ‘ 0 23
stage
1A 33
1B 6
‘ TIA 77
‘ 1B 31
TIA 17
1B 2
1mc 11
v 2

IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; ILC, invasive lobular
carcinoma; LCIS, lobular carcinoma in situ; CQ, central quadrant; LIQ, lower inner
quadrant; LOQ, lower outer quadrant; LQ, lower quadrant; UIQ, upper inner quadrant;
UOQ, upper outer quadrant; UQ, upper quadrant. NA, Not Available.
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Benign cases

Feature

Cases Total ‘ 11

Age (years) Median (range) 41 (28, 60)
<40 4
40-60 7
>60 ‘ 0

Comorbidities Yes 1
No 10

Size of breast N 0
M 3
L 7

|

XL 0
NA 1

Ptosis I} ‘ 0
I 2
Juts 8
No 0
NA 1

NA, Not Available.
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Benign surgeries

Feature Surgeries (Sx =
20)

Type of tumor Benign phyllodes 5

(biopsy)

Benign intraductal papilloma 3

Fibroadenoma 9
NA 3
Focality Unifocal 15
Multifocal/multicentric (MC/ 4
MEF)
NA 1
Quadrant cQ 4
1Q 1
LiQ 0
LOQ 0
LQ 1
uiQ 2
uoQ 8
uQ 1
NA 3

CQ, central quadrant; IQ, inner quadrant; LIQ, lower inner quadrant; LOQ, lower outer
quadrant; LQ, lower quadrant; UIQ, upper inner quadrant; UOQ, upper outer quadrant; UQ,
upper quadrant; NA, Not Available.
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Type

Simple

Complex

Extreme

Split
reduction

Descripti

For tumors within the reduction pattern (i.e., at 6 o’clock)
The nipple is placed on the superior, supero-medial, and inferior pedicles, which are commonly used pedicles

For tumors outside the pattern of reduction (i.e., between 12-3 o’clock position (left breast) and 12-9 o’clock (right
breast)

Dual pedicle technique is applied in which extended and/or secondary pedicles (inferior, infero-lateral, or infero-
medial) act as fillers, which enhance vascularity as an added advantage*

*Extended or secondary pedicles are the other parts of the breast that are generally excised, which are used to fill the
defects. The latter are preferred, as they have better blood supply reaching the most distant areas of the pedicle as
compared to extended ones

Include large multicentric, multifocal tumors, extensive DCIS, and poor response to NACT requiring large areas of
resection (>5 cm), in which mastectomy would be the surgical procedure of choice

For tumors that lie outside the reduction pattern wherein the skin needs to be resected due to involvement or close
proximity with tumor

The lower limb of the Wise pattern is shifted over the tumor site. Then, the outer limb of the Wise pattern is shifted
upward to lie over the tumor so that there is no incision in the IMF on the outer side

In contrast to those of the other techniques, the incisions on the IMF and the horizontal limb on the side of the skin
excision are omitted to preserve the vascularity and restructure the breast

TM, therapeutic mammoplasty; DCIS, ductal carcinoma in situ; NACT, neoadjuvant chemotherapy; IMF, inframammary fold.

Refe

es

(Savalia and Silverstein 2016) (28)

(Savalia and Silverstein 2016) (28)

(Silverstein et al., 2015, Silverstein
etal., 2016, Koppiker et al., 2019)
(31-33)

(Silverstein et al., 2015) (12)





