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Abstract:

Introduction and purpose: Breast cancer remains the most common malignancy among
women worldwide and represents a major cause of cancer-related mortality. Advances in
oncological management have led to the development of multidisciplinary treatment strategies
that integrate surgery, systemic therapy, and radiotherapy. Contemporary breast surgery
increasingly incorporates reconstructive procedures using implants or autologous tissue, often
supported by minimally invasive and robotic-assisted techniques. The aim of this review is to
present current concepts and future perspectives in mastectomy, with particular emphasis on
minimally invasive approaches and modern reconstructive methods.

State of Knowledge: Modern breast surgery favors breast-conserving procedures or
mastectomy combined with immediate or delayed reconstruction. Both implant-based and
autologous techniques demonstrate satisfactory oncological safety and favorable aesthetic
outcomes. Additionally, the introduction of endoscopic and robotic-assisted approaches has
enabled procedures through smaller incisions, reducing surgical trauma and potentially
improving postoperative recovery and cosmetic results.

Conclusions: Current approaches to mastectomy combine oncological effectiveness with
increasing attention to aesthetic outcomes and patient quality of life. The ongoing development
of minimally invasive techniques, advances in reconstructive surgery, and the emergence of
robotic technologies offer promising prospects for further improvement in surgical precision
and patient satisfaction. Nevertheless, additional long-term studies and broader clinical
experience are required to confirm the safety and effectiveness of these innovative approaches.

Key Words: Mastectomy; Breast cancer; Breast surgery; Breast reconstruction; Robotic
surgery; Al
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Introduction

Breast cancer is the most frequently diagnosed malignancy among women worldwide.
According to data from 2022, it accounted for approximately 24% of all cancer diagnoses in
women. In the same year, an estimated 670,000 deaths were attributed to this disease globally.
Breast cancer therefore represents the leading cause of cancer-related mortality among women
worldwide, whereas in Poland it ranks second in cancer-related deaths, following lung cancer
[1,2]. Although breast cancer can also occur in men, it remains rare and accounts for only about
1% of all cases [3]. The global incidence of breast cancer continues to increase, posing a
significant challenge for modern medicine. The most common histological type of breast cancer
is adenocarcinoma, which can be classified into preinvasive and invasive forms. Among these,
invasive breast cancer of no special type (IBC NST), previously referred to as invasive ductal
carcinoma, is the predominant subtype and accounts for approximately 75% of all cases [4].
Other important prognostic factors include the status of estrogen and progesterone receptors as
well as the expression of the human epidermal growth factor receptor 2 (HER2) [5]. One of the
most aggressive subtypes is triple-negative breast cancer, which is associated with limited
therapeutic options and relatively high mortality. This subtype is also more frequently observed
in patients with genetically determined breast cancer related to BRCAL and BRCA2 mutations,
which are responsible for approximately 5-10% of all cases [6-8]. Table 1 summarizes both
protective factors and risk factors associated with the development of breast cancer [Table 1].
Clinical manifestations that may suggest the presence of breast cancer include a painless
palpable mass within the breast, skin changes such as dimpling or retraction, pathological nipple
discharge, enlargement of axillary lymph nodes, and nipple inversion [9]. The diagnostic
process in patients with suspected breast cancer includes medical history taking, physical
examination, imaging studies - such as ultrasonography (USG), computed tomography (CT),
magnetic resonance imaging (MRI), and mammography - as well as core needle biopsy
followed by histopathological and molecular evaluation [10]. The management of breast cancer
requires a multidisciplinary approach that integrates several therapeutic modalities in order to
achieve optimal clinical outcomes. In general, four principal pillars of treatment can be
distinguished: surgical treatment, radiotherapy, chemotherapy, and hormonal therapy [11]. The
present article aims to present modern approaches to the surgical management of breast cancer
and to discuss the latest methods applied in this field, which focus not only on optimizing



oncological outcomes but also on improving aesthetic results and minimizing long-term
complications. Contemporary oncologic breast surgery increasingly incorporates breast
reconstruction following mastectomy using either implant-based or autologous techniques.
Moreover, the rapid development of minimally invasive surgery has enabled the introduction
of endoscopic and robot-assisted procedures, opening new perspectives for improving aesthetic
outcomes while reducing surgical trauma [12-14].

Table 1. Risk and Protective Factors for Breast Cancer [11]

Protective factors - Maintaining a healthy body weight

- Regular physical activity

- Limiting alcohol consumption and
avoiding tobacco smoking

- Breastfeeding

- Early first pregnancy

- Avoidance of hormone replacement
therapy

Risk Factors - Age (over 50 years)

- BRCA1/BRCA2 mutations

- Early menarche

- Late menopause

- Obesity

- Previous diagnosis of breast cancer

Evolution of Mastectomy Techniques

Mastectomy is a surgical procedure involving the removal of glandular tissue from one or both
breasts. Depending on the clinical indications and surgical feasibility, the procedure may be
partial or total and may also require the removal of additional structures such as the nipple-
areola complex, overlying skin, and axillary lymph nodes [15]. Mastectomy is performed
primarily for the treatment or prevention of breast cancer. Surgical techniques used in the
management of breast cancer have evolved considerably over time and continue to undergo
refinement. The first radical mastectomy dates back to 1889 and was performed by William
Halsted. This procedure involved extensive resection of the breast gland, axillary lymph nodes,
the pectoralis minor muscle, and the pectoralis major muscle. Although highly mutilating, the
complications associated with radical mastectomy were considered acceptable in light of the
oncological effectiveness of the procedure [16,17]. Subsequently, David Patey modified
Halsted’s radical mastectomy by preserving the pectoralis major muscle. Later, John Madden
introduced a further modification that preserved both pectoral muscles. This technique, known



as the modified radical mastectomy, remains an established method for removing the breast
gland together with the overlying skin, nipple-areola complex, and axillary lymph nodes when
breast-conserving approaches are not feasible [18,19]. However, contemporary breast surgery
increasingly focuses on achieving satisfactory cosmetic outcomes while minimizing surgical
morbidity. In recent decades, there has been a dynamic expansion of breast-conserving therapy
(BCT) as well as mastectomy performed through limited-access approaches with either
immediate or delayed breast reconstruction.

Modern Breast Reconstruction Following Mastectomy

In contemporary breast surgery, the preferred technique for tumor removal is the
aforementioned breast-conserving therapy (BCT). Current indications for this approach include
a biopsy-confirmed diagnosis of ductal carcinoma in situ (DCIS) or invasive breast cancer
suitable for surgical treatment, in which negative surgical margins can be achieved while
maintaining a satisfactory cosmetic outcome [20,21]. However, in certain clinical situations,
total mastectomy remains the recommended therapeutic option. For instance, this procedure
may be indicated in cases of multifocal breast cancer, inability to obtain clear surgical margins,
inflammatory breast cancer, contraindications to radiotherapy, the presence of pathogenic
BRCA1/2 mutations, or when the patient declines breast-conserving treatment [22]. It should
be emphasized that simple mastectomy is an invasive procedure in which, in addition to the
glandular tissue, the overlying skin, the nipple-areola complex, and the fascia of the pectoralis
major muscle are removed. As a result, the procedure leaves a visible scar and may lead to
significant asymmetry of the chest wall. For many women, the loss of the entire breast may
substantially reduce quality of life, self-esteem, and the sense of femininity. In response to these
limitations, modern oncologic breast surgery has increasingly adopted techniques such as
subcutaneous and nipple-sparing mastectomy, which allow preservation of the nipple-areola
complex and enable either immediate or delayed breast reconstruction [23,24]. The following
sections describe the principal methods used in reconstructive breast surgery within the context
of oncologic treatment.

3. 1 Breast Reconstruction with Implants

Implant-based breast reconstruction is a surgical procedure performed to restore the natural
contour of the breast following its removal during breast cancer treatment or, in selected cases,
as part of risk-reducing surgery in patients carrying BRCA1/2 mutations [25]. In addition to
recreating breast shape, filling the space left after removal of the mammary gland helps
maintain symmetry of the chest wall. This technique can be applied in many patients with breast
cancer, except for those who have previously undergone radiotherapy. It is also generally
considered less invasive than autologous tissue reconstruction described below [26,27].
Implant-based reconstruction may be performed simultaneously with mastectomy (immediate
reconstruction) or as a delayed procedure, for example after completion of adjuvant therapy
such as chemotherapy. The procedure can be carried out as a one-stage or two-stage
reconstruction. In one-stage reconstruction, the final implant - most commonly a silicone
implant - is placed immediately. This approach is feasible when an adequate amount of skin
remains after mastectomy. In contrast, a two-stage reconstruction with a tissue expander is used
when the available skin envelope is insufficient or after extensive resection. In this approach,



placement of the definitive implant is preceded by insertion of a tissue expander designed to
gradually prepare the tissues to accommodate the final prosthesis. The expander is
progressively filled with saline, allowing gradual expansion of the skin and soft tissues and
ultimately creating sufficient space for placement of the permanent implant [28,29]. The
implant may be positioned either beneath the pectoralis major muscle (subpectoral placement)
or above it, directly under the skin (prepectoral placement). Subpectoral placement offers
advantages such as better concealment of the implant and a lower risk of capsular contracture.
However, it is associated with longer recovery time, greater postoperative discomfort, and the
potential for implant displacement during contraction of the pectoral muscles. Prepectoral
placement, in contrast, is associated with reduced postoperative pain and a shorter recovery
period, although it may carry a higher risk of visible implant rippling and a slightly increased
risk of infection [30,31]. To improve contour and cosmetic outcomes, autologous fat grafting
may be used to provide additional volume in selected areas requiring soft tissue augmentation
[32]. Itis also important to consider the limitations of implant-based reconstruction, particularly
in unilateral procedures, where postoperative asymmetry may occur and additional corrective
surgery on the contralateral breast may be required. Patients with adequate soft tissue coverage
and no history of radiotherapy are considered ideal candidates for implant-based reconstruction.
Meta-analyses confirm that implant-based breast reconstruction is not only oncologically safe
and effective but also provides favorable aesthetic outcomes. Importantly, this method should
not be regarded as a second-line option; when appropriate indications are present, it may serve
as a definitive therapeutic approach that preserves physical health, quality of life, and a patient’s
sense of femininity [33].

3. 2 Breast Reconstruction Using Autologous Tissue

Autologous breast reconstruction using tissue flaps represents the second major approach to
breast restoration after mastectomy, alongside implant-based techniques. This method relies on
advanced oncoplastic and microsurgical procedures and requires a highly experienced surgical
team. In autologous reconstruction, the surgeon harvests tissue from another region of the
patient’s body and uses it to recreate the breast removed during mastectomy. Potential donor
sites include the abdomen, back, buttocks, and thighs [34-39]. The specific donor areas
commonly utilized in reconstructive breast surgery are summarized in Table 2 [Table 2]. During
the procedure, skin, adipose tissue, muscles, and blood vessels are harvested and subsequently
anastomosed to restore vascular supply to the reconstructed breast. Over recent decades, these
techniques have undergone substantial development, largely due to advances in microsurgical
vascular techniques that enable effective breast reconstruction while reducing the risk of flap
necrosis. Modern reconstructive surgery aims to employ a wide range of therapeutic strategies
and tailor treatment to the individual needs and anatomical conditions of each patient [40].
Currently, the deep inferior epigastric perforator (DIEP) flap is considered the most frequently
used technique and the gold standard in autologous breast reconstruction. Historically, the
transverse rectus abdominis myocutaneous (TRAM) flap was widely regarded as the standard
approach; however, its use has declined in favor of the DIEP flap, which preserves the rectus
abdominis muscle and is associated with a lower rate of donor-site complications [35].
Emerging reconstructive options such as the lumbar artery perforator (LAP) flap and the
profunda artery perforator (PAP) flap are gradually gaining attention in reconstructive breast
surgery. This trend is partly related to the limitations of the DIEP flap donor site, which requires
an adequate amount of lower abdominal tissue. Consequently, LAP and PAP flaps provide
alternative solutions for patients who are not suitable candidates for abdominal-based



reconstruction. Nevertheless, the LAP flap is associated with certain limitations, including
technical complexity and the requirement for intraoperative repositioning of the patient [41].
One of the main advantages of autologous reconstruction is the ability to achieve a more natural
aesthetic outcome and a tissue consistency similar to that of a natural breast. This technique is
also often preferred in patients who require postoperative radiotherapy and is associated with a
lower risk of infection compared with implant-based reconstruction. However, autologous
breast reconstruction is considerably more complex than implant placement and may be
associated with complications such as partial flap necrosis, wound dehiscence, hematoma
formation, or donor-site hernia [42]. Due to the limited number of high-quality studies, it is
currently not possible to establish universally accepted guidelines for autologous breast
reconstruction following mastectomy. Continued development of minimally invasive and
robotic-assisted techniques may further advance this field of surgery; however, their
effectiveness requires further investigation and long-term clinical evaluation.

Table 2. Common donor sites and flap options in autologous breast reconstruction [34-39]

Anatomical donor site Flap type Description

Abdomen DIEP Deep inferior  epigastric
perforator flap

TRAM Transverse rectus abdominis
myocutaneous flap

SIEA Superficial inferior epigastric
artery flap
Back LD Latissimus dorsi flap
LAP Lumbar artery perforator
FLAP
Thigh TUG/VUG/DUG Transverse/vertical/diagonal

upper gracilis flap

PAP Profunda artery perforator
flap
Buttocks SGAP/IGAP Superior/inferior gluteal

artery perforator




Deep Inferior Epigastric Perforator (DIEP) Flap

Vessels are gently dissected DIEP flap vessels are attached to internal
so rectus muscle is preserved mammary artery and vein in chest

Figure 1. DIEP flap breast reconstruction [43]

Minimally Invasive Approaches in Mastectomy

4. 1 Endoscopic (Laparoscopic) Breast Surgery

Laparoscopic surgery has traditionally been applied primarily in abdominal, gynecological, and
thoracic procedures. Only in recent years has technological progress enabled surgeons to
overcome limitations related to breast anatomy and the restricted operative space within the
breast region. The introduction of a 40-mm port allowing simultaneous use of laparoscopic
instruments and an optical system has made it possible to perform mastectomy through a small
axillary incision. This approach represents a significant advancement, as it enables an extensive
surgical procedure to be performed through a minimal access route, resulting in reduced tissue
trauma, improved wound healing, more favorable cosmetic outcomes, and faster postoperative
recovery for patients [44,45]. A study conducted in Korea compared conventional subcutaneous
mastectomy with an endoscopic technique and demonstrated that the minimally invasive
approach is both feasible and safe. Importantly, the procedure allowed the achievement of
negative surgical margins while providing superior cosmetic results and a smaller, less
conspicuous scar [46]. In addition, increasing attention has been directed toward the possibility
of performing mastectomy simultaneously with breast reconstruction - either implant-based or
autologous - through an axillary approach. Implant-based breast reconstruction performed using
laparoscopic techniques has been shown to be feasible and effective; however, it requires a
highly experienced surgical team, specialized equipment, and a longer operative time, which is
why it has not yet become a standard procedure in the surgical treatment of breast cancer [47].
Attempts have also been made to perform reconstruction using autologous tissue, including the
latissimus dorsi flap harvested through minimally invasive approaches. Studies have
demonstrated the feasibility and effectiveness of this procedure, whose key innovation
compared with conventional techniques lies in avoiding visible scars on the back and lateral
chest wall. Although this technique appears promising, further research and broader surgical
training are necessary before it can be widely adopted as a modern and innovative therapeutic
strategy [48].



4. 2 Robot-Assisted Breast Surgery

The use of robotic-assisted techniques may represent a new frontier in oncologic breast surgery.
Similar to conventional laparoscopy, one of the principal advantages of this innovative
approach is an improved cosmetic outcome achieved through minimal access and smaller
postoperative scars, typically measuring approximately 3.5 cm compared with around 7 cm in
open procedures [49]. In principle, robotic surgery is intended for patients eligible for nipple-
sparing mastectomy with the possibility of immediate breast reconstruction. Robotic surgery
also offers several advantages for the operating surgeon. The procedure is performed from a
console in a seated position, which may reduce physical fatigue during prolonged operations
and eliminates the need for sustained manual force to manipulate and retract tissues. This
ergonomic benefit is considered an additional advantage compared with conventional
laparoscopy [50]. Furthermore, robotic systems allow elimination of natural hand tremor and
provide improved access to anatomical structures that may be difficult to reach using traditional
techniques. Another important feature is the advanced optical system, which provides a
magnified, high-definition view of the operative field, enabling precise visualization of tissues
and reducing the risk of inadvertent injury to structures that may not be clearly visible without
magnification [51]. Despite these advantages, robotic breast surgery remains an emerging
concept and faces several challenges. Currently, such procedures constitute only a small
proportion of oncologic breast surgery, and further large-scale studies involving extensive
patient cohorts are required to evaluate the long-term safety, effectiveness, and complication
rates associated with this approach. Although existing studies have produced promising results,
the available evidence remains insufficient to conclusively confirm consistent oncologic safety
and reliable achievement of negative resection margins with robotic techniques [52,53].
Moreover, robotic surgery is unlikely to play a significant role in breast-conserving therapy,
where conventional open techniques are expected to remain the standard approach [52].
Additional limitations include the high cost of robotic systems, expenses related to their
maintenance and use, and the need for specialized training of surgical teams. Nevertheless, as
the adoption of this technology continues to expand, it is anticipated that standardized
guidelines will be developed and higher-quality scientific evidence will emerge to further
clarify its safety and clinical effectiveness [54].

Future Perspectives in Mastectomy and Breast Reconstruction

Given the substantial burden of breast cancer as a major public health concern, continuous
research is being conducted to improve existing treatment strategies and to develop novel
therapeutic approaches. Contemporary - and increasingly future-oriented - management of
breast cancer is based on a multidisciplinary model that integrates the collaboration of
specialists in surgery, medical oncology, radiation oncology, pathology, physiotherapy, and
psycho-oncology. The appropriate combination of surgical treatment with chemotherapy,
radiotherapy, and hormonal therapy enables optimization of therapeutic outcomes and
improvement of patient prognosis. Increasing emphasis is also placed on individualized
treatment strategies that consider not only the biological characteristics of the tumor but also
the needs, capabilities, and expectations of each individual patient [55]. The development of
oncoplastic breast surgery has further shifted the focus of treatment beyond radical tumor
removal toward minimizing the long-term consequences of therapy and achieving optimal
functional and aesthetic outcomes. Ensuring satisfactory breast reconstruction after mastectomy
should therefore be considered an integral component of comprehensive cancer care and should
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be widely accessible to all patients who meet the appropriate clinical indications. Numerous
studies have demonstrated that breast reconstruction following mastectomy has a significant
positive impact on patients ’psychological well-being, self-esteem, and sense of femininity [56].
Attention should also be drawn to the minimally invasive techniques described above, including
procedures assisted by robotic systems, whose further development may contribute to reduced
surgical trauma, improved cosmetic outcomes, and enhanced ergonomic conditions for
surgeons [51]. Another emerging direction in breast cancer management involves the use of
artificial intelligence (Al) to visualize potential reconstructive outcomes in women undergoing
mastectomy. Recently developed Al-based algorithms enable the prediction of postoperative
reconstructive results for individual patients, allowing for more precise case analysis and
improved preoperative planning tailored to specific clinical scenarios. The effectiveness of such
algorithms has been evaluated using photographic datasets of patients ’breasts obtained both
before and after reconstructive procedures. The Al model was trained to generate predicted
postoperative images based on preoperative photographs, and the simulated results were
subsequently compared with the actual surgical outcomes. The study demonstrated a high
degree of concordance between Al-generated visualizations and real postoperative results,
suggesting that this technology may represent a promising new tool for clinical decision-making
and surgical planning in oncologic breast surgery [57,58].

Conclusions

The history of breast cancer surgery illustrates how profoundly the approach to treatment has
evolved over time. When Halsted introduced the concept of radical mastectomy, the primary
focus was almost exclusively on complete tumor eradication, with little consideration given to
long-term quality of life or aesthetic outcomes. Contemporary oncoplastic surgery has largely
moved away from this paradigm, emphasizing precise and tissue-sparing procedures that
combine oncological effectiveness with minimization of scarring, preservation of cosmetic
appearance, and protection of the patient’s psychological well-being. Currently, the standard
management of breast cancer is based on a multidisciplinary approach integrating surgery,
chemotherapy, radiotherapy, and hormonal therapy, with therapeutic decisions increasingly
tailored to the individual needs and preferences of each patient. Advances in oncoplastic
techniques have enabled the widespread use of breast-conserving therapy (BCT), skin-sparing
and nipple-sparing mastectomy, as well as immediate or delayed reconstruction using either
implants or autologous tissues. Moreover, minimally invasive approaches (including
endoscopic and robotic techniques) allow complex procedures to be performed through small
axillary incisions, which significantly improves cosmetic outcomes and may accelerate
postoperative recovery. Breast reconstruction, whether implant-based or autologous, has
become an integral component of modern oncologic treatment. Nevertheless, each of these
methods carries specific limitations, including potential postoperative complications,
anatomical constraints, and the requirement for highly specialized surgical expertise. Not all
patients are suitable candidates for advanced reconstructive procedures, and the availability of
specialized centers equipped with the necessary technology and trained personnel capable of
performing laparoscopic or robotic-assisted surgeries remains limited. At the same time, rapid
developments in artificial intelligence, surgical planning systems, and simulation tools capable
of predicting individualized reconstructive outcomes are opening new possibilities for
personalized treatment strategies. Progress in microsurgery and autologous tissue
reconstruction techniques further expands the range of available therapeutic options. As a result,
patients are increasingly able to participate in shared decision-making regarding their treatment,
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and the concept of “tailor-made” surgical planning is gradually becoming a reality, enabling
oncological objectives to be achieved while preserving aesthetic outcomes and overall quality
of life. In conclusion, breast and oncoplastic surgery still have significant potential for further
development. Modern treatment approaches extend beyond the goal of cancer eradication alone
and increasingly encompass the preservation of psychological well-being, physical appearance,
and individualized patient-centered care. Despite existing limitations - such as the need for
larger clinical studies, a limited number of highly trained specialists, and the potential risks
associated with reconstructive procedures - the future of breast surgery remains promising. The
gradual integration of advanced technologies may further enhance the quality of care and
improve patient satisfaction in the years to come.

Disclosure

Author’s Contribution

Conceptualization: Zofia Graca, Tomasz Woloszczuk, Aleksandra Skowronek, Jakub
Kotodziej, Elzbieta Siudmak, Julia Jeziorna, Adam Iwanicki, Agnieszka Sawina, Aleksandra
Skawinska, Maciej Labus

Methodology: Zofia Graca, Tomasz Wotoszczuk, Aleksandra Skowronek, Elzbieta Siudmak
Formal analysis: Julia Jeziorna, Adam Iwanicki, Agnieszka Sawina, Aleksandra Skawinska,
Maciej Labu$

Investigation: Tomasz Wotoszczuk, Aleksandra Skowronek, Agnieszka Sawina

Supervision: Zofia Graca, Elzbieta Siudmak, Julia Jeziorna, Adam Iwanicki

Writing rough preparation: Aleksandra Skawinska, Maciej Labus, Jakub Kotodziej

Writing review and editing: Zofia Graca, Tomasz Wotoszczuk

Receiving funding: Not applicable

All authors have read and agreed with the published version of the manuscript.

Funding
The article did not receive any funding.

Institutional Review and Board Statement
Not applicable.

Informed Consent Statement
Not applicable.

Data Availability Statement
Not applicable.

Conflict of Interest Statement
Authors declare no conflicts of interest.

Al

ChatGPT (OpenAl) was used to assist with language editing, including grammar and scientific
vocabulary. The authors reviewed and revised the generated text and assume full responsibility
for the accuracy and integrity of the manuscript.

12



References

1. World  Health  Organization. Breast cancer. 2025. Available from:
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
2. Krajowy Rejestr Nowotwordw. Arkusze informacyjne. 2025. Awvailable from:
https://onkologia.org.pl/pl/epidemiologia/arkusze-informacyjne

3. Yousef AJA. Male breast cancer: epidemiology and risk factors. Semin Oncol.
2017;44(4):267-272. https://doi.org/10.1053/j.seminoncol.2017.11.002
4. Waykar R, Kumarapillai S. Breast cancer histopathology, classification and clinical

management: current perspectives. Bioinformation. 2024,;20(12):2069-2079.
https://doi.org/10.6026/9732063002002069

5. Allison KH. Molecular pathology of breast cancer. Am J Clin Pathol. 2012;138(6):770-
780. https://doi.org/10.1309/AJCPIVIIQIMRQMOO

6. Polyak K. Breast cancer: origins and evolution. J Clin Invest. 2007;117(11):3155-3163.
https://doi.org/10.1172/JC133295

7. Borri F, Granaglia A. Pathology of triple negative breast cancer. Semin Cancer Biol.
2021;72:136-145. https://doi.org/10.1016/j.semcancer.2020.06.005

8. Rosen EM, Fan S, Pestell RG, Goldberg ID. BRCAL gene in breast cancer. J Cell
Physiol. 2003;196(1):19-41. https://doi.org/10.1002/jcp.10257

9. Rahman SA, Al-Marzouki A, Otim M, Khayat NEHK, Yousuf R, Rahman P. Awareness
about breast cancer and breast self-examination among female students at the University of
Sharjah: a cross-sectional study. Asian Pac J Cancer Prev. 2019;20(6):1901-1908.
https://doi.org/10.31557/APJCP.2019.20.6.1901

10.  Jafari SH, Saadatpour Z, Salmaninejad A, Momeni F, Mokhtari M, Nahand JS, et al.
Breast cancer diagnosis: imaging techniques and biochemical markers. J Cell Physiol.
2018;233(7):5200-5213. https://doi.org/10.1002/jcp.26379

11.  Veronesi U, Boyle P, Goldhirsch A, Orecchia R, Viale G. Breast cancer. Lancet.
2005;365(9472):1727-1741. https://doi.org/10.1016/S0140-6736(05)66546-4

12. Matrai Z, Kelemen P, Kosa C, Maraz R, Paszt A, Pavlovics G, et al. Modern breast
cancer surgery: 1st Central-Eastern European professional consensus statement on breast
cancer. Pathol Oncol Res. 2022;28:1610377. https://doi.org/10.3389/pore.2022.1610377

13. Lai HW, Toesca A, Sarfati B, Park HS, Houvenaeghel G, Selber JC, et al. Consensus
statement on robotic mastectomy—expert panel from International Endoscopic and Robotic

13


https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://onkologia.org.pl/pl/epidemiologia/arkusze-informacyjne
https://onkologia.org.pl/pl/epidemiologia/arkusze-informacyjne
https://onkologia.org.pl/pl/epidemiologia/arkusze-informacyjne
https://doi.org/10.1053/j.seminoncol.2017.11.002
https://doi.org/10.1053/j.seminoncol.2017.11.002
https://doi.org/10.6026/9732063002002069
https://doi.org/10.6026/9732063002002069
https://doi.org/10.6026/9732063002002069
https://doi.org/10.1309/AJCPIV9IQ1MRQMOO
https://doi.org/10.1309/AJCPIV9IQ1MRQMOO
https://doi.org/10.1172/JCI33295
https://doi.org/10.1172/JCI33295
https://doi.org/10.1172/JCI33295
https://doi.org/10.1016/j.semcancer.2020.06.005
https://doi.org/10.1016/j.semcancer.2020.06.005
https://doi.org/10.1002/jcp.10257
https://doi.org/10.1002/jcp.10257
https://doi.org/10.31557/APJCP.2019.20.6.1901
https://doi.org/10.31557/APJCP.2019.20.6.1901
https://doi.org/10.31557/APJCP.2019.20.6.1901
https://doi.org/10.1002/jcp.26379
https://doi.org/10.1002/jcp.26379
https://doi.org/10.1016/S0140-6736(05)66546-4
https://doi.org/10.1016/S0140-6736(05)66546-4
https://doi.org/10.3389/pore.2022.1610377
https://doi.org/10.3389/pore.2022.1610377

Breast Surgery Symposium (IERBS) 2019. Ann Surg. 2020;271(6):1005-1012.
https://doi.org/10.1097/SLA.0000000000003789

14.  Tondu T, Tjalma WAA, Thiessen FEF. Breast reconstruction after mastectomy. Eur J
Obstet Gynecol Reprod Biol. 2018;230:228-232. https://doi.org/10.1016/j.ejogrb.2018.04.016
15.  National Cancer Institute. Mastectomy. NCI dictionary of cancer terms. Available from:
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/mastectomy

16.  Halsted CP, Benson JR, Jatoi I. A historical account of breast cancer surgery: beware of
local recurrence but be not radical. Future Oncol. 2014;10(9):1649-1657.
https://doi.org/10.2217/fon.14.98

17.  Halsted WS. The results of operations for the cure of cancer of the breast performed at
the Johns Hopkins Hospital from June 1889 to January 1894. Ann Surg. 1894;20(5):497-555.
https://doi.org/10.1097/00000658-189407000-00075

18.  Patey DH. A review of 146 cases of carcinoma of the breast operated on between 1930
and 1943. Br J Cancer. 1967;21(2):260-269. https://doi.org/10.1038/bjc.1967.28

19. Madden JL, Kandalaft S, Bourque RA. Modified radical mastectomy. Ann Surg.
1972;175(5):624-634. https://doi.org/10.1097/00000658-197205000-00002

20.  Fajdic J, Djurovic D, Gotovac N, Hrgovic Z. Criteria and procedures for breast
conserving surgery. Acta Inform Med. 2013;21(1):16-19.
https://doi.org/10.5455/aim.2013.21.16-19

21.  Morrow M, Van Zee KJ, Solin LJ, Houssami N, Chavez-MacGregor M, Harris JR, et
al. Society of Surgical Oncology-American Society for Radiation Oncology-American Society
of Clinical Oncology consensus guideline on margins for breast-conserving surgery with
whole-breast irradiation in ductal carcinoma in situ. Ann Surg Oncol. 2016;23(12):3801-3810.
https://doi.org/10.1245/s10434-016-5449-z

22.  Cardoso MJ, De Boniface J, Dodwell D, Kaidar-Person O, Poortmans P, Van Maaren
MC. Which real indications remain for mastectomy? Lancet Reg Health Am. 2024;33:100734.
https://doi.org/10.1016/j.1ana.2024.100734

23.  Schmauss D, Machens HG, Harder Y. Breast reconstruction after mastectomy. Front
Surg. 2016;2:71. https://doi.org/10.3389/fsurg.2015.00071

24.  Gupta A, Borgen PI. Total skin-sparing (nipple-sparing) mastectomy: what is the
evidence? Surg Oncol Clin N Am. 2010;19(3):555-566.
https://doi.org/10.1016/j.s0¢.2010.04.006

14


https://doi.org/10.1097/SLA.0000000000003789
https://doi.org/10.1097/SLA.0000000000003789
https://doi.org/10.1097/SLA.0000000000003789
https://doi.org/10.1016/j.ejogrb.2018.04.016
https://doi.org/10.1016/j.ejogrb.2018.04.016
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/mastectomy
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/mastectomy
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/mastectomy
https://doi.org/10.2217/fon.14.98
https://doi.org/10.2217/fon.14.98
https://doi.org/10.2217/fon.14.98
https://doi.org/10.1097/00000658-189407000-00075
https://doi.org/10.1097/00000658-189407000-00075
https://doi.org/10.1097/00000658-189407000-00075
https://doi.org/10.1038/bjc.1967.28
https://doi.org/10.1038/bjc.1967.28
https://doi.org/10.1097/00000658-197205000-00002
https://doi.org/10.1097/00000658-197205000-00002
https://doi.org/10.5455/aim.2013.21.16-19
https://doi.org/10.5455/aim.2013.21.16-19
https://doi.org/10.5455/aim.2013.21.16-19
https://doi.org/10.1245/s10434-016-5449-z
https://doi.org/10.1245/s10434-016-5449-z
https://doi.org/10.1245/s10434-016-5449-z
https://doi.org/10.1016/j.lana.2024.100734
https://doi.org/10.1016/j.lana.2024.100734
https://doi.org/10.1016/j.lana.2024.100734
https://doi.org/10.3389/fsurg.2015.00071
https://doi.org/10.3389/fsurg.2015.00071
https://doi.org/10.1016/j.soc.2010.04.006
https://doi.org/10.1016/j.soc.2010.04.006
https://doi.org/10.1016/j.soc.2010.04.006

25.  Bargallo-Rocha JE, Aguilar-Villanueva S, Ahumada-Pamanes C, Arce-Salinas C,
Alvarez-Cano A, Baley-Spindel I, et al. Mexican breast cancer consensus: management of early
breast cancer. Gac Mex Oncol. 2024;23(1). https://doi.org/10.24875/j.gamo.m24000265

26.  Jewell ML. Silicone gel breast implants at 50: the state of the science. Aesthet Surg J.
2012;32(8):1031-1034. https://doi.org/10.1177/1090820X12461649

27.  Nagura N, Hayashi N, Takei J, Yoshida A, Ochi T, Ilwahira Y, et al. Breast
reconstruction after risk-reducing mastectomy in BRCA mutation carriers. Breast Cancer.
2020;27(1):70-76. https://doi.org/10.1007/s12282-019-00995-y

28.  Treiser MD, Lahair T, Carty MJ. Tissue expander overfilling. Plast Reconstr Surg Glob
Open. 2016;4(2):e612. https://doi.org/10.1097/GOX.0000000000000594

29. Haddock N, Levine J. Breast reconstruction with implants, tissue expanders and
AlloDerm: predicting volume and maximizing the skin envelope in skin-sparing mastectomies.
Breast J. 2010;16(1):14-19. https://doi.org/10.1111/j.1524-4741.2009.00866.x

30.  Uscher J. Breast reconstruction surgery with implants. 2025. Available from:
https://www.breastcancer.org/treatment/surgery/breast-reconstruction/types/implant-
reconstruction

31.  Hung YC, McCarthy JT, Park BC, Chaker SC, Saad M, Braun SA, et al. Comparison of
complication rates between subpectoral vs prepectoral techniques in prosthetic breast
reconstruction. Aesthet Surg J. 2023;43(11):1285-1292. https://doi.org/10.1093/asj/sjad145
32.  Shamoun F, Asaad M, Hanson SE. Oncologic safety of autologous fat grafting in breast
reconstruction. Clin Breast Cancer. 2021;21(4):271-277.
https://doi.org/10.1016/j.clbc.2021.01.020

33.  Seabrook M, Navas AS, Rao A. Meta-analysis and systematic review of long-term
oncological safety of immediate breast reconstruction in patients with locally advanced breast
cancer. J Plast Reconstr Aesthet Surg. 2025;100:45-54.
https://doi.org/10.1016/j.bjps.2024.10.040

34.  Mariniello D, D’Antonio S, Castellaneta F, Grieco MP, Fabrizio T. Current role of
pedicled transverse rectus abdominis myocutaneous flap in breast reconstruction: review and
case reports. Plast Reconstr Surg Glob Open. 2026;14(1):e7053.
https://doi.org/10.1097/GOX.0000000000007053

35.  Jacobi M, Shtarbanov P, Tannirandorn P, Ahmed Z, Hamilton S, Ghali S, et al.
Optimising the unilateral DIEP flap breast reconstruction: a United Kingdom-Netherlands
multi-centre comparative study. JPRAS Open. 2026;48:746-758.
https://doi.org/10.1016/j.jpra.2026.01.014

15


https://doi.org/10.24875/j.gamo.m24000265
https://doi.org/10.24875/j.gamo.m24000265
https://doi.org/10.1177/1090820X12461649
https://doi.org/10.1177/1090820X12461649
https://doi.org/10.1007/s12282-019-00995-y
https://doi.org/10.1007/s12282-019-00995-y
https://doi.org/10.1097/GOX.0000000000000594
https://doi.org/10.1097/GOX.0000000000000594
https://doi.org/10.1111/j.1524-4741.2009.00866.x
https://doi.org/10.1111/j.1524-4741.2009.00866.x
https://www.breastcancer.org/treatment/surgery/breast-reconstruction/types/implant-reconstruction
https://www.breastcancer.org/treatment/surgery/breast-reconstruction/types/implant-reconstruction
https://www.breastcancer.org/treatment/surgery/breast-reconstruction/types/implant-reconstruction
https://www.breastcancer.org/treatment/surgery/breast-reconstruction/types/implant-reconstruction
https://doi.org/10.1093/asj/sjad145
https://doi.org/10.1093/asj/sjad145
https://doi.org/10.1016/j.clbc.2021.01.020
https://doi.org/10.1016/j.clbc.2021.01.020
https://doi.org/10.1016/j.clbc.2021.01.020
https://doi.org/10.1016/j.bjps.2024.10.040
https://doi.org/10.1016/j.bjps.2024.10.040
https://doi.org/10.1016/j.bjps.2024.10.040
https://doi.org/10.1097/GOX.0000000000007053
https://doi.org/10.1097/GOX.0000000000007053
https://doi.org/10.1097/GOX.0000000000007053
https://doi.org/10.1016/j.jpra.2026.01.014
https://doi.org/10.1016/j.jpra.2026.01.014
https://doi.org/10.1016/j.jpra.2026.01.014

36.  Allen RJ, Ji L, St Hilaire H. Superficial inferior epigastric artery abdominoplasty flap
breast reconstruction revisited. Ann Plast Surg. 2025;94(6):658-662.
https://doi.org/10.1097/SAP.0000000000004345

37.  De Freitas J, Reynard A, Guérin-Charbonnel C, Seegers V, Contant A, Raoul JL, et al.
Oncoplastic breast reconstruction using a muscle-sparing latissimus dorsi flap: a retrospective
analysis of aesthetic results and scapulohumeral function. JPRAS Open. 2025;48:679-690.
https://doi.org/10.1016/j.jpra.2025.12.007

38.  Werdin F, Peek A, Schuster H, Baumeister S. Der Stellenwert der S-GAP-Lappenplastik
in der Brustrekonstruktion - ein Erfahrungsbericht. Handchir Mikrochir Plast Chir.
2008;40(4):255-261. https://doi.org/10.1055/s-2008-1038773

39. Haran O, Spencer A, Mehrara BJ, Dayan JH. Thigh-based breast reconstruction: a
decade of experience with the diagonal upper gracilis flap. Plast Reconstr Surg Glob Open.
2025;13(12):e7360. https://doi.org/10.1097/GOX.0000000000007360

40.  Malekpour M, Malekpour F, Wang HTH. Breast reconstruction: review of current
autologous and implant-based techniques and long-term oncologic outcome. World J Clin
Cases. 2023;11(10):2201-2212. https://doi.org/10.12998/wjcc.v11.i10.2201

41.  Stillaert FBJL, Opsomer D, Blondeel PN, Van Landuyt K. The lumbar artery perforator
flap in  breast reconstruction. Plast Reconstr  Surg.  2023;151(1):41-44.
https://doi.org/10.1097/PRS.0000000000009782

42.  Allen RJ, Healy C. The evolution of perforator flap breast reconstruction: twenty years
after the first DIEP flap. J Reconstr Microsurg. 2014;30(2):121-126. https://doi.org/10.1055/s-
0033-1357272

43.  Rains. DIEP flap breast reconstruction procedure. Dr. Joshua L. Levine. Available from:
https://centerforbreastreconstruction.com/breast-reconstruction-procedure-options/diep-flap-
breast-reconstruction-procedure/#single/0

44, Lin Y, Zhuang M, Qiu H, Chen W, He Y, Zeng H, et al. Experience sharing of
endoscopy-assisted total mastectomy with and without immediate breast reconstruction. Front
Oncol. 2025;15:1711540. https://doi.org/10.3389/fonc.2025.1711540

45.  Yang JD, Lee J, Lee JS, Kim EK, Park CS, Park HY. Aesthetic scar-less mastectomy
and breast reconstruction. J Breast Cancer. 2021;24(1):22.
https://doi.org/10.4048/jbc.2021.24.e11

46. Lee HY, Chang YW, Yu DY, Lee TY, Kim DW, Kim WY, et al. Comparison of single-
incision endoscopic nipple-sparing mastectomy and conventional nipple-sparing mastectomy

16


https://doi.org/10.1097/SAP.0000000000004345
https://doi.org/10.1097/SAP.0000000000004345
https://doi.org/10.1097/SAP.0000000000004345
https://doi.org/10.1016/j.jpra.2025.12.007
https://doi.org/10.1016/j.jpra.2025.12.007
https://doi.org/10.1016/j.jpra.2025.12.007
https://doi.org/10.1055/s-2008-1038773
https://doi.org/10.1055/s-2008-1038773
https://doi.org/10.1097/GOX.0000000000007360
https://doi.org/10.1097/GOX.0000000000007360
https://doi.org/10.12998/wjcc.v11.i10.2201
https://doi.org/10.12998/wjcc.v11.i10.2201
https://doi.org/10.1097/PRS.0000000000009782
https://doi.org/10.1097/PRS.0000000000009782
https://doi.org/10.1097/PRS.0000000000009782
https://doi.org/10.1055/s-0033-1357272
https://doi.org/10.1055/s-0033-1357272
https://doi.org/10.1055/s-0033-1357272
https://centerforbreastreconstruction.com/breast-reconstruction-procedure-options/diep-flap-breast-reconstruction-procedure/%2523single/0
https://centerforbreastreconstruction.com/breast-reconstruction-procedure-options/diep-flap-breast-reconstruction-procedure/%2523single/0
https://centerforbreastreconstruction.com/breast-reconstruction-procedure-options/diep-flap-breast-reconstruction-procedure/%2523single/0
https://centerforbreastreconstruction.com/breast-reconstruction-procedure-options/diep-flap-breast-reconstruction-procedure/%2523single/0
https://doi.org/10.3389/fonc.2025.1711540
https://doi.org/10.3389/fonc.2025.1711540
https://doi.org/10.4048/jbc.2021.24.e11
https://doi.org/10.4048/jbc.2021.24.e11
https://doi.org/10.4048/jbc.2021.24.e11

for breast cancer based on initial experience. J Breast Cancer. 2021;24(2):196.
https://doi.org/10.4048/jbc.2021.24.e18

47, Lian Z, Zhang Y, Xie S, Yu H, Yu H, Feng S, et al. The learning curve of transaxillary
endoscopy-assisted nipple-sparing mastectomy with immediate prepectoral implant-based
breast reconstruction. ANZ J Surg. 2026. https://doi.org/10.1111/ans.70537

48.  Akita S, Yamaji Y, Maei H, Yamada K, Ando N, Kosaka K, et al. Breast reconstruction
using the axillary-approach endoscopic extended latissimus dorsi (Ax-eeLD) flap. J Clin Med.
2026;15(2):703. https://doi.org/10.3390/jcm15020703

49.  Ryu JM, Kim JY, Choi HJ, Ko B, Kim J, Cho J, et al. Robot-assisted nipple-sparing
mastectomy with immediate breast reconstruction. Ann Surg. 2022;275(5):985-991.
https://doi.org/10.1097/SLA.0000000000004492

50. Restaino S, Crivellaro N, Paparcura F, Pellino G, Podda M, Poli A, et al. ERGO
(ERGonomics in the operating room) study: a cross-sectional international online survey.
Surgery. 2026;110049. https://doi.org/10.1016/j.surg.2025.110049

51. Jain Y, Lanjewar R, Shinde RK. Revolutionising breast surgery: a comprehensive
review of robotic innovations in breast surgery and reconstruction. Cureus. 2024;16(1):€52695.
https://doi.org/10.7759/cureus.52695

52.  Choi HJ, Paek SH, Lee JH, Lee MH, Bang YJ, Kim KS, et al. The first multicenter study
of robot-assisted breast-conserving surgery: insights from the KoREa-BSG group. Surg
Endosc. 2025;39(9):6222-6229. https://doi.org/10.1007/s00464-025-11964-2

53.  Lee SB, Kim J, Chung 1Y, Kim HJ, Lee JW, Son BH, et al. Use of the da Vinci SP
surgical system in robot-assisted nipple-sparing mastectomy: a single-center retrospective
study. Sci Rep. 2025;15(1):12. https://doi.org/10.1038/s41598-024-84807-0

54.  Lai HW, Chen ST, Tai CM, Lin SL, Lin YJ, Huang RH, et al. Robotic-versus
endoscopic-assisted nipple-sparing mastectomy with immediate prosthesis breast
reconstruction in the management of breast cancer: a case-control comparison study with
analysis of clinical outcomes, learning curve, patient-reported aesthetic results, and medical
cost. Ann Surg Oncol. 2020;27(7):2255-2268. https://doi.org/10.1245/s10434-020-08223-0
55. Burstein HJ, Curigliano G, Gnant M, Loibl S, Regan MM, Loi S, et al. Tailoring
treatment to cancer risk and patient preference: the 2025 St Gallen International Breast Cancer
Consensus Statement on individualizing therapy for patients with early breast cancer. Ann
Oncol. 2025;36(12):1433-1446. https://doi.org/10.1016/j.annonc.2025.09.007

17


https://doi.org/10.4048/jbc.2021.24.e18
https://doi.org/10.4048/jbc.2021.24.e18
https://doi.org/10.4048/jbc.2021.24.e18
https://doi.org/10.1111/ans.70537
https://doi.org/10.1111/ans.70537
https://doi.org/10.3390/jcm15020703
https://doi.org/10.3390/jcm15020703
https://doi.org/10.1097/SLA.0000000000004492
https://doi.org/10.1097/SLA.0000000000004492
https://doi.org/10.1097/SLA.0000000000004492
https://doi.org/10.1016/j.surg.2025.110049
https://doi.org/10.1016/j.surg.2025.110049
https://doi.org/10.7759/cureus.52695
https://doi.org/10.7759/cureus.52695
https://doi.org/10.7759/cureus.52695
https://doi.org/10.1007/s00464-025-11964-2
https://doi.org/10.1007/s00464-025-11964-2
https://doi.org/10.1038/s41598-024-84807-0
https://doi.org/10.1038/s41598-024-84807-0
https://doi.org/10.1245/s10434-020-08223-0
https://doi.org/10.1245/s10434-020-08223-0
https://doi.org/10.1016/j.annonc.2025.09.007
https://doi.org/10.1016/j.annonc.2025.09.007

56.  Ban AM, Lic¢anin BV. Impact of breast reconstruction on quality of life among women
after mastectomy. J Taibah Univ Med Sci. 2025;20(6):875-889.
https://doi.org/10.1016/j.jtumed.2025.11.010

57.  ChenJ, Chen J, Gabay A, Wang J, Cole-Price A, Black L, et al. Visualization of breast
reconstruction outcomes using an artificial intelligence-enabled simulator. Plast Reconstr Surg.
2026. https://doi.org/10.1097/PRS.0000000000012987

58.  Rugina Al Ungureanu A, Giuglea C, Marinescu SA. Artificial intelligence in breast
reconstruction: a  narrative review. Medicina  (Kaunas). 2025;61(3):440.
https://doi.org/10.3390/medicina61030440

18


https://doi.org/10.1016/j.jtumed.2025.11.010
https://doi.org/10.1016/j.jtumed.2025.11.010
https://doi.org/10.1016/j.jtumed.2025.11.010
https://doi.org/10.1097/PRS.0000000000012987
https://doi.org/10.1097/PRS.0000000000012987
https://doi.org/10.3390/medicina61030440
https://doi.org/10.3390/medicina61030440
https://doi.org/10.3390/medicina61030440

