
Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

1 

 

 
 
Distribution Agreement 
 
In presenting this thesis or dissertation as a partial fulfillment of the requirements for an advanced 

degree from Emory University, I hereby grant to Emory University and its agents the non-exclusive 

license to archive, make accessible, and display my thesis or dissertation in whole or in part in all forms 

of media, now or hereafter known, including display on the world wide web. I understand that I may 

select some access restrictions as part of the online submission of this thesis or dissertation. I retain all 

ownership rights to the copyright of the thesis or dissertation. I also retain the right to use in future 

works (such as articles or books) all or part of this thesis or dissertation. 

 
 
 
 
 
Signature: 
 
                  4/25/2025           

                                                                                     Date 
  



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

2 

 

 
Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

By 

Omar Jean-Baptiste  

Master of Science 

 
Clinical Research 

 

      

Yuan Liu, Ph.D 

Advisor 

 

    

  Jordan Kempker, MD MSCR 

Advisor 

 

 

      

Heather R. Faulkner, MD MPH 

Committee Member 

 

 

     

Amita Manatunga, Ph.D MSCR 

Committee Member 

 
 

Accepted: 
 
 

Kimberly Jacob Arriola, Ph.D, MPH 
Dean of the James T. Laney School of Graduate Studies 

  



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

3 

 

4/25/2025 

Date 
 
 
 
 

Overall Survival in Breast Reconstruction: An Analysis of the 
National Cancer Database 

 
 

By 
 
 
 

Omar Jean-Baptiste 
 BS, University of South Florida, 2019 

 
 
 
 

Advisor: Yuan Liu, PhD 
 
 
 
 

An abstract of 
A thesis submitted to the Faculty of the James T. Laney School of Graduate Studies of Emory University 

in partial fulfillment of the requirements for the degree of  
 

Master of Science 
 

In Clinical Research. 
 

2025 
 

  



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

4 

 

Introduction 
Breast cancer is the most diagnosed cancer in women and a leading cause of cancer-related mortality. 
Surgical treatment remains a cornerstone of care, with many patients undergoing mastectomy, some of 
whom opt for reconstruction using implant-based or autologous techniques. While reconstruction is 
primarily pursued for cosmetic and psychological reasons, its potential association with overall survival 
remains uncertain, with conflicting findings in the literature. This study aimed to assess the association 
between breast reconstruction and overall survival in a large, nationally representative cohort. 
 
Methods 
We conducted a retrospective cohort analysis using the National Cancer Database (NCDB), including 
women with stage 0–III breast cancer who underwent mastectomy with or without reconstruction. The 
primary exposure was surgical type (mastectomy only vs. reconstruction), and the primary outcome was 
overall survival. Reconstruction included both autologous and implant-based approaches. Age was 
stratified into five groups (18–30, 31–40, 41–50, 51–65, 66–80). Descriptive and univariable analyses 
were performed, followed by multivariable Cox proportional hazards modeling. A directed acyclic graph 
(DAG) was used to select covariates, and time-dependent variables were adjusted accordingly. 
 
Results 
Of 176,310 patients included, 122,208 underwent mastectomy only and 54,102 underwent mastectomy 
with reconstruction. Reconstruction was more common among patients treated at academic centers 
and among those with higher income, education, and private insurance. In univariable analysis, 
reconstruction was associated with improved survival (HR 0.32, 95% CI 0.31–0.33). In the multivariable 
Cox model adjusting for age, stage, comorbidities, insurance, income, and race, reconstruction remained 
associated with improved survival (HR 0.45, 95% CI 0.42–0.48, p < 0.001). 
 
Discussion 
Breast reconstruction after mastectomy was associated with improved overall survival, even after 
adjusting for demographic and clinical covariates. While this observational study cannot establish 
causality, it highlights potential survival differences that warrant further investigation. Limitations 
include missing data, risk of residual confounding, and lack of information on timing of reconstruction. 
Future prospective studies are needed to clarify mediating factors such as follow-up intensity, quality of 
life, and treatment adherence.  
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Introduction 
General Overview of Breast Cancer 

Breast cancer is the most frequently diagnosed cancer among women worldwide and remains a 

leading cause of cancer-related mortality, accounting for approximately 30% of all new cancer cases and 

670,000 deaths annually. [1] In the United States, breast cancer incidence has been rising at an annual 

rate of 0.6% since the mid-2000s, despite advancements in screening and treatment [2]. Additionally, 

breast cancer is the most diagnosed cancer in women in the United States, accounting for 31.8% of all 

cancer cases leading to approximately 310,000 new cases annually and second in most cancer related 

deaths. [2, 3] While early detection and therapeutic improvements have significantly reduced 

mortality—leading to an overall decline of 42% since 2021—survival rates remain highly variable across 

populations. [4] 

Breast cancer is a heterogeneous disease influenced by multiple factors, including genetic 

predisposition, hormonal exposure, and lifestyle-related risks. [5] While advances in treatment have led 

to improved five-year survival rates for localized disease (>99%), the prognosis for metastatic breast 

cancer remains poor, with five-year survival rates below 32%. [2] Additionally, racial and socioeconomic 

disparities persist, with Black women experiencing a disproportionately higher mortality rate compared 

to White women, despite a lower overall incidence of the disease. [6] These differences have been 

attributed to a combination of factors, including tumor biology, disparities in access to care, and 

treatment differences. [7] 

Why Surgical Choice is an Important Issue 

Surgery remains a cornerstone of breast cancer treatment, with mastectomy and breast-

conserving surgery (BCS), commonly known as lumpectomy, being the primary options for patients with 
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early-stage disease. [8] While BCS followed by radiation therapy is often preferred for its breast-

preserving benefits and comparable oncologic outcomes, mastectomy is recommended for patients with 

larger tumors, multicentric disease, or genetic predispositions, such as BRCA1/2 mutations. [9] In recent 

decades, an increasing number of patients undergoing mastectomy have elected to pursue breast 

reconstruction to restore breast contour and improve psychosocial well-being. [10] 

Breast reconstruction can be performed using either implant-based or autologous (flap) tissue 

techniques, each with distinct advantages and complications. [11] Implant-based reconstruction is the 

most performed method due to its shorter operative time and recovery period, whereas autologous 

reconstruction offers a more natural aesthetic result but requires longer surgical procedures and 

recovery time. [11] While the primary motivation for reconstruction is typically restoration of 

appearance and psychological, some studies suggest that surgical choice may also impact long-term 

survival outcomes. [12-18] 

Uncertainty in Survival Outcomes and Disparities 

The potential relationship between breast reconstruction and survival remains controversial. 

Some retrospective analyses have suggested that patients who undergo immediate breast 

reconstruction may experience improved overall survival compared to those who undergo mastectomy 

alone. [12-18] Hypothesized reasons for this association include increased postoperative surveillance, 

better health status of reconstruction candidates, and potential biological effects of implants or 

reconstructive techniques. [12-16, 18] However, other studies have found no significant survival 

differences between reconstructive and non-reconstructive cohorts after adjusting for confounding 

variables such as age, tumor stage, and comorbidities. [18-21] 
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Disparities in access to breast reconstruction further complicate this issue. Despite federal 

mandates such as the Women’s Health and Cancer Rights Act (WHCRA) which requires insurance 

coverage for post-mastectomy reconstruction, socioeconomic and racial disparities persist. [22] Studies 

have shown that non-Hispanic Black women, uninsured patients, and those from lower-income 

backgrounds are significantly less likely to receive reconstruction compared to their White, privately 

insured counterparts. [22] These disparities raise critical questions regarding the impact of surgical 

choice not only on cosmetic and psychological outcomes but also on its impact on mortality. 

Research Question and Study Justification 

Given the conflicting evidence on the relationship between breast reconstruction and survival, 

further investigation is needed to determine whether reconstructive surgery influences long-term 

oncologic outcomes. Additionally, disparities in surgical decision-making warrant examination to better 

understand the factors contributing to differential access to reconstruction. 

This study aims to assess the impact of breast reconstruction on overall survival using data from 

the National Cancer Database (NCDB), a comprehensive dataset capturing a large proportion of U.S. 

cancer cases. By leveraging a nationally representative cohort, this study will evaluate whether surgical 

choice is associated with survival differences while controlling for demographic and clinical confounders. 

Furthermore, it will examine how race, socioeconomic status, and insurance type influence access to 

breast reconstruction. 

The following sections will provide a detailed review of prior research, outlining the current 

evidence on surgical choice, survival outcomes, and disparities in breast cancer treatment. 

Background 
Introduction to Breast Cancer 
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Breast cancer is the most commonly diagnosed cancer among women worldwide and represents 

a significant public health concern. [1] It accounts for approximately 30% of all newly diagnosed cancers 

and remains a leading cause of cancer-related mortality in women, with an estimated 670,000 deaths 

annually. [1]  In the United States, breast cancer incidence has been steadily increasing at an annual rate 

of approximately 0.6% since the mid-2000s, making it the second most diagnosed cancer overall. [2] The 

rising incidence is attributed to multiple factors, including reproductive trends, increased obesity rates, 

and enhanced detection through widespread screening programs. [23] 

Figure 1: Age-adjusted trends in incidence rates for (A) ductal carcinoma in situ and (B) invasive breast 
cancer among females in the United States from 1975 to 2021. The incidence rates are standardized to 
the 2000 U.S. population, with adjustments made for delays in reporting invasive cases. The y-axis scales 
differ between the two graphs. Data for the year 2020 is displayed separately from the trend line. 
(Adapted from Giaquinoto et al., 2024, licensed under CC BY-NC-ND 4.0.) 

 

Despite this increasing incidence, mortality rates have declined substantially due to 

advancements in early detection and treatment. Since 1989, breast cancer mortality in the U.S. has 
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decreased by approximately 44%, reflecting the impact of mammography screening, targeted therapies, 

and improvements in systemic treatment. [24]  However, these survival gains have not been equally 

distributed across all populations. Black women, for instance, have a disproportionately higher mortality 

rate compared to White women, despite a similar or slightly lower incidence rate. [25] This disparity is 

influenced by multiple factors, including differences in tumor biology, stage at diagnosis, healthcare 

access, and treatment adherence. [26]  

 

Figure 2: Comparison of breast cancer 
incidence and mortality rates across racial 
groups in the United States. While Black 

women have a lower diagnosis rate than White 
women, they experience a higher mortality rate 

per 100,000 individuals. (Adapted from 
Giaquinoto et al., Year, licensed under CC BY-

NC-ND 4.0.) 

 

 

Risk Factors for Breast Cancer 

Breast cancer risk is influenced by a combination of non-modifiable biological factors and 

modifiable lifestyle and environmental exposures. While some individuals have an inherited 

predisposition due to genetic mutations, others develop the disease due to hormonal, metabolic, or 

environmental influences that can accumulate over a lifetime. Understanding these risk factors is 

important for early detection, prevention strategies, and personalized treatment approaches. 
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Non-Modifiable Risk Factors 

Several biological and genetic factors contribute to an individual’s lifetime risk of developing 

breast cancer. Age is one of the most significant risk factors, with incidence rising steadily as women 

grow older. The majority of breast cancer cases are diagnosed in women over the age of 50 years, 

reflecting the cumulative effect of genetic mutations and hormonal exposure over time. [27] 

Family history and genetic predisposition also play a critical role in breast cancer risk. Women 

with a first-degree relative (mother, sister, or daughter) diagnosed with breast cancer have a 

significantly higher risk of developing the disease themselves, with the 10-year absolute risk of 

developing breast cancer reaching 14.1%. [28] Inherited mutations in the BRCA1 and BRCA2 genes 

dramatically increase lifetime breast cancer risk, with BRCA1 mutation carriers facing a 55-72% risk and 

BRCA2 mutation carriers face a 45-69% risk, compared to the general population risk of 12%. [29] Other 

less common genetic mutations, including those in TP53, PALB2, CHEK2, and ATM genes, also contribute 

to inherited susceptibility, although their impact on lifetime risk varies. [30] 

Racial and ethnic differences further influence breast cancer risk and outcomes. While White 

women have the highest overall incidence of breast cancer, Black women are more likely to be 

diagnosed at younger ages and with more aggressive subtypes, such as triple-negative breast cancer 

(TNBC). TNBC lacks expression of estrogen receptor (ER), progesterone receptor (PR), and HER2, making 

it more resistant to standard hormone therapies and associated with poorer survival outcomes. [26] 

In addition to genetics, hormonal and reproductive factors significantly shape breast cancer risk. 

Early menarche (before age 12), late menopause (after age 55), and nulliparity (never having children) 
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have all been associated with increased risk, likely due to prolonged lifetime exposure to endogenous 

estrogen and progesterone. These hormones promote cell proliferation in breast tissue, which can 

contribute to the development of hormone receptor-positive tumors. [31] 

Modifiable Risk Factors 

While genetic predisposition and biological factors are beyond an individual’s control, several 

modifiable risk factors contribute to breast cancer development. These include obesity, hormone 

exposure, alcohol consumption, physical activity, and environmental exposures, all of which can be 

targeted through prevention efforts. 

Obesity and metabolic health play a particularly important role in postmenopausal breast 

cancer. In overweight and obese women, adipose tissue becomes the primary source of estrogen 

production, increasing hormone receptor-positive breast cancer risk. [32] Additionally, obesity is linked 

to insulin resistance, chronic inflammation, and metabolic syndrome, all of which have been associated 

with tumor progression and poorer survival outcomes. [33] 

Hormone replacement therapy (HRT), commonly prescribed for menopausal symptom 

management, has been linked to increased breast cancer risk, particularly when combined estrogen-

progestin therapy is used for more than 5 years. [34, 35] However, the risk varies depending on dose, 

duration, and individual patient characteristics, making it a key consideration in postmenopausal 

healthcare decisions. 

Alcohol consumption is another well-established risk factor, with a dose-dependent relationship 

between alcohol intake and breast cancer risk. Women who consume more than 1 – 2 alcoholic drinks 
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per week have an estimated 30 – 50% higher risk of developing breast cancer compared to non-drinkers. 

[36-39] Alcohol is thought to increase risk by raising circulating estrogen levels and generating DNA-

damaging reactive oxygen species, both of which can contribute to carcinogenesis. [40] 

Physical inactivity and poor diet also contribute to increased risk, with sedentary lifestyles and 

diets high in processed foods and saturated fats being linked to higher breast cancer incidence. [41] 

Conversely, regular physical activity and a diet rich in fruits, vegetables, and fiber have been associated 

with a reduced risk, likely due to their effects on hormone regulation, insulin sensitivity, and systemic 

inflammation. [42]  

Finally, environmental exposures have been implicated in breast cancer risk, though evidence 

remains inconclusive. Endocrine-disrupting chemicals (EDCs), such as bisphenol A (BPA) and certain 

pesticides, have been hypothesized to interfere with hormonal regulation, potentially increasing breast 

cancer risk. [43] While more research is needed, concerns about chemical exposure and long-term 

environmental influences continue to be explored in epidemiological studies. 

Pathophysiology and Molecular Subtypes of Breast Cancer 

Breast cancer is a heterogeneous disease composed of unique molecular subtypes, each with 

biological characteristics, prognostic implications, and treatment responses. Classification of these 

subtypes is primarily based on the expression of hormone receptors (estrogen receptor [ER] and 

progesterone receptor [PR]) and human epidermal growth factor receptor 2 (HER2) status, which guide 

therapeutic decision-making. 
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The most common subtype is hormone receptor-positive (HR+) breast cancer, which is 

characterized by the presence of ER and/or PR expression and accounts for approximately 65-75% of all 

breast cancer cases. [44] These tumors tend to be less aggressive, exhibit slower progression, and 

respond favorably to endocrine therapy, such as tamoxifen or aromatase inhibitors, which block 

estrogen signaling and inhibit tumor growth. [45] Due to its typically favorable prognosis, HR+ breast 

cancer is often treated with a combination of endocrine therapy, chemotherapy (when indicated), and 

targeted agents such as CDK4/6 inhibitors in advanced disease. [46] 

Another clinically significant subtype is HER2-positive (HER2+) breast cancer, which is defined by 

the overexpression of the HER2 protein. This subtype accounts for approximately 15-25% of breast 

cancer cases and was historically associated with a more aggressive clinical course and poorer prognosis. 

[47] However, the development of HER2-targeted therapies, including trastuzumab (Herceptin) and 

pertuzumab (Perjeta), has dramatically improved survival outcomes for patients with HER2+ disease. 

[48] These therapies work by blocking HER2-mediated signaling pathways and enhancing immune 

system recognition of tumor cells, leading to significant reductions in recurrence and mortality rates. 

[49] 

Triple-negative breast cancer (TNBC) represents the most aggressive subtype, characterized by 

the absence of ER, PR, and HER2 expression. Accounting for approximately 15% of all breast cancer 

cases, TNBC is associated with high proliferation rates, early recurrence, and a lack of targeted 

therapies. [50] This subtype is more common in younger women and Black women and has traditionally 

been treated with chemotherapy alone due to the lack of hormone or HER2-directed treatment options. 

[51] However, recent advances in immunotherapy, particularly immune checkpoint inhibitors such as 
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pembrolizumab (Keytruda), have shown promise in improving outcomes for TNBC patients, especially 

those with PD-L1-positive tumors. [52] Despite these advancements, TNBC continues to have worse 

overall survival compared to other subtypes. [53] 

Survival Outcomes by Stage and Subtype 

Breast cancer survival is heavily dependent on tumor stage at diagnosis and molecular subtype. 

• Stage 0 (Ductal Carcinoma In Situ - DCIS): Nearly 100% five-year survival rate due to early detection 

and localized disease. [24] 

• Stage I-III (Localized/Regional Disease): Five-year survival rates range from 99% for stage I to 87% for 

stage III, with survival decreasing as tumor size and nodal involvement increase. [24]  

• Stage IV (Metastatic Breast Cancer - MBC): Five-year survival remains low at approximately 32%, 

although advancements in systemic therapies have improved median survival times in recent years. [24] 

While survival outcomes have improved dramatically over the past few decades, treatment 

disparities, tumor biology, and access to early detection remain critical factors affecting prognosis. 

Addressing these disparities and understanding the role of different surgical interventions in long-term 

survival are essential for improving breast cancer outcomes across all populations. 

Current Treatment Approaches 

Breast cancer treatment has evolved significantly over the past several decades, with a 

multimodal approach now serving as the standard of care. Treatment strategies are tailored based on 

tumor stage, molecular subtype, and patient-specific factors, incorporating combinations of surgery, 

systemic therapy (chemotherapy, endocrine therapy, targeted therapy), and radiation therapy. [54] 
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These advancements have contributed to improved survival rates, with early-stage breast cancer now 

having a five-year survival rate exceeding 99%. However, treatment decisions remain complex, requiring 

a multidisciplinary approach guided by recommendations from leading oncology organizations such as 

the National Comprehensive Cancer Network (NCCN), American Society of Clinical Oncology (ASCO), and 

the European Society for Medical Oncology (ESMO). 

Overview of Breast Cancer Treatment Paradigms 

Surgery 

Surgical intervention remains a cornerstone of breast cancer management with an estimated 

90% of women undergoing some form of surgical treatment, particularly for early-stage disease, where 

complete tumor removal is a critical step in achieving long-term disease control. [55] The two primary 

surgical approaches include breast-conserving surgery (BCS) and mastectomy, with the choice between 

them depending on tumor characteristics, patient preferences, and contraindications to radiation 

therapy. [56] 

Breast-conserving surgery (BCS), also known as lumpectomy or partial mastectomy, involves the 

removal of the tumor while preserving as much of the breast tissue as possible. This procedure is 

typically followed by radiation therapy to minimize the risk of local recurrence and is preferred for 

patients with small, localized tumors who do not have contraindications to radiation therapy. [56] 

Studies have shown that BCS combined with radiation therapy provides survival outcomes comparable 

to mastectomy, reinforcing its role as an effective treatment option for appropriately selected patients. 

[57] 
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Mastectomy, the complete removal of one or both breasts, remains a key surgical option, 

particularly for patients with large tumors, multicentric disease, genetic predispositions (such as 

BRCA1/2 mutations), or contraindications to radiation therapy. [56] There are several variations of 

mastectomy, each designed to balance oncologic safety with potential reconstructive outcomes. A total 

(simple) mastectomy involves the removal of the entire breast without lymph node dissection, whereas 

a modified radical mastectomy includes axillary lymph node dissection to assess the extent of disease 

spread. [58] More recently, skin-sparing and nipple-sparing mastectomies have been developed, 

allowing for the preservation of the breast skin and/or nipple-areola complex, which facilitates improved 

cosmetic outcomes in patients undergoing immediate breast reconstruction. [59] 

For patients electing to undergo mastectomy, breast reconstruction is an option to restore 

breast contour, offering both cosmetic and psychological benefits. Reconstruction can be performed 

using implant-based techniques or autologous tissue transfer, depending on patient preferences, 

anatomy, and prior treatments.  

Chemotherapy 

Chemotherapy plays a role in the management of early-stage, locally advanced, and metastatic 

breast cancer, either as a neoadjuvant (pre-surgical) or adjuvant (post-surgical) therapy. Neoadjuvant 

chemotherapy (NAC) is administered before surgery to downstage tumors, making previously 

inoperable cases resectable and increasing the likelihood of breast-conserving surgery. [60] This 

approach is particularly beneficial for HER2-positive and triple-negative breast cancer (TNBC), as these 

subtypes tend to be highly responsive to chemotherapy. [61] 
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Following surgical resection, adjuvant chemotherapy is used to eliminate microscopic residual 

disease, reducing the risk of recurrence and improving long-term survival. [62] It is typically 

recommended for node-positive disease, high-grade tumors, or patients identified as high-risk through 

genomic profiling tests, such as Oncotype DX and MammaPrint [63]. 

Commonly used chemotherapy regimens include anthracyclines (doxorubicin, epirubicin) and 

taxanes (paclitaxel, docetaxel), which are frequently combined for enhanced efficacy. Additionally, the 

GeparSixto clinical trial showed platinum-based chemotherapy, such as carboplatin, to be of particular 

effectiveness in BRCA-mutated and TNBC patients, offering increased response rates in these aggressive 

subtypes compared to no added carboplatin chemotherapy. [64] 

Radiation Therapy and Endocrine Therapy in Breast Cancer Treatment 

Radiation therapy is a key component of breast cancer treatment, particularly for patients 

undergoing breast-conserving surgery (BCS), where it plays a key role in eliminating residual microscopic 

disease and reducing local recurrence. It is also recommended in select patients after mastectomy (post-

mastectomy radiation therapy, PMRT), particularly for those with tumors ≥5 cm, positive lymph nodes, 

or close/positive surgical margins based on the Danish Breast Cancer Cooperative Group 82b trial. [65] 

Additionally, regional nodal irradiation (RNI) is used for patients with ≥4 positive lymph nodes or other 

high-risk features, further reducing the likelihood of recurrence. [66] Recent advancements in radiation 

techniques, including intensity-modulated radiation therapy (IMRT) and hypofractionated regimens, 

have helped reduce toxicity while maintaining therapeutic outcomes. [67] 
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For patients with hormone receptor-positive (HR+) breast cancer, endocrine therapy is the 

standard of care, accounting for approximately 65 – 75% of all breast cancer cases. [44]  By blocking 

estrogen signaling or reducing estrogen levels, endocrine therapy significantly lowers recurrence risk in 

both early-stage and metastatic disease. Selective estrogen receptor modulators (SERMs) such as 

tamoxifen are commonly prescribed for premenopausal women, preventing estrogen from binding to its 

receptor and stimulating tumor growth. In postmenopausal women, aromatase inhibitors (AIs), 

including letrozole, anastrozole, and exemestane, inhibit estrogen production by blocking the aromatase 

enzyme, further suppressing tumor progression. A Cochrane review has shown in high-risk 

premenopausal patients, ovarian suppression (OFS) with GnRH agonists (e.g., leuprolide) combined with 

an aromatase inhibitor improved survival outcomes. [68] The duration of endocrine therapy typically 

ranges from 5 to 10 years, depending on recurrence risk and patient tolerance, though a recent publican 

in the NEJM extending hormone therapy by 5 years provided no benefit over a 2-year extension (HR, 

0.99; 95% CI, 0.85 - 1.15; P = 0.90) but was associated with a greater risk of bone fracture (HR, 1.35; 95% 

CI, 1.00 - 1.84). [69] 

Targeted Therapies (HER2-Targeted Agents, CDK4/6 Inhibitors, PARP Inhibitors) 

Targeted therapies have transformed breast cancer management by selectively inhibiting 

oncogenic pathways, improving survival outcomes while reducing the systemic toxicity associated with 

traditional chemotherapy. Among the most significant advancements is HER2-targeted therapy, which 

has dramatically improved prognosis for patients with HER2-positive breast cancer, a subtype that 

accounts for approximately 20% of cases. [70] Monoclonal antibodies such as trastuzumab (Herceptin) 

and pertuzumab (Perjeta) block HER2 signaling and enhance immune-mediated tumor destruction, 
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leading to significantly improved survival in both early-stage and metastatic disease. Additionally, HER2-

targeted tyrosine kinase inhibitors (TKIs), including tucatinib, neratinib, and lapatinib, are used in 

metastatic settings to overcome resistance mechanisms and extend progression-free survival. [71] 

How Treatment Decisions Are Made 

Breast cancer treatment is personalized based on tumor stage, molecular subtype, and patient-

specific factors, following guidelines established by the National Comprehensive Cancer Network 

(NCCN), the American Society of Clinical Oncology (ASCO), and the European Society for Medical 

Oncology (ESMO). The 8th edition of the American Joint Committee on Cancer (AJCC) Staging System 

integrates traditional anatomic staging—tumor size (T), nodal involvement (N), and distant metastasis 

(M)—with biological markers such as estrogen receptor (ER), progesterone receptor (PR), and HER2 

status to refine prognosis and guide treatment selection. [72] Additionally, molecular profiling tools such 

as Oncotype DX and MammaPrint help determine the need for chemotherapy in patients with hormone 

receptor-positive (HR+) breast cancer, reducing unnecessary exposure to cytotoxic agents in those with 

a low risk of recurrence. [63] 

Another important factor in treatment planning is the choice between neoadjuvant and 

adjuvant therapy, both of which play a role in surgical decision-making. Neoadjuvant therapy, which is 

administered before surgery, is frequently recommended for HER2-positive and triple-negative breast 

cancer (TNBC) patients, as it helps shrink tumors, facilitates breast-conserving surgery, and provides an 

early assessment of treatment response. Conversely, adjuvant therapy, given after surgical resection, is 

aimed at eliminating residual microscopic disease and reducing the risk of recurrence. The decision 
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between neoadjuvant and adjuvant therapy depends on a combination of tumor size, nodal 

involvement, response to systemic treatments, and shared decision making between the provider and 

patient. [73] 

Surgical Approaches to Breast Cancer Treatment 

The surgical management of breast cancer has undergone significant transformation over the 

past century, evolving from highly invasive procedures to more conservative, patient-centered 

approaches. Historically, surgical treatment was based on the assumption that more extensive tissue 

removal led to better outcomes, but advancements in cancer biology and clinical trials have 

demonstrated that less radical procedures can achieve equivalent survival rates while preserving 

function and aesthetics. [74] Today, the choice between mastectomy and breast-conserving surgery 

(BCS)—as well as the option of breast reconstruction—depends on a combination of tumor 

characteristics, genetic predisposition, and patient preferences. The following section explores the 

historical evolution of breast cancer surgery, outlining the shift toward more personalized, evidence-

based surgical approaches. 

Historical Evolution of Breast Cancer Surgery 

The approach to breast cancer surgery has transitioned from highly invasive procedures aimed 

at removing as much tissue as possible to more refined, oncologically safe techniques that prioritize 

patient outcomes and quality of life. 

The radical mastectomy, introduced by William Halsted in the late 19th century, represented 

the first standardized surgical treatment for breast cancer. This procedure involved the complete 
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removal of the breast, underlying pectoralis major and minor muscles, and axillary lymph nodes, 

following the centrifugal theory of cancer spread, which suggested that aggressive local control would 

prevent distant metastasis. [75, 76] While radical mastectomy effectively reduced local recurrence rates, 

it also resulted in severe physical disfigurement, functional impairment, and psychological distress, 

leading to a decline in its use as less aggressive alternatives emerged. [77, 78] 

 

Figure 3: Depiction of Halsted mastectomy (licensed under CC BY-NC-ND 4.0) 

By the mid-20th century, growing evidence suggested that removing the chest wall muscles was 

unnecessary for most patients, leading to the development of the modified radical mastectomy (MRM). 

This procedure preserved the pectoralis muscles while still including axillary lymph node dissection, 

reducing the morbidity associated with radical mastectomy while maintaining effective oncologic 
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control. [79]  The MRM became the standard of care for several decades, offering patients a less 

debilitating surgical option without compromising survival outcomes. 

Further advancements in clinical research eventually led to the introduction of breast-

conserving surgery (BCS) as an alternative to mastectomy. The landmark National Surgical Adjuvant 

Breast and Bowel Project (NSABP) B-06 trial provided compelling evidence that lumpectomy followed by 

radiation therapy offered survival outcomes equivalent to mastectomy in early-stage breast cancer 

when looking at patients over a 25 year period (HR 1.05, 95% 0.90 to 1.23). [74] This finding marked a 

shift in breast cancer treatment, increasing the adoption of BCS, particularly for patients with small, 

localized tumors and no contraindications to radiation therapy.  

Current Surgical Options 

Mastectomy vs. Breast-Conserving Surgery (Lumpectomy + Radiation) 

Mastectomy and breast-conserving surgery (BCS) remain the two primary surgical options for 

breast cancer treatment, with the decision between them influenced by tumor characteristics, patient 

preferences, and eligibility for radiation therapy. Mastectomy involves the complete removal of the 

breast and is typically performed when the tumor is too large relative to breast size to allow for a 

cosmetically acceptable BCS outcome. It is also recommended in cases of multicentric disease, where 

tumors are present in multiple quadrants of the breast, or when radiation therapy is contraindicated 

due to prior irradiation or specific comorbidities. [56] 

In contrast, BCS, also known as lumpectomy, is preferred for patients with small, localized 

tumors who can undergo post-operative radiation therapy to minimize the risk of recurrence. Extensive 
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research has demonstrated that BCS followed by radiation therapy provides survival rates equivalent to 

mastectomy, reinforcing its oncologic safety as an alternative to total breast removal. Additionally, some 

studies suggest that patients undergoing BCS experience superior psychological and quality-of-life 

outcomes, including lower distress levels and improved body image, compared to those who undergo 

mastectomy. [80-83] 

For patients opting for mastectomy, breast reconstruction may be considered to restore breast 

contour, using either implant-based or autologous techniques. 

Breast Reconstruction Options 
 

Breast reconstruction can be performed immediately at the time of mastectomy or delayed until 

after adjuvant therapy, depending on patient preference, tumor characteristics, prior treatments, and 

the availability of reconstructive expertise. The two primary approaches to reconstruction are implant-

based reconstruction and autologous (flap-based) reconstruction, each with distinct advantages and 

considerations. 

Implant-Based Reconstruction 
 

Implant-based reconstruction is the most commonly performed method, involving the 

placement of a silicone or saline implant to recreate the breast mound. [84] In patients with good skin 

preservation, such as those undergoing nipple-sparing or skin-sparing mastectomy, a direct-to-implant 

approach allows for immediate placement of the implant at the time of mastectomy, minimizing the 

need for additional surgeries. [85] However, in cases where more gradual expansion of the skin is 

needed, a two-stage expander reconstruction is performed, in which a temporary tissue expander is 

placed first and later replaced with an implant. [86] 
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While implant-based reconstruction is less invasive and requires shorter operative times 

compared to autologous reconstruction, it carries risks related to implants such as capsular contracture, 

implant rupture, infection, and the potential need for revision surgeries over time, especially because 

implants are not lifetime devices. [11] Capsular contracture, affecting up to 13% of patients within three 

years of prosthetic reconstruction is influenced by risk factors such as radiation, smoking, hematoma, 

infection, and silicone rupture. [87] 

 

Figure 4: Implant based breast reconstruction, with a prosthesis being placed in the breast pocket 

(Adapted from Brown et al., 2023, with permission) 

Autologous (Flap-Based) Reconstruction 

Autologous reconstruction uses the patient’s own tissue from another part of the body to 

reconstruct the breast mound, often preferred by patients seeking a more natural appearance or those 

who wish to avoid implants. This method usually involves microsurgical transfer of tissue, with several 

commonly used techniques: 
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• The transverse rectus abdominis myocutaneous (TRAM) flap harvests skin, fat, and muscle from the 

lower abdomen, providing a robust volume of tissue for reconstruction but carrying a risk of abdominal 

wall weakness and hernia formation. [88] 

• The deep inferior epigastric perforator (DIEP) flap is similar to the TRAM flap but spares the abdominal 

muscle, reducing complications such as hernia and muscle weakness while maintaining the benefits of 

using autologous abdominal tissue. [89, 90] 

• The latissimus dorsi flap involves transferring muscle and skin from the back, often combined with an 

implant to achieve the desired breast volume. This technique is frequently used when abdominal tissue 

is unavailable or in patients requiring additional soft-tissue coverage. [91] 

Although autologous reconstruction provided superior aesthetic outcomes and long-term 

durability in a systematic review (45% of studies), it requires longer operative times, extended recovery 

periods, and access to microsurgical expertise, making it a more complex procedure compared to 

implant-based approaches. [92] 

 

Survival Outcomes & Surgical Choice 

Surgical choice plays a critical role in long-term survival outcomes for patients with breast 

cancer, with ongoing debate regarding the relative benefits of mastectomy, breast-conserving therapy 

(BCT), and breast reconstruction. While BCT with radiation therapy has been shown to offer survival 

rates comparable to mastectomy in appropriately selected patients, the question of whether breast 

reconstruction following mastectomy impacts oncologic outcomes remains unresolved. Some studies 

suggest a survival advantage with reconstruction, potentially due to factors such as better post-

treatment surveillance and improved psychosocial well-being, while others find no significant difference 
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when adjusting for confounders. This section reviews comparative survival outcomes associated with 

different surgical approaches and explores the conflicting evidence regarding reconstruction’s impact on 

survival. 

 

Comparative Survival Outcomes of Different Surgical Procedures 

Mastectomy vs. Breast-Conserving Therapy (BCT) 

Breast-conserving therapy (BCT), which consists of lumpectomy followed by radiation therapy, is 

an established alternative to mastectomy for patients with early-stage breast cancer. The landmark 

NSABP B-06 trial was among the first to show no significant difference in long-term survival between 

BCT and mastectomy, leading to widespread adoption of breast-conserving approaches. [74] 

Subsequent population-based studies have reinforced these findings, with some suggesting that 

BCT may even offer a survival advantage over mastectomy. [93-96] Additionally, in the 02-98 clinical trial 

by the Breast International Group, patients undergoing mastectomy without radiation may experience 

higher locoregional recurrence rates, particularly in node-positive disease, which could contribute to 

worse long-term outcomes. [97] 

Despite these findings, BCT is not suitable for all patients. Tumor size, multifocality, 

contraindications to radiation, and patient preference play key roles in determining the appropriate 

surgical approach. Some patients, particularly those with BRCA mutations or high-risk features, may opt 

for mastectomy as a risk-reducing strategy with one study showing no primary BCs occurred after a 

prophylactic mastectomy (PM) (median follow-up 4.5 years). [98]  
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Mastectomy Alone vs. Mastectomy with Reconstruction 

For patients undergoing mastectomy, the decision to pursue immediate or delayed breast 

reconstruction has traditionally been viewed as a cosmetic and psychological consideration rather than 

one affecting survival outcomes. However, emerging evidence suggests that reconstruction may confer 

a survival benefit, potentially due to improved postoperative care, enhanced surveillance, and better 

patient selection. 

A 2021 retrospective cohort study from the University of California San Diego, involving 474 

breast cancer patients, found a significant survival advantage for those who underwent breast 

reconstruction (both autologous and implant-based) compared to those who had mastectomy alone. 

The adjusted hazard ratio (aHR) for overall survival in the reconstructive cohort was 0.47 (95% CI, 0.25 

to 0.88), indicating a nearly 53% reduction in mortality risk. [13] Similarly, a 2009 SEER database study 

by Bezuhly et al., which included over 50,000 patients, reported a breast cancer-specific survival (BCSS) 

benefit in those undergoing immediate breast reconstruction, with an aHR ranging from 0.66 to 0.75 

across different age groups, suggesting a consistent protective effect. [14] 

A 2012 study from the University of Utah, analyzing another 50,000 SEER database patients, 

found that patients undergoing mastectomy with reconstruction had a significantly lower adjusted 

hazard of death (HR 0.73, 95% CI 0.66-0.81) compared to those who had mastectomy alone. [15] 

Additionally, a Swedish study of 983 patients demonstrated a survival advantage specifically for 

autologous tissue reconstruction, reporting an aHR of 0.44 (95% CI, 0.28 to 0.69) for overall survival and 

0.55 (95% CI, 0.34-0.92) for breast cancer-specific survival in patients receiving DIEP flap reconstruction. 

[16] A separate study assessing TRAM flap reconstruction similarly found a significant reduction in 
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mortality risk, with a reported relative risk (RR) of 0.54 (P = 0.03), although inconsistencies in reporting 

(e.g., use of RR instead of HR) warrant careful interpretation of results. [17] 

Further supporting these findings, a 2023 study by Wu et al., analyzing 27,893 SEER database 

patients, found a significant survival benefit for autologous breast reconstruction (ABR) following 

mastectomy, with an adjusted hazard ratio (aHR) of 0.83 (95% CI, 0.74 to 0.94) for overall survival. [18] 

These results suggest that patients who undergo autologous reconstruction may experience improved 

survival compared to those undergoing mastectomy alone, although the underlying mechanisms remain 

unclear. 

 

Conflicting Evidence on Reconstruction and Survival 

Despite multiple studies suggesting a survival advantage associated with breast reconstruction, 

others have found no significant difference in outcomes when controlling for confounders such as age, 

tumor stage, and comorbidities. 

The same 2023 study by Wu et al., which reported a survival benefit for autologous 

reconstruction, also found no significant difference in breast cancer-specific survival (BCSS) after 

adjusting for confounders (aHR 0.93, 95% CI, 0.82 to 1.07). [18] Similarly, a 2022 study by Xiong et al., 

analyzing 6,002 SEER patients, initially found improved unadjusted survival in the reconstruction group 

but later failed to detect a significant difference after adjusting for key covariates (BCSS P = 0.143, OS P = 

0.272). [19] 
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A 2013 study from Fudan University, using a 35,126-patient SEER cohort, suggested that the 

survival benefit of reconstruction may be driven by socioeconomic factors rather than surgical 

intervention itself. While their initial multivariate analysis showed improved BCSS (HR = 0.87, 95% CI 

0.80–0.95, P = 0.001) and OS (HR = 0.70, 95% CI 0.65–0.75, P < 0.001) in reconstructed patients, further 

stratification by income level revealed that the survival benefit was primarily observed in higher-income 

groups (BCSS HR = 0.85, 95% CI 0.73–0.99, P = 0.034). [21] These findings suggest that healthcare access, 

insurance status, and socioeconomic disparities may play a significant role in determining both surgical 

choice and survival outcomes. 

Additional evidence from a 2018 SEER-based study by Wu et al., which analyzed 1,732 matched 

pairs of locally advanced breast cancer patients, found no overall survival benefit associated with 

immediate breast reconstruction. [20] However, they did identify a potential age-dependent effect, 

where patients under 50 experienced a survival benefit (HR = 0.750 for BCSS, HR = 0.779 for OS), 

whereas older patients did not. This suggests that age and treatment tolerance may influence the 

impact of reconstruction on survival. 

Taken together, these studies indicate that while some observational data suggest a survival 

benefit with reconstruction, others fail to confirm a consistent oncologic advantage after adjusting for 

confounders. The variability in study methodologies, patient selection criteria, and statistical 

adjustments highlights the need for prospective, randomized trials to definitively determine whether 

breast reconstruction influences survival or whether observed differences are due to selection bias and 

healthcare disparities. 
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Disparities in Breast Cancer Surgery & Reconstruction 

Despite advancements in breast cancer treatment and reconstruction, significant disparities 

persist in access to surgical care, particularly among racial and ethnic minorities, lower-income patients, 

and those with limited healthcare access. Research has consistently demonstrated that Black, Hispanic, 

and uninsured women are less likely to undergo breast reconstruction after mastectomy, even when 

adjusting for clinical factors such as tumor stage and treatment eligibility. [99] These disparities are 

influenced by a complex interplay of socioeconomic status, insurance coverage, institutional differences, 

and patient-level barriers, all of which contribute to inequities in breast cancer surgical outcomes. It is 

crucial to understand how the interplay of social factors impact access to care for developing targeted 

interventions to improve equitable access to reconstruction and ensuring that all patients receive 

optimal oncologic and quality-of-life outcomes. 

 

Racial and Ethnic Disparities in Breast Reconstruction 

Numerous studies have documented racial and ethnic disparities in breast reconstruction rates. 

A 2019 study by Restrepo et al., using National Cancer Database (NCDB) data, found that White patients 

and those with private insurance were significantly more likely to receive breast reconstruction 

compared to Black patients and those with government insurance. The odds ratio (OR) for 

reconstruction was 0.94 for Black patients and 0.46 for those with government-sponsored insurance, 

highlighting a substantial disparity in surgical access. [100] 

Similarly, a 2022 study by Danko et al., also leveraging NCDB data, confirmed these findings, 

showing that younger patients, those diagnosed at earlier tumor stages, and individuals residing in 
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urban areas were more likely to undergo immediate breast reconstruction. [101] These findings suggest 

that geographic location and stage at diagnosis may further compound racial disparities, as Black and 

Hispanic patients are more likely to present with later-stage disease, which can limit reconstruction 

options. [102] 

Further supporting these trends, a large SEER database study by Sergesketter et al., which 

included 346,418 breast cancer patients from 1998 to 2014, found that non-Hispanic Black and Hispanic 

women were significantly less likely to undergo immediate reconstruction following mastectomy 

compared to non-Hispanic White women (OR < 1, p < 0.05). [102] Interestingly, when comparing 

autologous versus implant-based reconstruction, non-Hispanic White patients underwent autologous 

reconstruction at lower rates than Black and Hispanic women, suggesting potential differences in 

reconstructive preferences, access to microsurgical expertise, or institutional recommendations. 

Despite these disparities, the study by Sergesketter et al. also noted that reconstruction rates 

have increased over time among all racial groups, with Black and Hispanic women showing a higher per-

year increase in reconstruction rates compared to non-Hispanic White women. [102] This trend 

indicates that while racial gaps in access persist, efforts to improve reconstruction equity may be 

gradually reducing disparities. 

Interestingly, a 2016 single-institution study by Sharma et al. reported that non-Hispanic Black 

women were more likely than non-Hispanic White women to receive autologous reconstruction, with an 

odds ratio of 2.23. [103] While this finding appears to contradict broader national trends, it suggests 
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that individual institutional factors, patient preferences, and availability of microsurgical expertise may 

influence reconstructive choices. 

 

Socioeconomic Disparities in Breast Reconstruction 

 

Beyond racial and ethnic differences, socioeconomic status (SES) plays a major role in 

determining access to breast reconstruction. Several studies have demonstrated that lower-income 

patients, those with lower educational attainment, and those living in rural areas are significantly less 

likely to receive reconstruction. 

The 2019 NCDB study by Restrepo et al. found that patients residing in higher-income zip codes 

(OR = 1.87) or with higher educational levels had increased odds of undergoing reconstruction. [100]  

Similarly, the 2013 Fudan University study, using a SEER-based cohort of 35,126 patients, found that 

while immediate reconstruction was associated with improved survival, this benefit was largely 

observed in higher-income patients (HR = 0.85, 95% CI 0.73–0.99, P = 0.034). [21] This suggests that 

financial and systemic barriers may prevent lower-income patients from accessing reconstructive 

options. 

Insurance status is one of the strongest predictors of reconstruction access. Patients with 

private insurance are significantly more likely to undergo immediate or delayed reconstruction 

compared to those on Medicaid or uninsured patients. [104] Although the Women’s Health and Cancer 

Rights Act (WHCRA) was enacted to mandate insurance coverage for post-mastectomy reconstruction, 
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disparities remain in implementation and accessibility, particularly among lower-income and minority 

patients. 

Summary of Knowledge Gaps & Study Justification 

Despite significant advancements in breast cancer treatment, the impact of surgical choice on 

overall survival remains uncertain. While mastectomy and breast-conserving therapy (BCT) have been 

shown to have comparable survival outcomes in early-stage disease, the role of breast reconstruction in 

modifying survival after mastectomy is less clear. Some studies suggest that reconstruction is associated 

with improved survival, while others find no significant difference after adjusting for confounders. 

To address these knowledge gaps, this study will evaluate whether breast reconstruction 

following mastectomy impacts overall survival and whether differences persist after controlling for 

tumor stage, comorbidities, and socioeconomic factors.  

Thesis Specific Aim & Hypotheses 

Specific Aim: To compare the overall survival among a reconstructed vs. non-reconstructed 

cohort when adjusting for age, stage at diagnosis, and other potential confounders and effect modifiers.  

Hypothesis: There will be a difference in overall survival between the two cohorts when 

relevant confounders and effect modifiers are considered. 

To investigate these research questions, this study will use a retrospective cohort design with 

data from the National Cancer Database (NCDB). The following section outlines the study design, patient 

selection criteria, and statistical methodologies used to evaluate the impact of surgical choice on 

survival outcomes. 
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Methods: 
 
Study Design and Data Source 
 

This study is a retrospective cohort analysis utilizing data from the National Cancer Database 

(NCDB), a hospital-based registry jointly maintained by the American College of Surgeons (ACS) and the 

American Cancer Society (ACS). The NCDB captures approximately 70% of all newly diagnosed cancer 

cases in the United States through over 1,500 Commission on Cancer (CoC)-accredited facilities. Data are 

extracted from medical records, pathology reports, and physician follow-ups by Certified Tumor 

Registrars (CTRs) following standardized protocols. Before inclusion in the dataset, hospitals perform 

internal quality checks, and the NCDB applies automated validation techniques to detect missing values, 

errors, and inconsistencies. [105, 106] Additionally, the NCDB tracks overall survival (OS) through annual 

hospital follow-ups, physician reports, and cross-referencing with the Social Security Death Index (SSDI) 

and National Death Index (NDI). [107] 

Study Population and Patient Selection 
 

The study cohort included women aged 18-80 years diagnosed with stage 0 to stage 3 breast 

cancer who underwent mastectomy with or without breast reconstruction between 2010 and 2017. 

These inclusion criteria were selected to reflect a representative patient population undergoing 

curative-intent treatment, while patients outside this age range were excluded to eliminate outliers with 

non-representative clinical courses. 
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Figure 5: The selection process for the study cohort from the National Cancer Database (NCDB). Of 
3,674,418 women, exclusions were made for diagnosis outside 2010–2017, missing income or insurance 
data, age outside 18–80, stage IV or missing stage, and incorrect surgical coding. The final cohort 
included 176,382 women, with 122,280 (69.3%) undergoing mastectomy alone and 54,102 (30.7%) 
receiving reconstruction. 
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Exclusion criteria included male patients, pregnant patients, and individuals diagnosed with 

stage 4 (metastatic) breast cancer, as metastatic disease represents a distinct clinical entity with 

different treatment objectives. Additionally, patients with missing insurance or income data were 

excluded to maintain consistency in socioeconomic analyses. Patients with missing vital status data were 

also removed to ensure accuracy in survival estimates. The final study cohort was derived after applying 

these criteria, as illustrated in Figure 5 (Patient Selection Flowchart). 

 
Exposure and Outcome Definition 
 
The primary exposure variable was surgical choice, categorized as: 

1) Mastectomy without reconstruction (reference group) 

2) Mastectomy with reconstruction, consisting of implant-based and autologous reconstruction. 

Surgical categories were defined using the National Cancer Database’s standardized codes from 

the 2020 Participant User File (PUF) Data Dictionary. All cases were classified under the malignant breast 

cancer codes C50.0–C50.9. Individual procedures were designated using appended surgical codes. 

Mastectomy without reconstruction included Code 41 (C50.41), Code 51 (C50.51), and Code 61 (C50.61), 

representing total, modified radical, and radical mastectomies, respectively—each performed without 

removal of the uninvolved contralateral breast. 

Mastectomy with reconstruction was further subclassified into: 

• Implant-based reconstruction: Code 45 (C50.45), Code 55 (C50.55), and Code 66 (C50.66) 

• Autologous (tissue-based) reconstruction: Code 44 (C50.44), Code 54 (C50.54), and Code 65 

(C50.65). 
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However, the NCDB does not specify whether the reconstruction was immediate or delayed. 

Thus, all patients who underwent reconstruction were analyzed together, without distinction by timing. 

Patients with missing or ambiguous surgical codes were excluded. 

The primary outcome was overall survival (OS), defined as the time from surgery to death or last 

follow-up. Patients who were alive at last follow-up were right-censored. 

 
Variables 
 

To facilitate statistical analysis, several variables were recoded and categorized: 

Age at diagnosis was grouped into five strata: 18–30, 31–40, 41–50, 51–65, and 66–80 years to 

assess age-related trends in surgical choice and survival. Age strata were selected to align with 

commonly used groupings in breast cancer statistics reports while maintaining a distribution that allows 

for proper statistical power and meaningful comparisons. Stage classification followed the AJCC 7th 

edition, with stages harmonized into stage 0, stage 1 (1A, 1B), stage 2 (2A, 2B), and stage 3 (3A, 3B, 3C). 

This study adhered to AJCC 7th edition staging to ensure consistency across the study period, as the 8th 

edition—implemented after 2017—incorporates hormone receptor status into staging. Since breast 

cancer stage was defined differently in the 8th edition, including data beyond 2017 would introduce 

inconsistencies in stage classification, making direct comparisons unreliable. By restricting the study 

window to 2010–2017, we ensured that all cases were staged using the same criteria, preventing 

misclassification due to changes in staging definitions. 

Race and ethnicity were categorized into four mutually exclusive groups for analysis: Non-

Hispanic White, Black, Hispanic, and Asian. Non-Hispanic White patients were defined as those 
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identified as White with no indication of Hispanic ethnicity. Black patients included all individuals 

identified as Black, regardless of Hispanic background, to capture both non-Hispanic and Afro-Latino 

populations. Hispanic patients included individuals identified as Hispanic, regardless of whether they 

were also identified as White or had an unclassified race. Asian patients included individuals identified 

with Asian or Pacific Islander backgrounds. To maintain consistency and avoid misclassification, 

individuals with missing or unknown race and Hispanic ethnicity were excluded from the analytic 

sample. Insurance status was collapsed into three categories: Uninsured/Medicaid, Private Insurance, 

and Medicare/Other Government Insurance. Radiation therapy was classified as no radiation or received 

radiation. 

 The Charlson-Deyo Comorbidity Index (CCI) is a validated tool used to quantify a patient’s 

comorbidity burden and predict mortality risk. Originally developed by Charlson et al. in 1987 to 

estimate 1-year mortality based on 19 weighted comorbid conditions, the index was later adapted for 

use with administrative data by Deyo and Romano through the incorporation of ICD-9-CM and CPT-4 

codes. A cancer-specific adaptation, known as the NCI Comorbidity Index, was developed using SEER-

Medicare data, excluding cancer-related diagnoses from the score to avoid overlap with the primary 

disease. In 2014, the index underwent further refinement to improve diagnostic coding accuracy, 

including updates to ICD codes and evaluation of CPT-4 contributions. The version used in this study—

Charlson-Deyo—applies standardized weights (1, 2, 3, or 6) to 17 comorbid conditions, with higher 

scores reflecting greater comorbidity burden and worse prognosis. [108] A time-to-event variable was 

created, representing survival time in months.  

 
Directed Acyclic Graph (DAG) and Confounder Selection 
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A Directed Acyclic Graph (DAG) was constructed to identify potential confounders in the 

relationship between surgical choice and survival outcomes. Confounders identified through DAG 

analysis, including age, stage at diagnosis, race/ethnicity, insurance status, and comorbidities (Charlson 

Comorbidity Index), were adjusted for in the multivariable models. The DAG is presented in Figure 6. 

 

Figure 6: Proposed Directed Acyclic Graph (DAG) for the Cox proportional hazards model, outlining the 
relationships between breast reconstruction (exposure) and overall survival (outcome). White nodes 
represent confounders adjusted in the model (e.g., age, comorbidities, cancer stage, race, and 
insurance). Blue nodes indicate mediators (e.g., chemotherapy, quality of life, and potential 
antitumorigenic effects of implants), which lie on the causal pathway. Green nodes are pre-exposure 
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(ancestor) variables (e.g., facility type, education, and geographic factors) that influence reconstruction 
likelihood but do not directly affect survival. This DAG guides confounder selection with the goal of an 
unbiased estimation of surgical choice on survival. 

Statistical Analysis 
 

Baseline patient characteristics were summarized using means, medians, and proportions. 

Differences in categorical variables were assessed using chi-square tests, and continuous variables were 

compared using t-tests. Survival curves were generated using Kaplan-Meier estimates, with differences 

between groups evaluated via the log-rank test. 

Survival curves were generated using Kaplan-Meier estimates, with differences assessed using 

the log-rank test. The association between surgical choice and overall survival was first examined in a 

univariable Cox proportional hazards model, followed by a multivariable Cox model adjusting for 

confounders. 

The Cox proportional hazards model was defined as follows: 

 
Figure 7: Equation of the Cox-Proportional Hazards model. 
 

where h(t) represents the hazard at time t, h0(t) is the baseline hazard, Xn are covariates, and n 

are the corresponding regression coefficients. 

The proportional hazards assumption was assessed using Schoenfeld residuals for all variables 

included in the model. Variables that violated the assumption were modeled using time-dependent 

covariates in an extended Cox model. 
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To evaluate effect modification and explore subgroup-specific trends, stratified analyses were 

performed by cancer stage (0–III), age, race/ethnicity, and Charlson-Deyo Comorbidity Index. These 

variables were chosen a priori due to their clinical significance and established associations with 

treatment access and survival. Proportionality was tested within each stratum, and time covariates were 

incorporated where appropriate. 

Overall survival (OS) was defined as the time in months from surgery to death or last follow-up, 

with patients still alive at last contact considered right-censored. 

 
Software and Ethical Considerations 
 

Statistical analysis was conducted using SAS statistical software (version 9.4; SAS Institute Inc, 

Cary, NC) and SAS macros developed by the Biostatistics and Bioinformatics Shared Resources at 

Winship Cancer Institute at Emory University in Atlanta, Georgia. [109] Figures we also created using R 

4.3.2 (R Core Team, 2025). Since the NCDB consists of de-identified patient data, informed consent was 

not required. 
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Results: 
 
 
 

Table 1: Baseline Characteristics of the Study Population 

Variable Level N (%) = 176,382 

Facility Type Community Cancer Program 12011 (7.1) 

Comprehensive Community 
Cancer Program 

72137 (42.7) 

Academic/Research Program 51558 (30.5) 

Integrated Network Cancer 
Program 

33233 (19.7) 

Missing 7443 

Facility Location New England 7961 (4.7) 

Middle Atlantic 24504 (14.5) 

South Atlantic 39305 (23.3) 

East North Central 28548 (16.9) 

East South Central 11181 (6.6) 

West North Central 13578 (8.0) 

West South Central 14837 (8.8) 

Mountain 6342 (3.8) 

Pacific 22683 (13.4) 

Missing 7443 

Race White 128057 (72.6) 

Black 22022 (12.5) 

Hispanic 9307 (5.3) 

Asian 16996 (9.6) 
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Table 1: Baseline Characteristics of the Study Population 

Variable Level N (%) = 176,382 

Insurance Status Not Insured 4978 (2.8) 

Government Insurance 75373 (42.7) 

Private Insurance 96031 (54.4) 

Charlson-Deyo Score 0 139977 (79.4) 

1 27794 (15.8) 

2 6065 (3.4) 

>= 3 2546 (1.4) 

AJCC 7th Edition Cancer Stage Stage 0 33630 (19.1) 

Stage I 65830 (37.3) 

Stage II 57868 (32.8) 

Stage III 19054 (10.8) 

Vital Status Dead 32505 (18.4) 

Alive 143877 (81.6) 

Median Income Quartiles 2016-2020 < $46,277 27828 (15.8) 

$46,227-$57,856 36935 (20.9) 

$57,857-$74,062 41347 (23.4) 

>= $74,063 70272 (39.8) 

Percent No High School Degree Quartiles 
2016-2020 

>= 15.3% 34915 (19.8) 

9.1%-15.2% 48270 (27.4) 

5.0%-9.0% 51335 (29.1) 

< 5.0% 41862 (23.7) 
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Table 1: Baseline Characteristics of the Study Population 

Variable Level N (%) = 176,382 

Age by Strata 18 - 30 1041 (0.6) 

31 - 40 8205 (4.7) 

41 - 50 28259 (16.0) 

51 - 65 69069 (39.2) 

66 - 80 69808 (39.6) 

The study cohort consisted of 176,382 patients who underwent mastectomy with or without 

reconstruction (Table 1). The majority were treated at Comprehensive Community Cancer Programs 

(42.7%), followed by Academic/Research Programs (30.5%) and Integrated Network Cancer Programs 

(19.7%). A smaller proportion received treatment at Community Cancer Programs (7.1%). Geographic 

distribution varied, with the highest proportion of patients located in the South Atlantic region (23.3%), 

followed by the East North Central (16.9%) and Middle Atlantic (14.5%) regions. 

The racial composition of the cohort was predominantly White (72.6%), while Black (12.5%), 

Asian (9.6%), and Hispanic (5.3%) patients represented smaller proportions (Table 1). Regarding 

insurance coverage, 54.4% of patients had private insurance, while 42.7% were covered by government 

insurance, and 2.8% were uninsured. 

In terms of clinical characteristics, most patients (79.4%) had no recorded comorbidities 

(Charlson-Deyo Score = 0), while 15.8% had a score of 1, and a smaller proportion (1.4%) had a score of 

3 or greater. Breast cancer staging was classified using the AJCC 7th Edition, with the largest proportion 

of patients diagnosed at Stage I (37.3%), followed by Stage II (32.8%), Stage 0 (19.1%), and Stage III 
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(10.8%). At the time of data collection, 18.4% of patients were deceased, while 81.6% remained alive 

(Table 1). 

Socioeconomic characteristics varied across the cohort. Income distribution was relatively 

balanced, with the largest proportion of patients (39.8%) falling into the highest income quartile 

(≥$74,063), while the lowest proportion (15.8%) belonged to the <$46,277 category. Similarly, education 

levels were stratified by the percentage of residents without a high school diploma, with 19.8% of 

patients residing in areas where at least 15.3% of residents had not completed high school, while 23.7% 

lived in areas where fewer than 5.0% had not completed high school. 

Age distribution was skewed toward older patients, with the majority falling within the 51–65 

(39.2%) and 66–80 (39.6%) age groups. Younger patients were less represented, with only 0.6% of the 

cohort aged 18–30 and 4.7% aged 31–40 (Table 1). These baseline characteristics provide a 

comprehensive overview of the study population and establish the foundation for further analysis of 

surgical choice and survival outcomes.  
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Table 2: Baseline Characteristics of the Study Population Stratified by Surgery 

 Surgery Type 

 ___________________________ 

Variable Level Mastectomy 
only N (%) = 

122,280 

Implant N 
(%) = 29,496 

Autologous N 
(%) = 24,604 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

10212 (8.6) 937 (3.4) 862 (3.8) <.001 

Comprehensive 
Community Cancer 
Program 

53423 (45.1) 10723 (39.0) 7991 (34.9) 

Academic/Research 
Program 

32473 (27.4) 9768 (35.5) 9317 (40.7) 

Integrated Network 
Cancer Program 

22426 (18.9) 6064 (22.1) 4743 (20.7) 

Missing 3746 2004 1693 

Facility Location New England 4807 (4.1) 1794 (6.5) 1360 (5.9) <.001 

Middle Atlantic 14114 (11.9) 5198 (18.9) 5192 (22.7) 

South Atlantic 27483 (23.2) 5850 (21.3) 5972 (26.1) 

East North Central 20262 (17.1) 4974 (18.1) 3312 (14.5) 

East South Central 9077 (7.7) 948 (3.4) 1156 (5.0) 

West North Central 10146 (8.6) 2419 (8.8) 1013 (4.4) 

West South Central 11305 (9.5) 1503 (5.5) 2029 (8.9) 

Mountain 4579 (3.9) 1011 (3.7) 752 (3.3) 

Pacific 16761 (14.1) 3795 (13.8) 2127 (9.3) 

Missing 3746 2004 1693 

Race White 87526 (71.6) 22676 (76.9) 17855 (72.6) <.001 

Black 16076 (13.1) 2654 (9.0) 3292 (13.4) 

Hispanic 6539 (5.3) 1530 (5.2) 1238 (5.0) 

Asian 12139 (9.9) 2636 (8.9) 2221 (9.0) 
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Table 2: Baseline Characteristics of the Study Population Stratified by Surgery 

 Surgery Type 

 ___________________________ 

Variable Level Mastectomy 
only N (%) = 

122,280 

Implant N 
(%) = 29,496 

Autologous N 
(%) = 24,604 

Parametric 
P-value* 

Insurance Status Not Insured 4149 (3.4) 432 (1.5) 397 (1.6) <.001 

Government 
Insurance 

63789 (52.2) 6691 (22.7) 4893 (19.9) 

Private Insurance 54342 (44.4) 22373 (75.9) 19316 (78.5) 

Charlson-Deyo 
Score 

0 93037 (76.1) 25583 (86.7) 21357 (86.8) <.001 

1 21699 (17.7) 3324 (11.3) 2771 (11.3) 

2 5227 (4.3) 452 (1.5) 386 (1.6) 

>= 3 2317 (1.9) 137 (0.5) 92 (0.4) 

AJCC 7th Edition 
Cancer Stage 

Stage 0 18750 (15.3) 8182 (27.7) 6698 (27.2) <.001 

Stage I 44494 (36.4) 11822 (40.1) 9514 (38.7) 

Stage II 43016 (35.2) 8015 (27.2) 6837 (27.8) 

Stage III 16020 (13.1) 1477 (5.0) 1557 (6.3) 

Vital Status Dead 28183 (23.0) 2254 (7.6) 2068 (8.4) <.001 

Alive 94097 (77.0) 27242 (92.4) 22538 (91.6) 

Median Income 
Quartiles 2016-2020 

< $46,277 22503 (18.4) 2703 (9.2) 2622 (10.7) <.001 

$46,227-$57,856 28655 (23.4) 4484 (15.2) 3796 (15.4) 

$57,857-$74,062 29444 (24.1) 6494 (22.0) 5409 (22.0) 

>= $74,063 41678 (34.1) 15815 (53.6) 12779 (51.9) 

Percent No High 
School Degree 
Quartiles 2016-2020 

>= 15.3% 26851 (22.0) 4265 (14.5) 3799 (15.4) <.001 

9.1%-15.2% 35321 (28.9) 6743 (22.9) 6206 (25.2) 

5.0%-9.0% 35044 (28.7) 8953 (30.4) 7338 (29.8) 

< 5.0% 25064 (20.5) 9535 (32.3) 7263 (29.5) 
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Table 2: Baseline Characteristics of the Study Population Stratified by Surgery 

 Surgery Type 

 ___________________________ 

Variable Level Mastectomy 
only N (%) = 

122,280 

Implant N 
(%) = 29,496 

Autologous N 
(%) = 24,604 

Parametric 
P-value* 

Age by Strata 18 - 30 539 (0.4) 277 (0.9) 225 (0.9) <.001 

31 - 40 3988 (3.3) 2272 (7.7) 1945 (7.9) 

41 - 50 13400 (11.0) 7998 (27.1) 6861 (27.9) 

51 - 65 44210 (36.2) 13277 (45.0) 11582 (47.1) 

66 - 80 60143 (49.2) 5672 (19.2) 3993 (16.2) 

*  The parametric p-value is calculated by chi-square test. 
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Table 3: Baseline Characteristics of Mastectomy only vs Reconstruction 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only 

N=122,280 
(%) 

Reconstruction N (%) = 
54,102 (%) 

Parametric 
P-value* 

Facility Type Community Cancer 

Program 
10212 (8.62) 1799 (3.57) <.001 

Comprehensive 
Community Cancer 

Program 

53423 (45.07) 18714 (37.13) 

Academic/Research 

Program 
32473 (27.4) 19085 (37.86) 

Integrated Network Cancer 
Program 

22426 (18.92) 10807 (21.44) 

Facility 
Location 

New England 4807 (4.06) 3154 (6.26) <.001 

Middle Atlantic 14114 (11.91) 10390 (20.61) 

South Atlantic 27483 (23.19) 11822 (23.45) 

East North Central 20262 (17.09) 8286 (16.44) 

East South Central 9077 (7.66) 2104 (4.17) 

West North Central 10146 (8.56) 3432 (6.81) 

West South Central 11305 (9.54) 3532 (7.01) 

Mountain 4579 (3.86) 1763 (3.5) 

Pacific 16761 (14.14) 5922 (11.75) 

Race White 87526 (71.58) 40531 (74.92) <.001 

Black 16076 (13.15) 5946 (10.99) 

Hispanic 6539 (5.35) 2768 (5.12) 

Asian 12139 (9.93) 4857 (8.98) 

Insurance 

Status 
Not Insured 4149 (3.39) 829 (1.53) <.001 

Government Insurance 63789 (52.17) 11584 (21.41) 

Private Insurance 54342 (44.44) 41689 (77.06) 
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Table 3: Baseline Characteristics of Mastectomy only vs Reconstruction 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only 

N=122,280 
(%) 

Reconstruction N (%) = 
54,102 (%) 

Parametric 
P-value* 

Charlson-
Deyo Score 

0 93037 (76.09) 46940 (86.76) <.001 

1 21699 (17.75) 6095 (11.27) 

2 5227 (4.27) 838 (1.55) 

>= 3 2317 (1.89) 229 (0.42) 

AJCC 7th 
Edition 
Cancer Stage 

Stage 0 18750 (15.33) 14880 (27.5) <.001 

Stage I 44494 (36.39) 21336 (39.44) 

Stage II 43016 (35.18) 14852 (27.45) 

Stage III 16020 (13.1) 3034 (5.61) 

Vital Status Dead 28183 (23.05) 4322 (7.99) <.001 

Alive 94097 (76.95) 49780 (92.01) 

Median 
Income 
Quartiles 
2016-2020 

< $46,277 22503 (18.4) 5325 (9.84) <.001 

$46,227-$57,856 28655 (23.43) 8280 (15.3) 

$57,857-$74,062 29444 (24.08) 11903 (22) 

>= $74,063 41678 (34.08) 28594 (52.85) 

Percent No 
High School 
Degree 
Quartiles 
2016-2020 

>= 15.3% 26851 (21.96) 8064 (14.91) <.001 

9.1%-15.2% 35321 (28.89) 12949 (23.93) 

5.0%-9.0% 35044 (28.66) 16291 (30.11) 

< 5.0% 25064 (20.5) 16798 (31.05) 

Age by Strata 18 - 30 539 (0.44) 502 (0.93) <.001 

31 - 40 3988 (3.26) 4217 (7.79)  

41 - 50 13400 (10.96) 14859 (27.46) 

51 - 65 44210 (36.15) 24859 (45.95) 

66 - 80 60143 (49.18) 9665 (17.86) 



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

57 

 

Table 3: Baseline Characteristics of Mastectomy only vs Reconstruction 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only 

N=122,280 
(%) 

Reconstruction N (%) = 
54,102 (%) 

Parametric 
P-value* 

*  The parametric p-value is calculated by chi-square test. 

 
Tables 2 and 3 present the distribution of patient characteristics stratified by surgical type, with 

Table 2 differentiating between implant-based and autologous reconstruction, while Table 3 

consolidates both reconstructive methods into a single “reconstruction” category. Among the 176,382 

patients, 122,280 (69.3%) underwent mastectomy alone, while 54,102 (30.7%) received some form of 

reconstruction. Across both tables, surgical choice varied by facility type, with patients treated at 

Academic/Research Programs most likely to undergo reconstruction (37.9%), particularly autologous 

reconstruction (40.7%) (Tables 3 and 2). Conversely, Comprehensive Community Cancer Programs had 

the highest proportion of mastectomy-only (45.1%) patients, with fewer patients receiving 

reconstruction (Table 3). 

Geographic differences in surgical choice were evident, as the South Atlantic and East North 

Central regions had the highest volume of overall surgeries and no significance in their type of surgery, 

yet a significant different in the proportion of reconstruction were observed in the New England and 

Middle Atlantic regions (Table 3). Racial differences were also observed, with White patients more likely 

to receive reconstruction (74.9% vs 71.6%), while Black patients had a higher mastectomy-only 

proportion (13.2% vs 11.0%). Hispanic (5.3%) and Asian (9.6%) patients had lower proportions 
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undergoing autologous reconstruction compared to Black patients (13.4%), though all were still at lower 

proportions than White patients (Table 2). 

Insurance status significantly influenced surgical choice. Privately insured patients had the 

highest proportion of reconstruction (77.1%), while government-insured patients had a higher 

mastectomy-only proportion (52.1%). Uninsured patients predominantly underwent mastectomy alone 

(3.4%). Comorbidity burden, measured by the Charlson-Deyo Score, showed that patients with higher 

scores (≥3, 1.4%) were more likely to undergo mastectomy alone (1.9%), while those with lower scores 

(0, 79.4%) had the highest proportion of reconstruction (86.7%). 

Cancer stage was a key factor in surgical decisions. Stage 0 patients had a higher proportion of 

reconstruction (27.5%) compared to mastectomy only (15.3%), while Stage III patients were most likely 

to receive mastectomy alone (13.1%) compared to reconstruction (6.5%) (Table 3). Across both tables, 

patients who had died at follow-up (18.4%) were more likely to have undergone mastectomy alone 

(23.1%), while those who were alive (81.6%) were more likely to have undergone reconstruction (97.0%) 

(Table 3). Socioeconomic disparities were evident, as patients in the highest income quartile (≥$74,063, 

39.8%) had the highest proportion of reconstruction (52.8%), while those in the lowest income quartile 

(<$46,277, 15.8%) had higher mastectomy-only proportions (83.1%). Additionally, patients from areas 

with lower educational attainment (≥15.3% without a high school degree) had higher mastectomy-only 

proportions (21.9%). 

Age was significantly associated with surgical choice. Older patients were more likely to undergo 

mastectomy alone, while younger patients (18–30 and 31–40 years) had higher proportions of 

reconstruction. Among patients aged 18–30 years, 20.9% received implant-based reconstruction, 

whereas only 0.4% of those aged 66–80 years underwent implant-based reconstruction. In Table 3, 
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which consolidates all reconstruction procedures into one category, 17.9% of patients aged 66–80 years 

still underwent reconstruction, but mastectomy-only remained the dominant choice (79.9%). The 

combined results from Tables 2 and 3 highlight distinct differences in surgical treatment patterns across 

demographic, clinical, and socioeconomic factors, emphasizing variability in access and utilization of 

reconstructive surgery.  
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Table 4: Crude Overall Survival for the Key Demographic Variables 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Surgery Reconstruction 53608 0.32 (0.31-0.33) <.001 

Mastectomy only 121336 REF REF 

Age by Strata 18 - 30 1034 0.65 (0.56-0.75) <.001 

31 - 40 8146 0.43 (0.40-0.45) <.001 

41 - 50 27997 0.32 (0.31-0.33) <.001 

51 - 65 68525 0.51(0.49-0.52) <.001 

66 - 80 69242 REF REF 

AJCC 7th Edition Cancer Stage Stage 0 33284 0.19 (0.18-0.19) <.001 

Stage I 65314 0.31 (0.30-0.32) <.001 

Stage II 57414 0.52 (0.51-0.54) <.001 

Stage III 18932 REF REF 

Race Black 21869 1.35 (1.31-1.40) <.001 

Hispanic 9141 0.77 (0.73-0.82) <.001 

Asian 16753 0.70 (0.67-0.73) <.001 

White 127181 REF REF 

Charlson-Deyo Score 0 138786 0.23 (0.21-0.24) <.001 

1 27589 0.39 (0.36-0.41) <.001 

2 6035 0.63 (0.59-0.68) <.001 

>= 3 2534 REF REF 

Insurance Status Not Insured 4954 1.82 (1.70-1.94) <.001 

Government Insurance 74794 2.45 (2.39-2.50) <.001 

Private Insurance 95196 REF REF 
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Table 4: Crude Overall Survival for the Key Demographic Variables 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Median Income Quartiles 
2016-2020 

< $46,277 27684 1.74 (1.68-1.79) <.001 

$46,227-$57,856 36703 1.57 (1.52-1.61) <.001 

$57,857-$74,062 41066 1.31 (1.27-1.35) <.001 

>= $74,063 69491 REF REF 

*  Number of observations in the original data set = 176382. Number of observations used = 174944. 

 
Table 4 presents crude hazard ratios (HRs) for overall survival (OS) across various demographic, 

clinical, and socioeconomic factors. The primary exposure of surgical type indicates that patients who 

underwent reconstruction (n = 53,608) had a lower hazard of mortality (HR = 0.32, 95% CI: 0.31–0.33) 

compared to those who underwent mastectomy alone (n = 121,336, reference group). Age stratification 

shows differences in hazard ratios, with patients aged 18–30 years (HR = 0.65, 95% CI: 0.56–0.75) and 

31–40 years (HR = 0.43, 95% CI: 0.40–0.45) having lower hazards of mortality compared to those aged 

66–80 years (reference group). The hazard ratio increased with advancing age, with patients aged 41–50 

and 51–65 years having HRs of 0.32 (95% CI: 0.31–0.33) and 0.51 (95% CI: 0.49–0.52), respectively. 

Cancer stage was strongly associated with survival outcomes, with patients diagnosed at Stage 0 

having the lowest hazard ratio (HR = 0.19, 95% CI: 0.18–0.19), followed by Stage I (HR = 0.31, 95% CI: 

0.30–0.32) and Stage II (HR = 0.52, 95% CI: 0.51–0.54), while Stage III served as the reference group. 

Racial differences in hazard ratios were observed, with Black patients (HR = 1.35, 95% CI: 1.31–1.40) 

experiencing a higher hazard of mortality compared to White patients (reference group), while Hispanic 

(HR = 0.77, 95% CI: 0.73–0.82) and Asian (HR = 0.70, 95% CI: 0.67–0.73) patients had lower hazard ratios. 
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Charlson-Deyo comorbidity scores were also associated with mortality, with patients having no 

comorbidities (score = 0) demonstrating the lowest hazard ratio (HR = 0.23, 95% CI: 0.21–0.24), while 

those with increasing comorbidity burden had progressively higher hazards, with those having a score 

≥3 serving as the reference group. Similarly, insurance status showed differences in crude hazard ratios, 

with uninsured patients (HR = 1.82, 95% CI: 1.70–1.94) and those with government insurance (HR = 2.45, 

95% CI: 2.39–2.50) exhibiting higher hazards of mortality compared to privately insured patients 

(reference group). 

Income stratification revealed that patients in the lowest median income quartile (<$46,277) 

had the highest hazard ratio (HR = 1.74, 95% CI: 1.68–1.79), followed by those in the $46,227–$57,856 

(HR = 1.57, 95% CI: 1.52–1.61) and $57,857–$74,062 (HR = 1.31, 95% CI: 1.27–1.35) quartiles, while the 

highest-income quartile (≥$74,063) served as the reference group. 
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Figure 8: Kaplan-Meier curves of Mastectomy Only versus Reconstruction 

 
 

Figure 8 presents the Kaplan-Meier survival curves comparing overall survival (OS) between 

patients who underwent mastectomy alone and those who received reconstruction following 

mastectomy. The x-axis represents months since surgery, while the y-axis denotes survival probability. 

The blue curve represents patients who had mastectomy only, while the red dashed curve represents 

those who underwent reconstruction. The number of subjects at risk is displayed below the x-axis at 

various time points. A log-rank test indicates a statistically significant difference between the two groups 

(p < 0.0001), with the reconstruction group demonstrating a higher probability of survival over time.  
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Table 5: Kaplan-Meier Estimated Overall 
Survival Rates at 12 and 60 Months by Surgery 
Type 

Surgery Months 
(OS) 

Survival Rate (95% 
CI) 

Mastectomy 
Only 

12 97.0% (97.0%, 
97.1%) 

 60 82.8% (82.6%, 
83.1%) 

Reconstruction 12 99.3% (99.2%, 
99.4%) 

 60 94.5% (94.3%, 
94.7%) 

 
Table 5 summarizes the Kaplan-Meier estimated overall survival rates at 12 and 60 months for 

both surgical groups. At 12 months, the survival rate for mastectomy-only patients was 97.0% (95% CI: 

97.0%–97.1%), while for those who underwent reconstruction, the survival rate was higher at 99.3% 

(95% CI: 99.2%–99.4%). At 60 months, survival remained lower in the mastectomy-only group (82.8%, 

95% CI: 82.6%–83.1%) compared to the reconstruction group (94.5%, 95% CI: 94.3%–94.7%). These 

findings illustrate a divergence in survival probabilities over time between the two surgical groups. 
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Figure 9: Kaplan-Meier Survival Curves by Race 

 
 

Figure 9 displays Kaplan-Meier survival curves stratified by race, comparing overall survival (OS) 

among Asian, Black, Hispanic, and White patients. The x-axis represents months since surgery, and the y-

axis denotes survival probability. The survival curves indicate variation in OS across racial groups, with 

Black patients showing the steepest decline in survival probability over time, while Asian patients exhibit 

the highest survival probabilities. The log-rank test (p < 0.0001) suggests a statistically significant 

difference in survival across racial groups. The number of subjects at risk at each time point is displayed 

beneath the x-axis.  
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Table 6: Kaplan-Meier Estimated 
Overall Survival Rates at 12 and 60 
Months by Race 

Race Months 
(OS) 

Survival Rate (95% 
CI) 

Asian 12 98.7% (98.5%, 
98.8%) 

 60 90.5% (90.1%, 
91.0%) 

Black 12 96.2% (95.9%, 
96.4%) 

 60 81.4% (80.9%, 
82.0%) 

Hispanic 12 98.2% (97.9%, 
98.4%) 

 60 89.3% (88.6%, 
89.9%) 

White 12 97.9% (97.8%, 
97.9%) 

 60 86.5% (86.3%, 
86.7%) 

 
Table 6 presents the Kaplan-Meier estimated survival rates at 12 and 60 months for each racial 

group. At 12 months, survival rates were highest among Asian (98.7%, 95% CI: 98.5%–98.8%) and 

Hispanic (98.2%, 95% CI: 97.9%–98.4%) patients, followed closely by White patients (97.9%, 95% CI: 

97.8%–97.9%) and Black patients (96.2%, 95% CI: 95.9%–96.4%). By 60 months, survival remained 

highest for Asian patients (90.5%, 95% CI: 90.1%–91.0%), while Hispanic (89.3%, 95% CI: 88.6%–89.9%) 

and White (86.5%, 95% CI: 86.3%–86.7%) patients also had relatively high survival. Black patients had 

the lowest survival probability at 60 months (81.4%, 95% CI: 80.9%–82.0%). These findings highlight 

differences in long-term survival outcomes across racial groups. 
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Figure 10: Kaplan-Meier curve of survival by Stage  

 
Figure 10 presents the Kaplan-Meier survival curves stratified by AJCC 7th Edition cancer stage, 

illustrating differences in overall survival (OS) among patients with stage 0, stage I, stage II, and stage III 

breast cancer. The x-axis represents months since surgery, while the y-axis indicates survival probability. 

The survival curves demonstrate a clear separation based on cancer stage, with stage 0 and stage I 

patients having the highest survival probabilities, while stage III patients show a markedly steeper 

decline in survival over time. The log-rank test (p < 0.0001) suggests significant differences in survival 

across stages. The number of subjects at risk at various time points is shown below the x-axis.  
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Table 7: Kaplan-Meier Estimated 
Overall Survival Rates at 12 and 60 
Months by Cancer Stage 

AJCC 
7th 
Edition 
Cancer 
Stage 

Months 
(OS) 

Survival Rate (95% 
CI) 

Stage 0 12 99.4% (99.3%, 
99.4%) 

 60 94.5% (94.2%, 
94.7%) 

Stage I 12 98.8% (98.7%, 
98.9%) 

 60 90.5% (90.3%, 
90.8%) 

Stage II 12 97.2% (97.1%, 
97.4%) 

 60 82.9% (82.6%, 
83.2%) 

Stage III 12 92.8% (92.5%, 
93.2%) 

 60 68.4% (67.7%, 
69.1%) 

 
Table 7 provides the estimated survival rates at 12 and 60 months for each cancer stage. At 12 

months, survival rates were highest among stage 0 (99.4%, 95% CI: 99.3%–99.4%) and stage I (98.8%, 

95% CI: 98.7%–98.9%) patients, followed by stage II (97.2%, 95% CI: 97.1%–97.4%). Stage III patients had 

the lowest 12-month survival rate (92.8%, 95% CI: 92.5%–93.2%). By 60 months, survival declined across 

all groups, with stage 0 patients maintaining the highest survival probability (94.5%, 95% CI: 94.2%–

94.7%), while stage III patients had the lowest survival rate at 60 months (68.4%, 95% CI: 67.7%–69.1%). 

These results highlight the strong association between cancer stage and long-term survival outcomes. 
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Figure 11: Kaplan-Meier curves of survival by Charlson-Deyo Score 

 
 

Figure 11 presents Kaplan-Meier survival curves stratified by Charlson-Deyo comorbidity score, 

illustrating overall survival (OS) among patients with different levels of comorbidity burden. The x-axis 

represents months since surgery, while the y-axis indicates survival probability. Patients with a Charlson-

Deyo score of 0 exhibited the highest survival probabilities throughout the follow-up period, whereas 

those with a score ≥3 had the steepest decline in survival. The log-rank test (p < 0.0001) confirms 

significant differences in survival among the groups. The number of subjects at risk at each time point is 

displayed beneath the x-axis.  
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Table 8: Kaplan-Meier Estimated Overall Survival Rates at 
12 and 60 Months by Charlson-Deyo Score 

Charlson-Deyo 
Score 

Months 
(OS) 

Survival Rate (95% CI) 

0 12 98.2% (98.1%, 98.3%) 

 60 88.5% (88.3%, 88.7%) 

1 12 96.8% (96.6%, 97.0%) 

 60 81.6% (81.1%, 82.0%) 

2 12 94.7% (94.1%, 95.2%) 

 60 71.1% (69.9%, 72.3%) 

>= 3 12 90.7% (89.5%, 91.7%) 

 60 58.3% (56.1%, 60.3%) 

 
Table 8 provides estimated survival rates at 12 and 60 months by comorbidity score. At 12 

months, survival was highest among patients with a Charlson-Deyo score of 0 (98.2%, 95% CI: 98.1%–

98.3%) and progressively decreased with higher scores. Patients with a score of 1 had a 12-month 

survival rate of 96.8% (95% CI: 96.6%–97.0%), while those with a score of 2 had a rate of 94.7% (95% CI: 

94.1%–95.2%). The lowest 12-month survival rate was observed among patients with a score ≥3 (90.7%, 

95% CI: 89.5%–91.7%). By 60 months, survival rates declined across all groups, with patients in the 

lowest comorbidity category (score = 0) maintaining the highest survival probability (88.5%, 95% CI: 

88.3%–88.7%) and those with a score ≥3 exhibiting the lowest survival rate (58.3%, 95% CI: 56.1%–

60.3%). These findings highlight the strong association between comorbidity burden and long-term 

survival outcomes. 
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Figure 12: Kaplan-Meier curves of survival by Insurance status 

 
 

Figure 12 presents Kaplan-Meier survival curves stratified by insurance status, illustrating overall 

survival (OS) differences among patients with private insurance, government insurance, and no 

insurance. The x-axis represents months since surgery, while the y-axis indicates survival probability. 

Patients with private insurance demonstrated the highest survival probability over time, while those 

with government insurance had the lowest. The survival curve for uninsured patients fell between these 

two groups. The log-rank test (p < 0.0001) confirms significant survival differences by insurance status. 

The number of subjects at risk at each time point is displayed beneath the x-axis.   
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Table 9: Kaplan-Meier Estimated Overall Survival 
Rates at 12 and 60 Months by Insurance Status 

Insurance Status Months 
(OS) 

Survival Rate (95% 
CI) 

Government 
Insurance 

12 96.8% (96.7%, 
96.9%) 

 60 80.8% (80.5%, 
81.1%) 

Not Insured 12 96.6% (96.1%, 
97.1%) 

 60 83.5% (82.4%, 
84.6%) 

Private Insurance 12 98.5% (98.5%, 
98.6%) 

 60 90.9% (90.7%, 
91.1%) 

 
Table 9 provides estimated survival rates at 12 and 60 months by insurance status. At 12 

months, survival rates were highest among privately insured patients (98.5%, 95% CI: 98.5%–98.6%), 

followed by those with government insurance (96.8%, 95% CI: 96.7%–96.9%) and uninsured patients 

(96.6%, 95% CI: 96.1%–97.1%). By 60 months, survival rates had declined in all groups, with private 

insurance holders maintaining the highest survival probability (90.9%, 95% CI: 90.7%–91.1%), followed 

by uninsured patients (83.5%, 95% CI: 82.4%–84.6%), and government-insured patients exhibiting the 

lowest survival rate (80.8%, 95% CI: 80.5%–81.1%). These results highlight notable differences in survival 

outcomes based on insurance coverage. 
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Figure 13: Kaplan-Meier Curves for Overall Survival Stratified by Income Quartile (2016–2020)

 

Figure 13 presents Kaplan-Meier survival curves stratified by median income quartiles for the 

years 2016–2020. The x-axis represents overall survival (OS) in months, ranging from 0 to 84 months, 

while the y-axis represents survival probability. The four income quartiles are distinguished by different 

line styles: <$46,277, $46,227–$57,856, $57,857–$74,062, and ≥$74,063. The survival probability 

appears to decline over time across all income quartiles, with a significant separation between the 

curves. The number of subjects at risk at various time points is displayed beneath the x-axis for each 

income group. The log-rank test p-value is reported as <0.0001. 
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Table 10: Kaplan-Meier Estimated Overall Survival 
Rates at 12 and 60 Months by Median Income Quartile 

Median 
Income 
Quartiles 
2016-2020 

Months 
(OS) 

Survival Rate (95% CI) 

$46,227-
$57,856 

12 97.2% (97.0%, 97.4%) 

 60 83.9% (83.5%, 84.3%) 

$57,857-
$74,062 

12 97.8% (97.7%, 97.9%) 

 60 86.5% (86.2%, 86.9%) 

< $46,277 12 96.7% (96.4%, 96.9%) 

 60 82.2% (81.7%, 82.7%) 

>= $74,063 12 98.4% (98.3%, 98.5%) 

 60 89.3% (89.0%, 89.5%) 

 
Table 10 provides Kaplan-Meier estimated overall survival rates at 12 and 60 months, stratified 

by median income quartiles. At 12 months, survival rates are above 96% across all income quartiles, 

with the highest survival rate observed in the highest income group (≥$74,063) at 98.4% (95% CI: 98.3%, 

98.5%). At 60 months, survival rates decrease across all quartiles, with the highest income quartile 

maintaining the highest survival probability at 89.3% (95% CI: 89.0%, 89.5%), while the lowest quartile 

(<$46,277) has the lowest survival probability at 82.2% (95% CI: 81.7%, 82.7%). The intermediate income 

quartiles show survival probabilities between these extremes.  
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Figure 14: Forest Plot of Univariate Hazard Ratios for Predictors of Overall Survival 

 
 

Figure 14 presents a forest plot displaying crude hazard ratios (HRs) for individual variables 

related to overall survival. Each variable is plotted with its corresponding HR and 95% confidence 

interval (CI), with reference groups indicated in bold. The plot shows that younger age groups, earlier 

cancer stages, lower Charlson-Deyo scores, and higher income levels are associated with lower hazards 

of mortality, as their HRs fall below 1. In contrast, Black race, lack of insurance, lower income, and 

advanced cancer stages are associated with higher hazards, with HRs exceeding 1. The reference groups, 

such as White race, age 66–80, stage III cancer, Charlson-Deyo score ≥3, private insurance, and the 

highest income quartile (≥$74,063), serve as comparison points for each category. The clear separation 

of HRs and confidence intervals highlights significant differences in survival risk across demographic, 

clinical, and socioeconomic factors.   
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Table 11: Cox-Proportional Hazards Model With the Time-Dependent Covariates in the Model 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Surgery Reconstruction 53608 0.45 (0.42-0.48) <.001 

Mastectomy only 121336 REF REF 

Age by Strata 18 - 30 1034 1.80 (1.53-2.12) <.001 

31 - 40 8146 1.18 (1.08-1.29) <.001 

41 - 50 27997 0.83 (0.78-0.89) <.001 

51 - 65 68525 0.88 (0.85-0.91) <.001 

66 - 80 69242 REF REF 

AJCC 7th Edition Cancer Stage Stage 0 33284 0.09 (0.09-0.10) <.001 

Stage I 65314 0.18 (0.18-0.19) <.001 

Stage II 57414 0.42 (0.40-0.43) <.001 

Stage III 18932 REF REF 

Race Black 21869 1.17 (1.13-1.21) <.001 

Hispanic 9141 0.74 (0.70-0.79) <.001 

Asian 16753 0.77 (0.73-0.80) <.001 

White 127181 REF REF 

Charlson-Deyo Score 0 138786 0.33 (0.31-0.35) <.001 

1 27589 0.47 (0.44-0.50) <.001 

2 6035 0.70 (0.65-0.75) <.001 

>= 3 2534 REF REF 

Insurance Status Not Insured 4954 1.33 (1.25-1.42) <.001 

Government Insurance 74794 1.48 (1.43-1.53) <.001 

Private Insurance 95196 REF REF 
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 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Median Income Quartiles 
2016-2020 

< $46,277 27684 1.24 (1.20-1.28) <.001 

$46,227-$57,856 36703 1.20 (1.17-1.24) <.001 

$57,857-$74,062 41066 1.10 (1.07-1.14) <.001 

>= $74,063 69491 REF REF 

*  Number of observations in the original data set = 176382. Number of observations used = 174944. 

 
Table 11 presents the results of the Cox proportional hazards model, which evaluates the 

association between surgical type and overall survival while adjusting for covariates. The hazard ratio 

(HR) for patients who underwent breast reconstruction compared to those who underwent mastectomy 

alone is 0.45 (95% CI: 0.42–0.48, p < 0.001). This indicates a lower hazard of mortality in the 

reconstruction group relative to the mastectomy-only group after adjusting for other factors included in 

the model.  
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Figure 15: Forest Plot of Hazard Ratios Comparing Breast Reconstruction to Mastectomy (Unadjusted 
and Adjusted Models) 

 
 

Figure 15 presents a forest plot comparing the hazard ratios (HRs) for overall survival between 

patients undergoing breast reconstruction and those receiving mastectomy alone. The unadjusted 

(crude) HR is displayed in the upper portion of the plot, with an HR of 0.32 and a confidence interval (CI) 

ranging from 0.31 to 0.33, indicating a lower hazard of mortality for the reconstruction group before 

adjusting for covariates. The adjusted HR, shown in the lower portion of the plot, is slightly higher than 

the unadjusted HR but remains below 1.0. The x-axis represents the hazard ratio scale, ranging from 

approximately 0.2 to just above 1.0. Both estimates indicate a difference in survival between the two 

surgical groups, with the adjusted HR accounting for potential confounders.  
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Sensitivity Analysis 
 
Stage Strata 
 

Table 12: Descriptive Statistics for Overall Survival in Stage 0 Breast Cancer 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

18,750 

Implant Based 
Reconstruction N 

(%) = 14,880 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

1335 (7.25) 539 (3.81) <.001 

Comprehensive 
Community Cancer 

Program 

8173 (44.38) 5186 (36.62) 

Academic/Research 
Program 

5293 (28.74) 5354 (37.8) 

Integrated Network 
Cancer Program 

3615 (19.63) 3084 (21.78) 

Facility 
Location 

New England 755 (4.1) 946 (6.68) <.001 

Middle Atlantic 2300 (12.49) 2844 (20.08) 

South Atlantic 4138 (22.47) 3429 (24.21) 

East North Central 3149 (17.1) 2333 (16.47) 

East South Central 1331 (7.23) 579 (4.09) 

West North Central 1473 (8) 899 (6.35) 

West South Central 1671 (9.07) 952 (6.72) 

Mountain 671 (3.64) 475 (3.35) 

Pacific 2928 (15.9) 1706 (12.05) 
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Table 12: Descriptive Statistics for Overall Survival in Stage 0 Breast Cancer 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

18,750 

Implant Based 
Reconstruction N 

(%) = 14,880 

Parametric 
P-value* 

Race White 12637 (67.4) 10888 (73.17) <.001 

Black 2873 (15.32) 1860 (12.5) 

Hispanic 959 (5.11) 719 (4.83) 

Asian 2281 (12.17) 1413 (9.5) 

Insurance 
Status 

Not Insured 482 (2.57) 190 (1.28) <.001 

Government Insurance 9694 (51.7) 3003 (20.18) 

Private Insurance 8574 (45.73) 11687 (78.54) 

Charlson-
Deyo Score 

0 14341 (76.49) 12824 (86.18) <.001 

1 3290 (17.55) 1760 (11.83) 

2 811 (4.33) 236 (1.59) 

>= 3 308 (1.64) 60 (0.4) 

Vital Status Dead 2366 (12.62) 553 (3.72) <.001 

Alive 16384 (87.38) 14327 (96.28) 

Median 
Income 
Quartiles 
2016-2020 

< $46,277 3330 (17.76) 1412 (9.49) <.001 

$46,227-$57,856 4145 (22.11) 2260 (15.19) 

$57,857-$74,062 4406 (23.5) 3230 (21.71) 

>= $74,063 6869 (36.63) 7978 (53.62) 

Age by 
Strata 

18 - 30 29 (0.15) 90 (0.6) <.001 

31 - 40 435 (2.32) 956 (6.42) 

41 - 50 1966 (10.49) 4451 (29.91) 

51 - 65 7033 (37.51) 6976 (46.88) 

66 - 80 9287 (49.53) 2407 (16.18) 

*  The parametric p-value is calculated by chi-square test. 
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Table 13: Descriptive Statistics for Overall Survival in Stage 1 Breast Cancer 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

44,494 

Implant Based 
Reconstruction N 

(%) = 21,336 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

4062 (9.27) 730 (3.6) <.001 

Comprehensive 
Community Cancer 

Program 

20250 (46.19) 7694 (37.94) 

Academic/Research 
Program 

11063 (25.23) 7486 (36.91) 

Integrated Network 
Cancer Program 

8467 (19.31) 4372 (21.56) 

Facility 
Location 

New England 1905 (4.35) 1347 (6.64) <.001 

Middle Atlantic 5254 (11.98) 4162 (20.52) 

South Atlantic 9861 (22.49) 4688 (23.11) 

East North Central 7408 (16.9) 3365 (16.59) 

East South Central 3648 (8.32) 868 (4.28) 

West North Central 4127 (9.41) 1430 (7.05) 

West South Central 3864 (8.81) 1374 (6.77) 

Mountain 1672 (3.81) 726 (3.58) 

Pacific 6103 (13.92) 2322 (11.45) 

Race White 33820 (76.01) 16650 (78.04) <.001 

Black 4640 (10.43) 1948 (9.13) 

Hispanic 1872 (4.21) 988 (4.63) 

Asian 4162 (9.35) 1750 (8.2) 

Insurance 
Status 

Not Insured 904 (2.03) 275 (1.29) <.001 

Government Insurance 26086 (58.63) 5233 (24.53) 

Private Insurance 17504 (39.34) 15828 (74.18) 
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Table 13: Descriptive Statistics for Overall Survival in Stage 1 Breast Cancer 

 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

44,494 

Implant Based 
Reconstruction N 

(%) = 21,336 

Parametric 
P-value* 

Charlson-
Deyo Score 

0 33415 (75.1) 18552 (86.95) <.001 

1 8238 (18.51) 2354 (11.03) 

2 2001 (4.5) 351 (1.65) 

>= 3 840 (1.89) 79 (0.37) 

Vital Status Dead 8241 (18.52) 1330 (6.23) <.001 

Alive 36253 (81.48) 20006 (93.77) 

Median 
Income 
Quartiles 
2016-2020 

< $46,277 7949 (17.87) 2004 (9.39) <.001 

$46,227-$57,856 10593 (23.81) 3203 (15.01) 

$57,857-$74,062 10839 (24.36) 4743 (22.23) 

>= $74,063 15113 (33.97) 11386 (53.37) 

Age by 
Strata 

18 - 30 87 (0.2) 120 (0.56) <.001 

31 - 40 730 (1.64) 1249 (5.85) 

41 - 50 3573 (8.03) 5327 (24.97) 

51 - 65 14827 (33.32) 10070 (47.2) 

66 - 80 25277 (56.81) 4570 (21.42) 

*  The parametric p-value is calculated by chi-square test. 
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 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

43,016 

Implant Based 
Reconstruction N 

(%) = 14,852 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

3557 (8.62) 449 (3.36) <.001 

Comprehensive 
Community Cancer 

Program 

18692 (45.3) 4936 (36.95) 

Academic/Research 
Program 

11425 (27.69) 5180 (38.78) 

Integrated Network 

Cancer Program 
7592 (18.4) 2792 (20.9) 

Facility 
Location 

New England 1542 (3.74) 718 (5.38) <.001 

Middle Atlantic 4695 (11.38) 2734 (20.47) 

South Atlantic 9724 (23.56) 3093 (23.16) 

East North Central 7129 (17.28) 2224 (16.65) 

East South Central 3092 (7.49) 556 (4.16) 

West North Central 3489 (8.45) 953 (7.13) 

West South Central 4098 (9.93) 1025 (7.67) 

Mountain 1617 (3.92) 465 (3.48) 

Pacific 5880 (14.25) 1589 (11.9) 

Race White 30380 (70.62) 10938 (73.65) <.001 

Black 5759 (13.39) 1636 (11.02) 

Hispanic 2594 (6.03) 883 (5.95) 

Asian 4283 (9.96) 1395 (9.39) 

Insurance 
Status 

Not Insured 1716 (3.99) 279 (1.88) <.001 

Government Insurance 21431 (49.82) 2854 (19.22) 

Private Insurance 19869 (46.19) 11719 (78.91) 
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 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

43,016 

Implant Based 
Reconstruction N 

(%) = 14,852 

Parametric 
P-value* 

Charlson-
Deyo Score 

0 32498 (75.55) 12882 (86.74) <.001 

1 7711 (17.93) 1684 (11.34) 

2 1923 (4.47) 208 (1.4) 

>= 3 884 (2.06) 78 (0.53) 

Vital Status Dead 11340 (26.36) 1681 (11.32) <.001 

Alive 31676 (73.64) 13171 (88.68) 

Median 
Income 
Quartiles 
2016-2020 

< $46,277 8077 (18.78) 1588 (10.69) <.001 

$46,227-$57,856 10097 (23.47) 2374 (15.98) 

$57,857-$74,062 10450 (24.29) 3257 (21.93) 

>= $74,063 14392 (33.46) 7633 (51.39) 

Age by 
Strata 

18 - 30 263 (0.61) 224 (1.51) <.001 

31 - 40 1792 (4.17) 1578 (10.62) 

41 - 50 5349 (12.43) 4221 (28.42) 

51 - 65 15714 (36.53) 6506 (43.81) 

66 - 80 19898 (46.26) 2323 (15.64) 

*  The parametric p-value is calculated by chi-square test. 

Table 14: Descriptive Statistics for Overall Survival in Stage 2 Breast Cancer 
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 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

16,020 

Implant Based 
Reconstruction N 

(%) = 3,034 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

1258 (8.38) 81 (3.11) <.001 

Comprehensive 
Community Cancer 

Program 

6308 (42.03) 898 (34.5) 

Academic/Research 
Program 

4692 (31.26) 1065 (40.91) 

Integrated Network 

Cancer Program 
2752 (18.33) 559 (21.48) 

Facility 
Location 

New England 605 (4.03) 143 (5.49) <.001 

Middle Atlantic 1865 (12.43) 650 (24.97) 

South Atlantic 3760 (25.05) 612 (23.51) 

East North Central 2576 (17.16) 364 (13.98) 

East South Central 1006 (6.7) 101 (3.88) 

West North Central 1057 (7.04) 150 (5.76) 

West South Central 1672 (11.14) 181 (6.95) 

Mountain 619 (4.12) 97 (3.73) 

Pacific 1850 (12.33) 305 (11.72) 

Race White 10689 (66.72) 2055 (67.73) <.001 

Black 2804 (17.5) 502 (16.55) 

Hispanic 1114 (6.95) 178 (5.87) 

Asian 1413 (8.82) 299 (9.85) 

Insurance 
Status 

Not Insured 1047 (6.54) 85 (2.8) <.001 

Government Insurance 6578 (41.06) 494 (16.28) 

Private Insurance 8395 (52.4) 2455 (80.92) 
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 Surgery Type 

 ___________________________ 

Covariate Level Mastectomy 
only N (%) = 

16,020 

Implant Based 
Reconstruction N 

(%) = 3,034 

Parametric 
P-value* 

Charlson-
Deyo Score 

0 12783 (79.79) 2682 (88.4) <.001 

1 2460 (15.36) 297 (9.79) 

2 492 (3.07) 43 (1.42) 

>= 3 285 (1.78) 12 (0.4) 

Vital Status Dead 6236 (38.93) 758 (24.98) <.001 

Alive 9784 (61.07) 2276 (75.02) 

Median 
Income 
Quartiles 
2016-2020 

< $46,277 3147 (19.64) 321 (10.58) <.001 

$46,227-$57,856 3820 (23.85) 443 (14.6) 

$57,857-$74,062 3749 (23.4) 673 (22.18) 

>= $74,063 5304 (33.11) 1597 (52.64) 

Age by 
Strata 

18 - 30 160 (1) 68 (2.24) <.001 

31 - 40 1031 (6.44) 434 (14.3) 

41 - 50 2512 (15.68) 860 (28.35) 

51 - 65 6636 (41.42) 1307 (43.08) 

66 - 80 5681 (35.46) 365 (12.03) 

*  The parametric p-value is calculated by chi-square test. 

Table 15: Descriptive Statistics for Overall Survival in Stage 3 Breast Cancer 
 

The four tables (Tables 12–15) provide a stratified descriptive analysis of surgical type 

(mastectomy only vs. implant-based reconstruction) across different cancer stages. Across all stages, the 

majority of patients underwent mastectomy alone, with the proportion opting for reconstruction 

decreasing as cancer stage advanced. In Stage 0 (Table 12), 44.2% of patients underwent implant-based 

reconstruction, whereas by Stage III (Table 15), only 16.3% did, suggesting a higher likelihood of 

reconstruction at earlier stages. Facility type distributions show that patients treated at comprehensive 
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community cancer programs and academic/research programs had higher rates of reconstruction across 

all stages, while those treated at community cancer programs had the lowest. Similarly, facility location 

trends indicate higher reconstruction rates in urban areas and lower rates in regions such as the East 

South Central and West North Central regions. 

Across all stages, White patients had the highest rates of reconstruction, while Black, Hispanic, 

and Asian patients had lower rates (Tables 12–15). Insurance status was also associated with 

reconstruction rates, with privately insured patients having the highest proportion of reconstruction and 

uninsured patients the lowest. Government-insured patients had intermediate rates across all cancer 

stages. Charlson-Deyo comorbidity scores were inversely associated with reconstruction, with patients 

having fewer comorbidities being more likely to undergo reconstruction. Patients with a score of 0 

comprised the majority of the reconstruction group in all cancer stages, while those with higher scores 

were less likely to receive reconstruction. Similarly, vital status varied by surgery type, with a higher 

proportion of deceased patients in the mastectomy-only group compared to the reconstruction group 

across all stages. 

Income level followed a consistent trend, with higher-income patients more likely to undergo 

reconstruction, particularly in the ≥$74,063 income bracket (Tables 12–15). Age stratification reveals 

that younger patients were more likely to undergo reconstruction, with the highest proportion in the 

41–50 age group across all cancer stages. In contrast, older patients (ages 66–80) had the lowest 

reconstruction rates. This trend was consistent across all cancer stages, though the magnitude of 

difference was more pronounced at earlier stages. Overall, these tables highlight differences in 

reconstruction rates by demographic, socioeconomic, and clinical factors, with noticeable disparities in 

access and utilization across cancer stages.  
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Table 16: Adjusted Hazard Ratios for Overall Survival by Cancer Stage 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Surgery – Stage 0 Reconstruction 14880 0.49 (0.44-0.54) <.001 

Mastectomy only 18750 REF REF 

Surgery – Stage 1 Reconstruction 21336 0.44 (0.39-0.50) <.001 

 Mastectomy only 44494 REF REF 

Surgery – Stage 2 Reconstruction 14852 0.39 (0.35-0.43) <.001 

 Mastectomy only 43016 REF REF 

Surgery – Stage 3 Reconstruction 3034 0.73 (0.68-0.79) <.001 

 Mastectomy only 16020 REF REF 

*  Number of observations in the original data set = 176382. Number of observations used = 174944. 

Stage 0 included age and insurance as time-dependent covariates. Stage included reconstruction, 
insurance, comorbidity score, and age as time-dependent covariates. Stage 2 included reconstruction, 
insurance and age as time-dependent covariates. Stage 3 included age as a time-dependent 
covariate. 

 
Table 16 presents the adjusted hazard ratios (HR) for overall survival (OS) comparing 

reconstruction to mastectomy-only patients, stratified by cancer stage. Across all stages, reconstruction 

is associated with a lower hazard of mortality compared to mastectomy alone. For Stage 0 patients, the 

hazard ratio for reconstruction is 0.49 (95% CI: 0.44–0.54), while Stage 1 patients have a hazard ratio of 

0.44 (95% CI: 0.39–0.50). The hazard ratio further decreases for Stage 2 patients, at 0.39 (95% CI: 0.35–

0.43), indicating the lowest relative hazard among the groups. However, in Stage 3 patients, the hazard 

ratio is higher at 0.73 (95% CI: 0.68–0.79), though still significantly lower than the reference group 

(mastectomy only). These results suggest that the relative survival benefit associated with 

reconstruction varies by stage, with the most pronounced difference observed in Stage 2 patients.  
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AGE STRATA 
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Table 16: Descriptive Statistics for Breast Cancer Patients Aged 18–30 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

539 

Implant Based 
Reconstruction 

N (%) = 502 

Parametric 
P-value* 

Facility Type Community Cancer Program 0 0 NA 

Comprehensive Community 
Cancer Program 

0 0 

Academic/Research Program 0 0 

Integrated Network Cancer 
Program 

0 0 

Facility Location New England 0 0 NA 

Middle Atlantic 0 0 

South Atlantic 0 0 

East North Central 0 0 

East South Central 0 0 

West North Central 0 0 

West South Central 0 0 

Mountain 0 0 

Pacific 0 0 

Race White 282 (52.32) 319 (63.55) <.001 

Black 93 (17.25) 82 (16.33) 

Hispanic 82 (15.21) 39 (7.77) 

Asian 82 (15.21) 62 (12.35) 

Insurance Status Not Insured 81 (15.03) 22 (4.38) <.001 

Government Insurance 36 (6.68) 21 (4.18) 

Private Insurance 422 (78.29) 459 (91.43) 
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Table 16: Descriptive Statistics for Breast Cancer Patients Aged 18–30 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

539 

Implant Based 
Reconstruction 

N (%) = 502 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 29 (5.38) 90 (17.93) <.001 

Stage I 87 (16.14) 120 (23.9) 

Stage II 263 (48.79) 224 (44.62) 

Stage III 160 (29.68) 68 (13.55) 

Charlson-Deyo 
Score 

0 512 (94.99) 477 (95.02) 0.583 

1 23 (4.27) 24 (4.78) 

2 3 (0.56) 1 (0.2) 

>= 3 1 (0.19) 0 (0) 

Vital Status Dead 118 (21.89) 65 (12.95) <.001 

Alive 421 (78.11) 437 (87.05) 

Median Income 
Quartiles 2016-
2020 

< $46,277 115 (21.34) 56 (11.16) <.001 

$46,227-$57,856 134 (24.86) 104 (20.72) 

$57,857-$74,062 127 (23.56) 109 (21.71) 

>= $74,063 163 (30.24) 233 (46.41) 

*  The parametric p-value is calculated by chi-square test. 

Patients 35 and under had facility location and type omitted by NCDB. 
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Table 17: Descriptive Statistics for Breast Cancer Patients Aged 31–40 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

3,988 

Implant Based 
Reconstruction 
N (%) = 4,217 

Parametric 
P-value* 

Facility Type Community Cancer Program 53 (6.79) 29 (2.84) <.001 

Comprehensive Community 
Cancer Program 

338 (43.28) 362 (35.42) 

Academic/Research Program 289 (37) 427 (41.78) 

Integrated Network Cancer 
Program 

101 (12.93) 204 (19.96) 

Facility Location New England 24 (3.07) 72 (7.05) <.001 

Middle Atlantic 70 (8.96) 215 (21.04) 

South Atlantic 171 (21.9) 207 (20.25) 

East North Central 111 (14.21) 190 (18.59) 

East South Central 54 (6.91) 36 (3.52) 

West North Central 52 (6.66) 63 (6.16) 

West South Central 113 (14.47) 83 (8.12) 

Mountain 32 (4.1) 35 (3.42) 

Pacific 154 (19.72) 121 (11.84) 

Race White 2183 (54.74) 2639 (62.58) <.001 

Black 656 (16.45) 601 (14.25) 

Hispanic 558 (13.99) 357 (8.47) 

Asian 591 (14.82) 620 (14.7) 

Insurance Status Not Insured 476 (11.94) 120 (2.85) <.001 

Government Insurance 277 (6.95) 140 (3.32) 

Private Insurance 3235 (81.12) 3957 (93.83) 
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Table 17: Descriptive Statistics for Breast Cancer Patients Aged 31–40 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

3,988 

Implant Based 
Reconstruction 
N (%) = 4,217 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 435 (10.91) 956 (22.67) <.001 

Stage I 730 (18.3) 1249 (29.62) 

Stage II 1792 (44.93) 1578 (37.42) 

Stage III 1031 (25.85) 434 (10.29) 

Charlson-Deyo 
Score 

0 3695 (92.65) 3931 (93.22) 0.422 

1 255 (6.39) 259 (6.14) 

2 28 (0.7) 20 (0.47) 

>= 3 10 (0.25) 7 (0.17) 

Vital Status Dead 659 (16.52) 356 (8.44) <.001 

Alive 3329 (83.48) 3861 (91.56) 

Median Income 
Quartiles 2016-
2020 

< $46,277 689 (17.28) 426 (10.1) <.001 

$46,227-$57,856 883 (22.14) 616 (14.61) 

$57,857-$74,062 872 (21.87) 896 (21.25) 

>= $74,063 1544 (38.72) 2279 (54.04) 

*  The parametric p-value is calculated by chi-square test. 

Patients 35 and under had facility location and type omitted by NCDB. 

 
 



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

94 

 

Table 18: Descriptive Statistics for Breast Cancer Patients Aged 41–50  

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

13,400 

Implant Based 
Reconstruction 
N (%) = 14,859 

Parametric 
P-value* 

Facility Type Community Cancer Program 954 (7.12) 480 (3.23) <.001 

Comprehensive Community 
Cancer Program 

5637 (42.07) 5139 (34.59) 

Academic/Research Program 4553 (33.98) 6120 (41.19) 

Integrated Network Cancer 
Program 

2256 (16.84) 3120 (21) 

Facility Location New England 580 (4.33) 1009 (6.79) <.001 

Middle Atlantic 1461 (10.9) 3306 (22.25) 

South Atlantic 3303 (24.65) 3473 (23.37) 

East North Central 2043 (15.25) 2439 (16.41) 

East South Central 845 (6.31) 530 (3.57) 

West North Central 823 (6.14) 918 (6.18) 

West South Central 1522 (11.36) 966 (6.5) 

Mountain 591 (4.41) 462 (3.11) 

Pacific 2232 (16.66) 1756 (11.82) 

Race White 8156 (60.87) 10470 (70.46) <.001 

Black 2063 (15.4) 1748 (11.76) 

Hispanic 1314 (9.81) 921 (6.2) 

Asian 1867 (13.93) 1720 (11.58) 

Insurance Status Not Insured 1146 (8.55) 324 (2.18) <.001 

Government Insurance 1064 (7.94) 571 (3.84) 

Private Insurance 11190 (83.51) 13964 (93.98) 
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Table 18: Descriptive Statistics for Breast Cancer Patients Aged 41–50  

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

13,400 

Implant Based 
Reconstruction 
N (%) = 14,859 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 1966 (14.67) 4451 (29.95) <.001 

Stage I 3573 (26.66) 5327 (35.85) 

Stage II 5349 (39.92) 4221 (28.41) 

Stage III 2512 (18.75) 860 (5.79) 

Charlson-Deyo 
Score 

0 11934 (89.06) 13491 (90.79) <.001 

1 1211 (9.04) 1238 (8.33) 

2 185 (1.38) 97 (0.65) 

>= 3 70 (0.52) 33 (0.22) 

Vital Status Dead 1893 (14.13) 848 (5.71) <.001 

Alive 11507 (85.87) 14011 (94.29) 

Median Income 
Quartiles 2016-
2020 

< $46,277 2323 (17.34) 1269 (8.54) <.001 

$46,227-$57,856 2889 (21.56) 2082 (14.01) 

$57,857-$74,062 3166 (23.63) 3098 (20.85) 

>= $74,063 5022 (37.48) 8410 (56.6) 

*  The parametric p-value is calculated by chi-square test. 
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Table 19: Descriptive Statistics for Breast Cancer Patients Aged 51–65 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

44,210 

Implant Based 
Reconstruction 
N (%) = 24,859 

Parametric 
P-value* 

Facility Type Community Cancer Program 3673 (8.31) 924 (3.72) <.001 

Comprehensive Community 
Cancer Program 

19557 (44.24) 9248 (37.2) 

Academic/Research Program 13046 (29.51) 9285 (37.35) 

Integrated Network Cancer 
Program 

7934 (17.95) 5402 (21.73) 

Facility Location New England 1735 (3.92) 1514 (6.09) <.001 

Middle Atlantic 5011 (11.33) 5007 (20.14) 

South Atlantic 10166 (22.99) 5683 (22.86) 

East North Central 7581 (17.15) 4219 (16.97) 

East South Central 3449 (7.8) 1128 (4.54) 

West North Central 3674 (8.31) 1783 (7.17) 

West South Central 4312 (9.75) 1762 (7.09) 

Mountain 1680 (3.8) 897 (3.61) 

Pacific 6602 (14.93) 2866 (11.53) 

Race White 30679 (69.39) 19143 (77.01) <.001 

Black 6491 (14.68) 2726 (10.97) 

Hispanic 2295 (5.19) 1069 (4.3) 

Asian 4745 (10.73) 1921 (7.73) 

Insurance Status Not Insured 2086 (4.72) 336 (1.35) <.001 

Government Insurance 10331 (23.37) 2854 (11.48) 

Private Insurance 31793 (71.91) 21669 (87.17) 
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Table 19: Descriptive Statistics for Breast Cancer Patients Aged 51–65 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

44,210 

Implant Based 
Reconstruction 
N (%) = 24,859 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 7033 (15.91) 6976 (28.06) <.001 

Stage I 14827 (33.54) 10070 (40.51) 

Stage II 15714 (35.54) 6506 (26.17) 

Stage III 6636 (15.01) 1307 (5.26) 

Charlson-Deyo 
Score 

0 34717 (78.53) 21285 (85.62) <.001 

1 7250 (16.4) 3041 (12.23) 

2 1581 (3.58) 425 (1.71) 

>= 3 662 (1.5) 108 (0.43) 

Vital Status Dead 8192 (18.53) 1914 (7.7) <.001 

Alive 36018 (81.47) 22945 (92.3) 

Median Income 
Quartiles 2016-
2020 

< $46,277 8360 (18.91) 2577 (10.37) <.001 

$46,227-$57,856 10371 (23.46) 3852 (15.5) 

$57,857-$74,062 10593 (23.96) 5635 (22.67) 

>= $74,063 14886 (33.67) 12795 (51.47) 

*  The parametric p-value is calculated by chi-square test. 
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Table 20: Descriptive Statistics for Breast Cancer Patients Aged 66–80 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

60,143 

Implant Based 
Reconstruction 
N (%) = 9,665 

Parametric 
P-value* 

Facility Type Community Cancer Program 5532 (9.2) 366 (3.79) <.001 

Comprehensive Community 
Cancer Program 

27891 (46.37) 3965 (41.02) 

Academic/Research Program 14585 (24.25) 3253 (33.66) 

Integrated Network Cancer 
Program 

12135 (20.18) 2081 (21.53) 

Facility Location New England 2468 (4.1) 559 (5.78) <.001 

Middle Atlantic 7572 (12.59) 1862 (19.27) 

South Atlantic 13843 (23.02) 2459 (25.44) 

East North Central 10527 (17.5) 1438 (14.88) 

East South Central 4729 (7.86) 410 (4.24) 

West North Central 5597 (9.31) 668 (6.91) 

West South Central 5358 (8.91) 721 (7.46) 

Mountain 2276 (3.78) 369 (3.82) 

Pacific 7773 (12.92) 1179 (12.2) 

Race White 46226 (76.86) 7960 (82.36) <.001 

Black 6773 (11.26) 789 (8.16) 

Hispanic 2290 (3.81) 382 (3.95) 

Asian 4854 (8.07) 534 (5.53) 

Insurance Status Not Insured 360 (0.6) 27 (0.28) <.001 

Government Insurance 52081 (86.6) 7998 (82.75) 

Private Insurance 7702 (12.81) 1640 (16.97) 
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Table 20: Descriptive Statistics for Breast Cancer Patients Aged 66–80 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

60,143 

Implant Based 
Reconstruction 
N (%) = 9,665 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 9287 (15.44) 2407 (24.9) <.001 

Stage I 25277 (42.03) 4570 (47.28) 

Stage II 19898 (33.08) 2323 (24.04) 

Stage III 5681 (9.45) 365 (3.78) 

Charlson-Deyo 
Score 

0 42179 (70.13) 7756 (80.25) <.001 

1 12960 (21.55) 1533 (15.86) 

2 3430 (5.7) 295 (3.05) 

>= 3 1574 (2.62) 81 (0.84) 

Vital Status Dead 17321 (28.8) 1139 (11.78) <.001 

Alive 42822 (71.2) 8526 (88.22) 

Median Income 
Quartiles 2016-
2020 

< $46,277 11016 (18.32) 997 (10.32) <.001 

$46,227-$57,856 14378 (23.91) 1626 (16.82) 

$57,857-$74,062 14686 (24.42) 2165 (22.4) 

>= $74,063 20063 (33.36) 4877 (50.46) 

*  The parametric p-value is calculated by chi-square test. 

 
The stratification of age into five groups (18–30, 31–40, 41–50, 51–65, and 66–80 years) 

provides insight into how patient demographics and clinical characteristics vary across different age 

ranges in relation to surgical choice (Tables 16–20). Across all age groups, the proportion of patients 

undergoing implant-based reconstruction is consistently higher among younger patients, while the 

proportion of patients undergoing mastectomy without reconstruction increases with age. Younger 

patients (Tables 16–17) who underwent either mastectomy alone or reconstruction were more likely to 
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be treated at academic/research programs, whereas older patients (Tables 19–20) had a higher 

percentage of cases managed at comprehensive community cancer programs. Facility location patterns 

were relatively consistent across age strata, with a higher proportion of patients treated in the South 

Atlantic and East North Central regions, regardless of surgical choice. 

Racial distribution showed that White patients comprised the majority in all age groups, with a 

decreasing percentage of Black, Hispanic, and Asian patients as age increased (Tables 16–20). The 

proportion of uninsured patients was lowest in younger age groups, while government insurance 

coverage was more prevalent among older patients, particularly in those aged 51 and above (Tables 18–

20). Charlson-Deyo comorbidity scores were heavily skewed by age, with almost all younger patients 

(Tables 16–17) having a score of 0, while a greater proportion of older patients (Tables 18–20) had 

higher comorbidity scores, particularly those undergoing mastectomy alone. Mortality rates increased 

with age, with the highest proportion of deceased patients observed in the oldest age strata (Tables 19–

20). 

Socioeconomic disparities were evident, as younger patients were more frequently in the 

highest median income quartile (≥$74,063), while older patients were more represented in lower-

income quartiles, particularly those who underwent mastectomy alone. Across all age groups, implant-

based reconstruction was more common among patients in higher-income quartiles, whereas 

mastectomy-only procedures were more frequent in lower-income groups. Overall, younger patients 

had higher rates of reconstruction, were more likely to be treated at academic institutions, and had 

fewer comorbidities compared to older patients, who had higher rates of mastectomy alone, increased 

comorbidity burden, and greater representation in government-insured or lower-income groups.  
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Table 21: Adjusted Hazard Ratios for Overall Survival by Age 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Surgery – Age 18-30 Reconstruction 539 0.78 (0.56-1.07) 0.130 

Mastectomy only 502 REF REF 

Surgery – Age 31-40 Reconstruction 4217 0.47 (0.37-0.60) <.001 

 Mastectomy only 3988 REF REF 

Surgery – Age 41-50 Reconstruction 14859 0.50 (0.43-0.59) <.001 

 Mastectomy only 13400 REF REF 

Surgery – Age 51-65 Reconstruction 24859 0.50 (0.45-0.55) <.001 

 Mastectomy only 44210 REF REF 

Surgery – Age 66-80 Reconstruction 9665 0.39 (0.35-0.44) <.001 

 Mastectomy only 60143 REF REF 

*  Number of observations in the original data set = 176382. Number of observations used = 174944. 

Age 18-30 included stage as a time-dependent covariate. Age 31-40 included reconstruction, and 
stage as time-dependent covariates. Age 41-50 included reconstruction, stage and income as time-
dependent covariates. Age 51-65 included reconstruction, stage, and income as a time-dependent 
covariates. Age 66-80 included reconstruction, stage, and comorbidity index score as time-dependent 
covariates. 

 
Table 21 presents the hazard ratios (HRs) for overall survival stratified by age group, comparing 

patients who underwent breast reconstruction to those who received mastectomy alone. The analysis 

includes five age strata: 18–30, 31–40, 41–50, 51–65, and 66–80 years.  

For the youngest age group (18–30 years), the hazard ratio for reconstruction was 0.78 (95% CI: 

0.56–1.07) with a p-value of 0.130, indicating no statistically significant difference in survival between 

reconstruction and mastectomy alone. In contrast, patients in the 31–40 age group who underwent 

reconstruction had a significantly lower hazard of mortality (HR = 0.47, 95% CI: 0.37–0.60, p < 0.001) 
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compared to those who had mastectomy alone. Similarly, in the 41–50 age group, reconstruction was 

associated with a hazard ratio of 0.50 (95% CI: 0.43–0.59, p < 0.001), and in the 51–65 age group, the 

hazard ratio was 0.50 (95% CI: 0.45–0.55, p < 0.001), both indicating significantly lower mortality risk 

compared to mastectomy alone. 

For the oldest age group (66–80 years), reconstruction was still associated with a significantly 

lower hazard ratio of 0.39 (95% CI: 0.35–0.44, p < 0.001), suggesting a persistent association between 

reconstruction and lower mortality across most age groups.  
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Race Strata 
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Table 22: Descriptive Statistics for White Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

87,526 

Reconstruction 
N (%) = 40,531 

Parametric 
P-value* 

Facility Type Community Cancer Program 7961 (9.31) 1429 (3.74) <.001 

Comprehensive Community 
Cancer Program 

40132 (46.95) 14618 (38.22) 

Academic/Research Program 20964 (24.53) 13965 (36.52) 

Integrated Network Cancer 
Program 

16422 (19.21) 8232 (21.52) 

Facility Location New England 4080 (4.77) 2687 (7.03) <.001 

Middle Atlantic 9662 (11.3) 7515 (19.65) 

South Atlantic 18995 (22.22) 8432 (22.05) 

East North Central 16347 (19.12) 6798 (17.78) 

East South Central 6800 (7.96) 1708 (4.47) 

West North Central 8650 (10.12) 3019 (7.89) 

West South Central 6768 (7.92) 2466 (6.45) 

Mountain 3669 (4.29) 1477 (3.86) 

Pacific 10508 (12.29) 4142 (10.83) 

Insurance Status Not Insured 1607 (1.84) 364 (0.9) <.001 

Government Insurance 48275 (55.16) 9202 (22.7) 

Private Insurance 37644 (43.01) 30965 (76.4) 

AJCC 7th Edition 
Cancer Stage 

Stage 0 12637 (14.44) 10888 (26.86) <.001 

Stage I 33820 (38.64) 16650 (41.08) 

Stage II 30380 (34.71) 10938 (26.99) 

Stage III 10689 (12.21) 2055 (5.07) 
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Table 22: Descriptive Statistics for White Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

87,526 

Reconstruction 
N (%) = 40,531 

Parametric 
P-value* 

Charlson-Deyo 
Score 

0 67232 (76.81) 35513 (87.62) <.001 

1 15022 (17.16) 4299 (10.61) 

2 3723 (4.25) 566 (1.4) 

>= 3 1549 (1.77) 153 (0.38) 

Vital Status Dead 20690 (23.64) 3230 (7.97) <.001 

Alive 66836 (76.36) 37301 (92.03) 

Median Income 
Quartiles 2016-2020 

< $46,277 12623 (14.42) 2970 (7.33) <.001 

$46,227-$57,856 21313 (24.35) 6039 (14.9) 

$57,857-$74,062 22497 (25.7) 8967 (22.12) 

>= $74,063 31093 (35.52) 22555 (55.65) 

Age by Strata 18 - 30 282 (0.32) 319 (0.79) <.001 

31 - 40 2183 (2.49) 2639 (6.51) 

41 - 50 8156 (9.32) 10470 (25.83) 

51 - 65 30679 (35.05) 19143 (47.23) 

66 - 80 46226 (52.81) 7960 (19.64) 

 

*  The parametric p-value is calculated by chi-square test. 
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Table 23: Descriptive Statistics for Black and Afro-Latino Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

16,076 

Reconstruction 
N (%) = 5,946 

Parametric 
P-value* 

Facility Type Community Cancer Program 897 (5.81) 127 (2.35) <.001 

Comprehensive Community 
Cancer Program 

5942 (38.5) 1647 (30.54) 

Academic/Research Program 5640 (36.55) 2416 (44.8) 

Integrated Network Cancer 
Program 

2954 (19.14) 1203 (22.31) 

Facility Location New England 297 (1.92) 176 (3.26) <.001 

Middle Atlantic 1941 (12.58) 1279 (23.72) 

South Atlantic 5881 (38.11) 2053 (38.07) 

East North Central 2266 (14.68) 795 (14.74) 

East South Central 1695 (10.98) 276 (5.12) 

West North Central 547 (3.54) 114 (2.11) 

West South Central 1915 (12.41) 430 (7.97) 

Mountain 113 (0.73) 50 (0.93) 

Pacific 778 (5.04) 220 (4.08) 

Insurance Status Not Insured 884 (5.5) 142 (2.39) <.001 

Government Insurance 8181 (50.89) 1247 (20.97) 

Private Insurance 7011 (43.61) 4557 (76.64) 

AJCC 7th Edition 
Cancer Stage 

Stage 0 2873 (17.87) 1860 (31.28) <.001 

Stage I 4640 (28.86) 1948 (32.76) 

Stage II 5759 (35.82) 1636 (27.51) 

Stage III 2804 (17.44) 502 (8.44) 
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Table 23: Descriptive Statistics for Black and Afro-Latino Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

16,076 

Reconstruction 
N (%) = 5,946 

Parametric 
P-value* 

Charlson-Deyo 
Score 

0 11000 (68.42) 4762 (80.09) <.001 

1 3638 (22.63) 969 (16.3) 

2 910 (5.66) 164 (2.76) 

>= 3 528 (3.28) 51 (0.86) 

Vital Status Dead 4526 (28.15) 644 (10.83) <.001 

Alive 11550 (71.85) 5302 (89.17) 

Median Income 
Quartiles 2016-2020 

< $46,277 6762 (42.06) 1613 (27.13) <.001 

$46,227-$57,856 3902 (24.27) 1260 (21.19) 

$57,857-$74,062 2740 (17.04) 1254 (21.09) 

>= $74,063 2672 (16.62) 1819 (30.59) 

Age by Strata 18 - 30 93 (0.58) 82 (1.38) <.001 

31 - 40 656 (4.08) 601 (10.11) 

41 - 50 2063 (12.83) 1748 (29.4) 

51 - 65 6491 (40.38) 2726 (45.85) 

66 - 80 6773 (42.13) 789 (13.27) 

 

*  The parametric p-value is calculated by chi-square test. 
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Table 24: Descriptive Statistics for White-Latino Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

6,539 

Reconstruction 
N (%) = 2,768 

Parametric 
P-value* 

Facility Type Community Cancer Program 444 (7.37) 102 (4.16) <.001 

Comprehensive Community 
Cancer Program 

2561 (42.52) 879 (35.85) 

Academic/Research Program 2172 (36.06) 945 (38.54) 

Integrated Network Cancer 
Program 

846 (14.05) 526 (21.45) 

Facility Location New England 128 (2.13) 84 (3.43) <.001 

Middle Atlantic 625 (10.38) 499 (20.35) 

South Atlantic 920 (15.27) 529 (21.57) 

East North Central 402 (6.67) 200 (8.16) 

East South Central 38 (0.63) 13 (0.53) 

West North Central 97 (1.61) 27 (1.1) 

West South Central 1680 (27.89) 378 (15.42) 

Mountain 433 (7.19) 122 (4.98) 

Pacific 1700 (28.23) 600 (24.47) 

Insurance Status Not Insured 1124 (17.19) 217 (7.84) <.001 

Government Insurance 2450 (37.47) 479 (17.3) 

Private Insurance 2965 (45.34) 2072 (74.86) 

AJCC 7th Edition 
Cancer Stage 

Stage 0 959 (14.67) 719 (25.98) <.001 

Stage I 1872 (28.63) 988 (35.69) 

Stage II 2594 (39.67) 883 (31.9) 

Stage III 1114 (17.04) 178 (6.43) 
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Table 24: Descriptive Statistics for White-Latino Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

6,539 

Reconstruction 
N (%) = 2,768 

Parametric 
P-value* 

Charlson-Deyo 
Score 

0 5090 (77.84) 2364 (85.4) <.001 

1 1152 (17.62) 345 (12.46) 

2 207 (3.17) 47 (1.7) 

>= 3 90 (1.38) 12 (0.43) 

Vital Status Dead 1076 (16.46) 179 (6.47) <.001 

Alive 5463 (83.54) 2589 (93.53) 

Median Income 
Quartiles 2016-2020 

< $46,277 1699 (25.98) 412 (14.88) <.001 

$46,227-$57,856 1413 (21.61) 447 (16.15) 

$57,857-$74,062 1616 (24.71) 722 (26.08) 

>= $74,063 1811 (27.7) 1187 (42.88) 

Age by Strata 18 - 30 82 (1.25) 39 (1.41) <.001 

31 - 40 558 (8.53) 357 (12.9) 

41 - 50 1314 (20.09) 921 (33.27) 

51 - 65 2295 (35.1) 1069 (38.62) 

66 - 80 2290 (35.02) 382 (13.8) 

 

*  The parametric p-value is calculated by chi-square test. 
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Table 25: Descriptive Statistics for Asian Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

12,139 

Reconstruction 
N (%) = 4,857 

Parametric 
P-value* 

Facility Type Community Cancer Program 910 (7.85) 141 (3.27) <.001 

Comprehensive Community 
Cancer Program 

4788 (41.28) 1570 (36.38) 

Academic/Research Program 3697 (31.87) 1759 (40.76) 

Integrated Network Cancer 
Program 

2204 (19) 846 (19.6) 

Facility Location New England 302 (2.6) 207 (4.8) <.001 

Middle Atlantic 1886 (16.26) 1097 (25.42) 

South Atlantic 1687 (14.54) 808 (18.72) 

East North Central 1247 (10.75) 493 (11.42) 

East South Central 544 (4.69) 107 (2.48) 

West North Central 852 (7.35) 272 (6.3) 

West South Central 942 (8.12) 258 (5.98) 

Mountain 364 (3.14) 114 (2.64) 

Pacific 3775 (32.55) 960 (22.24) 

Insurance Status Not Insured 534 (4.4) 106 (2.18) <.001 

Government Insurance 4883 (40.23) 656 (13.51) 

Private Insurance 6722 (55.38) 4095 (84.31) 

AJCC 7th Edition 
Cancer Stage 

Stage 0 2281 (18.79) 1413 (29.09) <.001 

Stage I 4162 (34.29) 1750 (36.03) 

Stage II 4283 (35.28) 1395 (28.72) 

Stage III 1413 (11.64) 299 (6.16) 
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Table 25: Descriptive Statistics for Asian Breast Cancer Patients 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

12,139 

Reconstruction 
N (%) = 4,857 

Parametric 
P-value* 

Charlson-Deyo 
Score 

0 9715 (80.03) 4301 (88.55) <.001 

1 1887 (15.54) 482 (9.92) 

2 387 (3.19) 61 (1.26) 

>= 3 150 (1.24) 13 (0.27) 

Vital Status Dead 1891 (15.58) 269 (5.54) <.001 

Alive 10248 (84.42) 4588 (94.46) 

Median Income 
Quartiles 2016-2020 

< $46,277 1419 (11.69) 330 (6.79) <.001 

$46,227-$57,856 2027 (16.7) 534 (10.99) 

$57,857-$74,062 2591 (21.34) 960 (19.77) 

>= $74,063 6102 (50.27) 3033 (62.45) 

Age by Strata 18 - 30 82 (0.68) 62 (1.28) <.001 

31 - 40 591 (4.87) 620 (12.77) 

41 - 50 1867 (15.38) 1720 (35.41) 

51 - 65 4745 (39.09) 1921 (39.55) 

66 - 80 4854 (39.99) 534 (10.99) 

 

*  The parametric p-value is calculated by chi-square test. 

 
Table 22 displays descriptive statistics for White breast cancer patients stratified by surgery 

type. Among 87,526 White patients who underwent mastectomy alone, the majority were treated at 

comprehensive community programs (46.95%), while 24.53% were treated at academic centers. In 

contrast, among the 40,531 White patients who underwent reconstruction, 38.22% were treated at 

comprehensive community centers, and 36.52% at academic centers. Private insurance coverage was 
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reported in 76.4% of the reconstruction group compared to 43.01% in the mastectomy-only group. A 

higher proportion of reconstructive patients were alive at follow-up (92.03% vs. 76.36%). Additionally, 

87.62% of reconstructive patients had a Charlson-Deyo score of 0, compared to 76.81% in the 

mastectomy group. Patients with reconstruction more frequently belonged to higher income brackets 

and younger age groups. 

Table 23 summarizes the characteristics for Black and Afro-Latino patients. Of 16,076 

mastectomy-only patients, the majority received care at comprehensive or academic programs, with 

38.5% and 36.55% respectively. Among the 5,946 patients who underwent reconstruction, the 

proportion treated at academic centers was higher (44.8%). Private insurance was more prevalent 

among reconstructive patients (76.64% vs. 43.61%). Patients with a Charlson-Deyo score of 0 made up 

80.09% of the reconstruction group versus 68.42% of the mastectomy-only group. Income and age 

distributions also varied by surgery type, with reconstructive patients more likely to be in younger age 

strata and higher income quartiles. 

Table 24 reports data for White-Latino breast cancer patients (N = 9,307). Of the 6,539 patients 

in the mastectomy-only group, 42.52% were treated at comprehensive community programs, while 

36.06% were treated at academic centers. In the reconstruction group (N = 2,768), a higher percentage 

were treated at academic centers (38.54%). Private insurance coverage was found in 74.86% of 

reconstructive patients compared to 45.34% in the mastectomy-only group. A greater proportion of 

patients in the reconstruction group had a Charlson-Deyo score of 0 (85.4% vs. 77.84%) and were alive 

at follow-up (93.53% vs. 83.54%). The reconstruction group was also younger on average and more 

concentrated in the upper income brackets. 
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Table 25 presents descriptive statistics for Asian patients. Of the 12,139 mastectomy-only 

patients, 41.28% were treated at comprehensive community programs and 31.87% at academic centers. 

In the reconstruction group (N = 4,857), 40.76% were treated at academic centers and 36.38% at 

comprehensive community programs. The proportion with private insurance was higher in the 

reconstruction group (84.31% vs. 55.38%). The percentage of patients with a Charlson-Deyo score of 0 

was also higher among reconstructive patients (88.55% vs. 80.03%). Finally, the reconstruction group 

had a larger share of younger patients and those in the highest income quartile (62.45% vs. 50.27%).  
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Table 26: Adjusted Hazard Ratios for Overall Survival by Race 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Surgery – White Reconstruction 40531 0.45 (0.42-0.48) <.001 

Mastectomy only 87526 REF REF 

Surgery – Black/Black-Hispanic Reconstruction 5946 0.46 (0.39-0.53) <.001 

 Mastectomy only 16076 REF REF 

Surgery – White-Hispanic Reconstruction 6539 0.44 (0.33-0.60) <.001 

 Mastectomy only 2768 REF REF 

Surgery – Asian Reconstruction 4857 0.45 (0.35-0.59) <.001 

 Mastectomy only 12139 REF REF 

*  Number of observations in the original data set = 176382. Number of observations used = 174944. 

White included reconstruction, stage, insurance, and age as time-dependent covariates. Black/Black-
Hispanic included reconstruction, stage, insurance, and age as time-dependent covariates. White-
Hispanic included reconstruction, stage and age as time-dependent covariates. Asian included 
reconstruction, stage, and age as a time-dependent covariates. 

 
Adjusted Cox proportional hazards models were conducted to evaluate the association between 

reconstruction and overall survival across racial and ethnic subgroups (Table 26). Among White patients, 

those who underwent reconstruction (N = 40,531) had a significantly lower hazard of death compared to 

those who received mastectomy alone (N = 87,526), with an adjusted hazard ratio (HR) of 0.45 (95% CI: 

0.42–0.48, p < .001). Similarly, Black or Black-Hispanic patients who received reconstruction (N = 5,946) 

had an HR of 0.46 (95% CI: 0.39–0.53, p < .001) compared to their mastectomy-only counterparts (N = 

16,076). For White-Hispanic patients, reconstruction (N = 6,539) was associated with an HR of 0.44 (95% 

CI: 0.33–0.60, p < .001) relative to mastectomy alone (N = 2,768). Among Asian patients, those who 
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underwent reconstruction (N = 4,857) also demonstrated improved survival, with an HR of 0.45 (95% CI: 

0.35–0.59, p < .001), compared to the mastectomy-only group (N = 12,139).  
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Comorbid Strata 
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Table 27: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 0 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

93,037 

Reconstruction N (%) = 
46,940 

Parametric 
P-value* 

Facility Type Community Cancer 

Program 
7720 (8.62) 1562 (3.59) <.001 

Comprehensive 
Community Cancer 

Program 

40098 (44.78) 16227 (37.31) 

Academic/Research 

Program 
25092 (28.02) 16497 (37.93) 

Integrated Network 
Cancer Program 

16644 (18.59) 9202 (21.16) 

Facility Location New England 3699 (4.13) 2731 (6.28) <.001 

Middle Atlantic 10681 (11.93) 8927 (20.53) 

South Atlantic 20604 (23.01) 10154 (23.35) 

East North Central 15105 (16.87) 7108 (16.34) 

East South Central 6641 (7.42) 1815 (4.17) 

West North Central 7566 (8.45) 2977 (6.85) 

West South Central 8428 (9.41) 3041 (6.99) 

Mountain 3622 (4.04) 1560 (3.59) 

Pacific 13208 (14.75) 5175 (11.9) 

Insurance 
Status 

Not Insured 3451 (3.71) 731 (1.56) <.001 

Government Insurance 44283 (47.6) 9201 (19.6) 

Private Insurance 45303 (48.69) 37008 (78.84) 

Race White 67232 (72.26) 35513 (75.66) <.001 

Black 11000 (11.82) 4762 (10.14) 

Hispanic 5090 (5.47) 2364 (5.04) 

Asian 9715 (10.44) 4301 (9.16) 
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Table 27: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 0 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

93,037 

Reconstruction N (%) = 
46,940 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 14341 (15.41) 12824 (27.32) <.001 

Stage I 33415 (35.92) 18552 (39.52) 

Stage II 32498 (34.93) 12882 (27.44) 

Stage III 12783 (13.74) 2682 (5.71) 

Vital Status Dead 18434 (19.81) 3536 (7.53) <.001 

Alive 74603 (80.19) 43404 (92.47) 

Median Income 
Quartiles 2016-
2020 

< $46,277 16102 (17.31) 4386 (9.34) <.001 

$46,227-$57,856 21335 (22.93) 7036 (14.99) 

$57,857-$74,062 22389 (24.06) 10238 (21.81) 

>= $74,063 33211 (35.7) 25280 (53.86) 

Age by Strata 18 - 30 512 (0.55) 477 (1.02) <.001 

31 - 40 3695 (3.97) 3931 (8.37) 

41 - 50 11934 (12.83) 13491 (28.74) 

51 - 65 34717 (37.32) 21285 (45.35) 

66 - 80 42179 (45.34) 7756 (16.52) 

*  The parametric p-value is calculated by chi-square test. 
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Table 28: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 1 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

21,699 

Reconstruction N (%) = 
6,095 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

1897 (8.83) 193 (3.29) <.001 

Comprehensive 
Community Cancer 

Program 

9824 (45.75) 2104 (35.84) 

Academic/Research 
Program 

5493 (25.58) 2198 (37.44) 

Integrated Network 
Cancer Program 

4259 (19.83) 1375 (23.42) 

Facility Location New England 815 (3.8) 378 (6.44) <.001 

Middle Atlantic 2559 (11.92) 1254 (21.36) 

South Atlantic 5161 (24.03) 1434 (24.43) 

East North Central 3726 (17.35) 981 (16.71) 

East South Central 1801 (8.39) 235 (4) 

West North Central 1859 (8.66) 381 (6.49) 

West South Central 2188 (10.19) 414 (7.05) 

Mountain 737 (3.43) 167 (2.84) 

Pacific 2627 (12.23) 626 (10.66) 

Insurance 
Status 

Not Insured 570 (2.63) 91 (1.49) <.001 

Government Insurance 13848 (63.82) 1895 (31.09) 

Private Insurance 7281 (33.55) 4109 (67.42) 

Race White 15022 (69.23) 4299 (70.53) <.001 

Black 3638 (16.77) 969 (15.9) 

Hispanic 1152 (5.31) 345 (5.66) 

Asian 1887 (8.7) 482 (7.91) 
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Table 28: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 1 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

21,699 

Reconstruction N (%) = 
6,095 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 3290 (15.16) 1760 (28.88) <.001 

Stage I 8238 (37.96) 2354 (38.62) 

Stage II 7711 (35.54) 1684 (27.63) 

Stage III 2460 (11.34) 297 (4.87) 

Vital Status Dead 6511 (30.01) 623 (10.22) <.001 

Alive 15188 (69.99) 5472 (89.78) 

Median Income 
Quartiles 2016-
2020 

< $46,277 4663 (21.49) 767 (12.58) <.001 

$46,227-$57,856 5384 (24.81) 1043 (17.11) 

$57,857-$74,062 5263 (24.25) 1414 (23.2) 

>= $74,063 6389 (29.44) 2871 (47.1) 

Age by Strata 18 - 30 23 (0.11) 24 (0.39) <.001 

31 - 40 255 (1.18) 259 (4.25) 

41 - 50 1211 (5.58) 1238 (20.31) 

51 - 65 7250 (33.41) 3041 (49.89) 

66 - 80 12960 (59.73) 1533 (25.15) 

*  The parametric p-value is calculated by chi-square test. 
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Table 29: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 2 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

5,227 

Reconstruction N (%) = 
838 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

421 (8.1) 37 (4.5) <.001 

Comprehensive 
Community Cancer 

Program 

2432 (46.78) 312 (37.91) 

Academic/Research 
Program 

1287 (24.75) 297 (36.09) 

Integrated Network 
Cancer Program 

1059 (20.37) 177 (21.51) 

Facility Location New England 214 (4.12) 31 (3.77) <.001 

Middle Atlantic 616 (11.85) 168 (20.41) 

South Atlantic 1217 (23.41) 199 (24.18) 

East North Central 957 (18.41) 149 (18.1) 

East South Central 439 (8.44) 42 (5.1) 

West North Central 498 (9.58) 52 (6.32) 

West South Central 480 (9.23) 59 (7.17) 

Mountain 158 (3.04) 27 (3.28) 

Pacific 620 (11.93) 96 (11.66) 

Insurance 
Status 

Not Insured 89 (1.7) 5 (0.6) <.001 

Government Insurance 3845 (73.56) 382 (45.58) 

Private Insurance 1293 (24.74) 451 (53.82) 

Race White 3723 (71.23) 566 (67.54) <.001 

Black 910 (17.41) 164 (19.57) 

Hispanic 207 (3.96) 47 (5.61) 

Asian 387 (7.4) 61 (7.28) 
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Table 29: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 2 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

5,227 

Reconstruction N (%) = 
838 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 811 (15.52) 236 (28.16) <.001 

Stage I 2001 (38.28) 351 (41.89) 

Stage II 1923 (36.79) 208 (24.82) 

Stage III 492 (9.41) 43 (5.13) 

Vital Status Dead 2101 (40.2) 129 (15.39) <.001 

Alive 3126 (59.8) 709 (84.61) 

Median Income 
Quartiles 2016-
2020 

< $46,277 1180 (22.58) 133 (15.87) <.001 

$46,227-$57,856 1304 (24.95) 156 (18.62) 

$57,857-$74,062 1241 (23.74) 189 (22.55) 

>= $74,063 1502 (28.74) 360 (42.96) 

Age by Strata 18 - 30 3 (0.06) 1 (0.12) <.001 

31 - 40 28 (0.54) 20 (2.39) 

41 - 50 185 (3.54) 97 (11.58) 

51 - 65 1581 (30.25) 425 (50.72) 

66 - 80 3430 (65.62) 295 (35.2) 

*  The parametric p-value is calculated by chi-square test. 
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Table 30: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 3 or Greater 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

2,317 

Reconstruction N (%) = 
229 

Parametric 
P-value* 

Facility Type Community Cancer 
Program 

174 (7.54) 7 (3.13) <.001 

Comprehensive 
Community Cancer 

Program 

1069 (46.32) 71 (31.7) 

Academic/Research 
Program 

601 (26.04) 93 (41.52) 

Integrated Network 
Cancer Program 

464 (20.1) 53 (23.66) 

Facility Location New England 79 (3.42) 14 (6.25) 0.006 

Middle Atlantic 258 (11.18) 41 (18.3) 

South Atlantic 501 (21.71) 35 (15.63) 

East North Central 474 (20.54) 48 (21.43) 

East South Central 196 (8.49) 12 (5.36) 

West North Central 223 (9.66) 22 (9.82) 

West South Central 209 (9.06) 18 (8.04) 

Mountain 62 (2.69) 9 (4.02) 

Pacific 306 (13.26) 25 (11.16) 

Insurance 

Status 
Not Insured 39 (1.68) 2 (0.87) <.001 

Government Insurance 1813 (78.25) 106 (46.29) 

Private Insurance 465 (20.07) 121 (52.84) 

Race White 1549 (66.85) 153 (66.81) 0.756 

Black 528 (22.79) 51 (22.27) 

Hispanic 90 (3.88) 12 (5.24) 

Asian 150 (6.47) 13 (5.68) 
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Table 30: Descriptive Statistics for Patients with a Charlson Comorbidity Score of 3 or Greater 

 Surgery Type  

 ___________________________  

Covariate Level Mastectomy 
only N (%) = 

2,317 

Reconstruction N (%) = 
229 

Parametric 
P-value* 

AJCC 7th Edition 
Cancer Stage 

Stage 0 308 (13.29) 60 (26.2) <.001 

Stage I 840 (36.25) 79 (34.5) 

Stage II 884 (38.15) 78 (34.06) 

Stage III 285 (12.3) 12 (5.24) 

Vital Status Dead 1137 (49.07) 34 (14.85) <.001 

Alive 1180 (50.93) 195 (85.15) 

Median Income 
Quartiles 2016-
2020 

< $46,277 558 (24.08) 39 (17.03) <.001 

$46,227-$57,856 632 (27.28) 45 (19.65) 

$57,857-$74,062 551 (23.78) 62 (27.07) 

>= $74,063 576 (24.86) 83 (36.24) 

Age by Strata 18 - 30 1 (0.04) 0 (0) <.001 

31 - 40 10 (0.43) 7 (3.06) 

41 - 50 70 (3.02) 33 (14.41) 

51 - 65 662 (28.57) 108 (47.16) 

66 - 80 1574 (67.93) 81 (35.37) 

*  The parametric p-value is calculated by chi-square test. 

 

Among patients with a comorbidity score of 0 (Table 27), a total of 139,977 patients were 

analyzed, including 93,037 (66.5%) who underwent mastectomy only and 46,940 (33.5%) who received 

breast reconstruction. A higher proportion of patients who underwent reconstruction were treated at 

academic/research programs (37.9%) compared to those in the mastectomy-only group (28.0%). 

Patients who underwent reconstruction were also more likely to be privately insured (78.8% vs 48.7%), 
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White (75.7% vs 72.3%), and reside in higher-income quartiles. Most reconstructed patients had stage I 

or II disease and were alive at the time of last follow-up. 

For patients with a comorbidity score of 1 (Table 28), 21,699 underwent mastectomy alone 

(78.1%) and 6,095 underwent reconstruction (21.9%). Similar patterns were observed with higher 

reconstruction rates among those treated at academic facilities and among privately insured, White, and 

higher-income individuals. The most common stages were stage I and II, and 90% of reconstruction 

patients were alive at last follow-up. 

Among those with a comorbidity score of 2 (Table 29), 5,227 underwent mastectomy only, while 

838 received reconstruction. The reconstruction group was more likely to be privately insured (53.8% vs 

24.7%) and reside in higher-income quartiles. Stage I and II disease were again the most common in this 

cohort, and patients undergoing reconstruction had higher survival rates at follow-up (84.6% vs 59.8%). 

In the highest comorbidity group (score ≥3; Table 30), only 229 patients underwent 

reconstruction, compared to 2,317 who received mastectomy alone. Reconstruction patients were more 

commonly treated at academic centers (41.5%), had private insurance (52.8%), and were more likely to 

be younger, with 47.2% aged 51–65 years. Most patients in the reconstruction group had stage I or II 

disease and a greater proportion were alive at follow-up (85.2% vs 50.9%).  
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Table 31: Adjusted Hazard Ratios for Overall Survival by Charlson Comorbidity Score 

 Months (OS) 

 ---------------------------------------
- 

Covariate Level N Hazard Ratio 
(95% CI) 

HR P-
value 

Surgery – Charlson Score 0 

 

Reconstruction 46940 0.45 (0.42-0.48) <.001 

Mastectomy only 93037 REF REF 

Surgery – Charlson Score 1 Reconstruction 6095 0.46 (0.39-0.53) <.001 

 Mastectomy only 21699 REF REF 

Surgery – Charlson Score 2 Reconstruction 838 0.44 (0.33-0.60) <.001 

 Mastectomy only 5227 REF REF 

Surgery – Charlson Score  3 Reconstruction 229 0.32 (0.23-0.45) <.001 

 Mastectomy only 2317 REF REF 

*  Number of observations in the original data set = 176382. Number of observations used = 174944. 

Score 0 included reconstruction, stage, income, race, insurance, and age as time-dependent 
covariates. Score 1 included reconstruction, stage, and insurance as time-dependent covariates. 
Score 2 included reconstruction, stage and age as time-dependent covariates. Score 3 included 
reconstruction and stage as a time-dependent covariates. 

 
Adjusted hazard ratios for overall survival were estimated separately for each comorbidity 

stratum (Table 31). Among patients with a Charlson-Deyo score of 0, those who underwent 

reconstruction had a significantly lower risk of death compared to those who received mastectomy 

alone, with an adjusted hazard ratio (HR) of 0.45 (95% CI: 0.42–0.48; p < .001). 

In patients with a comorbidity score of 1, reconstruction was similarly associated with improved 

survival (HR: 0.46; 95% CI: 0.39–0.53; p < .001). Among those with a score of 2, the adjusted hazard ratio 

was 0.44 (95% CI: 0.33–0.60; p < .001), and for patients with a score of 3 or greater, the hazard ratio 

remained significant at 0.32 (95% CI: 0.23–0.45; p < .001). 
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Discussion: 
 
Summary of Key Findings 

The primary objective of this study was to investigate the association between breast 

reconstruction and overall survival among patients undergoing mastectomy for breast cancer, using a 

large, nationally representative dataset from the National Cancer Database (NCDB). This retrospective 

cohort included 176,382 patients who underwent mastectomy or mastectomy with reconstruction 

between 2010 and 2017. The analysis demonstrated a significant survival benefit associated with breast 

reconstruction. In a multivariable Cox proportional hazards model adjusting for age, cancer stage, 

comorbidities, income, education, race, and insurance status, mastectomy with reconstruction was 

associated with a significantly lower hazard of mortality compared to mastectomy alone (adjusted HR = 

0.45; 95% CI: 0.42–0.48; p < 0.001), as shown in Table 11. This association was consistently observed 

across both unadjusted and adjusted Cox models and was additionally supported by the Kaplan-Meier 

curves, which demonstrated higher survival probabilities for the reconstruction group at both 12 and 60 

months. 

Interpretation of Primary Outcome: Mastectomy vs Mastectomy with Reconstruction 

The observed survival benefit in our study—reflected by an adjusted hazard ratio (aHR) of 0.45 

for patients undergoing breast reconstruction compared to mastectomy alone—aligns with multiple 

retrospective analyses using large population-based datasets. For example, a 2021 study from the 

University of California San Diego demonstrated a significant overall survival advantage for patients 

undergoing both implant-based and autologous reconstruction, reporting an aHR of 0.47 (95% CI, 0.25–

0.88) [13]. Similarly, Bezuhly et al. analyzed over 50,000 SEER database patients and found a breast 
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cancer-specific survival benefit in those undergoing immediate breast reconstruction, with hazard ratios 

ranging from 0.66 to 0.75 depending on age group [14]. Additional SEER-based studies from the 

University of Utah and Wu et al. further support this trend, with adjusted HRs of 0.73 [15] and 0.83 [18], 

respectively, in reconstructed patients. Even smaller European cohorts, such as the Swedish DIEP flap 

study, reported comparable effects (aHR = 0.44), suggesting that this association may extend beyond 

the U.S. healthcare context [16]. 

However, not all studies have found this association to be robust after multivariable adjustment. 

In the same 2023 SEER analysis by Wu et al., the survival benefit for autologous reconstruction was 

observed for overall survival (aHR = 0.83) but not for breast cancer-specific survival (aHR = 0.93, 95% CI: 

0.82–1.07), suggesting that observed benefits may stem from non-cancer-related factors [18]. Likewise, 

Xiong et al. initially reported improved unadjusted survival in reconstructed patients but found no 

statistically significant difference in either breast cancer-specific or overall survival after adjusting for 

key covariates [19]. Further complicating interpretation, a 2013 study from Fudan University 

demonstrated that the apparent survival benefit of reconstruction was primarily limited to patients from 

higher-income groups, implying that socioeconomic advantage—not the surgery itself—may be driving 

improved outcomes [21]. 

Although this study found a significant survival benefit associated with breast reconstruction 

after mastectomy (adjusted HR 0.45, 95% CI: 0.42–0.48), caution is warranted in interpreting this 

association as causal. A key limitation of retrospective analyses using administrative datasets like the 

NCDB is the inability to account for unmeasured confounders. For example, selection bias may play a 

substantial role—surgeons are more likely to offer reconstruction to patients who are younger, 

healthier, and have better functional status. Anecdotal observations from clinical settings reflect this; for 
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instance, patients with complex medical histories or decreased functional reserve are often excluded 

from reconstruction candidacy. Functional ability, while distinct from comorbidity burden, may provide 

critical complementary information in predicting both treatment selection and survival outcomes — yet 

it is not captured in the NCDB. 

Psychosocial factors may also contribute. It is plausible that patients who undergo 

reconstruction are more engaged in their care, have higher health literacy, and are more likely to attend 

follow-up visits and adhere to recommended therapies. [110] These patients may experience enhanced 

quality of life, which has itself been linked to improved survival. Indeed, a recent meta-analysis 

identified physical activity and psychosocial support interventions as some of the most effective 

strategies in improving overall survival among cancer patients (HR 0.50, 95% CI: 0.36–0.68). [111] 

A more systemic explanation for this association is disparities in access to care. Patients from 

resource-poor or rural regions may not have physical access to plastic surgeons or comprehensive 

cancer centers. For example, patients living far from their treatment facility may be less likely to pursue 

or even be offered reconstruction. [112] Access barriers—such as transportation limitations, limited 

reconstructive availability, and provider referral patterns—can result in treatment differences that 

reflect broader social inequities rather than clinical appropriateness. Prior studies have shown that the 

farther a patient is from their treatment center, the less likely they are to receive timely adjuvant 

therapy or complete prescribed care plans. [113] 

These unmeasured variables—functional status, psychosocial health, frequency of follow-up, 

and geographic access—are not captured in the NCDB and represent important sources of residual 

confounding. Their absence likely contributes to the observed survival difference and serves as a 

reminder the importance of interpreting findings from retrospective data with care. Future prospective 
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studies are necessary to better isolate the causal effect of reconstruction and to account for these 

harder-to-measure yet critically important determinants of health outcomes. 

Stratified Analyses 

Understanding the observed association between reconstruction and survival requires deeper 

examination of the clinical, demographic, and institutional characteristics of the study cohort. Among 

the 176,382 patients included, approximately 30.7% underwent breast reconstruction, while the 

remaining 69.3% received mastectomy alone (Table 3). Notably, reconstruction was more common 

among patients treated at Academic or Research Programs, where institutional capacity and access to 

reconstructive services may be greater. Conversely, patients treated at Comprehensive Community 

Cancer Programs—where nearly half of all mastectomy-only procedures occurred—had substantially 

lower rates of reconstruction. This institutional pattern reflects broader disparities in access to 

specialized surgical care (Tables 2 and 3). 

Significant geographic and sociodemographic variability further supports the hypothesis that 

systemic access issues influence surgical decision-making. For instance, patients residing in New England 

and the Middle Atlantic regions were more likely to undergo reconstruction, while those in the South 

Atlantic and East North Central regions had the highest surgery volumes but lower reconstruction 

proportions (Table 3). This disparity suggests that regional differences in infrastructure, referral 

networks, and surgeon availability likely shape both treatment options and outcomes. 

Patient-level characteristics also revealed marked disparities in surgical treatment patterns. 

White patients were more likely to undergo reconstruction than Black, Hispanic, or Asian patients (Table 

2), and privately insured individuals had the highest rates of reconstruction compared to those with 

government or no insurance (Table 3). Patients in the highest income quartile (≥$74,063) were 
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significantly more likely to receive reconstruction, while those in the lowest income quartile (<$46,277) 

overwhelmingly underwent mastectomy alone. Educational attainment followed a similar pattern, with 

higher reconstruction rates observed among patients from more educated regions (Table 3). These 

findings underscore how socioeconomic advantage is often intertwined with access to—and utilization 

of—reconstructive options. 

Importantly, several clinical variables associated with both treatment choice and survival were 

unequally distributed across groups. Older patients, particularly those aged 66–80, had the lowest 

reconstruction rates and the highest rates of mastectomy alone (Tables 2 and 3). Comorbidity burden, 

captured by the Charlson-Deyo score, also shaped surgical decisions: patients with a score of 0 made up 

the majority of those who underwent reconstruction, while patients with a score ≥3 were 

disproportionately represented in the mastectomy-only group (Table 3). These findings support the 

notion that reconstruction is often reserved for healthier patients—likely contributing to the observed 

survival benefit even after adjustment. 

When examined through the lens of survival outcomes, these patterns are further reinforced. 

Patients who underwent reconstruction exhibited a crude hazard ratio of 0.32 (95% CI: 0.31–0.33), 

which remained significant after adjustment (aHR = 0.45; Table 11). However, crude hazard ratios 

stratified by patient characteristics revealed substantial variation in baseline risk (Table 4). For example, 

younger patients (aged 18–30 and 31–40) had much lower hazards of mortality compared to the 

reference group (aged 66–80), and this younger population was also far more likely to receive 

reconstruction (Tables 2 and 3). Similarly, patients with Stage 0 or I disease had markedly lower hazard 

ratios compared to those with Stage III cancer—and they also had higher reconstruction rates (Tables 3 

and 4). These patterns indicate that many of the characteristics associated with favorable survival are 
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also associated with receiving reconstruction, reinforcing the potential influence of selection bias and 

residual confounding. 

Insurance status and income level were particularly strong predictors of both treatment and 

survival. Patients with private insurance had the highest likelihood of receiving reconstruction and the 

lowest hazard of mortality, while uninsured and government-insured patients were less likely to 

undergo reconstruction and more likely to experience adverse outcomes (Tables 3 and 4). For example, 

uninsured patients had a crude HR of 1.82 and government-insured patients an HR of 2.45, compared to 

privately insured individuals. Income stratification showed a similar trend, with patients in the lowest 

income quartile exhibiting a crude HR of 1.74, compared to the highest-income group (Table 4). These 

results suggest that socioeconomic vulnerability may compound both clinical risk and access to 

comprehensive cancer care, including reconstruction. 

Taken together, these findings emphasize the complex, multidimensional nature of the 

observed survival benefit associated with breast reconstruction. The interplay between patient 

demographics, socioeconomic factors, facility type, and clinical status likely drives both treatment 

selection and long-term outcomes. While multivariable modeling attempts to control for these 

confounders, residual bias almost certainly remains, particularly in retrospective datasets like the NCDB 

that lack detailed information on functional status, psychosocial health, and care engagement. 

Nonetheless, the consistency of the survival advantage across multiple subgroups suggests a persistent 

and potentially meaningful association that merits continued investigation. 

To further illustrate these patterns and provide a visual understanding of survival differences, a 

series of Kaplan-Meier (KM) survival analyses were conducted. These curves consistently demonstrated 

significant variation in overall survival across surgical, demographic, clinical, and socioeconomic strata. 
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As shown in Figure 8, patients who underwent reconstruction had a higher probability of survival over 

time compared to those who received mastectomy alone, with a statistically significant difference 

between the two groups (p < 0.0001). While this finding is consistent with the multivariable Cox model 

results, it is important to interpret the KM analysis descriptively, as it does not adjust for confounding 

factors. Nevertheless, the divergence in survival probabilities observed at both 12 and 60 months (Table 

5) adds a compelling visual complement to the primary survival analysis. 

Stratified KM curves also reinforced previously observed disparities. For instance, Figure 9 and 

Table 6 highlight substantial racial differences in survival outcomes, with Black patients experiencing the 

lowest survival probabilities over time and Asian patients consistently demonstrating the highest. These 

findings mirror the crude hazard ratios reported earlier and support the broader conclusion that racial 

disparities in cancer outcomes persist despite adjustments for observable covariates. 

Similarly, survival analyses by AJCC stage (Figure 10, Table 7) and Charlson-Deyo comorbidity 

score (Figure 11, Table 8) displayed predictable gradients, with earlier-stage disease and lower 

comorbidity burden associated with markedly improved survival. These results align with clinical 

expectations and reinforce the validity of the dataset and model structure. Patients with Stage 0 or 

Stage I disease and those with a Charlson-Deyo score of 0 demonstrated the most favorable 5-year 

survival rates, while those with Stage III disease or a Charlson-Deyo score ≥3 had substantially worse 

long-term outcomes. 

Socioeconomic stratification of the KM curves also revealed striking differences. Survival curves 

stratified by insurance status (Figure 12, Table 9) showed that patients with private insurance had the 

highest survival probabilities, while those with government insurance had the lowest. A similar pattern 

was observed in Figure 13 and Table 10, where income quartile was positively associated with survival. 
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These trends reinforce the previously discussed observation that access to care—likely shaped by both 

insurance coverage and financial resources—plays a critical role in shaping long-term survival. 

Although KM curves cannot account for the full range of confounders included in the 

multivariable models, they provide important supplementary evidence of the survival gradients 

associated with surgical treatment, demographic characteristics, and socioeconomic status. When 

interpreted alongside the adjusted Cox regression results, the consistency of these findings across 

methods enhances the robustness of the observed associations and underscores the structural 

inequalities that shape breast cancer outcomes in the United States. 

Sensitivity Analysis 

To further interrogate the robustness of the observed association between breast 

reconstruction and survival, stratified sensitivity analyses were conducted across cancer stage, age 

group, race/ethnicity, and comorbidity burden. These analyses, presented in Tables 12–31, were 

designed to assess whether the survival advantage associated with reconstruction persisted within 

clinically and demographically distinct subgroups. 

One particularly noteworthy finding emerged from the stratification by comorbidity burden. 

While it has often been posited that the survival benefit associated with reconstruction reflects 

selection bias, wherein surgeons preferentially offer reconstruction to healthier patients, our analysis 

complicates this explanation. Even within strata defined by Charlson-Deyo score, reconstruction was 

associated with a significantly lower hazard of mortality compared to mastectomy alone (Table 31). For 

example, patients with a score of 0 had an adjusted hazard ratio (HR) of 0.45 (95% CI: 0.42–0.48), and 

this benefit was maintained across increasing comorbidity levels, including those with a score of 3 or 

greater (HR = 0.32; 95% CI: 0.23–0.45). While patients undergoing reconstruction were more likely to be 
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treated at academic centers and have private insurance across all strata (Tables 27–30), the persistence 

of a survival benefit even in medically complex patients suggests that comorbidity burden alone does 

not fully account for the observed association. That said, other important variables—such as functional 

status, frailty, and patient motivation—are not captured in the NCDB and may still introduce residual 

confounding. 

Stratification by cancer stage also revealed a consistent survival benefit associated with 

reconstruction, though the magnitude of this association varied. As shown in Table 16, patients with 

Stage 0–II disease demonstrated a strong association, with the greatest relative benefit seen in Stage II 

(HR = 0.39; 95% CI: 0.35–0.43). Among patients with Stage III cancer, the benefit was attenuated but 

remained statistically significant (HR = 0.73; 95% CI: 0.68–0.79). This trend aligns with clinical 

expectations: earlier-stage patients may derive greater benefit due to lower disease burden and fewer 

competing risks, while more advanced-stage patients may face higher rates of recurrence, 

complications, or treatment-limiting comorbidities that could dilute the impact of reconstructive 

intervention on long-term outcomes. 

Age-stratified analysis revealed similarly consistent, though nuanced, results (Table 21). Across 

most age groups, reconstruction was associated with a statistically significant reduction in mortality. The 

association was particularly strong in the 31–65 year age range (HRs ranging from 0.47–0.50), but 

remained significant even among older patients aged 66–80 years (HR = 0.39; 95% CI: 0.35–0.44). 

Interestingly, the youngest age group (18–30 years) did not demonstrate a statistically significant 

survival difference (HR = 0.78; 95% CI: 0.56–1.07; p = 0.130), likely due to limited sample size and fewer 

observed events. Nonetheless, the overall trend reinforces the generalizability of the survival benefit 
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across age strata and may reflect more consistent healthcare engagement and fewer competing 

mortality risks among middle-aged patients. 

Stratification by race and ethnicity yielded similar conclusions (Table 26). The adjusted hazard 

ratio for reconstruction was remarkably consistent across racial and ethnic groups, ranging from 0.44 to 

0.46. This finding is particularly striking given the persistent disparities in reconstruction utilization 

documented across racial groups in Tables 22–25, suggesting that once access is achieved, 

reconstructive surgery confers a similar relative survival benefit regardless of race. However, access 

itself remains unequal—patients undergoing reconstruction were consistently more likely to be 

younger, privately insured, and treated at academic centers, highlighting the need to improve equity in 

surgical oncology. 

Taken together, these sensitivity analyses provide further support for the robustness of the 

association between reconstruction and survival. The consistency of benefit across stage, age, 

comorbidity, and racial/ethnic groups strengthens the case that this relationship is not merely an artifact 

of selection bias. At the same time, the limitations of the NCDB—particularly its lack of data on 

functional status, postoperative adherence, psychosocial support, and surveillance intensity—continue 

to challenge causal inference. Future prospective studies are needed to elucidate whether these 

unmeasured variables explain part—or all—of the observed survival advantage. Nonetheless, the 

findings underscore the importance of ensuring equitable access to reconstructive options for all 

appropriate candidates, particularly in underserved populations where disparities remain most 

pronounced. 

Racial and Socioeconomic Disparities in Reconstruction Rates 
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Our study highlights significant disparities in access to breast reconstruction related to race, 

insurance type, income, and education (Table 1). Patients undergoing breast reconstruction were 

disproportionately White, privately insured, and from higher-income and better-educated zip codes. 

Conversely, non-Hispanic Black, Hispanic, uninsured, and lower-income patients were underrepresented 

in the reconstructive cohort. These findings are consistent with prior research indicating persistent racial 

and socioeconomic inequities in breast reconstruction utilization. [101] 

Previous studies have similarly demonstrated that minority women—especially non-Hispanic 

Black and Hispanic patients—are significantly less likely to receive reconstruction following mastectomy 

compared to White patients, even when adjusting for clinical characteristics such as cancer stage and 

comorbidities. [101] Insurance disparities further compound this issue, with privately insured patients 

more frequently receiving reconstructive surgery than those with Medicaid or no insurance, despite 

federal policies mandating coverage under the Women’s Health and Cancer Rights Act (WHCRA). [112] 

Socioeconomic status also remains a crucial determinant, with lower-income and less-educated patients 

consistently having lower reconstruction rates, potentially due to decreased access to specialized 

reconstructive services, limited knowledge about reconstruction options, and provider biases or referral 

practices. [112] 

Future policy interventions should aim not only at ensuring insurance coverage but also at 

proactively reducing institutional barriers and improving healthcare access to achieve equitable 

reconstruction utilization and the associated long-term survival and quality-of-life benefits. 

Strengths and Limitations 

This study has several important strengths. First, we utilized the National Cancer Database 

(NCDB), a large, nationally representative dataset capturing approximately 70% of newly diagnosed 
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cancer cases in the United States. This extensive dataset allowed for robust statistical power, enhancing 

the generalizability and external validity of our findings. Additionally, we conducted detailed stratified 

and adjusted analyses, accounting for multiple demographic and clinical confounders such as age, 

cancer stage, race, socioeconomic status, and comorbidities. By employing a directed acyclic graph to 

identify and select confounders systematically, we minimized the risk of inappropriate adjustment and 

bias, ensuring more reliable hazard ratio estimates. 

However, our study also has several limitations inherent to its retrospective cohort design. 

Retrospective analyses are susceptible to selection bias and confounding, despite careful statistical 

adjustments. For instance, patients who undergo reconstruction might inherently differ from those 

choosing mastectomy alone in terms of baseline health status, social support, health literacy, or other 

unmeasured confounders, potentially biasing survival estimates towards reconstruction. Moreover, the 

NCDB does not differentiate between immediate and delayed reconstruction, which could introduce 

misclassification and limit our ability to assess nuanced survival outcomes associated with the timing of 

reconstruction. 

Additionally, important clinical data such as adjuvant therapies (chemotherapy, endocrine 

therapy, targeted treatments), tumor recurrence rates, and patient-reported outcomes like quality of 

life and psychological well-being were not available. These factors significantly influence survival and 

surgical decision-making, and their absence restricts our ability to fully interpret the observed survival 

benefits associated with breast reconstruction. Lastly, reliance on administrative coding introduces 

potential misclassification, particularly regarding procedural codes for surgery type or socioeconomic 

indicators, potentially affecting our analyses. Despite these limitations, the findings from this large-scale 
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national dataset provide valuable insights into surgical decision-making and survival outcomes in breast 

cancer management, highlighting important directions for future prospective studies. 

Clinical and Policy Implications 

Clinically, the observed survival benefit associated with breast reconstruction underscores the 

importance of discussing reconstruction as more than a cosmetic or psychological consideration. 

Surgeons and oncology teams should present reconstruction to eligible patients as potentially improving 

survival outcomes, reinforcing shared decision-making and empowering patients with comprehensive 

information. 

From a policy perspective, notable disparities observed in breast reconstruction rates highlight 

ongoing barriers to equitable healthcare access, despite existing legislation. These findings support 

initiatives aimed at reducing structural barriers, such as expanding insurance coverage for reconstructive 

procedures, enhancing reimbursement rates, and improving reconstructive surgery availability in 

underserved settings. Policy interventions focused on patient education, outreach, and improved 

referral pathways could further mitigate disparities in reconstruction uptake. 

Finally, given potential survival advantages associated with reconstruction, policymakers may 

consider allocating greater resources toward reconstructive surgery programs. Enhancing equitable 

access supports patient autonomy and potentially improves long-term health outcomes for diverse 

patient populations. 

Conclusion 

This study evaluated the association between breast reconstruction and overall survival 

following mastectomy for breast cancer, using data from over 176,000 patients in the National Cancer 
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Database. After adjusting for demographic, clinical, and socioeconomic covariates, breast reconstruction 

had remained associated with a significantly lower hazard of mortality (aHR = 0.45; 95% CI: 0.42–0.48), a 

finding that was evident across cancer stage, age group, comorbidity burden, and racial/ethnic 

subgroups. These findings contribute meaningfully to the literature by reinforcing the potential survival 

benefit of reconstruction, previously described in multiple population-based studies, and by 

demonstrating its consistency across clinically diverse patient populations. 

However, interpretation of this association demands caution. The observational nature of the 

study, along with limitations inherent to administrative datasets such as the NCDB, restricts causal 

inference. Unmeasured variables—such as functional status, psychosocial support, postoperative 

adherence, and proximity to care—likely contribute to both treatment selection and survival, and their 

absence introduces residual confounding. Notably, even within strata of comorbidity and disease stage, 

patients who underwent reconstruction were more often privately insured, treated at academic centers, 

and from higher-income regions. These patterns reflect entrenched disparities in healthcare access and 

delivery, rather than inherent differences in patient need or clinical appropriateness. 

Despite these limitations, the strength and consistency of the observed associations emphasize 

the importance of equitable access to reconstructive services. Racial and socioeconomic disparities in 

reconstruction utilization remain pronounced. Black, Hispanic, uninsured, and low-income patients were 

significantly less likely to receive reconstruction, despite demonstrating comparable survival benefit 

when access was achieved. These findings suggest that current policy measures such as the Women’s 

Health and Cancer Rights Act, while necessary, are insufficient to ensure equity. Structural barriers—

including geographic limitations, provider referral biases, and regional differences in surgical 

infrastructure—must be addressed through targeted interventions. 
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Ultimately, this study reinforces that breast reconstruction should not be viewed solely as a 

cosmetic or elective procedure. It may be associated with real differences in long-term survival, 

potentially mediated by improved follow-up, quality of life, and healthcare engagement. For patients 

undergoing mastectomy, reconstruction should be discussed not only as a means of restoring body 

image, but also as a component of holistic survivorship planning. Future prospective studies are 

essential to clarify causality and to identify the modifiable mediators that underlie this survival 

advantage. In the interim, efforts to expand access to reconstruction—especially in medically and 

socially underserved populations—should be prioritized as a matter of both clinical and ethical 

importance.  



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

142 

 

 
 

References 

1. Organization, W.H., Breast Cancer. 2024. 
2. Siegel, R.L., et al., Cancer statistics, 2025. CA Cancer J Clin, 2025. 75(1): p. 10-45. 
3. Ferlay J, E.M., Lam F, Laversanne M, Colombet M, Mery L, Piñeros M, Znaor A, Soerjomataram I, 

Bray F. Global Cancer Observatory: Cancer Today (version 1.1). 2024  [cited 2024; Available from: 
Available from: https://gco.iarc.who.int/today. 

4. Society, A.C., Cancer Facts & Figures 2024. 2024, American Cancer Society: Atlanta. 
5. Łukasiewicz, S., et al., Breast Cancer-Epidemiology, Risk Factors, Classification, Prognostic 

Markers, and Current Treatment Strategies-An Updated Review. Cancers (Basel), 2021. 13(17). 
6. Williams, D.R., S.A. Mohammed, and A.E. Shields, Understanding and effectively addressing 

breast cancer in African American women: Unpacking the social context. Cancer, 2016. 122(14): 
p. 2138-49. 

7. Dunn, B.K., et al., Health disparities in breast cancer: biology meets socioeconomic status. Breast 
Cancer Res Treat, 2010. 121(2): p. 281-92. 

8. Corradini, S., et al., Mastectomy or Breast-Conserving Therapy for Early Breast Cancer in Real-Life 
Clinical Practice: Outcome Comparison of 7565 Cases. Cancers (Basel), 2019. 11(2). 

9. Keelan, S., M. Flanagan, and A.D.K. Hill, Evolving Trends in Surgical Management of Breast 
Cancer: An Analysis of 30 Years of Practice Changing Papers. Front Oncol, 2021. 11: p. 622621. 

10. Roy, N., et al., The psychological impacts of post-mastectomy breast reconstruction: a systematic 
review. Ann Breast Surg, 2024. 8. 

11. Malekpour, M., F. Malekpour, and H.T. Wang, Breast reconstruction: Review of current 
autologous and implant-based techniques and long-term oncologic outcome. World J Clin Cases, 
2023. 11(10): p. 2201-2212. 

12. Wu, Z.Y., et al., Oncologic outcomes of immediate breast reconstruction in young women with 
breast cancer receiving neoadjuvant chemotherapy. Breast Cancer Res Treat, 2022. 191(2): p. 
345-354. 

13. Baker, J.L., et al., Postmastectomy reconstruction is associated with improved survival in patients 
with invasive breast cancer: a single-institution study. Am Surg, 2013. 79(10): p. 977-81. 

14. Bezuhly, M., et al., Immediate postmastectomy reconstruction is associated with improved breast 
cancer-specific survival: evidence and new challenges from the Surveillance, Epidemiology, and 
End Results database. Cancer, 2009. 115(20): p. 4648-54. 

15. Agarwal, J., et al., A population-based study of breast cancer-specific survival following 
mastectomy and immediate or early-delayed breast reconstruction. Breast J, 2012. 18(3): p. 226-
32. 

16. Svee, A., et al., Survival and risk of breast cancer recurrence after breast reconstruction with deep 
inferior epigastric perforator flap. Br J Surg, 2018. 105(11): p. 1446-1453. 

17. J, L.S., et al., Survival Differences in Women with and without Autologous Breast Reconstruction 
after Mastectomy for Breast Cancer. Plast Reconstr Surg Glob Open, 2017. 5(4): p. e1281. 

https://gco.iarc.who.int/today


Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

143 

 

18. Wu, S., et al., Survival outcomes of autologous breast reconstruction after mastectomy: A 
matched case-control study. Front Oncol, 2022. 12: p. 1022925. 

19. Xiong, M., et al., Breast Reconstruction Does Not Affect the Survival of Patients with Breast 
Cancer Located in the Central and Nipple Portion: A Surveillance, Epidemiology, and End Results 
Database Analysis. Front Surg, 2022. 9: p. 855999. 

20. Wu, S.G., et al., Comparison of survival outcomes of locally advanced breast cancer patients 
receiving post-mastectomy radiotherapy with and without immediate breast reconstruction: a 
population-based analysis. Cancer Manag Res, 2018. 10: p. 1993-2002. 

21. Jiang, Y.Z., et al., Immediate postmastectomy breast reconstruction showed limited advantage in 
patient survival after stratifying by family income. PLoS One, 2013. 8(12): p. e82807. 

22. Shippee, T.P., et al., Health insurance coverage and racial disparities in breast reconstruction 
after mastectomy. Womens Health Issues, 2014. 24(3): p. e261-9. 

23. Wilkinson, L. and T. Gathani, Understanding breast cancer as a global health concern. Br J Radiol, 
2022. 95(1130): p. 20211033. 

24. Society, A.C., Cancer Facts & Figures 2025. 2025. 
25. Jatoi, I., H. Sung, and A. Jemal, The Emergence of the Racial Disparity in U.S. Breast-Cancer 

Mortality. New England Journal of Medicine, 2022. 386(25): p. 2349-2352. 
26. Yedjou, C.G., et al., Health and Racial Disparity in Breast Cancer. Adv Exp Med Biol, 2019. 1152: 

p. 31-49. 
27. Feuer, E.J., et al., The lifetime risk of developing breast cancer. J Natl Cancer Inst, 1993. 85(11): p. 

892-7. 
28. Liu, L., et al., Correlation between family history and characteristics of breast cancer. Sci Rep, 

2021. 11(1): p. 6360. 
29. Petrucelli, N., M.B. Daly, and T. Pal, BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian 

Cancer, in GeneReviews(®), M.P. Adam, et al., Editors. 1993, University of Washington, Seattle 
Copyright © 1993-2025, University of Washington, Seattle. GeneReviews is a registered trademark of the 

University of Washington, Seattle. All rights reserved.: Seattle (WA). 
30. Pal, M., D. Das, and M. Pandey, Understanding genetic variations associated with familial breast 

cancer. World J Surg Oncol, 2024. 22(1): p. 271. 
31. Menarche, menopause, and breast cancer risk: individual participant meta-analysis, including 

118 964 women with breast cancer from 117 epidemiological studies. Lancet Oncol, 2012. 
13(11): p. 1141-51. 

32. Mohanty, S.S. and P.K. Mohanty, Obesity as potential breast cancer risk factor for 
postmenopausal women. Genes Dis, 2021. 8(2): p. 117-123. 

33. Ramos-Nino, M.E., The role of chronic inflammation in obesity-associated cancers. ISRN Oncol, 
2013. 2013: p. 697521. 

34. Chen, C.-L., et al., Hormone Replacement Therapy in Relation to Breast Cancer. JAMA, 2002. 
287(6): p. 734-741. 

35. Mørch, L.S., et al., Contemporary Hormonal Contraception and the Risk of Breast Cancer. New 
England Journal of Medicine, 2017. 377(23): p. 2228-2239. 

36. Singletary, K.W. and S.M. Gapstur, Alcohol and breast cancer: review of epidemiologic and 
experimental evidence and potential mechanisms. Jama, 2001. 286(17): p. 2143-51. 



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

144 

 

37. Terry, M.B., et al., Lifetime alcohol intake and breast cancer risk. Ann Epidemiol, 2006. 16(3): p. 
230-40. 

38. Smith-Warner, S.A., et al., Alcohol and breast cancer in women: a pooled analysis of cohort 
studies. Jama, 1998. 279(7): p. 535-40. 

39. Chen, W.Y., et al., Moderate Alcohol Consumption During Adult Life, Drinking Patterns, and Breast 
Cancer Risk. JAMA, 2011. 306(17): p. 1884-1890. 

40. Ratna, A. and P. Mandrekar, Alcohol and Cancer: Mechanisms and Therapies. Biomolecules, 
2017. 7(3). 

41. Kerr, J., C. Anderson, and S.M. Lippman, Physical activity, sedentary behaviour, diet, and cancer: 
an update and emerging new evidence. Lancet Oncol, 2017. 18(8): p. e457-e471. 

42. Lattimer, J.M. and M.D. Haub, Effects of dietary fiber and its components on metabolic health. 
Nutrients, 2010. 2(12): p. 1266-89. 

43. Calaf, G.M., et al., Endocrine disruptors from the environment affecting breast cancer. Oncol Lett, 
2020. 20(1): p. 19-32. 

44. Huppert, L.A., et al., Systemic therapy for hormone receptor-positive/human epidermal growth 
factor receptor 2-negative early stage and metastatic breast cancer. CA: A Cancer Journal for 
Clinicians, 2023. 73(5): p. 480-515. 

45. Osborne, C.K. and R. Schiff, Mechanisms of endocrine resistance in breast cancer. Annu Rev Med, 
2011. 62: p. 233-47. 

46. de Melo Gagliato, D., et al., CDK4/6 Inhibitors in Hormone Receptor-Positive Metastatic Breast 
Cancer: Current Practice and Knowledge. Cancers (Basel), 2020. 12(9). 

47. Orrantia-Borunda, E., et al., Subtypes of Breast Cancer, in Breast Cancer, H.N. Mayrovitz, Editor. 
2022, Exon Publications 

Copyright: The Authors.; The authors confirm that the materials included in this chapter do not violate 
copyright laws. Where relevant, appropriate permissions have been obtained from the original 
copyright holder(s), and all original sources have been appropriately acknowledged or 
referenced.: Brisbane (AU). 

48. Swain, S.M., et al., Pertuzumab, Trastuzumab, and Docetaxel in HER2-Positive Metastatic Breast 
Cancer. New England Journal of Medicine, 2015. 372(8): p. 724-734. 

49. Swain, S.M., M. Shastry, and E. Hamilton, Targeting HER2-positive breast cancer: advances and 
future directions. Nat Rev Drug Discov, 2023. 22(2): p. 101-126. 

50. Bauer, K.R., et al., Descriptive analysis of estrogen receptor (ER)-negative, progesterone receptor 
(PR)-negative, and HER2-negative invasive breast cancer, the so-called triple-negative 
phenotype. Cancer, 2007. 109(9): p. 1721-1728. 

51. Yin, L., et al., Triple-negative breast cancer molecular subtyping and treatment progress. Breast 
Cancer Research, 2020. 22(1): p. 61. 

52. Cortes, J., et al., Pembrolizumab plus chemotherapy versus placebo plus chemotherapy for 
previously untreated locally recurrent inoperable or metastatic triple-negative breast cancer 
(KEYNOTE-355): a randomised, placebo-controlled, double-blind, phase 3 clinical trial. Lancet, 
2020. 396(10265): p. 1817-1828. 

53. Obidiro, O., G. Battogtokh, and E.O. Akala, Triple Negative Breast Cancer Treatment Options and 
Limitations: Future Outlook. Pharmaceutics, 2023. 15(7). 



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

145 

 

54. Sledge, G.W., et al., Past, present, and future challenges in breast cancer treatment. J Clin Oncol, 
2014. 32(19): p. 1979-86. 

55. Kummerow, K.L., et al., Nationwide trends in mastectomy for early-stage breast cancer. JAMA 
Surg, 2015. 150(1): p. 9-16. 

56. Czajka, M.L. and C. Pfeifer, Breast Cancer Surgery, in StatPearls. 2025, StatPearls Publishing 
Copyright © 2025, StatPearls Publishing LLC.: Treasure Island (FL). 
57. Christian, M.C., et al., The National Cancer Institute audit of the National Surgical Adjuvant 

Breast and Bowel Project Protocol B-06. N Engl J Med, 1995. 333(22): p. 1469-74. 
58. Goethals, A., G. Menon, and J. Rose, Mastectomy, in StatPearls. 2025, StatPearls Publishing 
Copyright © 2025, StatPearls Publishing LLC.: Treasure Island (FL). 
59. Didier, F., et al., Does nipple preservation in mastectomy improve satisfaction with cosmetic 

results, psychological adjustment, body image and sexuality? Breast Cancer Res Treat, 2009. 
118(3): p. 623-33. 

60. Volders, J.H., et al., Breast-conserving surgery following neoadjuvant therapy-a systematic review 
on surgical outcomes. Breast Cancer Res Treat, 2018. 168(1): p. 1-12. 

61. Anders, C. and L.A. Carey, Understanding and treating triple-negative breast cancer. Oncology 
(Williston Park), 2008. 22(11): p. 1233-9; discussion 1239-40, 1243. 

62. Chavez-MacGregor, M., et al., Delayed Initiation of Adjuvant Chemotherapy Among Patients With 
Breast Cancer. JAMA Oncol, 2016. 2(3): p. 322-9. 

63. Bou Zerdan, M., et al., Genomic Assays in Node Positive Breast Cancer Patients: A Review. Front 
Oncol, 2020. 10: p. 609100. 

64. von Minckwitz, G., et al., Neoadjuvant carboplatin in patients with triple-negative and HER2-
positive early breast cancer (GeparSixto; GBG 66): a randomised phase 2 trial. Lancet Oncol, 
2014. 15(7): p. 747-56. 

65. Overgaard, M., et al., Postoperative radiotherapy in high-risk premenopausal women with breast 
cancer who receive adjuvant chemotherapy. Danish Breast Cancer Cooperative Group 82b Trial. 
N Engl J Med, 1997. 337(14): p. 949-55. 

66. Remick, J. and N.P. Amin, Postmastectomy Breast Cancer Radiation Therapy, in StatPearls. 2025, 
StatPearls Publishing 

Copyright © 2025, StatPearls Publishing LLC.: Treasure Island (FL). 
67. Hong, T.S., et al., Intensity-modulated radiation therapy: emerging cancer treatment technology. 

Br J Cancer, 2005. 92(10): p. 1819-24. 
68. Bui, K.T., et al., Ovarian suppression for adjuvant treatment of hormone receptor-positive early 

breast cancer. Cochrane Database Syst Rev, 2020. 3(3): p. Cd013538. 
69. Gnant, M., et al., Duration of Adjuvant Aromatase-Inhibitor Therapy in Postmenopausal Breast 

Cancer. New England Journal of Medicine, 2021. 385(5): p. 395-405. 
70. Mercogliano, M.F., et al., Emerging Targeted Therapies for HER2-Positive Breast Cancer. Cancers 

(Basel), 2023. 15(7). 
71. Zhu, K., et al., HER2-targeted therapies in cancer: a systematic review. Biomarker Research, 2024. 

12(1): p. 16. 
72. Amin, M.B., et al., The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge 

from a population-based to a more "personalized" approach to cancer staging. CA Cancer J Clin, 
2017. 67(2): p. 93-99. 



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

146 

 

73. Korde, L.A., et al., Neoadjuvant Chemotherapy, Endocrine Therapy, and Targeted Therapy for 
Breast Cancer: ASCO Guideline. Journal of Clinical Oncology, 2021. 39(13): p. 1485-1505. 

74. Fisher, B., et al., Twenty-Year Follow-up of a Randomized Trial Comparing Total Mastectomy, 
Lumpectomy, and Lumpectomy plus Irradiation for the Treatment of Invasive Breast Cancer. New 
England Journal of Medicine, 2002. 347(16): p. 1233-1241. 

75. Jones, C. and R. Lancaster, Evolution of Operative Technique for Mastectomy. Surg Clin North Am, 
2018. 98(4): p. 835-844. 

76. Ghossain, A. and M.A. Ghossain, History of mastectomy before and after Halsted. J Med Liban, 
2009. 57(2): p. 65-71. 

77. Berhili, S., et al., Radical Mastectomy Increases Psychological Distress in Young Breast Cancer 
Patients: Results of A Cross-sectional Study. Clin Breast Cancer, 2019. 19(1): p. e160-e165. 

78. Kärki, A., et al., Impairments, activity limitations and participation restrictions 6 and 12 months 
after breast cancer operation. J Rehabil Med, 2005. 37(3): p. 180-8. 

79. Plesca, M., et al., Evolution of radical mastectomy for breast cancer. J Med Life, 2016. 9(2): p. 
183-6. 

80. Aristokleous, I. and M. Saddiq, Quality of life after oncoplastic breast-conserving surgery: a 
systematic review. ANZ J Surg, 2019. 89(6): p. 639-646. 

81. Bazzarelli, A., et al., Patient Satisfaction Following Level II Oncoplastic Breast Surgery: A 
Comparison with Mastectomy Utililizing the Breast-Q Questionnaire will be published in Surgical 
Oncology. Surg Oncol, 2020. 35: p. 556-559. 

82. Caccia, D., et al., Quality of Life after Invasive or Breast-Conserving Surgery for Breast Cancer. 
Breast J, 2017. 23(2): p. 240-242. 

83. Sun, Y., et al., Comparison of Quality of Life Based on Surgical Technique in Patients with Breast 
Cancer. Japanese Journal of Clinical Oncology, 2013. 44(1): p. 22-27. 

84. Albornoz, C.R., et al., A paradigm shift in U.S. Breast reconstruction: increasing implant rates. 
Plast Reconstr Surg, 2013. 131(1): p. 15-23. 

85. Potter, S., et al., Short-term safety outcomes of mastectomy and immediate implant-based breast 
reconstruction with and without mesh (iBRA): a multicentre, prospective cohort study. Lancet 
Oncol, 2019. 20(2): p. 254-266. 

86. Bellini, E., et al., Two-Stage Tissue-Expander Breast Reconstruction: A Focus on the Surgical 
Technique. Biomed Res Int, 2017. 2017: p. 1791546. 

87. Wan, D. and R.J. Rohrich, Revisiting the Management of Capsular Contracture in Breast 
Augmentation: A Systematic Review. Plast Reconstr Surg, 2016. 137(3): p. 826-841. 

88. Song, Y., et al., A review of different breast reconstruction methods. Am J Transl Res, 2023. 15(6): 
p. 3846-3855. 

89. Nahabedian, M.Y., The deep inferior epigastric perforator flap: where we started and where we 
are now. Gland Surg, 2023. 12(5): p. 696-703. 

90. Damen, T.H., et al., Improving outcomes in microsurgical breast reconstruction: lessons learnt 
from 406 consecutive DIEP/TRAM flaps performed by a single surgeon. J Plast Reconstr Aesthet 
Surg, 2013. 66(8): p. 1032-8. 

91. Sood, R., et al., Latissimus Dorsi Flap in Breast Reconstruction: Recent Innovations in the 
Workhorse Flap. Cancer Control, 2018. 25(1): p. 1073274817744638. 



Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

147 

 

92. Sousa, H., et al., A systematic review of factors affecting quality of life after postmastectomy 
breast reconstruction in women with breast cancer. Psychooncology, 2019. 28(11): p. 2107-2118. 

93. Agarwal, S., et al., Effect of breast conservation therapy vs mastectomy on disease-specific 
survival for early-stage breast cancer. JAMA Surg, 2014. 149(3): p. 267-74. 

94. Ji, J., et al., Breast-conserving therapy is associated with better survival than mastectomy in 
Early-stage breast cancer: A propensity score analysis. Cancer Med, 2022. 11(7): p. 1646-1658. 

95. Almahariq, M.F., et al., Breast conserving therapy is associated with improved overall survival 
compared to mastectomy in early-stage, lymph node-negative breast cancer. Radiother Oncol, 
2020. 142: p. 186-194. 

96. Yu, P., et al., Breast-Conserving Therapy Versus Mastectomy in Young Breast Cancer Patients 
Concerning Molecular Subtypes: A SEER Population-Based Study. Cancer Control, 2020. 27(1): p. 
1073274820976667. 

97. Zeidan, Y.H., et al., Postmastectomy Radiation Therapy in Women with T1-T2 Tumors and 1 to 3 
Positive Lymph Nodes: Analysis of the Breast International Group 02-98 Trial. Int J Radiat Oncol 
Biol Phys, 2018. 101(2): p. 316-324. 

98. Heemskerk-Gerritsen, B.A., et al., Prophylactic mastectomy in BRCA1/2 mutation carriers and 
women at risk of hereditary breast cancer: long-term experiences at the Rotterdam Family 
Cancer Clinic. Ann Surg Oncol, 2007. 14(12): p. 3335-44. 

99. Soni, S.E., M.C. Lee, and C.K. Gwede, Disparities in Use and Access to Postmastectomy Breast 
Reconstruction Among African American Women: A Targeted Review of the Literature. Cancer 
Control, 2017. 24(4): p. 1073274817729053. 

100. Restrepo, D.J., et al., Influence of Race, Income, Insurance, and Education on the Rate of Breast 
Reconstruction. Anticancer Res, 2019. 39(6): p. 2969-2973. 

101. Danko, D., et al., Influencers of Immediate Postmastectomy Reconstruction: A National Cancer 
Database Analysis. Aesthet Surg J, 2022. 42(5): p. Np297-np311. 

102. Sergesketter, A.R., et al., Decline in Racial Disparities in Postmastectomy Breast Reconstruction: A 
Surveillance, Epidemiology, and End Results Analysis from 1998 to 2014. Plast Reconstr Surg, 
2019. 143(6): p. 1560-1570. 

103. Sharma, K., et al., Race and Breast Cancer Reconstruction: Is There a Health Care Disparity? Plast 
Reconstr Surg, 2016. 138(2): p. 354-361. 

104. Stankowski, T.J., et al., Barriers to breast reconstruction for socioeconomically disadvantaged 
women. Breast Cancer Res Treat, 2022. 195(3): p. 413-419. 

105. Boffa, D.J., et al., Using the National Cancer Database for Outcomes Research: A Review. JAMA 
Oncol, 2017. 3(12): p. 1722-1728. 

106. Society, A.C.o.S.C.o.C.a.A.C., National Cancer Database Participant User File: 2020 Data 
Dictionary. 

107. Winchester, D.P., et al., The national cancer data base: past, present, and future. Ann Surg Oncol, 
2010. 17(1): p. 4-7. 

108. Institute, N.C. Considerations for using comorbidity indices with SEER-Medicare data. Healthcare 
Delivery Research Program 

 19 Apr, 2024  [cited 2025 April 16]; Available from: 
https://healthcaredelivery.cancer.gov/seermedicare/considerations/comorbidity.html. 

https://healthcaredelivery.cancer.gov/seermedicare/considerations/comorbidity.html


Omar Jean-Baptiste 

MSCR Graduation Thesis: Overall Survival in Breast Reconstruction: An Analysis of the 

National Cancer Database 

 

 

 

 

 

148 

 

109. Liu, Y., et al., Carrying out streamlined routine data analyses with reports for observational 
studies: introduction to a series of generic SAS (®) macros. F1000Res, 2018. 7: p. 1955. 

110. Miller, T.A., Health literacy and adherence to medical treatment in chronic and acute illness: A 
meta-analysis. Patient Educ Couns, 2016. 99(7): p. 1079-1086. 

111. Yeganeh, L., et al., The effects of lifestyle and behavioural interventions on cancer recurrence, 
overall survival and quality of life in breast cancer survivors: A systematic review and network 
meta-analysis. Maturitas, 2024. 185: p. 107977. 

112. Roughton, M.C., et al., Distance to a Plastic Surgeon and Type of Insurance Plan Are 
Independently Predictive of Postmastectomy Breast Reconstruction. Plast Reconstr Surg, 2016. 
138(2): p. 203e-211e. 

113. Kelly, C., et al., Are differences in travel time or distance to healthcare for adults in global north 
countries associated with an impact on health outcomes? A systematic review. BMJ Open, 2016. 
6(11): p. e013059. 

 


	By
	Omar Jean-Baptiste
	Master of Science
	Advisor
	Advisor
	Committee Member
	Committee Member
	Introduction
	Background
	Thesis Specific Aim & Hypotheses

