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Abstract

Background: Breast cancer incidence in women age ≥70 is steadily increasing and many are 

choosing to undergo post-mastectomy breast reconstruction (PMBR). We aimed to identify factors 

associated with PMBR, describe reconstruction types, and assess post-operative mortality and re-

admission rates in women ≥70.

Methods: The NCDB was examined between 2004-2015 for women age ≥70 with breast cancer 

who underwent mastectomy. Statistical analysis was performed by chi-squared tests and 

multivariate logistic regression to select the best models for predicting PMBR and if patients 

underwent contralateral prophylactic mastectomy (CPM) with reconstruction.

Results: 73,973 patients met inclusion criteria and 4,552 (6.1%) underwent PMBR, of which 

25% had a CPM. 48% had implant reconstruction, 36.2% underwent autologous reconstruction, 

and 15.1% received combination reconstruction. PMBR was more likely to be performed in 

patients who were White, lower comorbidities, treated in the Northeast in metropolitan areas, and 

with lower tumor stage (p<0.001). CPM was more likely to be performed in patients who were 

White, treated in community hospitals in the South and West in rural areas. (p<0.05). While 30-

day readmission rates were higher in PMBR patients (3.5% vs 2.8%, p<0.001), 30 and 90-day 

mortality rates were lower: 0.03 and 0.2% vs 0.3 and 0.9% (p<0.001).
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Conclusion.—While it is understandable that intrinsic tumor characteristics influence the role of 

PMBR, further research and interventions should be aimed to eliminate the differences that are 

seen in patient race and geographic location. Readmission and post-op mortality rates are overall 

low and comparable to that of younger patients.

Article Summary:

This NCDB analysis describes rates of post-mastectomy breast reconstruction (PMBR) in women 

age ≥70. The importance of this report is that both patient demographic and tumor-related factors 

are associated with PMBR and most patients undergo unilateral, implant-based reconstruction with 

overall low post-operative readmission and mortality rates.

Introduction:

Breast cancer is the most commonly diagnosed cancer in older female patients, with one in 

every three new breast cancer diagnoses being made in women ≥70 years of age. Women in 

their eighth decade of life have the highest age-specific incidence of breast cancer when 

compared to all other age groups.1 While patients in this age group are more likely to 

undergo breast conserving surgery when compared to younger cohorts, an increasing 

proportion of those undergoing mastectomy are choosing to undergo post-mastectomy breast 

reconstruction (PMBR).2

In recent years, societal guidelines and randomized-controlled trials have formally defined 

the ‘older age demographic’ as age ≥70, and therefore, this patient demographic has been 

used as the cutoff point for de-escalation of treatment in early favorable breast cancers.3-5 

Evaluation of satisfaction and quality of life after PMBR in women ≥70 years of age have 

previously been demonstrated to be quite favorable and even higher scores than younger 

patients.6 A single institution survey-study reported that in patients ≥70 who underwent 

PMBR, 88.5% reported they would choose to undergo reconstruction again if they were to 

face a similar situation in the future.7 While novel techniques have been developed to 

reconstruct the breast after mastectomy, conventional implant and autologous-based 

reconstruction remain the most commonly used methods.8

Previous analyses have found several factors that influence whether patients undergo PMBR. 

These include patient race, age, tumor stage and size, preoperative comorbidities, use of 

adjuvant radiation therapy, year at diagnosis, geographic location, and hospital facility type.
2,9-11 However, despite the unique de-escalation opportunities that exist in women ≥70 with 

breast cancer, rates of mastectomy and PMBR continue to be elevated in older adults and 

there is insufficient data on PMBR within this age group.2 By using the American College of 

Surgeon’s National Cancer Database (NCDB), we aimed to analyze which factors are 

associated with PMBR in women ≥70, describe the types of reconstruction patients receive, 

and describe patient post-operative readmission and mortality rates.

Materials and Methods:

The NCDB participant user file (PUF) was queried for all patients age 70 and older with a 

primary breast malignancy without metastatic disease, including those with ductal 
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carcinoma in situ (DCIS), from the years 2004 to 2015. The NCDB is a national, hospital-

based cancer database administered by the Commission on Cancer of the American College 

of Surgeons and the American Cancer Society. The database records approximately 70% of 

all cancer cases in the United States and provides information on patient demographics, 

cancer staging, and treatment(s). NCDB data is compliant with the privacy requirements of 

the Health Insurance Portability and Accountability Act (HIPAA). Geographic treatment 

location within the NCDB PUF is defined by United States Census divisions. Patients who 

were male, underwent breast conserving surgery or had missing surgical data, had T4 tumors 

or Stage 4 disease, or unknown tumor laterality (unknown if tumor(s) were bilateral or 

unilateral) were excluded given that these variables may influence the decision for PMBR.

Chi-squared tests were used to evaluate univariate analysis and then further tested for 

significance by multivariate logistic regression in conjunction with Akaike information 

criterion (AIC) to select the best models for predicting PMBR, unilateral or CPM, and type 

of reconstruction. Statistical significance was determined at p=0.05 prior to statistical 

analysis. P-values were adjusted appropriately given the large number of variables on 

multivariate analysis and Bonferroni correction was used to assure that values remained 

significant. Prior to data analysis, this study was reviewed by our Institutional Review Board 

office and determined exempt from formal committee review.

Results:

The initial inquiry of the dataset of women ≥70 years of age revealed 274,724 individuals, of 

which 73,973 met inclusion criteria. The majority (93.8%) of the cohort did not undergo 

PMBR while 4,552 (6.2%) did undergo PMBR (Figure 1). In those who underwent PMBR, 

74% had unilateral surgery and 26% received a CPM (Figure 2a). Details on type of 

reconstruction were available for 3,732 PMBR patients (82%) which revealed 48.7% (1,817) 

had implant-based reconstruction, 36.2% (1,350) had tissue-based reconstruction, and 15.1% 

(565) had combination-based reconstruction (Figure 2b).

Clinical and demographic data of the cohort are listed in Table 1. PMBR rates were 

separated before and after the year 2009 given that 2009 served as the midpoint timeframe 

within this data series and because there was highly publicized media coverage on 

celebrities undergoing PMBR in the year 2008.2,12 Most patients were treated at a 

comprehensive community cancer program (CCC) (53.2%), were treated in the Northeast 

(39.5%), were age 70-74 (36.2%), were White (86.5%), had government-issued insurance 

(88.2%), were treated in a metropolitan area (82.1%), had a Charlson-Deyo-score of 0 

(73.7%), and were treated prior to the year 2009 (51.1%). The majority of tumors were 

unilateral (99.9%), grade 2 (42.6%), invasive (88.9%), estrogen-receptor (ER) (76.5%) and 

progesterone receptor (PR) (63.6%) positive, Stage 2 (40.0%), and did not have nodal 

involvement (60.0%). Most patients did not receive systemic chemotherapy (75.8%) or 

radiation therapy (83.0%).

PMBR:

Univariate analysis revealed that all variables were statistically significant when examining 

those patients who underwent PMBR compared to those that did not undergo PMBR, with 
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the single exception of tumor laterality (bilateral versus unilateral tumors) (Table 2). 

Regarding laterality, there was only one patient who had bilateral disease who underwent 

PMBR. Overall 30-day readmission rate was 2.7% and was higher for those patients that 

underwent PMBR (3.4%) compared to those that did not (2.7%) (p<0.001). 30 and 90-day 

morality rates were low at 0.03% and 0.2%, respectively. Those patients who did not 

undergo PMBR had higher 30-day mortality rate (0.3% vs 0.03%) and a 90-day mortality 

rate (0.9% vs 0.2%), compared to those who had PMBR (p<0.001).

Multivariate logistic regression analysis revealed that patients treated at non-community 

hospital sites were more likely to undergo PMBR (p<0.001), with patients treated at an 

academic center most commonly receiving PMBR, with an odds ratio (OR) of 2.61 (95% CI 

2.22 – 3.08) (Table 3 and Figure 3). Differences were also seen in facility location, with 

patients treated in the Northeast more likely to undergo PMBR (p<0.001), as well as those in 

metropolitan areas (p<0.001). As patient age increased, the likelihood of PMBR 

simultaneously decreased. Women ≥75 years of age were half as likely to undergo 

reconstruction compared with those 70-75 (p<0.001). Black patients were half as likely to 

undergo reconstruction compared to White patients, with an OR of 0.56 (95% CI 0.48 – 

0.65; p<0.001). Increasing Charlson-Deyo-Score demonstrated a lower likelihood to receive 

PMBR (p<0.001), as did those with non-private insurance (p<0.001). Women diagnosed 

during the year 2009 and after were twice as likely to undergo PMBR, compared to those 

diagnosed prior to 2009 (OR 2.15, 95% CI 1.98 – 2.33; p<0.001). Tumor characteristics 

were also influential, with patients with both increasing tumor grade and stage both linked to 

a decrease in the rates of receiving PMBR (p<0.001).

Unilateral vs CPM with reconstruction:

Univariate analysis revealed several significant variables in who received a CPM with 

reconstruction (Table 2). Furthermore, multivariate analysis demonstrated that patients in the 

South (OR 1.7, 95% CI 1.3 - 2.1, p <0.001) and Western (OR 1.6, 95% CI 1.2 – 2.0, 

p<0.001) US were more likely to undergo bilateral reconstruction compared to those in other 

parts of the country (Table 4). Patients treated in rural areas were more likely to undergo 

bilateral reconstruction compared to those in metropolitan or urban areas (OR 2.0, 95% CI 

1.01 – 3.8, p=0.41). As patient age increased, the odds of undergoing bilateral reconstruction 

decreased. White patients were more likely to receive bilateral reconstruction compared to 

Black patients (OR 0.5, 95% CI 0.3-0.7, p<0.001) and other races (OR 0.5, 95% CI 0.3-0.9, 

p=0.023). Patients diagnosed after 2009 were more likely to receive bilateral reconstruction 

(OR 1.7, 95% CI 1.4 – 2.0, p<0.001). Patients with tumors larger than 5cm were less likely 

to undergo bilateral reconstruction compared to those with smaller tumors (OR 0.5, 95% CI 

0.3 – 0.8, p=0.002). Neither tumor stage nor receiving local radiation therapy remained 

significant on multivariate analysis. Thirty-day readmission rates were higher for those 

patients who underwent a CPM with reconstruction compared to those with unilateral 

reconstruction (5.1% vs 3.0%, p <0.001). There was no statistical difference in 30 or 90-day 

mortality between the two groups.
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Type of Reconstruction:

Nearly half (48.7%) of patients received implant PMBR which was most commonly 

performed at CCC and INCCs, while tissue PMBR was more commonly performed in 

academic centers (p<0.001). Patients treated in the South had the highest rate of tissue 

PMBR (40.9%, p<0.001) (Table 2). Women under the age of 85 most often received implant 

PMBR, while those ≥85 most often received tissue PMBR. Patients with private insurance or 

no insurance had the highest rates of combined (tissue and implant) PMBR while those with 

government-based insurance more often received implant PMBR (p<0.001). Before the year 

2009, only 17.6% of patients had implant PMBR while after 2009, this percentage increased 

to 49.1% (p=0.001). While univariate analysis revealed several significant associations for 

type of PMBR patients underwent, multivariate logistic regression modeling did not reveal 

significant differences with statistical reliability. While 30-day readmission rates were 5.0% 

for those that had combined reconstruction, 3.5% for those with implant-based 

reconstruction, and 3.3% for those with tissue-based reconstruction, this was not statistically 

significant (p=0.34). There were no deaths at 30 days and 90-day mortality revealed only 

one death in the combination group, 2 deaths in the tissue group, and no deaths in the 

implant group (p=0.31).

Discussion:

The results of this analysis reveal that in women ≥70 years of age who undergo mastectomy 

for breast cancer, those patients who are non-White, non-insured, living outside the 

Northeast, outside of a metropolitan area, with an increasing Charlson-Deyo score, 

diagnosed before 2009, with grade 3 invasive tumors, are less likely to undergo PMBR. 

Women who are closer to the age of 70, who are White, with smaller tumors, and who live in 

the South and West in rural areas are more likely to undergo a CPM with reconstruction. 

This information demonstrates a clear difference in lower rates of PMBR amongst breast 

cancer patients age ≥70 with regard to race, geographic location, facility type and setting, 

year of diagnosis, tumor stage, and patient comorbidities. This is the first study in women 

age ≥70 that describes geographic differences in PMBR, the types of PMBR these women 

undergo, report on the perioperative readmission and mortality in this cohort.

Both increasing patient age and Black race have previously been identified through several 

series to be associated with lower rates of PMBR in both the immediate and delayed 

settings..2,9,10,13-18 These findings may represent age bias towards older individuals with the 

assumption that they may not want to pursue immediate reconstruction. A study utilizing the 

Surveillance, Epidemiology and End Results (SEER) dataset from 2000-2014 found that 

Black patients were overall less likely to undergo immediate PMBR compared to White 

patients and that this racial finding persisted when solely examining patients age ≥70.19 This 

racial disparity remains constant, even in the setting of controlling for insurance type.10 

When accounting for other factors that may influence PMBR within this dataset, Black 

patients were still only half as likely to undergo PMBR compared to White patients. This 

disparity continues to be consistently seen amongst national datasets and within all age 

groups.15,20,21. Racial differences that are seen may represent a lack of access to plastic 

surgeons and/or social determinants of health such as education level, economic situation, 
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social support, and transportation, which may impact the ability to complete the multiple 

appointments involved in pursuing reconstruction and its post-operative care. Racial 

differences may also attributable to racial bias towards non-White women when healthcare 

providers discuss surgical options.

Insurance status has long been associated with PMBR; however, compared to previous 

studies, a unique aspect of this cohort is that the majority of patients had government-

provided insurance (88.2%).10,16,22-24 A recent multi-institutional retrospective analysis 

found that insurance type was significantly associated with receiving immediate PMBR.10,25 

While we found that rates of PMBR were highest in women who had private insurance, this 

was not statistically significant when compared to those with government-based insurance.

Similar to several previous studies, our data demonstrates that patients in the Northeast 

continue to have the highest rate of PMBR compared to other geographic locations in the 

U.S.15,17,19-27 Additionally, this analysis revealed that women in the South and West 

undergo CPM with reconstruction more frequently when compared to those in the Northeast 

and Midwest. While tissue-based reconstruction rates are highest in the South, implant-

based reconstruction is highest in the Midwest and West. Type of reconstruction may be 

related to factors such as body-mass index and tobacco use, both of which are not included 

within the NCDB. Patients treated in non-rural settings had higher rates of PMBR and while 

some studies suggest this may be an intrinsic institutional issue, other authors suggest this 

difference may be accounted for by the density of plastic surgeons in these areas or the 

geographic distance to a plastic surgeon.2,10,18,22,27

In general, PMBR rates decrease as patient age increases, which is consistent with the 

increase in frailty with age. A systematic review performed in 2016 examined 42 studies to 

specifically identify rates of PMBR and quality of life in older patients and found that 

PMBR rates were overall lower in the older population but with similar rates in patient-

reported quality of life compared to younger cohorts.11 Although the rates of PMBR are 

overall lower in women ≥70 of age, a progressively increasing percentage of patients in all 

age groups have been opting for PMBR in recent years.2 This is most notably seen 

beginning in 2009 and may coincide with media coverage of celebrities choosing to undergo 

PMBR.2,12 As survival from breast cancer improves due to more effective therapies, patients 

are living longer and there is an increasing focus on quality of life, and older patients are 

more likely considering PMBR as part of their care plan.

Thirty-day readmissions rates, along with 30 and 90-day mortality rates, were overall fairly 

low for the cohort. Post-operative complication rates after immediate PMBR have previously 

been found to be similar when comparing younger patients to older patients.28,29 Mortality 

rates were statistically higher in our cohort for those patients who did not undergo 

reconstruction, which suggests that the decision to forego PMBR may have been 

multifactorial and possibly due to careful patient selection by surgeons.28 This finding is 

further highlighted by lower rates of PMBR in patients with higher Charlson-Deyo scores in 

this analysis. While patients who had a CPM with reconstruction had slightly higher 

readmission rates compared to those that did not, this is to be expected given the increased 

risk with a bilateral operation.
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In women age ≥70, those with DCIS received PMBR at higher rates compared to patients 

with invasive disease. In DCIS, the only adjuvant therapy that is routinely recommended 

after unilateral mastectomy is endocrine therapy for patients with ER and/or PR positive 

disease. In contrast, those patients who have invasive disease after mastectomy may be 

offered radiation and/or systemic chemotherapy depending on final surgical pathology and 

tumor profile. Patients with higher grade tumors and higher stage disease are more likely to 

undergo adjuvant therapies; therefore, the correlation with decreasing rates of use of PMBR 

in those with invasive disease and increasing tumor stage and grade, is likely due to the need 

for further adjuvant therapies. The possibility of surgical complications causing delay in 

time to adjuvant treatment(s) may hinder some patients from moving forward with PMBR. 

Additionally, radiation therapy effects may have adverse cosmetic effects and factor into the 

pre-operative decision for PMBR.

Several limitations to this study exist. The retrospective nature of the database lends itself to 

intrinsic human errors on data collection, data entry, and therefore incompleteness. Those 

entries that are documented as “unknown” or “other” also have the potential to impact the 

data and its interpretation. Notably, some variables such as body mass index, obesity, and 

smoking status are factors that are recommended for surgeons to take into consideration for 

PMBR, but none are available through this dataset. Patient preference cannot be 

underestimated in the decision-making process for PMBR and may be influenced by 

personal patient experience, cultural influences, and psychosocial factors; however, this 

qualitative variable is not captured by the NCDB. Additionally, low sample sizes for several 

variables, such as readmission, mortality rates, rates of CPM in rural areas, and the types of 

reconstruction in women ≥85 years of age, calls for caution in the clinical interpretation and 

significance of the statistical differences that were found. However, strengths of this analysis 

include the large number of patients in this national database, especially those in this 

specific age group.

Conclusion:

This is the first study in women age ≥70 utilizing the NCDB that describes geographic 

differences in PMBR, the types of PMBR these women undergo, and reports on the 

perioperative readmission and mortality rates. Thirty and ninety-day morality rates are lower 

for those who undergo PMBR and suggests that surgeons are appropriately selecting 

patients. However, it is clear that geographic location, facility type and setting, year of 

diagnosis, tumor stage, and patient comorbidities all significantly impact the decision for 

PMBR. Healthcare providers must be mindful of implicit biases that they may hold that may 

hinder their recommendations for PMBR. While it is understandable that intrinsic tumor 

characteristics influence the role of PMBR, further research and interventions should be 

aimed to eliminate the differences that are seen in patient race and geographic location. 

Additionally, both patient preference and social determinants of health likely also have 

substantial impacts on the decision for PMBR and are opportunities for future investigation. 

With an increasingly older patient population that is being diagnosed with breast cancer, 

further data and both patient education and physician education is needed to optimize and 

standardize pre-operative decision-making algorithms for PMBR, regardless of race and 

geographic location of the treating facility.
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Figure 1. 
Study inclusion criteria schema.

Cortina et al. Page 10

Surgery. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
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Pie charts demonstrating percentage of patients who underwent unilateral versus 

contralateral prophylactic mastectomy (CPM) with reconstruction (a) along with type of 

reconstruction (b).
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Figure 3. Forest plot of odds of women age ≥70 undergoing PMBR based on multivariate 
analysis.
Key: OR = Odds Ratio, CI= Confidence Interval, CCC =Comprehensive Cancer Center, 

INCC= Integrated Network Cancer Center
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Table 1.

Demographic and tumor characteristics of the cohort.

Variable Cohort
n=73,973

n (%)

Facility Type

Community 10,139 (13.7)

CCC 39,333 (53.2)

Academic 16,374 (22.1)

INCC 8,127 (11.0)

Geographic Location

Northeast 29,247 (39.5)

Midwest 20,106 (27.2)

South 13,285 (18.0)

West 11,335 (15.3)

Age Group

70 - 74 26,796 (36.2)

75 - 79 21,482 (29.0)

80 - 84 15,457 (21.0)

85 - 90 10,238 (13.8)

Race

White 63,961 (86.5)

Black 7,031 (9.5)

Other 2,981 (4.0)

Insurance Status

Not Insured 327 (0.4)

Private Insurance 8,122 (11.0)

Government Provided 65,265 (88.2)

Unknown 845 (1.1)

Facility Setting

Metropolitan 59,149 (82.1)

Urban 11,153 (15.5)

Rural 1,709 (2.4)

CD Score

0 54,476 (73.7)

1 14,999 (20.3)

2+ 4,408 (6.0)

Diagnosis Year

< 2009 37,831 (51.1)

> 2009 36,142 (48.9)

Tumor Laterality

Unilateral 73,957 (99.9)

Bilateral 16 (0.01)
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Variable Cohort
n=73,973

n (%)

DCIS vs IC

DCIS 8,267 (11.2)

IC 65,706 (88.9)

Tumor Grade

Grade 1 13,444 (18.2)

Grade 2 31,482 (42.6)

Grade 3 22,907 (30.1)

Grade 4 521 (0.01)

Unknown 5,619 (7.6)

Tumor Size

< 2cm 34,844 (47.1)

2 – 5cm 29,572 (40.0)

> 5cm 6,591 (9.0)

Unknown 2,966 (4.0)

Nodal Status

Negative 44,385 (60.0)

Positive 24,617 (33.3)

Unknown 4,971 (6.7)

Stage

0 8,423 (11.4)

1 25,328 (34.2)

2 29,646 (40.0)

3 10,576 (14.3)

ER Status

ER (−) 13,895 (18.8)

ER (+) 56,596 (76.5)

Unknown 3,482 (4.7)

PR Status

PR (−) 22,786 (30.8)

PR (+) 47,056 (63.6)

Unknown 4,131 (5.6)

Radiation Therapy

No 61,410 (83.0)

Yes 11,552 (15.6

Unknown 1,011 (1.4)

Chemotherapy

No 56,083 (75.8)

Yes 15,238 (20.6)

Unknown 2,652 (3.6)

30-Day Readmission

None 70,300 (95.9)
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Variable Cohort
n=73,973

n (%)

Readmission 2,028 (2.7)

Unknown 1,645 (2.2)

30-Day Mortality

Alive 67,671 (91.5)

Died 197 (0.2)

Unknown 6,105 (8.3)

90-Day Mortality

Alive 67,099 (90.7)

Died 578 (0.8)

Unknown 6,296 (8.5)

Key: CCC=Comprehensive Community Cancer Program, INCC= Integrated Network Cancer Center, DCIS = ductal carcinoma in situ, IC=invasive 
cancer, ER=estrogen receptor, PR= progesterone receptor, CD = Charlson/Deyo
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