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Abstract 

State variation in contralateral prophylactic mastectomy among U.S. women diagnosed 
with unilateral early stage breast cancer, 2004-2012. 

 
By Rebecca J. Nash 

 
Importance: The use of contralateral prophylactic mastectomy (CPM) among patients 
with unilateral breast cancer is increasing in the United States. However, the extent of 
state variation in this trend is unclear.    
Objective: To determine state variation in the temporal trend and in the proportion of 
patients with unilateral breast cancer undergoing CPM.   
Design and Settings: A retrospective cohort study of 1.06 million women ≥ 20 years of 
age diagnosed with early stage unilateral breast cancer from 2004 through 2012 and 
treated with surgery in 46 states and the District of Columbia (representing 91.3% of the 
US population), as compiled by the North American Association of Central Cancer 
Registries. 
Main Outcomes and Measures: The proportion of CPM among unilateral early stage 
breast cancer patients treated with surgery examined by age, year of diagnosis, state, and 
region.  
Results: Of the 1.06 million women who underwent surgery for early stage unilateral 
breast cancer over the nine-year study period (2004-2012), about 93,000 (8.8%) 
underwent CPM. The proportion of CPM for patients diagnosed in 2004 vs. in 2012 
increased from 3.5% to 10.4% for women ages ≥45 years and from 10.6% to 33.5% for 
ages 20-44 years nationally. This pattern is evident in all states although the magnitude of 
the increase varied substantially across states. In women 20-44 years old for example, the 
proportion of CPM increased by 63% (from 30% during 2004-2006 to 49% during 2010-
2012) in South Dakota compared to 420% (from 5% to 27%) in West Virginia. Four 
contiguous states (NE, CO, IA, SD) showed the highest proportion of CPM (43.6% to 
49.2%) in women aged 20-44 during 2010-2012. By region, the South showed the highest 
CPM proportion and the Northeast the lowest, with adjusted odds ratio of 1.5 (95% 
confidence interval: 1.46, 1.52) undergoing CPM among patients in the South vs. the 
Northeast. There was evidence that the rate of CPM increase is slowing in every region. 
Differences in percentage of non-Hispanic white residents accounted for about 12% of 
the state variation in CPM proportion for patients 20-to-44 years old but not for patients 
45 years and older.   
Conclusions and Relevance: Despite lack of convincing evidence of a survival benefit, 
the use of CPM continued to increase in the US with the pattern substantially varying by 
state. Notably, in four contiguous Western and Midwest states, nearly half of young 
women underwent CPM in recent years. Differences in racial/ethnic distributions 
accounted for a small proportion of the CPM state variations for younger women but not 
for older women.  
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INTRODUCTION: 
 

Breast cancer is the second leading cause of cancer death, and the most commonly 

diagnosed invasive malignancy among women in the U.S. (1). Treatment for breast 

cancer varies by hormone status, stage, and histology, and may include a combination of 

surgery, chemotherapy and radiation. Breast-conserving surgery (BCS) for early stage 

disease has long been established as an effective treatment that provides an equivalent 

survival as mastectomy with fewer surgical complications and frequently no need for 

reconstruction (2-5). However, many women with unilateral early-stage breast cancer are 

electing to undergo a more aggressive bilateral mastectomy, in which the healthy 

contralateral breast is removed. 

Patients diagnosed with breast cancer are at an increased risk of developing a 

second primary breast cancer in the contralateral breast compared to the risk of 

developing a first primary breast cancer in the general population (6-8). This increased 

risk, along with fear and anxiety surrounding their breast cancer diagnosis, may prompt 

many women to elect a contralateral prophylactic mastectomy (CPM) (9-12).  Although 

the evidence that CPM is effective in reducing mortality is lacking (13, 14) and 

contralateral breast cancer incidence is declining nationwide (15, 16), an increasing 

proportion of patients elect to undergo this procedure (17-19). It is possible that CPM has 

a role among women who are less likely to benefit from adjuvant therapy such as those 

diagnosed with estrogen receptor negative (ER-) breast cancer.  However, studies limited 

to ER- breast cancers have also found conflicting results regarding survival (20-23). 

In the meantime the U.S. data indicate a continual rise in the proportion of 

unilateral breast cancer patients who elect to undergo CPM. A study based on the data 
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from the Surveillance Epidemiology and End Results (SEER) program, found that CPM 

use among women with invasive early-stage unilateral breast cancer increased 150% 

between the years 1998 and 2003. The study also noted considerable variation of CPM 

use across SEER registries, however, no specific geographic trend was identified (24).   

More recent studies utilizing the National Cancer Data Base (NCDB) have also 

found that the proportion of patients undergoing CPM is on the rise. In 1998, only 1.9% 

of women with unilateral early-stage breast cancer underwent CPM, but by 2011, this 

proportion reached 11.2%, nearly a six-fold increase over a 14-year period (25). The 

proportion of patients electing CPM is reported to be even greater and also vary 

regionally among younger patients (18). 

 A major limitation of previous studies is that they are not suitable for analyses 

related to regional variation across the entire U.S. population. SEER is a population-

based network of cancer registries that cover only 28% of the U.S. population, and 

operate in selected parts of the country. Further, SEER coverage of racial minorities 

varies from 26% of African Americans to 67% of Hawaiian/Pacific Islanders (26). While 

NCDB provides national coverage, it is a hospital-based registry and therefore captures 

only cases from hospitals that are accredited by the American College of Surgeons 

Commission on Cancer. Cancer patients who are never treated at an approved hospital are 

not reported to the NCDB, resulting in the inclusion of less than three-quarters of breast 

cancer patients in the U.S. Currently, all states have hospitals that report to NCDB, but 

coverage varies greatly across the country.  For example, the overall case coverage in 

Arizona is only 27% (27, 28). For this reason, a better understanding of the geographic 
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variation in CPM use requires both national and population-based data such as those 

available through state cancer registries.  

 This study aims to assess the variation of CPM rate by state among women with 

unilateral breast cancer over a nine-year period from 2004 through 2012.  We utilized 

data from the North American Association of Central Cancer Registries (NAACCR), an 

organization that maintains registry standards and compiles cancer surveillance data from 

all registry members (29). Each state in the U.S. is required by law to maintain a cancer 

registry and all central cancer registries in the U.S. are members of NAACCR (30). This 

represents the most comprehensive, nationwide cancer incidence data of the U.S. 

 
 
METHODS: 
 
Data Source and Variables: Demographic and clinical information was extracted for 

newly diagnosed cases of unilateral breast cancer among women aged 20 years and older 

(n=1,296,609), between 2004 and 2012 and reported to NAACCR cancer registries. We 

only selected patients undergoing surgery at the time of treatment for the first primary 

breast cancer. We only included cases classified as having local or regional disease 

because most distant stage breast cancers are treated systemically and bilateral 

mastectomy in patients with metastatic tumors would not be considered prophylactic 

(31).  

 Surgical interventions were categorized as breast-conserving surgery (BCS), 

unilateral mastectomy (UM), or CPM. Cases with unknown (n=12,183, 0.9%) or not 

clear (n=14,628, 1.1%) surgical procedures were excluded from analyses. AJCC stage 

was not available for all registries and to maximize the number of states included in 
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analysis, we used summary stage since this is the most widely reported variable. Stage 

was categorized as localized, regional by direct extension only, regional by lymph node 

involvement only, and regional by both direct extension and lymph node involvement. 

Tumor size was grouped into three categories, less than 2 cm, 2-4.9 cm, and 5 cm or 

greater. Cases with unknown stage (n=8,883, 0.7%) those with unknown tumor size 

(n=19,819, 1.5%) and those with a likely erroneously recorded tumor size of greater than 

20 cm (n=1,067, 0.1%) were excluded. There was also a potential for misclassification of 

histology and therefore we excluded all cases with histology that could not be identified 

as ductal or lobular (n=85,143, 6.6%). Tumor grade was categorized as well 

differentiated, moderately differentiated, poorly differentiated or undifferentiated.  Cases 

with unknown grade (n=89,893, 6.9%) were excluded.  

 Race was categorized as non-Hispanic White, non-Hispanic Black, Hispanic, and 

Other. Race was coded from a combination of two variables, one indicating race and the 

other indicating Hispanic origin. Cases were considered Hispanic if any Hispanic origin 

was known. If Hispanic was unknown but the race variable was known, cases were 

considered non-Hispanic. If both race/ethnicity variables were unknown, the case was 

excluded (n=3,995, 0.3%).  After all exclusions the final sample size was 1,061,007 

representing 82% of the extracted cases. 

 Region was determined by the U.S. census division as follows: Northeast (CT, 

ME, MA, NH, NJ, NY, PA, RI), Midwest (IN, IA, MI, MO, NE, ND, OH, SD, WI), 

South (AL, AR, DE, D.C., FL, GA, KY, LA, MS, NC, OK, DC, TN, TX, VA, WV), and 

West (AK, AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY). Data from Illinois, 
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Kansas, Maryland, Minnesota, and Vermont were unavailable. The proportion of NH 

Whites in each state was determined by data from the 2010 U.S. census.  

Statistical Analysis: The proportion of cases undergoing CPM was reported as a percent 

for each state by 3-year period and by age category (<45 years versus 45 years and older). 

Temporal trends in the proportion of cases undergoing CPM between 3-year periods were 

performed for each state using a 2-sided Cochran-Armitage Trend test. To illustrate 

variation by state, U.S. maps were created in ArcMap 10.3.1.  To show changes in the 

temporal trend over time for each of the four U.S. regions, a joinpoint model, with a 

maximum of 1 joinpoint allowed, was used. In this method, annual percent change (APC) 

is calculated by fitting a least-squares regression line to the natural logarithm of the 

proportion, using year of diagnosis as the regressor variable (32). In the presence of a 

significant joinpoint, two values for annual percent change (APC) were calculated, one 

preceding and one following the identified joinpoint. Multivariable analysis was 

conducted using logistic regression, where the outcome variable was CPM vs. not CPM. 

A second logistic regression model was fit restricting only to patients who underwent 

mastectomy. Results were reported as adjusted odds ratios (aORs) and 95% confidence 

intervals (CIs). Since the main variable of interest was region, a two-way interaction 

between region and each of the patient variables was tested by stratification. Statistical 

analyses were performed using SAS 9.4 (Cary, NC) and joinpoint analysis was performed 

using Joinpoint Regression Program version 4.2.0.2.  
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RESULTS: 
 
 Among 1,061,007 identified patients who were diagnosed with unilateral early-

stage breast cancer and underwent surgery between 2004 and 2012, 58.9% (n=625,405) 

had BCS, 32.3% (n=342,681) had UM, and 8.8% (n=92,921) had CPM. As shown in 

Table 1, the proportion of cases undergoing CPM decreased with increasing age. CPM 

was more common among patients with regional by lymph node involvement disease 

(11.9%) compared to other stage disease, lobular (12.3%) compared to ductal histology, 

poorly differentiated (10.3%) compared to other tumor grades, and tumors greater than 5 

centimeters (14.5%) compared to smaller tumor size. Non-Hispanic whites (9.4%) and 

women with private insurance (13.2%) were more likely to undergo CPM than the 

corresponding comparison groups. We also observed an increasing temporal trend with 

CPM-treated patients constituting 5.1% of cases diagnosed in 2004-2006, 6.9% of cases 

diagnosed 2007-2009, and 12.0% of cases diagnosed in 2010-2012. Over the study 

period, CPM increased from 10.6% in 2004 to 33.5% in 2012 among 20- to 44-year-old 

patients and from 3.5% to 10.4% among patients 45 years and older (Figure 1).  

 The proportion of cases undergoing CPM by year of diagnosis for each available 

NAACCR registry is presented in Table 2. In general, the highest and the lowest 

proportions of CPM-treated cases during each of the three time periods were observed in 

the South and in the Northeast, respectively. Even within each region, there was 

substantial variation across the states. For example, in the Northeast region, Rhode Island 

consistently had the lowest proportion of CPM in each of the three periods (2.5%, 4.9%, 

6.5%) while Maine had the highest proportions (6.8%, 9.9%, 13.3%). There was also 

state variation within each time period with up to a five-fold difference between the states 
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with the highest and lowest estimates. For example, during 2010-2012, Colorado had 

20.4% of patients electing CPM while the corresponding proportion in D.C. was only 

4.7%.  

When cases were categorized according to age, the respective CPM proportions 

were highest and lowest in the Midwest and West among 20- to 44-year-old patients, and 

in the South and Northeast among cases 45 years of age and older (Table 3). Figure 2 

presents the state variation of the overall proportion of patients electing CPM during the 

nine-year study period (A, B) and the percent increase between the first (2004-2006) and 

last (2010-2012) three-year period (C, D) by age category. For all states, the proportion 

of CPM in younger women (20-44 years) is greater than the proportion among older 

women (>45 years). Among women 20-44 years old, four contiguous states located in the 

West and Midwest (Colorado, Nebraska, South Dakota, Iowa) had the highest overall 

CPM proportions, which ranged from 33.2% in Iowa to 39.6% in South Dakota. These 

states also were among the highest overall CPM proportions for older women with an 

observed range from 9.9% in Iowa to 13.4% in Colorado. When the percent change rather 

than the overall proportion is considered, the difference between the two age categories is 

less evident and the majority of states show a 100-200% increase in CPM prevalence 

over the study period. Among younger women, the percent increase between the two time 

periods ranged from 62% in South Dakota to 420% in West Virginia. The corresponding 

range among older women was from 12% in D.C. to 327% in Utah. 

Figure 3 presents the results of the joinpoint analyses. In each of the four U.S. 

regions we observed a significant joinpoint indicating that the increase in the proportion 

of CPM appears to be less pronounced in more recent years.  The timing of the change 
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differed by region: 2008 in the Northeast and in the South, 2009 in the Midwest, and 

2010 in the West. The upward trend, although less steep, remained statistically significant 

in the Northeast, South, and Midwest following the joinpoint. By contrast, the post-2010 

APC in the West was no longer statistically significant.  

In the multivariable logistic regression analyses, no significant differences in 

adjusted ORs were observed when the model was stratified by region, the main variable 

of interest, and therefore no interaction terms were included in the model (Table 4). The 

most important predictors of CPM were age and year of diagnosis.  Compared to the 

reference age category of 50-59 years, younger women were more likely to undergo CPM 

with the most pronounced association for those 20-29 years of age (aOR=4.9; 95% CI: 

4.44, 5.03).  By contrast, the corresponding aORs (95% CIs) for women 60-69 and 70+ 

years of age were 0.6 (0.59, 0.61) and 0.2 (0.23, 0.25), respectively.  The likelihood of 

CPM also increased with later years of diagnosis, compared to 2004-2006 (aOR=1.9 

during 2007-2009 and aOR=2.9 during 2010-2012). Other patient characteristics that 

were significantly associated with electing CPM included regional by lymph node 

involvement disease (aOR= 1.3, 95% CI: 1.27-1.32) compared to localized disease, 

lobular (OR= 1.8, 95% CI: 1.73-1.81) compared to ductal histology, undifferentiated 

(aOR= 1.2, 95% CI: 1.11-1.33) or poorly differentiated (aOR= 1.2, 95% CI: 1.18-1.23) 

compared to well differentiated grade, and tumor size 5 cm or greater (aOR= 1.6, 95% 

CI: 1.53-1.61) compared to less than 2 cm. Non-Hispanic white women (reference 

category) underwent CPM significantly more often than women of other races.  The aOR 

for non-Hispanic Blacks was the lowest (aOR=0.4, 95% CI: 0.41-0.43). Women with 

private insurance also elected CPM significantly more often than women with other types 
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of insurance; and uninsured women had the lowest odds of having this procedure 

(aOR=0.5, 95% CI: 0.46, 0.52). CPM use also significantly differed by region; the 

procedure was especially more common in the South compared to the Northeast 

(aOR=1.5, 95% CI: 1.46-1.52).  

A second multivariable logistic regression model compared CPM to unilateral 

mastectomy because those women who elect BCS may be different than women who 

elect a more aggressive surgery. We observed attenuation of the dose-response 

relationship between age of diagnosis and CPM, although the general trend was 

maintained. The observed associations for year of diagnosis, histology, race, insurance 

status and, region were also similar in the two models.  Unlike the base analysis 

comparing CPM to any other surgery, CPM receipt in the second model was inversely 

associated with stage and tumor size.  

Figure 4 presents the results of the linear regression analysis of the association 

between the overall state-specific proportion of CPM and the proportion of the state 

residents who are NH White. The regression coefficient was statistically significant 

among women aged 20-44 years (𝛽𝛽=0.15, p<0.01) but not among women 45 years of age 

and older (𝛽𝛽=0.03, p=0.17).  

 

DISCUSSION:  

 
Our study of breast cancer patients who chose CPM versus other surgical 

interventions demonstrates a significant geographic variation in the proportion of women 

electing this aggressive procedure. We observed up to a five-fold difference in the CPM 

proportions across individual states in a given three-year time period. The difference 
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became less pronounced if states were grouped according to the four major census 

regions. In general, we found that the overall proportion of breast cancer patients electing 

CPM is highest in the South and lowest in the Northeast for all time periods investigated. 

When we divided the study population according to age (<45 versus 45+ years), we 

found that the regions with the highest and lowest CPM proportions were different for the 

two groups.  Notably, in four contiguous Western and Midwest states (NE, CO, IA, SD), 

nearly half of young women underwent CPM in recent years. 

We also observed that the proportion of women with unilateral breast cancer 

electing CPM increased over the study period, which is consistent with other studies 

addressing this issue. However unlike previous studies, we also investigated the regional 

variation of the temporal trend. We showed that with the exception of D.C., all states 

displayed a statistically significant increasing trend in the proportion of cases undergoing 

CPM between 2004-2006 and 2007-2009. When comparing 2007-2009 to 2010-2012, 

nine more states, which were generally located in the West and Midwest (N.H., R.I., 

N.E., N.D., S.D., A.K., H.I., N.V., and W.Y.) did not show significant increasing trend, 

suggesting that the surge in CPM use observed in recent years in the U.S. may be slowing 

down.  This observation was further supported by the results of the joinpoint regression 

analysis, which showed significant inflexion points in recent years across all regions.  

Several studies, including ours, have found that NH White women are more likely 

than other races to undergo CPM (4, 33, 34). The states with the highest proportions of 

CPM during the 2010-2012 period, Colorado, South Dakota and Tennessee, are also 

states with high proportions of whites compared to other races (70.0%, 84.7%, 75.6% NH 

White, respectively). We examined the correlation between the proportion of breast 
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cancer patients electing CPM and the proportion of NH Whites in the state determined by 

the 2010 census and found that the proportion of NH Whites in the state explains 12.5% 

of the state variation for younger women but does not contribute to the state variation in 

older women, suggesting there are other state-level variables that may be important in the 

observed CPM proportions.  CPM proportions were rather low in states with very high 

proportions of NH White such as West Virginia and New Hampshire. West Virginia and 

New Hampshire have very similar overall CPM proportions, however these states are 

quite different.  Most of West Virginia, a largely rural state located in Appalachia is 

designated as medically underserved (35). In contrast, New Hampshire residents have 

high incomes and high overall life satisfaction (36). A study conducted by the United 

Health Foundation put New Hampshire as the 5th and West Virginia as the 47th healthiest 

state. Although the overall CPM proportions are very similar in these two states, the 

reasons women choose this procedure over other surgical procedures is likely to be 

different, strongly suggesting that there are other factors influencing the decision to 

undergo CPM. Additionally, treatment practices may vary by state as we found four 

contiguous states, located in the West and Midwest (CO, NE, SD, IA), had the highest 

overall proportions of CPM. One study found that use of neoadjuvant chemotherapy for 

patients with early stage breast cancer was lowest in the Midwest, suggesting that 

providers in this region of the country may be more likely to advocate for more 

aggressive surgical intervention (37). Future studies should investigate other state-level 

or provider-level characteristics that could be contributing to the variation of CPM 

proportion.  



 12 

To our knowledge, this study represents the first examination of CPM receipt 

using nationwide, population-based data. Previous studies investigating regional variation 

in CPM have not analyzed data at the state-level and have not used a study sample that is 

representative of the entire U.S. population. CPM rates in SEER data have been shown to 

vary by SEER registry but considering how widespread and noncontiguous SEER 

registries are, no specific trend was observed (19). Sariego (2008) studied cases reported 

to NCDB to investigate regional variation in breast cancer treatment and found that the 

proportion of breast cancer patients electing BCS was highest in the Northeast and lowest 

in the South, which is the reverse of our findings for CPM (38).  In another NCDB study 

Pesce et al. (2014) described regional variation in CPM use among only younger breast 

cancer patients and found CPM rates to be highest in the Midwest and lowest in the 

Northeast, which is partially consistent with our findings among younger patients (18). 

Consistent with our findings, an earlier NCDB study found that overall, women in the 

South were more likely to have CPM than women in other regions of the country (17).  

A notable limitation of our study is the lack of data for five states; three of which 

are concentrated in the Midwest (IL, KS, MN). Two of the states missing data, Maryland 

and Illinois, have over 80% case coverage in NCDB and may explain discrepancies 

between our findings and previous studies (27). Additionally, data for 2010-2012 were 

unavailable for one state and data for 2011-2012 were unavailable for one state.  

Our study also did not consider BRCA1/2 mutation status or family history, 

which are important factors in making breast cancer treatment decisions. The Society for 

Surgical Oncology indicates CPM as an appropriate risk reducing measure in breast 

cancer patients who are at high risk for contralateral breast cancer, such as those with a 
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BRCA1/2 mutation or family history of disease (39). Earlier studies have confirmed that 

patients with a BRCA1/2 mutation and those with a family history of breast cancer are 

more likely to elect CPM (4, 9, 33, 40). Some studies have also suggested that just being 

tested for BRCA1/2, but not necessarily having a positive result, increased the likelihood 

of undergoing CPM (9, 34).  

In summary, the results of this study demonstrate substantial geographic variation 

in the use of CPM among women with unilateral breast cancer. The overall CPM use 

continues to increase although more recent data indicate that the rate of increase is 

beginning to slow down.  Future research will provide additional insight into the reasons 

for temporal changes and regional variation of CPM receipt.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 14 

REFERENCES:  
 
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin 2015;65(1):5-
29. 
2. Morris AD, Morris RD, Wilson JF, White J, Steinberg S, Okunieff P, et al. Breast-
conserving therapy vs mastectomy in early-stage breast cancer: a meta-analysis of 10-year 
survival. Cancer J Sci Am 1997;3(1):6-12. 
3. Chatterjee A, Pyfer B, Czerniecki B, Rosenkranz K, Tchou J, Fisher C. Early 
postoperative outcomes in lumpectomy versus simple mastectomy. J Surg Res 2015;198(1):143-
8. 
4. Pinell-White XA, Kolegraff K, Carlson GW. Predictors of contralateral prophylactic 
mastectomy and the impact on breast reconstruction. Ann Plast Surg 2014;72(6):S153-7. 
5. Eck DL, Perdikis G, Rawal B, Bagaria S, McLaughlin SA. Incremental risk associated 
with contralateral prophylactic mastectomy and the effect on adjuvant therapy. Ann Surg Oncol 
2014;21(10):3297-303. 
6. Bernstein JL, Lapinski RH, Thakore SS, Doucette JT, Thompson WD. The descriptive 
epidemiology of second primary breast cancer. Epidemiology 2003;14(5):552-8. 
7. Kurian AW, McClure LA, John EM, Horn-Ross PL, Ford JM, Clarke CA. Second 
primary breast cancer occurrence according to hormone receptor status. J Natl Cancer Inst 
2009;101(15):1058-65. 
8. Gao X, Fisher SG, Emami B. Risk of second primary cancer in the contralateral breast in 
women treated for early-stage breast cancer: a population-based study. Int J Radiat Oncol Biol 
Phys 2003;56(4):1038-45. 
9. Hawley ST, Jagsi R, Morrow M, Janz NK, Hamilton A, Graff JJ, et al. Social and 
Clinical Determinants of Contralateral Prophylactic Mastectomy. JAMA Surg 2014. 
10. Rosenberg SM, Tracy MS, Meyer ME, Sepucha K, Gelber S, Hirshfield-Bartek J, et al. 
Perceptions, knowledge, and satisfaction with contralateral prophylactic mastectomy among 
young women with breast cancer: a cross-sectional survey. Ann Intern Med 2013;159(6):373-81. 
11. Fisher CS, Martin-Dunlap T, Ruppel MB, Gao F, Atkins J, Margenthaler JA. Fear of 
recurrence and perceived survival benefit are primary motivators for choosing mastectomy over 
breast-conservation therapy regardless of age. Ann Surg Oncol 2012;19(10):3246-50. 
12. McDonnell SK, Schaid DJ, Myers JL, Grant CS, Donohue JH, Woods JE, et al. Efficacy 
of contralateral prophylactic mastectomy in women with a personal and family history of breast 
cancer. J Clin Oncol 2001;19(19):3938-43. 
13. Kurian AW, Lichtensztajn DY, Keegan THM, Nelson DO, Clarke CA, Gomez SL. Use 
of and Mortality After Bilateral Mastectomy Compared With Other Surgical Treatments for 
Breast Cancer in California, 1998-2011. Jama-Journal of the American Medical Association 
2014;312(9):902-914. 
14. Yao K, Winchester DJ, Czechura T, Huo D. Contralateral prophylactic mastectomy and 
survival: report from the National Cancer Data Base, 1998-2002. Breast Cancer Res Treat 
2013;142(3):465-76. 
15. Lizarraga IM, Sugg SL, Weigel RJ, Scott-Conner CE. Review of risk factors for the 
development of contralateral breast cancer. Am J Surg 2013;206(5):704-8. 
16. Nichols HB, Berrington de Gonzalez A, Lacey JV, Jr., Rosenberg PS, Anderson WF. 
Declining incidence of contralateral breast cancer in the United States from 1975 to 2006. J Clin 
Oncol 2011;29(12):1564-9. 
17. Yao K, Stewart AK, Winchester DJ, Winchester DP. Trends in contralateral prophylactic 
mastectomy for unilateral cancer: a report from the National Cancer Data Base, 1998-2007. Ann 
Surg Oncol 2010;17(10):2554-62. 



 15 

18. Pesce CE, Liederbach E, Czechura T, Winchester DJ, Yao K. Changing surgical trends in 
young patients with early stage breast cancer, 2003 to 2010: a report from the National Cancer 
Data Base. J Am Coll Surg 2014;219(1):19-28. 
19. Tuttle TM, Jarosek S, Habermann EB, Arrington A, Abraham A, Morris TJ, et al. 
Increasing rates of contralateral prophylactic mastectomy among patients with ductal carcinoma 
in situ. J Clin Oncol 2009;27(9):1362-7. 
20. Bedrosian I, Hu CY, Chang GJ. Population-based study of contralateral prophylactic 
mastectomy and survival outcomes of breast cancer patients. J Natl Cancer Inst 2010;102(6):401-
9. 
21. Munoz D, Near AM, van Ravesteyn NT, Lee SJ, Schechter CB, Alagoz O, et al. Effects 
of screening and systemic adjuvant therapy on ER-specific US breast cancer mortality. J Natl 
Cancer Inst 2014;106(11). 
22. Pesce C, Liederbach E, Wang C, Lapin B, Winchester DJ, Yao K. Contralateral 
prophylactic mastectomy provides no survival benefit in young women with estrogen receptor-
negative breast cancer. Ann Surg Oncol 2014;21(10):3231-9. 
23. Brewster AM, Bedrosian I, Parker PA, Dong W, Peterson SK, Cantor SB, et al. 
Association between contralateral prophylactic mastectomy and breast cancer outcomes by 
hormone receptor status. Cancer 2012;118(22):5637-43. 
24. Tuttle TM, Habermann EB, Grund EH, Morris TJ, Virnig BA. Increasing use of 
contralateral prophylactic mastectomy for breast cancer patients: a trend toward more aggressive 
surgical treatment. J Clin Oncol 2007;25(33):5203-9. 
25. Kummerow KL, Du L, Penson DF, Shyr Y, Hooks MA. Nationwide trends in 
mastectomy for early-stage breast cancer. JAMA Surg 2015;150(1):9-16. 
26. Surveillance, Epidemiology, and End Results (SEER): Overview of the SEER Program. 
National Cancer Institute. http://www.seer.cancer.gov/about. In. 
27. Lerro CC, Robbins AS, Phillips JL, Stewart AK. Comparison of cases captured in the 
national cancer data base with those in population-based central cancer registries. Ann Surg 
Oncol 2013;20(6):1759-65. 
28. Bilimoria KY, Stewart AK, Winchester DP, Ko CY. The National Cancer Data Base: a 
powerful initiative to improve cancer care in the United States. Ann Surg Oncol 2008;15(3):683-
90. 
29. Weir HK, Johnson CJ, Mariotto AB, Turner D, Wilson RJ, Nishri D, et al. Evaluation of 
North American Association of Central Cancer Registries' (NAACCR) data for use in population-
based cancer survival studies. J Natl Cancer Inst Monogr 2014;2014(49):198-209. 
30. North American Association of Central Cancer Registries: About NAACCR, 
Inc. http://www.naaccr.org. 
31. Cheng YC, Ueno NT. Improvement of survival and prospect of cure in patients with 
metastatic breast cancer. Breast Cancer 2012;19(3):191-9. 
32. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression 
with applications to cancer rates. Stat Med 2000;19(3):335-51. 
33. King TA, Sakr R, Patil S, Gurevich I, Stempel M, Sampson M, et al. Clinical 
management factors contribute to the decision for contralateral prophylactic mastectomy. J Clin 
Oncol 2011;29(16):2158-64. 
34. Yi M, Hunt KK, Arun BK, Bedrosian I, Barrera AG, Do KA, et al. Factors affecting the 
decision of breast cancer patients to undergo contralateral prophylactic mastectomy. Cancer Prev 
Res (Phila) 2010;3(8):1026-34. 
35. Nadpara PA, Madhavan SS. Linking Medicare, Medicaid, and cancer registry data to 
study the burden of cancers in West Virginia. Medicare Medicaid Res Rev 2012;2(4). 
36. Kobau R, Bann C, Lewis M, Zack MM, Boardman AM, Boyd R, et al. Mental, social, 
and physical well-being in New Hampshire, Oregon, and Washington, 2010 Behavioral Risk 
Factor Surveillance System: implications for public health research and practice related to 

http://www.seer.cancer.gov/about
http://www.naaccr.org/


 16 

Healthy People 2020 foundation health measures on well-being. Popul Health Metr 
2013;11(1):19. 
37. Mougalian SS, Soulos PR, Killelea BK, Lannin DR, Abu-Khalaf MM, DiGiovanna MP, 
et al. Use of neoadjuvant chemotherapy for patients with stage I to III breast cancer in the United 
States. Cancer 2015;121(15):2544-52. 
38. Sariego J. Regional variation in breast cancer treatment throughout the United States. Am 
J Surg 2008;196(4):572-4. 
39. Giuliano AE, Boolbol S, Degnim A, Kuerer H, Leitch AM, Morrow M. Society of 
Surgical Oncology: position statement on prophylactic mastectomy. Approved by the Society of 
Surgical Oncology Executive Council, March 2007. Ann Surg Oncol 2007;14(9):2425-7. 
40. Fu Y, Zhuang Z, Dewing M, Apple S, Chang H. Predictors for contralateral prophylactic 
mastectomy in breast cancer patients. Int J Clin Exp Pathol 2015;8(4):3748-64. 

 



 17 

TABLES AND FIGURES: 
 
Table 1. Patient Characteristics by surgery type among women diagnosed with unilateral, early 
stage breast cancer, 2004-2012 

 Patient Characteristic 
  

 Total  
 N  

 Breast 
Conserving 

Surgery  
 n (%)  

 Unilateral 
Mastectomy  

 n (%)  

Bilateral 
Mastectomy 

(CPM) 
n (%) 

   1,061,007   625,405  (58.9) 
 

342,681  (32.3) 
 

92,921  (8.8) 
Age at Diagnosis           

 
  

20-29 years  5,311  1,834 (34.5)  1,856  (35.0)  1,621  (30.5) 
30-39 years  49,912  19,945 (40.0)  17,197  (34.5) 12,770  (25.6) 
40-49 years  193,970  101,747 (52.5)  62,159  (32.1) 30,064  (15.5) 
50-59 years  267,028  161,281 (60.4)  80,069  (30.0) 25,678  (9.6) 
60-69 years  264,647  169,208 (63.9)  79,380  (30.0) 16,059  (6.1) 
70+ years  280,139  171,390 (61.2) 102,020  (36.4)  6,729  (2.4) 

               Year of Diagnosis           
 

  
2004-2006  329,773  198,581 (60.2) 114,463  (34.7) 16,729  (5.1) 
2007-2009  364,575  213,129 (58.5) 119,086  (32.7) 32,360  (8.9) 
2010-2012  366,659  213,695 (58.3) 109,132  (29.8) 43,832  (12.0) 

               
Summary Stage1           

 
  

L  700,269  476,754 (68.1) 172,038  (24.6) 51,477  (7.4) 
RE  19,546  9,181 (47.0)  9,110  (46.6)  1,255  (6.4) 
RN  300,090  131,680 (43.9) 132,724  (44.2) 35,686  (11.9) 
RE + RN  41,102  7,790 (19.0)  28,809  (70.1)  4,503  (11.0) 

               Histology           
 

  
Ductal  973,330  583,208 (59.9) 307,985  (31.6) 82,137  (8.4) 
Lobular  87,677  42,197 (48.1)  34,696  (39.6) 10,784  (12.3) 

               Tumor Grade           
 

  
Well Differentiated  224,993   155,570  (69.1)  53,996  (24.0) 15,427  (6.9) 
Moderately Differentiated  465,686   276,663  (59.4) 149,519  (32.1) 39,504  (8.5) 
Poorly Differentiated  363,615   189,805  (52.2) 136,414  (37.5) 37,396  (10.3) 
Undifferentiated  6,713   3,367  (50.2)  2,752  (41.0)  594  (8.9) 

               Tumor size, cm           
 

  
< 2 cm  626,106   439,002  (70.1) 141,638  (22.6) 45,466  (7.3) 
2-4.9 cm  364,835   173,656  (47.6) 153,902  (42.2) 37,277  (10.2) 

≥ 5 cm2  70,066   12,747  (18.2)  47,141  (67.3) 10,178  (14.5) 
               Race           

 
  

Non-Hispanic White  841,927   504,597  (59.9) 258,416  (30.7) 78,914  (9.4) 
Non-Hispanic Black  105,644   60,500  (57.3)  39,127  (37.0)  6,017  (5.7) 
Non-Hispanic Other  44,973   23,300  (51.8)  18,677  (41.5)  2,996  (6.7) 
Hispanic  68,463   37,008  (54.1)  26,461  (38.7)  4,994  (7.3) 

                
Insurance Status            
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Private  345,014   202,784  (58.8)  96,770  (28.0) 45,460  (13.2) 
Medicaid  47,668   24,084  (50.5)  19,530  (41.0)  4,054  (8.5) 
Medicare  282,187   170,750  (60.5)  99,886  (35.4) 11,551  (4.1) 
Other  96,138   55,934  (58.2)  29,929  (31.1) 10,275  (10.7) 
Uninsured  18,305   9,151  (50.0)  7,805  (42.6)  1,349  (7.4) 
Unknown  271,695   162,702  (59.9)  88,761  (32.7) 20,232  (7.5) 

1Summary stage abbreviations: L=Localized, RE=Regional by direct extension only, RN=Regional by 
lymph node involvement, RE+RN=Regional by both direct extension and lymph node involvement  
2Excluded cases with tumor size greater than 20 cm due to implausibility  
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Figure 1. Proportion of breast cancer patients undergoing CPM by age and year of diagnosis 
 

 
   *Error bars represent Wald 95% confidence intervals, calculated in OpenEpi
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Table 2. Proportion of cases receiving CPM by state and year of diagnosis among women with unilateral breast cancer undergoing surgery 

State 
 Total 
Cases  

Year of Diagnosis 

 2004-2006  2007-2009   2010-2012   

   N  
 Total 
cases  

 CPM 
n (%)  

 Total 
cases  

 CPM 
n (%)  

P value 
for trend* 

 Total 
cases  

CPM 
n (%) 

P value for 
trend** 

Northeast 237,491   75,997  3,166  (4.2)  80,510   5,919  (7.4) <.0001  80,984   7,961  (9.8) <.0001 
Connecticut  16,262   5,245   249  (4.7)  5,383   445  (8.3) <.0001  5,634   713  (12.7) <.0001 
Maine  6,689   2,193   150  (6.8)  2,285   226  (9.9) 0.0002  2,211   295  (13.3) 0.0003 
Massachusetts  30,980   10,073   331  (3.3)  10,594   583  (5.5) <.0001  10,313   686  (6.7) 0.0005 
New Hampshire  6,175   1,940   64  (3.3)  2,053   138  (6.7) <.0001  2,182   179  (8.2) 0.0671 
New Jersey  36,202   11,812   550  (4.7)  12,420   989  (8.0) <.0001  11,970   1,163  (9.7) <.0001 
New York  80,723   25,293   1,033  (4.1)  27,552   2,140  (7.8) <.0001  27,878   2,966  (10.6) <.0001 
Pennsylvania  55,653   17,844   749  (4.2)  18,552   1,316  (7.1) <.0001  19,257   1,859  (9.7) <.0001 
Rhode Island  4,807   1,597   40  (2.5)  1,671   82  (4.9) 0.0003  1,539   100  (6.5) 0.0516 

Midwest 184,266   58,633  2,990  (5.1)  62,730   5,669  (9.0) <.0001  62,903   7,590  (12.1) <.0001 
Indiana  23,999   7,548  291 (3.9)  8,178   614  (7.5) <.0001  8,273   800  (9.7) <.0001 
Iowa  13,033   4,196  351 (8.4)  4,338   588  (13.6) <.0001  4,499   698  (15.5) 0.0090 
Michigan  37,524   11,717  532 (4.5)  12,673   1,071  (8.5) <.0001  13,134   1,492  (11.4) <.0001  
Missouri  25,447   8,072  371 (4.6)  8,479   784  (9.2) <.0001  8,896   1,382  (15.5) <.0001  
Nebraska  7,504   2,492  242 (9.7)  2,502   406  (16.2) <.0001  2,510   442  (17.6) 0.1918 
North Dakota  2,792   929  39 (4.2)  961   106  (11.0) <.0001  902   122  (13.5) 0.1005 
Ohio  46,471   15,323  698 (4.6)  15,971   1,206  (7.6) <.0001  15,177   1,443  (9.5) <.0001 
South Dakota  3,510   1,030  117 (11.4)  1,231   201  (16.3) 0.0007  1,249   216  (17.3) 0.5203 
Wisconsin  23,986   7,326  349 (4.8)  8,397   693  (8.3) <.0001  8,263   995  (12.0) <.0001 

South  379,718  114,955  6,213  (5.4) 132,162  12,860  (9.7) <.0001 132,601  17,427  (13.1) <.0001 
Alabama  17,255   4,797   318  (6.6)  6,472   644  (10.0) <.0001  5,986   757  (12.6) <.0001 

Arkansas1  7,234   3,447   247  (7.2)  3,787   484  (12.8) <.0001 
    Delaware  3,734   1,235   29  (2.3)  1,315   54  (4.1) 0.0124  1,184   83  (7.0) 0.0015 

District of Columbia  2,279   719   22  (3.1)  714   22  (3.1) 0.9812  846   40  (4.7) 0.0971 
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Florida  74,540   22,822  1,310  (5.7)  24,849   2,465  (9.9) <.0001  26,869   3,698  (13.8) <.0001 
Georgia  34,882   10,372   699  (6.7)  11,943   1,322  (11.1) <.0001  12,567   1,770  (14.1) <.0001 
Kentucky  17,650   5,465   293  (5.4)  6,014   697  (11.6) <.0001  6,171   892  (14.5) <.0001 
Louisiana  15,527   4,350   180  (4.1)  5,458   385  (7.1) <.0001  5,719   599  (10.5) <.0001 
Mississippi  9,825   2,382   168  (7.1)  3,573   413  (11.6) <.0001  3,870   668  (17.3) <.0001  
North Carolina  38,818   11,811   548  (4.6)  13,020   1,142  (8.8) <.0001  13,987   1,509  (10.8) <.0001 
Oklahoma  13,526   4,219   241  (5.7)  4,700   457  (9.7) <.0001  4,607   626  (13.6) <.0001 
South Carolina  19,660   5,843   234  (4.0)  6,759   483  (7.1) <.0001  7,058   612  (8.7) 0.0009 
Tennessee  24,619   7,491   479  (6.4)  8,390   992  (11.8) <.0001  8,738   1,568  (17.9) <.0001 
Texas  61,172   17,832   997  (5.6)  21,987   2,196  (10.0) <.0001  21,353   2,895  (13.6) <.0001 
Virginia  31,501   9,808   397  (4.0)  10,720   979  (9.1) <.0001  10,973   1,468  (13.4) <.0001 
West Virginia  7,496   2,362   51  (2.2)  2,461   125  (5.1) <.0001  2,673   242  (9.1) <.0001 

West 259,532   80,188  4,360  (5.4)  89,173   7,912  (8.9) <.0001  90,171  10,854  (12.0) <.0001 
Alaska  2,204   659   31  (4.7)  726   90  (12.4) <.0001  819   81  (9.9) 0.1170 
Arizona  20,045   5,830   437  (7.5)  7,093   764  (10.8) <.0001  7,122   1,174  (16.5) <.0001 
California 135,216   42,093  1,978  (4.7)  46,060   3,435  (7.5) <.0001  47,063   4,899  (10.4) <.0001 
Colorado  18,584   5,613   607  (10.8)  6,438   1,062  (16.5) <.0001  6,533   1,330  (20.4) <.0001 
Hawaii  5,915   1,807   53  (2.9)  1,954   98  (5.0) 0.0012  2,154   126  (5.8) 0.2396 
Idaho  5,390   1,546   58  (3.8)  1,864   115  (6.2) 0.0014  1,980   194  (9.8) <.0001 
Montana  4,209   1,292   57  (4.4)  1,441   151  (10.5) <.0001  1,476   212  (14.4) 0.0015 

Nevada2  6,261   2,263   67  (3.0)  2,995   219  (7.3) <.0001  1,003   83  (8.3) 0.3178 
New Mexico  6,768   2,033   117  (5.8)  2,270   219  (9.6) <.0001  2,465   295  (12.0) 0.0104 
Oregon  17,059   5,379   409  (7.6)  5,720   733  (12.8) <.0001  5,960   899  (15.1) 0.0004 
Utah  7,412   2,233   58  (2.6)  2,433   186  (7.6) <.0001  2,746   318  (11.6) <.0001 
Washington  28,574   8,857   455  (5.1)  9,536   766  (8.0) <.0001  10,181   1,167  (11.5) <.0001 
Wyoming  1,895   583   33  (5.7)  643   74  (11.5) 0.0003  669   76  (11.4) 0.9327 

1Arkansas missing data for years of diagnosis 2010-2012 
2Nevada missing data for years of diagnosis 2011-2012 
*p-value for Cochran-Armitage test for trend between 2004-2006 diagnosis period and 2007-2009 diagnosis period.  
**p-value for Cochran-Armitage test for trend between 2007-2009 diagnosis period and 2010-2012 diagnosis period. 
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Table 3. Proportion of cases receiving CPM by region, age, and year of diagnosis among women with unilateral breast cancer undergoing surgery 

Age 
Category Region 

 Total 
Cases  

Year of Diagnosis 

 2004-2006   2007-2009    2010-2012   

     N  
 Total 
cases  

 CPM 
n (%)  

 Total 
cases  

 CPM 
n (%)  

P value 
for trend 

 Total 
cases  

CPM 
n (%) 

P value 
for trend 

20-44 
years  

Northeast  30,611   10,617   1,271  (12.0)  10,391   2,201  (21.2) <.0001  9,603   2,697  (28.1) <.0001 

Midwest  21,382   7,453   1,022  (13.7)  7,325   1,745  (23.8) <.0001  6,604   2,224  (33.7) <.0001 

South   46,816   15,713   1,931  (12.3)  16,131   3,606  (22.4) <.0001  14,972   4,753  (31.7) <.0001 

West  31,950   10,577   1,218  (11.5)  10,902   2,227  (20.4) <.0001  10,471   3,009  (28.7) <.0001 

45 + 
years 

Northeast 206,880   65,380   1,895  (2.9)  70,119   3,718  (5.3) <.0001  71,381   5,264  (7.4) <.0001 
Midwest 162,884   51,180   1,968  (3.8)  55,405   3,924  (7.1) <.0001  56,299   5,366  (9.5) <.0001 
South  332,902   99,242   4,282  (4.3) 116,031   9,254  (8.0) <.0001 117,629  12,674  (10.8) <.0001 
West 227,582   69,611   3,142  (4.5)  78,271   5,685  (7.3) <.0001  79,700   7,845  (9.8) <.0001 
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Figure 2. State variation of overall CPM proportion (A-B) and percent increase in CPM proportion between 2004-2006 period and 2010-2012 
period (C-D) among women with unilateral breast cancer 20-44 year old (A, C) versus 45 years and older (B, D).  
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Figure 3. Joinpoint Analysis of CPM proportion in each region by year of diagnosis 

 
The APCs for the Northeast (A) before and after the 2008 joinpoint are 21.8 and 9.5, 
respectively. The APCs for the Midwest (B) before and after the 2009 joinpoint are 19.8 
and 7.1, respectively. The APCs for the South (C) before and after the 2008 joinpoint are 
22.0 and 10.0, respectively. And the APCs for the West (D) before and after the 2010 
joinpoint are 16.3 and 3.81 respectively.  
1Not statistically significant at the p=0.05 level.  
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Table 4. Multivariate association between receipt of CPM and patient demographic and clinical 
characteristics 

  
CPM vs. Other Surgery  

aOR (95% CI) 
CPM vs. UM  
aOR (95% CI) 

Age at Diagnosis   
 

  
  

  
20-29 years 4.7 (4.44 5.03) 3.7 (3.41 3.94) 
30-39 years 3.6 (3.50 3.68) 2.8 (2.75 2.91) 
40-49 years 1.8 (1.79 1.85) 1.6 (1.59 1.65) 
50-59 years 1 Reference 1 Reference 
60-69 years 0.6 (0.59 0.61) 0.6 (0.60 0.63) 
70+ years 0.2 (0.23 0.25) 0.2 (0.21 0.23) 

           Year of Diagnosis   
 

  
  

  
2004-2006 1 Reference 1 Reference 
2007-2009 1.9 (1.90 1.98) 1.9 (1.85 1.94) 
2010-2012 2.9 (2.84 2.95) 2.9 (2.84 2.96) 

           Summary Stage1   
 

  
  

  
L 1 Reference 1 Reference 
RE 0.9 (0.89 1.00)2 0.7 (0.63 0.71) 
RN 1.3 (1.27 1.32) 0.8 (0.83 0.86) 
RE + RN 1.3 (1.26 1.36) 0.7 (0.65 0.70) 

           Histology   
 

  
  

  
Ductal 1 Reference 1 Reference 
Lobular 1.8 (1.73 1.81) 1.4 (1.37 1.44) 

           Tumor Grade   
 

  
  

  
Well Differentiated 1 Reference 1 Reference 
Moderately Differentiated 1.1 (1.10 1.15) 1 (0.94 0.99) 
Poorly Differentiated 1.2 (1.18 1.23) 1 (0.99 1.04)2 
Undifferentiated 1.2 (1.11 1.33) 1 (0.87 1.06)2 

           Tumor size, cm   
 

  
  

  
< 2  1 Reference 1 Reference 
2-4.9  1.2 (1.19 1.23) 0.8 (0.78 0.81) 
≥ 53 1.6 (1.53 1.61) 0.7 (0.69 0.73) 

           Race   
 

  
  

  
Non-Hispanic White 1 Reference 1 Reference 
Non-Hispanic Black 0.4 (0.41 0.43) 0.4 (0.42 0.45) 
Non-Hispanic Other 0.5 (0.47 0.51) 0.4 (0.37 0.40) 
Hispanic 0.5 (0.52 0.55) 0.5 (0.47 0.50) 

           Insurance Status    
 

  
  

  
Private 1 Reference 1 Reference 
Medicaid 0.6 (0.57 0.61) 0.5 (0.49 0.53) 
Medicare 0.8 (0.78 0.83) 0.7 (0.68 0.72) 
Other 0.8 (0.82 0.86) 0.8 (0.78 0.82) 
Uninsured 0.5 (0.46 0.52) 0.4 (0.41 0.46) 
Unknown 0.8 (0.80 0.83) 0.7 (0.73 0.76) 
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           Region   
 

  
  

  
Northeast 1 Reference 1 Reference 
Midwest 1.2 (1.21 1.27) 1.1 (1.08 1.14) 
South 1.5 (1.46 1.52) 1.2 (1.20 1.25) 
West 1.4 (1.33 1.39) 1.3 (1.24 1.30) 

1Summary stage abbreviations: L=Localized, RE=Regional by direct extension only, RN=Regional by 
lymph node involvement, RE+RN=Regional by both direct extension and lymph node involvement 
2p-value > 0.05 

3Excluded cases with tumor size greater than 20 cm due to implausibility  
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Figure 4. The correlation between the proportion of breast cancer patients diagnosed 2004-2012 
undergoing CPM and the proportion of NH whites according to the 2010 U.S. census by state and 
age category.  

 

The β-coefficient for the linear regression of CPM proportion on the proportion of NH Whites per 
state according to the 2010 census is 0.145 (SE=0.05, p=0.0091) for patients 20-44 years old and 
0.032 (SE=0.02, p=0.1669) for patients ≥ 45 years old.  The adjusted correlation coefficient (R2) 
for the statistically significant regression among 20-44 year old women is 0.125.  
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APPENDIX: 
 
Table 1A. Proportion of cases receiving CPM by state and year of diagnosis among women ages 20-44 years with unilateral breast cancer 
undergoing surgery 

State 
 Total 
Cases  

Year of Diagnosis 

 2004-2006   2007-2009    2010-2012   

   N  
 Total 
cases  

 CPM 
n (%)  

 Total 
cases  

 CPM 
n (%)  

P value 
for trend 

 Total 
cases  

CPM 
n (%) 

P value 
for trend 

Northeast  30,611   10,617   1,271  (12.0)  10,391   2,201  (21.2) <.0001  9,603   2,697  (28.1) <.0001 
Connecticut  2,109   712   89  (12.5)  704   161  (22.9) <.0001  693   249  (35.9) <.0001 
Maine  710   245   46  (18.8)  250   62  (24.8) 0.1047  215   89  (41.4) 0.0001 
Massachusetts  4,005   1,363   124  (9.1)  1,419   232  (16.3) <.0001  1,223   249  (20.4) 0.0077 
New Hampshire  789   295   25  (8.5)  235   50  (21.3) <.0001  259   64  (24.7) 0.3656 
New Jersey  5,062   1,788   256  (14.3)  1,757   400  (22.8) <.0001  1,517   380  (25.0) 0.1262 
New York  11,039   3,760   415  (11.0)  3,703   789  (21.3) <.0001  3,576   1,027  (28.7) <.0001 
Pennsylvania  6,342   2,247   299  (13.3)  2,134   477  (22.4) <.0001  1,961   601  (30.6) <.0001 
Rhode Island  555   207   17  (8.2)  189   30  (15.9) 0.0186  159   38  (23.9) 0.0600 

Midwest  21,382   7,453   1,022  (13.7)  7,325   1,745  (23.8) <.0001  6,604   2,224  (33.7) <.0001 
Indiana  2,779   929  100 (10.8)  985   192  (19.5) <.0001  865   234  (27.1) 0.0001 
Iowa  1,481   548  121 (22.1)  496   167  (33.7) <.0001  437   203  (46.5) <.0001 
Michigan  4,453   1,545  191 (12.4)  1,530   345  (22.5) <.0001  1,378   428  (31.1) <.0001 
Missouri  2,987   1,044  133 (12.7)  989   249  (25.2) <.0001  954   419  (43.9) <.0001 
Nebraska  845   302  66 (21.9)  302   120  (39.7) <.0001  241   105  (43.6) 0.3676 
North Dakota  289   87  11 (12.6)  101   27  (26.7) 0.0165  101   25  (24.8) 0.7476 
Ohio  5,371   1,961  242 (12.3)  1,818   393  (21.6) <.0001  1,592   454  (28.5) <.0001 
South Dakota  366   119  36 (30.3)  129   51  (39.5) 0.1259  118   58  (49.2) 0.1284 
Wisconsin  2,811   918  122 (13.3)  975   201  (20.6) <.0001  918   298  (32.5) <.0001 

South   46,816   15,713   1,931  (12.3)  16,131   3,606  (22.4) <.0001 14,972   4,753  (31.7) <.0001 
Alabama  1,989   650   86  (13.2)  752   153  (20.3) 0.0004  587   182  (31.0) <.0001 

Arkansas1  844   432   70  (16.2)  412   123  (29.9) <.0001 
   

  



 29 

Delaware  479   170   12  (7.1)  178   18  (10.1) 0.3103  131   29  (22.1) 0.0036 
District of Columbia  315   83   4  (4.8)  114   8  (7.0) 0.5241  118   17  (14.4) 0.0696 
Florida  8,032   2,817   425  (15.1)  2,627   661  (25.2) <.0001  2,588   933  (36.1) <.0001 
Georgia  5,148   1,720   241  (14.0)  1,739   417  (24.0) <.0001  1,689   535  (31.7) <.0001 
Kentucky  2,131   752   96  (12.8)  715   209  (29.2) <.0001  664   264  (39.8) <.0001 
Louisiana  1,903   607   61  (10.0)  650   97  (14.9) 0.0092  646   161  (24.9) <.0001 
Mississippi  1,258   344   40  (11.6)  439   101  (23.0) <.0001  475   149  (31.4) 0.0046 
North Carolina  5,134   1,706   180  (10.6)  1,749   353  (20.2) <.0001  1,679   429  (25.6) 0.0002 
Oklahoma  1,446   508   71  (14.0)  476   115  (24.2) <.0001  462   155  (33.5) 0.0015 
South Carolina  2,258   720   70  (9.7)  793   141  (17.8) <.0001  745   180  (24.2) 0.0021 
Tennessee  3,031   1,027   152  (14.8)  1,046   289  (27.6) <.0001  958   415  (43.3) <.0001 
Texas  7,872   2,507   267  (10.7)  2,773   594  (21.4) <.0001  2,592   786  (30.3) <.0001 
Virginia  4,211   1,422   143  (10.1)  1,408   291  (20.7) <.0001  1,381   448  (32.4) <.0001 
West Virginia  765   248   13  (5.2)  260   36  (13.8) 0.0010  257   70  (27.2) 0.0002 

West  31,950   10,577   1,218  (11.5)  10,902   2,227  (20.4) <.0001 10,471   3,009  (28.7) <.0001 
Alaska  282   88   10  (11.4)  90   16  (17.8) 0.2257  104   23  (22.1) 0.4522 
Arizona  2,246   709   119  (16.8)  812   221  (27.2) <.0001  725   272  (37.5) <.0001 
California  17,580   5,969   616  (10.3)  5,899   997  (16.9) <.0001  5,712   1,471  (25.8) <.0001 
Colorado  2,425   766   165  (21.5)  840   301  (35.8) <.0001  819   374  (45.7) <.0001 
Hawaii  793   255   21  (8.2)  277   35  (12.6) 0.0985  261   38  (14.6) 0.5149 
Idaho  550   152   13  (8.6)  204   31  (15.2) 0.0596  194   40  (20.6) 0.1578 
Montana  385   130   14  (10.8)  129   39  (30.2) 0.0001  126   47  (37.3) 0.2326 

Nevada2  816   286   16  (5.6)  401   68  (17.0) <.0001  129   29  (22.5) 0.1582 
New Mexico  743   262   39  (14.9)  258   61  (23.6) 0.0113  223   66  (29.6) 0.1397 
Oregon  1,688   550   81  (14.7)  540   174  (32.2) <.0001  598   207  (34.6) 0.3930 
Utah  1,021   317   19  (6.0)  337   68  (20.2) <.0001  367   111  (30.2) 0.0022 
Washington  3,243   1,038   100  (9.6)  1,063   205  (19.3) <.0001  1,142   317  (27.8) <.0001 
Wyoming  178   55   5  (9.1)  52   11  (21.2) 0.0803  71   14  (19.7) 0.8450 

1 Arkansas missing data for years of diagnosis 2010-2012 
2 Nevada missing data for years of diagnosis 2011-2012  
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Table 2A. Proportion of cases receiving CPM by state and year of diagnosis among women ages ≥ 45 years with unilateral breast cancer 
undergoing surgery 

State 
 Total 
Cases  

Year of Diagnosis 

 2004-2006   2007-2009    2010-2012   

   N  
 Total 
cases  

 CPM 
n (%)  

 Total 
cases  

 CPM 
n (%)  

P value 
for trend 

 Total 
cases  

CPM 
n (%) 

P value 
for 

trend 

Northeast  206,880   65,380   1,895  (2.9)  70,119   3,718  (5.3) <.0001  71,381   5,264  (7.4) <.0001 
Connecticut  14,153   4,533   160  (3.5)  4,679   284  (6.1) <.0001  4,941   464  (9.4) <.0001 
Maine  5,979   1,948   104  (5.3)  2,035   164  (8.1) 0.0006  1,996   206  (10.3) 0.0129 
Massachusetts  26,975   8,710   207  (2.4)  9,175   351  (3.8) <.0001  9,090   437  (4.8) 0.0011 
New Hampshire  5,386   1,645   39  (2.4)  1,818   88  (4.8) 0.0001  1,923   115  (6.0) 0.1240 
New Jersey  31,140   10,024   294  (2.9)  10,663   589  (5.5) <.0001  10,453   783  (7.5) <.0001 
New York  69,684   21,533   618  (2.9)  23,849   1,351  (5.7) <.0001  24,302   1,939  (8.0) <.0001 
Pennsylvania  49,311   15,597   450  (2.9)  16,418   839  (5.1) <.0001  17,296   1,258  (7.3) <.0001 
Rhode Island  4,252   1,390   23  (1.7)  1,482   52  (3.5) 0.0018  1,380   62  (4.5) 0.1786 

Midwest  162,884   51,180   1,968  (3.8)  55,405   3,924  (7.1) <.0001  56,299   5,366  (9.5) <.0001 
Indiana  21,220   6,619  191 (2.9)  7,193   422  (5.9) <.0001  7,408   566  (7.6) <.0001 
Iowa  11,552   3,648  230 (6.3)  3,842   421  (11.0) <.0001  4,062   495  (12.2) 0.0882 
Michigan  33,071   10,172  341 (3.4)  11,143   726  (6.5) <.0001  11,756   1,064  (9.1) <.0001 
Missouri  22,460   7,028  238 (3.4)  7,490   535  (7.1) <.0001  7,942   963  (12.1) <.0001 
Nebraska  6,659   2,190  176 (8.0)  2,200   286  (13.0) <.0001  2,269   337  (14.9) 0.0739 
North Dakota  2,503   842  28 (3.3)  860   79  (9.2) <.0001  801   97  (12.1) 0.0530 
Ohio  41,100   13,362  456 (3.4)  14,153   813  (5.7) <.0001  13,585   989  (7.3) <.0001 
South Dakota  3,144   911  81 (8.9)  1,102   150  (13.6) 0.0009  1,131   158  (14.0) 0.8061 
Wisconsin  21,175   6,408  227 (3.5)  7,422   492  (6.6) <.0001  7,345   697  (9.5) <.0001 

South   332,902   99,242   4,282  (4.3)  116,031   9,254  (8.0) <.0001 117,629  12,674  (10.8) <.0001 
Alabama  15,266   4,147   232  (5.6)  5,720   491  (8.6) <.0001  5,399   575  (10.7) 0.0002 

Arkansas1  6,390   3,015   177  (5.9)  3,375   361  (10.7) <.0001 
    Delaware  3,255   1,065   17  (1.6)  1,137   36  (3.2) 0.0163  1,053   54  (5.1) 0.0208 



 31 

District of Columbia  1,964   636   18  (2.8)  600   14  (2.3) 0.5825  728   23  (3.2) 0.3627 
Florida  66,508   20,005   885  (4.4)  22,222   1,804  (8.1) <.0001  24,281   2,765  (11.4) <.0001 
Georgia  29,734   8,652   458  (5.3)  10,204   905  (8.9) <.0001  10,878   1,235  (11.4) <.0001 
Kentucky  15,519   4,713   197  (4.2)  5,299   488  (9.2) <.0001  5,507   628  (11.4) 0.0002 
Louisiana  13,624   3,743   119  (3.2)  4,808   288  (6.0) <.0001  5,073   438  (8.6) <.0001 
Mississippi  8,567   2,038   128  (6.3)  3,134   312  (10.0) <.0001  3,395   519  (15.3) <.0001 
North Carolina  33,684   10,105   368  (3.6)  11,271   789  (7.0) <.0001  12,308   1,080  (8.8) <.0001 
Oklahoma  12,080   3,711   170  (4.6)  4,224   342  (8.1) <.0001  4,145   471  (11.4) <.0001 
South Carolina  17,402   5,123   164  (3.2)  5,966   342  (5.7) <.0001  6,313   432  (6.8) 0.0114 
Tennessee  21,588   6,464   327  (5.1)  7,344   703  (9.6) <.0001  7,780   1,153  (14.8) <.0001 
Texas  53,300   15,325   730  (4.8)  19,214   1,602  (8.3) <.0001  18,761   2,109  (11.2) <.0001 
Virginia  27,290   8,386   254  (3.0)  9,312   688  (7.4) <.0001  9,592   1,020  (10.6) <.0001 
West Virginia  6,731   2,114   38  (1.8)  2,201   89  (4.0) <.0001  2,416   172  (7.1) <.0001 

West  227,582   69,611   3,142  (4.5)  78,271   5,685  (7.3) <.0001  79,700   7,845  (9.8) <.0001 
Alaska  1,922   571   21  (3.7)  636   74  (11.6) <.0001  715   58  (8.1) 0.0295 
Arizona  17,799   5,121   318  (6.2)  6,281   543  (8.6) <.0001  6,397   902  (14.1) <.0001 
California  117,636   36,124   1,362  (3.8)  40,161   2,438  (6.1) <.0001  41,351   3,428  (8.3) <.0001 
Colorado  16,159   4,847   442  (9.1)  5,598   761  (13.6) <.0001  5,714   956  (16.7) <.0001 
Hawaii  5,122   1,552   32  (2.1)  1,677   63  (3.8) 0.0044  1,893   88  (4.6) 0.1863 
Idaho  4,840   1,394   45  (3.2)  1,660   84  (5.1) 0.0122  1,786   154  (8.6) <.0001 
Montana  3,824   1,162   43  (3.7)  1,312   112  (8.5) <.0001  1,350   165  (12.2) 0.0018 
Nevada2  5,445   1,977   51  (2.6)  2,594   151  (5.8) <.0001  874   54  (6.2) 0.6984 
New Mexico  6,025   1,771   78  (4.4)  2,012   158  (7.9) <.0001  2,242   229  (10.2) 0.0075 
Oregon  15,371   4,829   328  (6.8)  5,180   559  (10.8) <.0001  5,362   692  (12.9) 0.0008 
Utah  6,391   1,916   39  (2.0)  2,096   118  (5.6) <.0001  2,379   207  (8.7) <.0001 
Washington  25,331   7,819   355  (4.5)  8,473   561  (6.6) <.0001  9,039   850  (9.4) <.0001 
Wyoming  1,717   528   28  (5.3)  591   63  (10.7) 0.0011  598   62  (10.4) 0.8696 

1 Arkansas missing data for years of diagnosis 2010-2012 
        2 Nevada missing data for years of diagnosis 2011-2012 

   
 

      


