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Abstract 
 

Impact of Regional Supply Factors on the Geographic Variation of Early-Stage Breast 
Cancer Surgical Use 

 
By  

Jing Zhou 
 
 

 
 

Breast conservation therapy (BCT) and mastectomy are the two primary surgical 
treatments for early-stage breast cancer. In 1990, the National Institutes of Health Consensus 
Development Conference recommended BCT as the primary surgical treatment for early-stage 
breast cancer, due to the similar survival rate and higher quality of life of BCT, compared to 
mastectomy. However, BCT is underutilized and remarkable disparity in surgical rate exists 
across regions in the U.S.. Neither hospital factors nor patient-level factors such as patient age, 
race/ethnicity, education, hospital size, and teaching hospital, explain the geographic variation as 
examined by prior studies. This study aims to examine the association between hospital referral 
region (HRR)-level supply factors, particularly HRR-level supply of radiation oncologists and 
plastic/reconstructive surgeons, and the rate of mastectomy use for early-stage breast cancer at 
inpatient settings in HRRs. Multiple data sources were used to establish study samples: 2002-
2011 Nationwide Inpatient Sample, 2000 Census, 2008-2012 5-year estimates American 
Community Survey, and 1996, 2006, and 2011 Dartmouth Health Atlas data. We employed a 
multivariate linear regression model for statistical analysis and conducted sensitivity analyses to 
examine the impact of using different years of HRR-level supply factors on the study results. The 
results showed that each additional radiation oncologists per 100,000 residents in HRRs can 
result in a 7.16 decrease in the rate of mastectomy use for early-stage breast cancer at inpatient 
settings in HRRs (P<0.05). Further, the supply of plastic and reconstructive surgeon is not 
associated with the rate of mastectomy use for early-stage breast cancer at inpatient settings in 
HRRs. This study contributes to existing literatures on examining early-stage breast cancer 
inpatient surgical care disparity from regional market supply perspective. Our findings also 
suggest that the supply disparity on radiation oncologists across regions may lead to the 
geographic variation on early-stage breast cancer surgical care at inpatient settings.  
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Introduction 

 
 

Significant regional variation in the use of surgical care exists in many common surgical 

procedures [1-8]. Studies have shown that physicians in the same region tend to practice 

consistently, but that practice decisions may vary across regions [6-8]. This phenomenon has 

been described as “surgical signature” [1, 3]. Different surgical rates impact patients’ health 

outcomes, quality of life, and health care spending in different regions, especially when one 

procedure is considered superior to other alternatives [1, 2]. This variation, in turn, affects the 

environmental factors across regions, including technology diffusion, supply of specialists, and 

surgical training programs [1, 2]. Therefore, understanding the underlying causes for geographic 

variation in surgical care can improve patients’ health outcomes, direct reallocation of health 

care resources, and help patients and surgeons make informed decisions. 

Differential surgical rate across regions exist in the surgical care of early-stage breast 

cancer. Breast-conserving therapy (breast-conserving surgery with radiation, BCT) and 

mastectomy are the two primary surgical procedures for early-stage breast cancer treatment. 

While clinical guidelines recommended BCT as the primary surgical procedure, as opposed to 

mastectomy, BCT has been shown underutilized and remarkable disparity in surgical rate exists 

across regions [9-11]. To explore the causes for the surgical geographic variation of early-stage 

breast cancer, this study seeks to examine whether regional supply factors, particularly the 

supply of radiation oncologists and the supply of plastic and reconstructive surgeons, are 

associated with mastectomy surgical rate for early-stage breast cancer at inpatient setting across 

regions. 
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Literature Review 

 

Early-Stage Breast Cancer Surgical Care and Its Geographic Variation in the U.S. 

Breast cancer is the most common cancer and the second leading cause of death among 

women [12]. In 2010, over 200,000 new cases of breast cancer were diagnosed in the United 

States [13]. Among these newly diagnosed breast cancer cases, around 75% were diagnosed at an 

early-stage[14]. Early-stage diagnosis is based on the size of the tumor and whether the cancer 

has spread and refers to cancer at Stages I, IIA, IIB, and IIIA [15]. At these stages, cancers may 

have spread to nearby lymph nodes but not to distant parts of the body [16]. 

Breast conservation therapy (BCT) and mastectomy are two principal surgical treatments 

for early-stage breast cancer [17]. Mastectomy is a very invasive treatment in that it removes 

patients’ entire breast [9]. On the contrary, BCT is more conservative - it comprises a 

combination of breast-conserving surgery (BCS) and radiation therapy, and only removes the 

cancerous area and a small amount of surrounding normal tissue [9, 17].  

In 1921, the first experimental study of BCT was conducted on several early-stage breast 

cancer patients [17-19]. During that time, radical mastectomy was the primary surgical treatment 

for a number of decades[17]. The experimental study showed equal results of the new therapy to 

radical mastectomy [18]. Following this study, multiple prospective randomized trials further 

demonstrated that women with early-stage breast cancer who receive BCT have a similar 5-year 

survival rate compared to women who receive mastectomy, with no significant increase in 

recurrence rates [17, 20-22]. But compared with BCT patients, mastectomy patients were 

reported to have more disrupted lives as well as significantly lower scores in body image and 

sexual function [17, 19, 20]. Therefore, in 1990, the National Institutes of Health Consensus 
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Development Conference concluded that "breast conservation treatment (BCS followed by 

radiation therapy) is an appropriate method of primary therapy for the majority of women with 

stage I and II breast cancer and is preferable because it provides survival equivalent to total 

mastectomy and axillary dissection while preserving the breast [9]".  

Despite this evidence of the benefits of BCT, there remains continued use of mastectomy 

and a lower than optimal percentage of early-stage breast cancer patients undergoing BCT. Data 

from Kentucky Cancer Registry showed that mastectomy rate increased 7.5% from 2005 to 

2007[23]. Data from the National Cancer Database also indicated that in the past couple decades, 

the rate of BCT use increased only 16% among all the early-stage breast cancer treatment 

procedures, from 31% in 1992 to 47% in 2008 [10, 11]. Moreover, early-stage breast cancer 

surgical use has also been shown to vary significantly in different regions across the country. In 

1992, BCT was more than twice as common in the Middle Atlantic states and New England than 

in the South Central states [24-27]; Study also found that from 1998 to 2007, 45.5% of women in 

Kentucky underwent mastectomy, as compared to 25% in California [23, 28].  

 

Impact of Hospital and Patient Level Factors on the Geographic Variation 

To explore the causes of continued use of mastectomy and the geographic variation in 

early-stage breast cancer surgical use, multiple studies have examined hospital level factors and 

patient level factors that associated with the rate of surgical use. Studies have shown that higher 

rates of BCT are associated with certain hospital characteristics, such as teaching status, and 

urbanicity. Teaching hospitals and large urban hospitals are often designated as academic 

medical centers, have more research programs, increased physician training, and are more likely 

to be able to provide radiation therapy services and reconstruction after mastectomy [29-32]. 
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Radiation therapy services are essential to BCT and, therefore, increase the likelihood of BCT 

usage [29]. The supply of reconstruction services is another important factor that affects patients’ 

decision of mastectomy, given that mastectomy with reconstruction is able to achieve the same 

quality of life as BCT[15]. Therefore, the impact of teaching hospitals on continued use of 

mastectomy across regions is still unclear. 

Patient characteristics, including medium age, lower income and uninsured, are also 

related to the continued use of mastectomy [24, 27, 29, 33-35]. Women at medium age (between 

45-64 years old) are more concerned with the recurrence of breast cancer and thus more likely to 

choose mastectomy [36]. Income is also likely to have a negative associated with continued 

mastectomy use because three-year median cost of BCT with radiation is significantly higher 

than that of mastectomy [37, 38]. A higher use of mastectomy is also shown among patients 

without insurance, compared to those with public or private insurance[29]. However, differences 

in hospital, physician, and patient characteristics only explain a small degree of regional 

variation in the surgical rate, substantial variation across regions still exists after adjustment for 

these factors [29]. 

 

Impact of the Area-Level Market Supply Factors on the Geographic Variation 

In addition to hospital and patient-level factors, regional supply factors, particularly the 

supply of plastic and reconstructive surgeons and the supply of radiation oncologists, may be 

associated with the continued use of mastectomy and surgical rate of early-stage breast cancer. 

According to federal Women’s Health and Cancer Rights Act (WHCRA) in 1998, group health 

plans, health companies, and Health Maintenance Organizations (HMOs) must cover inpatient 

mastectomy, and reconstruction following mastectomy[39]. As of 2015, 37 states have 
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developed their own laws on mastectomy and reconstruction coverage such as California, 

Delaware, Florida, and Minnesota[40]. The differences in the coverage under various health 

plans and regions might lead to a resource distribution disparity across regions, such as the 

supply of radiation oncologists and the supply of plastic and reconstructive surgeons. Evidence 

showed that patients who reside in areas with low density of radiation oncologists are more 

likely to receive mastectomy, thus increasing the rate of mastectomy use within these areas [29-

32, 36]. On the contrary, patients living in regions with high supply of plastic and reconstructive 

surgeons may have a higher chance to receive mastectomy, given the increased affordability 

under the federal mandates for both mastectomy and reconstruction following mastectomy, and 

so increasing the rate of mastectomy use [41]. Therefore, the supply disparity on radiation 

oncologists and plastic and reconstructive surgeons may be able to explain the geographic 

variation on early-stage breast cancer surgical care. 

No prior studies have looked whether hospital referral regions-level supply disparities are 

associated with early-stage breast cancer inpatient surgical treatment across HRRs. Hospital 

referral regions (HRRs) are the areas served by large tertiary care hospitals, as described in the 

Dartmouth Health Atlas Project [5]. Patients are often referred from smaller hospitals to a 

tertiary center for major operations, including oncology surgical treatments [36]. For early-stage 

breast cancer patients, they tend to get their treatment in a tertiary care setting [42]. Thus, HRRs 

would be an appropriate capture of region differences for breast cancer treatment. 

This study addresses these gaps in the literature by examining the relationship between 

HRR-level supply factors, particularly the supply of radiation oncologists and the supply of 

plastic and reconstructive surgeons, and the rate of mastectomy use at inpatient settings within 

HRRs for the early-stage breast cancer treatment in the United States.  
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Methodology 

 
Conceptual Framework 

 To examine the relationship between HRR-level supply factors and the rate of 

mastectomy use at inpatient settings in HRRs for early-stage breast cancer treatment, this study 

used the Andersen and Aday Behavioral Model of Health Services Use as a conceptual 

framework[43]. This model emphasizes contextual, as well as individual, characteristics that 

affect health behavior (e.g., rate of mastectomy use) and health outcomes[43]. The three major 

components of contextual and individual characteristics are: predisposing, enabling and need-

related factors[43]. Predisposing factors include demographic, social, and belief factors that 

might affect the likelihood of the need and use of health services for a community or an 

individual[43]. Enabling factors are defined as conditions that facilitate or impede health services 

use, and may include income, education level, and availability of health services facilities[43].  

Need-related factors describe the health status of communities or individuals and the resulting 

need for services[43]. 

The orange box in the conceptual model represents the key independent variables: HRR-

level supply of radiation oncologists and HRR-level plastic and reconstructive surgeons. The 

green box stands for the dependent variable: the rate of mastectomy use in HRRs for early-stage 

breast cancer at inpatient settings. Other contextual factors, such as HRR-level age, HRR-level 

race/ethnicity, HRR-level health insurance, HRR-level socioeconomic status (SES) and HRR-

level hospital factors represented by white boxes, also impact the rate of mastectomy use across 

HRRs. Since this study mainly examines the impact of market-aggregated factors on the 
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geographic variation of surgical rate, individual factors, as shown in dotted box, are unmeasured. 

Contextual need-related factors, such as HRR-level health status, are also unmeasured for this 

study and are marked by a dotted box. 

 

Figure 1. Conceptual model for the relationship between HRR-level supply factors and the 
rate of mastectomy use for early-stage breast cancer at inpatient settings 

 

Sample 

Data Sources 

This study employed multiple data sources, including Nationwide Inpatient Sample, 

Census, Dartmouth Health Atlas, and American Community Survey, to construct the analytical 

dataset. Data about the rate of mastectomy use for early-stage breast cancer at inpatient settings 

within HRRs was provided by the 2002-2011 Nationwide Inpatient Sample (NIS). The NIS is a 

part of the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for 
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Healthcare Research and Quality (AHRQ)[44]. The NIS is the largest all-payer inpatient care 

database that is publicly available in the United States; it contains approximately 8 million 

hospital stays from about 1,000 hospitals[44].  The NIS is a 20 percent sample of discharges 

from hospitals participating in HCUP[44]. It also contains hospital weights and discharge 

weights that can be used to generalize the sample of hospital and discharge to the population of 

hospital and discharge in the U.S. [44]. We aggregated the NIS patient-level data into HRR-level 

data by hospital identifiers. 

Data on the independent variables were obtained from the Dartmouth Health Atlas 

Project (DHA) hospital and physician capacity measures in 1996, 2006, and 2011. The DHA is 

designed to analyze how medical resources are distributed and used in the U.S. The project 

contains information and analysis about national, regional, and local markets, as well as hospitals 

and their affiliated physicians[45]. Data in the DHA are aggregated from three main sources: 

Census Current Population files, the Health Resources & Services Administration (HRSA) / 

American Medical Association medical file, and the HRSA Area Resource File[45]. 

We drew contextual-level data on confounders from the 2000 U.S. Census data Summary 

Files and 2008-2012 5-year estimates American Community Survey (ACS) Summary File. 

Conducted by Census Bureau on April 1, 2000, census summary files are 100 percent data that 

include information on household, sex, age, and race for 281.4 million people across the 

country[46]. It also includes data on multiple small geographic units such as blocks, census tracts, 

and metropolitan areas[46]. The ACS is a nationwide mandate survey sent to a small portion of 

population on a rotating basis every year[47]. It includes information on demographic, social, 

economic, and housing[47]. The 5-year estimates of ACS includes 60 months of collected data 
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and represents the most reliable and largest sample size of ACS data[47]. Compared to 1-year 

estimates, the 5-year estimates are suitable for examining smaller geographic regions[47].  

Study Sample 

There are 306 HRRs in total in the U.S.. We excluded patients who live in the 9 states 

which didn’t provide geographic identifiers, as these patients could not be aggregated into HRR-

level data. To create a better and validate measure of the rate of mastectomy use, we also 

excluded HRRs that have less than 30 breast cancer procedure cases, or HRRs that have less than 

30% of hospitals that participated in the NIS. As a result, we were able to include 192 HRRs in 

the analytical sample, representing 63% of all HRRs in the United States (Figure 2).  

Figure 2. Flow chart of the study sample 

 

 

Measures 

HRR-level mastectomy rate 
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We aggregated the rate of mastectomy use for early-stage breast cancer at inpatient 

settings in the HRR from individual-level data into HRR-level data by zip-code. Within 2002-

2011 NIS individual-level data, we included early-stage breast cancer female patients aged 18-85 

in the United States. We used ICD-9-CM diagnostic codes (174.0 to 174.9 or 233.0) to identify 

breast cancer[48]. Patients with advanced stages of breast cancer (ICD-9-CM diagnostic codes: 

196, 197, and 198) were excluded[48]. For patients diagnosed with early-stage breast cancer, we 

identified those who underwent mastectomy (ICD-9-CM codes: 85.41 to 85.47) [48]. To 

construct HRR-level rate of mastectomy use for early-stage breast cancer at inpatient settings, we 

used the weighted total number of inpatient mastectomy that performed for all the zip codes in 

the HRR divided the weighted total inpatient of early-stage breast cancer procedures that 

performed for all the zip codes in the HRR. 

 

HRR-level supply factors 

Data for HRR-level supply factors came directly from the DHA hospital and physician 

capacity measures at HRR-level (Table 1). We used two continuous variables to measure the two 

independent variables: radiation oncologists per 100,000 residents in the HRR, and plastic and 

reconstructive surgeons per 100,000 residents in the HRR. 

HRR-level predisposing factors 

 We used 2000 census data for HRR-level predisposing factors (i.e. HRR-level age and 

HRR-level race/ethnic). To distinguish the different effect of age groups on the breast cancer 
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treatment decision, we used four age groups to represent the age distribution of the populations 

within an HRR: percentage of people aged 18-45, 46-55, 56-64, and 65 and older in HRRs. 

Further, we constructed two continuous variables for the measure of HRR-level race/ethnicity: 

percentage of people who are white in the HRR, and percentage of people who are Hispanic in 

the HRR. 

HRR-level enabling factors 

 To measure HRR-level enabling factors, we used data from 2000 census and 2008-2012 

5-year estimates ACS. We constructed three continuous variables to describe HRR-level SES: 

HRR-level median household income, HRR-level percentage of college graduate, and HRR-level 

percentage of population are management, professional, or related occupations. We described 

health insurance as the proportion of people with private, public, or uninsured in HRRs.  

 We also controlled for HRR-level hospital and other factors using data from the DHA 

hospital and physician capacity measures. We measured HRR-level hospital factors as: the 

number of academic medical centers per 100,000 residents in the HRR, and percent of people 

live in urban areas in the HRR.  

All these HRR-level predisposing and enabling factors were also aggregated from zip 

code level into HRR-level by zip code identifiers. We created the HRR-level percent of people 

aged 18-45 years old, we used the total number of people aged 14-45 of all the zip codes in the 

HRR divided the total number of people of all the zip codes in the HRR. Similar ways were used 

to construct all the other HRR-level predisposing and enabling factors, except HRR-level median 

household income. HRR-level median household income was constructed by the mean value of 

median household income of each zip code in the HRR. 



	  
12 

 

 

 

Table 1. Summary of variables measurement  

Construct Measure Hypothesized 
relationship with DV 

Data 
Sources 

Dependent Variable: Early-stage breast cancer surgical rate  
HRR-level 
inpatient 
mastectomy 
rate 

1 continuous/ratio variable: 
• The rate of mastectomy use 

for early-stage breast cancer 
at inpatient settings in the 
HRR 

N/A 2002-2011 
the NIS data 
  

Independent Variables: Regional supply factors  
HRR-level 
supply of 
radiation 
oncologists 

1 continuous/ratio variable: 
• Radiation oncologists per 

100,000 residents in the 
HRR 

The supply of radiation 
oncologists in the HRR is 
negatively associated with 
the DV 

1996, 2006, 
and 2011 the 
DHA data  

HRR-level 
supply of 
plastic and 
reconstructive 
surgeons 

1 continuous/ratio variable: 
• Plastic and reconstructive 

surgeons per 100,000 
residents in the HRR 

The supply of plastic and 
reconstructive surgeons in 
the HRR is positively 
associated with the DV 

1996, 2006, 
and 2011 the 
DHA data 
 

Confounders  
HRR-level 
Age 

4 continuous/ratio variables: 
• Percentage of people age 18-

45 in the HRR 
• Percentage of people age 46-

55 in the HRR 
• Percentage of people age 56-

64 in the HRR 
• Percentage of people age 65 

and older in the HRR 

Percentage of people age 
18-45, 65and older in the 
HRR has a negative and 
positive association with 
the DV, respectively 

2000 the 
Census data 

HRR-level 2 continuous/ratio variables: Percentage of people who 2000 the 
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Race/ethnicity • Percentage of people who are 
White in the HRR 

• Percentage of people who are 
Hispanic in the HRR 

are White, Hispanic in the 
HRR has a negative and 
positive association with 
the DV, respectively 

Census data 

HRR-level 
Income  

1 continuous/ratio variable: 
• Median household income of 

the HRR 

Median household income 
of the HRR has a negative 
association with the DV 

2000 the 
Census data 

HRR-level 
Education 

1 continuous/ratio variable: 
• Percentage of college 

graduate in the HRR 

Percentage of college 
graduate in the HRR has a 
negative association with 
the DV 

2000 the 
Census data  

HRR-level 
Occupation  

1 continuous/ratio variable: 
• Percentage of people are 

management, professional, or 
related occupations in the 
HRR 

Percentage of people are 
management, 
professional, or related 
occupations in the HRR 
has a negative association 
with the DV 

2000 the 
Census data 

HRR-level 
Health 
insurance 

3 continuous/ratio variables: 
• Percentage of people with 

private insurance in the HRR 
• Percentage of people with 

public insurance in the HRR 
• Percentage of people 

uninsured in the HRR 

Percentage of people with 
private insurance in the 
HRR has a positive 
association with the DV 

2008-2012 
the ACS 5-
year 
estimates 

HRR-level 
urbanicity 

1 continuous/ratio variable: 
• Percentage of people live in 

urban areas in the HRR 

Percentage of people live 
in urban areas in the HRR 
has a negative association 
with the DV 

2000 the 
census data 
 

HRR-level 
hospital factor 

1 continuous/ratio variable: 
Number of academic medical 
centers per 100,000 residents in the 
HRR 

Number of academic 
medical centers per 
100,000 residents in the 
HRR has a positive 
association with the DV 

2006 the 
DHA data 
 

 

Data Analysis 

Research Questions and Hypotheses 

Q1: Is HRR-level supply of radiation oncologists associated with the rate of mastectomy use for 

early-stage breast cancer at inpatient settings in HRRs? 
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H1: After controlling for confounders, HRR-level supply of radiation oncologists has a negative 

association with the rate of mastectomy use for early-stage breast cancer at inpatient settings in 

HRRs. 

Q2: Is HRR-level supply of plastic and reconstructive surgeons associated with the rate of 

mastectomy use for early-stage breast cancer at inpatient settings in HRRs? 

H2: After controlling for confounders, HRR-level supply of plastic and reconstructive surgeons 

has a positive association with the rate of mastectomy use for early-stage breast cancer at 

inpatient settings in HRRs. 

Statistical Analysis 

We conducted basic summary statistics to describe the characteristics of variables for this 

study. We also compared the summary statistics of the HRR-level supply factors in the year 1996, 

2006, and 2011. Further, we used a multivariate linear regression model to test the two 

hypotheses (Model 1). We used HRR-level supply factors at the year 2006 as the independent 

variables for the main analysis, as 2006 is the middle year of the dependent variable, which is 

constructed by 2002 to 2011 data. We used SAS 9.3 (SAS Institute Inc, Cary, NC) for data 

analysis. 

Model 1:  Yi= β0 + β1Supply of radiation oncologists2006 + β2Supply of plastic and 

reconstructive surgeons2006 + β3Confounders+ε 

Sensitivity Analysis 

 As HRR-level supply factors are only available at certain years, to examine whether the 

different years of HRR-level supply factors would affect our study results, we also conducted 

two sensitivity analyses. For the first sensitivity analysis, we used the mean values of the HRR-

level supply factors at the year 2006 and 2011 as our independent variables (Model 2); for the 
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second sensitivity analysis, we used the mean value of HRR-level supply factors at the year 1996, 

2006, and 2011 as our independent variables (Model 3). All the other study variables, as well as 

statistical methods, remained the same in the sensitivity analysis as in the primary analysis. 

Sensitivity analyses would allow us to test the validity of our study results as the changes of 

HRR-level supply factors at different years. 

Model 2:  Yi= β0 + β1Supply of radiation oncologists1 + β2Supply of plastic and 

reconstructive surgeons1 + β3Confounders+ε  

[Supply of radiation oncologists1= Supply of radiation oncologists2006+ Supply of 

radiation oncologists2011)/2; Supply of plastic and reconstructive surgeons1= 

Supply of plastic and reconstructive surgeons2006+Supply of plastic and 

reconstructive surgeons2011)/2] 

 

Model 3:  Yi= β0 + β1Supply of radiation oncologists2 + β2Supply of plastic and 

reconstructive surgeons2+ β3Confounders+ε  

[Supply of radiation oncologists2= (Supply of radiation oncologists1996+Supply of 

radiation oncologists2006+ Supply of radiation oncologists2011)/3; Supply of plastic 

and reconstructive surgeons2= (Supply of radiation oncologists1996+Supply of 

plastic and reconstructive surgeons2006+Supply of plastic and reconstructive 

surgeons2011)/3] 
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Results 

Descriptive Analysis  

As shown in Table 2, from 2002 to 2011, the average rate of mastectomy use for early-

stage breast cancer at inpatient settings in the HRRs was 74.11%, ranging from 51.52% to 97.30% 

across HRRs. The average supply of radiation oncologists per 100,000 residents in HRRs was 

1.09, 1.19, and 1.17 in 1996, 2006, and 2011, respectively. The average supply of plastic and 

reconstructive surgeons per 100,000 residents in HRRs was 1.82, 1.82, and 1.78 in 1996, 2006, 

and 2011, respectively. 

In 2000, the highest average median household income in HRRs was 83,321 dollars, 

while the lowest was only 24,102 dollars. In average, 14.02% of population aged 25 and older 

were graduated from college or higher degrees in HRRs, and 32.75% of population aged 18 and 

older were management, professional, or related occupations in HRRs. For population based 

demographic characteristics in HRRs, the percent of population aged 65 and older in HRRs 

ranged from 7.04% to 35.68%; the percent of population are White in HRRs ranged from 31.13% 

to 97.65%; the percent of population are Hispanic HRRs ranged from 0.59% to 50.06%. For 

population based health insurance status, the average percent of population that have any private 

insurance, public insurance, and uninsured in HRRs were 68.60%, 27.44%, and 13.47%, 

respectively. The number of medical center per 100,000 residents in HRRs ranged from 0.47 to 

6.96.  
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Table 2. Descriptive statistics for the analytical sample (N=192) 

Variables Mean (Range) 
Dependent variable  
Rate of mastectomy use in the HRR for early-stage breast cancer at 
inpatient settings (weighted) (%) 

74.11(51.52-97.30) 

Independent variables  
Supply of radiation oncologists  
Radiation oncologists per 100,000 residents in the HRR (1996) 1.09(0.11-2.34) 
Radiation oncologists per 100,000 residents in the HRR (2006) 1.19(0.44-2.50) 
Radiation oncologists per 100,000 residents in the HRR (2011) 1.17(0.31-2.42) 
Supply of plastic and reconstructive surgeons  
Plastic and reconstructive surgeons per 100,000 residents in the 
HRR (1996) 

1.84(0.30-5.10) 

Plastic and reconstructive surgeons per 100,000 residents in the 
HRR (2006) 

1.86(0.66-4.28) 

Plastic and reconstructive surgeons per 100,000 residents in the 
HRR (2011) 

1.82(0.48-4.31) 

Covariates  
Age  
Percent of people aged 18 to 44 in the HRR (%) 38.75(25.12-47.30) 
Percent of people aged 45 to 54 in the HRR (%) 13.56(8.42-16.15) 
Percent of people aged 55 to 64 in the HRR (%) 8.99(5.16-13.11) 
Percent of people 65 or older in the HRR (%) 13.72(7.04-35.68) 
Race/ethnicity  
Percent of people are White in the HRR (%) 81.55(31.13-97.65) 
Percent of people are Hispanic in the HRR (%) 9.68(0.59-50.06) 
Socioeconomic status  
Median household income in the HRR ($) 43,244(24,102-83,321) 
Percent of college graduate and above in the HRR (%) 13.93(7.37-28.72) 
Percent of people are management, professional, or related 
occupations in the HRR (%) 

32.60(22.01-53.07) 

Health insurance  
Percent of people have any private health insurance in the HRR (%) 68.60(44.86-83.67) 
Percent of people have any public health insurance in the HRR (%) 27.44(9.50-44.44) 
Percent of people uninsured in the HRR (%) 13.47(3.57-28.04) 
Urbanicity  
Percent of people live in urban area in the HRR (%) 73.67(25.87-100.00) 
Hospital characteristics  
Number of academic medical center per 100,000 residents in the 
HRR 

1.66(0.47-6.96) 
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Statistical Analysis 

 We adjusted for covariates, such as population based age, race/ethnicity, health insurance 

status, urbanicity, and hospital characteristics in the HRR, to examine the relationship between 

rate of mastectomy use for early-stage breast cancer at inpatient settings in HRRs and the two 

supply factors (the supply of plastic and reconstructive surgeons, and the supply of radiation 

oncologists) in the HRR (Table 3). Consistent with our hypothesis, the supply of radiation 

oncologists per 100,000 residents in HRRs is negatively associated with rate of mastectomy use 

for early-stage breast cancer at inpatient settings in HRRs (p<0.05). For each additional unit of 

radiation oncologists per 100,000 residents in HRRs, we can expect that the rate of mastectomy 

use in HRRs for early-stage breast cancer at inpatient settings to decrease by an average of 7.16. 

Several HRR-level age factors are also are also significantly associated with the rate of 

mastectomy use for early-stage breast cancer at inpatient settings in HRRs, for example, each 

additional increase of the percent of population aged 45 to 54, the rate of mastectomy use for 

early-stage breast cancer at inpatient settings would decrease by 1.64 in the HRR (p<0.05); but 

as the percent of population aged 55 to 64 in the HRR increase by one percent, the rate of 

mastectomy use for early-stage breast cancer at inpatient settings would decrease by 3.08 

(p<0.05). For HRR-level socioeconomic status, a decreasing of 0.76 in rate of mastectomy use 

for early-stage breast cancer at inpatient settings accounts for one per increase in the percent of 

residents are management, professional, or related occupations in the HRR (p<0.05). For hospital 

factor, we found that one unit increase in the number of academic medical centers per 100,000 

residents in HRRs accounts for 3.47 increase in the rate of mastectomy use for early-stage breast 

cancer at inpatient settings (p<0.05). 
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Table 3. Multivariate regression analysis for the association of HRR-level supply factors 
and the rate of mastectomy use for early-stage breast cancer at inpatient settings (N=192) 

Variables Coefficients P-value 
Independent variables   
Radiation oncologists per 100,000 residents in the HRR (2006) -7.160 0.000*** 
Plastic and reconstructive surgeons per 100,000 residents in the 
HRR (2006) 

-1.326 0.232 

Covariates   
Age   
Percent of people aged 18 to 44 in the HRR -0.158 0.703 
Percent of people aged 45 to 54 in the HRR -1.643 0.050*** 
Percent of people aged 55 to 64 in the HRR 3.078 0.029*** 
Percent of people 65 or older in the HRR -0.747 0.130 
Race/ethnicity   
Percent of people are white in the HRR 0.080 0.320 
Percent of people are Hispanic in the HRR 0.183 0.061 
Socioeconomic status   
Median household income ($1,000) in the HRR -0.239 0.060 
Percent of college graduate and above in the HRR 0.011 0.980 
Percent of people are management, professional, or related 
occupations in the HRR 

0.755 0.019*** 

Health insurance   
Percent of people have any private health insurance in the HRR 0.832 0.191 
Percent of people have any public health insurance in the HRR 0.517 0.423 
Percent of people uninsured in the HRR 0.723 0.349 
Urbanicity   
Percent of people live in urban area in the HRR  -0.041 0.489 
Hospital characteristic   
Number of academic medical centers per 100,000 residents in 
the HRR 

3.469 0.027*** 

***p<0.05 

 

Sensitivity Analysis 

 Table 4 showed the results of sensitivity analyses. In sensitivity analysis 1, we used the 

average values of the HRR-level supply factors in 2006 and 2011 as the independent variables, 
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while sensitivity analysis 2 represents the independent variables of the mean of the HRR-level 

supply factors in 1996, 2006, and 2011. The sensitivity analysis results are very similar to the 

main results of using the 2006 HRR-level supply factors. Each additional radiation oncologists 

per 100,000 residents in the HRR would decrease the rate of mastectomy use for early-stage 

breast cancer at inpatient settings by 6.63 and 5.83 in sensitivity analysis 1 and sensitivity 

analysis 2, respectively (p<0.05). The supply of plastic and reconstructive surgeons per 100,000 

residents in HRRs is still not significantly associated with the rate of mastectomy use for early-

stage breast cancer at inpatient settings. Further, other covariates are significantly associated with 

the rate of mastectomy use for early-stage breast cancer at inpatient settings in the main analysis 

remain significant in the sensitivity analyses, and the magnitudes are of high similarity. 
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Table 4.  Sensitivity analysis results (N=192) 

 Main analysis Sensitivity analysis 1 Sensitivity analysis 2 
Variables Coefficients P-value Coefficients P-value Coefficients P-value 
Independent variables             
Radiation oncologists per 
100,000 residents in the 
HRR  

-7.160 0.000*** -6.634 0.002*** -5.830 0.013*** 

Plastic and reconstructive 
surgeons per 100,000 
residents in the HRR 

-1.326 0.232 -2.006 0.100 -1.917 0.141 

Covariates       
Age       
Percent of people aged 18 to 
44 in the HRR 

-0.158 0.703 -0.179 0.668 -0.168 0.690 

Percent of people aged 45 to 
54 in the HRR 

-1.643 0.050*** -1.655 0.051 -1.704 0.048*** 

Percent of people aged 55 to 
64 in the HRR 

3.078 0.029*** 3.210 0.024*** 3.348 0.020*** 

Percent of people 65 or older 
in the HRR 

-0.747 0.130 -0.733 0.140 -0.761 0.132 

Race/ethnicity       
Percent of people are white 
in the HRR 

0.080 0.320 0.083 0.310 0.087 0.295 

Percent of people are 
Hispanic in the HRR 

0.183 0.061 0.164 0.096 0.182 0.068 

Socioeconomic status       
Median household income 
($1,000) in the HRR 

-0.239 0.060 -0.229 0.075 -0.203 0.115 

Percent of college graduate 
and above in the HRR 

0.011 0.980 0.035 0.938 -0.017 0.971 

Percent of people are 
management, professional, 
or related occupations in the 
HRR 

0.755 0.019*** 0.693 0.032*** 0.703 0.032*** 

Health insurance       
Percent of people have any 
private health insurance in 
the HRR 

0.832 0.191 0.718 0.266 0.812 0.212 

Percent of people have any 
public health insurance in the 
HRR 

0.517 0.423 0.349 0.595 0.451 0.495 

Percent of people uninsured 0.723 0.349 0.613 0.433 0.710 0.367 
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in the HRR 
Urbanicity       
Percent of people live in 
urban area in the HRR 

-0.041 0.489 -0.035 0.561 -0.027 0.658 

Hospital characteristic       
Number of academic per 
100,000 residents in the 
HRR 

3.469 0.027*** 3.436 0.031*** 3.305 0.038*** 

***p<0.05 
 

 

Discussion 

Summary of Findings 

Our study confirmed the hypothesis that as the supply of radiation oncologists in HRRs 

increased, inpatient mastectomy rate for early-stage breast cancer in HRRs would decrease. 

However, contradictory to our hypothesis, we also found that HRR-level supply of plastic and 

reconstructive surgeons is not associated with inpatient mastectomy rate for early-stage breast 

cancer in HRRs. Further, the supply of radiation oncologists, and plastic and reconstructive 

surgeons remains at similar supply structures across regions since 1996. These findings suggest 

that the supply of radiation oncologists might be the major constraint for BCT use and thus 

promoting the continued use of mastectomy for early-stage breast cancer at inpatient settings. It 

can also help explain the persistent of the geographic variation in early-stage breast cancer 

inpatient surgical care over time. 

 

Policy Implications 

The technology advance of BCT is widely accepted, and so we anticipated a rapid 

decrease in mastectomy use for early-stage breast cancer [6, 49, 50]. Nevertheless, as confirmed 

by our results and prior studies, many patients still undergo mastectomy and the surgery use 



	  
23 

patterns across different regions have not changed significantly [6, 51, 52]. Understanding the 

reason behind continued mastectomy use will help seek solutions to this issue and achieve a 

standardized higher quality of breast cancer surgical care. 

Prior studies that have tried to explain the persistent use of mastectomy have suggested 

continued use might due to the similarity of survival rate and quality of life between women 

receiving mastectomy with reconstruction and women receiving BCT, coupled with the fact that 

federal law requires that most insurance plans cover reconstruction after mastectomy under the 

WHCRA [52, 53]. The WHCRA mandate stimulated the growth of reconstructive surgeon 

workforce and also increased the affordability of reconstruction [52]. Thus, patients in regions 

with a higher reconstructive surgeon supply are more likely to perform mastectomy with 

reconstruction [52]. These justifications suggest that most of the women undergoing mastectomy 

would have adjunct reconstruction therapy, which may increase their quality of life [52]. 

However, this prior justifications are contradict to our study results, which shown that 

plastic and reconstructive surgeon supply is not significantly associated with inpatient 

mastectomy rate at HRRs for early-stage breast cancer. Further, our study shown that the supply 

of radiation oncologists did significantly decrease inpatient mastectomy rates for early-stage 

breast cancer. This may be because mastectomy is, in fact, a better option for patients who live in 

areas with a limited supply of radiation oncologists, given that BCT without adjuvant radiation 

therapy has been shown to lead to a higher recurrence rate and a lower survival rate, compared to 

mastectomy [51]. Differences in radiation oncologist supply across regions may, therefore, 

appropriately lead to the geographic variation on early-stage breast cancer inpatient surgical care. 

To minimize the regional variation patterns on early-stage breast cancer, we propose 

several suggestions based on our study to help influence patients’ treatment decisions, redirect 
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health resource distributions, and achieve a better and equal quality of care. First, given that 

current clinical guidelines note that BTC is the gold standard for treatment of early-stage breast 

cancer, appropriate monitoring systems set to standardized clinical practices should be 

implemented to ensure compliance with this guideline [9]. This could involve physicians 

reporting on their non-compliant activities, and compare physician performance and patients’ 

outcomes across different regions regularly. Second, our results suggest that an inadequate 

supply and uneven distribution of radiation oncology workforce exists across different regions, 

so there might be a need to incentivize radiation oncologists to set up practice in low supply 

areas. Third, there are not many studies examined the geographic patterns of breast cancer 

surgical use at the national level. Greater attention should be paid to this issue by conducting 

studies to investigate the impact of regional supply disparity on the geographic variations of 

surgical care. 

 

Limitations 

This study has several limitations. First, we used cross-sectional data for this study, thus 

causality cannot be established. However, our study is the first study that examined the 

association between supply-side factors and national geographic variation of early-stage breast 

cancer surgical use at HRR-level. Further, longitudinal data is not readily available for breast 

cancer treatment, as most of the patients only go through BCT or mastectomy one time in their 

life. Previous study has also showed that although there was a modest growth in radiation 

oncology workforce between 1995 and 2007, the growth in different regions was stable[7]. 

Therefore, despite its cross-sectional design, our study made the best use of available data.  
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Second, our limited sample size (n=192) might pose an issue with the statistical power of 

this study. We used HRRs as the unit of analysis in this study. Further, 13 states in the NIS 

dataset did not include AHA hospital identifiers, so these states were excluded from the analysis 

because they cannot be used to create HRR-level data. However, the 13 states we excluded only 

represent 86 HRRs and we were still able to include 72% of the HRRs for this study. We also do 

not have enough early-stage breast cancer procedure cases to pursue a smaller regional level, due 

to data constraints. 

Third, we did not measure individual-level factors in this study. We used contextual-level 

factors as their proxies, as shown in the conceptual framework (Figure 1). But there are still 

some factors that were unmeasured at both individual and contextual-level, which might pose the 

residual confounding threat on our study. Three important unmeasured factors were patients’ 

health statues, patients’ preferences and physician-patient communications. There are some cases 

where mastectomy might be an appropriate choice for those with high comorbidities and family 

history. Without differentiating appropriate and inappropriate use of mastectomy, this would 

potentially lead to construct validity threat for our study results. Further, there have been some 

debates about whether patients’ preferences and physician-patient communications could impact 

regional difference in breast cancer treatments. According to the WHCRA, for early-stage breast 

cancer, treatment decision should be preference-based, and physicians are required to talk with 

their patients about the treatment options [52]. However, there is disagreement of the influence 

of patient preference in the literature. Some argue that institutional supply disparities might 

impact the contents of patient-physician communications, and thus changing patients’ 

preferences and geographic surgery patterns [52]. While other studies show that patients are not 

actively involved in surgery decision-making process [47, 54, 55]. Therefore, the true impact of 
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leaving this unmeasured may be small. In addition, it is hard to quantify patient’s involvement 

and patient-physician communications. 

Fourth, we did not include outpatient data for this study. Today, most BCT procedures 

are performed in outpatient settings for early-stage breast cancer. Yet, national zip-code level 

outpatient breast cancer procedure information is unavailable. Mastectomy has mainly been done 

at inpatient settings and we used inpatient mastectomy rate as a proxy to examine the 

inappropriate surgical use. This could help reduce the construct validity threat caused by the data 

limitation. 

Lastly, we used the years of 2008-2012 5-year estimates ACS data for the measure of 

HRR-level health insurance status, while all the other HRR-level demographics were measured 

at the year 2000. This might introduce statistical conclusion validity threat for our study, as 

HRR-level insurance status could be different between 2000 and the 2008-2012 5-year estimates. 

Health insurance is an important factor that impacts both patients’ surgical decisions and health 

care infrastructures at different areas, and thus we should capture health insurance in our study. 

The data we used is the earliest year national zip-code level health insurance status that public 

available. 

 

Future Research 

 In order to examine the association between regional supply factors on the geographic 

variation of early-stage breast cancer inpatient and outpatient surgical use, future research should 

focus on obtaining zip-code level national outpatient procedure information. Data showed that in 

2012, 10.4 million inpatient services and 190 million outpatient services have been provided to 

Medicare beneficiaries in the U.S. and that outpatient use continues to grow [56]. This suggests 
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that outpatient services have become the major source of healthcare utilizations and spending in 

the U.S. Therefore, we should collect and publicize more outpatient data. Furthermore, with 

more inpatient and outpatient data, we could also examine breast cancer geographic patterns at a 

smaller area level, such as hospital services area, and census tract, which would reduce the 

aggregation bias of using HRR-level analysis in our study.  

Despite these limitations, this study provides an important step in linking nationwide 

geographic variation of early-stage breast cancer surgical use with regional supply factors and 

informing the underlying causes of this geographic variation. 

 

 
Conclusion 

Previous studies have been conducted to explore the causes of regional variation of early-

stage breast cancer surgical care from patient and hospital perspectives, this study contributes to 

existing literatures on examining this issue from market supply aspect. We found that while the 

supply of plastic and reconstructive surgeons in HRRs is not associated with HRR-level inpatient 

mastectomy rate for early-stage breast cancer, as the supply of radiation oncologists in HRRs 

increases, inpatient mastectomy rate in HRRs for early-stage breast cancer would decrease. 

These findings suggest that the supply disparity on radiation oncologists across regions may lead 

to the geographic variation on early-stage breast cancer inpatient surgical use. Therefore, aside 

from focusing on patient and provider, it is crucial to consider how market supply within 

different geographic locations may impact the surgical care patient receives, which could further 

affect patients’ health outcomes and quality of life. However, due to the data constraint, this 

study has several major limitations. Future research should include early-stage breast cancer 

outpatient procedure data to draw a more accurate conclusion. 
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