1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Surg Oncol. Author manuscript; available in PMC 2018 October 01.

-, HHS Public Access
«

Published in final edited form as:
Ann Surg Oncol. 2017 October ; 24(10): 3017-3023. d0i:10.1245/510434-017-5933-0.

Socioeconomic Factors Associated with Post-Mastectomy
Immediate Reconstruction in a Contemporary Cohort of Breast
Cancer Survivors

Jessica R. Schumacher, PhD1, Lauren J. Taylor, MD?1, Jennifer L. Tucholka, BS1, Samuel
Poore, MD, PhD?, Amanda Eggen, PhD3, Jennifer Steiman, MD?, Lee G. Wilke, MD12,
Caprice C. Greenberg, MD, MPH1:2, and Heather B. Neuman, MD, MS1-2

IWwisconsin Surgical Outcomes Research Program, Department of Surgery, University of
Wisconsin School of Medicine and Public Health, Madison, WI

2University of Wisconsin Carbone Cancer Center, University of Wisconsin School of Medicine and
Public Health, Madison, WI

3Cancer Health Disparities Initiative, Carbone Cancer Center, University of Wisconsin School of
Medicine and Public Health, Madison, WI

Abstract

Background—~Post-mastectomy reconstruction is a critical component of high-quality breast
cancer care. Prior studies demonstrate socioeconomic disparity in receipt of reconstruction. Our
objective was to evaluate trends in receipt of immediate reconstruction and examine socio-
economic factors associated with reconstruction in a contemporary cohort.

Methods—Using the National Cancer Database, we identified women < 75 years of age with
stage 0-1 breast cancer treated with mastectomy (n=297,121). Trends in immediate reconstruction
rates (2004-2013) for the overall cohort and stratified by socioeconomic factors were examined
using Join-point regression analysis. Annual percent change (APC) was calculated. We then
restricted our sample to a contemporary cohort (2010-2013, n=145,577). Multivariable logistic
regression identified socioeconomic factors associated with immediate reconstruction. Average
adjusted predicted probabilities of receiving reconstruction were calculated.

Results—Immediate reconstruction rates increased from 27% to 48%. Although absolute rates of
reconstruction for each stratification group increased, similar APC’s across strata led to persistent
gaps in receipt of reconstruction. On multivariable logistic regression using our contemporary
cohort, race, income, education, and insurance type were all strongly associated with immediate
reconstruction. Patients with the lowest predicted probability of receiving reconstruction were
patients with Medicaid who live in areas with the lowest rates of high school graduation (black
42.4 (40.5-44.3)%, white 45.7 (43.9-47.4)%).

Conclusions—Although reconstruction rates have increased dramatically over the past decade,
lower rates persist for disadvantaged patients. Understanding how socioeconomic factors influence
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receipt of reconstruction and identifying modifiable factors are critical next steps towards
identifying interventions to reduce disparities in breast cancer surgical care.

INTRODUCTION

Post-mastectomy reconstruction is a critical component of comprehensive, high-quality
breast cancer care and has been associated with improved quality of life.1=4 This includes
not only improved satisfaction with the appearance of the breast,3° but also better sexual,
psychosocial and physical functioning.3# Post-mastectomy reconstruction is recognized as a
breast cancer care quality measure. The National Accreditation Program of Breast Centers
endorses a standard that all patients considering mastectomy be offered a consultation with a
plastic surgeon.® The importance of reconstruction is also reflected in health policy. For
example, the 1998 Women’s Health and Cancer Rights Act mandated that insurance
companies cover reconstructive procedures after mastectomy’-8 and New York Bill S6993A
requires that surgeons discuss the option of reconstruction with all patients.®

There has been a steady increase in the rate of post-mastectomy reconstruction over the past
decade. Drivers of this trend are multifactorial; in addition to the Women’s Health and
Cancer Rights Act, patients benefit from advances in reconstructive techniques, expanded
availability of plastic surgeons, and growing comfort of breast surgeons in pursuing
immediate reconstruction at the time of the initial cancer surgery.19-14 However, although
overall rates of reconstruction have increased, substantial variation exists regarding who
undergoes reconstruction.19-24 Breast reconstruction following mastectomy is an elective
component of breast cancer treatment and reconstruction is not the right choice for everyone.
Patient preference or clinical factors rendering the patient a poor candidate for the procedure
(i.e. smoking, obesity, recommended post-mastectomy radiation) can drive the decision to
forego immediate and/or ever reconstruction. Variation driven by patient preference or
clinical factors is expected and reasonable. However, prior studies evaluating patients
diagnosed with breast cancer in the early 2000’s have suggested disparities in the receipt of
immediate reconstruction by socioeconomic factors such as race, income, education-level
and insurance.10-24 The objective of this study was to evaluate national rates of immediate
post-mastectomy reconstruction and examine socioeconomic factors associated with receipt
of reconstruction in a contemporary cohort.

METHODS

The National Cancer Data Base (NCDB), a joint program of the American College of
Surgeons Commission on Cancer and the American Cancer Society, is a large national
cancer registry database that captures approximately 70% of all newly diagnosed cancers in
the United States.2®> We used the NCDB to identify women with newly diagnosed stage 0 or
stage 1 breast cancer in 2004-2013 and treated with mastectomy. We excluded patients with
stage 2 or 3 breast cancer, as these patients may be more likely to have a clinical
contraindication for reconstruction, either due to tumor (i.e. inflammatory cancer) or
treatment-related (i.e. need for post-mastectomy radiation) factors. We also excluded women
over the age of 75 years because of the very low rate of reconstruction observed in this
cohort (3.5%). The final sample size was 297,121.
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The outcome variable of interest was the receipt of immediate breast construction (yes/no).
The NCDB captures immediate breast reconstruction after mastectomy;, i.e. reconstruction
planned as part of the initial course of treatment. Covariates included sociodemographic
(age, urban/rural residence, race, insurance, zip code level median household income and
education), Charlson Comorbidity Index, diagnosis (stage), treatment (bilateral mastectomy,
and whether patients received post-mastectomy radiation and/or systemic therapy), and
reporting facility type, all ascertained at the time of diagnosis and first course treatment.

Descriptive statistics for all sociodemographic, diagnosis/treatment, and facility factors were
generated. Unadjusted temporal trends in annual reconstruction rates were assessed using
Join-point regression software (National Cancer Institute, Bethesda, MD); overall trends
were assessed as well as trends stratified by socioeconomic factors (race, income, insurance,
and education).26-29 Join-point regression models allowed for an assessment of the observed
unadjusted changes in reconstruction that occurred each year during the study time period
(i.e. the annual percent change [APC]). 95% confidence intervals were also estimated.

Because of the anticipated strong time trends for rates of immediate reconstruction,10-14 we
restricted our assessment of the factors associated with reconstruction to a contemporary
cohort of women diagnosed between 2010 and 2013 (sample size of 145,577). Multivariable
logistic regression was then used to assess whether socioeconomic factors were associated
with immediate reconstruction, controlling for patient age, comorbidities, tumor and
treatment factors. Average adjusted predicted probabilities of receiving immediate
reconstruction based on these models were then estimated, assuming a patient was <55 years
of age, had a Charlson Comorbidity Index of 0, did not receive radiation or systemic therapy,
and underwent a unilateral mastectomy at a metropolitan academic center in 2013. These
values were intentionally selected because they are associated with higher rates of
reconstruction, thereby facilitating comparison of the impact of socioeconomic factors on
receipt of reconstruction.

This project is considered to be exempt by the University of Wisconsin Institutional Review
Board.

Time Trends in Rates of Immediate Reconstruction between 2004-2013

We identified 297,121 women with stage 0 or 1 breast cancer who underwent mastectomy
between 2004 and 2013. Patient demographics for the overall cohort are presented in Table
1. For this cohort, the rate of reconstruction across the entire study period was 40%. The rate
of reconstruction increased steadily from 27% in 2004 to 48% in 2013. This corresponds to
an APC of 2.3% (95% confidence interval 2.0-2.6%).

We then generated unadjusted Join-point lines to represent the rates of immediate
reconstruction associated with specified socioeconomic factors over time (Figure 1). The
absolute rate of immediate reconstruction has increased during the study period for all
patient groups. Further, the APC for each stratification group has remained relatively similar
between 2004 and 2013, as demonstrated by the overlapping 95% confidence intervals. This,
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in conjunction with the pre-existing absolute differences across strata, has resulted in a
persistent gap in receipt of reconstruction across strata.

Factors Associated with Receipt of Immediate Reconstruction in a Contemporary Cohort

Our contemporary cohort of women diagnosed between 2010 and 2013 consisted of 145,577
patients. After controlling for age and clinical factors (comorbidities, tumor and treatment),
the socioeconomic factors of race, type of insurance, income, and level of education were all
strongly associated with receipt of reconstruction (Table 2).

Adjusted average predicted probabilities based on the multivariable logistic regression
model facilitated interpretation of model results (Table 3). Patients who were white, had
private insurance, and who lived in an area with the highest rates of high school education
had the highest average predicted probability of reconstruction at 64.2% (95% confidence
interval 63.2-65.1%). The lowest predicted probability of reconstruction was for patients
with Medicaid insurance who lived in areas with the lowest rates of high school graduation;
for these patients, predicted probability was 45.7% (43.9-47.4%) if white and 42.4%
(40.5-44.3%) if black.

DISCUSSION

In this study of a national cancer registry, we demonstrated a continued increase in the rate
of immediate reconstruction between 2004 and 2013. However, disparities in receipt of
reconstruction for subgroups of patients persisted across the study period without evidence
of improvement. In our adjusted model, being non-white, not having private insurance, and
living in an area with lower median income and with lower rates of high school graduation
were all strongly associated with lower likelihood of receiving immediate reconstruction.
Importantly, we also determined that race and education were less significant contributors to
receipt of reconstruction than other socioeconomic factors such as income and type of
insurance.

Although the increases in the rate of immediate breast reconstruction observed in our study
are promising, the ongoing disparities in the receipt of reconstruction for socioeconomically
disadvantaged patients is significant. Our findings extend other studies that have identified
disparities in receipt of breast reconstruction1%-24 by demonstrating not only that the gap in
receipt of reconstruction is evident in a contemporary patient cohort but also that the
disparity has not narrowed over time. Given the known benefits associated with receipt of
immediate breast reconstruction,1~# it is critical that we as a surgical community move
beyond simply describing that sociodemographic factors are associated with disparate care
to understanding how these factors lead to the gaps in care in order to improve the quality of
breast cancer care for disadvantaged patient populations.3°

To provide a framework for understanding disparities in receipt of reconstruction, we
developed a conceptual model based on the findings of this study and the literature to date.
10-24 oyr model, adapted from the Behavioral Change Wheel,3! posits that whether or not a
patient undergoes reconstruction is determined by her Capability, Motivation, and
Opportunity (Figure 2). Capability includes clinical factors that determine whether a patient
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is a good candidate for reconstruction, such as recommendation for post-mastectomy
radiation or active smoking. However, this domain also includes education, as patients must
have the knowledge that post-mastectomy reconstruction is a choice available to them, and
empowerment, as patients must have the confidence to interact with their health care team to
influence decision-making for reconstruction. Motivation reflects individual preferences for
reconstruction based on factors such as body image but also more conscious decision-
making around the feasibility for reconstruction based on competing priorities in a patient’s
life. Finally, Opportunity reflects the context within which reconstruction is being
considered, and includes the social and economic resources available to a patient (i.e. ability
to leave work for frequent visits, finances for travel expenses, available child care) and
access to specialty care (i.e. receiving a referral to see a plastic surgeon, having a plastic
surgeon that accepts varied insurance types). Combined, these factors determine whether a
patient undergoes breast reconstruction.

This conceptual model provides a framework for the comprehensive evaluation of how
socioeconomic factors influence receipt of immediate reconstruction and lead to disparities
in care. Importantly, not all of these factors will be modifiable through interventions directed
at the patient, provider or health care system. Understanding how these socioeconomic
factors influence the receipt of breast reconstruction and determining which are modifiable
through multi-level interventions are essential, albeit complex, steps towards improving the
quality of care and reducing disparities in care for disadvantaged populations.

LIMITATIONS

Our study is limited by the specificity of the patient-level sociodemographic variables
included in the NCDB. The NCDB reports education and income at the zipcode area level.
Although this provides a general view of area-level socioeconomic factors, it may not
accurately reflect socioeconomic conditions for an individual patient. We also were not able
to assess how distance to reconstructive care may influence receipt of reconstruction.
Finally, we cannot determine from the NCDB whether a referral to see a plastic surgeon was
offered, whether a patient was offered reconstruction but declined, or whether delayed
reconstruction was received.

CONCLUSIONS

Although rates of immediate reconstruction have increased dramatically over the past
decade, lower rates persist for subgroups of disadvantaged patients. This gap in care quality
is likely mediated by a mix of fixed and modifiable factors that may operate at the patient,
provider and system levels. Understanding how socioeconomic factors influence receipt of
immediate reconstruction and determining which are modifiable critical next steps towards
identifying interventions that will improve the quality of breast cancer surgical care for
disadvantaged populations.
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SYNOPSIS

Although immediate reconstruction rates have increased, lower rates persist for
disadvantaged patients. Understanding how socioeconomic factors influence receipt of
reconstruction and determining which are modifiable are critical steps towards
identifying interventions to reduce disparities in breast cancer surgical care.
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Trends in Rates of Immediate Reconstruction for Socioeconomic Factors
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CAPABILITY

* Clinical factors determining candidacy

~Tumor and treatment factors

-Age & comorbidities (obesity, smoking, etc.)
e Education
* Empowerment

MOTIVATION

* Patient consideration of competing priorities

OPPORTUNITY
* Patient social and economic resources
* Access to specialty care
~ Surgeon communication about option of
reconstruction (i.e. referral made )
— Availability of plastic surgeon

Figure 2.
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* Patient preferences for reconstruction #

DETERMINATION OF
WHETHER
PATIENTS UNDERGO
RECONSTRUCTION

Proposed Framework for Understanding Disparities in Immediate Breast Reconstruction
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Characteristics of Patient Cohort

% (N=297,121)

Age
<=45 19% (56,018)
>45 and <=55 30% (86,649)
>55 and <=65 30% (86,457)
>65 and <=75 21% (62,489)
Stage
0 33% (97,225)
1 67% (194,388)

Charlson Comorbidity Index
0
1
2

86% (249,995)
12% (34,819)
2% (6,799)

Post-mastectomy radiation

No 94% (274,590)

Yes 6% (17,023)
Chemotherapy

No 76% (220,491)

Yes 24% (71,122)
Race

White 84% (245,200)

Black 10% (28,985)

Other 5% (14,454)

Bilateral mastectomy

Ann Surg Oncol. Author manuscript; available in PMC 2018 October 01.

No 70% (202,964)
Yes 30% (88,649)
Facility type
Academic 32% (87,959)
Comprehensive community 50% (136,829)
Community 10% (25,739)
Integrated 8% (21,649)
Insurance
Private 66% (191,998)
Medicare 25% (72,899)
Medicaid 5% (15,374)
Uninsured 2% (5,232)

Table 1

Page 11
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Unknown

% (N=297,121)
2% (6,110)

Geographic Region

New England 19% (53,104)
South Atlantic 23% (61,480)
Mid-west 25% (67,201)
South 16% (44,010)
West 17% (46,688)
Rural-Urban
Metropolitan 86% (244,239)
Urban 12% (34,077)
Rural 2% (4,520)
Income ™
$63,000+ 40% (114,927)
$48,000-62,999 26% (74,794)
$38,000-$47,999 20% (58,564)
<$38,000 14% (40,355)
% with high school education *
<7% 31% (89,895)
7-13% 32% (93,413)
13-20% 23% (65,846)
>=21% 14% (39,585)

*
Median household income and percentage of patients with high school education in zipcode area
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Table 2

Factors Associated with Receipt of Post-Mastectomy Reconstruction between 2010-2013

Proportion with Reconstruction (N=145, 577) | Odds Ratio™ (95% Confidence Interval)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Patient clinical and treatment factors

Age
<=45 63% Ref
>45 and <=55 57% 0.81 (0.78-0.85)
>55 and <=65 41% 0.48 (0.46-0.50)
>65 and <=75 22% 0.26 (0.25-0.27)

Charlson Comorbidity Index

0 47% Ref

1 3% 0.86 (0.83-0.89)

2 24% 0.58 (0.53-0.63)
Stage

0 49% Ref

1 44% 0.82 (0.78-0.87)

Bilateral mastectomy

No 36% Ref

Yes 63% 2.3(2.3-2.4)
Post-mastectomy radiation

No 46% Ref

Yes 35% 0.54 (0.51-0.57)
Chemotherapy

No 45% Ref

Yes 45% 0.83 (0.81-0.86)

Patient Non-Clinical Factors

Race
White 47% Ref
Black 38% 0.88 (0.84-0.91)
Other 38% 0.60 (0.57-0.63)
Insurance
Private 56% Ref
Medicare 25% 0.65 (0.63-0.68)
Medicaid 35% 0.54 (0.51-0.57)
Uninsured 30% 0.43 (0.40-0.48)
Income ™
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Proportion with Reconstruction (N=145, 577) | OddsRatio* (95% Confidence Interval)
$63,000+ 55% Ref
$48,000-62,999 44% 0.75 (0.72-0.77)
$38,000-$47,999 3% 0.64 (0.61-0.67)
<$38,000 32% 0.58 (0.55-0.62)

% with high school education *
<7% 55% Ref
7-13% 47% 0.94 (0.91-0.97)
13-20% 39% 0.91 (0.87-0.95)
>=21% 33% 0.87 (0.83-0.92)
Rural-Urban
Metropolitan 47% Ref
Urban 34% 0.73 (0.70-0.76)
Rural 30% 0.65 (0.58-0.72)
Other
Facility type
Academic 49% Ref
Comp community 43% 0.88 (0.85-0.90)
Community 28% 0.53 (0.50-0.55)
Integrated 53% 1.3(1.2-1.3)
Year of Diagnosis
2010 43% Ref
2011 45% 1.1(1.0-1.2)
2012 46% 1.1(1.1-1.18)
2013 48% 1.2 (1.16-1.24)

Controlled for geographic region

+ . . . . .
All variables strongly associated with receipt of reconstruction at a p<0.0001

*
Median household Income and percentage of patients with high school education in zipcode area
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Page 15

Predicted Probabilities of Receiving Immediate Reconstruction Based on Non-Clinical Factors

Predicted Probability of Reconstruction % (95% Confidence Interval)

Highest Category of Education”

L owest Category of Education”

Type of Insurance and Race

Private insurance, white (63%—26??.1) (58.18'96;/20.3)
Private insurance, black (53%1(;? 4) (522?;34)
Medicaid insurance, white (4?%950{;’_7) (433_7:/7"_4)
M edicaid insurance, black e (05083)

Predicted probability of undergoing reconstruction, assuming a patient was <55 years of age, had a Charlson comorbidity score of 0, did not receive

radiation or chemotherapy, and underwent a unilateral mastectomy at a metropolitan academic center in 2013.

*
Highest and lowest quartiles of percentage of patients in zipcode area with high school education
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