Online Resource 1: Variable Definitions. Billing codes and data sources for all individual procedures/services are detailed in our groups previous work.
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Table 1.1. Guideline concordant care definitions. Guideline concordance for each phase of care was determined by evaluating concordance for all procedures/services within that phase. Supplemental table 1 is separated into two sections accordingly: 1A defines guideline concordance by phase and 1B defines concordance for each procedure/service, as applicable. Phases of care in table 1A with corresponding procedure-specific definitions in table 1B are denoted with an asterisk (*). Patients who received indicated treatment, and those who did not receive treatment that was not indicated, were both considered to have received guideline concordant care. Patients with tumor subtypes for which a given treatment was discretionary were considered to have guideline concordant care regardless of whether they received the treatment or not. 
	Supplemental Table 1A: Guideline concordance definitions by phase of care
	Group
	Guideline concordant 

treatment value
	Non-concordant 

treatment value

	Diagnostic workup*
	M0 
	Diagnostic mammography

& Pathology review (pathologic confirmation + breast biopsy/cancer-directed surgery)
& HR status determined

& HER2 status determined†
	Did not receive one or more of the diagnostic procedures

	
	M1 or M unknown
	Pathologic confirmation

& HR status determined

& HER2 status determined†
	NOT pathologically confirmed OR HR status NOT determined 

	Stage known 
	Everyone
	Clinical or pathological stage documented
	SEER stage missing or unknown

	Locoregional treatment*, a 

	Indicated to receive surgery and radiation 
	Axillary staging 

& Surgery 

& Radiation
	Did not receive axillary staging OR surgery OR radiation

	
	Indicated to receive surgery but not radiation
	Axillary staging 

& Surgery 

& NO Radiation
	Received radiation OR did NOT receive surgery or axillary staging

	Systemic therapy*, b 

Systemic therapy (continued)*, b
	HR+ HER2+ with the following tumor characteristics:

	
	Stage I-III AND EITHER: 

(N+ OR tumor size > 1.0 cm)
	Chemotherapy 

& Hormone therapy 

& HER2-targeted therapy
	Did not initiate one or more of the systemic therapies

	
	Stage I-III 

AND tumor size 0.6-1.0 cm
	Hormone therapy

(Chemotherapy discretionary)
	Hormone therapy not initiated

	
	Stage I-III 

AND tumor size <= 0.5 cm
	Any value of chemotherapy, hormone therapy, and HER2 therapy (discretionary)
	----

	
	Stage IV or stage unknown
	Hormone therapy 

OR 

(Chemotherapy & HER2-targeted therapy)
	Hormone therapy not initiated 

OR 

Did not receive BOTH chemotherapy & HER2 therapy 

	
	HR+ HER2- with the following tumor characteristics:

	
	Stage I-III 

AND N2+
	Chemotherapy 

& Hormone therapy
	Did not initiate either systemic therapy 

	
	Stage I-III AND EITHER: 

N1 OR tumor size >0.5 cm
	Hormone therapy 

(Chemotherapy discretionary)
	Did not initiate hormone therapy

	
	[Stage I-III AND 

(N0 AND tumor size <= 0.5 cm)]

OR 

Stage IV or stage unknown
	Any value of hormone therapy and chemotherapy (discretionary)
	----

	
	HR- HER2+ with the following tumor characteristics: 

	
	Stage I-III AND EITHER: 

N+ OR tumor size > 1.0 cm
	Chemotherapy 

& HER2-targeted therapy
	Did not initiate chemotherapy & HER2-targeted therapy 

	
	Stage I-III AND 

N0 AND tumor size <= 1.0 cm
	Any value of chemotherapy and HER2-targeted therapy (discretionary) 
	---

	
	Stage IV or stage unknown
	HER2-targeted therapy 

(Chemotherapy discretionary)
	Did not initiate HER2-targeted therapy

	
	HR- HER2+ with the following tumor characteristics:

	
	Stage I-III AND EITHER: 

N+ OR tumor size > 1.0 cm
	Chemotherapy
	Did not initiate chemotherapy

	
	Stage I-III AND 

N0 AND tumor size <= 1.0 cm
	Any value (discretionary)
	----

	
	Stage IV or stage unknown 
	Chemotherapy
	Did not initiate chemotherapy


*Procedure-specific definitions of guideline concordance for each of the procedures in this phase of care are included in supplemental table 1B. 

†Determination of HER2 status is not evaluated for patients diagnosed before 2010 as SEER did not record HER2 status until 2010 and later. 

a Locoregional treatment guidelines do not apply to patients with unknown nodal status, diffuse tumors, M1, T0, or T4 disease; these patients are excluded from this analysis. 

b Systemic therapy guidelines cannot be applied to patients with unknown HR status, HER2 status, nodal status, or tumor size; these patients (as well as patients diagnosed before 2010 when HER2 status data are not available) were excluded from this analysis. 

	Supplemental Table 1B: guideline-concordance for each service/procedure
	Group
	Guideline concordant 

treatment value
	Non-concordant 

treatment value

	Diagnostic workup

	Diagnostic mammogram


	M0
	Received
	Not received

	
	M1, M unknown
	Any value (discretionary)
	----

	Pathology review (breast biopsy AND pathologic confirmation)
	M0
	[Breast biopsy OR cancer-directed surgery] AND pathologic confirmation
	Did not receive either or both

	
	M1, M unknown
	Pathologic confirmation

(Breast biopsy is discretionary)
	No pathologic confirmation

	HR determination
	All M (M0, M1, M unknown)
	(ER+ OR PR+) 

OR (ER- AND PR-)
	ER AND PR borderline, unknown, or missing 

	HER2 determination†
	All M (M0, M1, M unknown)
	HER2+ OR HER2-
	HER2 borderline, missing, or unknown

	Locoregional treatment

	Cancer-directed surgery with axillary staging
	T1-3 AND M0 AND nodal status known
	Received axillary lymph node evaluation (sentinel lymph node biopsy, axillary dissection, or cancer-directed surgery including axillary dissection) AND 

Surgery (BCS or mastectomy)
	No surgery, missing or unknown surgery status, or local tumor destruction only

	Radiation following surgery with axillary staging
	BCS-treated AND EITHER: 

(N0 AND age <70) OR N1+
	Radiation
	No radiation

	
	BCS-treated AND (N0 & age >=70)
	Any value (discretionary)
	----

	
	Mastectomy-treated AND N2+
	Radiation
	No radiation

	
	Mastectomy-treated AND EITHER: 

(N0 AND tumor size >5cm)

OR N1 OR tumor size unknown
	Any value (discretionary)
	----

	
	Mastectomy-treated AND N0
	No radiation
	Radiation

	Systemic therapy

	Chemotherapy
	Stage I-III AND EITHER: 

[(HR- HER2- OR HR+ HER2+ OR

HR- HER2+) 

AND (N+ OR tumor size > 1 cm)]

OR [HR+ HER2- AND N2+]
	Receive chemotherapy
	No chemotherapy

	
	Stage I-III AND EITHER: 

[(HR+ HER2-) AND (N0 or N1)]

OR 

[(HR- HER2- OR HR+ HER2+ OR HR- HER2+) AND N0 AND tumor size <=1 cm]
	Any value (discretionary)
	----

	
	Stage IV or unknown stage 

AND HR- HER2-
	Receive chemotherapy
	No chemotherapy

	
	Stage IV or unknown stage 

AND (HR+ OR HER2+) 
	Any value (discretionary)
	----

	Hormonal/Endocrine therapy
	Stage IV or unknown stage AND HR+
	Initiated hormone therapy
	Did not initiate hormone therapy

	
	Stage I-III AND HR+ 

AND EITHER:  
[T1-3 AND (N+ OR tumor size > 1 cm OR 

(N0 & size > 0.5 cm))]

OR [N+ (any T)]
	Initiated hormone therapy
	Did not initiate hormone therapy



	
	Stage I-III AND EITHER: 

(N0 AND size <= 0.5 cm) 

OR T4 (not meeting indication criteria above)
	Any value (discretionary)
	----

	
	HR- (any stage)
	Did not initiate hormone therapy
	Initiated hormone therapy

	Anti-HER2 agent (trastuzumab)
	HER2+ with the following tumor characteristics: 

	
	Stage IV or unknown AND HR-
	Initiated HER2 therapy
	Did not initiate HER2 therapy

	
	Stage IV or unknown AND HR+ HER2+
	Any value (discretionary)
	----

	
	Stage I-III AND EITHER: 

(T1-3 AND N0 AND tumor size > 1cm) 

OR N+ 
	Initiated HER2 therapy
	Did not initiate HER2 therapy

	
	Stage I-III AND EITHER: 

(T1-3 AND tumor size <= 1 cm) 

OR tumor size unknown
	Any value (discretionary)
	----

	
	HER2- (any stage)
	Did not initiate HER2 therapy
	Initiated HER2 therapy


† HER2 status variable is only available for patients diagnosed in 2010 or later. 

Abbreviations: HR=Hormone Receptor, HER2=Human Epithelial Growth Factor Receptor 2, + = Positive, - = Negative, BCS=Breast Conserving Surgery (i.e., lumpectomy)

Supplemental Table 1C: Operational definitions and data sources for each service/procedure. Adapted from our groups previously published work.
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This table provides a detailed description of definitions for each component of care (i.e., outcome), including data sources used to define each variable, and billing codes as applicable. Medicare claims from MEDPAR, NCH, and Outpatient files were examined for HCPCS/CPT codes, ICD-9 and -10 diagnosis and procedure codes that indicated specific services/procedures. Where available, SEER indicators were also used to determine if specific services/procedures were given.
	Supplemental Table 1C: Operational definitions and data sources for each service/procedure
	Definition
	Data source

	Diagnostic workup Examined claims during three months before through three months after SEER-documented cancer diagnosis date

	Diagnostic mammography 


	At least one Medicare claim for a diagnostic mammogram or other non-screening mammogram
	

	Breast biopsy
	At least one Medicare claim for a breast biopsy
	

	HR status documentation


	SEER indicated receptor status:

-ER+ OR PR+ 

-ER- AND PR-
	

	HER2 status documentation
	SEER indicated HER2 status:

HER2+ OR HER2-
	

	Stage known
	Stage indicated in SEER cancer file:
Used AJCC 6th edition TNM stage for patients diagnosed before 2016 and AJCC 7the edition TNM for patients diagnosed in 2016 or later
	

	Locoregional treatment. Examined 1 month before through 12 months after SEER-documented diagnosis date

	Lymph node biopsy* 

*Most extensive procedure as identified via claims, number of nodes examined, or surgery type (SEER or claims). 


	Axillary dissection (ALND): 

SEER indicated 7+ examined nodes OR

SEER indicated cancer directed surgery that includes ALND OR

At least one Medicare claim for Lymph node biopsy

	

	
	Sentinel biopsy (SLNB): 

-Less than 7 nodes examined (SEER) 

-Procedure-specific code or 7+ nodes examined (SEER)
	-SEER cancer file

-Claims (MEDPAR, NCH, OUTPAT)

-HCPCS/CPT, ICD-9 and ICD-10 procedure codes



	
	Lymph node biopsy of unspecified type
	-Claims (MEDPAR, NCH, OUTPAT)

- ICD-9 and ICD-10 procedure codes

	Cancer-directed surgery* 

*(if both surgery types are identified, the most extensive procedure (mastectomy) is kept)
	Lumpectomy/BCS 

Or 
Mastectomy 
	-SEER cancer file

-Claims (MEDPAR, NCH, OUTPAT)

-HCPCS/CPT, ICD-9 and ICD-10 procedure codes

	Radiation
	Receipt indicated in SEER cancer file 
OR 
at least one claim with associated code (revenue center or billing code)
	-SEER cancer file

-Claims (MEDPAR, NCH, OUTPAT)

-HCPCS/CPT, ICD-9 and ICD-10 diagnosis and procedure codes

-Revenue center codes (specific to outpatient radiation-providing facility) 

	Systemic therapy initiation Examined 1 month before through 12 months after SEER-documented diagnosis date

	Chemotherapy
	Receipt indicated in SEER cancer file 
OR 
at least one claim with associated code (revenue center, billing code, or generic drug name)
	-SEER cancer file

-Claims (MEDPAR, NCH, OUTPAT, Part D)

-HCPCS/CPT, ICD-9 and ICD-10 diagnosis and procedure codes

-Generic drug names (Part D)

-Revenue center codes (specific to outpatient chemotherapy-providing facility)

	Hormonal/Endocrine therapy
	At least one claim code for hormone therapy 
	Claims (NCH, OUTPAT, Part D)

-HCPCS/CPT

-Generic drug names (Part D)



	Anti-HER2 agent
	At least one claim code for HER2-targeted therapy
	Claims (NCH, OUTPAT, Part D)

-HCPCS/CPT

-Generic drug names (Part D)




Abbreviations: SEER=Surveillance, Epidemiology, and End Results; MEDPAR=Medicare Provider Analysis and Review; NCH=Carrier Claims; OUTPAT=Outpatient claims; HCPCS=Health Care Procedure Classification Code; CPT=Current Procedural Terminology; ICD=International Classification of Diseases; DX=diagnosis; PX=procedure; HR=hormone receptor; ER=estrogen receptor; PR=progesterone receptor; HER2=human epidermal growth factor receptor 2; IHC=immunohistochemistry; FISH=fluorescence in situ hybridisation; ALND=Axillary Lymph Node Dissection; SLNB=Sentinel Lymph Node Biopsy; BCS=Breast Conserving Surgery; AJCC=American Joint Committee on Cancer; TNM=tumor, nodes, and metastasis (staging system).
Table 1.2. Covariate definitions. 

	
	Variables
	Definition
	Source
	Variable format

	Individual-level covariates

	Tumor and Clinical Characteristics
	Year of diagnosis, age at diagnosis 
	At index cancer diagnosis
	SEER cancer file
	Continuous

	
	Hormone Receptor (HR) status
	-Positive (ER or PR positive)

-Negative (ER AND PR negative)

-Unknown (borderline ER and PR, missing, or unknown)
	SEER cancer file
	Categorical

	
	Human Epithelial Growth Factor 2 (HER2) Overexpression/Status
	-Positive

-Negative

-Unknown (borderline, missing, or unknown)

-Not diagnosed 2010 or later (HER2 variable not available)
	SEER cancer file
	Categorical

	
	Stage at diagnosis, 

TNM (tumor/node/metastasis)
	-I, II, III, IV, missing/unknown

-T0, T1, T2, T3, T4, unknown (TX)

-N0, N1, N2, N3, unknown

-M0, M1, unknown
	SEER cancer file (AJCC stage 6th or 7th edition, corresponding to year of diagnosis)
	Categorical

	
	Tumor size
	Millimeters (primary breast tumor)
	SEER cancer file
	Continuous

	
	Multiple primary tumors
	Non-breast primary tumor prior to the first primary breast (index) tumor examined in this study
	SEER cancer file[2] 
	Dichotomous (yes/no)

	
	Subsequent malignant tumors
	Number of malignant primary tumors diagnosed after the index breast cancer, during the treatment period (12 months after diagnosis)
	SEER cancer file
	Continuous

	Health status
	Comorbidity
	Charlson Comorbidity Index using claims 12 months prior to diagnosis
	Claims, Charlson Comorbidity Index
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[3, 4]

	Continuous

	
	Frailty 
	Kim et al Frailty Index using claims 12 months prior to diagnosis
	Claims, Kim Frailty Index
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[5, 6]
 
	Continuous

	Healthcare utilization
	Primary care visits
	Number of distinct primary care visits (identified via CPT codes) during 12 months prior to, and at least three months before, diagnosis
	Claims, CPT codes
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	Continuous

	Demographics
	Marital status
	At index cancer diagnosis
	SEER cancer file
	Categorical

	
	Low-income subsidy (proxy measure of individual-level poverty)
	At least one month in year prior to cancer diagnosis
	Medicare enrollment files
	Dichotomous (received/not received)

	Area-level characteristics

	Sociodemographic factors (census tract)
	Rurality
	 RUCA codes corresponding to census tract at time of diagnosis:

-Rural (RUCA codes 4-10)

-Urban (RUCA codes 1-3)
	US Department of Agriculture Economic Research Service dataset[8] 
	Dichotomous (rural/urban)

	
	Socioeconomic position
	Yost socioeconomic status index* quintiles weighted to the US population, linked via census tract at time of diagnosis

*The Yost index is a validated composite score reflecting area-level educational attainment, occupation, poverty, income, and home value, ownership, and rent price 
	NCI Social Determinants of Health dataset[9], provided Yost index
 ADDIN EN.CITE 

[10, 11]

	Categorical (quintiles)

	
	Racial residential segregation 

-Black versus White

-Hispanic White versus non-Hispanic White
	Local Exposure/Isolation Index** (LEx/IS), linked via census tract at time of diagnosis (only defined for MSAs)

**LEx/IS is the probability that two individuals (from the specified racial-ethnic groups) living in the same census tract interact with one another, centered around the expected probability if all race-ethnicities were evenly distributed across the MSA
	NCI Social Determinants of Health dataset[9],  provided LEx/IS
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 scores
	Continuous

	Access to healthcare (county)
	Provider density ratio
	Number of medical doctors (of any specialty) per 100,000 persons; population count based on actual or estimated county population numbers from the US Census during the patients’ year of diagnosis
	Health Resources & Services Administration Area Health Resource Files[13], definition adapted from Zahnd et al
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	Continuous

	Facility/hospital characteristics

	Accreditation and affiliations
	NCI accreditation, CoC accreditation
	Accreditation during year of diagnosis (or closest year prior to diagnosis, if exact year does not correspond to hospital file)
	NCI hospital file
	Dichotomous (yes/no)

	
	Medical school affiliation
	Facility affiliated with a medical school or teaching hospital in any capacity
	NCI hospital file
	Dichotomous (yes/no)

	Facility volume
	Breast Cancer Patient/Case Volume
	Three-year rolling average number of cohort patients seen at each facility
	Claims
	Continuous


Abbreviations: ER=estrogen receptor, PR=progesterone receptor, AJCC= American Joint Commission on Cancer, CPT=Current Procedural Terminology, RUCA=Rural-urban commuting area, MSA=metropolitan statistical area, NCI=National Cancer Institute, CoC=Commission on Cancer
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