Online Resource 3: Sensitivity analyses.

Table 3.1. Odds of Guideline-Concordance by Race and Ethnicity Adjusted for Patient-Level Covariates Including Marital Status and Low-Income Subsidy. Odds ratios (ORs) generated from multilevel models (accounting for groups at the specified level) and traditional logistic regression models among the same cohort (only difference is not accounting for clustering at group levels). Bolded text reflects statistically significant odds ratios at 0.05 level. *Denotes fewer than 11 patients per race and ethnicity group in one or both levels of the outcome. **Denotes fewer than 11 patients per race and ethnicity group were eligible for analysis/outcome (i.e., across both levels of the outcome). †Indicates clustering (at specified level of analysis) was not statistically significant. Table 2A corresponds to facility-level models and 2B is area-level models. Patient-level covariates adjusted for in all analyses were: age at diagnosis, year of diagnosis, frailty score, NCI comorbidity score, previous non-breast malignant primary tumor, baseline primary care visits, low-income subsidy, and marital status. For treatment outcomes, analyses were also adjusted for subsequent tumors diagnosed during treatment period and HR status. Systemic therapy analyses were also adjusted for stage at diagnosis. For each outcome where stratification was performed, the overall analysis was adjusted for the stratification variable (e.g., diagnostics overall was adjusted for M status).

	Facility models
	
	Multilevel Model
	Traditional logistic model 

	Guideline-Concordant:
	Stratification
	N
	Black
	AIAN
	API
	HW
	Black
	AIAN
	API
	HW

	Diagnostics
	Overall
	205733
	0.87

(0.8-0.9)
	0.73

(0.6-0.9)
	0.88

(0.8-1.0)
	1.0

(0.9-1.1)
	0.8

(0.8-0.8)
	0.72

(0.6-0.9)
	0.92

(0.9-0.98)
	0.83

(0.8-0.9)

	
	M0
	192833
	0.86

(0.8-0.9)
	0.79

(0.6-1)
	0.88

(0.8-0.99)
	0.98

(0.9-1)
	0.78

(0.7-0.8)
	0.74

(0.6-0.9)
	0.9

(0.8-0.96)
	0.82

(0.8-0.9)

	
	M1
	8390
	1.09

(0.9-1.3)
	0.49

(0.2-1.1)
	0.97

(0.7-1.4)
	0.85

(0.6-1.1)
	1.04

(0.9-1.3)
	0.49

(0.2-1.02)
	0.95

(0.7-1.3)
	0.83

(0.6-1.1)

	
	M unknown
	4510
	0.87

(0.7-1.1)
	0.61

(0.2-1.6)
	1.71

(1.1-2.6)
	1.31

(1-1.8)
	0.85

(0.7-1.1)
	0.61

(0.3-1.4)
	1.83

(1.3-2.6)
	1.14

(0.9-1.5)

	Stage known
	205733
	0.92

(0.8-0.99)
	0.75

(0.6-1.0)
	1.02

(0.9-1.2)
	0.94

(0.9-1.00)
	0.95

(0.9-1.02)
	0.75

(0.6-0.99)
	1.06

(0.9-1.2)
	0.86

(0.8-0.9)

	Oncologist visit
	205571
	0.83

(0.8-0.9)
	0.66

(0.5-0.8)
	0.96

(0.9-1.04)
	0.95

(0.9-1.01)
	0.82

(0.8-0.9)
	0.66

(0.6-0.8)
	0.95

(0.9-1)
	0.94

(0.9-1)

	Locoregional
	Overall
	180216
	0.85

(0.8-0.9)
	0.89

(0.7-1.1)
	1.16

(1.1-1.3)
	1.04

(0.98-1.1)
	0.86

(0.8-0.9)
	0.89

(0.7-1.1)
	1.13

(1.1-1.2)
	0.999

(0.94-1.1)

	
	N0
	139629
	0.87

(0.8-0.9)
	0.93

(0.7-1.2)
	1.16

(1.1-1.3)
	1.05

(0.98-1.1)
	0.88

(0.8-0.9)
	0.93

(0.7-1.2)
	1.14

(1.1-1.2)
	1.02

(0.96-1.1)

	
	N1
	29996
	0.66

(0.6-0.8)
	0.59

(0.3-1.1)
	1.07

(0.8-1.4)
	0.78

(0.6-0.95)
	0.65

(0.6-0.8)
	0.59

(0.3-1.1)
	1.07

(0.8-1.4)
	0.78

(0.6-0.95)

	
	N2+
	10591
	1.02

(0.9-1.2)
	0.98

(0.5-1.97)
	1.11

(0.9-1.4)
	0.99

(0.8-1.2)
	1.02

(0.9-1.2)
	0.98

(0.5-1.9)
	1.11

(0.9-1.4)
	0.99

(0.8-1.2)

	Systemics
	Overall
	53530
	0.982

(0.9-1.1)
	0.71

(0.5-0.98)
	1.25

(1.1-1.4)
	1.18

(1.1-1.3)
	1.01

(0.9-1.1)
	0.65

(0.5-0.89)
	1.18

(1.1-1.3)
	1.14

(1.03-1.3)

	
	HR+ HER2+
	4308
	0.87

(0.7-1.1)
	0.38*

(0.1-1.1)
	1.28

(0.9-1.7)
	1.005

(0.8-1.3)
	0.87

(0.7-1.1)
	0.37*
(0.1-1.1)
	1.28

(0.9-1.7)
	0.995

(0.8-1.3)

	
	HR+ HER2-
	42731
	0.96

(0.9-1.1)
	0.83**

(0.6-1.2)
	1.27

(1.1-1.5)
	1.17

(1.03-1.3)
	1.02

(0.9-1.1)
	0.77**
(0.5-1.1)
	1.19

(1.04-1.4)
	1.13

(1.003-1.3)

	
	HR- HER2+†
	1641
	0.74

(0.5-1.1)
	0.07*

(0.02-0.3)
	1.21

(0.7-2.3)
	1.68

(0.9-3.2)
	0.74

(0.5-1.1)
	0.07*

(0.02-0.3)
	1.17

(0.6-2.2)
	1.65

(0.9-3.2)

	
	HR- HER2-
	4850
	1.08

(0.9-1.4)
	0.67

(0.2-1.9)
	1.07

(0.7-1.5)
	1.27

(0.9-1.8)
	1.1

(0.9-1.4)
	0.71

(0.3-1.9)
	1.08

(0.8-1.5)
	1.3

(0.9-1.8)

	Area models
	
	Multilevel Model
	Traditional logistic model

	Outcome
	Stratification
	N
	Black
	AIAN
	API
	HW
	Black
	AIAN
	API
	HW

	Diagnostics
	Overall
	145927
	0.79

(0.8-0.8)
	0.82

(0.6-1.1)
	0.8

(0.7-0.9)
	0.93

(0.9-0.99)
	0.77

(0.7-0.8)
	0.81

(0.6-1.05)
	0.81

(0.8-0.9)
	0.82

(0.8-0.9)

	
	M0
	134845
	0.77

(0.7-0.8)
	0.86

(0.6-1.1)
	0.76

(0.7-0.8)
	0.89

(0.8-0.96)
	0.75

(0.7-0.8)
	0.85

(0.6-1.1)
	0.77

(0.7-0.8)
	0.79

(0.7-0.8)

	
	M1
	6441
	1.01

(0.8-1.3)
	0.58*
(0.2-1.5)
	1.44

(0.95-2.2)
	0.96

(0.7-1.3)
	1.02

(0.8-1.3)
	0.58*
(0.2-1.5)
	1.43

(0.96-2.1)
	0.93

(0.7-1.2)

	
	M unknown
	4641
	0.98

(0.8-1.2)
	0.55*
(0.2-1.5)
	1.51

(1.1-2.1)
	1.54

(1.1-2.1)
	0.94

(0.8-1.2)
	0.6*
(0.2-1.5)
	1.52

(1.1-2.1)
	1.41

(1.1-1.8)

	Stage known
	145927
	0.89

(0.8-0.96)
	0.54

(0.4-0.8)
	0.9

(0.8-1.02)
	0.95

(0.9-1.05)
	0.91

(0.8-1)
	0.54

(0.4-0.7)
	0.98

(0.9-1.1)
	0.88

(0.8-0.97)

	Oncologist visit
	145044
	0.77

(0.7-0.8)
	0.77

(0.6-0.99)
	0.91

(0.8-0.98)
	0.9

(0.8-0.97)
	0.78

(0.7-0.8)
	0.75

(0.6-0.96)
	0.9

(0.8-0.97)
	0.91

(0.9-0.97)

	Locoregional
	Overall
	125625
	0.82

(0.8-0.9)
	0.84

(0.6-1.1)
	1.07

(0.99-1.2)
	1.03

(0.96-1.1)
	0.84

(0.8-0.9)
	0.84

(0.6-1.1)
	1.03

(0.95-1.1)
	0.98

(0.91-1.05)

	
	N0
	97622
	0.86

(0.8-0.9)
	0.87

(0.6-1.2)
	1.03

(0.95-1.1)
	1.01

(0.94-1.1)
	0.87

(0.8-0.9)
	0.87

(0.6-1.2)
	1.03

(0.95-1.1)
	1.01

(0.94-1.1)

	
	N1
	20823
	0.64

(0.5-0.8)
	0.63*
(0.3-1.3)
	0.91

(0.7-1.2)
	0.76

(0.6-0.9)
	0.66

(0.6-0.8)
	0.63*
(0.3-1.3)
	0.9

(0.7-1.2)
	0.77

(0.6-0.95)

	
	N2+
	7180
	0.88

(0.7-1.1)
	0.88*
(0.3-2.5)
	1.09

(0.8-1.5)
	0.91

(0.7-1.2)
	0.87

(0.7-1.05)
	0.9*
(0.3-2.6)
	1.08

(0.8-1.4)
	0.89

(0.7-1.1)

	Systemics
	Overall
	38850
	0.99

(0.9-1.1)
	0.77

(0.5-1.2)
	1.24

(1.1-1.4)
	1.18

(1.1-1.3)
	1.02

(0.9-1.1)
	0.7

(0.5-1.1)
	1.14

(1.01-1.3)
	1.13

(1.01-1.3)

	
	HR+ HER2+
	3109
	0.86

(0.6-1.2)
	0.54*
(0.2-1.9)
	1.38

(0.96-2)
	1.02

(0.7-1.4)
	0.85

(0.6-1.1)
	0.53*
(0.2-1.8)
	1.36

(0.96-1.9)
	1.01

(0.7-1.4)

	
	HR+ HER2-
	31010
	1.002

(0.9-1.1)
	0.84

(0.5-1.4)
	1.19

(1.02-1.4)
	1.18

(1.02-1.4)
	1.03

(0.9-1.2)
	0.83

(0.5-1.4)
	1.14

(0.99-1.3)
	1.16

(1.01-1.3)

	
	HR- HER2+†
	1195
	0.78

(0.5-1.3)
	0.31**
(0.03-3.5)
	1.27

(0.7-2.5)
	1.57

(0.8-3.2)
	0.78

(0.5-1.3)
	0.31**
(0.03-3.4)
	1.26

(0.7-2.4)
	1.55

(0.8-3.1)

	
	HR- HER2-†
	3536
	1.14

(0.9-1.5)
	0.33*
(0.1-1.4)
	0.94

(0.6-1.4)
	1.1

(0.8-1.6)
	1.14

(0.9-1.5)
	0.35*
(0.1-1.4)
	0.95

(0.6-1.4)
	1.09

(0.8-1.6)


Abbreviations: AIAN=American Indian/Alaska Native, API=Asian/Pacific Islander, HW=Hispanic White, NHW=non-Hispanic White, NCI=National Cancer Institute
Table 3.2. Facility-Level Characteristics and Odds of Guideline-Concordance Sensitivity Analysis: Adjusted for Marital Status and Low-Income Subsidy. Odds ratios (ORs) and 95% confidence intervals (CIs) generated for facility-level covariates from fully saturated multilevel models (adjusted for patient-level covariates and facility-level covariates). Bolded text indicates statistical significance at the p=0.05 level. †Indicates facility-level clustering was not statistically significant. Patient-level covariates adjusted for in all analyses were: age at diagnosis, year of diagnosis, frailty score, NCI comorbidity score, previous non-breast malignant primary tumor, baseline primary care visits, low-income subsidy, and marital status. For treatment outcomes, analyses were also adjusted for subsequent tumors diagnosed during treatment period and HR status. Systemic therapy analyses were also adjusted for stage at diagnosis. For each outcome where stratification was performed, the overall analysis was adjusted for the stratification variable (e.g., diagnostics overall was adjusted for M status).

	Guideline-Concordant:
	
	NCI center

(yes vs. no)
	CoC status

(yes vs. no)
	Teaching hospital

(yes vs. no)
	Breast Cancer Case Volume

(3 year moving average)

	Diagnostics
	Overall
	1.07

(0.9-1.2)
	1.34

(1.2-1.5)
	0.99

(0.9-1)
	1.004

(1.004-1.01)

	
	M0
	1.12

(0.96-1.3)
	1.45

(1.3-1.6)
	1

(0.9-1.1)
	1.004

(1.004-1.01)

	
	M1
	1.05

(0.8-1.4)
	1.31

(1.1-1.5)
	0.99

(0.9-1.2)
	1.004

(1.002-1.01)

	
	M unknown
	0.58

(0.4-0.8)
	1.11

(0.9-1.3)
	1.06

(0.9-1.3)
	1.01

(1.004-1.008)

	Stage known
	Overall
	0.79

(0.6-0.9)
	1.14

(1-1.3)
	0.98

(0.9-1.1)
	1.004

(1.003-1.01)

	Oncologist visit
	Overall
	1.37

(1.2-1.6)
	1.55

(1.4-1.7)
	1.06

(1-1.1)
	1.003

(1.002-1.004)

	Locoregional treatment
	Overall
	0.83

(0.74-0.92)
	0.98

(0.92-1.04)
	1.03

(0.98-1.07)
	0.9993

(0.9986-0.9999)

	
	N0
	0.81

(0.72-0.92)
	0.93

(0.87-0.999)
	1.01

(0.96-1.07)
	0.9991

(0.9984-0.9998)

	
	N1
	0.7

(0.55-0.89)
	1.03

(0.9-1.17)
	0.88

(0.77-0.999)
	0.9994

(0.9979-1.0009)

	
	N2+
	1.19

(0.94-1.51)
	1.24

(1.11-1.38)
	1.13

(1.01-1.25)
	1.0014

(0.999998-1.0027)

	Systemic therapy
	Overall
	0.98

(0.84-1.14)
	1.16

(1.08-1.26)
	0.98

(0.91-1.06)
	1.0015

(1.0005-1.0025)

	
	HR+ HER2+
	0.94

(0.73-1.21)
	1.27

(1.09-1.48)
	1.06

(0.9-1.24)
	1.001

(0.9995-1.0028)

	
	HR+ HER2-
	0.97

(0.81-1.17)
	1.08

(0.99-1.19)
	0.99

(0.91-1.08)
	1.0012

(1.0001-1.0024)

	
	HR- HER2+†
	0.95

(0.57-1.58)
	1.53

(1.15-2.04)
	1.13

(0.82-1.54)
	1.002

(0.9984-1.0049)

	
	HR- HER2-
	1.15

(0.84-1.58)
	1.25

(1.05-1.5)
	0.93

(0.77-1.12)
	1.004

(1.0015-1.0059)


Table 3.3. Area-Level Characteristics and Odds of Guideline-Concordance Sensitivity Analysis: Adjusted for Marital Status and Low-Income Subsidy.  Odds ratios (ORs) and 95% confidence intervals (CIs) generated for area-level covariates from fully saturated multilevel models (adjusted for patient-level covariates and area-level covariates). Bolded text indicates statistical significance at the p=0.05 level. †Indicates area-level clustering was not statistically significant. Patient-level covariates adjusted for in all analyses were: age at diagnosis, year of diagnosis, frailty score, NCI comorbidity score, previous non-breast malignant primary tumor, baseline primary care visits, low-income subsidy, and marital status. Treatment outcomes were also adjusted for subsequent tumors diagnosed during treatment period and HR status. Systemic therapy analyses were also adjusted for stage at diagnosis. For each outcome where stratification was performed, the overall analysis was adjusted for the stratification variable (e.g., diagnostics overall was adjusted for M status). 
	Guideline-Concordant:
	
	Provider Density
	Rurality (vs.urban)
	Yost quintile 1 (vs. 5)
	Yost quintile 2 (vs. 5)
	Yost quintile 3 (vs. 5)
	Yost quintile 4 (vs. 5)
	Lex/IS Black vs. White
	Lex/IS Hispanic vs. NHW

	Diagnostics
	Overall
	1.0003

(1.00003-1.0006)
	0.92

(0.9-0.99)
	0.87

(0.8-0.9)
	0.9

(0.9-0.9)
	0.9

(0.9-0.9)
	0.93

(0.9-0.97)
	0.98

(0.9-1.02)
	1.05

(1.01-1.1)

	
	M0
	1.0003

(1-1.0006)
	0.93

(0.9-1.01)
	0.83

(0.8-0.9)
	0.87

(0.8-0.9)
	0.88

(0.8-0.9)
	0.91

(0.9-0.95)
	0.98

(0.9-1.02)
	1.04

(0.9-1.1)

	
	M1
	1.0013

(1.0007-1.0019)
	1.04

(0.8-1.3)
	1.1

(0.9-1.4)
	1.06

(0.8-1.3)
	1.08

(0.9-1.3)
	1.02

(0.8-1.2)
	1.12

(0.9-1.3)
	1.06

(0.9-1.3)

	
	M unknown
	1.0002

(0.9995-1.0009)
	0.95

(0.7-1.2)
	1.42

(1.1-1.8)
	1.21

(0.97-1.5)
	1.03

(0.8-1.3)
	1.14

(0.9-1.4)
	0.98

(0.8-1.2)
	0.96

(0.8-1.1)

	Stage known
	Overall
	1.0004

(1.0001-1.0008)
	0.95

(0.9-1.01)
	0.98

(0.9-1.1)
	1.0

(0.9-1.1)
	0.99

(0.9-1.1)
	0.99

(0.9-1.1)
	0.96

(0.9-1)
	1.05

(0.99-1.1)

	Oncologist visit
	Overall
	1.0001

(0.9998-1.0003)
	0.81

(0.8-0.9)
	0.86

(0.8-0.9)
	0.86

(0.8-0.9)
	0.88

(0.8-0.9)
	0.91

(0.9-0.95)
	0.96

(0.9-1)
	1.01

(0.97-1.05)

	Locoregional treatment


	Overall
	0.9999

(0.9997-1.0001)
	1.004

(0.94-1.07)
	1.1

(1.03-1.16)
	1.11

(1.05-1.17)
	1.11

(1.05-1.16)
	1.07

(1.02-1.11)
	0.95

(0.92-0.99)
	1.02

(0.98-1.06)

	
	N0
	0.9999

(0.9997-1.0001)
	0.998

(0.93-1.07)
	1.13

(1.06-1.21)
	1.13

(1.07-1.2)
	1.12

(1.06-1.18)
	1.08

(1.03-1.13)
	0.95

(0.92-0.996)
	1.03

(0.98-1.07)

	
	N1
	0.9997

(0.9993-1.0001)
	1.23

(0.99-1.51)
	1.02

(0.84-1.24)
	1.11

(0.93-1.33)
	1.26

(1.06-1.49)
	1.04

(0.89-1.2)
	1.02

(0.9-1.16)
	1.02

(0.9-1.17)

	
	N2+
	1.0002

(0.9997-1.0006)
	0.91

(0.75-1.11)
	0.97

(0.79-1.2)
	1.01

(0.84-1.22)
	0.92

(0.77-1.1)
	0.999

(0.85-1.18)
	0.85

(0.74-0.98)
	0.92

(0.8-1.07)

	Systemic therapy


	Overall
	0.9999

(0.9997-1.0002)
	0.92

(0.82-1.03)
	1.01

(0.91-1.13)
	1.02

(0.93-1.13)
	0.95

(0.87-1.03)
	0.98

(0.91-1.06)
	0.86

(0.8-0.92)
	0.997

(0.92-1.08)

	
	HR+ HER2+
	1.0005

(0.99995-1.001)
	0.8

(0.6-1.07)
	0.83

(0.61-1.12)
	1.05

(0.8-1.38)
	0.81

(0.62-1.04)
	0.81

(0.65-1.02)
	0.88

(0.73-1.07)
	1.13

(0.91-1.4)

	
	HR+ HER2-
	0.9998

(.-.)
	0.92

(0.8-1.05)
	1.06

(0.93-1.21)
	1.05

(0.94-1.18)
	0.98

(0.89-1.09)
	1.01

(0.92-1.11)
	0.86

(0.79-0.93)
	0.97

(0.89-1.07)

	
	HR- HER2+†
	1.0005

(.-.)
	1.25

(0.68-2.31)
	0.66

(0.37-1.19)
	0.74

(0.42-1.31)
	0.68

(0.4-1.16)
	0.81

(0.49-1.35)
	0.97

(0.65-1.43)
	1.54

(1.04-2.27)

	
	HR- HER2-†
	0.99997

(0.9994-1.0006)
	1.0005

(0.73-1.36)
	0.88

(0.63-1.23)
	0.71

(0.52-0.96)
	0.77

(0.58-1.03)
	0.83

(0.64-1.08)
	0.85

(0.68-1.06)
	0.87

(0.7-1.09)


Abbreviations: Lex/IS=Local Exposure and Isolation Index, NHW=non-Hispanic White
