Supplemental Materials
Table S1. Diagnostic and pharmacological codes used to identify thromboembolic events, covariates, and anticoagulants.
	Category
	Code
	Description / Generic Name

	ICD-10
	I21
	Acute myocardial infarction

	
	I26
	Pulmonary embolism

	
	I63
	Cerebral infarction

	
	I74
	Arterial embolism and thrombosis

	
	I82
	Other venous embolism and thrombosis

	
	F17
	Nicotine Dependence

	
	C79.31
	Malignant neoplasm of brain

	RxNorm
	5224
	Heparin

	
	11289
	Warfarin

	
	15202
	Argatroban

	
	60819
	Bivalirudin

	
	67108
	Enoxaparin

	
	67109
	Dalteparin

	
	73137
	Tirofiban

	
	75635
	Eptifibatide

	
	235473
	 Heparin (Precise Ingredient)

	
	321208
	Fondaparinux

	
	1037042
	Dabigatran etexilate

	
	1114195
	Rivaroxaban

	
	1311089
	Defibrotide

	
	1364430
	Apixaban

	
	1599538
	Edoxaban

	
	10324
	Tamoxifen

	
	282357
	Fulvestrant

	
	258494
	Exemestane

	
	72965
	Letrozole

	
	84857
	Anastrozole


Table S2. Time-dependent Cox proportional hazard model comparing patients on any targeted therapy to those not on targeted therapy for the outcome of thrombosis (venous or arterial), without adjustment for concomitant medication. Table presents hazard ratio, 95% confidence interval, and event rate as percent (number of events/number of observations). Significant p-values in bold.
	Characteristic
	Event Rate
	HR1
	95% CI1
	p-value

	Targeted therapy
	
	
	
	

	    No
	10,168 (6.5%)
	—
	—
	

	    Yes
	212 (6.3%)
	3.64
	3.15, 4.20
	<0.001

	Nicotine dependance
	
	
	
	

	    No
	8,534 (5.9%)
	—
	—
	

	    Yes
	1,846 (12%)
	2.03
	1.93, 2.13
	<0.001

	Malignant neoplasm of brain
	
	
	
	

	    No
	10,342 (6.4%)
	—
	—
	

	    Yes
	38 (12%)
	4.09
	2.90, 5.77
	<0.001

	Age at breast 
cancer diagnosis
	
	1.08
	1.08, 1.09
	<0.001

	BMI
	
	1.03
	1.03, 1.03
	<0.001

	1 HR = Hazard Ratio, CI = Confidence Interval
Number of patients = 155281
Number of observations = 160749














Table S3. Time-dependent Cox proportional hazard model comparing each targeted therapy (CDK4/6, PARP, mTOR/everolimus) to those not on targeted therapy for the outcome of thrombosis (venous or arterial), without adjustment for concomitant medication. Table presents hazard ratio, 95% confidence interval, and event rate as percent (number of events/number of observations). Significant p-values in bold.
	Characteristic
	N
	Event Rate
	HR1
	95% CI1
	p-value

	Targeted therapy
	
	
	
	
	

	    No targeted therapy
	157,336
	10,159 (6.5%)
	—
	—
	

	    cdk4_6
	2,822
	190 (6.7%)
	3.54
	3.04, 4.12
	<0.001

	    parp
	221
	8 (3.6%)
	3.71
	1.78, 7.72
	<0.001

	    Mtor everolimus
	272
	14 (5.1%)
	6.80
	3.94, 11.7
	<0.001

	Nicotine dependence
	
	
	
	
	

	    No
	145,154
	8,529 (5.9%)
	—
	—
	

	    Yes
	15,497
	1,842 (12%)
	2.03
	1.93, 2.13
	<0.001

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	160,346
	10,333 (6.4%)
	—
	—
	

	    Yes
	305
	38 (12%)
	4.13
	2.93, 5.83
	<0.001

	Age at breast cancer diagnosis
	160,651
	
	1.08
	1.08, 1.09
	<0.001

	BMI
	160,651
	
	1.03
	1.03, 1.03
	<0.001

	1 HR = Hazard Ratio, CI = Confidence Interval
Number of patients = 155236
Number of observations = 160651










Table S4. Baseline characteristics of breast cancer patients comparing those on CDK4/6 inhibitor therapy and those not taking targeted therapy medication. Significant p-values in bold.
	Characteristic
	Overall
N = 154,5341
	No Targeted Therapy
N = 151,1161
	CDK 4/6 Targeted Therapy
N = 3,4181
	p-value2

	Age at breast cancer diagnosis
	60.5 ± 12.6
	60.6 ± 12.6
	58.6 ± 12.9
	<0.001

	Race 
	
	
	
	--

	    American Indian or Alaska Native
	371 (0.2%)
	365 (0.2%)
	6 (0.2%)
	

	    Asian
	5,560 (3.6%)
	5,449 (3.6%)
	111 (3.2%)
	

	    Black or African American
	16,967 (11.0%)
	16,545 (10.9%)
	422 (12.3%)
	

	    Native Hawaiian or Other Pacific Islander
	212 (0.1%)
	200 (0.1%)
	12 (0.4%)
	

	    White
	109,862 (71.1%)
	107,364 (71.0%)
	2,498 (73.1%)
	

	    Other Race
	5,605 (3.6%)
	5,458 (3.6%)
	147 (4.3%)
	

	    Unknown
	15,957 (10.3%)
	15,735 (10.4%)
	222 (6.5%)
	

	Ethnicity 
	
	
	
	<0.001

	    Hispanic or Latino
	10,438 (6.8%)
	10,167 (6.7%)
	271 (7.9%)
	

	    Not Hispanic or Latino
	127,871 (82.7%)
	124,970 (82.7%)
	2,901 (84.9%)
	

	    Unknown
	16,225 (10.5%)
	15,979 (10.6%)
	246 (7.2%)
	

	Nicotine dependance 
	
	
	
	<0.001

	    No
	139,764 (90.4%)
	136,821 (90.5%)
	2,943 (86.1%)
	

	    Yes
	14,770 (9.6%)
	14,295 (9.5%)
	475 (13.9%)
	

	cdk4_6
	
	
	
	<0.001

	    No
	151,116 (97.8%)
	151,116 (100.0%)
	0 (0.0%)
	

	    Yes
	3,418 (2.2%)
	0 (0.0%)
	3,418 (100.0%)
	

	ribociclib
	
	
	
	<0.001

	    No
	154,148 (99.8%)
	151,116 (100.0%)
	3,032 (88.7%)
	

	    Yes
	386 (0.2%)
	0 (0.0%)
	386 (11.3%)
	

	palbociclib
	
	
	
	<0.001

	    No
	152,539 (98.7%)
	151,116 (100.0%)
	1,423 (41.6%)
	

	    Yes
	1,995 (1.3%)
	0 (0.0%)
	1,995 (58.4%)
	

	abemaciclib
	
	
	
	<0.001

	    No
	153,497 (99.3%)
	151,116 (100.0%)
	2,381 (69.7%)
	

	    Yes
	1,037 (0.7%)
	0 (0.0%)
	1,037 (30.3%)
	

	Metastatic cancer
	
	
	
	<0.001

	    No
	152,891 (98.9%)
	149,605 (99.0%)
	3,286 (96.1%)
	

	    Yes
	1,643 (1.1%)
	1,511 (1.0%)
	132 (3.9%)
	

	Malignant neoplasm of brain
	
	
	
	0.757

	    No
	154,252 (99.8%)
	150,841 (99.8%)
	3,411 (99.8%)
	

	    Yes
	282 (0.2%)
	275 (0.2%)
	7 (0.2%)
	

	BMI
	28.3 ± 6.7
	28.2 ± 6.7
	29.0 ± 6.7
	<0.001

	Hemoglobin 
	13.2 ± 1.6
	13.2 ± 1.6
	13.1 ± 1.7
	0.077

	    Unknown
	84,290
	82,463
	1,827
	

	White blood cell
	224.5 ± 842.2
	224.8 ± 841.4
	209.3 ± 884.4
	0.774

	    Unknown
	140,625
	137,483
	3,142
	

	Concomitant medication count
	
	
	
	--

	    0
	95,214 (61.6%)
	94,721 (62.7%)
	493 (14.4%)
	

	    1
	44,462 (28.8%)
	42,842 (28.4%)
	1,620 (47.4%)
	

	    2
	10,920 (7.1%)
	10,004 (6.6%)
	916 (26.8%)
	

	    3
	3,218 (2.1%)
	2,900 (1.9%)
	318 (9.3%)
	

	    4
	691 (0.4%)
	634 (0.4%)
	57 (1.7%)
	

	    5
	29 (0.0%)
	15 (0.0%)
	14 (0.4%)
	

	tamoxifen
	
	
	
	<0.001

	    No
	133,202 (86.2%)
	130,394 (86.3%)
	2,808 (82.2%)
	

	    Yes
	21,332 (13.8%)
	20,722 (13.7%)
	610 (17.8%)
	

	fulvestrant
	
	
	
	<0.001

	    No
	152,496 (98.7%)
	150,194 (99.4%)
	2,302 (67.3%)
	

	    Yes
	2,038 (1.3%)
	922 (0.6%)
	1,116 (32.7%)
	

	elacestrant
	
	
	
	<0.001

	    No
	154,511 (100.0%)
	151,114 (100.0%)
	3,397 (99.4%)
	

	    Yes
	23 (0.0%)
	2 (0.0%)
	21 (0.6%)
	

	exemestane
	
	
	
	<0.001

	    No
	145,917 (94.4%)
	143,040 (94.7%)
	2,877 (84.2%)
	

	    Yes
	8,617 (5.6%)
	8,076 (5.3%)
	541 (15.8%)
	

	letrozole
	
	
	
	<0.001

	    No
	138,067 (89.3%)
	135,806 (89.9%)
	2,261 (66.1%)
	

	    Yes
	16,467 (10.7%)
	15,310 (10.1%)
	1,157 (33.9%)
	

	anastrozole
	
	
	
	<0.001

	    No
	124,146 (80.3%)
	121,987 (80.7%)
	2,159 (63.2%)
	

	    Yes
	30,388 (19.7%)
	29,129 (19.3%)
	1,259 (36.8%)
	

	1 Mean ± SD; n (%)

	2 Welch Two Sample t-test; Pearson’s Chi-squared test; Fisher’s exact test









Table S5. Time-dependent Cox proportional hazard model in patients with metastatic cancer comparing those on CDK4/6 inhibitor therapy (grouped) to those not on targeted therapy, including concomitant medication as a covariate. Outcomes: (a) any thrombosis, (b) venous thrombosis, (c) arterial thrombosis. Table presents hazard ratio, 95% confidence interval, and event rate as percent (number of events/number of observations). Significant p-values in bold.
	Characteristic
	N
	Event Rate
	HR1
	95% CI1
	p-value

	a. Any thrombosis (venous or arterial). Patients = 1,643; observations = 1,830.

	Targeted Therapy
	
	
	
	
	

	    No Target Therapy 
	1,711
	195 (11%)
	—
	—
	

	    CDK 4/6
	119
	6 (5.0%)
	0.61
	0.27, 1.37
	0.227

	Nicotine dependence
	
	
	
	
	

	    No
	1,584
	164 (10%)
	—
	—
	

	    Yes
	246
	37 (15%)
	1.48
	1.04, 2.12
	0.031

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	1,539
	164 (11%)
	—
	—
	

	    Yes
	291
	37 (13%)
	1.58
	1.09, 2.29
	0.017

	Age at breast cancer diagnosis
	1,830
	
	1.07
	1.05, 1.09
	<0.001

	BMI
	1,830
	
	1.01
	0.99, 1.03
	0.432

	Concomitant medication
	
	
	
	
	

	    No
	1,261
	129 (10%)
	—
	—
	

	    Yes
	569
	72 (13%)
	1.12
	0.83, 1.49
	0.462

	b. Venous thrombosis. Patients = 1,553; observations = 1,730.

	Targeted Therapy
	
	
	
	
	

	    No Target Therapy 
	1,617
	107 (6.6%)
	—
	—
	

	    CDK 4/6
	113
	4 (3.5%)
	0.70
	0.25, 1.98
	0.508

	Nicotine dependence
	
	
	
	
	

	    No
	1,506
	95 (6.3%)
	—
	—
	

	    Yes
	224
	16 (7.1%)
	1.17
	0.68, 2.03
	0.565

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	1,457
	92 (6.3%)
	—
	—
	

	    Yes
	273
	19 (7.0%)
	1.41
	0.84, 2.37
	0.190

	Age at breast cancer diagnosis
	1,730
	
	1.05
	1.03, 1.07
	<0.001

	BMI
	1,730
	
	1.02
	1.00, 1.05
	0.084

	Concomitant medication
	
	
	
	
	

	    No
	1,203
	71 (5.9%)
	—
	—
	

	    Yes
	527
	40 (7.6%)
	1.14
	0.77, 1.69
	0.521

	c. Arterial thrombosis. Patients = 1,532; observations = 1,707.

	Targeted Therapy
	
	
	
	
	

	    No Target Therapy 
	1,596
	88 (5.5%)
	—
	—
	

	    CDK 4/6
	111
	2 (1.8%)
	0.46
	0.12, 1.77
	0.262

	Nicotine dependence
	
	
	
	
	

	    No
	1,479
	69 (4.7%)
	—
	—
	

	    Yes
	228
	21 (9.2%)
	2.04
	1.25, 3.31
	0.004

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	1,436
	72 (5.0%)
	—
	—
	

	    Yes
	271
	18 (6.6%)
	1.83
	1.08, 3.08
	0.025

	Age at breast cancer diagnosis
	1,707
	
	1.10
	1.07, 1.12
	<0.001

	BMI
	1,707
	
	0.99
	0.96, 1.02
	0.532

	Concomitant medication
	
	
	
	
	

	    No
	1,188
	58 (4.9%)
	—
	—
	

	    Yes
	519
	32 (6.2%)
	1.14
	0.74, 1.75
	0.554

	1 HR = Hazard Ratio; CI = Confidence Interval. Reference groups: no targeted therapy, no nicotine dependence, no malignant neoplasm of brain, no concomitant medication.












Table S6. Time-dependent Cox proportional hazard model in patients with metastatic cancer comparing each CDK4/6 inhibitor to those not on targeted therapy, including concomitant medication as a covariate. Outcomes: (a) any thrombosis, (b) venous thrombosis, (c) arterial thrombosis. Table presents hazard ratio, 95% confidence interval, and event rate as percent (number of events/number of observations). Significant p-values in bold.
	Characteristic
	N
	Event Rate
	HR1
	95% CI1
	p-value

	a. Any thrombosis (venous or arterial). Patients = 1,623; observations = 1,785.

	Targeted Therapy
	
	
	
	
	

	    No Targeted Therapy
	1,684
	195 (12%)
	—
	—
	

	    Palbociclib
	77
	3 (3.9%)
	0.51
	0.16, 1.68
	0.270

	    Abemaciclib
	24
	3 (13%)
	1.20
	0.44, 3.31
	0.718

	Nicotine dependence
	
	
	
	
	

	    No
	1,544
	164 (11%)
	—
	—
	

	    Yes
	241
	37 (15%)
	1.46
	1.02, 2.08
	0.039

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	1,494
	164 (11%)
	—
	—
	

	    Yes
	291
	37 (13%)
	1.56
	1.07, 2.26
	0.020

	Age at breast cancer diagnosis
	1,785
	
	1.07
	1.05, 1.09
	<0.001

	BMI
	1,785
	
	1.01
	0.99, 1.03
	0.396

	Concomitant medication
	
	
	
	
	

	    No
	1,246
	129 (10%)
	—
	—
	

	    Yes
	539
	72 (13%)
	1.13
	0.84, 1.51
	0.416

	b. Venous thrombosis. Patients = 1,533; observations = 1,685.

	Targeted Therapy
	
	
	
	
	

	    No Targeted Therapy
	1,590
	107 (6.7%)
	—
	—
	

	    Palbociclib
	72
	2 (2.8%)
	0.56
	0.13, 2.40
	0.437

	    Abemaciclib 
	23
	2 (8.7%)
	1.72
	0.42, 7.15
	0.453

	Nicotine dependence
	
	
	
	
	

	    No
	1,466
	95 (6.5%)
	—
	—
	

	    Yes
	219
	16 (7.3%)
	1.16
	0.67, 2.00
	0.602

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	1,412
	92 (6.5%)
	—
	—
	

	    Yes
	273
	19 (7.0%)
	1.39
	0.83, 2.32
	0.217

	Age at breast cancer diagnosis
	1,685
	
	1.05
	1.03, 1.07
	<0.001

	BMI
	1,685
	
	1.02
	1.00, 1.05
	0.072

	Concomitant medication
	
	
	
	
	

	    No
	1,188
	71 (6.0%)
	—
	—
	

	    Yes
	497
	40 (8.0%)
	1.15
	0.78, 1.72
	0.477

	c. Arterial thrombosis. Patients = 1,512; observations = 1,662.

	Targeted Therapy
	
	
	
	
	

	    No targeted therapy
	1,569
	88 (5.6%)
	—
	—
	

	    Palbociclib
	71
	1 (1.4%)
	0.40
	0.05, 2.99
	0.374

	    Abemaciclib
	22
	1 (4.5%)
	0.87
	0.18, 4.19
	0.860

	Nicotine dependence
	
	
	
	
	

	    No
	1,439
	69 (4.8%)
	—
	—
	

	    Yes
	223
	21 (9.4%)
	2.01
	1.24, 3.26
	0.004

	Malignant neoplasm of brain
	
	
	
	
	

	    No
	1,391
	72 (5.2%)
	—
	—
	

	    Yes
	271
	18 (6.6%)
	1.81
	1.07, 3.05
	0.027

	Age at breast cancer diagnosis
	1,662
	
	1.10
	1.07, 1.12
	<0.001

	BMI
	1,662
	
	0.99
	0.96, 1.02
	0.552

	Concomitant medication
	
	
	
	
	

	    No
	1,173
	58 (4.9%)
	—
	—
	

	    Yes
	489
	32 (6.5%)
	1.15
	0.75, 1.77
	0.519

	1 HR = Hazard Ratio; CI = Confidence Interval. Reference groups: no targeted therapy, no nicotine dependence, no malignant neoplasm of brain, no concomitant medication.










Table S7. Targeted therapy and concomitant medication use. Numbers presented as n (%) of patients receiving each concomitant medication within each targeted therapy group.
	Characteristic
	Overall
N = 155,2811
	No targeted 
therapy
N = 151,1161
	cdk4_6
N = 3,4181
	parp
N = 3061
	Mtor 
everolimus
N = 3961
	pi3k 
alpelisib
N = 451

	tamoxifen
	
	
	
	
	
	

	    No
	133,821 (86.2%)
	130,394 (86.3%)
	2,808 (82.2%)
	267 (87.3%)
	311 (78.5%)
	41 (91.1%)

	    Yes
	21,460 (13.8%)
	20,722 (13.7%)
	610 (17.8%)
	39 (12.7%)
	85 (21.5%)
	4 (8.9%)

	fulvestrant
	
	
	
	
	
	

	    No
	153,116 (98.6%)
	150,194 (99.4%)
	2,302 (67.3%)
	299 (97.7%)
	290 (73.2%)
	31 (68.9%)

	    Yes
	2,165 (1.4%)
	922 (0.6%)
	1,116 (32.7%)
	7 (2.3%)
	106 (26.8%)
	14 (31.1%)

	elacestrant
	
	
	
	
	
	

	    No
	155,257 (100.0%)
	151,114 (100.0%)
	3,397 (99.4%)
	306 (100.0%)
	396 (100.0%)
	44 (97.8%)

	    Yes
	24 (0.0%)
	2 (0.0%)
	21 (0.6%)
	0 (0.0%)
	0 (0.0%)
	1 (2.2%)

	exemestane
	
	
	
	
	
	

	    No
	146,423 (94.3%)
	143,040 (94.7%)
	2,877 (84.2%)
	287 (93.8%)
	177 (44.7%)
	42 (93.3%)

	    Yes
	8,858 (5.7%)
	8,076 (5.3%)
	541 (15.8%)
	19 (6.2%)
	219 (55.3%)
	3 (6.7%)

	letrozole
	
	
	
	
	
	

	    No
	138,773 (89.4%)
	135,806 (89.9%)
	2,261 (66.1%)
	288 (94.1%)
	373 (94.2%)
	45 (100.0%)

	    Yes
	16,508 (10.6%)
	15,310 (10.1%)
	1,157 (33.9%)
	18 (5.9%)
	23 (5.8%)
	0 (0.0%)

	anastrozole
	
	
	
	
	
	

	    No
	124,735 (80.3%)
	121,987 (80.7%)
	2,159 (63.2%)
	252 (82.4%)
	295 (74.5%)
	42 (93.3%)

	    Yes
	30,546 (19.7%)
	29,129 (19.3%)
	1,259 (36.8%)
	54 (17.6%)
	101 (25.5%)
	3 (6.7%)

	1 n (%)



