Supplementary Table 1: ICD-10-CM codes for invasive fungal infections and other features of interest among U.S. patients initiating small molecule kinase inhibitor drugs, July 2016‒June 2019

	Invasive fungal infections

	Candidiasis 
	B37.1 Pulmonary candidiasis
B37.5 Candidal meningitis
B37.6 Candidal endocarditis
B37.7 Candidal sepsis
B37.81 Candidal esophagitis
B37.82 Candidal enteritis

	Coccidioidomycosis
	B38.0 Acute pulmonary coccidioidomycosis
B38.1 Chronic pulmonary coccidioidomycosis
B38.2 Pulmonary coccidioidomycosis, unspecified
B38.4 Coccidioidomycosis meningitis
B38.7 Disseminated coccidioidomycosis
B38.81 Prostatic coccidioidomycosis
B38.89 Other forms of coccidioidomycosis
B38.9 Coccidioidomycosis, unspecified

	Histoplasmosis
	B39.0 Acute pulmonary histoplasmosis capsulati
B39.1 Chronic pulmonary histoplasmosis capsulati
B39.2 Pulmonary histoplasmosis capsulati, unspecified
B39.3 Disseminated histoplasmosis capsulati
B39.4 Histoplasmosis capsulati, unspecified
B39.5 Histoplasmosis duboisii
B39.9 Histoplasmosis, unspecified

	Blastomycosis
	B40.0 Acute pulmonary blastomycosis
B40.1 Chronic pulmonary blastomycosis
B40.2 Pulmonary blastomycosis, unspecified
B40.7 Disseminated blastomycosis
B40.81 Blastomycotic meningoencephalitis
B40.89 Other forms of blastomycosis
B40.9 Blastomycosis, unspecified

	Paracoccidioidomycosis
	B41.0 Pulmonary paracoccidioidomycosis
B41.7 Disseminated paracoccidioidomycosis
B41.8 Other forms of paracoccidioidomycosis
B41.9 Paracoccidioidomycosis, unspecified

	Sporotrichosis
	B42.0 Pulmonary sporotrichosis
B42.7 Disseminated sporotrichosis
B42.81 Cerebral sporotrichosis
B42.82 Sporotrichosis arthritis
B42.89 Other forms of sporotrichosis
B42.9 Sporotrichosis, unspecified

	Chromomycosis and pheomycotic abscess
	B43.1 Pheomycotic brain abscess
B43.2 Subcutaneous pheomycotic abscess and cyst

	Aspergillosis
	B44.0 Invasive pulmonary aspergillosis
B44.1 Other pulmonary aspergillosis
B44.2 Tonsillar aspergillosis
B44.7 Disseminated aspergillosis
B44.89 Other forms of aspergillosis
B44.9 Aspergillosis, unspecified

	Cryptococcosis
	B45.0 Pulmonary cryptococcosis
B45.1 Cerebral cryptococcosis
B45.3 Osseous cryptococcosis
B45.7 Disseminated cryptococcosis
B45.8 Other forms of cryptococcosis
B45.9 Cryptococcosis, unspecified

	Mucormycosis
	B46.0 Pulmonary mucormycosis
B46.1 Rhinocerebral mucormycosis
B46.2 Gastrointestinal mucormycosis
B46.3 Cutaneous mucormycosis
B46.4 Disseminated mucormycosis
B46.5 Mucormycosis, unspecified
B46.8 Other zygomycoses
B46.9 Zygomycosis, unspecified

	Other mycoses
	B47.0 Eumycetoma
B48.0 Lobomycosis
B48.1 Rhinosporidiosis
B48.2 Allescheriasis
B48.3 Geotrichosis
B48.4 Penicillosis
B48.8 Other specified mycoses

	Unspecified mycosis
	B49 Unspecified mycosis 

	Pneumocystosis
	B59 Pneumocystosis

	Ibrutinib indications

	Chronic lymphocytic leukemia/small cell lymphoma
	[bookmark: C91.1]C91.1 Chronic lymphocytic leukemia of B-cell type
C83.0 Small cell B-cell lymphoma

	Chronic lymphocytic leukemia of B-cell type, in relapse
	[bookmark: C91.02]C91.12 Chronic lymphocytic leukemia of B-cell type in relapse

	Mantle cell lymphoma
	[bookmark: C83.1]C83.1 Mantle cell lymphoma

	Waldenström macroglobulinemia
	[bookmark: C88.0]C88.0 Waldenström macroglobulinemia

	Marginal zone lymphomaa
	C88.4 Extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT-lymphoma)


	Chronic graft-versus-host disease
	D89.811 Chronic graft-versus-host disease

	Diffuse large B-cell lymphomab
	C83.3 Diffuse large B-cell lymphoma

	Follicular lymphomab
	C82 Follicular lymphoma

	Other underlying conditions

	Diabetes
	E08 Diabetes mellitus due to underlying condition
E09 Drug or chemical induced diabetes mellitus
E10 Type 1 diabetes mellitus
E11 Type 2 diabetes mellitus
E13 Other specified diabetes mellitus

	HIV infection
	B20 Human immunodeficiency virus (HIV) disease
Z20 Asymptomatic human immunodeficiency virus (HIV) infection status

	Neutropenia 
	D70 Neutropenia 

	History of bone marrow/stem cell transplant
	Z94.81 Bone marrow transplant status
Z94.84 Stem cells transplant status

	History of chemotherapy
	Z51.11 Encounter for antineoplastic chemotherapy

	Solid organ transplant
	Z94.0 Kidney transplant status
Z94.1 Heart transplant status
Z94.2 Lung transplant status
Z94.3 Heart and lungs transplant status
Z94.4 Liver transplant status
Z94.82 Intestine transplant status
Z94.83 Pancreas transplant status

	Abbreviation: ICD-10-CM = International Classification of Diseases, Tenth Revision, Clinical Modification 

	a Specific ICD-10-CM codes are lacking for other subtypes of marginal zone lymphoma besides MALT-lymphoma (i.e., splenic, nodal)
b Use of ibrutinib for these conditions is considered off-label.


 

	Supplementary Table 2: Characteristics and invasive fungal infection risk factors in patients beginning treatment with ibrutinib — United States, July 2016–July 2019

	Characteristica
	All patients
(N = 1286)
	%
	Diagnosis of IFI within one year of starting ibrutinib

	
	
	
	IFI
(n = 38)
	%
	No IFI
(n = 1248)
	%
	P valueb

	Age group (years)
	 
	 
	 
	 
	 
	 
	0.490 

	0–17
	3
	0.2
	0
	0.0
	3
	0.2
	

	18–44
	57
	4.4
	3
	7.9
	54
	4.3
	 

	45–64
	696
	54.1
	21
	55.3
	675
	54.1
	 

	≥65
	530
	41.2
	14
	36.8
	516
	41.3
	 

	Female
	469
	36.5
	13
	34.2
	456
	36.5
	0.769

	U.S. census regionc
	 
	
	 
	 
	 
	 
	0.249

	Northeast
	356
	27.7
	16
	43.2
	340
	27.3
	 

	South
	445
	34.7
	11
	29.7
	434
	34.8
	 

	Midwest
	320
	24.9
	7
	18.9
	313
	25.1
	 

	West
	162
	12.6
	3
	8.1
	159
	12.8
	 

	Indication for ibrutinib
	 
	
	 
	 
	 
	 
	 

	Chronic lymphocytic leukemia/small lymphocytic lymphoma
	950
	73.9
	28
	73.7
	922
	73.9
	0.979

	   Chronic lymphocytic leukemia in relapse
	82
	6.4
	5
	13.2
	77
	6.2
	0.089

	Waldenström macroglobulinemia
	97
	7.5
	1
	2.6
	96
	7.7
	0.356

	Mantle cell lymphoma (previously treated)
	80
	6.2
	2
	5.3
	78
	6.3
	>0.999

	Refractory chronic graft versus host disease
	61
	4.7
	4
	10.5
	57
	4.6
	0.101

	Marginal zone lymphoma 
	22
	1.7
	1
	2.6
	21
	1.7
	0.486

	Diffuse large B-cell lymphomad (relapsed/refractory)
	63
	4.9
	4
	10.5
	59
	4.7
	0.111

	Follicular lymphomad (relapsed/refractory)
	40
	3.1
	1
	2.6
	39
	3.1
	>0.999

	Other underlying conditions (present during the 180 days before starting ibrutinib)
	 
	
	 
	 
	 
	 
	 

	Diabetes mellitus
	244
	19.0
	7
	18.4
	237
	19.0
	0.930

	Neutropenia
	108
	8.4
	7
	18.4
	101
	8.1
	0.024

	Stem cell transplant
	93
	7.2
	8
	21.1
	85
	6.8
	<0.001

	Solid organ transplant
	2
	0.2
	0
	0.0
	2
	0.2
	>0.999

	HIV infection
	3
	0.2
	0
	0.0
	3
	0.2
	>0.999

	Medications (prescribed within 90 days before starting ibrutinib)
	 
	
	 
	 
	 
	 
	 

	Chemotherapy 
	209
	16.3
	11
	28.9
	198
	15.9
	0.031

	Corticosteroids 
	110
	8.6
	7
	18.4
	103
	8.3
	0.027

	Tacrolimus
	28
	2.2
	3
	7.9
	25
	2.0
	0.047

	Mycophenolate mofetil
	4
	0.3
	0
	0.0
	4
	0.3
	>0.999

	Antifungal prophylaxis (prescribed within 90 days before starting ibrutinib)
	125
	9.7
	11
	28.9
	114
	9.1
	<0.001

	Trimethoprim/sulfamethoxazole or atovaquone
	100
	7.8
	8
	21.1
	92
	7.4
	 

	Fluconazole 
	29
	2.3
	4
	10.5
	25
	2.0
	 

	Voriconazole, posaconazole, or isavuconazole 
	27
	2.1
	4
	10.5
	23
	1.8
	 

	Abbreviation: IFI = invasive fungal infection
a IFIs and underlying conditions were identified using international classification of diseases, 10th Revision, clinical modification (ICD-10-CM) codes. A full list of ICD-10-CM codes used is available as a supplemental table. Patients could have multiple indications for ibrutinib and multiple underlying conditions.
b P values were calculated using chi-square or Fisher’s exact tests for proportions.
c U.S. census region map: https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf. U.S. census region was unknown or missing for three patients.
d Use of ibrutinib for these conditions is considered off-label.




