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Pretreatment with ibrutinib reduces cytokine secretion and limits the risk of obinutuzumab-induced infusion-related reactions in patients with CLL: analysis from the iLLUMINATE study 
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Table S1. Pre-Dosea Cytokine Levels
	
	Ibrutinib- obinutuzumab
n=95b
	Chlorambucil- obinutuzumab
n=88c 

	Median baseline cytokine levels, pg/mL (range)
	
	

	IFNγ
	<6.8 (NA)
	<6.8 (NA)

	IL-6
	<3.4 (NA–940)
	<3.4 (NA–334)

	IL-8
	7.7 (6.0–477)
	9.2 (6.0–440)

	IL-10
	9.5 (5.2–14600)
	10.0 (5.2–148)

	IL-18
	409.0 (63–4500)
	394.0 (145–4310)

	MCP-1
	145.0 (110–1620)
	185.0 (110–4050)

	MIP-1α
	35.0 (25–13100)
	50.0 (25–5840)

	MIP-1β
	469.0 (65–26500)
	576.5 (65–29300)

	TNFα
	29.0 (18–1070)
	29.0 (18–718)


aPre-dose defined as last available cytokine value before first dose of ibrutinib or chlorambucil; bEnrolled in iLLUMINATE, n=113; cEnrolled in iLLUMINATE, n=116. 
IFN, interferon; IL, interleukin; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein; NA, not available (below the lower limit of detection); TNF, tumor necrosis factor.




Table S2. Mean Difference of Pre-Infusiona and Pre-Doseb Cytokine Levels
	
	Ibrutinib-obinutuzumab
n=95c
	Chlorambucil-obinutuzumab
n=88d 

	
	Mean Difference 
(95% CI)
	P-value
	Mean Difference 
(95% CI)
	P-value

	IFNγ
	0
	-
	0
	-

	IL-6
	-1.7 (-30.0–26.4)
	0.8962
	-4.93 (-10.9–1.1)
	0.1048

	IL-8
	0.1 (-17.5–17.6)
	0.9927
	-10.41 (-25.6–4.8)              
	0.1777

	IL-10
	-141.5 (-423.9–140.9)
	0.3224
	2.84 (0.1–5.6)                
	0.0445

	IL-18
	6.6 (-43.3–56.6)
	0.7927
	-18.3 (-58.1–21.4)
	0.3615

	MCP-1
	-30.3 (-47.8– -12.9)
	0.0008
	-41.1 (-79.8–2.5)               
	0.0371

	MIP-1α
	-87.6 (-373.5–198.3)
	0.5445
	-111.9 (-244.9–21.0)              
	0.0979

	MIP-1β
	233.7 (-768.9–1236.4)
	0.6445
	-677.1 (-1365.5–11.3)             
	0.0538

	TNFα
	-17.1 (-42.8–8.6)
	0.1904
	-21.1 (-43.9–1.6)               
	0.0677


aPre-infusion defined as last available cytokine value before obinutuzumab infusion; bPre-dose defined as last available cytokine value before first dose of ibrutinib or chlorambucil; cEnrolled in iLLUMINATE, n=113; dEnrolled in iLLUMINATE, n=116. 
IFN, interferon; IL, interleukin; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein; TNF, tumor necrosis factor.
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Table S3. Baseline Factors Associated With an Increase in Post-Obinutuzumab Cytokines and Chemokines (ANCOVA)
	
	Sex 
(male/
female)
	Age
	Rai stage (III/IV vs Others)
	Bulky disease (≥5 cm)
	Splenomegaly (Yes/No)
	Hemoglobina

	Platelet counta

	Absolute neutrophil counta
	Absolute lymphocyte counta

	
	Chlorambucil-obinutuzumab P values

	IFNγ
	0.24
	0.4968
	0.7217
	0.0694
	0.0296
	0.4484
	0.1371
	0.9248
	0.0103

	IL-6
	0.0917
	0.6407
	0.056
	0.0502
	0.0006
	0.3873
	0.3034
	0.6057
	0.0083

	IL-18
	0.9648
	0.6264
	0.024
	0.3543
	0.0482
	0.1724
	0.0406
	0.2909
	0.0854

	IL-8
	0.304
	0.1473
	0.0023
	0.0801
	0.0101
	0.0055
	0.1491
	0.6184
	0.0006

	IL-10
	0.2885
	0.5081
	0.0925
	0.0216
	0.2854
	0.0282
	0.213
	0.9932
	0.0112

	TNFα
	0.5309
	0.8695
	0.0831
	0.0191
	0.0044
	0.2925
	0.2313
	0.7768
	0.0056

	MCP-1
	0.2325
	0.2538
	0.1206
	0.191
	0.1437
	0.5193
	0.0052
	0.4165
	0.0447

	MIP-1α
	0.0924
	0.5066
	0.7918
	0.1073
	0.0041
	0.9248
	0.3106
	0.7758
	0.0194

	MIP-1β
	0.9643
	0.3904
	0.7024
	0.7009
	0.2807
	0.9507
	0.0037
	0.3298
	0.0522

	
	Ibrutinib-obinutuzumab P values

	IFNγ
	0.1412
	0.6661
	0.3542
	0.8848
	0.2089
	0.3778
	0.5049
	0.0515
	0.036

	IL-6
	0.4238
	0.4879
	0.912
	0.4571
	0.0018
	0.0947
	0.5173
	0.1015
	0.0039

	IL-18
	0.2224
	0.5420
	0.8887
	0.6864
	0.5863
	0.6387
	0.4131
	0.4572
	0.751

	IL-8
	0.7698
	0.4791
	0.3519
	0.3591
	0.0027
	0.0016
	0.5969
	0.0288
	<0.0001

	IL-10
	0.2141
	0.6606
	0.7187
	0.5845
	0.9679
	0.2347
	0.3738
	0.3566
	0.218

	TNFα
	0.5854
	0.7083
	0.6438
	0.5237
	0.0161
	0.0937
	0.6336
	0.0218
	0.0002

	MCP-1
	0.9513
	0.9139
	0.636
	0.1894
	0.0049
	0.1872
	0.9389
	0.0126
	0.0001

	MIP-1α
	0.163
	0.8745
	0.4573
	0.5629
	0.0122
	0.2341
	0.9289
	0.0174
	0.0003

	MIP-1β
	0.5252
	0.9250
	0.5819
	0.1605
	0.2871
	0.4596
	0.5741
	0.2879
	0.0529


a Log-transformed values were used in the ANCOVA model.
IFN, interferon; IL, interleukin; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein; TNF, tumor necrosis factor. 


Fig. S1. Cytokine and Chemokine Expression by IRR Occurrence and Treatment Arm. Heat map analysis of post-obinutuzumab peak cytokine expression in individual patients by occurrence of IRR and treatment arm. Clb-G, chlorambucil-obinutuzumab; Ibr-G, ibrutinib-obinutuzumab; IFN, interferon; IL, interleukin; IRR, infusion-related reaction; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein; TNF, tumor necrosis factor.
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Table S4. Cytokines and Chemokines Associated With IRRs
	Cytokine/
chemokine
	Cellular sources
	Receptor expression
	Immune function

	IFNγ [1]
	NK cells, NKT cells, 
CD4+ Th1 cells, cytotoxic
CD8+ T cells
	NK cells, DCs, CD4+/CD8+ T cells 
	Innate antiviral immunity, adaptive immunity, MHC (class I/II) upregulation, NK-cell activation, Th1 differentiation 

	IL-6 [2,3]
	Macrophages, monocytes, endothelial cells, fibroblasts, mesenchymal cells
	Hepatocytes, B cells, T cells, fibroblasts, megakaryocytes, hematopoietic stem cells, osteoclasts
	Fever induction, acute-phase protein induction, B-cell maturation and antibody secretion, Th17 differentiation, Treg differentiation

	IL-8/CXCL8 [4]
	Monocytes,
macrophages, neutrophils, lymphocytes, endothelial cells, epithelial cells
	Neutrophils
	CXC chemokine, activation and recruitment of neutrophils 

	IL-10 [5]
	CD4+ T cells, macrophages, DCs, B cells, NK cells
	CD4+ T cells, macrophages, DCs, B cells, NK cells
	Anti-inflammatory cytokine, Treg survival 

	IL-18 [6]
	Macrophages, monocytes, DCs, endothelial cells, epithelial cells
	T cells, NK cells, DCs, mast cells, basophils
	IFNγ induction, Th1/Th2 differentiation, NK activation, mast-cell activation, basophil activation

	TNFα [7,8]
	Monocytes, macrophages, NK cells, T cells, neutrophils, mast cells, eosinophils, endothelial cells, fibroblasts
	T cells, fibroblasts, endothelial cells, epithelial cells 
	Inflammation, acute-phase protein induction, apoptosis, T-cell activation 

	MCP-1/CCL2 [9]
	Macrophages, monocytes, endothelial cells, fibroblasts, epithelial cells
	Monocytes, NK cells, memory T cells
	CC chemokine, monocyte migration, NK-cell migration, memory T-cell migration

	MIP-1α/
CCL3 [10]
	Monocytes, macrophages, T cells, B cells, DCs, neutrophils, granulocytes, epithelial cells, fibroblasts, mesangial cells 
	Monocytes, T cells, neutrophils, granulocytes, DCs, NK cells, platelets
	Leukocyte migration

	MIP-1β/
CCL4 [10]
	T cells, B cells, DCs, NK cells, neutrophils
	Monocytes, T cells, neutrophils, granulocytes, DCs, NK cells, platelets
	Leukocyte migration


IFN, interferon; IL, interleukin; IRR, infusion-related reaction; MCP, monocyte chemoattractant protein; MHC, major histocompatibility complex; MIP, macrophage inflammatory protein; NK, natural killer; Th, T helper; TNF, tumor necrosis factor; Treg, regulatory T cells.
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