B cell depletion or absence does not impede anti-tumor activity of PD-1 inhibitors
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Supplemental Methods

Quantification of B cell content in human tumors:  Immunofluorescence staining was performed as described.(1, 2) Staining for CD20 was performed with a mouse monoclonal antibody (clone L26, cat#M0755, Dako). Tumor area was identified with a rabbit anti-S100 antibody (cat# Z0311, Dako). CD20 positive cells were counted within the tumor mask in each histospot. Tumor spots were included if they contained sufficient tumor (>3% of the histospot area) and were not necrotic.

Murine tumor models
Tumor cells are were implanted subcutaneously into the right hind flank of wildtype C57BL/6J, muMT (Ighm-/-), or Rag1-/- (Jackson Laboratory) host animals. For the YUMMER1.7 spontaneous tumor rejection model 1x105 cells were implanted, whereas for the tumor formation model, 5x105 cells were implanted as previously described.(3) For MC38, 2.5x105 cells were implanted. Mice were euthanized according to humane endpoints when tumors reached 1.5cm in maximum dimension, or in rare cases sooner for tumor ulceration.

Murine drug treatments: Anti-mouse PD-1 antibody (RMP1-14) (Bio X Cell) therapy was initiated on day 7 after tumor implantation when tumors were roughly 50-100mm3. Anti-PD-1 was diluted in sterile saline and administered by intraperitoneal injection at 8 mg/kg every 3 days for a total of 6 doses. Anti-mouse CD20 antibody (AISB12) (Bio X Cell) therapy was initiated on day 9 (3 days after anti-PD-1 therapy) and administered at 25 mg/kg in sterile saline by intraperitoneal injection on two consecutive days. Anti-CD20 therapy was similarly repeated every 2 weeks. Saline vehicle was administered to control animals.

Immunohistochemistry: Murine tumors were harvested at experimental endpoint, formalin fixed, and paraffin-embedded. Immunohistochemistry was performed using standard methods and anti-mouse B220 antibody. Intratumoral B cell density (number of B220 positive cells/high power field HPF) was assessed when tumors were ~500mg (0.75cm in largest dimension) for 10 HPF/tumor and the mean was calculated using 3 replicate animals/group.

[bookmark: _GoBack]Tumor dissociation and flow cytometry: Tumors for flow cytometry were minced in RPMI with 2% FBS, 0.5mg/mL collagenase IV and 200mg/L DNase, digested in a 37C incubator for 30 minutes, and filtered to remove debris. Single-cell suspensions from tumors or splenocytes were incubated with anti-Fc receptor antibody (2.4G2) on ice for 15 minutes. Cells were stained with appropriate antibodies in 2.4G2-containing buffer. Data was acquired on an LSR II (BD Biosciences) and analyzed with FlowJo. LIVE/DEAD discrimination was performed with LIVE/DEAD red from Invitrogen. Antibodies against CD45 (A20) were obtained from eBioscience, antibodies against CD3 (17A2), CD11b (M1/70), and CD20 (SA275A11) were obtained from Biolegend, and antibodies against B220 (RA3-6B2) were obtained from BD Biosciences. 

Statistical analyses: JMP version 5.0 software was used. The association between B cell content and objective response status (complete response (CR) and partial response (PR) versus stable disease (SD) and progressive disease (PD) was assessed by t-tests.  Survival curves were constructed using the Kaplan-Meier method. The log-rank test was used to test the significance in distribution between patients with high or low B cell content. For murine data, Prism version 7.0 software was used. Difference in survival was assessed using the Kaplan-Meier method and statistical significance was determined using Log-rank (Mantel-Cox).







Table S1. Reported cases of rituximab use to treat irAE induced by immune checkpoint inhibitors (ICI). *ITP; immune thrombocytopenic purpura.
	Author
	Tumor type
	ICI
	irAE
	Other immune suppression
	irAE response
	Tumor response

	Williams(4)
	Melanoma
	Nivolumab + ipilimumab
	Encephalitis
	Steroids + IVIg
	Yes
	PR

	Ito(5)
	Small cell lung cancer
	Nivolumab + ipilimumab
	Encephalitis
	Steroids + IVIg
	Yes
	PD

	Khan(6)
	Melanoma
	Nivolumab + ipilimumab
	Autoimmune hemolytic anemia
	Steroids
	Yes
	SD

	Sowerby(7)
	Non-small cell lung cancer
	Nivolumab
	Bullous pemphigoid
	Steroids
	Yes
	CR

	Padda(8)
	Melanoma
	Ipilimumab
	Vasculitis
	Steroids
	Yes
	Not reported

	Shiuan(9)
	Melanoma
	Ipilimumab
	ITP*
	Steroids + IVIg + romiplostim
	Yes
	Not reported

	Shiuan(9)
	Melanoma
	Ipilimumab
	ITP
	Steroids + IVIg
	Yes
	Not reported

	Shiuan(9)
	Melanoma
	Nivolumab + ipilimumab
	ITP
	Steroids + IVIg
	Not reported
	PR

	Hasanov (10)

	Urothelial
carcinoma
	Nivolumab
	Cold agglutinin syndrome
	Steroids
	Yes
	Not reported 

	Shaikh
(11)
	Lung adenocarcinoma
	Nivolumab
	Autoimmune hemolytic anemia
	Steroids
	Yes
	SD

	Ridpath
(12)
	Melanoma
	Nivolumab
	Bullous pemphigoid
	Steroids
Plasma exhange
	Yes
	Not reported

	Ghosn
(13)
	Melanoma
	Pembrolizumab
	Neuro-Sjogren’s syndrome
	Steroids
IVIG
	Yes
	CR

	Crusz
(14)
	Melanoma
	Pembrolizumab
	Myasthenia
Gravis
	Steroids
Mycophenolate
Plasma exhange
	Yes
	Not reported


Table S2. Baseline Characteristics of anti-PD1 Treated Patients with Melanoma (N=40) 
	Characteristic
	n
	%

	Age, years
	

	   Median
	66

	   Range
	43-92

	Sex
	

	   Male
	28
	70

	   Female
	12
	30

	Elevated LDH
	14
	35

	Mutation
	

	   BRAF
	12
	30

	   NRAS
	10
	25

	  c-Kit
	2
	5

	  GNAQ
	1
	0.25

	Primary melanoma type
	

	   Cutaneous non-acral lentiginous
	31
	77.5

	   Acral lentiginous
	4
	10

	   Mucosal
	4
	10

	   Uveal
	1
	2.5
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Figure S1. A. Tumor infiltrating B cell density in MC38. B. Quantification of A. C. Tumor infiltrating B cell density in YUMMER1.7. D. Quantification of C. E. Quantification of flow cytometry experiments showing number of CD20+ cells in spleen (shown as percentage of all lymphocytes). F. Quantification of flow cytometry experiments showing number of CD20+ cells in tumor (shown as percentage of all lymphocytes). For E and F, note that a different anti-CD20 antibody clone was used to measure depletion (SA275A11) than was used for depletion (AISB12).
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Figure S2. A. Spider plots showing MC38 tumor growth in individual mice from Figures 3A and 3B. B. Spider plots showing YUMMER1.7 tumor growth in individual mice from Figures 3C and 3D.
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