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SUPPLEMENTARY FIGURE LEGENDS
Supplementary Figure 1 Correlation between IL-6 and CRP levels. As CRP is considered a surrogate measure for IL-6, we performed linear regression analysis to delineate the relationship between IL-6 levels and CRP production using clinical data (1). CRP, C-reactive protein; gp, glycoprotein; IL-6, interleukin-6. 
Supplementary Figure 2 Mathematical modelling demonstrating inhibition of IL-6 activity by an anti-IL-6 mAb, anti-IL-6R mAb and their combination. Outputs of a mathematical model of a situation representative of severe COVID-19, with a cytokine storm and massive IL-6 production (3 ng/ml IL-6 in BAF). Penetration of mAb into BAF was modelled at 10% of the concentration in the plasma. Theoretical curves show the efficacy of siltuximab, tocilizumab and a combination of the two mAbs in reducing the formation of gp130 complexes in BAF (A) or CRP (B) in the circulation; both gp130 complexes and CRP are surrogate measures for IL-6 bioactivity. Panels show (from left to right) the inhibition of gp130 complex formation (A) or CRP (B) in response to repeated daily injections of siltuximab, tocilizumab or alternating daily injections of siltuximab and tocilizumab. BAF, bronchoalveolar fluid; CRP, C-reactive protein; gp130, glycoprotein 130; IL-6, interleukin-6; IL-6R, interleukin-6 receptor; mAb, monoclonal antibody.
Supplementary Figure 3 Mathematical modelling demonstrating inhibition of IL-6 activity by an anti-IL-6 mAb, anti-IL-6R mAb and their combination if the local mAb concentration is equal to the concentration in plasma (100%). Outputs of a mathematical model of a situation representative of iMCD (with persistent high IL-6 secretion, at 1 ng/ml; top panels) or severe COVID-19, with a cytokine storm and massive IL-6 production (3 ng/ml IL-6 in BAF; bottom panels). Penetration of mAb into lymph nodes (iMCD) or BAF (COVID-19) is modelled at 100% of the concentration in plasma. Theoretical curves show the efficacy of siltuximab, tocilizumab, or a combination of the two mAbs in reducing the formation of gp130 complexes in BAF or lymph nodes (A) or CRP in the circulation (B); both gp130 complexes and CRP are surrogate measures for IL-6 bioactivity. Panels show (from left to right) the inhibition of gp130 complex formation (A) or CRP (B) in response to repeated daily injections of siltuximab, tocilizumab, or alternating daily injections of tocilizumab and siltuximab. BAF, bronchoalveolar fluid; CRP, C-reactive protein; gp130, glycoprotein 130; IL-6, interleukin-6; IL-6R, interleukin-6 receptor; iMCD, idiopathic multicentric Castleman disease; mAb, monoclonal antibody.
Supplementary Figure 4 Mathematical modelling demonstrating inhibition of IL-6 activity by an anti-IL-6 mAb, anti-IL-6R mAb and their combination if the local mAb concentration is 1% of that in plasma. Outputs of a mathematical model of a situation representative of iMCD (with persistent high IL-6 secretion, at 1 ng/ml; top panels) or severe COVID-19, with a cytokine storm and massive IL-6 production (3 ng/ml IL-6 in BAF; bottom panels). Penetration of mAb into lymph nodes (iMCD) or BAF (COVID-19) is modelled at 1% of the concentration in plasma. Theoretical curves show the efficacy of siltuximab, tocilizumab or a combination of the two mAbs in reducing the formation of gp130 complexes in BAF or lymph nodes (A) or CRP in the circulation (B); both gp130 complexes and CRP are surrogate measures for IL-6 bioactivity. Panels show (from left to right) the inhibition of gp130 complex formation (A) or CRP (B) in response to repeated daily injections of siltuximab, tocilizumab or alternating daily injections of tocilizumab and siltuximab. BAF, bronchoalveolar fluid; CRP, C-reactive protein; gp130, glycoprotein 130; IL-6, interleukin-6; IL-6R, interleukin-6 receptor; iMCD, idiopathic multicentric Castleman disease; mAb, monoclonal antibody.
[bookmark: _Hlk90037254]Supplementary Figure 5: Sensitivities of (A) IL-6, (B) IL-6R and (C) CRP for characteristic parameters. Sensitivities are shown for IL-6 (A), IL-6R (B) and CRP (C) with respect to IL-6 clearance, mIL-6/IL-6R Kd, sIL-6/IL-6R Kd, CRP production and sIL-6/IL-6R clearance. CRP, C-reactive protein; IL-6, interleukin-6; IL-6R, interleukin-6 receptor; Kd, dissociation constant; m, membrane; s, soluble.
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Supplementary Methods 
Additional details on mathematic modelling for blocking IL-6 bioactivity
The model was fitted to experimental data for interleukin (IL)-6, glycoprotein (gp)130 and C-reactive protein (CRP) simultaneously with a proportional error model. This was chosen based on the large order of magnitude variation in the data across the experiments. 
yexp=ysim + b|ysim|error 
where yexp is biological species, y is experimental response, ysim is biological species y simulation value, and b is the proportional error parameter. IL-6 receptor (IL-6R) and gp130 in the solution form were tagged “s”; IL-6 and mAb could only be in solution form. 
[bookmark: _Hlk95903364]The reaction system was divided into a general plasma compartment and an immobile compartment present at the cellular membrane. One of the simplest approaches to model these biological reactions is to use a “curve fitting” to construct a curve (mathematical model) that has the best fit to series of known data. The algorithm of stiff ode15s solver was used with settings as shown in Supplementary Table 1. A tolerance of 1e–5 was chosen for termination of the data-fitting procedure for the step change in estimated parameters and the function value, and 1e–6 for the first-order optimality. This fitting was performed in an iterative fashion as the model contained numerous parameters to allow efficient simultaneous estimation.
A molar equivalent-order kinetic equation was used for the binding of receptor and monoclonal antibody (mAb) in the solution. The kinetic equation of surface-immobilised ligand and protein was used for interactions on the membrane. Catabolism and appeared clearance were also described by mass/molar action. The degradation rate or clearance rate for non-structural proteins was estimated using the half-life (t1/2). For example, if the value for the plasma half-life cycle of soluble (s)IL-6R (IL-6R) was 2 hours, κ would be 0.277. This estimation of degradation rates was found to be acceptable for our model after fitting, and aided in reducing the degrees of freedom in the fitting process. In addition, degradation rates for all biological species on the membrane were estimated to be zero based on previous studies (1,2), showing complete recovery in the hepatocyte compartment (e.g., gp130). In plasma, different cases of steady-state IL-6 and sIL-6R levels were simulated with a constant generation rate. The steady-state level of sIL-6R is 75 ng/ml and IL-6 levels are in the range of 1–10,000 pg/ml. The program performed the simulation for 15 days (360 hours) and the observed biological species had to reach a stable level before applying treatment. A simulation can be reproduced using this software and the above settings. 
The “Sensitivity Analysis” task of the SimBiology package was used to estimate parameter sensitivities for IL-6, IL-6R and CRP production, as shown in Supplementary Figure 6. This task uses the complex-step derivative approximation, which is often used for metabolic systems. Full dedimensionalisation of the analysis was used to permit comparisons of parameters with widely different orders of magnitude. Calculation for complex-step derivative sensitivities can be represented by the following equations for each parameter:
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where f = is the first derivative of the simulation function with respect to a given reaction rate kreaction and t is time.
Modelling inhibition of IL-6/CRP in the presence of siltuximab, tocilizumab or their combination
The diffusion of mAbs into bronchoalveolar lavage fluid is unknown but is expected to be low (~0.1–0.3%) according to the diffusion data for an anti-respiratory syncytial virus mAb into bronchoalveolar lavage fluid in animal models (3). In contrast, the diffusion of mAbs into lymph nodes occurs more freely through the sinusoidal clefts, which allows mAb movement and biodistribution, based on rituximab-mediated B-cell depletion in lymph nodes, and was estimated to be 8.46% of the plasma concentration (4). For this reason, we modelled primarily with local mAb concentrations 10% of those in plasma. To account for the uncertainty (particularly in the scenario of COVID-19), we also modelled various situations using concentrations from 1% to 100% of those in plasma, and present these results as supplementary data.
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SUPPLEMENTARY TABLES
Supplementary Table 1 Reactions and parameters used in mathematic modelling. 
	No.
	Reaction
	Setting
	Biological signification

	1
	IL-6 product
	1 pg/ml–10 ng/ml
	Increase of IL-6 activity

	2
	sIL-6R product
	75 ng/ml
	Increase of IL-6 activity

	3
	sgp130 product
	800 ng/ml
	Decrease of IL-6 activity

	4
	gp130 product
	500/cell
	–

	5
	IL-6R product
	5000/cell
	–

	6
	CRP product
	–
	Witness of IL-6 activity

	7
	Anti-IL-6 (siltuximab)
	700 mg
	Drug dosage

	8
	Anti-IL-6R (tocilizumab)
	800 mg
	Drug dosage

	9
	[IL-6] + [IL-6R] ↔ [IL-6/IL-6R]
	Kd=10–9 M
	Fixation

	10
	[IL-6] + [sIL-6R] ↔ [IL-6/sIL-6R]
	Kd=10–9 M
	Fixation

	11
	[IL-6/IL-6R] + [gp130] ↔ [IL-6/IL-6R/gp130]
	Kd=10–11 M
	Activation

	12
	[IL-6/sIL-6R] + [gp130] ↔ [IL-6/sIL-6R/gp130]
	Kd=10–11 M
	Activation

	13
	[IL-6/IL-6R] + [sgp130] ↔ [IL-6/IL-6R/sgp130]
	Kd=4×10–9 M
	Decrease of IL-6 activity

	14
	[IL-6/sIL-6R] + [sgp130] ↔ [IL-6/sIL-6R/sgp130]
	Kd=4×10–9 M
	Decrease of IL-6 activity

	15
	[anti-IL-6] + [IL-6] ↔ [anti-IL-6/IL-6]
	Kd=3.4×10–11 M (siltuximab)
	Inhibition

	
	
	Kd=2.5×10–9 M (tocilizumab)
	Inhibition

	16
	[anti-IL-6R] + [IL-6R] ↔ [anti-IL-6R/IL-6R]
	–
	–

	
	
	Kd=2.5×10–9 M (tocilizumab)
	Inhibition

	17
	[anti-IL-6R] + [sIL-6R] ↔ [anti-IL-6R/sIL-6R]
	–
	–

	18
	IL-6 clearance
	Half-life: 12 min
	Decrease of IL-6 activity

	19
	sIL-6R clearance
	Half-life: 2 h
	Decrease of IL-6 activity

	20
	sgp130 clearance
	–
	Increase of IL-6 activity

	21
	Clearance of IL-6 sIL-6R complex 
	–
	Decrease of IL-6 activity

	22
	Clearance of IL-6 sIL-6R sgp130 complex
	Half-life: 19 h
	–

	23
	CRP clearance
	Half-life: 18 h
	–

	24
	mAb–anti-IL-6 clearance
	Half-life: 10 days
	Increase of IL-6 activity

	25
	mAb–anti-IL-6R clearance
	Half-life: 10 days
	Increase of IL-6 activity

	26
	Clearance of IL-6–anti-IL-6 immune complex 
	Half-life: 2 h
	Immune complex elimination

	27
	Clearance of sIL-6R–anti-IL-6R immune complex
	10 days
	Immune complex elimination

	28
	CRP production
	kf=f([IL-6/IL-6R/gp130], [IL-6/sIL-6R/gp130])
	Increase of IL-6 activity


The mathematical model used the algorithm of stiff ode15s solver with settings shown in this table. Settings were determined using published data (1-6). 
CRP, C-reactive protein; gp, glycoprotein; IL-6 interleukin-6; IL-6R, interleukin-6 receptor; mAb, monoclonal antibody; s, soluble.
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Supplementary Table 2 Approved doses of siltuximab and tocilizumab, and rationale for the doses used in the current mathematical model.
	Therapy
	Indication
	Approved dosea
	Dose used in our mathematical model
	Rationale

	Siltuximab (1)
	Idiopathic multicentric Castleman disease
	11 mg/kg IV every 3 weeks
	700 mg
	Median dose of siltuximab for a person weighing 75–80 kg

	Tocilizumab (2)
	COVID-19 (patients receiving systemic corticosteroids and who require supplemental oxygen or mechanical ventilation)
	8 mg/kg IV single dose 

	800 mg
	Higher dose of tocilizumab because some patients being treated for COVID-19 have received two injections of 400 mg each

	
	
	One additional 8 mg/kg IV dose if clinical signs or symptoms worsen or do not improve after the first dose
	
	

	
	Giant cell arteritis
	162 mg SC weekly in combination with a tapering course of glucocorticoids
	
	

	
	Cytokine release syndrome 
	8 mg/kg IV single dose in patients weighing ≥30 kg
	
	

	
	
	12 mg/kg IV single dose in patients weighing <30 kg
	
	

	
	Systemic juvenile idiopathic arthritis 
	162 mg SC weekly in patients aged ≥2 years 
	
	

	
	
	162 mg SC once every 2 weeks in patients weighing <30 kg
	
	

	
	Polyarticular juvenile idiopathic arthritis
	162 mg SC once every 2 weeks in patients aged >2 years 
	
	

	
	
	162 mg SC once every 3 weeks in patients weighing <30 kg
	
	


aDoses of siltuximab and tocilizumab for their approved therapeutic indications are based on the EU Summary of Product Characteristics (1,2) – please refer to full local prescribing information as indications may differ across territories. 
IV, intravenous; SC, subcutaneous.
References
1. European Medicines Agency. SYLVANT 100 mg powder for concentrate for solution for infusion/SYLVANT 400 mg powder for concentrate for solution for infusion. Summary of product characteristics. https://www.ema.europa.eu/en/documents/product-information/sylvant-epar-product-information_en.pdf [Accessed March 2022].
2. European Medicines Agency. RoActemra 20 mg/mL concentrate for solution for infusion. Summary of product characteristics. https://www.ema.europa.eu/en/documents/product-information/roactemra-epar-product-information_en.pdf [Accessed March 2022].
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Supplementary Table 3 Outputs of a mathematical model in situations representative of iMCD with persistent high IL-6 secretion (at 1 ng/ml) and severe COVID-19 with a cytokine storm and massive IL-6 production (3 ng/ml IL-6 in BAF). 
	Scenario
	Modelled intervention
	Daily injection schedule
	Plateau of inhibition (%) at given local mAb concentration

	
	
	
	Local mAb concentration relative to 
that in the plasma (%)

	
	
	
	1
	10
	20
	40
	100

	iMCD
	Siltuximab
	D0, D1, D2, D3, ---, Dx
	35
	82
	90
	95
	97

	
	Tocilizumab
	D0, D1, D2, D3, ---, Dx
	20
	60
	75
	87
	94

	
	Siltuximab + tocilizumab
	Siltuximab: D0, D2, ---, Dx ; 
Tocilizumab: D1, D3, ---, Dx+1
	39
	94
	98
	99.5
	100

	COVID-19
	Siltuximab
	D0, D1, D2, D3, ---, Dx
	12
	65
	85
	92.2
	95

	
	Tocilizumab
	D0, D1, D2, D3, ---, Dx
	9
	38
	70
	82
	86

	
	Siltuximab + tocilizumab
	Siltuximab: D0, D2, ---, Dx ; 
Tocilizumab: D1, D3, ---, Dx+1
	17
	85
	95
	99
	100


Efficacy is shown for siltuximab, tocilizumab and a combination of the two mAbs in reducing the formation of gp130 complexes (a surrogate measure for IL-6 bioactivity). 
BAF, bronchoalveolar fluid; gp130, glycoprotein 130; IL-6, interleukin-6; mAb, monoclonal antibody. 
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