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[bookmark: _43ersk7q8b4]Modeling convention
We have used three models in the main text, namely, the in vitro cellular model, the mouse model, and the human model. Each of these models are described as chemical reaction networks that are converted to ordinary differential equations. By default, the states in these models are assumed to be amounts of the species in nanomoles. As the reactions depend on concentrations of species, corresponding rate laws are derived in terms of amounts. In particular, the second  order reactions require scaling of the rate constant by volume of the reaction.
[bookmark: _t2qg4i8l13zs]States/species of models
In this section, we provide the list of states/species used in the models.
[bookmark: _4mxwyjmuuulx]Table S1a: State variables used in the cellular model
	Notation
	Description

	
	Extracellular ADC

	
	Extracellular antibody

	
	Extracellular payload

	
	Cell surface HER2

	
	Cell surface HER2:ADC complex

	
	Cell surface HER2:Ab complex

	
	Endosomal HER2

	
	Endosomal HER2:ADC complex

	
	Endosomal HER2:Ab complex

	
	Endosomal payload

	
	Cytosolic payload

	
	Cytosolic target of payload

	
	Cytosolic target payload complex


[bookmark: _cdsw5na05jp6]Mouse modelTable S1b: State variables used in the mouse model
	Notation
	Description

	
	ADC in central compartment

	
	Antibody in central compartment

	
	Payload in central compartment

	
	ADC in peripheral compartment

	
	Antibody in peripheral compartment

	
	Payload in peripheral compartment

	
	Extracellular ADC in tumor compartment

	
	Extracellular antibody in tumor compartment

	
	Extracellular payload in tumor compartment

	
	Number of tumor cells in stage 
 

	
	Cell surface HER2 in tumor cells in stage 

	
	Cell surface HER2:ADC in tumor cells in stage 

	
	Cell surface HER2:Ab in tumor cells in stage 

	
	Endosomal HER2 in tumor cells in stage 

	
	Endosomal HER2:ADC in tumor cells in stage 

	
	Endosomal HER2:Ab in tumor cells in stage 

	
	Endosomal payload in tumor cells in stage 

	
	Cytosolic HER2:ADC in tumor cells in stage 

	
	Cytosolic intracellular target in tumor cells in stage 

	
	Cytosolic intracellular target payload complex in tumor cells in stage 


[bookmark: _iha00qwra4j2]Human Table S1c: Additional state variables used in the human model
	Notation
	Description

	
	Cell surface HER2 in central compartment

	
	Cell surface HER2:ADC in central compartment

	
	Cell surface HER2:Ab in central compartment

	
	Endosomal HER2 in central compartment

	
	Endosomal HER2:ADC in central compartment

	
	Endosomal HER2:Ab in central compartment

	
	Soluble HER2 in central compartment

	
	Soluble HER2:ADC in central compartment

	
	Soluble HER2:Ab in central compartment

	
	Cell surface HER2 in peripheral compartment

	
	Cell surface HER2:ADC in peripheral compartment

	
	Cell surface HER2:Ab in peripheral compartment

	
	Endosomal HER2 in peripheral compartment

	
	Endosomal HER2:ADC in peripheral compartment

	
	Endosomal HER2:Ab in peripheral compartment

	
	Soluble HER2 in peripheral compartment

	
	Soluble HER2:ADC in peripheral compartment

	
	Soluble HER2:Ab in peripheral compartment

	
	Soluble HER2 in tumor compartment

	
	Soluble HER2:ADC in tumor compartment

	
	Soluble HER2:Ab in tumor compartment



[bookmark: _jfep61f7lue5]Model parameters
In this section, we tabulate the model parameters. In some cases, we infer the parameters in the model reactions from these parameters, which are separately tabulated.
[bookmark: _kbncqif3tj24]Table S2a: in vitro cellular model parameters for T-DM1
	Notation
	Unit
	Description
	Value (Lower CI, Upper CI)
	Source/Notes

	
	
	Rate constant for deconjugation of ADC
	6.41E-7 
(1.31E-7, 3.13E-6)
	Fit to [1]

	

	-
	Drug to antibody ratio
	3.5
	[2]

	

	
	Association rate constant for binding of ADC or Ab with HER2
	1E-4
	Typical value, [3] 

	
	
	Equilibrium binding constant for HER2:ADC complex or HER2:Ab complex
	0.314 
(1.27E-1,7.72E-1)
	Fit to [4]

	
	
	Endocytosis rate constant for HER2
	4.27E-5
 (6.16E-6, 2.96E-4)
	Fit to [4]

	
	
	Recycling rate constant for HER2
	2.4E-5
 (2.00E-6, 2.85E-4)
	Fit to [4]

	
	
	Degradation rate constant for HER2
	1.27E-4
 (6.77E-5, 2.40E-4)
	Fit to [4], consistent with [5]

	
	
	Endocytosis rate constant for HER2:ADC or HER2:Ab
	4.27E-5
 (6.16E-6, 2.96E-4)
	Fit to [4]

	
	
	Recycling rate constant for HER2:ADC or HER2:Ab
	2.4E-5
 (2.00E-6, 2.85E-4)
	Fit to [4]

	
	
	Degradation rate constant for HER2:ADC or HER2:Ab
	1.27E-4
 (6.77E-5, 2.40E-4)
	Fit to [4], consistent with [5]

	
	
	Cleavage rate constant for ADC in endosomes
	0
	Assumption, non-cleavable linker

	

	
	Association rate constant for payload binding to target
	1E-3
	Typical value, [6, 7]

	
	
	Equilibrium binding constant for target bound payload
	950
	[8]

	
	
	Intracellular target concentration per cell
	65
	Estimated, [9]

	
	
	Influx rate constant of payload
	5.95E-5
	[10]

	
	
	Efflux rate constant of payload
	3.95E-5
	[10]

	Experiment specific T-DM1 cellular model parameters

	
	
	Volume of a cell
	2E-12 (used in [4],[11])
	Typical, [12]

	
	
	
	3.82E-12 (SKBr3, [1])
	Fit to [1]

	
	
	
	3.96E-12 (BT474, [1])
	Fit to [1]

	
	
	
	3.65E-12 (MCF7, [1])
	Fit to [1]

	
	
	Volume of media in an in vitro experiment
	1E-3
	[1]

	
	
	
	2E-3
	[4], [11]

	
	-
	Number of cells in an in vitro experiment

	1E7
	[1]

	
	
	
	1.2E6
	[11]

	
	
	
	6E5
	Fit to [4]

	
	-
	Receptor per cell expressed on a tumor cell
	1.6E6 (used in [4],[11])
	Fit to [4]

	
	
	
	1.12E6 (SKBr3, [1])
	Fit to [1]

	
	
	
	4.7E5 (BT474, [1])
	Fit to [1]

	
	
	
	1.3E6 (MCF7, [1])
	Fit to [1]

	Inferred parameters and initial conditions

	
	
	Zeroth order synthesis rate of cell surface HER2 per cell
	 

	
	
	Pre-drug endosomal HER2 per cell
	

	
	
	Dissociation rate constant for binding.  for ADC or antibody;  for payload
	


[bookmark: _4c6uvavy7jj9]Table S2b: Mouse PK parameter values 
The following in vitro cellular parameters were carried over to the mouse model:
   , and  

	Parameter
	Unit
	Description
	Value
	Source

	
	
	Volume of the central compartment
	1E-3
	[13]

	
	
	Volume of the peripheral compartment
	5.7E-3
	[13]

	
	
	Volume of a cell
	2E-12
	Typical, [12]

	
	
	Receptors per cell expressed on a tumor cell
	1E6
	[14]

	
	
	Body weight
	2E-2
	[15]

	
	
	Molecular weight of the ADC
	148781 (T-DM1)
	[2]

	
	
	
	153702
(T-DXd)
	[16]

	
	
	Molecular weight of the antibody
	145167
	[17]

	
	
	Molecular weight of the payload
	1100 
	Lys-MCC-DM1 [2]

	
	
	
	493
	DXd; Calculated from structure [18] 

	
	
	Elimination half-life of antibody/ADC
	11.6
	Fit to non-tumor bearing mouse PK [1]

	
	
	Elimination half-life of payload
	3 (T-DM1)
	Fit to non-tumor bearing mouse PK of a similar molecule [19]

	
	
	
	0.85 (T-DXd)
	Fit to non-tumor bearing mouse PK [20]

	
	
	Time of distribution of antibody/ADC from central to peripheral compartment
	2.65
	Fit to  to non-tumor bearing mouse PK [1]

	
	
	Partition coefficient of antibody/ADC between central and peripheral compartments
	0.34
	Fit to  to non-tumor bearing mouse PK [1]

	
	
	Time of distribution of payload from central to peripheral compartment
	0.1
	Fit to  to non-tumor bearing mouse PK [1]

	
	
	Partition coefficient of payload between central and peripheral compartments
	83.02
	Fit  to non-tumor bearing mouse PK [1]

	
	
	Vascular permeability of antibody/ADC
	50.34
	Fit to BT474-EEI mouse PK [1]

	
	
	Diffusivity of antibody/ADC
	1.74E5
	Fit to BT474-EEI mouse PK [1]

	
	
	Vascular permeability of payload
	924
	Scaled by  from [21] 

	
	
	Diffusivity of payload
	1.1E7
	Scaled by  from [21] 

	
	
	Capillary radius
	8
	[10]

	
	
	Krogh cylinder radius
	75
	[10]

	
	
	Acellular fraction of tumor volume available to antibody/ADC
	0.24
	[10]

	
	
	Acellular fraction of tumor volume available to payload
	0.44
	[10]

	
	
	Rate constant for deconjugation of ADC
	8.5E-7 (T-DM1)
	Fit to non tumor-bearing mouse PK [1]

	
	
	
	1.7E-7 (T-DXd)
	Fit to non tumor-bearing mouse PK [20]

	
	
	Drug to antibody ratio
	3.5 (T-DM1)
	[2]

	
	
	
	8 (T-DXd)
	[18]

	
	
	Association rate constant for binding of HER2 with ADC or Ab
	1E-4
	[3]

	
	
	Equilibrium binding constant of HER2:ADC or HER2:Ab complex
	0.3
	Carried forward from in vitro fitting

	
	
	Association rate constant for payload binding to target
	1E-3
	Typical value, [6, 7]

	
	
	Equilibrium binding constant of target bound payload
	950 (T-DM1)
	[8]

	
	
	
	161 (T-DXd)
	Calculated Ki from [22, 23]

	
	
	Concentration of target in the cell
	65
	Estimated, [9]

	
	
	Influx rate constant for payload
	5.95E-5 (T-DM1)
	[10]

	
	
	
	0.0128 (T-DXd)
	[10]

	
	
	Efflux rate constant for payload
	3.94E-5 (T-DM1)
	[10]

	
	
	
	0.00898 (T-DXd)
	[10]

	
	
	Partition coefficient of payload in tumor tissue
	0.51 (T-DM1)
	[10]

	
	
	
	0.43 (T-DXd)
	[10]

	Inferred parameters (in addition to those described in in vitro parameter table)

	
	
	Central to peripheral transport rate constant.  for ADC or antibody;  for payload. 
	

	
	
	Peripheral to central transport rate constant.  for ADC or antibody;  for payload.
	

	
	
	Central to peripheral transport rate constant.  for ADC or antibody;  for payload.
	

	
	
	Peripheral to central transport rate constant.  for ADC or antibody;  for payload.
	


[bookmark: _hs9qof4klsrb]Table S2c: Mouse PD parameter values  
	Parameter
	Unit
	Description
	Value
	Source

	
	
	Switch between exponential and linear growth phases 
	20
	[24]

	
	
	Maximum tumor volume
	5E-3
	Assumption

	BT-474 Cells with T-DM1

	
	
	Maximum killing rate
	0.49
	Fit to [25]

	
	
	Time delay of killing
	3.54
	Fit to [25]

	
	
	Half-maximal killing concentration
	100
	Fit to [25]

	
	
	Hill coefficient of killing
	4
	Fit to [25]

	
	
	Exponential tumor doubling time
	11.35
	Fit to [25]

	
	
	Linear tumor growth rate
	73.08
	Fit to [25]

	BT474EEI Cells with T-DM1

	
	
	Maximum killing rate
	0.24
	Fit to [1]

	
	
	Time delay of killing
	1E-3
	Tuned to ensure early killing as seen in data [1]

	
	
	Half-maximal killing concentration
	236.8
	Fit to [1]

	
	
	Hill coefficient of killing
	1
	Fit to [1]

	
	
	Exponential tumor doubling time
	41.78
	Fit to [1]

	
	
	Linear tumor growth rate
	90
	Estimated

	N87 Cells with T-DM1 and T-DXd

	
	
	Maximum killing rate
	0.15 (T-DM1)
	Fit to [26]

	
	
	
	0.32 (T-DXd)
	Fit to [23]

	
	
	Time delay of killing
	1
	Fit to [26]

	
	
	
	1e-3 (T-DXd)
	Tuned to ensure early killing as seen in data [23]

	
	
	Half-maximal killing concentration
	25 (T-DM1)
	Fit to [26]

	
	
	
	9.54 (T-DXd)
	Fit to [23]

	
	
	Hill coefficient of killing
	2
	Fit to [23] and [26]

	
	
	Exponential tumor doubling time
	12.37
	Fit to [26]

	
	
	
	9.70
	Fit to [23]

	
	
	Linear tumor growth rate
	189.56
	Fit to [26]

	
	
	
	175
	Fit to [23]

	KPL4 Cells with T-DM1

	
	
	Maximum killing rate
	0.49
	Fit to [27]

	
	
	Time delay of killing
	0.48
	Fit to [27]

	
	
	Half-maximal killing concentration
	42.6
	Fit to [27]

	
	
	Hill coefficient of killing
	1
	Fit to [27]

	
	
	Exponential tumor doubling time
	6.16
	Fit to [27]

	
	
	Linear tumor growth rate
	113.45
	Fit to [27]

	Inferred parameters and states (in addition to those previously described)

	
	
	Acellular/interstitial volume in tumor
	

	
	
	Cellular/internal volume in tumor
	

	
	-
	Number of tumor cells
	

	
	-
	Number of tumor cells in maximum tumor volume
	

	
	
	Specific growth rate of tumor cells
	

	
	
	Acellular/interstitial volume accessible to ADC or antibody
	


[bookmark: _mnqnb7uj7smc]Table S2d: Human parameter values 
We carried over all model parameters from the mouse model, except for the ones tabulated below. For tumor killing parameters, we used N87 values.

	Parameter
	Unit
	Description
	Value
	Source

	
	
	Volume of the central compartment
	3
	[13]

	
	
	Volume of the peripheral compartment
	13
	[13]

	
	
	Initial tumor volume
	0.0016
	[28]

	
	
	Maximum tumor volume
	0.5238
	[29]

	
	
	Volume of a cell
	2.00E-12
	Typical, [12]

	
	
	Receptors per cell expressed on a tumor cell
	1.00E+06
	[14]

	
	
	Receptors per cell expressed on a normal cell
	2.00E+04
	[14, 30]

	
	
	Number of HER2+ cells in the central compartment
	2.74E+08
	Calibrated to human PK

	
	
	Number of HER2+ cells in the peripheral compartment
	2.08E+11
	Calibrated to human PK

	
	
	Concentration of sHER2 in central compartment in healthy individuals
	8
	[31] 1

	
	
	Fraction of shedding that occurs when receptor is bound to antibody
	0
	Assumption based on [32]

	
	
	Body weight
	70
	[13]

	
	
	Molecular weight of soluble HER2
	1.00E+05
	[32]

	
	
	Elimination half-life of sHER2
	5
	Estimated based on [33], [34], and typical Ab half life

	
	
	Elimination half-life of sHER2:ADC complex or sHER2:Ab complex
	11.6
	Set to half-life of antibody/ADC [1, 20] 

	
	
	Time of distribution of sHER2 from central to peripheral compartment
	8
	Set to time-scale of permeability of Ab

	
	
	Partition coefficient of sHER2 between central and peripheral compartments
	1
	Assumption

	
	
	Time of distribution of sHER2 from central to tumor compartment
	8
	Set to time-scale of permeability of Ab

	
	
	Partition coefficient of sHER2 between central and tumor compartments
	0.24
	Set to acellular fraction of tumor volume available to antibody/ADC [10]

	
	
	Time of distribution of antibody/ADC from central to peripheral compartment
	10
	Calibrated to human PK [35, 36]

	
	
	Partition coefficient of antibody/ADC between central and peripheral compartments
	0.187
	Typical, [37] 

	
	
	Exponential tumor doubling time
	25
	[29]

	
	
	Linear tumor growth rate
	621
	Estimated from [38]

	
	
	Rate constant for deconjugation of ADC
	8.5E-7 (T-DM1)
	Carried over from mouse model

	
	
	
	1.67E-8 (T-DXd)
	[23]

	Inferred parameters (in addition to those previously described)

	
	
	Synthesis rate of cell surface HER2.  for normal cells and  for tumor cells.
	

	
	
	HER2 shedding rate
	

	Inferred parameters (in addition to those described in in vitro parameter table)

	2
	
	Central to peripheral transport rate constant. 
	

	2
	
	Peripheral to central transport rate constant. 
	

	2
	
	Central to tumor transport rate constant. 
	

	2
	
	Peripheral to tumor transport rate constant. 
	



1. sHER2 level in the blood of healthy individuals was used to calibrate shedding rate. Differences in sHER2 levels between healthy and diseased individuals are driven by shedding from the tumor and are consistent with available experimental data.
2.  for sHER2;  for sHER2:Ab or sHER2:ADC complex; 

[bookmark: _48n8ku2mq8va]Table S2e: Virtual patient parameter values. All parameter distributions were sampled from a Normal distribution with corresponding coefficients of variation that were calibrated to match PFS clinical data.
	Parameter
	Unit
	Mean
	Coefficient of Variation
	Source

	
	
	25
	20%
	[29]

	
	
	621
	20%
	[29]

	T-DM1

	
	
	1.39e-1
	10%
	Mean calibrated from mouse; CV calibrated to PFS

	
	
	23.8
	2000%
	Mean calibrated from mouse; CV calibrated to PFS

	T-DXd

	
	
	2.01e-1
	10%
	Mean calibrated from mouse; CV calibrated to PFS

	
	
	9.54
	10000%
	Mean calibrated from mouse; CV calibrated to PFS


[bookmark: _pt3br96qxk2i]Reactions and resulting ordinary differential equations 
[bookmark: _6xv0ec4yzvkv]Table S3a: In vitro cellular model reactions
	Reaction
	Rate law

	
	

	
	

	
	


	
	


	
	


	
	


	
	


	
	

	
	

	
	

	
	

	
	

	
	


	
	



[bookmark: _eropyf274yrh]Table S3b: Resulting in vitro cellular model ODEs
	State
	ODE
	Equation 
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[bookmark: _s6fbfswubikr]Table S3c: Mouse model reactions  
	Reaction
	Rate law

	
	

	
	 

	
	 

	
	

	
	 
 

	
	


	
	


	
	 

	
	

	
	

	
	

	
	


	
	


	
	


	
	 

	
	 

	
	


	
	


	
                                        
	 

	
	


	
	


	
	


	
	

	
	

	
	

	
                                          
	

	
	

	
	


	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
                                        
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
                                          
	

	
	

	
	

	
                                       
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



where s=1,2,3,4 unless noted.

[bookmark: _ylhk7fxdxtay]Table S3d: Resulting mouse model ODEs
	State
	ODE
	Equation
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[bookmark: _4zv0et25dio]Table S3e: Additional human model reactions  
	Reaction
	Rate law

	
	

	
	


	
	


	
	


	
	


	
	


	
	

	
	

	
	

	
	

	
	


	
	


	
	


	
	


	
	


	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


	
	


	
	

	
	

	
	

	
	

	
	

	
	

	
	


	
	


	
	


	
	


	
	


	
	


	
	


	
	


	
	

	
	

	
	

	
	


	
	


	
	

	
	

	
	

	
	

	
	


[bookmark: _bahgixdkhf6d]Table S3f: Resulting human model ODEs (additional or changed from mouse model)

	State
	ODE
	Eqn
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