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SUPPLEMENTARY MATERIALS 

Supplementary Methods 

Cancer Module 

The tumor growth kinetics is modified from the logistic growth, as in our previous cancer 
module (1), to the Gompertzian growth proposed by Hahnfeldt et al. to introduce the dynamics 
of tumor vasculature growth (2). Since the tumor volume in our model is calculated by the total 
number of cancer cells in the tumor compartment, the modified cancer cell growth follows the 
equations: 
                      (          ) (                [    ][    ]                                                  (      )(       )(       ))                                              (           )              [    ] 
 
The first equation describes the dynamics of cancer cells in each cancer clone,   , added by a 
cancer module. The first term describes the cancer cell proliferation with the proliferation rate,          , the total number of cancer cells in all cancer clones,       , and the maximal capacity 
of cancer cells in the tumor,     , which is adapted from Hahnfeldt et al. (2). The second term 
describes the death of cancer cells due to apoptosis, nab-paclitaxel, and effector T cell (Teff). 
Apoptosis, which is caused by natural cell death or natural killer cells, is assumed to be a first-
order reaction with a rate constant,           Cytotoxic activity by nab-paclitaxel is incorporated 
with a rate constant,        , a Hill function representing the intrinsic and acquired resistance of 
cancer cells to nab-paclitaxel with varying effective concentration,         , and a fraction of 
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cancer cells that is accessible by nab-paclitaxel,        . Cancer cell killing by Teff are 
calculated by the maximal killing rate,     , the ratio of Teff and       , the ratio of Teff and 
regulatory T cell (Treg), and the Hill functions representing the inhibitory effects of PD-1, TGF-β, and myeloid-derived suppressor cells (MDSCs) (3). 
 
The second equation describes the dynamics of the maximal number of cancer cells that can be 
supported by the tumor vasculature. The first term reflects the growth of tumor capacity by 
angiogenic factors, such as VEGF-A, with the baseline growth rate,     , the intratumoral 
concentration of angiogenic factors,     , and the effective concentration of angiogenic factors 
on tumor vasculature growth,        . The second term represents the endogenous inhibition of 
existing tumor vasculature, such as death of endothelial cells, with a degradation rate,      (2). 
The third term represents the death of endothelial cells by nab-paclitaxel, with a dose dependent 
rate,          (4). The parameters related to the tumor growth are assumed to follow lognormal 
distributions, and their ranges are fitted to in vivo tumor growth data from breast cancer mouse 
model. The simulated tumor growth is plotted with 60% and 90% confidence intervals and the 
data from Desai et al. in Figure S6 (5). The estimated parameters are then scaled up to human 

using equation:             (              )   (6). 

 
Tumor volume (tumor compartment capacity) is calculated by the equation as follows: 
    (                                  )    
 
Here,              and         are the volumes of a single cancer cell and a single T cell, 
respectively, which are estimated by the diameter of breast cancer cells and T cells.        
represents the total number of Teff, Treg, and CD4+ helper T cells (Th) in the tumor, including 
exhausted T cells, and    is the volume fraction of the intracellular space in breast tumors. Tumor 
diameter and percentage change from baseline are calculated, assuming a spherical tumor, by the 
equation as follows: 

    (      )   

         (           )       

Here,    is the tumor diameter,         is the percentage change from baseline, and     is the 
initial tumor diameter. During each model initialization, a desired tumor diameter is inputted to 
represent the pre-treatment tumor size for a virtual patient. Then, the model is simulated starting 
from a small number of cancer cells until the tumor volume reaches the desired pre-treatment 
tumor size. The amount of species and parameter values at that time point are saved and used as 
the initial (pre-treatment) condition for the virtual patient. At the post-processing step,         is 
calculated for each virtual patient for efficacy prediction based on RECIST 1.1 (7). 
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T cell Modules (Teff, Treg, and Th)  

Naïve T Cell Dynamics 

Dynamics of naïve T cells are incorporated into the central, peripheral, and tumor compartments. 
Although experimental and clinical studies of breast cancer confirm the naïve T cell infiltration 
and activation in the tumor, we assume that the naïve T cell activation in the tumor is negligible 
comparing to that in the tumor-draining lymph nodes (8). The naïve T cell dynamics are modeled 
as follows:     [  ]            [  ]           [  ]           [  ]            [  ]            [  ]      [  ]         [  ] [  ]                  [  ]           [  ]           [  ]  

   [  ]          [  ]  [  ]                    [  ]            [  ]            [  ]              [  ]   

Here, [  ]  represents the average number of naïve CD4+/CD8+ T cell of a single clonotype in 
the corresponding compartment, whose initial amount is calculated by dividing the absolute 
number of naïve T cells measured from healthy individuals by the T cell clonotype diversity (9, 

10).   represents zero-order thymic export of naïve T cells, which is estimated by the average 
ages of patients with breast cancer at diagnosis (11-13). The transport of naïve T cells among the 
four compartments are based on the model by Zhu et al. and are estimated to keep the naïve T 
cell densities at the initial conditions when tumor is not present (thus no naïve T cell activation 
by tumor antigens) (9, 14). Since the naïve T cell densities are sustained mainly by the 
proliferation in peripheral lymphoid organs, the proliferation rate is estimated based on the in 

vivo data reported by Braber et al. (15). 

T Cell Activation and Homing  

The activation of naïve T cell in the tumor-draining lymph nodes depends on the number of 
available binding sites and T cell receptor (TCR)–peptide-MHC (pMHC) complexes on the 
surface of mature antigen-presenting cells (mAPCs), which are implemented as Hill functions 
named      and    , respectively. The activation is thus guided by the equations:    [  ]              [  ]                     [  ]   

                    [  ]                            

Here, [  ]   represents the activated T cells in TDLNs, and     represents the final forms of 
activated T cell (i.e. Teff, Treg, and Th) that are eventually transported into the tumor. Since 
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[  ]   represents the number of naïve T cells of a single clonotype, the first term is multiplied 
by the number of corresponding antigen-specific T cell clones,          , to calculate the total 
number of activated T cells that can recognize tumor neoantigen (i.e. Teff and Th) or tumor-
associated self-antigen (i.e. Treg). Thus, the numbers of neoantigen-specific and self-antigen-
specific T cell clones are scalar parameters, which were estimated by the number of 
nonsynonymous mutations in TNBC (16).      is the maximal activation rate of naïve T cell by 
mAPC,        is the proliferation rate of activated T cell, and     is the total number of 
divisions that an activated T cell can undergo while transitioning to its final form (17).     is 
calculated using the equation:                                
where     ,        , and      represent the number of cell divisions by signals from TCR, 
costimuli on mAPC, and IL-2 secreted by activated CD4+ helper T cell, respectively. According 
to the data from Marchingo et al., the effect of the three signals on activated T cell expansion can 
be predicted by the linear sum of the underlying signal components (17).  
 
The transport of activated T cells is based on the model by Zhu et al., and is described by the 
equations:                                                                                                                                                                           

Notably, the tumor-infiltrating T cells,   , have additional dynamics for Teff, which follows the 
equation:                                       (                                                   )   

The additional terms represent the Teff inhibition by Treg and tumor cell, respectively.      
represent the inhibitory effect of PD1-PDL1/2 interactions between Teff and tumor cell.  
 

Antigen-Presenting Cell Module  

The APC and antigen modules describe the APC recruitment into the tumor compartment, APC 
maturation, and mature APC transport to the tumor-draining lymph nodes compartment. The 
dynamics of APCs is described as follows:    [   ]              (       [   ] )                [   ]   [   ]               (        [   ]  ) 
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 [    ]                  [   ]          [    ]             [    ]   [    ]             [    ]             [    ]   

Here,            is the entry/death rate of APCs;      is the baseline APC density;          is 
the maturation rate that depends on the concentration of maturation signals,  ;          is the 
migration rate of mAPC from tumor to the TDLNs; and             is the death rate of mAPC. 
The maturation signals are assumed to be released with the same rate as cancer cell death by 
apoptosis and Teffs (18-20). 
 
The number of mAPCs in the TDLNs is used to calculate the Hill function,     , which is 
implemented in the T cell module above. It is calculated using equation: 

               [    ]            [    ]            [  ]   

The equation above is different based on the final form of the T cell activation. For CD8+ naïve 
T cell,           represents the number of neoantigen clones, which is assumed to be equal to the 
number of tumor-specific T cell clones for Teff activation. For CD4+ naïve T cell,           
represent the number of neoantigen clones and self-antigen clones for Th and Treg activation, 
respectively. The fate of CD4+ naïve T cells is thus dependent on the number of neoepitopes and 
self-epitopes on the surface of mAPCs, as well as the transdifferentiation from Th to Treg 
mediated by TGF-β (21). 
 

Antigen Module 

The mechanisms of antigen processing and presentation are adapted from several well-
established models (18-20). Tumor neoantigen and tumor-associated self-antigen are released 
upon death of cancer cells and are internalized into intracellular vesicles of APCs, where they are 
processed into short peptides. The peptides then bind with MHC molecules based on their 
binding affinity, and the pMHC complexes are presented on the cell surface to be recognized by 
the antigen-specific T cell receptors. The various forms of antigen during this process are 
governed by the equations:                            

                                            [  ]    

   [  ]                  [  ]        [  ]    

   [  ]        [  ]        [  ]    

            [  ]                               
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            [  ]                     
Here,   ,   ,   , and [  ]  represent the concentration of the antigen, the peptide, the MHC 
molecule, and the pMHC complexes, respectively.    and    represent the volume and the 
surface area, respectively. The subscripts e and s represent APC endosomal and surface 
compartment, respectively. The antigen uptake rate,    , antigen degradation rate,       , 
peptide degradation rate,       , peptide-MHC association rate,    , dissociation rate,     , 
exocytosis rate of pMHC complexes,     , and internalization rate of MHC molecules,    , were 
estimated by Chen et al. (18). The above equations are used for both tumor-associated self-
antigens and tumor neoantigen clones. We assume that the number of pMHC complexes on cell 
surface depends on the antigen concentration in the tumor during the migration of mAPC to the 
TDLNs (22).  
 

The concentration of pMHC complex is used to calculate the total number of the TCR-pMHC 
binding between tumor-specific naïve T cells and mAPCs, which determines the Hill function     in the equations for T cell activation. The equations involved are shown: [       ]   

   ( [  ]                           
  √( [  ]                         )   [  ]                 )  

[   ]                             (                       )    [       ]    
Here, [       ]    is the total number of TCR-pMHC complexes, and [   ]       is the 
number of active TCRs. [  ]  is divided by the number of tumor-specific T cell clones to 
represent the number of pMHC complexes of a single clonotype. This is based on the model 
assumption that each TCR clone can recognize one antigen clone, and each antigen clone can be 
recognized by one TCR clone.        is the total number of TCR on T cells;        is the 
binding affinity between TCR and pMHC complex with dissociation rate of         ;        is 
the modification rate of TCR-pMHC complexes;      is the modification rate of TCR-pMHC 
complexes to the non-signaling state; and      is the number of modification steps. The number 
of active TCRs determines the Hill function,    , for naïve T cell activation.      [   ]      [   ]               is the half-maximal active TCR level for naïve T cell activation. 
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Pharmacokinetic Module (for Checkpoint Inhibitors) 

Similarly to the methods reported in our previous studies (23), the permeability of the antibody 
between the peripheral tissues and capillaries can be estimated by its Stokes-Einstein radius, 
which is calculated via the equation by Venturoli et al.:          (  )      (24). Since 
atezolizumab has a molecular weight of 145 kDa, it has a Stokes-Einstein radius of 47.4 Å. The 
calculated radius is used to determine the theoretical permeability-surface area product as 1.5e-4 
mL/(s*100g) (25). Using a surface area of 70 cm2/g, the theoretical permeability of atezolizumab 
between the central and the peripheral compartments is calculated to be 2e-8 cm/s, which is used 
as the starting value for fitting. The permeability of antibody between the central and the tumor 
compartments is estimated to be 3e-7 cm/s according to multiple literature evidence (26, 27), and 
the surface area is estimated to be 28.4 cm2/cm3 (27).  
 
The clearance rate, the permeability between the central and the peripheral compartments, and 
the volume fractions of the plasma (in the central compartment) and the interstitial space (in the 
peripheral compartment) available to atezolizumab are fitted to the clinical measurements from 
Stroh et al. (28), as shown in Figure S7. The equations that govern the antibody transport are 
shown:     [ ]           ([ ]    [ ]   )           ([ ]      [ ]   )         ([ ]    [ ]   )    [ ]         [ ]    

   [ ]            ([ ]    [ ]   ) 

   [ ]            ([ ]    [ ]   )     [ ]    

    [ ]               ([ ]      [ ]   )     [ ]       [ ]      

Here, [ ]  is the antibody concentration,    is the compartment volume,     is the permeability 
between compartment i and j,      is the total surface area of endothelial cells at the interface of 
compartment i and j,    is volume fraction of interstitial space available to the antibody,     is 
clearance rate, and     is the rate of lymphatic drainage, from the tumor, to TDLNs, to the 
central compartment. Subscripts C, P, LN, T represent the central, peripheral, TDLNs, and tumor 
compartments, respectively.  
 

The drug administration is performed by creating a SimBiology dose object, which contains the 
amount of the doses, the infusion times, and the dose schedules. Since the dose object is used as 
an input when simulating the SimBiology model, the dose information is not saved in the SBML 
code but can be found in the MATLAB scripts. The default dose regimens for atezolizumab and 
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nab-paclitaxel are 1200 mg Q3W and 100 mg/m2 Q3/4W, respectively, and can be modified in 
the in silico virtual clinical trial script.  
 

Checkpoint Module  

Dynamics of PD-L1-related checkpoint molecules 

Dynamics of PD-1, PD-L1, CD80, and anti-PD-(L)1 antibody are adapted from the model by 
Cheng et al. (29), and simplified by Jafarnejad et al. (22). The interactions between the ligands 
and receptors occur in a model sub-compartment that represents the immunological synapse. We 
assume that the ligands and receptors are evenly distributed on the cell surface so that their 
densities in the synapse are calculated by dividing their expression levels by the total cell surface 
area. According to Jafarnejad et al., the explicit representation of the diffusive entry of surface 
molecules to the synapse is negligible due to its rapid dynamics. Instead, the area of the synapse 
is increased by a factor of 3 to account for the effect of diffusion (22).  

The numbers of checkpoint molecules on cells are estimated based on measurements using 
quantitative flow cytometry with fluorescent beads (29), which were then scaled up based on the 
PD-1 measurements by Mkrtichyan et al. (30) to account for possible underestimation of PD-
L1/2 from QuantiBRITE bead measurements. These parameters are varied in a wide range in the 
virtual patient generation to account for the uncertainty and inter-individual variability. The 
interactions among checkpoint molecules and the PD-L1 inhibitor, atezolizumab, are described 
by a bivalent model using equations:  

  [        ]                   [   ][    ]               [        ]  [        ]                   [   ][    ]               [        ]  [          ]                  [    ] [     ]                  [          ]
                           [          ][    ]                  [               ]  [               ]                             [          ][    ]                  [               ] 
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 [    ]            [    ][    ]          (  [    ]              [    ]        )         ([    ]         [    ]     )                  [   ][    ]
              [        ]                 [    ] [     ]                   [          ]                            [          ][    ]                 [               ] 

Here, the model species represent the 2-D densities of the checkpoint molecules in the synapse.     and      are the association and dissociation rates of checkpoint interactions; the 2s as 
coefficients for     and      of antibodies represent the stochiometric corrections due to 
antibody bivalency (31);    is the volume fraction of tumor interstitium that is available to the 
antibody;        is the intrinsic antibody cross-arm binding efficiency (31); the denominator,     , is the thickness of the confinement space between two cells during the interaction, which 
aims to transfer the 3-D binding affinity to 2-D;    is Avogadro’s number.           is the 
expression rate of PD-L1 by IFN ;           is the number of folds increase of PD-L1 

expression from baseline level by IFN ;          is the degradation/internalization rate of 

unbound PD-L1 molecules (32). The number of bound PD-1 molecules to PD-L1/2 molecules 
in the tumor determines the Hill function,     , for inhibitory effects of Treg and cancer cell on 
Teff. 

Dynamics of CTLA-4-related checkpoint molecules 

Dynamics of CTLA-4, CD28, CD80/86, and anti-CTLA-4 antibody are based on the model by 
Jansson et al. (33) and are described using similar methods above. Briefly, CD28 and CTLA-4 
on naïve T cells bind to CD80 and CD86 on APCs, and PD-L1 on T cells binds to CD80 on 
APCs to compete with CD28 in tumor-draining lymph nodes (34). CD28 is a co-stimulatory 
signal that enhances the naïve T cell activation by increasing the number of T cell divisions. 
Since CTLA-4 outcompetes CD28 due to its higher binding affinity to CD80/CD86, the blockade 
of CTLA-4 restores ligand availability for CD28 that leads to enhanced T cell activation and 
proliferation. Similar to PD-L1-related dynamics, the model includes stochiometric corrections 
for antibody bivalency and dimerization of CTLA-4 and CD86 on cell surface which also results 
in bivalency (31, 35, 36). The number of bound CD28 molecules to CD80/86 molecules on 
mAPCs determines the Hill function,      , to calculate the number of T cell divisions by 
costimulatory signals. 
 
Overall, the checkpoint module is called twice to simulate the immunological synapse between T 
cells and mAPCs during naïve T cell activation in the lymph nodes and that between T cells and 
tumor cells or immune cells in the tumor (e.g. cancer cells, fibroblasts, MDSCs, and 
macrophages). Since the absolute numbers of checkpoint molecules on tumor and immune cells 
are not available from literature, their expressions are estimated based on the corresponding in 

vitro measurements on mature dendritic cells (29, 30, 33). Moreover, the number of PD-L1 
molecules in the model represents its average expression level on all tumor/immune cells in the 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-002100:e002100. 9 2021;J Immunother Cancer, et al. Wang H



tumor compartment, so that the calculated Hill function,     , represents the overall effect of 
PD-1/PD-L1 interactions in the tumor. 
  

Myeloid-Derived Suppressor Cell (MDSC) Module  

As introduced in the previous study, MDSC module describes the MDSC recruitment into the 
tumor compartment, arginase-I (Arg-I) and nitric oxide (NO) secretion, and Teff inhibition and 
Treg expansion mediated by Arg-I and/or NO (1). MDSC recruitment is mediated by CCL2 
secreted by cancer cells in addition to a baseline recruitment rate, using the following equation:  [    ]   (                    [    ][    ]           )(            [    ]) 
Here,            and           represent the baseline recruitment rate and the maximal 
recruitment rate by CCL2, respectively;           represents the EC50 of CCL2 on MDSC 
recruitment; and           represents the maximal MDSC density that varies among patients 
(37). The predicted CCL2 expression and migration indices are fitted to TNBC data (1, 38, 39). 
The major immunosuppressive factors secreted by MDSCs are assumed to be Arg-I and NO, 
whose expression rates are estimated based on in vitro experiments on breast cancer cells (1, 40). 
Since only the enzymatic activity of Arg-I is measured in enzyme unit, mU, we use mU as a 
placeholder of Arg-I concentration in the model, assuming that the protein concentration is 
proportional to the enzymatic activity. The unit of its production rate is then set to be 
mU*(microliter)/cell/day to estimate the amount of Arg-I produced by MDSCs per day. The 
units of production rates of NO and CCL2 are set to be nanomole/cell/day. While both Arg-I and 
NO inhibit cytotoxic killing of cancer cells by Teff, only Arg-I facilitates Treg expansion in the 
tumor (40). The effective concentrations are estimated based on in vitro experiments and listed in 
Supplementary Table S4 with references. 
 

Nab-Paclitaxel Module  

Pharmacokinetics  

The plasma concentrations of nab-paclitaxel are simulated using a published 3-compartment PK 
model which is calibrated by clinical measurements from eight clinical trials involving patients 
with advanced or metastatic solid tumors (41). The intratumoral concentrations of nab-paclitaxel 
are then estimated by tumor-to-plasma ratio measured in in vivo studies using nab-paclitaxel in 
breast cancer mouse model (42, 43). The PK parameters and body surface area are varied within 
the 95% confidence interval reported by Chen et al. to represent the inter-individual variability 
(41). Tumor-to-plasma ratio of nab-paclitaxel is also varied for global uncertainty and sensitivity 
analysis (Figure S4). 

Pharmacodynamics  

The nab-paclitaxel module incorporates both cytotoxic and pro-angiogenic activities of nab-
paclitaxel in this model. While the cytotoxic effect of nab-paclitaxel on cancer cells is well-
established by in vitro and in vivo data from breast cancer mouse models, one of the challenges 
in chemotherapy is the development of chemo-resistance in the patients, which can be 
characterized into two types: intrinsic and acquired (44). Intrinsic chemo-resistance is caused by 
pre-existing mechanisms before the therapy begins, while the acquired chemo-resistance appears 
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during the therapy, both of which may be dependent on the cancer type and the chemotherapeutic 
agent (45). As a result, EC50s of nab-paclitaxel on breast cancer cells can be different among the 
patients and changing over time. To account for the intrinsic chemo-resistance, the module starts 
by randomly assigning an EC50 value of nab-paclitaxel to the initial cancer clone, which is 
added by the cancer module. The range of the initial EC50 of nab-paclitaxel is estimated using in 

vitro data from TNBC cell lines in the Genomics of Drug Sensitivity in Cancer (GDSC) database 
developed by Yang et al. (46). Besides the intrinsic resistance, the module further introduces a 
resistant cancer clone, on which the initially assigned EC50 value of nab-paclitaxel is increased 
by up to 100-fold, to represent the acquired chemo-resistance (47, 48). The development of the 
acquired chemo-resistance from the initial cancer clone to the resistant clone is simplified as a 
first-order reaction. The rate of the resistance development is estimated to capture the duration of 
response reported by the clinical trial. As shown in the Kaplan–Meier curve for duration of 
response (Figure S2), the model prediction matches the clinical results after calibration. Further, 
the resistant cancer clones may have slight changes in their proliferation rates, which is reported 
by in vivo studies (49, 50). In addition to its cytotoxic activity, nab-paclitaxel is reported to 
increase VEGF-A expression at low concentration, and thus lead to a pro-angiogenic effect on 
tumor vasculatures, which is implemented as described in the modified cancer module (5, 51, 52). 
At high concentration, nab-paclitaxel induces endothelial cell death with a dose-dependent rate 
estimated by Mollard et al. (4). 
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Figure S1. Sample Time Profiles in Combination Therapy of Nab-paclitaxel and 

Atezolizumab for 5 Virtual Patients Predicted by the QSP Model. Simulated data are plotted 
every 8 weeks, corresponding to the frequency of tumor measurements in the clinical trial. 
Tumor diameter (A), percentage change from baseline (B), number of mAPCs (C), neoepitope 
(D), and self-epitope (E), and densities of CD8+ and CD4+ T cells (F-H) in all compartments are 
plotted over 400 days. Each color represents the same virtual patient in all the subplots. 
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Figure S2. Kaplan-Meier Curve for Duration of Response. The predicted median durations of 
response for the nab-paclitaxel monotherapy and its combination with atezolizumab are 5.6 (95% 
confidence interval: 5.6-7.5) and 7.5 (5.6-9.3), respectively. 
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Figure S3. Changes of Biomarkers as Post- (week 8) to Pre-treatment Ratios in Various 

Therapy Types. Atezo, atezolizumab monotherapy 1200mg Q3W; Nab-P, nab-paclitaxel 
100mg/m2 Q3/4W; Combo, atezolizumab 840mg Q2W + nab-paclitaxel 100mg/m2 Q3/4W. 
Statistical significance is calculated by Wilcoxon test. 
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Figure S4. Global Uncertainty and Sensitivity Analysis. 26 parameters are assigned using 
Latin Hypercube Sampling (LHS) based on our estimated distribution. The Partial Rank 
Correlation Coefficient (PRCC) between selected post-treatment observations and input 
parameters (A) and the corresponding log10 p-values (B) are presented as a heatmap.  
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Figure S5. Model Simulation of Sequential Therapies using Various Nab-paclitaxel Doses 

and Schedules. Top row (A-C) represents the ORR of each dose regimen; middle row (D-F) 
represents the CD8+/Treg ratio in the tumor at week 8; and bottom row (G-I) represents the 
CD4+/Treg ratio in the tumor at week 8. Administration of nab-paclitaxel starts on day 1 
(A,D,G), week 2 (B,E,H), and week 4 (C,F,I) upon reaching initial tumor diameter.  
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Figure S6. Tumor Volume vs. Time After Implantation. Experimental data are reported by 
Desai et al. using MX-1 xenograft mouse model. Tumor growth comparison starts at 
approximately 33mm3, which corresponds to a 35mg tumor assuming a tumor density of 
1.06kg/L. 
 

 
Figure S7. Plasma Concentration of Atezolizumab. Point data represent the plasma 
concentration measured after administration of 15 mg/kg or 1200 mg atezolizumab, as reported 
by Stroh et al. (28).  
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Table S1. Parameter Distribution and Range used in Virtual Patient Generation. 

Parameter Distribution 
Geometric 

mean 

Geometric 

standard 

deviation 

Unit 

Tumor Growth Rate 

lognormal 

0.0087 1 1/day 

Rate of T cell killing of cancer cell 0.9 1 1/day 

Binding affinity of neoantigen-MHC 27 1 nM 

Neoantigen-specific T cell clone 63 0.7 dimensionless 

Self-antigen-specific T cell clone 63 0.7 dimensionless 

Initial tumor diameter 2.5 0.3 centimeter 

Steady-state MDSC density 1.637e5 1 cell/mL 

Rate of differentiation from Th to Treg 0.022 1 1/day 

Half-max conc. of nab-paclitaxel for 
cancer killing 

4.7e-8 1.1 molarity 

Rate of chemo-resistance development 1e-4 1 1/day 

Rate of angiogenic factor induction by 
nab-paclitaxel 

0.017 1 
picogram/cell/

day 

Parameter Distribution 
Lower 

bound 
Upper 

bound 
Unit 

Basal Tumor Death Rate 

log-uniform 

0.00001 0.001 1/day 

Rate of T cell exhaustion by cancer cell 0.01 1 1/day 

Rate of Teff inhibition by Treg 1 0.01 1/day 

Baseline PD-L1 expression on 
tumor/immune cells in tumor 

9000 180000 molecule 

Baseline PD-L1 expression on mAPCs  13000 266666 molecule 

Rate of tumor vasculature growth 

uniform 

2.9 6.9 1/day 

Max clearance rate from V1 
compartment 

6500 9836 
microgram/ 

hour 
Half-max conc. of nab-paclitaxel for 
V1 clearance 

24.9 58.9 
microgram/ 

liter 
Max clearance rate from V1 to V2 
distribution 

190694 540445 
microgram/ 

hour 
Half-max conc. of nab-paclitaxel for 
V1 to V2 distribution 

2210 7910 
microgram/ 

liter 

Body surface area 1.3 2.4 m2 

Peripheral compartment (V1) for nab-
paclitaxel PK 

13.71 17.85 liter 
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Peripheral compartment (V2) for nab-
paclitaxel PK 

1396 1935 liter 

Peripheral compartment (V3) for nab-
paclitaxel PK 

59.8 99.1 liter 

Tumor to plasma concentration ratio of 
nab-paclitaxel 

1 2 dimensionless 
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