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Abstract: The high mortality of tumor is one of the most urgent problems to be solved. However, the current
clinical trials provide limited quantitative descriptions on dynamic changes of drug efficacy, which restrict the
selection of dosing regimens. Quantitative systems pharmacology (QSP) is a new approach for precise treatment of
tumors. It quantifies the network relationship between drug action and diseases by integrating the tumor growth
and molecules, cells in vivo, thereby predicting the efficacy, toxicity, and mechanism of antitumor drugs as well as
identifying predictive biomarkers. In this review, we provide an overview of definition of QSP, current approaches
and typical applications in research of antitumor drugs to enhance our understanding of QSP.
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Figure 1 Quantitative systems pharmacology (QSP)™. POC: Proof of concept
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Figure 2 PubMed citations by year for QSP

Table 1 Comparison of physiologically based pharmacokinetics
(PBPK) and QSP. 1: Primary; 2: Complementary; 3: Secondary;
NA: Not applicable™®

Application type PBPK  QSP

Mechanistic understanding NA 1
Candidate comparison, selection 1 2
Predicting and characterizing PK

Developmental influence on PK 1 3

In vitro-in vivo correlation 2 NA

Specific PK interaction potential 1 NA
Outcome prediction from clinical responses

PK/PD evaluation 1 2

Disease progression evaluation NA 1

Specific PD interaction potential 1 1
Dosing regimen (including drug combinations) 1 2
Patient population selection (biomarkers prediction) 3 1
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therapeutics, Pb-Tx)“ 3 Fi 74 8 5 24 #1444 | 1 g 8 15
USRI A 2 g AT (3R 20 K IR IRIT Y
WD 4y - 0] 24 ) AE S8 K AR AE SR BT 3 e AR A

Table 2 Application types of QSP in antitumor drugs. —: None
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o 52 1Y) QSP B AL RAE T 8 15 5 A0 40 i s S (1)
s, Himid 1k sk S5 oh 0 800 & 0 58k .

Mechanistic

Candidate Predicting and

Outcome Dose and schedule Patient population

Drug type understanding comparison, characterizing prediction from  selection (including selection (biomarkers Total
selection PK clinical responses drug combinations) prediction)
Immunotherapy drugs™**! 1 - - 1 6 9 17
Molecular targeted drugs® " 3 2 2 1 7 2 17
Cytotoxic drugs“®! 1 - - - 3 - 4
Others®*? - - - - 1 - 1
Total 5 2 2 2 17 11 39
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Figure 3 Model structure for dasatinib and sorafenib induced toxicity in AC16 cells. Orange and blue highlighted compartments represent
measured protein expression and the yellow highlighted compartment represents measured cellular response. Open and closed circles repre-
sent stimulation and inhibition processes. Solid arrows represent connections of the apoptotic pathway and dashed arrows represent the

autophagy pathway
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Figure 4 Schematics of QSP model“”, A: Osimertinib-AZ5104 pharmacokinetic module; B: Irreversible binder pharmacodynamic module;
C: Tumor module used to describe the efficacy data observed in tumor xenografts
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Figure 5 QSP model of immunotherapy in triple-negative breast cancer™. Arg-I: Arginase I; aT: Activated T cell; CCL2: Chemokine

ligand 2; IL-2: Interleukin-2; mAPC: Mature antigen presenting cell; MDSC: Myeloid-derived suppressor cell; NO: Nitric oxide; nT: Naive

T cell; Teff: Effector T cell; TGF-g: Transforming growth factor-g. Th: T helper cell; Treg: Regulatory T cell
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