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Research progress on preclinical evaluation models of CAR-T cell therapy
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Abstract: The treatment of cancer has always been regarded as the biggest challenge in medicine. In recent years, with the approval
and launch of various chimeric antigen receptor T cell therapy (CAR-T) products, new hope has been brought to the research of
overcoming cancer. However, in clinical practice, CAR-T cell therapy products have certain adverse reactions, which suggests that
preclinical evaluation models of CAR-T cell therapy products is crucial. At present, the preclinical evaluation methods for CAR-T
cell therapy products mainly include in vivo evaluation models and in vitro evaluation models. In vivo evaluation models include
syngeneic mouse model, genetically engineered mouse models, humanized mouse models, patient-derived tumor xenograft models
and non-human primate models. /n vitro evaluation models include patients derived organoids models, human-on-a-chip models and
artificial intelligence prediction. This article aims to review the progress and advantages and disadvantages of various evaluation
methods to lay a theoretical and research foundation for preclinical evaluation of CAR-T cell therapy products.
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Table 1 CAR-T cell therapy products approved by the National Medical Products Administration for marketing
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Fig.1 In vivo evaluation model for CAR-T cell therapy products in mice
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Table 2 Advantages and disadvantages of in vivo evaluation model for CAR-T cell therapy products in mice

Y P

R

SRS A/ BT

FALAH R NIEIE TAA, v T30 0E U8

B2 NG R GE, TC ik S B 1) 8 R0

CAR-T 7= fh [ PoC Tt 7 (W 7T %525 CAR 1)

A R R )
NIEAL /N RS2

[ PAL A/ DN B AR

HA K N RIZ R G5 NIRELAN A EAE
F 5 AT R TME B3 78 F i B 58

SEREA/N R AR B R G B TS I G B 1N

FEAN RS BT NSRRGSR S8 B s
Z NI A 5 NJRAG A B 3 Ak T 40 2
B B, BEAT ROBT ST H A IR

NV B R G S NRAA , L AT ek

H A VR, 22 4V R g CRE )[R 41D PEATBR
L DR /I B AR MT W FRNIETAA, RN R ERBERG  ANEH T IEFERT FUH 19 TAA, H T 40 45
AR Sh RN 2 R
NVR IR e AR AT OREE T R I (W R R 20 S v MR 45 K AR SRIBCHE 52 K L il o] 0 A6 o 41 7™ A

eSS

IR IR IT VAL 25 AP IR 228, I HAE CAR-T
AL YE ST P P R N A BR . B T4 A
FE NG A /N BRAR R B RS 9% 20 R e T A BRI
H PBMC fAE N A R4 R, IR, NP8 AL/ B
RN A AE KR 5 AR R S fE
37E 1 TME T ¥FA CAR-T 40036 T7 77 & I 45 SR AN
FEATAE o N U R e A B8 A S 2R 3 A AR 3R X
M FEE R A K AL B R LA IR AN R SE A R
PR A KR B . BARAE AN R KR &
NARECHR I AR A A7 7R N U5 I8 oV R A8 L A8
o AR BRU/NEBG . BEE 9 TS R R
TAREE AR MR, sh P B AT A gk 22 050k 1) 23 [a]
F 5 R M IR 4 ) A ) R e T S AR
CAR-TYT LMV I 5 &2 G 22, T L5 CAR-T YT
VAT P R ARG PR AT A L AR L, 3D Al M 1 IR R

AREBA R mEE. A, 5 EZERSEIKIH
Toi% 58 SN AR A IR, 2 T R % BOR (K k5
b TR SR B O R R T RE S AR OR AR SIS A [ T
FUIT ), AE R ARy iR SR 8% B AT RSB IR 2 — K
HE R, AN 5] PR 5 SR A0 2B PR T D S AR R R A
) 5 B T REIE 7R AW ) A R S X
Hoh o ATTRASETY i Ak T R eI, Ja BRI R e 7
S PR L S 06 5 B0 1 AR 8RS R BB AR
BEAE , RATE T B R G A ORI A ) CAR-T 41 i
T b WL RECA — BT FL T 1A . CAR-T 4
PRAR T 77 b AE BT T R 2 TR AT 3 I PR T VR
5 SREA HAL R 51, BT BUIR R AP LR HL 2 Fif
7 A EAH G HAb . FETFRARIRN S R AW
SFOHTAIRED T, CAR-T 40 B IA 7 7 il i PR BT 2 A
Rt 25 SN S 5 B RR A 7 1 BR



$F47% FE8H 202481 %#"i‘-‘[ﬁti Drug Evaluation Research

Vol. 47 No. 8 August 2024 < 1675 -

MBEFPR AL FARAEEA R

SE

(1]

(3]

(4]

(3]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Zheng R, Chen R, Han B, et al. Cancer incidence and
mortality in China, 2022 [J]. Chin J Oncol, 2024, 46(3):
221-231.

First-ever CAR T-cell therapy approved in U. S [J].
Cancer Discov, 2017, 7(10): OF1.

Sadelain M, Riviére I, Riddell S. Therapeutic T cell
engineering [J]. Nature, 2017, 545(7655): 423-431.
Kochenderfer J N, Rosenberg S A. Treating B-cell cancer
with T cells expressing anti-CD19 chimeric antigen
receptors [J]. Nat Rev Clin Oncol, 2013, 10(5): 267-276.
Tasian S K, Gardner R A. CDI19-redirected chimeric
antigen receptor-modified T cells: A promising
immunotherapy for children and adults with B-cell acute
lymphoblastic leukemia (ALL) [J]. Ther Adv Hematol,
2015, 6(5): 228-241.

Brudno J N, Kochenderfer J N. Recent advances in CAR
T-cell
management [J]. Blood Rev, 2019, 34: 45-55.

BZE, WUNLL, Buifg i, 45 . MLRCE IR 8 CAR-T VR YT
Ja AR AR VB 2008 []. $7 B2 2%, 2023, 38
(24): 99-104.

Mao Y W, Huang L H, Ruan H T, et al. Self-reported

outcomes in patients with hematological malignancies

toxicity: ~Mechanisms, manifestations and

undergoing CAR-T therapy: A scoping review [J]. J Nurs
Sci, 2023, 38(24): 99-104.

Verdun N, Marks P. Secondary cancers after chimeric
antigen receptor T-cell therapy [J]. N Engl J Med, 2024,
390(7): 584-586.

Willyard C. Do cutting-edge CAR-T-cell therapies cause
cancer? What the data say [J]. Nature, 2024, 629(8010):
22-24.

Miao L L, Zhang Z C, Ren Z J, et al. Reactions related to
CAR-T cell therapy [J]. Front Immunol, 2021, 12:
663201.

Jiang F, Zhou X M. A model of orthotopic murine bladder
(MBT-2) tumor implants [J]. Urol Res, 1997, 25(3):
179-182.

Partecke L I, Sendler M, Kaeding A, et al. A syngeneic
orthotopic murine model of pancreatic adenocarcinoma
in the C57/BL6 mouse using the Panc02 and 6606PDA
cell lines [J]. Eur Surg Res, 2011, 47(2): 98-107.

Zhu H, Kauffman M E, Trush M A, et al. A simple
bioluminescence imaging method for studying cancer cell
growth and metastasis after subcutaneous injection of
lewis lung carcinoma cells in syngeneic C57BL/6 mice
[J]. React Oxyg Species, 2018, 5(14): 118-125.

[14]

[15]

[16]

[18]

[19]

[20]

[21]

[23]

(24]

[25]

[26]

Olson B, Li Y D, Lin Y, et al. Mouse models for cancer
immunotherapy research [J]. Cancer Discov, 2018, 8(11):
1358-1365.

Gulley J L, Drake C G. Immunotherapy for prostate
cancer: Recent advances, lessons learned, and areas for
further research [J]. Clin Cancer Res, 2011, 17(12): 3884-
3891.

Siegler E L, Wang P. Preclinical models in chimeric
antigen receptor-engineered T-cell therapy [J]. Hum Gene
Ther, 2018, 29(5): 534-546.

Sanmamed M F, Chester C, Melero I, et al. Defining the
optimal murine models to investigate immune checkpoint
blockers and their combination  with  other
immunotherapies [J]. Ann Oncol, 2016, 27(7): 1190-1198.
Cheadle E J, Hawkins R E, Batha H, et al. Natural
expression of the CD19 antigen impacts the long-term
engraftment but not antitumor activity of CD19-specific
engineered T cells [J]. J Immunol, 2010, 184(4): 1885-
1896.

Cheadle E J, Sheard V, Rothwell D G, et al. Differential
role of Thl and Th2 cytokines in autotoxicity driven by
CD19-specific
receptor T cells in a mouse model [J]. J Immunol, 2014,
192(8): 3654-3665.

Sinn E, Muller W, Pattengale P, et al. Coexpression of

second-generation  chimeric  antigen

MMTV/v-Ha-ras and MMTV/c-myc genes in transgenic
mice: Synergistic action of oncogenes in vivo [J]. Cell,
1987, 49(4): 465-475.

Chen Z B, Trotman L C, Shaffer D, et al. Crucial role of
p53-dependent cellular senescence in suppression of Pten-
deficient tumorigenesis [J]. Nature, 2005, 436(7051):
725-730.

Heyer J, Kwong L N, Lowe S W, et al. Non-germline
genetically engineered mouse models for translational
cancer research [J]. Nat Rev Cancer, 2010, 10(7):
470-480.

Bu W, Creighton C J, Heavener K S, et al. Efficient
through CRISPR-Cas9/HDR-based
somatic precision gene editing in mice [J]. Sci Adv, 2023,
9(19): eade0059.

Weber J, Ollinger R, Friedrich M, et al. CRISPR/Cas9

somatic

cancer modeling

multiplex-mutagenesis  for high-throughput
functional cancer genomics in mice [J]. Proc Natl Acad
SciU S A, 2015, 112(45): 13982-13987.

Platt R J, Chen S D, Zhou Y, et al. CRISPR-Cas9 knockin
mice for genome editing and cancer modeling [J]. Cell,
2014, 159(2): 440-455.

Pennell C A, Barnum J L, McDonald-Hyman C S, et al.

Human CD19-targeted mouse T cells induce B cell



+ 1676 -

$F47% FE8H 2024FE8 8 %35;41‘4"[4"{ % Drug Evaluation Research

Vol. 47 No. 8 August 2024

(27]

[28]

(30]

[31]

[32]

[33]

[35]

[36]

[37]

[38]

aplasia and toxicity in human CD19 transgenic mice [J].
Mol Ther, 2018, 26(6): 1423-1434.

Chmielewski M, Hahn O, Rappl G, et al. T cells that
target carcinoembryonic antigen eradicate orthotopic
pancreatic carcinomas without inducing autoimmune
colitis in mice [J]. Gastroenterology, 2012, 143(4): 1095-
1107.e2.

Xu HY, Jia Z Q, Liu F S, et al. Biomarkers and
experimental
investigation [J]. MedComm, 2023, 4(6): e437.

Chuprin J, Buettner H, Seedhom M O, et al. Humanized

models  for  cancer  immunology

mouse models for immuno-oncology research [J]. Nat
Rev Clin Oncol, 2023, 20(3): 192-206.

Maciocia P M, Wawrzyniecka P A, Philip B, et al.
Targeting the T cell receptor -chain constant region for
immunotherapy of T cell malignancies [J]. Nat Med,
2017,23(12): 1416-1423.

Larson S M, Truscott L C, Chiou T T, et al. Pre-clinical
development of gene modification of haematopoietic
stem cells with chimeric antigen receptors for cancer
immunotherapy [J]. Hum Vaccin Immunother, 2017, 13
(5): 1094-1104.

Jin C H, Xia J X, Rafiq S, et al. Modeling anti-CD19
CAR T cell therapy in humanized mice with human
immunity and autologous leukemia [J]. EBioMedicine,
2019, 39: 173-181.

Hidalgo M, Amant F, Biankin A V, et al. Patient-derived
xenograft models: An emerging platform for translational
cancer research [J]. Cancer Discov, 2014, 4(9): 998-1013.
HEX, 2R, R, 5 . CAR-TIRT U5 S4B T
FEILEE B AT AL A2 R 50 22 4 PEIR A [J]. 259 9F 40
WF7E, 2023, 46(3): 469-477.

FUYS, LIS X, LI L L, et al. Mechanism and preclinical
safety evaluation of cytokines release syndrome induced
by CAR-T cell therapy [J]. Drug Eval Res, 2023, 46(3):
469-477.

Giavridis T, van der Stegen S J C, Eyquem J, et al. CAR
T cell-induced cytokine release syndrome is mediated by
macrophages and abated by IL-1 blockade [J]. Nat Med,
2018, 24(6): 731-738.

Sommer C, Boldajipour B, Kuo T C, et al. Preclinical
evaluation of allogeneic CAR T cells targeting BCMA for
the treatment of multiple myeloma [J]. Mol Ther, 2019,
27(6): 1126-1138.

Porter L H, Zhu J J, Lister N L, et al. Low-dose
carboplatin modifies the tumor microenvironment to
augment CAR T cell efficacy in human prostate cancer
models [J]. Nat Commun, 2023, 14(1): 5346.

Zhu X X, Chen J, Li W L, et al. Hypoxia-responsive

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

CAR-T cells exhibit reduced exhaustion and enhanced
efficacy in solid tumors [J]. Cancer Res, 2024, 84(1):
84-100.

Panowski S H, Srinivasan S, Tan N, et al. Preclinical
development and evaluation of allogeneic CAR T cells
targeting CD70 for the treatment of renal cell carcinoma
[J]. Cancer Res, 2022, 82(14): 2610-2624.

Deycmar S, Gomes B, Charo J, et al. Spontaneous,
naturally occurring cancers in non-human Primates as a
translational model for cancer immunotherapy [J]. J
Immunother Cancer, 2023, 11(1): e005514.

Kim M Y, Yu K R, Kenderian S S, et al. Genetic
inactivation of CD33 in hematopoietic stem cells to
enable CAR T cell immunotherapy for acute myeloid
leukemia [J]. Cell, 2018, 173(6): 1439-1453.¢19.

Berger C, Sommermeyer D, Hudecek M, et al. Safety of
targeting ROR1 in Primates with chimeric antigen
receptor-modified T cells [J]. Cancer Immunol Res, 2015,
3(2): 206-216.

Huniadi M, Nosalova N, Almasiova V, et al. Three-
dimensional cultivation a valuable tool for modelling
canine mammary gland tumour behaviour in vitro [J].
Cells, 2024, 13(8): 695.

Cox M C, Reese L M, Bickford L R, et al. Toward the
broad adoption of 3D tumor models in the cancer drug
pipeline [J]. ACS Biomater Sci Eng, 2015, 1(10):
877-894.

Ravi M, Paramesh V, Kaviya S R, et al. 3D cell culture
systems: Advantages and applications [J]. J Cell Physiol,
2015, 230(1): 16-26.

Ferreira L P, Gaspar V M, Mano J F. Design of
spherically structured 3D in vitro tumor models-advances
and prospects [J]. Acta Biomater, 2018, 75: 11-34.

Groebe K, Mueller-Klieser W. Distributions of oxygen,
nutrient, and metabolic waste concentrations in
multicellular spheroids and their dependence on spheroid
parameters [J]. Eur Biophys J, 1991, 19(4): 169-181.
YuL, Li Z C, Mei H B, et al. Patient-derived organoids of
bladder cancer recapitulate antigen expression profiles
and serve as a personal evaluation model for CAR-T cells
in vitro [J]. Clin Transl Immunology, 2021, 10(2): e1248.
Jacob F, Ming G L, Song H J. Generation and biobanking
of patient-derived glioblastoma organoids and their
application in CAR T cell testing [J]. Nat Protoc, 2020, 15
(12): 4000-4033.

Zhang Z W, Jiang D Q, Yang H, et al. Correction:
Modified CAR T cells targeting membrane-proximal
epitope of mesothelin enhances the antitumor function

against large solid tumor [J]. Cell Death Dis, 2020, 11



$F47% FE8H 202481 %#"i‘-‘[ﬁti Drug Evaluation Research

Vol. 47 No. 8 August 2024 + 1677 -

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

(4): 235.

Sontheimer-Phelps A, Hassell B A, Ingber D E.
Modelling cancer in microfluidic human organs-on-chips
[J]. Nat Rev Cancer, 2019, 19(2): 65-81.

Ando Y, Siegler E L, Ta H P, et al. Evaluating CAR-T cell
therapy in a hypoxic 3D tumor model [J]. Adv Healthc
Mater, 2019, 8(5): ¢1900001.

Lu L L, Xiao S X, Lin Z Y, et al. GPC3-IL7-CCL19-
CAR-T primes immune microenvironment reconstitution
for hepatocellular carcinoma therapy [J]. Cell Biol
Toxicol, 2023, 39(6): 3101-3119.

Kacarevi¢ Z P, Rider P M, Alkildani S, et al. An
introduction to 3D bioprinting: Possibilities, challenges
and future aspects [J]. Materials, 2018, 11(11): 2199.
Hospodiuk M, Dey M, Sosnoski D, et al. The bioink: A
comprehensive review on bioprintable materials [J].
Biotechnol Adv, 2017, 35(2): 217-239.

Kelm J M, Timmins N E, Brown C J, et al. Method for
generation of homogeneous multicellular tumor spheroids
applicable to a wide variety of cell types [J]. Biotechnol
Bioeng, 2003, 83(2): 173-180.

Delarue M, Montel F, Vignjevic D, et al. Compressive
stress inhibits proliferation in tumor spheroids through a
volume limitation [J]. Biophys J, 2014, 107(8): 1821-
1828.

Delarue M, Joanny J F, Jilicher F, et al. Stress
distributions and cell flows in a growing cell aggregate
[J]. Interface Focus, 2014, 4(6): 20140033.

Raman R, Bhaduri B, Mir M, et al. High-resolution
projection microstereolithography for
neovasculature [J]. Adv Healthc Mater, 2016, 5(5):
610-619.

Knowlton S, Onal S, Yu C H, et al. Bioprinting for cancer
research [J]. Trends Biotechnol, 2015, 33(9): 504-513.
Grunewald L, Lam T, Andersch L, et al. A reproducible

patterning of

bioprinted 3D tumor model serves as a preselection tool

[62]

[66]

[67]

[68]

[69]

[70]

[71]

for CAR T cell therapy optimization [J]. Front Immunol,
2021, 12: 689697.

Matai I, Kaur G, Seyedsalehi A, et al. Progress in 3D
bioprinting technology for tissue/organ regenerative
engineering [J]. Biomaterials, 2020, 226: 119536.

Dey M, Ozbolat I T. 3D bioprinting of cells, tissues and
organs [J]. Sci Rep, 2020, 10(1): 14023.

Li R F Li L X, XuY G, et al. Erratum to: Machine
learning meets omics applications and perspectives [J].
Brief Bioinform, 2022, 23(1): bbab560.

Zhang Y Y, Zhang Z M. The history and advances in
cancer immunotherapy: Understanding the characteristics
of tumor-infiltrating immune cells and their therapeutic
implications [J]. Cell Mol Immunol, 2020, 17(8):
807-821.

Murciano-Goroff Y R, Warner A B, Wolchok J D. The
future of cancer immunotherapy: Microenvironment-
targeting combinations [J]. Cell Res, 2020, 30(6):
507-519.

Yin X M, Liao H, Yun H, et al. Artificial intelligence-
based prediction of clinical outcome in immunotherapy
and targeted therapy of lung cancer [J]. Semin Cancer
Biol, 2022, 86(Pt 2): 146-159.

Zhou X W, Qu M Y, Tebon P, et al. Screening cancer
immunotherapy: When engineering approaches meet
artificial intelligence [J]. Adv Sci, 2020, 7(19): 2001447.
Daniels K G, Wang S Y, Simic M S, et al. Decoding CAR
T cell phenotype using combinatorial signaling motif
libraries and machine learning [J]. Science, 2022, 378
(6625): 1194-1200.

Qiu S Z, Chen J, Wu T, et al. CAR-Toner: An Al-driven
approach for CAR tonic
optimization [J]. Cell Res, 2024, 34(5): 386-388.

Li C X, Xu K, Zhu J, et al. Triple generative adversarial
networks [J]. IEEE Trans Pattern Anal Mach Intell, 2022,

44(12): 9629-9640.

signaling prediction and

[FriEmi K]



