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No. Target Drug name The first R&D enterprise Indications The world’s highest
research and
development stage

30  CDS6 N901-bR ImmunoGen, Inc. SCLC Terminated phase 2
31 CD70 SGN-75 Seagen Inc. RCC; NHL Terminated phase 1
32 SGN-CD70A Seagen Inc. READ; MCL; DLBCL; F.  Terminated phase 2
33 MDX-1203 Bristol-MyersSquibb; Medarex RCC; NHL Terminated phase 1
34 MDX-1411 Medarex Inc. MN Terminated phase 1
35 AMG 172 Amgen; ImmunoGen, Inc. RCC Terminated phase 1
3  CD74 IMMU-110 Immunomedics, Inc. NHL; CLL Terminated phase 1/2
37 BN-301 Sutro Biopharma Inc. Advanced BCM Terminated phase 1/2
38 CD7% RG-7986 Genentech, Inc.; Seagen Inc.  NHL Terminated phase 1
39 CD123 SGN-CD123A Seagen Inc. AML Terminated phase 1
40 CD138 Indatuximab ravtansine Biotest Pharma GmbH Relapsed/Refractory MM~ Terminated phase 2
41 CD166 CX-2009 ImmunoGen, Inc. BC; NSCLC; HNC; OV Terminated phase 1/2
42 CD205 MEN-1309 Menarini Group Metastatic SC; R/R NHL ~ Terminated phase 1
43 CD228 SGN-CD228A Seagen Inc. MCM; MPM; HER2— Terminated phase 1

BC; NSCLC; PDAC;

COADREAD
44  CD319 ABBV-838 AbbVie, Inc. MDS Terminated phase 1
45 CD352 SGN-CD352A Ligand Pharmaceuticals, Inc. MM Terminated phase 1
46 CEACAM5 IMMU-130 Immunomedics, Inc. COADREAD Terminated phase 2
47 SAR408701 ImmunoGen, Inc. Advanced SC Terminated phase 2
48  CHB-111  CHB111 ViRexx Medical Corp. Hepatitis B Terminated phase 1
49 c-KIT LOP-628 Novartis Pharmaceuticals cKIT+ SC; AML Terminated phase 1
50 CD117-ADC Magenta Therapeutics, Inc.  AML; MDS Terminated phase 1
51  CLDN6x9 SC-004 AbbVie; Stemcentrx EOC; UCEC Terminated phase 1
52  CLEC12A  RG-6109 Genentech, Inc. AML Terminated phase 1
53 DLL3 rovalpituzumab tesirine Stemcentrx Inc. SCLC Terminated phase 3
54 SC-002 AbbVie; Stemcentrx SCLC Terminated phase 1
55 DPEP3 SC-003 AbbVie, Inc. NSCLC Terminated phase 1
56  EDNRB; RG7636 Genentech, Inc. MEL; Terminated phase 1

ET-B

57  EFNA4 PF-0667263 Pfizer TNBC Terminated phase 1
58  EGFR ABBV-221 AbbVie HNSCC; NSCLC; TNBC; ~ Terminated phase 1

COADREAD; GBM
59 AVID100 Formation Biologics SC; TNBC; HNSCC; NSCLC Terminated phase 1/2
60 Depatuxizumab AbbVie GBM Terminated phase 3

mafodotin; ABT-414

61 IMGN289 ImmunoGen, Inc. EGFR+ SC Terminated phase 1
62  EGFRVII  ABT-414 Abbott Laboratories GBM; AA Terminated phase 3
63 AMG-595 Amgen Inc. GBM Terminated phase 1
64 ABBV-321 AbbVie Inc. Advanced SC Terminated phase 1
65  ENPP3 AGS-16M8F Agensys Inc. mRCC Terminated phase 2
66  EpCAM LY-256787 Eli Lilly & Co. AAC Terminated phase 1
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No. Target Drug name The first R&D enterprise Indications The world’s highest
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67 EPHA2 MEDI 547;MI-CP177 AstraZeneca; Seagen Inc. SC Terminated phase 1
68 FCRL5 RG-7598 Genentech, Inc,; Seagen Inc. MM Terminated phase 1
69  FGFR2 BAY1187982 Bayer FGFR2+ SC Terminated phase 1
70 FGFR3 LY-3076226 Eli Lilly and Company; sC Terminated phase 1
ImmunoGen, Inc.
71 FLT3 AGS-62P1;ASP-1235 Ambrx, Inc. APML Terminated phase 1
72 GCC indusatumab Millennium Pharmaceuticals SC; GIC; PAAD; GEJC Terminated phase 2
vedotin;MLN-0264 Ltd; Seagen Inc.
73 TAK-164 ImmunoGen, Inc. COADREAD; GIC; Terminated phase 1
mMCOADREAD; PAAD;
STAD
74  GD3 PF-06688992 Pfizer Stage IV MEL Terminated phase 1
75  GloboH OBI-999 OBI Pharma Inc. Advanced SC Terminated phase 1/2
76  GPC3 BMS-986183 Bristol Myers Squibb Co. LC Terminated phase 2
77 GPNMB CDX-011 Celldex Therapeutic; Seagen ~ TNBC; SCLC; ROS; RUM;  Terminated phase 2
Inc. Stage IV UVM
78 GPR20 DS-6157a Daiichi Sankyo, Inc.; Sarah GIST Terminated phase 1
Cannon Research Institute
79  HER2 PF-06804103 Pfizer SC; BBC; NSCLC; STAD ~ Terminated phase 1
80 AZ-13599185,MEDI-4276  AstraZeneca SC; BBC; STAD Terminated phase 1
81 BAY-2701439 Bayer Pharma AG SC; MBC; MEM; mSTAD  Terminated phase 1
82 XMT-1522;TAK-522 Mersana Therapeutics Inc.  BBC; NSCLC; STAD Terminated phase 1
83 BAT-8001 Bio-Thera Solutions HER2+ ABC; HER2+ GG~ Terminated phase 3
84 TAA-013;TAT-013 Tot Biopharm SC; MBC Terminated phase 3
85 Y028405 Hoffmann-La Roche MBC Terminated phase 3
86 ADCT-502 ADC Therapeutics S.A. HER2+ BC; NSCLC; GEC; ~ Terminated phase 1
BLC
87 RG6148 Genentech, Inc. BC Terminated phase 1
88 NJH395 Novartis Nonbreast Terminated phase 1
HER2+ malignancies
89 SBT6065 Silverback Therapeutics HER2+ SC Terminated phase 1/2
90 BI-CON-02 Biolntegrator LLC HER2+ MBC Terminated phase 1
91 MM-302 Merrimack Pharmaceuticals, ABC; HER2+ ABC; Terminated phase 2/3
Inc. HER2+ BC; BC
92 BDC-1001 Bolt Biotherapeutics Inc. COADREAD; MBC; Terminated phase 2
mSTAD; UCEC
93 ZW49 Zymeworks Inc. HER2+ cancers Terminated phase 1
94  ITGAV IMGN?388 ImmunoGen, Inc. sC Terminated phase 1
95  LAMP-1 SAR428926 ImmunoGen, Inc.; Sanofi sC Terminated phase 1
96 Lewis-A AbGn-7 AbGenomics International, AMSN:; GEN; RmSTAD; Terminated phase 1
Inc. STAD
97  LewisY CMD-193 Wyeth; Pfizer sC Terminated phase 1
98 SGN-15 Bristol-Myers Squibb Co. RBC; CRPC; COADREAD; ~ Terminated phase 2
NSCLC; OV; PAAD
RNSCLC
99 GNX-102 GlycoNex, Inc. AMSN Terminated phase 1
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100 LIV-1 MK-6440 (Ladiratuzumab  Seagen Inc. Advanced SC Terminated phase 2

vedotin)

101 LYGE RG7841 Genentech, Inc.; Seagen Inc.  SC; BC; NSCLC Terminated phase 1

102 LYPD3 Lupartumab amadotin Bayer AG AMSN Terminated phase 1

103 MELTF SGN-CD228A Seagen Inc. CM; PM; HER2-BC; NSCLC;  Terminated phase 1

COADREAD; PDAC

104 SC-005 Abbvie; Stencentrx TNBC Terminated phase 1

105  MSLN BAY-94-9343 Bayer Pharma AG SC; MESO; PMM; OV Terminated phase 2

106 MDX-1204;BMS-986148 Bristol-MyersSquibb; Medarex MESO; NSCLC; OV; PAAD; Terminated phase 1/2

STAD

107 RG7600 Genentech, Inc.; Seagen Inc.  OV; PAAD Terminated phase 1

108 MUC1 CMB-401 Pfizer; Celltech OV; PAAD Terminated phase 2

109 SB-408075 GlaxoSmithKline; NSCLC; COADREAD; Terminated phase 1

ImmunoGen, Inc. PAAD

110 IMGN242 ImmunoGen, Inc. SN; STAD; GEJC Terminated phase 2

111 MUC16 RG-7882 Genentech, Inc. OV; PAAD Terminated phase 1

112 RG-7458 Genentech, Inc. ov Terminated phase 1

113 Napi2b RG-7599 Genentech, Inc. NSCLC; OV Terminated phase 2

114 XMT-1592 Mersana Therapeutics; OV: NSCLC Terminated phase 1/2

Synaffix
115 XMT-1536 Mersana Therapeutics Inc. PN; FTC: MOC; TC; RCC;  Terminated phase 3
SGC; NSCLC; MN
116  NCAM1 IMGN-901 ImmunoGen, Inc. SC; SCLC; MM; MCC Terminated phase 2
117 Nectin4 SBT6290-101 ARS Pharmaceuticals; BLCA; TNBC; NSCLC; Terminated phase 1/2
Silverback Therapeutics HNSCC; HR+/HER2—- BC
118  NOTCH3  PF-06650808 Pfizer SC; BG Terminated phase 1
119  PLAUR; BAY 1129980 Bayer; Seagen Inc. NEO Terminated phase 1
LYPD3

120  PRLR ABBV-176 AbbVie Advanced solid tumors ~ Terminated phase 1

likely to express PRLR

121 PTK7 PF-7020 AbbVie SC; NSCLC Terminated phase 1

122 PSMA MLN2704 Millennium Pharmaceuticals, PCa Terminated phase 1/2

Inc.
123 PSMA ADC (Progenics Progenics Pharmaceuticals, mCRPC Terminated phase 2
Pharmaceuticals) Inc.
124 MEDI-3726 ADC Therapeutics S.A ; mCRPC Terminated phase 1
AstraZeneca

125 RNF43 SC-006 AbbVie, Inc. Advanced SC Terminated phase 1

126  ROR1 NBE-002 NBE-Therapeutics AG Advanced SC Terminated phase 2

127 SLCIAS MEDI-7247 AstraZeneca mCOAD; HLT; HRPC; Terminated phase 1

PAAD; NSCLC; SCLC

128 SLC44A4  ASG-SME Agensys Inc. PAAD; STAD Terminated phase 1

129  SLITRK6  ASG-15ME Agensys Inc. BLC; TCP Terminated phase 1

130 STEAP1 RG-7450 Genentech, Inc,; Seagen Inc.  PCa Terminated phase 1

131 sTn SGN-STNV Seagen Inc. AMSN Terminated phase 1

132 ST8SIAl;  PF-06688992 Pfizer MEL Terminated phase 1

GD3

—]
(]
O
oJ
c
or=i
(]
=
()
ey
(a




=]
()
O
]
c
or=i
(O]
s}
(@)
]
(a W

540

Liu et al.

Table 2. Continued

No. Target Drug name The first R&D enterprise Indications The world’s highest
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133 TDGF1 BIIBO15 Biogen Idec; ImmunoGen, Inc. SC Discontinued phase 1

134 TF ICON-2;XB 002 Iconic Therapeutics, Inc. AFP + SC; UCEC; ESCC; Terminated phase 1

HR+ BC; mCRPC;
NSCLC; EOC; PAAD;
HNSCC; TNBC; CC
135  TFRC CX-2029 CytomX Therapeutics Inc. SCC; DLBCL; ASC; Terminated phase 2
mNSCLC; MEC;
mHNSCC; MGM; UCEC

136  TIM-1 CDX-014; CR-012; CR-014  CuraGen Corp RPMM; MOGC Terminated phase 1

137 TNFRSF17 AMG224 Amgen MM Terminated phase 1

138 BCMA MEDI-2298 AstraZeneca MM Terminated phase 1

139 CC-9971 Sutro Biopharma Inc. Relapsed/Refractory MM Terminated phase 1

140 TNFSF9 SC-007 Abbvie; Stemcentrx COADREAD; STAD Terminated phase 1

141  TNFa ABBV-154 AbbVie Inc. CD; RA; PMR Terminated phase 2

142 ABBV-3373 AbbVie Inc. RA; IBD Terminated phase 2

143 Trop2 BAT-8003 Bio-Thera Solutions BLC; MBC; mNSCLC Terminated phase 1

144 PF-06664178 Pfizer SC; BLM Terminated phase 1

145  TPBG/ST4  PF-06263507 Pfizer NEO; NSCLC; BC; OV Terminated phase 1

146 - Immunoconjugate (Bayer  Bayer AG NEO Terminated phase 1

AG)
147 - BIO111 SWITCH ELECTRIC LTD BLC Terminated phase 1
148 - B cell High Density - Lymphoma Terminated phase 2
Microparticles
149 - ZD-2767 AstraZeneca plc COADREAD; SC Terminated phase 2
150 - RG-7861 Symphogen A/S S. aureus; ID Terminated phase 1

Abbreviations: SC, solid carcinoma; AFP + SC, AFP expression solid carcinoma; AAC, advanced adenocarcinoma; BBT, benign breast
carcinoma; NSCLC, non-small cell lung cancer; STAD, stomach adenocarcinoma; MBC, metastatic breast carcinoma; MEM, metastatic
oesophageal malignancy; mSTAD, metastatic gastric cancer; RmSTAD, recurrent metastatic gastric carcinoma; BC, breast carcinoma;
HER2+, human epidermal growth factor receptor 2 positive; ABC, advanced breast carcinoma; RBC, recurrent breast carcinoma; GEC,
gastroesophageal cancer; HNSCC, head and neck squamous cell carcinoma; SCC, squamous cell carcinoma; CSCC, cutaneous squamous
cell carcinoma; TNBC, triple-negative breast carcinoma; COADREAD, colon adenocarcinoma/rectum adenocarcinoma esophageal
carcinoma; GBM, glioblastoma multiforme; EGFR+, epidermal growth factor receptor positive; AA, anaplastic astrocytoma; mNSCLC,
metastatic non-small cell lung cancer; RNSCLC: recurrent NSCLC; BLM, bronchial or lung malignancy; LC, liver cancer; OV, ovarian
carcinoma; PAAD, pancreatic adenocarcinoma; CA242+, CA242 positive; SN, stomach neoplasms; GEJC, gastroesophageal junction cancer;
BLCA, bladder urothelial carcinoma; HR+, hormone receptor positive; MESO, mesothelioma; NEO, neoplasms; CC, cervical cancer; UCEC,
uterine corpus endometrial carcinoma; EC: embryonal carcinoma; ESCC, esophageal squamous cell carcinoma; MEL, melanoma; MM,
multiple myeloma; RMM, relapse multiple myeloma; MEC, metastatic esophageal cancer; AMSN, advanced malignant solid neoplasm; GEN:
glandular and epithelial neoplasms; GIC, gastrointestinal carcinoma; TC, thyroid carcinoma; EOC, epirhelial; CM, cutaneous melanoma;

PM, pleural mesothelioma; PDAC, pancreatic ductal adenocarcinoma; PMM, pancreatic metastatic malignancy; MOC, malignant ovarian
carcinoma; mCOAD, malignant colon adenocarcinoma; MCC, merkel cell carcinoma; MN, malignant neoplasm; PN, peritoneal neoplasm;
FTC, fallopian tube carcinoma; SGC, salivary gland carcinoma; UVM, uveal melanoma; PRL-R, prolactin receptor; RPMM, renal or renal
pelvis metastatic malignancy; HLT, hematopoietic or lymphoid tissue; HRPC, hormone-resistant prostate carcinoma; SCLC, small cell lung
cancer; PCa, prostate carcinoma; mCRPC, metastatic castration-resistant prostate cancer; BTC, biliary tract cancer; HNC, head and neck
cancer; EOC, epithelial ovarian carcinoma; RCC, renal cell carcinoma; ROC, recurrent osteosarcoma; RUM, recurrent uveal melanoma; GIC,
gastrointestinal cancer; mRCC, metastatic renal cell carcinoma; BLC, bladder cancer; TCP, transitional cell papilloma; FGFR2+, fibroblast
growth factor receptor 2 positive; GIST, gastrointestinal stromal tumor; AML, acute myeloid leukaemia; cKIT+, vKIT positive; MDS,
myelodysplastic syndromes; BCL, B-cell lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; ALL, acute lymphocytic
leukaemia; CLL, chronic lymphocytic leukaemia; HNL, hematopoietic and lymphoid neoplasms; MCL, mantle cell lymphoma; NHL, non-
hodgkin lymphoma; MPN, myeloproliferative neoplasm; GCC, germ cell carcinoma; TC, testicular carcinoma; NGCC, nonseminomatous
germ cell carcinoma; HL, Hodgkin lymphoma; DLBCL-R, diffuse large B-cell lymphoma refractory; APML, acute myeloid leukaemia and
related precursor neoplasms; LM, lymphoid malignancy; STS, soft tissue sarcoma; READ, rectum adenocarcinoma; R/RR NHL, relapsed/
refractory non-Hodgkin lymphoma; BCM, B-cell malignancies; CD, Crohn’s disease; RA, rheumatoid arthritis; PMR, polymyalgia rheumatical;
IBD, inflammatory bowel disease; TR, transplant rejection; AD, autoimmune disease; AID, autoinflammatory disorders; MCM, metastatic
cutaneous melanoma; MPM, malignant pleural mesothelioma; S. aureus, Staphylococcus aureus infection; ID, infectious disease(s); BMT, bone
marrow transplantation.



The table excludes information trials of ADCs com-
bined with other drugs. Based on updated and revised
data as of November 2024, there were 150 instances
where monotherapy with ADCs failed during phase I to
111 clinical trials; 37 were evaluated in trials on haemato-
logical malignancies (37/150, 24.7%), and 114 were eval-
uated in trials on solid tumors (114/150, 76%) (Colombo
et al., 2024). Specifically, 96 ADC treatments failed in
phase I clinical trials (96/150, 64%), including one case
that was discontinued during the phase I study, 11 failed
in phase I/II clinical trials (11/150, 7.3%), 33 that failed
in phase 1II clinical trials (33/150, 22%), 1 that failed in
phase II/III clinical trials (1/150, 0.67/%), and 9 that failed
in phase III clinical trials (9/150, 6%). Among the solid
tumor receptors that are targeted by these ADCs, HER? is
predominant, followed by EGFR, Trop2, MUC-1, Nectin4,
CEACAMS, MSLN, 5T4, AXL, etc. For haematological
malignancies, the primary targets are CD19, CD22, CD30,
CD33, CD70 and KIT.

The divergent outcomes observed in ADCs targeting
identical antigens stem from a complex interplay of fac-
tors, underscoring the multifaceted nature of ADC devel-
opment. At the molecularlevel, successful ADCs typically
exhibit superior antibody characteristics, including
optimal affinity, specificity, and internalization kinetics,
which synergize with meticulously tailored linker tech-
nology whose stability and cleavage properties are cru-
cial for intracellular efficacy. The pharmacological profile
is further shaped by the payload’s potency, membrane
permeability, and solubility, significantly influencing
both efficacy and pharmacokinetics, whereas the drug-
antibody ratio (DAR) necessitates a delicate equilibrium
between potency and stability. From a developmental
perspective, manufacturing consistency and scalability
are paramount for regulatory approval and successful
commercialization, complemented by strategic elements
in clinical trial design, particularly patient stratification
based on robust biomarker strategies and optimized
dosing regimens. Concurrently, resistance mechanisms,
such as drug efflux and epigenetic alterations, pose per-
sistent challenges, and the safety profile, encompassing
the therapeutic window and off-target effects, often dis-
tinguishes successful candidates. Beyond these scientific
considerations, corporate resources and expertise in ADC
development can be decisive factors in navigating the
complex landscape of drug development. Perhaps most
fundamentally, the biological characteristics of the tar-
get antigen—including expression levels, internalization
rates, and potential for antigen drift—profoundly influ-
ence ADC performance and serve as the cornerstone for
successful development.

Among these factors, target specificity is paramount,
as it directly influences both the efficacy and safety of
ADCs. This specificity hinges primarily on the antigen
recognized by the antibody, rendering the selection of
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appropriate antigens a critical challenge in ADC devel-
opment. Ideal ADC targets should exhibit high expres-
sion on tumor cells while maintaining minimal or no
expression in normal tissues. However, identifying such
“perfect” antigens has proven to be exceptionally chal-
lenging. Numerous antigens initially presumed to be
tumor-specific have subsequently been detected in cer-
tain normal tissues, often leading to off-target toxicity.
Moreover, intratumoral heterogeneity and temporal fluc-
tuations in antigen expression further complicate target
selection. Consequently, advancing our understanding
of tumor biology and antigen expression dynamics, cou-
pled with the development of more sophisticated target-
ing strategies, is crucial for enhancing the therapeutic
index of ADCs. This multifaceted approach may pave the
way for the next generation of ADCs with improved effi-
cacy and safety profiles.

Target selection

Understanding the distribution and expression of tar-
get proteins in normal human tissues is key to predict-
ing the adverse effects of ADCs. This knowledge forms
a foundation for evaluating drug targets and foreseeing
potential side effects. By mapping protein expression
patterns, researchers can anticipate safety issues and
develop mitigation strategies, thus improving the safety
and effectiveness of targeted therapies. This summary
highlights major target distributions across human tis-
sues and organs. Notably, FRa and TF data are absent
from The Human Protein Atlas whereas the distribution
of other described targets is shown in Fig. 3. Enhancing
protein atlases is crucial for advancing drug design and
developing safer therapies.

HER2

Human epidermal growth factor receptor 2 (HER2, also
known as ERBB2) belongs to the epidermal growth fac-
tor receptor family and plays critical roles in several
cellular processes, including cell proliferation (Amisha
et al., 2023). The HER?2 protein is ubiquitously expressed
across a wide range of normal tissues, including the
skin, oral mucosa, breasts, ovaries, uterine lining, lungs,
pancreas, small and large intestines, kidneys, bladder,
heart, central nervous system, and epithelial cell mem-
branes of the placenta. Notably, HER2 protein levels are
significantly elevated in foetal tissues compared with
the corresponding tissues in normal adults (Alrhmoun
and Sennikov, 2022). In the context of oncology, notable
HER2 overexpression has been documented in cases of
breast, gastric and ovarian cancers, indicating its rele-
vance in the pathophysiology and its potential value as
a therapeutic target of these cancers (Hofheinz et al,,
2023; Kim et al,, 2024). As a diagnostic marker for lung
cancer, HER2 overexpression is predominantly observed
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Figure 4. Strategies for ADC structural innovation and treatment optimization. (A) Systematic analysis of tumor target RNA and
protein expression levels in normal and tumor tissues by improving data and using Al and ML as aids (top left). (B) Antibody engineering
modifications, including redesign and combination of tumor targets (middle left, left side represents single-epitope ADC, right side
represents dual-target/epitope ADC); high-affinity ADCs or ADCs with different affinity combinations (bottom left); pH-dependent
ADCs (bottom centre, enabling no or weak binding to targets in neutral pH environments and strong binding in slightly acidic
environments); AFDCs/NDC (bottom right, designing different structures such as VHH, scFv, etc.); and masked peptide ADCs (middle
right, utilizing pH-responsive or specific enzyme cleavage for ADC release). (C) Combination therapies to improve efficacy and safety
(top right, such as chemotherapy, radiotherapy, targeted therapy, or immunotherapy). Abbreviations: ADC, antibody-drug conjugate;
Al artificial intelligence; ML, machine learning; AFDC, antibody fragment drug conjugates; NDC, nanobody drug conjugate.

Notably, severe neutropenia and diarrhoea, which may
be life-threatening, have been included in the black box
warning (Wahby et al., 2021). The wide range of adverse
reactions associated with Trodelvy use reflect the exten-
sive expression of Trop2 in normal tissues. The complex
expression profile of the TROP-2 target indicates substan-
tial potential for the development of future drugs that tar-
get TROP-2. Exploring combination therapies that target
other molecules, such as ErbB3, to increase the efficacy
of TROP-2-targeting ADCs is crucial. Further investigation
into the cellular signalling pathways in which TROP-2
participates could identify new therapeutic targets and
strategies to increase efficacy while reducing toxicity
(Goldenberg et al., 2018).

EGFR

Epidermal growth factor receptor (EGFR) is a trans-
membrane tyrosine kinase receptor and one of the four
members of the erbB family of tyrosine kinase recep-
tors. The activation of EGFR promotes cellular prolif-
eration and differentiation, and it plays crucial roles
in embryonic development, maintenance and repair of
adult tissues, and proliferation and metastasis of can-
cer cells (Liang et al., 2020; Subramaniyan et al., 2022).
EGFR overexpression can activate downstream signal-
ling pathways, resulting in uncontrolled cellular growth
and increased tumor cell proliferation and metastasis,
ultimately leading to tumorigenesis (Darmadi et al,
2024). EGFR is expressed in most human tissues, showing



