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Abstract: In recent years, there has been a frequent occurrence of various epidemics worldwide
such as COVID-19, monkeypox, influenza, and others additionally, there has been an increase in
the number of new patients diagnosed with various types of tumors. Traditional drugs have
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limited effectiveness against emerging infectious diseases, tumors, and autoimmune diseases.
However, with the emergence of hybridoma technology, monoclonal antibodies have achieved
extensive applications and antibody drugs are playing an important role in modern medicine.
Monoclonal antibodies have undergone various development stages, starting from mouse-derived
antibodies to human-mouse chimeric antibodies, humanized antibodies, and ultimately human
antibodies. Throughout this process, their immunogenicity has gradually decreased, while their
safety for human use steadily increased. Fully human antibodies are currently the safest form of
antibody, because their sequences all come from human sources and they do not induce human
anti-murine antibody reactions. With the advance of genetic engineering technology, flow
cytometry coupled to single B cell gene amplification technology has made it easier to construct
and screen for fully human monoclonal antibodies. The development of antibody drugs has
provided new opportunities, and the market for monoclonal antibody drugs will further expand.
This article reviews the research progress of monoclonal antibodies and presents information on
the 163 monoclonal antibody drugs approved by the United States Food and Drug Administration
(FDA) as of Oct 1%, 2023. The aim is to offer new insights for the development and production of
monoclonal antibodies in China.

Keywords: human monoclonal antibodies; flow cytometry; single B-cell technology; antibody
drugs
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Figure 1 Monoclonal antibody drugs on the market. A: The 163 monoclonal antibody drugs approved for
marketing are divided into five groups. B: Monoclonal antibody drugs are mainly used for the treatment of
cancer, immune diseases, etc. C: Popular targets of monoclonal antibody drugs mainly include interleukin,
tumor necrosis factor, CD20, HER2, etc. D: The research and development of monoclonal antibody drugs

approved for marketing are mainly distributed in developed regions in Europe and America. E: Ten
companies led by Genentech account for 50% of all monoclonal antibody drugs.
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Table 1 Antibody drug conjugate and bispecific antibody drugs approved by United States FDA
Commercial name Active ingredients Target Indications R&D company
ADCETRIS Brentuximab vedotin CD30 Hodgkin lymphoma, anaplastic large Seattle genetics
cell lymphoma
BESPONSA Inotuzumab ozogamicin  CD22 Relapsed or refractory acute Wyeth
lymphoblastic leukemia in adults Pharmaceuticals
BLENREP Belantamab BCMA Multiple myeloma GSK
mafodotin-blmf
ELAHERE Mirvetuximab FRa Epithelial ovarian cancer, fallopian tube ImmunoGen
soravtansine-gynx cancer, and primary peritoneal cancer
ENHERTU Fam-trastuzumab HER2 Metastatic breast cancer, unresectable  Daiichi Sankyo
deruxtecan-nxki or metastatic non-small cell lung cancer
KADCYLA Ado-trastuzumab HER2 Advanced (metastatic) breast cancer Genentech
emtansine
MYLOTARG Gemtuzumab ozogamicin CD33 Acute myeloid leukemia Wyeth
Pharmaceuticals
MYOSCINT Imciromab pentetate Myosin Detecting cardiac hypertrophy Sentoko
PADCEV Enfortumabvedotin-ejfv  Nectin-4 Refractory bladder cancer Astellas
POLIVY Polatuzumab vedotin-piiq CD79b Relapsed or refractory diffuse large Genentech
B-cell lymphoma
PROSTASCINT Capromab pendetide PSMA Detect prostate cancer Settogen
TIVDAK Tisotumab vedotin-tftv TF Cervical cancer Higgin
TRODELVY Sacituzumab Trop-2 Metastatic triple-negative breast cancer Immunomedics
govitecan-hziy in adults
ZEVALIN Ibritumomab tiuxetan CD20 Non-hodgkin lymphoma Spectrum
Pharmaceuticals
ZYNLONTA Loncastuximab CD19 Certain types of relapsed or refractory ADC
tesirine-1pyl large B-cell lymphoma Pharmaceuticals
BLINCYTO Blinatumomab CD19 and CD3  Acute lymphoblastic leukemia Amgen
COLUMVI Glofitamab-gxbm CD20 and CD3  Relapsed or refractory diffuse large Genentech
B-cell lymphoma
ELREXFIO Elranatamab BCMA and CD3 Relapsed or refractory multiple Pfizer
myeloma in adults
EPKINLY Epcoritamab-bysp CD20 and CD3  Relapsed or refractory diffuse large Genmab
B-cell lymphoma
HEMLIBRA Emicizumab FIXa and FX Hemophilia A Genentech
LUNSUMIO Mosunetuzumab-axgb CD20 and CD3  Relapsed or refractory follicular Genentech
lymphoma in adults
RYBREVANT Amivantamab-vmjw EGFR and cMET Non-small cell lung cancer Janssen Biotech
TALVEY Talquetamab-tgvs GPRC5D and Relapsed or refractory multiple Janssen Biotech
CD3 myeloma in adults
TECVAYLI Teclistamab-cqyv BCMA and CD3 Relapsed or refractory multiple Janssen Biotech
myeloma in adults
VABYSMO Faricimab-svoa VEGF-A and Neovascular (wet) age-related macular Genentech
Ang-2 degeneration, diabetic macular edema

Data from the United States Food and Drug Administration: Drugs@FDA: FDA-Approved Drugs, as of 10/1/2023.
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#*2 X[E FDA #t/E EHRIRM AR EX N EYHIZ

Table 2 Monoclonal antibody drugs approved by United States FDA

Target Commercial name Active ingredients R&D company

TNF-a HUMIRA Adalimumab AbbVie
IDACIO Adalimumab-aacf Fresenius Kabi
YUFLYMA Adalimumab-aaty Setrian
HYRIMOZ Adalimumab-adaz Sanders
CYLTEZO Adalimumab-adbm Boehringer Ingelheim
ABRILADA Adalimumab-afzb Pfizer
YUSIMRY Adalimumab-aqvh Coherus
AMIEVITA Adalimumab-atto Amgen
HADLIMA Adalimumab-bwwd Samsung Bioepis
HULIO Adalimumab-fkjp Mylan Pharmaceuticals

TNF-a REMICADE Infliximab Sentoko
RENFLEXIS Infliximab-abda Samsung Bioepis
AVSOLA Infliximab-axxq Amgen
INFLECTRA Infliximab-dyyb Setrian
IXIFI Infliximab-qbtx Pfizer

HER2 HERCEPTIN Trastuzumab Genentech
KANJINTI Trastuzumab-anns Amgen
OGIVRI Trastuzumab-dkst Mylan
ONTRUZANT Trastuzumab-dttb Samsung Bioepis
HERZUMA Trastuzumab-pkrb Setrian
TRAZIMERA Trastuzumab-qyyp Pfizer

VEGF AVASTIN Bevacizumab Genentech
VEGZELMA Bevacizumab-adcd Setrian
MVASI Bevacizumab-awwb Amgen
ZIRABEV Bevacizumab-bvzr Pfizer
ALYMSYS Bevacizumab-maly Amneal

VEGF-A LUCENTIS Ranibizumab Genentech
SUSVIMO Ranibizumab Genentech
CIMERLI Ranibizumab-eqrn Coherus
BYOOVIZ Ranibizumab-nuna Samsung Bioepis

CD20 RITUXAN Rituximab Genentech
TRUXIMA Rituximab-abbs Setrian
RIABNI Rituximab-arrx Amgen
RUXIENCE Rituximab-pvvr Pfizer

IL-6 ACTEMRA Tocilizumab Genentech
TOFIDENCE Tocilizumab-bavi Biotech

a4 integrin TYSABRI Natalizumab Biogen Idec
TYRUKO Natalizumab-sztn Sanders

Original drugs shaded gray; Data from the United States Food and Drug Administration: Drugs@FDA: FDA-Approved Drugs,

as of 10/1/2023.
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