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Research progress on small molecule kinase inhibitors
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Abstract: Protein kinases are intimately involved in the pathogenesis of many diseases such as cancer, inflam-
mation, and autoimmune and neurological diseases. Therefore, kinases have been widely studied as drug targets
over the past three decades. As of April, 2020, the FDA had approved 59 small molecule kinase inhibitors (SMKIs)
in the emerging field of targeted drug therapy. This paper focuses on the biochemistry and pharmacology of these
59 SMKIs and 121 SMKIs for which structures can be retrieved and that are now in phase II and III clinical trials.

In addition, this paper also conducts a simple analysis of several popular targets and their inhibitors.
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Figure 1  Structure of the protein kinase domain (A) and cocrystal structure of ATP analog bound to the site of FGFR2 (B, PDB ID: 2pvf).

Mg?* is shown as green balls and hydrogen bonds are shown as yellow dashes
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Figure 2 The two binding modes of ATP-competitative protein kinase inhibitors. A is for DFG-D,, and B is for DFG-D,,, conformations

(BP-11-B) ZH it o 43l ib T DFG-D,, 14 R I, 2K TH
RIRMINML B RA T IRE, IR O a4 148
5 DFG-D,, {# 1£ % 5, B J5 1 42-11-out (BP-11-out). J&
F14%-11-B (BP-11-B). J& 1 45111 (BP-111) LA J% 3 43 %
T A X A5 0481V (BP-1V) Al J5 14%-V (BP-V)
AN
1.3 EEINHIFI 4 2

A F0TE (14 718 437 S A ) 7 3 e i 3 R g =X
BEAT WO VS VE A0, O E A ATP 45 & A7 mi 2
A, B S 825 Sl % . H TR KN o T
Tt 401 1) 750 40 S 45 A A 1) ATP 45 45 1 A5 B ATP 55 4
FHIFA] o ATP 55 G 00 77 4% J8 45 & 28 284 4 Sy w3l 410 1
FRFTIL AN A1) 7], JFG o v 30 ) 7R 0 e £ 0
TR AS T E 48 Type | B4 Type 1, A1 Type 11 7440
il 71 (F 1), DFG-Dy, Al Ak T3 Y # R A b 2
{ER 78 70 A, B 4b T DFG-D;, IR 25 3% PE ) 5 i
g4 7R BRI A Type | Z44010 57, #0854t T DFG-D,,
DRAS 1 A5 VA BT 45 B B H R R A Type 1, 2240
H77 o 24 BB AL T DFG-D oy IR 785 I AT PE A G20, 1t
I} 45 4 40 1) 770 B A Type 1S 060 5] o bR 40, 4R 90
Type 1, 24 F Type 11 4 4171 1 771 /& 75 4 fift 22 282 11 )5 v,
XA H A N ARFIB AL, SL A H | 7) BRI A Type VI
R, @ HAREH RN AR &, RS
ATP 554+, RIS R 77, Jodh & 0 Hin T ATP &5 4
A R 9 Type N AL $00 i) 571, 52t &5 ATP 45 & A7 1 11
N Type IV BUHIIF o Ak, — SRR RE 40 1) 5513 AT 548

Table 1 Classification of protein kinase inhibitors
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Activation loop Open Variable Variable Variable Variable Variable Variable
aC In Variable Variable Out Variable Variable Variable
ATP-competitive Yes Yes Yes No No Variable No
Reversible Yes Yes Yes Yes Yes Yes Usually not
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2001  Imatinib

2002 Tyrosine kinase (-like) Inhibitors

2003 Gefitinib
2004  Erlotinib

2005  Sorafenib

2006  Dasatinib Sunitinib

2007  Nilotinib Lapatinib

2008

2009  Pazopanib

2010

2011  Ruxolitinib Ceritinib Vemurafenib  Vandetanib
2012  Ponatinib Cabozantinib  Tofacitinib Regorafenib
2013  Ibrutinib Afatinib Dabrafenib Trametinib
2014  Nintedanib Idelalisib Ceritinib

2015  Alectinib Osimertinib Cobimetinib Lenvatinib
2016

2017  Acalabrutinib Abemaciclib  Copanlisib Neratinib

2018  Netarsudil Lorlatinib Larotrectinib  Gilteritinib
2019  Zanubrutinib = Upadacitinib  Entrectinib Alpelisib
2020  Awapritinib Selumetinib Pemigatinib  Tucatinib

Erdafitinib

Serine/threonine protein kinase inhibitors
Lipid kinase inhibitor

Dual specificity protein kinase inhibitors

Bosutinib Axitinib
Palbociclib
Midostaurin  Brigatinib Ribociclib

Fostamatinib  Encorafenib  Dacomitinib  Binimetinib  Baricitinib

Pexidartinib  Fedratinib

Capmatinib

Figure 3 FDA-approved small molecule kinase inhibitors from 2001 to April 2020
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Figure 4 Structures of small molecule kinase inhibitors (1-59) approved by FDA from 2001 to April 2020
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Figure 5 Structures of receptor tyrosine kinase inhibitors (60-100) currently in clinical phase II and III trials
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Table 2 EGFR inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code) name Target Organization Therapeutic indication
Launched
Tucatinib HER2 Seattle Genetics HER?2 positive breast cancers
Dacomitinib EGFR family Pfizer EGFR-mutant NSCLC (non-small cell lung cancer)
Brigatinib ALK; ROS1; IGF-1R; Ariad ALK positive NSCLC
FLTFLT3; EGFR
Neratinib ErbB2/HER2 Puma Biotechnology, Inc. HER?2 positive breast cancers
Osimertinib EGFR T790M AstraZeneca NSCLC
Afatinib EGFR; ErbB2; ErbB4 Boeh-ringer Ingelheim NSCLC
Vandetanib RET; EGFRs; VEGFRs; AstraZeneca Thyroid cancer
Brk; Tie2; EphRs;
Src family kinases
Lapatinib EGFR; ErbB2 GSK Breast cancer
Dasatinib BCR-AbI; EGFR; Src; Bristol-Myers Squibb Chronic myelogenous leukemia
Lck; Yes; Fyn; Kit;
EphA2; PDGFR
Erlotinib EGFR Genentech NSCLC; Pancreatic cancer
Gefitinib EGFR Astra Zeneca NSCLC
Phase 111
Alflutinib EGFR Shanghai Allist NSCLC
Pharmaceutical
Dovitinib EGFR; FGFR1; FGFR3;  Asan Medical Center; Chiron Bladder cancer; Breast cancer; Colorectal cancer;
VEGFR-1; VEGFR-2 (Novartis Vaccines and Diagnostics);  Digestive/Gastrointestinal cancer; Endocrine cancer;
Novartis (Originator); Oncology Female reproductive system cancer; Gastric cancer;
Venture; Samsung Medical Center Glioblastoma multiforme; Head and neck cancer;
(SMC); Seoul National University Liver cancer; Melanoma; Multiple myeloma;
Hospital; University of Pennsylvania ~ Myeloid leukemia; Neurological genetic disorders;
NSCLC; Pancreatic cancer; Prostate cancer; Renal
cancer; Respiratory/Thoracic cancer
Phase 11/111
Zorifertinib EGFR Alpha Biopharma; Astra Zeneca NSCLC
(Originator)
Varlitinib EGFR ASLAN Pharmaceuticals; Array Breast cancer; Digestive/Gastrointestinal cancer;
BioPharma (Originator); BioGenetics; Gastric cancer; Liver cancer; Pancreatic cancer;
Hyundai Pharm Solid tumors
Phase 11
Nazartinib EGFR Novartis NSCLC; Solid tumors
Avitinib EGFR ACEA Biosciences (Originator) Non-Hodgkin's lymphoma; NSCLC
Tarloxotinib bromide EGFR Proacta; Rain Therapeutics; Threshold Head and neck cancer; NSCLC; Skin cancer
Pharmaceuticals (Molecular
Templates); University of Auckland
(Originator);
Poziotinib EGFR Yakult Honsha Hanmi (Originator); Breast cancer; Colorectal cancer; Gastric cancer;
Luye Pharma; Spectrum Head and neck cancer; Lung cancer; Neurologic
Pharmaceuticals cancer; NSCLC
Sapitinib EGFR AstraZeneca Breast cancer; Colorectal cancer; Gastric cancer;
NSCLC; Solid tumors
Tesevatinib EGFR; CSK; VEGFR-2/3  Exelixis (Originator); GSK; Kadmon;  Brain cancer; Breast cancer; NSCLC; Renal and

Symphony Evolution

urinary system genetic disorders
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Table 3 FGFR inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code)

Target Organization Therapeutic indication
name
Launched
Pemigatinib; FGFR1/2/3 Incyte Cholangiocarcinoma
Pemazyre
Erdafitinib FGFRs Janssen Urothelial cancer
Lenvatinib VEGFR1/2/3; PDGFR; FGFR; Easai Differentiated thyroid cancer
Kit; RET

Nintedanib FGFR1/2/3; PDGFRa/p; Boeh-ringer Ingelheim Pulmonary fibrosis

VEGFR1/2/3; FLTFLT3
VEGFR1/2/3; BCR-AbI; B-Raf;
B-Raf (V600E); Kit; PDGFRa/f;
RET; FGFR1/2; Tie2; Eph2A

Regorafenib

Ponatinib BCR-AbI; BCR-Abl T315I;
VEGFR; PDGFR; FGFR;
EphR; Src family kinases;
Kit; RET; Tie2; FLTFLT3
Pazopanib VEGFR1/2/3; PDGFRa/p;
FGFR1/3; Kit; Lck; Fms; Itk
Phase 111
Infigratinib  FGFR1; FGFR2; FGFR3; FGFR4
Brivanib FGFR1; FGFR3; VEGFR-2
alaninate
Dovitinib EGFR; FGFR1; FGFR3;
VEGFR-1; VEGFR-2
Phase 11/111
Rogaratinib ~ FGFR
\Vorolanib FGFR; VEGFR-2
Lucitanib FGFR1; FGFR2; FGFR3; KIT;
CSF1R; PDGFR; Raf; VEGFR-1;
VEGFR-2; VEGFR-3
Phase I1
ODM-203 FGFR
E-7090 FGFR1; FGFR2; FGFR3
Futibatinib FGFR1; FGFR2; FGFR3; FGFR4
CH-5183284; FGFR1; FGFR2; FGFR3
Dehio-1347;
FF-284
LY-2874455 FGFR1; FGFR2; FGFR3; FGFR4

Derazantinib FGFR; CSF1R

Bayer

Avriad

GSK

BridgeBio Pharma; Memorial
Sloan-Kettering Cancer Center;
Novartis (Originator); QED
Therapeutics

Bristol-Myers Squibb (Originator);
National Cancer Institute (NCI);
National Cancer Institute (US)
(National Cancer Institute (NCI));
University of Pennsylvania; ZAl
Lab; ZAl Laboratory (ZAl Lab)
Asan Medical Center; Chiron
(Novartis Vaccines and Diagnostics);

Bayer (Originator)

Betta Pharmaceuticals; Sundia
MediTech; Tyrogenex (Originator);
Xcovery

Advenchen Laboratories (Originator);
Clovis Oncology;

Orion (FI) (Originator
Eisai (Originator)

Taiho (Originator)

Chugai Pharmaceutical (Originator);
Debiopharm; Memorial Sloan-
Kettering Cancer Center

Lilly (Originator)

ArQule (Merck & Co.); Basilea
Pharmaceutica; Merck & Co.
(Originator); Sinovant Sciences

Colorectal neoplasms; Lung cancer; Adenocarcinoma of
the gastroesophageal junction; HCC

CML or ALL, Philadelphia chromosome positive

Renal cell carcinoma; Soft tissue sarcomas

Bladder cancer; Bone, muscles and connective tissue
genetic disorders; Digestive/Gastrointestinal cancer;
Hematological cancer; Melanoma; Neurologic cancer;
Solid tumors; Squamous cell carcinoma
Antineoplastic enhancing agents; Cervical cancer;
Colorectal cancer; Digestive/Gastrointestinal cancer;
Female reproductive system cancer; Liver cancer;
Oncolytic drugs; Ovarian cancer; Renal cancer

Bladder cancer; Breast cancer; Colorectal cancer;
Digestive/Gastrointestinal cancer; Endocrine cancer;
Female reproductive system cancer; Gastric cancer;
Glioblastoma multiforme; Head and neck cancer;
Liver cancer; Melanoma; Multiple myeloma; Myeloid
leukemia; Neurological genetic disorders; NSCLC;
Pancreatic cancer; Prostate cancer; Renal cancer;
Respiratory/Thoracic cancer

Genitourinary cancer; Solid tumors

Age-related macular degeneration; Gastric cancer;
Melanoma; NSCLC; Ophthalmic drugs; Pancreatic
cancer; Renal cancer; Respiratory/Thoracic cancer;
Small cell lung cancer; Solid tumors

Bladder cancer; Breast cancer; Female reproductive
system cancer; Head and neck cancer; NSCLC;
Oncolytic drugs; Ovarian cancer; Respiratory/Thoracic
cancer; Small cell lung cancer

Solid tumors

Digestive/Gastrointestinal cancer; Liver cancer;

Solid tumors

Bladder cancer; Brain cancer; Breast cancer; Digestive/
Gastrointestinal cancer; Multiple myeloma; Oncolytic
drugs; Solid tumors

Breast cancer; Oncolytic drugs; Solid tumors

Myeloid leukemia; Oncolytic drugs
Bladder cancer; Digestive/Gastrointestinal cancer;
Gastric cancer; Liver cancer; Solid tumors
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Table 4 VEGFR inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code)

Target Organization Therapeutic indication
name
Launched
Midostaurin ~ FLT3; PDGFR; VEGFR2; PKC Novartis Acutemyeloid leukemia; Mastocytosis; Mastcell leukemia
Lenvatinib VEGFR1/2/3; PDGFR; FGFR; Kit; Easai Differentiated thyroid cancer
RET
Nintedanib ~ FGFR1/2/3; PDGFRa/f; VEGFR1/ Boeh-ringer Ingelheim Pulmonary fibrosis (idiopathic)
2/3; FLT3
Axitinib VEGFR1/2/3; PDGFR Pfizer Renal cell carcinoma
Regorafenib  VEGFR1/2/3; BCR-Abl; B-Raf; Bayer Colorectal cancer; Hepatocellular carcinoma;
B-Raf (V600E); Kit; PDGFRa/p; Gastrointestinal stromal tumor
RET; FGFR1/2; Tie2; Eph2A
Cabozantinib RET; MET; VEGFR1/2/3; Kit; Excelixis Renal cell carcinoma; Hepatocellular carcinoma;
TrkB; FLT3; Axl; Tie2 Medullary thyroid cancer
Ponatinib BCR-Abl; BCR-AbI T315I; Ariad Chronic myelogenous leukemia or acute lymphoblastic
VEGFR; PDGFR; FGFR; EphR; leukemia; Philadelphia chromosome positive
Src family kinases; Kit; RET; Tie2;
FLT3
Vandetanib  RET; EGFRs; VEGFRSs; Brk; Tie2; AstraZeneca Thyroid cancer
EphRs; Src family kinases
Pazopanib VEGFR1/2/3; PDGFRs; Brk; Tie2; GSK Renal cell carcinoma; Soft tissue sarcomas
EphRs; Src
Sunitinib PDGFRa/B; VEGFR1/2/3; Kit; Pfizer Renal cell carcinoma; Gastrointestinal stromal tumor;
FLT3; CSF-1R; Axl; RET Pancreatic neuro-endocrine tumors
Sorafenib VEGFR1/2/3; B-/C-Raf; mutant Onyx Thyroid cancer; Differentiated hepatocellular
B-Raf; Kit; FLT3; RET; PDGFRS carcinoma; Renal cell carcinoma
Phase 111
Sitravatinib  DDR2; FLT3; KIT; MERTK; BeiGene; Mirati Therapeutics Bladder cancer; Breast cancer; Non-small cell lung
AXL; VEGFR-2; VEGFR-3 (Originator) cancer; Renal cancer; Sarcoma; Solid tumors
Famitinib FLT3; KIT; PDGFRS; VEGFR-1;  Jiangsu Hengrui (Originator) Breast cancer; Colorectal cancer; Digestive/gastroin-
VEGFR-2; VEGFR-3 testinal cancer; Female reproductive system cancer;
Genitourinary cancer; Head and neck cancer; Non-
small cell lung cancer; Osteosarcoma; Renal cancer
Brivanib FGFR1; FGFR3; VEGFR-2 Bristol-Myers Squibb (Originator);  Antineoplastic enhancing agents; Cervical cancer;
alaninate National Cancer Institute (NCI); Colorectal cancer; Digestive/gastrointestinal cancer;
National Cancer Institute (US) Female reproductive system cancer; Liver cancer;
(National Cancer Institute (NCI)) ~ Oncolytic drugs; Ovarian cancer; Renal cancer
Dovitinib EGFR; FGFR1; FGFR3; Asan Medical Center; Chiron Bladder cancer; Breast cancer; Colorectal cancer;
VEGFR-1; VEGFR-2 (Novartis Vaccines and Digestive/gastrointestinal cancer; Endocrine cancer;
Diagnostics); Novartis (Originator); Female reproductive system cancer; Gastric cancer;
Oncology Venture; Samsung Glioblastoma multiforme; Head and neck cancer; Liver
Medical Center (SMC); Seoul cancer; Melanoma; Multiple myeloma; Myeloid
National University Hospital; leukemia; Neurological genetic disorders; Non-small
University of Pennsylvania cell lung cancer; Pancreatic cancer; Prostate cancer;
Renal cancer; Respiratory/thoracic cancer
Phase 11/111
\orolanib FGFR; VEGFR-2 Betta Pharmaceuticals; Sundia Age-related macular degeneration; Gastric cancer;
MediTech; Tyrogenex (Originator); Melanoma; Non-small cell lung cancer; Ophthalmic
Xcovery drugs; Pancreatic cancer; Renal cancer; Respiratory/
thoracic cancer; Small cell lung cancer; Solid tumors
Lucitanib VEGFR-2; VEGFR-3 Advenchen Laboratories Bladder cancer; Breast cancer; Female reproductive
(Originator); Clovis Oncology; system cancer; Head and neck cancer; Non-small cell
EOS (Clovis Oncology); Servier; lung cancer; Oncolytic drugs; Ovarian cancer therapy;
Shanghai HaiHe Biopharma Respiratory/thoracic cancer; Small cell lung cancer
Phase 11
llorasertib ARK1; ARK2; ARK3; FLT3; KIT; AbbVie (Originator); Abbott; Lymphocytic leukemia; Myelodysplastic syndrome;
CSF1R; PDGFRa; PDGFRS; University of Chicago Myeloid leukemia; Ovarian cancer; Solid tumors
VEGFR-1; VEGFR-2
Pamufetinib HGFR; VEGFR-2 AbbVie (Originator); Abbott; Interstitial lung diseases; Prostate cancer

University of Chicago
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Continued

Drug (Code)

name Target Organization Therapeutic indication
Glesatinib TEK; HGFR; MST1R; VEGFR-1; MethylGene (Mirati Therapeutics); Head and neck cancer; Non-small cell lung cancer;
VEGFR-2; VEGFR-3 Mirati Therapeutics (Originator) Solid tumors

CEP-11981; TEK; VEGFR-2 Barbara Ann Karmanos Cancer Oncolytic drugs; Prostate cancer; Renal cancer

ESK-981; Institute; Cephalon (Teva); Sanofi

SSR-106462 (Originator); Teva; University of
Michigan

Tesevatinib  EGFR; CSK; VEGFR-2; VEGFR-3 Exelixis (Originator); Brain cancer; Breast cancer; Non-small cell lung cancer;
GlaxoSmithKline; Kadmon; Renal and urinary system genetic disorders
Symphony Evolution

Cediranib VEGFR-1; VEGFR-2; VEGFR-3  AstraZeneca (Originator); Canadian Breast cancer; Cancer associated disorders; Colorectal

Cancer Society Research Inst;
Mayo Clinic; National Cancer
Institute (NCI); National Cancer
Institute (US) (National Cancer
Institute (NCI)); National Cancer
Institute of Canada (Canadian
Cancer Society Research Inst);
Radboud Universiteit Nijmegen

cancer; Digestive/gastrointestinal cancer; Endocrine
cancer; Gastric cancer; Glioblastoma multiforme; Head
and neck cancer; Leukemia; Liver cancer; Lymphoma;
Melanoma; Myelodysplastic syndrome; Myeloid
leukemia; NSCLC; Ovarian cancer; Prostate cancer;
Renal cancer; Respiratory/thoracic cancer; Sarcoma;
Small cell lung cancer; Solid tumors
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Table 5 BTK inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code) name Target Organization Therapeutic indication
Launched
Zanubrutinib BTK BeiGene Lymphoma
Acalabrutinib BTK  Acerta Pharma Lymphoma
Ibrutinib BTK Pharma-cyclics and J&J Lymphoma; Chronic lymphocytic leukemia
Phase Il1
Rilzabrutinib BTK Principia Biopharma (Originator) Skin drugs; Inflammation; Rheumatoid arthritis
Evobrutinib BTK EMD Serono (Originator) Multiple sclerosis; Rheumatoid arthritis; Systemic lupus erythematosus
Phase 11
Branebrutinib BTK Bristol-Myers Squibb (Originator) ~ Multiple sclerosis; Rheumatoid arthritis; Systemic lupus erythematosus
Remibrutinib BTK Novartis (Originator) Asthma; Autoimmune disease; Urticaria
BMS-986142 BTK Bristol-Myers Squibb (Originator) ~ Rheumatoid arthritis; Sjogren's syndrome; Systemic lupus erythematosus
Fenebrutinib BTK ChugaiPharmaceutical(Originator);  Lymphocytic leukemia; Non-Hodgkin's lymphoma; Rheumatoid arthritis;

Genentech (Originator)

Systemic lupus erythematosus; Urticaria

Table 6 JAK inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code) name Target Organization Therapeutic indication
Launched
Fedratinib JAK2 Celgene Myelofibrosis
Upadacitinib JAK1 Abbvie Moderate/severe rheumatoid arthritis
Baricitinib JAK1/2 Lilly Reumatoid arthritis
Tofacitinib JAK3 Pfizer Rheumatoid arthritis; Psoriatic arthritis; Ulerative colitis
Ruxolitinib JAK1/2 Incyte Myelofibrosis
Phase 111
Abrocitinib JAK1 Pfizer (Originator) Antipsoriatics; Atopic dermatitis; Systemic lupus erythematosus;
Itacitinib JAK1 Incyte(Originator); Innovent Biologics  Antipruritics; Antipsoriatics; Hematopoiesis disorders;
Immunosuppressants; Inflammatory bowel disease lymphoma;
Melanoma; Non-Hodgkin's lymphoma; NSCLC;
Pancreatic cancer; Rheumatoid arthritis; Sarcoma;
Solid tumors; Treatment of transplant rejection
Momelotinib JAK1/2 CresPharmaceuticals; Cytopia (Gilead); Hematopoiesis disorders; Non-small cell lung cancer;
Gilead (Originator); Sierra Oncology Pancreatic cancer
Phase 11/111
PF-06651600 JAK3 Pfizer (Originator) Dermatologic drugs; Hair growth stimulants;
Inflammatory bowel disease; Rheumatoid arthritis
Phase 11
Brepocitinib JAK1/2 Pfizer (Originator) Antipsoriatics; Atopic dermatitis; Dermatologic drugs;
Hair growth stimulants; Inflammatory bowel disease;
Psoriatic arthritis; Systemic lupus erythematosus
ARQ-252; SHR-0302 JAK1 Acrcutis; JiangsuHengrui (Originator); Dermatologic drugs; Eczema; Hair growth stimulants;
Reistone Biopharma Inflammatory bowel disease; Rheumatoid arthritis;
Autoimmune diseases
Deuterated ruxolitinib  JAK1/2 Concert Pharmaceuticals (Originator) Hair growth stimulants
Gusacitinib JAK1/2/3;  AsanaBioSciences; Endo (Originator) Atopic dermatitis; Eczema; Hematopoiesis disorders;
SYK; TYK2 Leukemia; Lymphocytic leukemia; Non-Hodgkin's lymphoma;
Rheumatoid arthritis; Solid tumors; Autoimmune diseases
Cerdulatinib JAK; SYK  Dermavant Sciences; NicOx; dermatologic drugs; Hematological cancer;
Portola Pharmaceuticals (Originator) Non-Hodgkin's lymphoma; Rheumatoid arthritis
Gandotinib JAK?2 Lilly Hematopoietic disorders
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Table 7 PI3K inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code) name Target Organization Therapeutic indication
Launched
Alpelisib PI3Ka Novartis Breast cancer
Copanlisib PI3K Bayer Relapsed follicular lymphoma
Idelalisib PI3K; P110 Gilead Chronic lymphocytic leukemia; Follicular lymphoma;
Small lymphocytic lymphoma
Phase 111
Rigosertib CDK1,; PI3K; Onconova Head and neck cancer; Blood cancer; Hematopoietic disorder;
STPK13 Lymphocytic leukemia; Lymphoma; Myelodysplastic syndrome;
Myeloidleukemia; Ovariancancer;Pancreaticcancer; Solidtumor
Enzastaurin PI3K; PKCp; Lilly Breast cancer; Colorectal cancer; Glioblastoma multiforme;
AKT Multiple myeloma; Neurologic cancer; Non-Hodgkin's
lymphoma; Non-small cell lung cancer; Oncolytic drugs;
Ovarian cancer; Pancreatic cancer; Prostate cancer;
Pulmonary hypertension; Renal cancer; Solid tumors
Phase 11
Paxalisib mTOR; PI3K; Genentech (Originator); Kazia Therapeutics; Breast cancer therapy; Glioblastoma multiforme;
KTA Novogen (Kazia Therapeutics) Neurologic cancer; Oncolytic drugs
NSC-350625; ERK; PI3K;  ChemDiv (Originator); Harvard Medical Brain cancer; Breast cancer; Colorectal cancer; Endocrine
ONC-201, AKT School (Originator); Ohara Pharmaceutical; cancer; Female reproductive system cancer; Glioblastoma
ONC201/TIC10; Oncoceutics; Pennsylvania State University multiforme; Lymphocytic leukemia; Multiple myeloma;
OP-10; TIC-10 (Originator); University of Pennsylvania Myelodysplastic syndrome; Myeloid leukemia; Neurologic
(Originator); Wayne State University cancer; Non-Hodgkin's lymphoma; Oncolytic drugs; Solid
(Originator) tumors; Ovarian cancer; Sarcoma
Fimepinostat HDAC1/2/3/6/ Curis (Originator); National Cancer Cancer of unspecified body location/system; Endocrine
10; PI3Kal/plo  Institute (NCI) cancer; Lymphoma; Solid tumors; Multiple myeloma;
Neurologic cancer; Non-Hodgkin's lymphoma
Perifosine PI3K; AKT AEterna Zentaris (Originator); Asta Brain cancer; Breast cancer; Colorectal cancer; Digestive/
Medica (Originator); Handok; Hikma; Gastrointestinal cancer; Ovarian cancer; Head and neck
Keryx; M.D. Anderson Cancer Center; cancer; Leukemia; Lymphoma; Melanoma; Multiple
Memorial Sloan-Kettering Cancer Center;  myeloma; Neurologic cancer; Non-Hodgkin's lymphoma;
National Cancer Institute (NCI); Nippon Non-small cell lung cancer; Oncolytic drugs; Pancreatic
Kayaku; University of Chicago; Yakult cancer; Prostate cancer; Renal cancer; Respiratory/Thoracic
Honsha cancer; Sarcoma; Solid tumors
Buparlisib PI3Kal/ploly  Adlai Nortye; Dana-Farber Cancer Bladder cancer; Breast cancer; Colorectal cancer; Digestive/
Institute; Hospices Civilsde Lyon Gastrointestinal cancer; Endocrine cancer; Female
Memorial Sloan-Kettering Cancer Center;  reproductive system cancer; Glioblastoma multiforme; Head
Novartis (Originator); Prince of Songkla and neck cancer; Hematopoiesis disorders; Liver cancer;
University (PSU); University of Kansas; Lymphocytic Leukemia; Melanoma; Non-Hodgkin's
Yonsei University lymphoma; Non-small cell lung cancer; Oncolytic drugs;
Ovarian cancer; Pancreatic cancer; Prostate cancer;
Respiratory/Thoracic cancer
Leniolisib PI3Kd Novartis (Originator); Pharming Immunological genetic disorders
Parsaclisib PI3Ko Incyte (Originator); Innovent Biologics Breast cancer; Lymphoma; Hematopoiesis disorders;

Non-Hodgkin's lymphoma; Rheumatoid arthritis; Solid
tumors; Systemic lupus erythematosus; Autoimmune diseases

IP1-549 PI3Ky Infinity Pharmaceuticals (Originator) Bladder cancer therapy; Breast cancer; Melanoma; Head and
neck cancer; Non-small cell lung cancer; Ovarian cancer;
Renal cancer; Solid tumors

Tenalisib PI3Kd/y Incozen; Rhizen Pharmaceuticals Hematological cancer; Lymphocytic leukemia; Lymphoma;
(Originator) Non-Hodgkin's lymphoma

Seletalisib PI3KJ UCB (Originator) Antipsoriatics; Disorders; Immunological genetic

immunomodulators

AMG-319 PI3KJ Amgen (Originator); Cancer Research UK Head and neck cancer; Hematological cancer; Solid tumors

Serabelisib PI3Ka Intellikine (Millennium Pharmaceuticals);  Breast cancer; Digestive/Gastrointestinal cancer; Female
Millennium Pharmaceuticals (Originator);  reproductive system cancer; Non-small cell lung cancer;
Petra Pharma Renal cancer; Solid tumors

Dezapelisib PI3KJ Incyte (Originator) Lymphoma; Non-Hodgkin's lymphoma

Nemiralisib PI3Ko Glaxo Smith Kline (Originator) Asthma; Chronic obstructive pulmonary diseases (COPD); Immu-

nological genetic disorders; Respiratory disorders (not specified)
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Table 8 CDKA4/6 inhibitors, their protein kinase targets, and therapeutic indications

Drug (Code) name Target Organization Therapeutic indication
Launched

Ribociclib CDK4/6 Novartis Breast cancer

Abemaciclib CDKA4/6 Lilly Breast cancer

Palbociclib CDK4/6 Park Davis Breast cancer; ER* and HER2*
Phase 11

Milciclib CDKZ1/2/4/5/7;  Johns Hopkins University; Nerviano Medical Breast cancer; Liver cancer;

TRKANTRKZ1; Sciences (Originator); Pfizer (Originator);
TGen Research Institute; Tiziana Life Sciences Thoracic cancer; Solid tumors

Weel/2
(R)-Roscovitin;  CDK1/2/5/7/9  CNRS (Originator); Cyclacel; Institute of
Seliciclib Cancer Research (ICR) (Originator); ManRos
Therapeutics
Alvocidib; BIRCS; Aventis Pharma (Sanofi); Mayo Clinic;
Flavopiridol CDK1/2/4/6/7/9 Memorial Sloan-Kettering Cancer Center;

National Cancer Institute (NCI); National

Oncolytic drugs; Respiratory/

Breast cancer; Cystic fibrosis; Head and neck cancer;
Lymphocytic leukemia; Lymphoma; Multiple myeloma;
NSCLC; Oncolytic drugs; Ovarian cancer; Rheumatoid
arthritis; Solid tumors

Breast cancer; Cancer of unspecified body location/system;
Colorectal cancer; Gastric cancer; Head and neck cancer;
Hematological cancer; Leukemia; Liver cancer; Lung

Cancer Institute (US) (National Cancer Institute cancer; Lymphocytic leukemia; Melanoma; Multiple

(NCI)); Sanofi (Originator); Sumitomo
Dainippon Pharma; Tolero Pharmaceuticals;

Sanofi-aventis (Sanofi)

myeloma; Myelodysplastic syndrome; Myeloid leukemia;
Non-Hodgkin's lymphoma; Oncolytic drugs; Ovarian
cancer; Pancreatic cancer; Prostate cancer; Renal cancer;
Sarcoma; Solid tumors
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