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Abstract: New candidate targets, biological mechanisms as well as small-molecules are significant factors in
the research and development of first-in-class drugs, which is a challenging process with a large amount of time
and money devoted as well as high risks. A successful first-in-class drug can not only become a new strategy for
disease treatment but can also offer innovative research ideas for the design of drugs. The Food and Drug Adminis-
tration (FDA) approved 48 new drugs to the market in 2019, among which small-molecule drugs still predominated,
containing several first-in-class drugs. Brexanolone, for example, is the first positive modulator of GABA , receptor
for the treatment of postpartum depression; Selinexor is the first small-molecule drug to treat recurrent refractory
multiple myeloma by inhibiting exportin (XPO1); Tenapanor is the first sodium/proton exchanger type 3 (NHE3)
inhibitor that can treat irritable bowel syndrome; Lasmiditan is the first approved agonist with selectivity for 5-
HT,, treating migraines. The research and development processes of the first-in-class drugs mentioned above are
distinctive from each other with uniqueness and innovation. In this review, we briefly analyze the background
and process of the research and development of three typical cases as well as their therapeutic applications in an
attempt to offer some help for the future development of first-in-class drugs.
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Table 1 Small molecule drugs approved by FDA in 2019. CABP: Community-acquired bacterial pneumonia; SCD: Sudden cardiac death;

IBS: Irritable bowel syndrome

Drug L Approved
Sponsor Structure Target Indication Type .
(Brand name) time
Triclabendazole Novartis N/A Fascioliasis Orphan drug  2-14
(Egaten)
Brexanolone Sage GABA, recep- Postpartum depres- First-in-class ~ 3-19
(Zulresso) Therapeutics tor positive sion
regulator
Solriamfetol Jazz Dopamine and Excessive sleepi- ~ Orphan drug ~ 3-20
(Sunosi) noradrenaline ness due to narco-
reuptake lepsy or obstructive
inhibitor sleep apnoea
Siponimod Novartis S1P1 receptor Relapsing forms of Me-better 3-26
(Mayzent) and S1PS multiple sclerosis
receptor
regulator
Erdafitinib Johnson & FGFRs Bladder cancer Me-better 4-12
(Balversa) Johnson antagonist
Alpelisib Novartis Selective Breast cancer Me-better 5-24
(Piqray) PI3Ka Best-in-class
inhibitor
Selinexor Karyopharm CF3 XPO1 Multiple myeloma  First-in-class ~ 7-03
(Xpovio) Therapeutics FiC inhibitor
N
g
X N’N%N
HoN
Darolutamide ~ Bayer NC N H  N-NH Androgen Prostate cancer Me-too 7-30
Z N_ I
7
(Nubeqa) o _ /ﬁ’ MH Tece-:p-tor
inhibitor
Pexidartinib Daiichi No N CSFIR/KIT/  Tenosynovial giant First-in-class ~ 8-02
(Turalio) Sankyo PV, ~Hel FLT3 cell tumour
¢ /N = inhibitor
=N \ N CF
F
Pretomanid Pfizer/Mylan NQ]/O Antimycobac- Tuberculosis First-in-class ~ 8-14
(Pretomanid) ONN o F terial
Ok
0" F
Pitolisant Harmony O/\/\O/\/\@ Histamine H  Excessive sleepi-  Orphan drug  8-15
(Wakix) cl receptor ness due to narco-
inverse agonist lepsy
Entrectinib Roche \N ALK/ROS1/  NTRK-positive First-in-class ~ 8-15
(Rozlytrek) 13 TRK solid tumours;
N inhibitor metastatic NSCLC
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Continued
Dr Approved
ue Sponsor Structure Target Indication Type pl? v
(Brand name) time
Upadacitinib AbbVie T JAK1 inhibitor Rheumatoid First JAK1 8-16
(Rinvoq) N Ny CN\(O arthritis selective
I\
= HN}\ inhibitor
\_/
H
112 H,0
Fedratinib Celgene/BMS @ A0 N/Y JAK2/FLT3 Myelofibrosis First JAK2 8-16
(Inrebic) \©\N/”\N/ N/©\//S/?Nj< inhibitor selective
i HodR inhibitor
< 2HCI *H0
Lefamulin Nabriva 50S ribosomal CABP Me-too 8-19
(Xenleta) Therapeutics subunit
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: ks
o}
\
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HNS0
(QHz)A
HN._O
Q
HN\/\O/\/O\/\N,S\\
N
«2HCI
Trifarotene Galderma Retinoic acid ~ Acne vulgaris Me-better 10-04

o
(Aklief) G\J ofi receptor
O O agonist
HO\/\O O

Lasmiditan Eli Lily F o & ] N o Serotonin (5-  Migraine with or First-in-class  10-11
(Reyvow) /@fu\,\, SN 12 HONOH HT) 1F recep- without aura
H
o) o]
F F
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Cefiderocol Shionogi o O o - Cephalosporin Complicated Best-in-class  11-14
(Fetroja) S o N oH antibacterial  urinary tract
HN—4 M AN o NG o
N N N infections
LoH oA S E) OH
o ° «
HO. 1
o SOgH
. { H30/©/ } H,S0,4+ xH,0
4
Zanubrutinib BeiGene o}J BTK inhibitor Mantle cell Me-better 11-14
(Brukinsa) & lymphoma
Qm el
~ N
HN=Y H
Cenobamate SK Life cl GABAAR Partial onset Me-better 11-21
(Xcopri) Science D seizures
Voxelotor Global Blood Sickle haemo- SCD First-in-class  11-25
(Oxbryta) Therapeutics globin
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Continued
Drug Sponsor Structure Target Indication Type Ap[?roved
(Brand name) time
Lemborexant  Eisai 3 Orexin recep- Insomnia Me-too 12-20
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Figure 1 Biological mechanism of XPOI for transportation of

cargo from nucleus to cytoplasm. NPC: Nuclear pore complex
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KFR, RINZ AR KR 1) 8 e ] L S B i 24 R 3 1 42
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R, K SR  — N R IR LS (L& 5),
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FE 2 2 52w A OC i R 0 B B B9 A (Patent No.:

F ! : ]
DN | FaC |
DAY 3 | by RepW.
N cl - _ NN
. : I N
: - N Oy \r\\l(\\/

P FRC 3
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AUC =3 350 h-ng'mL"!
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| FaC : ; ;
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: Ho\ & .
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: L-EN /\
............ : % 4N N—"
: /
Chemical scaffold N
U N
_Q\—N N/
F3C, F1C N A s F4C T
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4 @ eSS § @ Eetkenasess 6
1C50 < 100 nmol-L*! 1Cso < 100 nmol-L! 1Cs0 < 100 nmol-L!
AUC = 12 300 h-ng-mL"! AUC =NT AUC =10 100 h-ng-mL"!
B:P=5.0 B:P=NT B:P=0.71

Figure 2 The discovery and development of Selinexor (6). (B: P refers to brain to plasma; NT: Not tested)
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Figure 3 Biological mechanism of NHE3 and inhibition effects
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