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Abstract: In 2023, drug discovery develops steadily, with improvement of small molecule drugs discovery
keeps pace with biological drugs in this year. The Center for Drug Evaluation and Research of U.S. Food and Drug
Administration has totally approved 55 kinds of new drugs which have significantly promotion compared to 37
new drugs approval in 2022, including 38 kinds of new molecular entities, 17 kinds of biological drugs, 5 kinds of
gene therapeutics and 2 cell therapeutics. The proportion of first-in-class drugs increased steadily, with 13 small
molecule first-in-class drugs and 7 biological first-in-class drugs approved this year, mostly in the fields of cancer
and rare diseases. Among them, a plurality of first-initiated small molecule drugs exhibits breakthrough significance,
such as the first neurokinin 3 (NK3) receptor antagonist fezolinetant, the first retinoic acid receptor (RIG-I) agonist
palovarotene, the first protein kinase B (AKT) inhibitor capivasertib, the first complement factor B inhibitor
iptacopan, etc. The pioneering drug has huge academic and commercial value, and has become the target of the
academic and industrial circles. However, first-in-class drugs not only need new targets, new mechanisms and new
molecules, but also need to comprehensively verify the causality between new targets and diseases, study the

correlation between new mechanisms and drug efficacy, and explore the balance between new molecules and drug-
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manufacturing properties. This article analyzed the research background, development process and therapeutic

application of three first-initiated small molecule drugs in this year, expecting to provide more research ideas and

methods for more first-in-class drugs.
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2023 4, 3£ [E FDA 259 vF 4 AU 52 2 0 (Center
for Drug Evaluation and Research, CDER) FL it #E I 1
ek 555K, BLFE 38 O 4 F AR 17 ARAEM AW, £
67 5 AN ML T A0 2 3R B R YT v . A B 2022 4 11
3THCR 2R A, AR H 2 S BORIRE BT, 51048
AL 25 BRI E L B 46 3K M IRILHT 25 11038 B E
3T AT DL A AF B B 25 3R At 5 2022 4 BE R B AE
AR AR, Fe 0 R 25 W 3 oE SR 13 3K, 5 2
24%; PHZ& RGN ) R LS, IR 9 3K, b Lk
16%; ok G 55 M0 AH DG 259 %% 3141 S 3K, 4300 i Bl
9%, MIRHLHT 24 (1 VP d R A B AT LUK IR, 2023 43kt

BT 250> T A 25 3 253K 48 1“0 Je o 7 BT A%,
9 K HT 25 3RAF 0 o kBT A . AR SRR 2 5
FHAOLZ A BRI 5 E (51%), $RHE28 3K, iEL: %
G TR R BB R L b, A ANER 9 KAk
18 T REMEITIEINE . 2023 F3L5 20 20 E 6 14 259
P, G 36%, & LAY ETIE . H 35S KA
(66%) & 1E 3 E 1 it BT (www.fda.gov).
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X} 2 FhoHE VR B RIE T B I, 7E 2 Fhm ESEBl 7w
T, AT AT R SR T A . IRZH 8
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Table 1

Small molecule drugs approved by FDA in 2023. ACVRI1: Recombinant activin A receptor type I; AKT1/2/3: Protein kinase B

1/2/3; BTK: Bruton's tyrosine kinase; CGRP: Calcitonin gene-related peptide; CYP: Cytochrome P450 proteins; ER: Estrogen receptor;

ETARATIR: Endothelin (type) a receptor angiotensin (type) 1 receptor; FLT3: FMS-like tyrosine kinease 3; GABA: Gamma (y)-aminobu-

tyric acid; HIF-PH1-3: Hypoxia inducible factor prolyl hydroxylasel-3; HIV-1: Human immunodeficiency virus; JAK1/2/3: Janus kinases
1/2/3; Mpro: 3C-like protease; NK3: Neurokinin 3; Nrf2: Nuclear factor erythroid-2-related factor 2; PAM of GABAA: Positive allosteric

modulators of gamma-aminobutyric acid type A; PI3K-d: Phosphatidyqinositol-3 kinase d; PSMA: Prostate-specific membrane antigen;

S1P: Sphingosine-1-phosphate; SGLT1/2: Sodium glucose linked transporter 1/2; TEC: Tyrosine kinase expressed in hepatocellular carci-

noma; VEGFR: Vascular endothelial growth factor receptor

DrugINN name L Approved
Sponsor Structure Target Indication Type .
(Brand name) time
Bexagliflozin TheracosBio Noe SGLT2 inhibitor Type 2 diabetes ~ Me-too 1-20
(Brenzavvy) W ) A
oS
Pirtobrutinib Eli Lilly g ?’ BTK inhibitor Mantle cell Me-better 1-27
(Jaypirca) o 'L"@\xmz lymphoma
N‘.,:H:‘ o
Elacestrant Stemline M S ER antagonist ER+/HER2- Me-better 1-27
(Orserdu) »@O@ ) ESRImut mBC
Daprodustat GSK Ou%ﬁ,‘,\"ou HIF-PHI1-3 Anemia due to First-in- 2-1
(Jesduvroq) "O ‘ inhibitor CKD class
Sparsentan Travere 0“\,%_ ETARATIR Proteinuria in First-in- 2-17
(Filspari) . @ o antagonist IgAN class
o
N
maveloxolone eata ] o rf2 activation riedrich’s ataxia rst-n- -
(0) loxol R . oLy Nrf2 activati Friedrich' ia  First-i 2-28
(Skyclarys) p Y class
Zavegepant Pfizer No & CGRP receptor Migraine Me-better 3-9
(Zavzpret) CN"H};/ antagonist
Oo NN
N
Q.
Trofinetide Acadia ‘; e IGF-1 analogue Rett syndrome First-in- 3-10
H
(Daybue) 52'&::,&’% class/
orphan
Rezafungin Cidara »O o A2 1,3-4-D-glucan Candidemia & Orphan 3-22
(Rezzayo) Q‘&;\/HK% inhibitor invasive
e 2 O~ candidiasis
Leniolisib Pharming f') Ny - PI3KJ inhibitor Activated PI3KJ  First-in- 3-24
(Joenja) \P’I\)‘N ) syndrome class/
" W orphan
Fezolinetant Astellas ,@ﬁ" ’\r" NK3 receptor VMS due to First-in- 5-12
(Veozah) "{ antagonist menopause class
SN
=
Perfluorhexyloctane Bausch+ )MVW\ - Dry eye diseases  First-in- 5-18
(Miebo) Lomb e class
Sulbactam, Innoviva °\>_,f i{‘; Beta lactamase Acinetobacter - 5-23
Durlobactam HO=; O'N\J)\ inhibitors strains
(Xacduro)
Nirmatrelvir & Pfizer J— SARS-CoV-2 COVID-19 First-in- 5-25
Ritonavir —S]C; - Mpro inhibitor class
(Paxlovid) N 1»4—(6 HIV-1 protease &
,P % CYP3A4 inhibitor
Flotufolastat F18 Blue Earth ol o Binds to PSMA & PET of PSMA+  Me-too 5-25
(Posluma) Diagnostics o :T‘ O emits S+ prostate cancer
L R S

lesions
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Continued
DrugINN name Approved
ue Sponsor Structure Target Indication Type pp v
(Brand name) time
Sotagliflozin Lexicon . O < O O SGLT1/2 inhibitor  Heart failure Me-better 5-26
(Inpefa) Pharma :D.. o
Ritlecitinib Pfizer s E JAK3/TEC kinase  Sever alopecia Me-too 6-23
. N . Lt
(Litfulo) QﬁO»"" inhibitor areata
Quizartinib Daiichi y@,ﬂhj FLT3 inhibitor FLT3 ITD+ AML Orphan 7-20
(Vanflyta) Sankyo o‘@ gt ¢ g E
(N
vl
Lotilaner Tarsus . (’\)-N?:' GABA-CI- Demodex First-in- 7-25
(Xdemvy) ) o $r o "” channel inhibitor blephartitis class
Zuranolone Sage ,'j/’/" PAM of GABAA  Postpartun Me-better 8-4
N‘L
(Zurzuvae) N receptor depression
H
s h
Palovarotene Ipsen Retinoic acid Fibrodysplasia First-in- 8-16
(Sohonos) receptor y agonist  ossificans class/
orphan
Momelotinib GSK S JAK1/JAK2/ Adults with Orphan 9-15
(Ojjaara) Nt . ACVRI inhibitor ~ anaemia
o
Gepirone Fabre-Kramer d SHT1a receptor Major depressive  Me-too 9-22
N N=
(Exxua) 0_\’\—~CN‘(;D agonist disorder
Etrasimod Pfizer u :H S1P receptor Ulcerative colitis Me-better 10-12
(Velsipity) OM modulator
Vamorolone Santhera ot Glucocorticoid Duchenne Orphan 10-26
(Agamree) OH receptor agonist muscular
r O‘ 8 dystrophy
Fruquintinib HUTCHMED #° ":nN VEGFR-1/2/3 Refractory, Me-too 11-8
(Fruzaqla) N o inhibitor metastatic
¥ colorectal cancer
HIN %
Repotrectinib BMS Oﬂ ROSI1/NTRK non-small cell - 11-15
(Augtyro) § NH inhibitor lung cancer
””\(i:‘/,é © (NSCLC) in adults
~ N=N
Capivasertib AstraZeneca i AKT1/2/3 HR+, Her2- First-in- 11-16
(Truqaq) 0 Y inhibitor locally advanced  class
fﬁ"’v\ or mBC with PIK3
(f’N" CA/AKTI1/PTEN
"d S alterations
Nirogacestat SpringWorks [ _)4 Gamma secretase ~ Desmoid tumors  First-in- 11-27
(Ogsiveo) _Cp-uy HN—(;:JN inhibitor class/
/_/_<\o orphan
Iptacopan Novartis ] Factor B inhibitor ~ Paroxysmal First-in- 12-5
(Fabhalta) o 4 noctural class/
/\OQ, hemoglobinuria  orphan
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1 JEMEZRIE (fezolinetant) —— S IRE MEL[E)1HZ
Bk 3 (NK3) ZER/N g FHREMFIA e EEHASIE
B E = EE MEFHEER

1.1 fREESE  MERIEER (VMS) & —Fp
DL B A AR ST IR, 8 BE i 20 B 50% Lotk R
B MR R B, R R TR G A& M2
BT, FREEE IR T IA L 748 . I8 YL 46 A0 IR 2 1 1R &
PE B A= A 7 H AN S, T e BER R 5 B0 = F i
gk, o H WA EE R KEL. 8l =02 —1
VS A 2 A I ) BRLJER 52 B v B A T D) A
AR (R WS, ARG R & VL Rk I 7 5K DL A
W J F PR T R A R S B S B A% VA TR T B
&y, HAE, T VMS BT TR AL G R B AR
TIE, LS )2 MR BB R A AR A
W 1 BAE I B P9 A R % 4, (H A A 2 3%
TIEs E 1) e Rk ot AR A XU, HLAS P 0 0 I 9
9o RGP e R IRV e P BB 3 . LT i BN A
PR, 32 ARG BT 51 (% P BRI i 77 (SSRI) i
PEVE S-FR i RN 25 FOE B R 2 00 AR I 1 7 4
2013457 H, FDA #LHE T Hrai AL 2540 2 vEvTE N &
ZyE BT, BT YR T HR R R AR 4 A il AT 4 A
IR, B RN B 32 FDA itk ¥4 )7 5 4F 140 & VMS
PIAEB R 2 -

B X2 AL RN 5T, 5 R S 197
R, I T B TE MR T A (B 1A).
11 A S B RRAE 2 R T 1 58 1)) BB 2 2k B 3 BT M
BT TR, X — I R (2 IR R B s =
(GnRH) DA K FE R4 s & (LH) FIE IRV 2 (FSH)
WEESE . Hoh, GnRH 14 1 32 2 i kisspeptin 1 17,
kisspeptin 5 1l £ # ik B (NKB) Fl58 HEfK (Dyn), T &
KNDy #1470, R4 MR B FPIRES N, MM
B35 K 7 kisspeptin NKB Dyn Jz H 32 4 1) 3 ik 5. 2
ahn. FHorb, NKB & Z5@ i 28Uk 3 52448 (NK3R) 1%
WG, RALIME R LR SCEN K. b5 R
R, & 8 Lok B G PR E I U i Bh T
KNDy #12 JG [ 800, A 2 7= A SR . 484 5
[) L P kisspeptin AT NKB [ 38 35 1 I, 5 S04k oy B4
S ) S S, & T EURIHGEIR (B 1B). R,
BT %) NKB/NK3R Gl % 15 11 2547+ 2 4 5 A E
FBLEIEIT VMS, B2 T BRI B 1) 2 60E .
1.2 MALZEE NKREFRMERGHHAEIKY

(NPY) 5244 52 Ik 1A B8 B2 B L, 1% 52 4k 32 B2 55 A0 T K ki
B R A R AE X 4. NK3R R A7 S 2 A4 1
TRE, 157 4 2 P &5 30, A S Ak BEIR T E )
o IERAEIRETT, AR T A AX B NK3 [ 1E 7
25 RS ER 0 A ) AR g R TR AR S, (X — Rl
TE 2 22 1 DAL ME 380 3% sk /D T 4 B O, i 4% 5 B VMS.
NK3R 52— A 28 G & H il ik %2 & (GPCR), /& T It
Iy — T A — 2k J ey o0 5 1 UMK 52 44, NKBR 9 D e &
T I 5 2R A B AR AR 2 UK B (NKB) 45 A1 i
VEFH, I8 1 K 382 77) NKB AR 56 3075 NK3R. NK3R
TE R 9 B M B0 GnRH RS UK TH & 15 5 ZE A,
AT VA 32 35 T PR AIC GnRH #5h, M T B#AG IfL %% LH
AT, A I 9 55 1 PA B 2 e B R K T
M 2% 30 2 Astellas 24 7 8 I /5 08 B Ik 5 4 &
Gk SERARATTAS o WFFEN A S TR B B ARGE 1
AE Bk NK3R #5 #1771 (osanetant 55 talnetant) 1 FH HL
FEAUER, 2 T 2k G B N RS 32 7 Sk (1 “ 25 R Ak
FEaBIE”, B FE N SR Sl 7 s M 77 v DU I
WEIFEIRE AT SER T4 . 22— R ik
WES AL, a7 DL 4-Isng 2L -0- 1 g 3 - 2 4574
R B S A B (1), HoARIMEME T4 31 94 B8 R 4%
K (IC,, = 76 nmol-L™). {HBE 5 MK I T 16 &
Yy (1) B TR R, RLFE VA AR T 22 L TIORL A4 AR s PRI AN
It A SR PR A 2 A R 1), AN AL TN T A 4
BE THE (1) Bt — AL, Fef s F1 R 1) SAR
200 FHREIT G (1) S REE SR EA . il
T8 B e 22 56 A, BIF RN SRBRIE 1B AL I Nk k-
= MEIFIRGRZRAE YD (2), FREF T RMLE Y (1) B
70% HIAHLRE o JREAGA D (2) MRS T T B 25
JBE IR 2% ) (IC,, = 4.5 pmol-L™"), {H 58 It 5 4 19
CYP e B B 1 1R FH B8 DA B 35 20 1) ot B 280 97
AT 1f) PK-ADME %514 Jit, (B 15 10E — D i AL Ak
TE 4-F A B P AL I AR b, 50 N 53 R L3 | 7 2 4]
B 51N LR 75 25 30 0 B AR 35 2 5 84k & W s 1 1 P&
Ko TEORMEIABILAL A, BF 58N G R B 7 # &7 FR 282
M. (magical methyl effect), Bl it [/l 1k &9 (2) IR B2
R BN F R ] DU A= s SR T 10 65, R A2
S AR SE FEE SR (LLE) PR DL RV fREE R
R o AEMENE BN A R v, BIFSE N R A 1R &R 40 2-
FH L S A AN (10 355 H60 SRS, A DL XS 4R AR 5 M B A, 19
BT IEMESRTE (IC,, = 12.59 nmol-L™") H.AJ 1 AR AL 1)
Je 3 3. B JE, BN 1R H AR EE 1RSI
RGP o 1K 2- FR I e A I 55 48 iy 1,2,4- 8
WG, 25 0 BN I 1t A AN TT b MR LR
55 0 A B, A 5 AT ACKE: H ) 4 ) 4- (MR 1y -2- ik ) 2R Bk
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[l 7 B LA A YD 4-FUR IR, 5 B0E R M PR AIK
(AlogD, , = —1.5), {H[A] I 7 5K () LLE H 42 T+ PL S %2 4
PERHR T, XN B N E N, R SR LAY
(4) RoNEAEMe S (1), LR KR T 9N BE /R Gd 1k, H
A /N o) T RN SR U R AR R B, A A S
3% 5 NI R I, FF R b .

1.3 GATTRA  ARMEAIE 0 R SR E IR TR
111 ] SKYLIGHT 1 (NCT04003155) A1 SKYLIGHT
2 (NCT04003142) HIF 78 () 97 200 2 4 PR B4l , DA Je
SKYLIGHT 4 % 413 B 7L (NCT04003389). Il PR
WFFCAE 1 022 44 40~65 % [ L I B (F 2 H
I FF4E ) R, SRR H O IR— IR % (30
F145 mg) VRN IT RO 22 e . BRIUR I 1) 45 Rk
B, FE 5 4 JEREE 12 JA I, 5 22 BRI AR L, 16 H 45 mg
AEME R E 5 VMS 1 AR 2 B AR I L 48 v 2 A i
IRE S (24 h B2 ) fE 22 T5 T, JEmk
IR WA RSO A2 IR IS SRR T R ]
FIF e BT vy o AEMR 23 0H A2 0 B i NKBR /N 7
SZARFEPUF, UERH T @ I FHLIT NKB 5 KNDy #1248 76
S5 Gn] DUE 0TS R B AR T e T
3, A& H AT A U R A 1 ME— R AR R T,
%2 F R S A SR B A M SR T — A ) 2 A R
BIT IR

2 FIEH (capivasertib) — £HKENEHEEEH
B AKT B9/ 4 FHNHIFI B Fia 7 2LBR =2
2.1 WHEESE FLREZ H AT A BERYE PR AR G
T i BRI 2 —. 20204, £ ERE 200 £ 75
2 B FHE PO WON TR, 1T 685 000 4 FHET, H
HHR+ (ME R BRI 2 R KX ) 5 HER2- (N SR %
A K R 32 AR -2) FLIRE 2 B LIS AY, it 5 LA
I 70%. X HE o B FE IR AEIT 2N N A HAVR T 2,
For CDK4/6 il 71 15 75 A Bl 1] 770 2 b v 1 —
LIRIT R BT, ORIKEEEN LR HZ TR
FEAET 251, BRI A T . KEMACE
K, PIBK/AKT/mTOR 8 #% /& 2 Fl W% M s k2B K
& 5 R (1) B E S B 2 —. HH, PIK3CAAKTI
A PTEN & R 1) 53 8 R AL o5 J& /& HR+/HER2- 7L if )i
B B Rk 50%. Rk, DN T HE— D R Uk HR+/
HER2-FL 9 A 43 WA VA 7 T 24 1R I PR 16 238, 4% PI3KY/
AKT/mTOR I8 B FF K 2590 73 © A 23 W\ 1 5 34
A (Bl2A.B)"MY,

16 AKT i 77 Sk it b i 2 60, & PI3K (1 #0 1
71 B Il FE (alpelisib) A1 mTOR 17 1 71 4 4k 5% =]
(everolimus) L Biii, F T IR IRIT - SR, 1F R
PI3K/AKT/mTOR i #% [1] I B8t 3841, AKT &5 44
PR FEHLE] ORI 30 42 45, H L] 25 P50 10F 2038 18 K B

Dyn
—=
Vasculature shrinkage Y
NKB
caused by NK3 receptor
signalpath ~____ KNDY o,
—— neuron cells
‘ GnlH ic
- area o
+ 3
GPR54 o
Hypothalamus =~ &
v GNRH
" Anelron cells™ """t
( median
. GnRH ‘eminence:
Flushed face, high Nt surty mm i
lemparaiureand @@= @@= 0 LS lacsusues
\ / elevated blood LH/FSH Pituitary
pressure {’ """"""""""""""""
/ steroidal sex hormones Gonads
/
I
C Magical
F methyl s\ LLE-based

=/ N
Discovery of Optimization of
lead compound lead compound
1) (2
NK3R K;= 76 nmol-L"!

LLE=3.6 LLE=4.25

Figure 1

pathway; C: Discovery and structure-based optimization of fezolinetant

effect

NK3R K;= 4.5 pmol-L"!
Ca?* ICg, = 109 nmol-L-*  Ca?* IC4, = 4.0 pmol-L-"

/ optimization ﬁ/@ﬁ
O;

o = EN I“‘
) |\

' 3 el

= /(\N/s

S
New chemotype and Minimization of structure
oral POC lead and improved activity

®) 4)

NK3R K= 12.59 nmol-L"! NK3R K= 25.12 nmol-L-!
Ca?* ICg4, = 15.85 nmol-L"! Ca?* ICsy = 19.96 nmol-L"!
LLE=47 LLE=6.1

Discovery and development of fezolinetant. A: Mechanism of NK3 induced diseases; B: Mechanism of NK3-related signal
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S (B AKT /NG5 7 #0550 B & D A, e kN
Il PR 3K 56 1 2 B =2 3% 58 v 19 /) 4y 7 40 1 57 GSK-
690693, {HAE I PR 1TSS A 2 I HA 22 4 1 i) R, L 5L
2k TR B IER; BE S, 35 TR E R AL R A R T
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Figure 2 Discovery and development of capivasertib. A: Structure of AKT1/2/3 and its functional domain; B: Signal mechanism of AKT

related pathway; C: Co-crystal structure of AKT inhibitor; D: Discovery and identification of capivasertib (AZD-5363)
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Figure 3 Discovery and development of iptacopan. A: Signal mechanism of CFB induced diseases; B: Co-crystal structure of iptacopan;

C: High-throughput screening and structure-based optimization to obtain iptacopan
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