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Abstract: In 2025, innovation in drug development remained stable, with the proportion of first-in-class
drugs continuing to increase. The Center for Drug Evaluation and Research (CDER) of the US Food and Drug
Administration (FDA) approved a total of 46 new drugs in the past year, including 34 new molecular entities
(NMEs) and 12 biologics license applications (BLAs). The number of approvals slightly decreased compared to the
previous three years. This year, 31 small molecule drugs were approved, accounting for 67% of the total, among
which 13 were first in class small molecule drugs. The treatment areas covered rare diseases, oncology, autoimmune
diseases, respiratory diseases, and more. Several first in class small molecule drugs have breakthrough clinical
value, such as the world's first non-opioid analgesic drug, NaV1.8 inhibitor suzetrigine, the first approved local
TRPMS receptor agonist acoltremon for dry eye disease, the first targeted mitochondrial inner membrane cardiolipin
elamipretide, the first approved selective phosphodiesterase 4B (PDE4B) inhibitor nerandomilast for idiopathic
pulmonary fibrosis (IPF), and the first selective oral Menin-MLL inhibitor iftomenib. First in class drugs have
significant clinical, academic, and commercial value and have attracted extensive attention from patients, researchers

and enterprises. This article briefly analyzes the research background, process and therapeutic applications of three
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representative first in class small molecule drugs from the perspective of medicinal chemistry, with the aim of

providing more research directions and methods for the development of first in class drugs.

Key words: first in class drug; the development and research of drug; small molecule drug; medicinal

chemistry; treatment application
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Table 1  Small molecule drugs approved by FDA in 2025. CSFI1R: Macrophage colony-stimulating factor 1 receptor; ROS1: Proto-
oncogene tyrosine-protein kinase ROS; EGFR: Epidermal growth factor receptor; HER2: Human epidermal growth factor receptor 2; DPP1:

Diacylglycerol pyrophosphate phosphatase 1; PDE4: 3',5'-Cyclic-AMP phosphodiesterase 4; NSCLC: Non-small-cell lung cancer
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Figure 1 Discovery and development of suzetrigine. A: The distribution of opioid receptor and NaV channel; B: Discovery and structure-

based optimization of suzetrigine
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Figure 2 Discovery and development of AR-15512. A: Mechanism of AR-15512 in restoring tear film homeostasis via the TRPM8-mediated

cooling reflex arc; B: Structural evolution and activity optimization of TRPMS agonists from menthol to AR-15512; C: Predicted binding
mode of AR-15512 within the TRPMS transmembrane domain based on the cryo-EM structure (PDB: 6NR2). Key residues involved in the

ligand-receptor interaction (e.g., Tyr745, Arg842, Tyr1005) are highlighted, showing the critical stacking and hydrogen bonding networks
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Fe [, X — EOR i K i O v SR A ) ) ok B, e
REVR N S B B K 2B, 7 B B8 A [ /0 &5 55 JF HL,
WS-12 B4 34T, FRHR I 1R, 28, SR 4 AL oK
T 5 TRPMS ) 2 5 iR B AR 0 351 45 5 1)1 2B) o

TE— 43 A VR L4 (Cryo-EM) 45 849 B 7R, WS-12
G5 T I B 5 ) 8 e ) R A TR B S A B (voltage
sensor-like domain, VSLD). iX & — > H S1.S2.S3 fll
S4 WRTE T B IR i 7K 25 s, AL T S2 AR S I DX R 8, B
48 TRP Z5 R4

X WA (AR R i A 7, AR B T LIE A 5 .
WS-12 3 — BB 74l A X A 1A%, R 138 3E 1) T
KI5 . WA A NGB I 58 AOR AR AN G5 4 fi A, i E T
WS-12 (AR-15512) 5 TRPMS #H H.1E A i) B AR & SE IR
WAk (2C): WS-12 (R34 Fr Bt STIRE M “ sy TN
B HE Tyr745 T8 BORHEE V) 7 ¥ 1~ AH ELAE F e A4 o7
B WhE S 5 47T S4 82 e TRP 45 #3811 Tyr1004 &
R T, B T AR S & Bl T L] BRIE S
K5 S4 i TE b1 Arg841 TR A BEIE, R 468
I PR A I8 38 T 0T 75 1) 25 Ak i s R4 T Phe738 &5
T1eE845 M H £ 1 I 48 [ B /K PR B, 2840 WS-12 [ K (1)

4- R B R IR EE o AF LU S BT TRPMS8 #3071 Icilin
(AG-3-5), AR-15512 45 G AT BN 85 &3 1 1 2
5, 13 AR-15512 76 R 24 I AR B B8 3R 85 b L S AR
5E IR 29 SRR AE R

SERI A S R AR R T AR S A iR,
WRILT — AT R E B F——PIP2 (5 fg WAL
B -4,5- “WER). AR-15512 B4 &K 2 LL3T JF il
E. BRI, WS-12 456155 1 S4 15 iE Al S4-S5
B (linker) IR R AL, X — A A& T —A R
HUH S, $RSEA0 AR L 4 i B 4 PIP2 45 & 31 %%
fh E(E2C) o S5 Bt E PIP2 7824 1“0 T 4L, %
7 VSLD FIFLiE &5 #435k (pore domain), 5z £ 51 S6 1
e, FTH B F@EE R ], RFNa fCa” Wifi. X— K
PURAIA T AR-15512 s 38 i 5 A A2 34 145 AL e AR
FH, T AR IR PR M B AT T Tl X ke T H R AP %
A A 52 A1 0220

TE 58 B T B AR 56 IE A0 A A0 A R R ok R
AR-15512 3 N 7485 A“COMET” 1) 4 1 Il R JT & B
Bro fEXT I 930 4 g HEAT T I AR R 58 I s
itz BEHAE W T AR-15512 AeAH U 2 5 & 1) 7H
Vo3 WA B R AR I )RR, HLAESE 1 KRG Z ), R el W
SN U TE R oy WA . BE S, AR-15512 [f13d FH 44
A acoltremon, i it 44 N Tryptyr, T-2025 45 H 29 H 3k
3£ E & M2 R IR R (FDA) fitdE b,
23 JAITRA  Acoltremon (AR-15512, Tryptyr®) ]
SRR I I T — AN PFEA 200 T IR B 24, 32
TFa 7 FIRAER T T Bt . Acoltremon {E N 4Bk 15
FORAL I TRPMS B 2h 71, FF 1 T BRAE VR I7 1 “f 22
VAT R e I R A R VA T A R i R = X A
28 SR, PR HE AR IBR o Wh, TEME T A5 Gt ¢ 24 it
SO R PR o X — HLRE R bR G A T HRURE 4 EE A 50
B 28 AR T B« AE AR IS B 7S I, RIS
B iE T TRP I8 I8 1E 40 40 24 R 0 258 R E R
7. EAIE BT I 2 B A T B R B AP A AR
XA 22 A, T HLRE = A SR K B AR BN . IR B T
J& Sk FoAh TRP 38 A -
3 RIgER

B JE (zongertinib) J& 4 BK T 3KI6 T HER2 %
AR (4 fieh R L B ARy S 1 R B B AR R R AR KR 2
& (epidermal growth factor receptor, EGFR) 15 5 1) 1
T H A 1 S R AT A )
30 fikER AERRAEKKET 22 (HER2) 15
WO A 2 P R Y B IR B R R Y. FE AR/
g filiJE (non-small-cell lung cancer, NSCLC) #', HER2
R R AR R A L) N 2% ~4%, Hd DL HER2 4 & T
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20 i N 2248 (exon 20 insertions) & N ¥ WL H.XEVE, &
FHEFTEA R KA ST EABUR, T
HER2 5 EGFR )3 45 F 35k FL A7 4 i 1O TR D52, 73
(772 HER i 2 B2 S g 4 1 77, 4nBg v 85 JE A h 8 Je
&, FEFN I HER2 F [F] I, A48 0 vk X 4y I o 20 4l ik B
AR EGFR (EGFRY)™ . 3 Bl i #4008 S 80 7 7™ E 1)
VR PRI, BRI 1 B2 MRS, RK
MR 7 25 R E ST & AR R S . RS A AR I
2% (antibody-drug conjugates, ADC) 7£ X —4¥isk Bt 5
TR, AR X A R 2 R G B R ) 4 o) K TR B i
T3 RS AT 2 PR o AT AR, i AR i AR — il B A 9 A
I HER2 #h S 1 20 4 N RAZ, ¢ e K 2 6 4 B
4= R EGFR A SSEE LI UM 931 2540 «

32 W%EiE R HER2 #EAIA 7 B T % kit
J&, {H HER2 41 2 -7 20 4l A\ 58 22 7R A /I 4 i il g 475 /2
—ANBETT 7 R B R R R TR . RN RBU)
T JF /x HER2 3% 5 P B 2 B2 W0 B 400 1 55 (tyrosine
kinase inhibitor, TKI), X} HER2 #I & T~ 20 i A 8 4%
SR LD B RO, RN IE B 50 65 BLE Y
¥ 4= A EGFR B2 7& 1%

HER2 {5 5% 38T 32 44 1) — B84k S B e IR
PRI E BEIRAL . SR A% B B AT R A% 0 SRS 2 1)
HE T 45 1 ) 25 ) W it (structure-based drug design,
SBDD), & 7EMfF A% 077 & - WAl 7E OR B8 SEAN Sk s 1
PR R I, T 35 5 BB BE B R R G B A T IAE R g . 58

Wild-type

Mutant HER2
(exon 20 insertions)

Zongertinib

& 8 (AR AL 32 SR T -7 R 1R “ A 7 iR
T, W5y 1 RE NSRS HE 1k N\ RAZ 7Y HER2 ] ATP 45
A AR, ) FH TR A T f < Sk 5 SR 45 A 3 R O
TR HE Cys805 T LA il 1 (R 3E A 5 (81 3A). IX Pk
G e PR PEL T T ATP fR32E N, AT 58 R4 i) 52 44 1
TR Ak T I SO A5 5 8 B 10, B 2 5 R 40 e
T, BEREEME, BSOS DM/
7T R, kS Je 7E 57 4 B EGFR H 7= A 25 (]
AL BEASE L TCVE R s &, T SE B T 0 1E 3 A B 5
1 G g B4

SEAE B JE I R I S TE fif DA 8 HER2 410 1] 77 % B
AT EGFR (EGFR™") JEFEMEAS 2 1 ERSE, Bt 50 N\ Dod i
X912 000 /Mb G IR, IR0 H B A M E 3 [5,4-d]
W BEAZ (0 1 S A 5 4 8 (IC,, = 1.4 pmol- LHFY. %
T U A ) 700 5 TE R ) 3R SR, BTN R TE IR R
51O TR M Tk i < 580 Sk DU 1) HER2 ¥ Cys805 %
Be, 19 200040 A W 9 PG B VE PEIR THE I 80 £, i3t —
ke EE B o R, 19 B4k A ) 10 7E Ba/F3
HER2"™* 3% 5 41l g 7 119 1C,, 1 2 /5 F 100 nmol-L"'.
itk — AR A BT X EGFRYT (R 814, (7N R AT
KR AR 4 AR, A& 3 IR IR B ey
ANFI AR 28 75 8 248, KILGIN [1,2,4] =EFF [1,5-a]
It i (41 1) BI-1622 ££ OR F7 %) HER2 58 240 ] 1) 5] 1),
JEBL T %150 £ i) EGFRY" i 1, #9209 R 0T 7 % W
ZRR ARG AN AR T X 4ERF HER2 45 A o5 M &

>

’ © g GO
¢ gy M Gk
[o) NN A
SNTYHN SNy he N2 Nﬂ
\/NYN\ AN K,NYN\ -
NP N P 10
9 Ba/F3 HER2YVM2
8

IC55< 100 nmol-L-!

No binding
OO a e Bl R S S e R R R R A R RS2SR SR = a
NN
| Z
Zongertinib \\ R_SA T )@? g ﬁ)/
& 2 SN HN
Cys805 SN . HN ()NYN\ Ay
-*- + Ky fN N A2
X Y v e '
MAPK pathway PI3K/AKT/mTOR Normal signaling Blloz) i (1Y2\')\5A
(RAS/PAF/MEK/ERK) pathway = Ba/F3 HER2YYMAICs,= 5 nmol-L-! Ba/F3 HER2'™ X
%< 50 folds EGFRVT selectivity ICsp=4 nmol-L*
v v v WA,
Tumor A Presew;d ?
<F . poptosis hysiological function H
Proliferation PRYSL0108 2" HNK\jL
o N, N A

Zongertinib (13)

Ba/F3 HER2YVMAIC5,= 16 nmol-L-!
100 folds EGFRV T selectivity

Figure 3 Discovery and development of zongertinib. A: Mechanism of zongertinib; B: Discovery and structure-based optimization of

zongertinib
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KEE ., 1F BI-4142 (12) F1 BI-1622 (11) % iR EH 10
E RS b, & 2 S HARAAT B 1) B ARG Y RS
% JE (zongertinib, 13), £ Ba/F3 HER2"™* 41 il 7 il Pt
4 B 1C,, B AU A 16 nmol-L"!, H 528l T X% EGFRY' )
100 3% 2 B, 17 7E C805S F8 28 il ffy £ b Hovd 1tk &5
F NI, BHE 7 HAKH T Cys805 H &5 & 1) v % HLAK
BRI AIE FBLEEY (B 3B).
33 ATTRA  EEE RN — Ak HER2
) 700, 78I PR BT B PR 78 A I T LAk Rs (YR T
WfE . TENGAR AT, Z 2 AL R 3505 S 4%
HER2 4ME. 7 20 # A 5848 (40 YVMA $@ ) 1 i 3
IB, M XF HER2 p 58745 (W1 L755S) J& 3[Rl 4 19 A5 7\
AN PR . R IR AR IR B B, SRR
B ) RWAE T I M 57 R Pl . 5eie g
% JE (mobocertinib) BLH 75 JE (poziotinib) &5 245 W) #H
bl SRAE & JE MR H BRI T BT 28 21 EGFR # il AH 5C 1
AR, B 92 RIS I A 28 I ™ B F2 P R 2 T B .
XL 1 BRI T 52 A2 AR 230 1 g A= < 1 25 P 77
B, JEFE R AR S S AL, AN, B I R B B
N, RHE AR 2 26T (BFE S AT AR
J7) ) HER2 248 NSCLC 3 HH S B 1 5 v 1) 2 W0 2%
fift 2 (objective response rate, ORR) Al fill P 42 fhll 3if P .
UE Ak, #5355 T R IR M EE AL, %25 H A& R0 ik
AR R FH B R AE ) R A 1 42 R St (central nervous
system, CNS) 2% ¥, N K 4 i 5 # (1) HER2 R &
NSCLC B35 $2 4t 7 Hr )G I A 8 . Jig B 706 4k 4
PEAS AR R — IR R 0 R HAE IRk b — AR TKT fiif
2517 TH R K A 3R 2
4 HEERE

2025 4, & [E QKT 25 353t 76 3K, 10 HE 2024 4F 1) 48
LT R . Ho, AL 23 ER AR, 21 3K
B 7= A8 25 2 Ak BT 24, [ 00 B 4G 5 s
91.30%. 7E I 41 1) 351 S 4 T 403, ) ) ook R 3t
(fast-follow) 24§ ¥ B 15 8 Kk &, H o 4 #5 EGFR
T790M 111 77 F) JE % JE, KRAS G12C 1 1] 71 41 1% 12
LK 5 2, CDK4/6 HlIil 5tk i 76 A1) 5 5k 2 R 5. Bk
bz Ah, AT AR ST E B2 5 7, Bl A CDK2/
4/6 3K 7 P BLPE R, A PB2 401 7 B i B 4%, A
R I 7R ) 24 0 L TR BEOC T B R X AR AL (license
out), A & 2025 K S & A O I 1 300123 7t, I
ST X —HE R B R E B A R O SR BT R4
iR, B4 15015 iSRS, 723K AT
WS SRR T . X TR I T R B 250t K B
77 0 W8 AR 5 i R HE 3R 280 (5 T, 15 PP A AL ) ek
5 R AR 1) e B VIR O

2026 4, A ERZIH 100 /N 7r 7 259 iE T “NDA
OB B, ot B4R 7T A HE B T S PROTAC 2
V)5 18K T BE (vepdegestrant).  WIREFRALUE, ¥ 1E 2R
BRI RE 5> T K24, I B AE O A58 mUBoHE i 2 4
SR

fEZ TTEk: & o E BRI 5 S, LR & 5T
SCERE 5B, NIZLEREERTIA.
FUREEE: AT EH FHIAAFAE N 2 Ph SRR R
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