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Discussion on the role of exposure — response analyses in dose selection taking the
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Abstract: Exposure — response (E — R) analyses aims to evaluate the
quantitative relationship between the exposure and response of a drug at
different doses. The E — R relationship is one of the core pieces of
evidence supporting the assessment of the effectiveness and safety of new
drugs, which is of great significance for selecting and optimizing dosage
regimens, as well as determining dosing regimens for patients with
different physiological , pathological, and genetic backgrounds. In recent
years, the research and development of new drugs in China has continued
to develop, and long — acting human glucagon — like peptide — 1 receptor
agonists have become one of the research hotspots. This article takes the
weight management indication of semaglutide as an example to discuss the
role of E — R analyses in dose selection during the research and
development of new drugs, with the aim of promoting related researches
in China.
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FREE R U2 ) S & KT E 1A T4 35 T ) 2K i B
BAE AR , 1 0N i i1 A 3R A IR - 1 (glucagon — like
peptide —1,GLP — 1) 3 {A 8 7 8 & il & i 2
—o AL S A% IR AR T A HE N R 4], PR
E — R RSP EH 250 A0 Bk B h g VR T, U2
IR 5 58 i A L3 BE 5E i (End of Phase 1T,
EOPI) , LA MW 58 U H 4R BT (New Drug
Application , NDA) [ 4H 5¢ %5 J& , LI XS e [ AH S T 5%
AR A Bl

1 \EHREK

A SEA% S JIK v A R S m T K,
DR E 20 B R ) P R I R 20 2 7 N GLP - 1
KW, 5N GLP -1 45 94% 9 )¢ 5 [al P ik .
FREEIRAE ] GLP — 1 SZ (R 3h ), AT 3k 4% 14 3
5GBS KSR GLP — 1 8 51 GLP - 1 Z 1K
HRIK GLP — 1 AL, w36 4% & JIK (1 74 B 2 52 10
BEK,AR 1, Ea8R LR Tagy, HEg
A 1Y AL A A 26 7 2 R i R
JK VA 1) R A A1 A 18 ik I D TR, AT A2 i 5 L
gat,

A ERE KT 2017 4F 12 ] ke AR bl
e, 2021 4 4 7RI B R Bt e, & AT A 2
KPR % (type 2 diabetes mellitus, T2DM ) B2 25 114 Ifil 4
P, LA R AR O LA B 7Y T2DM BN R 1Y
FEOIMAEAN RFAERE . BES, 7 S & IR s
PIGE N UE T 2021 4E 6 J1 5 UC7E 36 AR BT v,
2024 4F 6 H7EFRIE FK b, 38 A il ks A
B INAA T3 3 Sl 0 A R BN R I R A
W45 AT 45 % (body mass index, BMI) T #F 5 LA T &%
=30 kg« m” (JEBE), B =27 kg - m™* %
<30 kg - m 7 (FEE) AR D —FhiREA LA H
fiEe FHEE R G, W 425 L WG = R
0.25 mg,qu,16 Ji J5 1654 B4R i 2. 40 mg (HEF)
8% 1.70 mg,qw, W3z 17,

R FEASE AR TS HLE DO 2 R
Table 1

Recommended semaglutide dosing regimen for weight

management
ibig JH BEJ— W R 250
BRI H1-4 0.25 mg
I %5 -8 JH 0.50 mg
%59 -12 JH 1.00 mg
513 -16 JH 1.70 mg

Y450 9517 JH KX LUE 1.70 5§ 2. 40 mg

2 EOPIRE
2.1 THAEARIRLE IR

) SR 5 JOR A A L3 O U ) R AR R R
W —TREHL S 2R AT B 25 M) IR 2l
AR G R (NN9536 - 4153 15, LA T &
B 4153 1RX55) o %K% A4 BMI = 30 kg - m™* HL G
BEPRIR I AR 21U . L BCE 7 AR SR S IR YT
AT AFIRLEBRIG T (FIMEX IR &R 7 b iy
AT S R, A SEA% B IR AN A i & IR >R A
H—W BT S e R w4 2. m B A& G T 4
A $5 0.05,0.10, 0.20, 0.30 1 0.40 mg, qd, M
0.05 mgiflEE TG 45 2 J g 4 J 3 4 — 500 i )
PR IR 4 3. 00 mg, gd, A 0. 60 mg 5 & JF 4,
TJHEIG 0. 60 mg, FEL G ARIR A 52 J5 A 14
FAH X LR AR 123 Fe o X T 52 R e ik ek
LRI FEFR S Ui (4.6 .8 112,16 .28 .40 Fl
52 J) BIZE 5T, SR AL EAAS MR AR A 30 2 1 2 )
Fhr kA .
2.2 AYHEMREEER

3t 957 i 52 183 He 2 BEHL2r L, R YT 4l
102 ~ 103 4], 5 FF iy e LRI 20 136 ], 891 4] 52 iK%
TEER 52 JRIARTHA T J0HR | 42 B0 4 S B eIk /ey
Srt ol 2.3% , W) S 8 K415 90 6.0% (0. 05
me) 8. 6% (0. 10 mg 45 4 JEHHEA ) 1. 6% (0. 20
mg 45 4 JELBEHGED) 1. 29 (0.30 mg 45 4 F 651
)1 13.8% (0.40 mg 45 4 JH# e 8E) . 11.4%
(0.30 mg % 2 JAl 3B 34 7 48 ) #1 16. 3% (0. 40 mg %f 2
Jalb R ) R ARA R 7. 8% o 1E 52 FBIRST
S0, B ) ) ) SEAR e R A b 4 HL A2 R
U R IR R v, fi I RAS B 7
BMHELHE BiE A B34 (gastrointestinal adverse
effects, GIAE) , FE MWl 222 MR 32 HEASIE 5
Hofth GLP -1 kg shm—5k"
2.3 ¥mE\ENWHEE

TR R FIREA25 1030 /)7 (pharmacokinetic,
PK) #1124 %% 2% ( pharmacokinetic/pharmacodynamic,
PK/PD) G, 48 2R P22 o Xof i) S 4 5 JIR 2% 2 3 110 5
Wi, LA AR R P T E - R 6 &R, A PK
TN A I A H2 52 BE DL T 45 52 W) A% & kiR T 2 ik
HEARE , PK/PD BN AR AR PK 5L 5 AT AH
PD 25 S A R

FETHEAR PK 2B, (R F 252 ) ) S A% 6 ik 22 R
IR BE PR R, FE AREI N, 7R A R
FRAS MR EE (C,,,) FEAK. AT S BONHE (110 kg) ,
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PRTE AR A (82 kg) A g AHE (154 kg) 19 €, 7
T TN 29 % Fik b 29% o FAt Bz B 5] ( 554 vs.
k) AR (=65 % vs. 18 ~64 %) BN (R EAE
FREAN os. BN R (PYHEF BB T % os. dE
PUBESF T alefi T %) RSO (L ORRE o JR3K)
X E ML C,, B B
2.4 E-RXEHSH

ARNETT T, 5 52 JE AT AR T AR AL
SrH E - R R BRS B C, K0, R
MR BE RPN . 1€ C,, Bom i, W E BRI 4
TR, A SRS IR 0.40 mg 5] P L G,
2970 nmol « L™ (REREKE 43 LA 17% , LR 1,

0 ® NN9536-4153
N
P
2 s
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Figure 1  Relationship between semaglutide exposure and body

weight based on data from the phase [l clinical trial

C,, : Average semaglutide concentrations at steady state.

55 52 JE IHAR EE AT T LR B G 23K e ] Y
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I LA T2DM B F A H — 25100 TR SR
55 (NN9535 - 4191 {55 ) Fdfs ¥ W, 4 F IR E %
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WHIZERF B BN o BT RR PK 2047,
0.40 mg, qd V8% 2 J | AHUT 1) 2. 40 mg, qu J5, Tl
I C AT, C AT 4 153 350 i K fH.
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A TR PR 30 79 3 o
3 NDA Wi
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I RIS (STEP 1'°) STEP 217 STEP 3'%') | i) & 2%
6B FRAEAE Tl TR AR I A g 05 sl 2%k A 38
IREEAE B A RO A 4. STEP 1 330 45 ABE
(BMI =30 kg » m ™) B35 (BMI 27 ~29.9 kg - m*)
HAFEZ /D — PR F A C G IR B, T2DM [ 5
4. STEP 2 iI&44 A BMI = 27 kg - m * ) T2DM
B, HoWE L 1 21 75 (3 ( glycated hemoglobin, Hb) Alc
HT% ~10% , BEAE 452 52 s 47 i o & R A g %
A1 23 Fp I IREERE 2 B9IG9T . STEP 3 5%
QYA NEE (BMI = 30 kg « m™*) = & & ( BMI
27 ~29.9 kg - m ™) HLAFME 2/ —Fp R E A A FHAE
15, T2DM EE BRI, HALBEFE 452 5 o B2 A T
FATHEIT . X 3 WlgnHr, v EAsE IR T
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HZE2.40 mg, qw 4EF; 5, B 5 52 Jal 1 H] 4 457 57
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STEP 1 X 7E45 2 4 8.12 28 52 168 J&,STEP 2 i
fE4s 4 8,12 .28 52 Fil 68 JH IEATH B PK RAES
3.2 BYMMREMEER

STEP 1 .STEP 2 F1 STEP 3 i 5843 B 44 A 1 961 |
1 210F1 611 321035 . AR, 76 3 W I R
IR, A SEAR R 2. 40 myg FR 5 1 35 A AR G
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) C . 53 AN 40% FIysisb 20% , JRAEINH, ZE G K
W ,2. 40 mg, qw FEAERE 54 ~ 246 kg [ N
HIRE A R U8 Y B i it HLAM B A (B s,
) (65 B <75 . =75 % vs. 18 & <
65 %) A (BAEGEEE L E A GEM A 3L E B
2 NSRBI IR AE B vs. ) BRR (P HEA B ER
PLT T os. AEPUHEF BRI T &) VE DURE (2B
FEEDIREA A vs. IEH) GESHFRALCRBE . FE vs.
) AR AR 2 i B ARE PR W DRI vs. TE ) X W
AR EIK C,, B B R, 45 A R 25 R
ORI PK 2 B4 2R, 55 [ & 0 24 A LR
(United States Food and Drug Administration, FDA )
T E 2R 25 5 W 45 78 )5 ( National Medical Products
Administration, NMPA ) #J7A\ 1] i F A5 AR PG X S Y
TEN Z IR
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Figure 2 Relationship between semaglutide exposure and body
weight based on data from phase [l clinical trials

C,, : Average semaglutide concentrations at steady state.
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2.4 mg,qd 75X N ) 5E % AR
AR, XA RES MR A T A R,

3.5 EHHRIEEEF

TREAE L WA ST TR E - R R
B, 75 5] SEAR 2K 1,00 1 2. 40 mg, qu %W [ 5 7%
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HHBIEAA BTG | 2ETF 78 1) 5 28 Y LR 14
R, I, 5 1.00 mg AL, 2. 4 mg 5 & (4 5 [
TR ARSI AR 25 A6 /NI GTAE JXURS: 36, 2L A5 B4R
M KU He . FDA F1 NMPA $453A 7] DL | il 98 45 4R
A LASZHF 2. 40 mg, quo 1A 1A T 45 3L 0 TIF 199 77 24
g,
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B 5 A3 1) 25 29 700 o R 45 24 0 B S B 2500t ik
P i RIXE B WA 55 2 — o 50 B v ff Hb ) B
E - R K& KA B TR0 75 B A & D sk, M
P& 1m0 I AT 355023, Tm] B il 2 W45 MUK X R e i B
BHPE A , Be R 25 DA S s RV B
Fr 25 i R R P S e i F 1994 48 & A (E4
25 T T B RO R A B B AE X 2 I R
TF 2 2o R P A 70 I 24 W I R A0, 22 1] 96 2R
I RIS, 3 0 BT 0 S TR . B s 45 1
EHABBELEEAR E - R SCR M A SC 48 S50,
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e, LRI PR 2 Al WL 3

TR 52 56 e i B i

e 040mg, qd®ILH
BRATINE, AR

A2 I 2 A *  240mg, qwfENfk

o M0.40mg, qdifi%E o I RAE LTI
AJH ) FAHIE (42,40 I R TR 2 4
mg, qwli, ALE TR &

A AR 2 4
.

e 240mg, qwitifiL

;fi':.ﬁ'}!%ﬁfyr/rﬁ)()(;l'/%_’i e 240mg, qwflEMik

e 4 P TR/ v s

. SRR e

BRI, U E .

(e s S o REPBRABEANE TR
S ¢ ki T 7 R

i iy TS E TP

TR,

B M A

wht

Bl 3 BER - WOV KRR I HTE F] S AR 5 A T L IR e P A

Figure 3

AL ST REM E - R SR 0] AT H I AR IR
H R B e B RO R e Ak, W26 M i T 3
I PRI Y 25 25 0 3R 3 B H 25 2, it BE AR PK 43
BT LA AR T AR GIAE (1) E — R SC R4, 7EA 1
EUUEA RN AR RTIR T, 058 T M 4255
B, IE7E B PR3 T A5 20 Wi, Faldtiy E - R 6
ZX T 25 M 70 0 2R AL s AR 2 A
ROCPEARAE | LA B B S T 0 T T bt o
Pl o R4S F) S5 A IR 28 6 e I A (AR R %) 184 o T
D RS S E - R RN, PUE IR R AR R
T N R AR R AR FEIRYT AL, H GIAE S5
BRI B2 S5, PRI T DA S A o MR ARk
P UL 3,

T A ML, BURAR SCR B4 7 EOP T Hil
NDA BBt , {5 E - R 5 R 7525 W WF s 4 A i J) 39 o
WA ERENTANME, R R EZEREE-R X
RAWFFT R, A ORI 5 P 2 3R 25 7E 25 W T & A
I R 20 I PR F 92 10 4% A By Be . sl BURR 90 WF 5
RIAE 25 Pt & 09 A [R] B B B A 58 N 4%, - Bl
EUREE W B, AW 5EE E-REREE, U
& F YR ROT Z AN IR & A . Al &% &K
VB IE WUE B R AE S [ BT, RS N B A A
XTE A s — 2 M, ok I R i 5
STEP 6" #iiE, 5 7 I i Al &, 4% n 1. 70 mg, qd

The role of exposure — response analyses in dose selection for the weight management indication of semaglutide

Aefr R AR R IR A B T
Y A 4 A R

BEAb, [a]— 245 W AE AN [a] kb ik A AT RE A AN [A]
B E - R SR, Hrid N k7 & £ a A s fUE T O3k
HEENUER E - R X R, XFF T2DM B35, /] £ &
JkxT HbAle BREARAEFIFE 1. 00 mg, qu 575 X5 B (1) 4
JEVE R A T T A T A BOE IV AIE, W 28
R BRFE 2. 40 mg, quo 7158 X 07 1 R B 9 Bl N AT 26 PR
R R R T AR . R R R 3
F&E K T2DM FIA B4 BIIE I I Y 4 7 48 F5 75
AHITE L 5350 1.00 mg, qu' ' i1 2. 40 mg, g’

bl I T A S B R R R R T kg
R KA B TR 2 SE Gl i 25 25 A s 25 25T
Zo (Al TEEPREAE B2 A A B & BAS 55 7 T Y
BRI , 78 1A B[] Ay TE A i 2 4R B IE A iR 7 ) A58
EFERIME, Iy FIMIE S 38 N SR B, FE 40 7 A 3K
PRI PR E - R R, X T [ B 25 ¥ FRAE
B A B R R 55 WU b i F vk = 5 240y
{8, RO TR M S 2K . IRA B E -R X
RNk M AR B I E R B A B TR E
T2 77 b S A5 E A b R I R B 5, AR T 245 40
i

ASAURFRAEE N AW, AN I e 5 AL



1040

v T R 25 PR gk R

A2 M7 2026 4F4 73 (ER 453 1)

S 3k :

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

OVERGAARD R V, INGWERSEN S H, TORN¢QE C W.
Establishing good practices for exposure — response analysis of
clinical endpoints in drug development[ J]. CPT Pharmacometrics
Syst Pharmacol, 2015, 4(10) ; 565—575.

FDA. Wegovy (semaglutide) injection label [ EB/OL]. 2024 —11 -27
[2025 =05 -05]. https://www. accessdata. fda. gov/drugsatfda_
docs/label/2024,/215256s0151bl. pdf.

O’ NEIL P M, BIRKENFELD A L, MCGOWAN B, et al. Efficacy
and safety of semaglutide compared with liraglutide and placebo for
weight loss in patients with obesity: A randomised, double — blind,
placebo and active controlled, dose — ranging, phase 2 trial [J].
Lancet, 2018, 392(10148) : 637—649.

NOVO NORDISK A S. Investigation of safety and efficacy of
once — daily semaglutide in obese subjects without diabetes mellitus
(NN9536 — 4153 ) protocol [ EB/OL]. Bagsvaerd: Novo Nordisk
A/S, 2017 - 10 - 24 [2025 - 05 - 05 ] . hitps://
cdn. clinicaltrials. gov/large -  docs/11/NCT02453711/Prot
000. pdf.

FDA. Wegovy ( semaglutide) injection clinical pharmacology and
biopharmaceutics review [ EB/OL]. 2021 =06 — 04 [2025 - 05 -05].

docs/nda/2021/

https : //www. accessdata. {da. gov/drugsatfda
2152560rigl s000ClinPharmR. pdf.
WILDING J P H, BATTERHAM R L, CALANNA S, et al
Once — weekly semaglutide in adults with overweight or obesity [ J].
N Engl ] Med, 2021, 384(11) : 989—1002.

DAVIES M, FARCH L, JEPPESEN O K, et al. Semaglutide 2. 4
mg once a week in adults with overweight or obesity, and type 2
diabetes ( STEP 2): A randomised, double — blind, double —
dummy, placebo — controlled, phase 3 trial [ J]. Lancet, 2021,
397(10278) ; 971—984.

WADDEN T A, BAILEY T S, BILLINGS L K, et al. Effect of

subcutaneous semaglutide vs placebo as an adjunct to intensive

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

behavioral therapy on body weight in adults with overweight or
obesity: The step 3 randomized clinical trial [J]. JAMA, 2021,
325(14) . 1403—1413.

SANDER O, MAGNUSSON B, LUDWIG I, et al. A framework to
guide dose & regimen strategy for clinical drug development [ J].
CPT  Pharmacomeirics  Syst Pharmacol, 2021, 10 ( 11 ).
1276—1280.

ICH. E4 Dose — response information to support drug registration
[EB/OL]. 1994 - 03 - 10 [2025 - 05 - 05]. https://
database. ich. org/sites/default/files/E4_Guideline. pdf.

FDA. Exposure — response relationships — study design, data
analysis, and regulatory applications [ EB/OL]. 2003 - 05 - 05
[2025 -05-05]. https://www. fda. gov/media/71277/ download.
PMDA. Guideline for Exposure — Response analysis of drugs [ EB/
OL]. Tokyo: PMDA, 2020 —06 —08 [2025 —05 -05]. https://
www. pmda. go. jp/files/000235605. pdf.

52 B BB 2 S AP L . 2R ER - OV R R
FEHASE T (AER T [EB/OL]. b5t [F 525 ah i
IR 25 I P, 2024 - 07 - 09 [2025 - 05 - 05].
https://www. cde. org. cn/main/att/download/
96df04a142a84c388c121832ee98al37.

KADOWAKI T, ISENDAHL J, KHALID U, et al. Semaglutide
once a week in adults with overweight or obesity, with or without
type 2 diabetes in an east Asian population ( STEP 6 ). A
randomised, double - blind,
controlled, phase 3a trial [J]. Lancet Diabetes Endocrinol, 2022,
10(3) : 193—206.

PETRI K C C, INGWERSEN S H, FLINT A, et al. Exposure —

double - dummy, placebo -

response analysis for evaluation of semaglutide dose levels in type 2
diabetes[ J]. Diabetes Obes Metab, 2018, 20(9) ; 2238—2245.
FDA. OZEMPIC ( semaglutide ) injection label [ EB/OL ] .
2025 -01-28 [2025 - 05 - 05].
fda. gov/drugsatfda_docs/label/2025,/209637s 0251bl. pdf.

(A HEE - E/E W BHE 2025 -05 -06)

https://www. accessdata.



