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[ Abstract] Background Currently, there are several glucagon-like peptide—1 receptor agonists ( GLP—1RAs )
used for the treatment of type 2 diabetes ( T2DM ) , but most are administered by subcutaneous injection, which reduces patient
compliance.Danuglipron and Orforglipron are novel oral small molecule GLP-1RAs, which may become a strong choice for
hypoglycemic drugs in the future. Objective To systematically evaluate the efficacy and safety of Danuglipron and Orforglipron in

the treatment of T2DM. Methods A computerized search was performed on several authoritative databases, including PubMed,
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Embase, Cochrane Library, Web of Science, SinoMed, CNKI, Wanfang Data, and VIP databases. Randomized controlled
trials (RCTs ) comparing the efficacy and safety of Danuglipron or Orforglipron ( test group ) and placebo ( control group ) for
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the treatment of T2DM were collected, and the time frame for searching were all from the inception of the databases to May 2024.
Screening was conducted based on pre—defined inclusion and exclusion criteria, and the quality of the screened literature was
evaluated, the data were meta—analyzed using RevMan 5.4 software . Results A total of 6 studies were included in the analysis.
The results indicated that in terms of efficacy, compared to the placebo group, the Danuglipron/Orforglipron group showed a reduction
in glycosylated hemoglobin ( HbA, ) (MD=-1.04, 95%CI=—1.36to —=0.73, P<0.01) levels, fasting plasma glucose ( FPG)
(MD=-1.88, 95%CI=-2.53 to —1.23, P<0.01) levels, and an increase in fasting plasma insulin (FP1) (MD=4.68,
95%CI=2.42 10 6.95, P<0.01) levels. However, there was no statistically significant difference between the two groups in terms
of weight reduction ( MD=-4.00, 95%CI=-10.14 10 2.15, P=0.20 ) . Regarding safety, compared to the placebo group,
the Danuglipron/Orforglipron group had increased rates of nausea ( OR=7.85, 95%CI=4.25 to 14.50, P<0.01) , vomiting
OR=9.45, 95%CI=4.19 t0 21.31, P<0.01) , diarrhea ( OR=1.96, 95%CI=1.13 t0 3.39, P=0.02) , decreased appetite
OR=4.56, 95%CI=1.75 1o 11.91, P<0.01) , indigestion ( OR=3.35, 95%CI=1.54 10 7.32, P<0.01) , belching OR=4.79,
95%CI=1.13 10 20.23, P=0.03) , constipation (OR=3.45, 95%CI=1.24 10 9.56, P=0.02) , and overall gastrointestinal
adverse reactions ( OR=5.37, 95%CI=3.32 10 8.69, P<0.01) . And there was no statistically significant difference in the
occurrence rates of bloating (OR=2.67, 95%CI=0.72 10 9.86, P=0.14) and headache ( OR=0.73, 95%CI=0.37 t0 1.42,
P=0.35) symptoms. Conclusions Oral administration of GLP-1 RAs Danuglipron and Orforglipron can effectively reduce the
levels of HbA,, and FPG, also increase the levels of FPI and the incidence of nausea, vomiting, diarrhea, decreased appetite,
dyspepsia, belching, constipation and total gastrointestinal adverse reactions, but have no effect on the incidence of abdominal
distension and headache.
[ Key words ]  Diabetes mellitus, type 2; Danuglipron; Orforglipron; Evidence—based medicine; Efficacy; Safety;

Treatment outcome; Meta—analysis
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Figure 1 Literature screening flow chart
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Figure 2  Forest plot of the results of a meta—analysis of HbA |, levels in the Danuglipron/Orforglipron group versus the placebo group
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Table 1 Characteristics of the included studies
B—1EH g A Jaf SR 4G HbA,, Wi FPG [ENGiN=s
A ) 4151 THdE P () ) A (%) Cmmol/L, ) (kg)
ONO (2023) "*! JRTG#H  Danuglipron 40 mg 10 559100 29+22 8 82x+1.1 96+1.7 79.7 £ 13.6
Danuglipron 80 mg 9 58.0 £6.7 9.1+58 8 8.6+ 1.0 98+1.8 79.6 £ 10.0
Danuglipron 120 mg 9 50.7+7.5 5777 8 84+1.2 9.1+£2.6 81.5+104
X} A ZH E-guenll 9 58.6+8.8 55+4.1 8 83+1.2 102 £2.0 733+£99
SAXENA(2021)"°! %334 Danuglipron 10 mg 9 54.0 +6.22 117 £6.1 4 8.2 +0.6 88+13 99.6 + 12.7
Danuglipron 15 mg 9 56.1 +9.53 8.1+42 4 8.6 £ 0.6 11.0£18 92.9+£22.5
Danuglipron 50 mg 10 60.2+7.97 9.1+5.1 4 83+0.9 93+1.9 87.8+13.8
Danuglipron 70 mg 9 58.3+532 11.6 £4.6 4 83+0.6 104+1.8 86.9 + 18.6
Danuglipron 120 mg 9 55.8 +7.68 10.8 £4.7 4 85+1.0 109+15 101.6 + 17.4
Danuglipron 120 mg 9 58.6 + 6.69 92159 4 82+0.7 9.8+24 87.9+19.7
Danuglipron 120 mg 8 58.3 +3.81 92+74 4 82+1.0 10.0 £ 1.6 84.9 +15.3
Danuglipron 200 mg 10 57.6 = 8.30 87+7.8 4 8.6 +0.9 109 2.1 92.4+18.0
X HEZH B el 25  57.6+7.71 8.5+6.8 4 8.0+0.8 93+1.8 943 +17.7
SAXENA(2023)'°" {3841  Danuglipron2.5mg 68  58.9+9.30 8.8 +6.31 16 8.10 + 1.03 94124 90.9 +20.13
Danuglipron 10 mg 68  58.1+9.43 8.5+6.85 16 8.01 +0.91 92122 92.3 +16.44
Danuglipron 40 mg 71 59.6+8.58 8.0+5.82 16 8.00 + 0.89 92122 90.2 + 18.74
Danuglipron 80 mg 67 584+9.18 9.7+ 6.20 16 8.07 +0.95 9.6+2.5 91.3 +16.64
Danuglipron 120 mg 71  58.8+9.43 8.7 +7.89 16 8.05 +0.86 94123 93.1+17.95
X REZH LR 66 57.9+1027  8.8+6.90 16 8.24 +0.90 9.6+24 90.1+17.54
SAXENA(2023)"7) {841  Danuglipron 80 mg 20 59.5+955 9.33+5.16 12 8.14+1.025 99+2.1 96.410 +20.43
Danuglipron 80 mg 22 609+869 10.38+6.44 12 825+1.019 99425 91.111 + 14.22
Danuglipron 120 mg 22 583=7.11  9.15+5.78 12 8.05+0.880 89+27 101.880 + 24.54
Danuglipron 120 mg 22 57.2+11.80 10.20+9.88 12 856+1.162  102+32 95.152 + 17.01
Danuglipron 200mg 21 59.0+931  7.87+4.83 12 824+:1.162 9.3+3.0 86.365 + 13.64
X REZH LR 16 539+9.10 8.15+7.58 12 7.83+0.936 9.0+25 101.017 + 18.44
PRATT (2023) '* 5641 OFG 9 mg 9 57.7+64  1348+829 12 8.02 +0.62 85.61 + 12.76
OFG 15 mg 10 59.6+46 15.02+11.97 12 7.84 +£0.74 88.02 + 14.36
OFG 21 mg 14 553+80  9.48+548 12 8.36+1.31 92.09 + 18.78
OFG 27 mg 9 58.8+4.6 7.60 +4.39 12 7.82 +0.69 92.80 + 15.36
OFG 45 mg 9 62.8+44  1038+4.78 12 7.93 +0.79 81.49 + 10.24
X REZH LR 17 56.0 + 6.0 8.63 +4.89 12 8.09 +0.75 90.29 + 20.04
FRIAS (2023) 1 R4l OFG 3 mg 51 59.0+9.4 26 8.0+0.8 9.1+23 99.3 +25.4
OFG 12 mg 56 57.4+92 26 82+0.9 9.6+2.4 99.3 +18.1
OFG 24 mg 47 60.5+9.1 26 82+0.9 95+25 98.5+22.9
OFG 36 mg 61 59.7+9.2 26 8.0+0.7 88+ 1.6 98.9 +17.5
OFG 45 mg 63 58.5+9.4 26 8.1+0.9 92420 104.6 +25.1
Xt R ZH LR 55 583+9.5 26 8.1+0.9 9.6+2.4 102.0 + 18.8

#: OFG 4 Orforglipron, HbA, = LML, FPG= 25 & I

B 3 Danuglipron/Orforglipron 21 5% R FIL FPG 7K LLFL ) Meta 43 Hr4s SR KA
Figure 3 Forest plot of the results of a meta—analysis of FPG levels in the Danuglipron/Orforglipron group versus the placebo group
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& 4 Danuglipron/Orforglipron 2 52 B AR T B K OF FLEE Y Meta 434 S AR AR
Figure 4 Forest plot of the results of a meta—analysis of weight levels in the Danuglipron/Orforglipron group versus the placebo group

B 5 Danuglipron/Orforglipron 1 524 FPT K FE A Meta 2B as R AR
Figure 5 Forest plot of the results of a meta—analysis of FPI levels in the Danuglipron/Orforglipron group versus the placebo group
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(4) MEVERER &R 6 WEs T WE T
Danuglipron/Orforglipron 20 X L ¢ &t 71| 41 ¥ 97 i) 1 T A
RAYR AR, SR Z RGBTk E N (P=0.38,
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Danuglipron/Orforglipron £ ) 5 15 A AR & A % 5 T2 it
M4l (OR=1.96, 95%CI=1.13~339, P=0.02) .

(5) Eak TR AR ST il T
Danuglipron/Orforglipron 20 X b 4 J&t 7 41 ¥ 97 BT 0T
e %, BRI Z G5 B (P=0.84,
P=0) , U @ RO G TR i, S5 R R,
Danuglipron/Orforglipron 41 /)£ T [ & A % 8 T2 it
4l (OR=4.56, 95%CI=1.75~11.91, P<0.01) .

(6) ML AN K ZER: sHHFs ™ w7
Danuglipron/Orforglipron 2 X b ¢ &t 7 41 ¥4 97 BV AL AN
REA A, B Z MGE# 57 BB (P=0.95,
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(8) JE MK JiE IR &2 Ry 4TIRFSE Y HRIE T
Danuglipron/Orforglipron ZH X%t [ 22 & 57 2H i 7 I I JIK i
R EA R, KR Z MG BER/N (P=0.88,
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(9) fH AR &R 3WHFT 7 Wl T
Danuglipron/Orforglipron ZH X Lt 42 J&t 71 41 7 97 sl {68 il i
R RAESR, SR ZMGE T ES RN (P=0.60,
P=0) , SR RN AR, 255 B 7R, Danuglipron/
Orforglipron 2 4 {H b 4iF AR & A= %6 & T4 & M 4

(OR=3.45, 95%CI=1.24~9.56, P=0.02) .

(10) 3k i i IR & 2B e 4 TR 57 R T
Danuglipron/Orforglipron 28 X Lt 42 &t 71 41 17 97 Bef =k 9 A
R RAESR, SR ZMG T #5 BRI (P=0.91,
P=0) , SR RN AR, 255 B 7R, Danuglipron/
Orforglipron 2H 1) Sk 9 i A= 238 5 42 SR ) 20 1) S o & AR %6
ZIRIZER TG XL (OR=0.73, 95%CI=0.37~1.42,
P=0.35) .

3 itig

T4, GLP-1R B CAIRYY T2DM [ E 248 0,
A GLP-1RAs B33 85 A= Wil 57 ©AE I IR ik B Refg [
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A, R T HA 2577 NAskE, A GLP-1RAs [
Jik il ) AT Ao B, ARSI A 6 FEATSE, X2 Fh
I iz GLP=1RAS Danuglipron F1 Orforglipron & ¥7 T2DM
ST R AR AT Meta 7387, N4 J& Danuglipron il
Orforglipron 7E I AR H1 A W AR HEABUEAR S . 72405 1w,
524 A e, Danuglipron/Orforglipron ZH BE W% 45 %4
FEAIE HbA,, F1 FPG 7K, FHim FPLZK-, {HARRT R TR
[ JCH N 22 57 X ] BE 58 RIS P AEFE RN R B
Y 5B A A LR BT PR TE 22 A 0C,
Danuglipron ) 2a IBFFE R 1Y 80 mg/ K, 2 YK /d HS U5
1 (7] o 1E Danuglipron i) 2bh B 4 Rh, R R
HA 80 mg 5 120 mg 71| 5 22 B0 AH LU AT 74 T i 1
B, AR (< 40 mg, 2 WK /d) 522 H I
WA BB ER . HIRI AR LA T R E R
I EIR Z FOSUIRRGYT , BFFE IRk s kA, X P RE
SR BT A PPN AR 2 . 24T TH, Danuglipron/
Orforglipron 2 AN RS A A= S e et i iy, 240
L WKk EE . SRR, HAORR . B fE
A I IEA RN, MK SRR & A 3T 1o 22
5o Danuglipron i B 78 A R0 Al e SHEEAHG, H
2 AR B R R A1 A B3 3 52 1 Danuglipron 4
25BN )R A 2 2 L R T it fin 5 M 1 R AL
XSS R AR IEEH] O Danuglipron J&77 % [ 8 718
ANRFMSH AR E (80~200 mg) K, WHELH
it (5 mg 5 10 mg) XL MK FIIE TS A 3552
W7o i Orforglipron JAYT # H K 2408 I it A R 3414
RAEFELLENE— (3 mg) , XRIEHT 5%
SRR — R A R R

Danuglipron A~ B J i (9 A& A= 2% 5 5 5 400G, S
% Danuglipron 1Y 1 1] 12 4 25 2R . /X, Danuglipron 41
(1) 5 1 1 B AN BN & A SRR T LR A 1 T Xk
fnt*’, {BFE Danuglipron B %5 —3i 1 W15 & 90, 1%
FE 10 mg F1 15 mg 4 BN B & A= 5%, i 771
120 mg R HERATIA 100%, B IHIE A KU1
KRB Danuglipron FIEERYSE NG > o 1Ak,
Danuglipron 19 2 W58 B, % #5755 M\ 80 mg/ 1K,
20/, HEINE] 200 mg/ U, 2K/, FEHRFIARR
57 9 % A AR A AR R T L 53 —T5 1T, Danuglipron Y
TR SHEAIE ., 5LEFIAEL, Danuglipron 2HAY%Z
E IR E] HbA, < 7% WILHLBIER, - HisFZ H bR
FA9) 38 3 B %5 Danuglipron Ff F 34 g fm ¢ .

Orforglipron AIZ5 GBI )R E &R AR 1, LR
ZHON ROV AR SR s HIAROC, PR & i 1 4
T g ) (HAE Orforglipron i 1b W50, &
A I R RO BN, AT REIH R T AR AL
R A 25 5 ) S5 SR B
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1R SR 24 0y F) A 0 AR R 2 I, T 32 BR A
X SR T A TE T AR 0 7K i AN A e A
BPE, X BRI K2 O IR R R L H
FT A 0 7 JBR 5 27 AN FR T T B 7 0 A I A i
L SR 2 AR TR KRR 2 . Danuglipron
F Orforglipron ¥ g TAEME GLP-1RAs, X{Hif8 — &
AR > P, HEF K AR . A i
52428, 7E Danuglipron V67 T2DM ', ' T REJ5 3 X}
Danuglipron (Y258 J12% . VR 52 PR BRI R
SR, 24 Danuglipron FH V697 T2DM 1'% T 6E
TRER B ER, ANFFEHEE Danuglipron A7 S
I, Danuglipron F Orforglipron 7 & 1] G J2: MG J7
SEAT IR

AWFTEINARY 6 I RCT BTk AR EL i, 45 2R 50N
ATAE, (EANAEE—E rRBRM:: (1) HHT Danuglipron
il Orforglipron {1540 Tl RIKIR B, 1A 1E0 A S 1L,
AT ARIBIFERERE D, ATh SR IR RIS,
FAF R (2) WIFERRAIPIIR LA,
TRIT IR AR, IR 25T B 25050 A )

Zi I ik, Danuglipron Fl Orforglipron i3 J7 T2DM
AELFRIIRIRI AL, RERATRLFEMR HbA,, Fl FPG JK-F,
HEZ RS2y, A RAAm RN RIS ARARATIH A
AT Z W58 K B iE Danuglipron F1 Orforglipron AT 4L,
Sh A R FH S AL BEAT S AR

e TTwk: Drm A T MERiTEEEXLE; L&
F R TR S ik LAk B T KR R T LE 6915,
S—ERFTXEH RTINS TR AR,

RKRA LR

[ 1] KREYMANN B, WILLIAMS G, GHATEI M A, et al. Glucagon—
like peptide—1 7-36: a physiological incretin in man [ ] ] .
Lancet, 1987, 2 (8571) : 1300-1304. DOI: 10.1016/s0140-
6736(87)91194-9.

[2] US Food & Drug Administration. RYBELSUS prescribing information
2019 [ EB/OL | . [ 2023-08-29 | . https://www.accessdata.fda.gov/
drugsatfda_docs/label/2019/21305 1s0001bl.pdf.

[3] KAWAIT, SUNBF, YOSHINO H, et al. Structural basis for GLP—
1 receptor activation by LY3502970, an orally active nonpeptide
agonist [ J] . Proc Natl Acad Sci US A, 2020, 117 (47) :
29959-29967. DOI: 10.1073/pnas.2014879117.

[4] ONO R, FURIHATA K, ICHIKAWA Y, et al. A phase 1

study to evaluate the safety, tolerability, pharmacokinetics and

July 2025, Vol.28 No.21

pharmacodynamics of danuglipron ( PF-06882961 ) , an oral small—
molecule glucagon—like peptide—1 receptor agonist, in Japanese
adults with type 2 diabetes mellitus [J] . Diabetes Obes Metab,
2023, 25 (3) : 805-814.DOI: 10.1111/dom.14928.

[5] SAXENA AR, GORMAND N, ESQUEJO R M, et al. Danuglipron



GP meaznEz

20255 7H %28% F214

[6]

[7]

[8]

[9]

(PF-06882961 ) in type 2 diabetes: a randomized, placebo-
controlled, multiple ascending—dose phase 1 trial [ J ] . Nat Med,
2021, 27 (6) : 1079-1087. DOIL: 10.1038/s41591-021~
01391-w.

SAXENA A R, FRIAS J P, BROWN L S, et al. Efficacy and
safety of oral small molecule glucagon—like peptide 1 receptor agonist
danuglipron for glycemic control among patients with type 2 diabetes:

a randomized clinical trial [ J ] . JAMA Netw Open, 2023, 6 (5) :
€2314493. DOI: 10.1001/jamanetworkopen.2023.14493.

SAXENA A R, FRIAS J P, GORMAN D N, et al. Tolerability,
safety and pharmacodynamics of oral, small-molecule glucagon—like
peptide—1 receptor agonist danuglipron for type 2 diabetes: a 12—
week, randomized, placebo—controlled, phase 2 study comparing
different dose—escalation schemes [ J ] . Diabetes Obes Metab,
2023, 25 (10) : 2805-2814. DOIL: 10.1111/dom.15168.

PRATT E, MA X S, LIU R, et al. Orforglipron ( 1LY3502970) ,
a novel, oral non-peptide glucagon-like peptide-1 receptor
agonist: a phase 1b, multicentre, blinded, placebo-controlled,
randomized, multiple—ascending—dose study in people with type 2
diabetes [ J ] . Diabetes Obes Metab, 2023, 25 (9) : 2642-2649.
FRIAS J P, HSIA S, EYDE S, et al. Efficacy and safety of oral

orforglipron in patients with type 2 diabetes: a multicentre,

[10

[11

[12

[13

[14

https://www.chinagp.net  E—mail:zgqkyx@chinagp.net.cn <2685+

randomised, dose-response, phase 2 study [J]. Lancet, 2023,
402 (10400) : 472-483.

] WANG XY, YUNY, CHEN L L, et al. A novel approach to
exploit Small-Molecule glucagon-like Peptide—1 receptor agonists
with high potency [Jl. Bioorg Med Chem, 2024, 107: 117761.
DOI: 10.1016/j.bmc.2024.117761.

JCAOS]J, XUS, WANG HM, et al. Nanoparticles: oral delivery
for protein and peptide drugs [ J ] . AAPS PharmSciTech, 2019,
20 (5) : 190.DOI: 10.1208/512249-019-1325-7.

NAUCK M A, QUAST D R, WEFERS]J, et al. The evolving story

[

of incretins ( GIP and GLP-1) in metabolic and cardiovascular
disease: a pathophysiological update [ J] . Diabetes Obes Metab,
2021, 23 (Suppl3) : 5-29.DOI: 10.1111/dom.14496.

1 GRIFFITH D A, EDMONDS D J, FORTIN J P, et al. A small-
molecule oral agonist of the human glucagon-like peptide—1
receptor [J].J Med Chem, 2022, 65 (12) : 8208-8226.
DOI: 10.1021/acs.jmedchem.1¢01856.

] FEDIUK D J, GORMAN D N, STODDARD S A, et al. Effect
of renal impairment on the pharmacokinetics of a single oral dose
of danuglipron in participants with type 2 diabetes [ J ] . J Clin
Pharmacol, 2024, 64 (4) : 449-460. DOI: 10.1002/jcph.2371.

(R FYT: 2024-09-11; &[T H: 2024-11-25)
(A BB )

( 4255 2671 01
[81] WANG M J, ZHANG Y J, MILLER D, et al. Microbial

—
ol
S

[

reconstitution reverses early female puberty induced by maternal
high—fat diet during lactation [Jl. Endocrinology, 2020, 161 (2):
bqz041. DOI: 10.1210/endocr/bqz041.

ALCOCER ALKUREISHI L. Central precocious puberty and blue
screen time in rats—an endocrinologist’s thoughts on what this might
mean for pediatric patients [J 7. Pediatr Ann, 2023, 52 (1) :
el-3.DOI: 10.3928/19382359-20221206-01.

[83] LIX L, ZHU H J, ZHANG Q, et al. Continuous light exposure

—
o0
=

—

F ] %1

influences luteinization and luteal function of ovary in ICR
mice [ J] . J Pineal Res, 2023, 74 (2) : e12846. DOI:
10.1111/jpi.12846.

CHIOMA L, BIZZARRI C, VERZANI M, et al. Sedentary
lifestyle and precocious puberty in girls during the COVID-19
pandemic: an ltalian experience [J] . Endocr Connect, 2022,

11 (2) : €210650. DOI: 10.1530/EC-21-0650.

https://www.cnki.net

[85

[86

[ 87

] SHOKRI E, HEIDARIANPOUR A, RAZAVI Z. Positive effect
of combined exercise on adipokines levels and pubertal signs in
overweight and obese girls with central precocious puberty [ J ] .
Lipids Health Dis, 2021, 20 (1) : 152. DOI: 10.1186/s12944~
021-01588-5.

] CHEN Y, WANG Y C, DING G D, et al. Association between
bisphenol a exposure and idiopathic central precocious puberty

(ICPP) among school-aged girls in Shanghai, China [J] .
Environ Int, 2018, 115: 410-416. DOI: 10.1016/
j-envint.2018.02.041.

] SYMEONIDES C, AROMATARIS E, MULDERS Y, et al. An
umbrella review of meta—analyses evaluating associations between
human health and exposure to major classes of plastic—associated
chemicals [ J ] . Ann Glob Health, 2024, 90 (1) : 52. DOI:
10.5334/a0gh.4459.

(Wi L 2024-10-115 &[T H . 2024-12-13)
(ARl RO )



