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Gut hormones used in the pipeline obesity and type 2 diabetes (T2D) treatments

Melson E at al. International Journal of Obesity 2024



Schematic time-line on the approval of incretin-based drugs for treatment of T2D and obesity
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Structures of GLP-1, GIP and tirzepatide

GLP1 GIP TIRZEPATIDE

U P i Ada Ou Gy Thr Ple Thr Sar Asp

C T O e The Be Jas Ha Ly Trp [ - Sar Pe Pre Pe Aa

Blue circles show amino acids that are identical to those in GLP-1; black circles show amino acids that are present in GIP and tirzepatide but not in GLP-1; red circles
show amino acids that are identical in tirzepatide and exenatide; Green circles show amino acids that are present in tirzepatide but not in GLP-1, GIP or exenatide.
AiB, aminoisobutyric acid

Diabetologia (2023) 66:1796—1808



GLP-1 as the backbone of dual and triple incretin-based co-agonist therapies
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Pleiotropic effects of GLP-1 and analogs
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How may GIP enhance the therapeutic efficacy of GLP-1?
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Timeline of GLP-1 discovery and clinical development: beyond glycemia and weight loss

1987 1993 1996 2005 2006
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Summary of composition and metabolic outcome of the SURPASS

SURPASS-1 (40 weeks)

SURPASS-2 (40 weeks)

SURPASS-3 (52 weeks)

SURPASS-4 (52 weeks)

SURPASS-5 (40 weeks)

SURPASS-6 (52 weeks)

Participants
Background Med.
Comparator

Participant race (%)

Trial loations

Obesity with T2D
No 0AMs Placebo

USA, IN, PN, MX, FR

AS (35); AIAN (25); White
(36); Black or Afr. Am. (5)

Obesity with T2D
+ Met Semaglutide 1 mg

AS (1); White (82); HS
(70); Non-HS (30); Black or
Afr. Am. (4)

USA, ARG, AUS, BR, CA,

Obesity with T2D
+ Met + SGLT-2i Insulin
Degludec

AS (5); White (91); Black or
Afr. Am. (3); Other (1)

AS (2); EU (8); NAM (2);

Obesity with T2D
Met £ SGLT-2i £ SU Insulin

Glargine

AS (4); White (82); Black or

Afr. Am.

(4)

AS (1); EU (6); ME (1); OC (1)

Obesity with T2D Ins.

Glargine ¢ Met Placebo

AS (18); Black or Afr. Am. (1);
AI/AN (1); White (80)

AS (1); EU (5); NAR (2)

Obesity with T2D
Basal Ins. Insulin Lispro

AS (<1); Black or Afr. Am.
(4); AIJAN (<1); Multiple
(1); White (94)

EU (11); NAR (3); SOAR (2)

ISRL, MX, UK, PR SOAM (1) NAR (4); SOAM (2)
Main drug effects after study completion
gzes (mg QW 5 10 15 El 5 10 15 Sema 5 1015 lns 5 10 15 lns 5 10 15 Pl 5 10 15 Ins
HbAlc (A% unit) 19 19 21 00 20  -22 2319 19 2224 13  -22 24 26 14 21 24 -23 09 -19 2223 11
BW (A%) -8 91 -83 08 -82 98 11961 79 113136 24 79 11 13 21 56 79 -92 17 73 -10.3-12. 15
SBP (A mmHg) -47 52 47 -2 -48 53 -6536 -49 -6.6-55 0.5 -06 -6 32 36 -61 83 -126 -17 74 -9-59 -0.4
DBF (A mmHg) -29 -31 -3.4 -1.4 -19 -25 -2.9-1 -2 -2.5-19 0.4 -1 -1.4 -1.2 1 -2 -33 -4.5 -21 -23 -3.3-1 -0.4
Pulse rate (A bpm) 0.8 22 13 12 23 22 1625 0.9 0727 06 24 4 4.8 04 13 15 5.6 08 26 14 1.4 1
BW = 10% (%) 31 40 47 1 36 53 65 25 37 56 69 3 36 53 66 2 207 416 407 0.8 32 49 57 5
Adverse effects observed in = 5% of subjects
Nausea (%) 12 13 18 6 17 19 22 18 12 2324 2 12 16 23 2 13 18 18 3 14 21 26 1
Vomiting (%) 3 2 6 2 6 9 10 8 6 9 10 1 5 8 9 2 7 8 13 3 5 913 1
Diarrhea (%) 12 14 12 8 13 16 14 12 15 17 16 4 13 20 22 4 12 13 21 10 12 15 11 2
Dyspepsia (%) 9 7 6 3 7 6 97 4 95 0 6 8 8 1 7 2 11 11 6 1
Constipation (%) 6 5 1 7 5 56 n/a nfa nfa n/a 4 <1 6 7 2 3 36 1
Nasopharyngitis (%) 7 9 n/a n/a nfa nja 3 4 4 6 5 g 7 16 13 19 nfa nfa nfa nfa
Abdominal pain (%) nfa nfa n/a nja 3 5 55 2 56 1 nfa nja nfa nja n/a nfa nja nfa nfa nfa nfa nfa
Lipase Increase (%) 5 0 2 0 n/a n/a nfa nfa 6 46 2 3 4 6 o 3 2 8 2 nfa nfa nfa nfa

Treatment: OAM: Oral Anti-Diabetic Medication; Met: Metformin; SGLT-2i: SGLT-2 inhibitor; SU: Sulfonylurea; TZD: Thiazolidinediones; Ins: Insulin; Exen: Exenatide ER; Dula: Dulaglutide; PL: Placebo. Race: Afr. Am.: African American; AS: Asian; Alf
AN: American Indian and Alaska Native; EU: Europe(an); HS: Hispanic; NHPI: Native Hawaiian and Pacific Islander. Geography: AF: Africa; AS: Asia; EU: Europe; ME: Middle East; NAR: North American Region; OC: Oceania; SOAM: South America;
ARG: Argentina; AUS: Australia. BR: Brazil, CA: Canada; CN: China; ES: Spain; DE: Germany; HK: Hong Kong; HU: Hungary; IN: India; ISRL: Isreal; [TLY: Italy; JPN: Japan; KOR: South Korea; MX: Mexico; PR: Puerto Rico; RS: Serbia; RUS: Russia; SA:
South Africa; SK: Slovakia; USA: United States of America; UK: United Kingdom. Endpoints: WL: weight loss; Li: Lifestyle intervention; SBP: systolic blood pressure; DBP: diastolic blood pressure; BW: body weight; £ Efficacy Estimand.

Table 3: Summary of composition and metabolic outcome of the SURPASS (A) trials.

The Lancet Regional Health — Europe 2024;47: 101100




Summary of composition and metabolic outcome of the SURMOUNT

SURMOUNT-1 SURMOUNT-2 SURMOUNT-3 (72 weeks) SURMOUNT-4 (36 + 52 weeks)*
(72 weeks) (72 weeks)
Participants Obesity without T2D Obesity with T2D Obesity with at least Obesity without T2D
Background Med. No OAMs Placebo OAMs Placebo one comorbidity (excl. T2D)  No OAMs Placebo
Comparator Mo OAMs Placebo after =5
WL after Li
Participant race (%) AS (11); Black or Afr. Am.  AS (13); Black or Afr. Am.  AS (1); Black or Afr. Am. AS (7); Black or Afr. Am. (11);
(8): AI/AN (9); White (71)  (8); NHPI (<1); White (76)  (11); NHPI (1); White (86)  NHPI (<1); White (82)
Trial Locations AS (4); EU (1); NAR 3);  AS (3); EU (1); NAR (2); NAR (2); SOAM (2) AS (1); NAR (2); SOAM (2)
SOAM (2) SOAM (2)
Main drug effects after study completion
Doses (mg QW) 10 15 PI. 10 15 Pl. 10 or 15 PL for 36 weeks 10 or 15 (A week 36 Pl. (A week 36
to 88) to 88)
HbAlc (A% unit) =05 =05 =01 =21 =21 =05 =05 0 =05 =01 0.3
| BW (A%) =195 209 31 -128 147 -3 184 28 =209 -67 14.8 ]
SBP (A mmHg) =72 =7.2 -1 =59 =77 =12 =51 41 =51 =0.4 3.2
DBP (A mmHg) -4.8 -4.8 -0.8 =21 =29 -03 =3.2 23 n/a n/a n/a
Pulse rate (A bpm) 23 26 01 06 1 -05 2.7 0.9 n/a n/a n/a
BW > 10% (%) 78.1 835 18.8 61 65 o] 767 8.9 n/a n/a n/a
Adverse effects observed in > 5% of subjects
Nausea (%) 3 il 10 20 22 6 40 14 nfa 81 2,7
Vomiting (%) 1 12 2 1 13 3 18 1 nfa 5.7 12
Diarrhea (%) 21 3 7 20 22 9 3 9 n/a 10,7 48
Dyspepsia (%) 10 11 4 7 7 3 3 nfa nfa nfa
Headache (%) 7 7 7 g 5 3 8 n/a n/a n/a
Constipation (%) 17 12 6 8 4] 4 23 7 n/a n/a n/a
Nasopharyngitis (%) nfa nfa nf/a 3 g 5 2 6 nf/a n/a n/a
Abdominal pain (%) 5 5 3 4 7 2 1 2 nfa nfa nfa

Treatment: OAM: Oral Anti-Diabetic Medication; Met: Metformin; SGLT-2i: SGLT-2 inhibitor; SU: Sulfonylurea; TZD: Thiazolidinediones; Ins: Insulin; Exen: Exenatide ER; Dula: Dulaglutide; PL: Placebo. Race:
Afr. Am.: African American; AS: Asian; Al/AN: American Indian and Alaska Native; EU: Europe(an); HS: Hispanic; NHPI: Native Hawaiian and Pacific Islander. Geography: AF: Africa; AS: Asia; EU: Europe; ME:
Middle East; NAR: North American Region; OC: Oceania; SOAM: South America; ARG: Argentina; AUS: Australia. BR: Brazil; CA: Canada; CN: China; ES: Spain; DE: Germany; HK: Hong Kong; HU: Hungary; IN:
Indiz; ISRL: Isreal; ITLY: Italy; JPN: Japan; KOR: South Korea; MX: Mexico; PR: Puerto Rico; RS: Serbia; RUS: Russia; SA: South Africa; SK: Slovakia; USA: United States of America; UK: United Kingdom.
Endpoints: WL weight loss; Li: Lifestyle intervention; SBP: systolic blood pressure; DBP: diastolic blood pressure; BW: body weight; ® Efficacy Estimand.

Table 4: Summary of composition and metabolic outcome of the SURMOUNT (B) trials.

The Lancet Regional Health — Europe 2024;47: 101100




Clinical outcomes of tirzepatide in type 2 diabetes

Table 1. Baseline Characteristics of the Tirzepatide and GLP-1 RA Growps Before and After Propensity Score Matdhing

DESIGM, SETTING, AND PARTICIPANTS This retrospective cohort study used US Collaborative

Before matching, No. (%) After matching, Mo_ (%) . R - ) T
—— =0 —— ——— — —— Metwork of TriNetX data collected on individuals with type 2 diabetes aged 18 years or older initiating
Ii:'““”"::m 1_“51{;‘:‘;” L”;lﬁi ;‘“ :;“I’;““ ;“51{‘:3” ;‘;t‘l‘:x} E“;:‘"“' I tirzepatide or GLP-1 RA between June 1, 2022, and June 30, 2023; without stage 5 chronic kidney
, Mean Al . 1] ! . L . 1 . . 1 ] . . ~ . - . . . -
— disease or kidney failure at baseling; and without myocardial infarction or ischemic or hemarrhagic
L_Eemale 5444 (56 0) 67474 (33.8) Q0E1 5444 (5£ 01 TR 2.001 | stroke within 60 days of drug initiation.
Male 5563 (37.5) 53326 (415) 0106 5563 (37.5) 5577 (37.6) 0.008 -
Race and ethnich; I ) )
— EXPOSURES Treatment with tirzepatide compared with GLP-1RA.
African American or Black 2517 (17.0 15212 (20.1) 0.088 2517 (17.0) 2469 (16.6) 0.009
Aslan 337 (23) 45583 6) 0.080 337 23) I55(2.4) 0.008
Hispanic ar Latin 957 (6.5) 11676 (9.3} 0.106 957 (6.5} 005 (5.1) 0.014 MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality, and secondary
White JTE(ET.3) 75762 (E0.4) 0.144 9978 (E7.3) 10052 (67.8) 0.011 outcomes included major adverse cardiovascular events (MACES), the composite of MACEs and
Others 466 (3.1 IBTES 0.oaz 466 (3.1 451 3.0 0.003 L . - . .
' S il B L all-cause mortality, kidney events, acute kidney injury, and major adverse Kidney events. All
Unknown 579(3.9) 5129(4.1) 0.026 579 (3.9) 509 (4.0 .00z ] ] )
Comorbidities outcomes were analyzed using Cox proportional hazards regression models.
Hypertansion 8265 (55.7) 72438 (57.7) 0.041 8265 (55.7) E149 (54.9) 0.016
Ischemilc heart disease 1623 (10.9) 16814 (13.4) 0.07% 1623 (10.9) 1588 (10.7) 0.008 Table 1. Baseline Characteristics of the Tirzepatide and GLP-1 RA Groups Before and After Propensity Score Matching (continued)
Heart fallure 821 (55) 0447 (7 5) 0.081 821 (5.5) T36.(5.0) 0.026 Before matching, No. (%) After matching, No_ (%)
Atrial fibrillation or flutter 670 (4.5) 7134 (5.8) 0,060 G670 (4.5) B85 (4.6) 0.005 Tirzepatide GLP-1RA Standardized Tirzepatide GLP-1 A Standardized
Characteristic {n = 14334) (n=125474) difference {n=14832) {m=14832) difference
Cerebrovascular dissase 437 (29) 5579 (4.4) 0.080 437 (2.9) 441 (3.0 0.002 e
200 {2 9} AlChifd 14 Ooari 200 (3 2L 88 (] 0j 0] I Hibd,. maan ED]. K T.HEI.EZJ 501 :1.15]- D.185 7 66 (1.8) ?.EJ [1.94) EIiCIIE
Chranic lower-respiratory disease 1780 (12.1) 17673 (14.1) 0.060 1789 (12.1) 1760 (11.9) 0.006 =% 6301 (43.1) 57672 (46.0) 0.058 6301 (43.1) 6230 (42.0) 0.022
I Chronic kidney diseasa 1261 (8.5) 14 241 (11.8) 0110 1261 (8.5) 1207 (8.1} 0.013 ]  Hemogiobin mean(SD), gl 13.7(LE) 13.4(L9) 0.165 137(L8) 13.5 (1.9} 0.071
Anemia 822 (5.5) 10552 (8.4) 0112 822 (5.5) 801 (5.4 0,006 =12 gfdl 7514 (50.7) 62 308 (49.7) 0020 7514 (50.7) TA51(502) 0008
eGFR, mean (50), mL/min/1.73 81.40249) 80.3(27.7) 0.042 814249 826(27.4) 0044
Inflammatory liver disease 308(2.1) 2064 (1.6) 0.032 308 (2.1) r{1e 0.015 m?
Liver cirrhasis 250 (1.7} 2241 (1.8) 0,003 250 (1.7} 286(1.0) 0.014 =45 mL/min/1.73m? 9527 (64.2) 70769 (63.6) 0014 9527 (64.2) 9330 {62.9) 0.028
HB:I]J'JEI'I'I 1155 [Id-E] IQI’ED “55] DDIS 2155 [IiE\] Hm(].d_g:l u_cm SEP.. mEan [SD). mm Hg 1314 (1_.".1) 13118 “?.g} 0023 1314 {1?.1} ”1.5['].?] 0009
Systemic connective tissue 245 (L7} 24007 000z 248 (L.7) 244(1LE) 0002 z130'mm Hg 7591 (51.2) 65 805 (52.4) 0.025 F501(51.2) 7609 (51.3) 0002
dlsordar Ir.l%éﬂolesteml. mean (500, 92.9{373) 02.3(38.6) 0.01e 92.9(373) 03.2(37.8) 0.008
Rheumatold arthritls 74(0.5) 632 (0.5) 0.001 74(0.5) B1(0.5) 0.007 =160 maidl 108 EE0) o a8 TN TS
HIV 53(0.49) 805 (0.7) 0.043 53(0.4) 45(0.3) 0,004 100- 160 me/fdL 3082 (20.8) 24302 (10.8) 0.023 3082 (20.8) 2084 (20.1) 0.016
Dementia 36(0.7) 614 (0.5) 0,041 36(0.7) 12i0.3) 0.005 m Ehnlﬁlerul. mean (50), 169.0 {50.8) 169.3 (49.2) 0.006 169.0 (50.8) 169.6 (48.3) 0.014
Drabetic compdications 2240 mg/dL 697 (4.7) BE617(5.3) 0.026 £97 (4.7} E77 (4.6) 0.006
Kidney 1281 (8.6} 13700 {10.8) 0.069 1281 (8.8) 1236 (8.3) 0.013 - il TTFICLAY L07and Lo ITTRICES ECTHCT N Q004
Ophthalmic 690 (4.7) BOLE (4.8 ooz 698 (4.7) 663 (4.5) 0.011 ﬁﬂ e7ED J43E]) 08z &7 EEiE3 L0z
Neurologic 1610(10.9) 14143 (117} 0.004 1600 (10.8) 1555 (10.5) 0.012 =30 8055 (54.3) 58981 (47.0) 0.148 8055154.3) 7980 (53.8) 0.010
Circulatory 850(5.7) 7503 (5.9) 0.004 850 5.7} 812(5.5) 0.011 =0 L e e AT fise LD HELa s 10

WL Arvr . = _tan: P — —m Lt mam L_ L. - 1  l_Sad__ .t iatlo___ __ rEi Sl L lae-
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Clinical outcomes of tirzepatide in type 2 diabetes

Table 2. Comparison of Tirzepatide vs GLP-1 RA for Primary and Secondary Outcomes 100+
Ho. of patlents with outcome
Tirzepatide GLP-1RA E-walue (E-value for 0.984
Outcome (n=14832) (n=14832) AHR{95%CI) Pyalue the upper limit of C1)
Frimary outcomse N
096+ rzepatlde
all-cause mortality 95 166 0.53 (0.45-0.75)° < 001° 2,82 (1.99) 4/42% £
=}
Secondary oukComes £
£ 0944
MACES 473 589 0.80 (0.71-091F  <001® L79(1.44) [—2“
MACE and all-causa 543 il 0.76 (0.68-0.847 <0017 1.98 [1.65) E
mortality 0.921 GLP-1 RA
Kidney events 53 102 0.52 (0.37-0.73p < 0018 3.24(2.09)
Arute kidnay injury 506 G52 0.78 (0.70-0_88)° < 0018 L.87 (1.53) 2904
MAKES 129 241 0.54 (0.44-D6TF <001 3.11(235)
Log-rank F<.001
0881 T T T T 1
[u] 4 B 12 16 20
" " No. at risk Time, mo
Figure 2. Forest Plot of Primary and Secondary Outcomes {No. of events)
Tirzepatide 14832 (1) 13E73(33) 12162 (61} 7327 (83) 3172 (35)
GLP-1RA 14832 (0} 13EE1 (60} 12098 {108) 7154 (143) 3025 (164)
Fawors ¢ Fawvors
Outcome AHR {95% (1) tirzepatide | GLP-1RA
Primary
All-cause mortality 0.58 (0.45-0.75) ——
Sacondary
MACE 0.80 (0.71-0.91) ——
MALCE and all-cause mortality  0.76 (0.68-0.34) ——
Kidnay avents 0.52 (0.37-0.73) L]
AKl 0.78 (0.70-0.38) ——
MAKE 0.54 {0.44-0.57) ——
0.4 0.8 10 12 16 0 14
AHR {95% C1)

JAMA Network Open. 2024;7(8):e2427258.



Low-dose (maximum <7.5 mg) or high-dose (maximum 210 mg) tirzepatide vs all GLP-RA

2B. Low-dose (maximum =7.5 mg) or high-dose (maximum >10 mg) tirzepatide compared to all GLP-RA

QOutcomes
All-cause mortality
TZP <7.5

TZP =10

MACE

TZP <7.5

TZP =10

MACE and all-cause mortality
TZP =7.5

TZP =10

Kidney events

TZP <7.5

TZP =10

AKI

TZP <7.5

TZP =10

MAKE

TZP =7.5

TZP =10

Favors @ Favors
Tirzepatide : GLP-1 RA

+

JAMA Network Open. 2024;7(8):e2427258.

0.2 0.5 1.0 2.0
Hazard Ratio

aHR (95% CI)

0.80 (0.55-1.16)
0.35 (0.20-0.61)

0.73 (0.59-0.91)
0.48 (0.38-0.61)

0.73 (0.60-0.88)
0.46 (0.37-0.58)

0.76 (0.43-1.35)
0.26 (0.13-0.54)

0.78 (0.64-0.96)
0.70 (0.57-0.87)

0.80 (0.57-1.13)
0.32 (0.20-0.51)

P for interaction
0.02

0.01

0.002

0.02

0.47

0.002



Tirzepatide for heart failure with preserved ejection fraction and obesity

Table 1. Characteristics of the Patients at Basaline.*

Tirzepatide Placebo

Characteristic [N=364) [N=367)
Age—yr 65.5+10.5 65.0£10.9
Female sex — no. (%) 200 (54.9) 193 (52.6)
Race or ethnic group — no. (%)

Native American, Alaska Mative, or Pacific Islander 26 (7.1) 24 (6.5)

Asian 58 (15.9) 73 (19.9)

Black 22 (6.0) 14 (3.8)

White 256 (70.3) 256 (60.8)

Other or multiple 2 (0.5) 0 (0.0)
Region — no. (%)

Unitad States 23 (22.3) 68 (18.5)

Latin America 193 (53.0) 197 (53.7)

Asia 58 (15.9) 73 (19.9)

Othar 30 (8.2) 29 (7.9)
Mew York Heart Association functional classification — no. (%)

Class Il 262 (72.0) 268 (73.0)

Class Il or IV 102 (28.0) 99 (27.0)
Measures of adiposity

Body weight — kg 102.9:71.7 103.1:22.7

Body-mass indext 38.3:6.4 38.2:7.0

Waist-to-height ratio 0.73£0.09 0.73:0.09
Left ventricular ejection fraction — % 61.0+6.5 60.6:6.2
HFpEF-ABA scoref 0.82+0.16 0.81:0.17
Coronary artery disease — no. ftotal no. (%) 111/359 (30.9) 106/364 (29.1)
Median NT-proBNP level (IQR) — pg/ml 196 (56-488) 169 (64-476)
Estimated glomerular filtration rate — ml/min/1.73 m* 64.5:23.7 6432235
KCCQ-CSS5 score 53.9£17.9 532190
6-Minute walk distance — m 305.0+80.0 300.6+83.5
High-sensitivity C-reactive protein level — mg/liter 5.8+8.5 5.8:8.4
Systolic blood pressure — mm Hg 127.9+13.1 128.2£13.7
Heart rate — beats/min 7l0£11.2 7122107
Hospitalization or urgent care visit for worsening heart failure within 171 (47.0) 172 (46.9)

12 months before enroliment — no. (%£)

Adtrial fibrillation — no. (%) 95 (26.1) 9] (24.8)
Type 2 diabetes — no. (3] 174 (47.8) 178 (45.5)

METHODS

In this intemational, double-blind, randomized, placebo-controlled trial, we randomly
assigned, in a 1:1 ratio, /31 patients with heart failure, an ejection fraction of at least
50%, and a body-mass index (the weight in kilograms divided by the square of the
height in meters) of at least 30 to receive tirzepatide (up to 15 mg subcutaneously
once per week) or placebo for at least 52 weeks. The two primary end points were
a composite of adjudicated death from cardiovascular causes or a worsening heart-
failure event (assessed in a time-to-first-event analysis) and the change from baseline
to 52 weeks in the Kansas City Cardiomyopathy Questionnaire clinical summary score
(KCCQ-CSS; scores range from 0 to 100, with higher scores indicating better quality

of life).

1009 209 Hazard ratio, 0.62 [95% C, 0.41-0.95)
90| P=0.026

i ‘l’ 38%

iy 104

PFlacebo

Tirzepatide

Cumulative Incidence | %)
w
v
wn
]

3+ T T T T T T T T T T T T T T T T 1
o & I1s 24 32 40 48 536 &4 72 B0 BE 05 104 112 120 128 136

e —

Mo. at Risk

Weeks since Randomization

Placebo 367 361 349 339 3312 328 318 6B 2150 240 19 215 195 165 145 94 73 45
Tizepatide 64 359 340 344 340 338 333 B4 275 251 IRE 230 196 167 146 105 B2 45
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Figure 1. Composite of Death from Cardiovascular Causes or a Worsening Heart-Failure Event.

Shown is the cumulative incidence of death from cardiovascular causes or a worsening heart-failure event (the com-
posite primary end point), assessed in a time-to-first-event analysis, among 364 patients who received tirzepatide
and 367 patients who received placebo. The inset shows the same data on an expanded y axis.

Packer M et al. NEJM November 16, 2024



Tirzepatide for heart failure with preserved ejection fraction and obesity

Table 2. Primary and Secondary End Points.*

Tirzepatide Placabo Hazard Ratio or
End Point [N=364) [N=367) Difference (95% CIJ7 P Value
Events/100 Events 100
Value patient-yr Value patient-yr

Primary end points and components

Adjudicated death from cardiovascular causes or 36 (9.9) 5.5 56 (15.3) g8 0.62 (0.41 to 0.95) 0.026
a worsening heart-failure event resulting in
hospitalization, intravenous drugs in an ur-
gent care setting, or intensification of oral
diuretic therapy — no. (%)

Adjudicated death from cardiovascular causes 8(2.2) 1.2 5 (1.4) 07 1.58 (0.52 to 4.33)
— no. (%)

Adjudicated death from undetermined cause 2 (0.5) 0.3 0 0 —
— no. (%)

Adjudicated worsening heart-failure event 29 (2.0) 45 52 (14.3) 82 0.54 (0.34 to 0.85)

resulting in hospitalization, intravenous
drugs in an urgent care setting, or intensifi-
cation of oral diuratic therapy — no. (%)

Adjudicated worsening heart-failure event ra- 12 (3.3) 1.8 26 (7.1) 3.9 0.44 (0.22 to 0.87)
sulting in hospitalization — no. (%)
Adjudicated worsening heart-failure event re- 5 (14) 0.7 12 (3.3) 1.8 0.41 (0.14 to 1.16)

sulting in intravenous diuretic therapy in an
urgent care setting — no. (%)

Adjudicated worsening heart-failure event 17 (4.7) 26 21(5.7) 1.2 0.80 (0.42 to 1.52)
resulting in intensification of oral diuretic
therapy in an outpatient setting — no. (3%)

] ) 1o /5 21 L& 15 a1 22 Lo 0 Eiin g dst
| Chan:e at 52 weeks in KCCOL.CSS 10.5+1.2 — 12.7+1.3 — 6.0 (3.3 to 1061 e:ﬂ.Cl}l‘l

Key secondary end points

Cha nga at 52 wieks in 6-minute walk distance — m 26.0+3.8 — 10.1+3.9 — 183 (9.910 J6.7) % =0.001

Percent change at 52 weeks in body weight — % -13.9:+0.4 — -2.2:0.5 — -116 (-12.9to -10.4)  <0.001

Percent change at 52 weeks in high-sensitivity -38.8+4.5 — -5.9+5.3 — -349 (-45.6t0-22.2)9 <0.001
C-reactive protein level — %

Adjusted change at 52 weeks in physiclogical and

laboratory measurements
NT-proBNP — ratio of geometric means| 0.93+0.04 — 1.04+0.04 — 0.90 (0.79 to 1.01)9
Systolic bleod pressure— mm Hg -4.6+0.8 — 0.1:0.8 — -4.7 [-6.8 to-2.5)
Heart rate — beats/min 3.0£0.5 — 03405 — 28 (L3to4.3)

Packer M et al. NEJM November 16, 2024



Timeline of GLP-1 discovery and clinical development: beyond glycemia and weight loss
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Tirzepatide for Metabolic Dysfunction—Associated Steatohepatitis with liver fibrosis

Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.* METHODS
: : : : : We conducted a phase 2, dose-finding, multicenter, double-blind, randomized,
T'“:'::t'de' ﬁrizp;tude, Turigp;tude, Placebo Total placebo-controlled trial involving participants with biopsy-confirmed MASH and
Characteristic (N= f;;} {N=4§] {N=4§} (N=48) (N=190) stage F2 or F3 (moderate or severe) fibrosis. Participants were randomly assigned
Age—yr D)L 2 6432121 R S35.116 S442113 to receive once-weekl.y subcutaneoys tirzepatide (.5 mg, 10 mg, or 15 mg) or pl.acebo
Female sex— no. (%) 27 (57) 26 (55) 29 (60) 27 (56) 109 (57) for 52.weeks. The primary end point was reso.lution of MfﬂsSH without worsening of
Race or ethnic group— no. (%)} fibrosis at 52 weelfs. A key s.econdary end Pomt was an improvement (decrease) of
American Indian or Alaska Native 1) 1) 1) 2 1) at least one fibrosis stage without worsening of MASH.
Asian 5(11) 6 (13) 6 (12) 5 (10) 22 (12)
Black 0 1(2) 0 0 1(<1)
White 41 (87) 39 (83) 41 (85) 43 (90) 164 (86)
Hispanic or Latino ethnic group — no. (%6)T 13 (40) 15 (32) 17 (35) 18 (38) 69 (36)
Body weight — kg 100.7+22.2 102.6+23.8 100.0+18.1 96.0+21.6 99.8:21.5
Body-mass indexd; 36.1+6.0 36.6+6.3 35.945.7 36.0+6.7 36.1+6.1
Type 2 diabetes — no. (%) 26 (55) 27 (57) 29 (60) 29 (60) 111 (58)
Liver fibrosis stage — no. (%)
F2 17 (36) 25 (53) 22 (46) 17 (35) 81 (43)
F3 30 (64) 22 (47) 26 (54) 31 (65) 109 (57)
NAFLD activity scoreq| 5.4+1.0 5.3+0.9 5.0+0.9 5.3+£1.0 5.3+0.9
Alanine aminotransferase (U/liter) 67.9+39.9 61.2+35.9 387254 59.7+30.3 61.8+33.2
Aspartate aminotransferase (U/liter) 55.5+28.2 47.0£23.8 47.5£20.7 52.3+21.3 50.6+£23.7
Glycated hemoglobin — % 6.6+1.3 6.4:1.1 6.4+0.9 6.8+1.2 6.5+1.1
Liver fat content — %) 19.0+6.9 17.6£7.5 18.8+3.3 18.2+6.8 18.447.3
Extracellular hepatic water content — msec*™* 920.5+120.5 894.1+88.5 923.3188.1 917.7+92.0 913.0+97.5
Liver stiffness — kPat 12.6+5.9 11.1+4.3 11.4+45.7 12.045.1 11.845.3
Fibrosis-4 index scoreii 1.8+1.1 1.5+0.7 1.5+0.6 1.6+0.7 1.6+0.8
M54 test scoref 0.8+0.2 0.7+0.2 0.8+0.2 0.8+0.2 0.8+0.2
Enhanced Liver Fibrosis test scoreq9| 9.9+1.0 9.8+0.8 9.7+0.6 9.9+0.8 9.840.8
Pro-C3 — pg/liter| | 145.3+103.2 127.9:76.8 115.6+49.7 127.457.9 128.9474.6

Loomba R. et al. NEJM June 8, 2024



Tirzepatide for Metabolic Dysfunction—Associated Steatohepatitis with liver fibrosis

A Resolution of MASH and No Worsening of Fibrosis

Risk difference,
34 (95% CI, 17-50)
P=0.001

Risk difference,
46 (95% Cl, 29-62)
P=0.001

Risk difference,

100 53 (95% CI, 37-69)
90+ P=0.001
1
% > 62
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% 50 -
° T
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u
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10+
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5mg 10 mg 15 mg (N=48)
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B Decrease of =1 Fibrosis Stage and No Worsening of MASH

Risk difference,
25 (95% CI, 5—46)
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22 (95% CI, 1-42)

100
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0
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(N=47) (N=47) (N=48)

Figure 1. Primary and Key Secondary End Points.

Loomba R. et al. NEJM June 8, 2024




Effect of Tirzepatide on Liver Fat Content (LFC)

MRI Scans showing LFC (%) at baseline and at weeks 522
SURPASS-3 MRI

LFC at Baseline: 27.3% LFC at 52 Weeks: 2.6%

A MRI scans from one participant randomized to tirzepatide 5 mg; 59 year old male on metfromin with SGLT2i

Gastaldelli A et al. Lancet Diabetes Endocrinol 2022; 10(6):393-406



Dual and Triple Incretin-Based Co-agonists for in MASLD
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Timeline of GLP-1 discovery and clinical development: beyond glycemia and weight loss

1987
GLP-1is an
incretin
hormone

1993
DPP-4
inactivates
GLP-1

1996
GLP-1
inhibits food
intake

2005
First GLP-1RA
approved
for T2D

2006

First DPP-4
inhibitor approved

for T2D

Diabetologia (2023) 66:1765-1779

2012
First once weekly
GLP-1RA approved
for T2D

2014
First GLP-1RA
approved for
obesity

2016
First positive
GLP-1RA CVOT

2019

First oral GLP-1RA
approved for T2D

2022

First GLP-1R
co-agonist approved

for T2D

Neurodegenerative
disorders




Renal effects of tirzepatide in individuals with type 2 diabetes

Table 4 Effects of trzepatide on UACR across the SURPASS program

UACE. change from baseline Comparator UACRE difference TZP vs. comparator
TZP 5mg TZP 10 mg TZP 15 mg TZP 5mg TZP 10 mg TZP 15 mg
SURPASS-1 (vs. placebo) —13.7 (6.9) —B8.5(7.5) 48 (92) 52.5(154) —434 (—56.1, —-27.0) —43.0 (—53.6, —225) —313 (—47.2, —10.5)
SURPASS-2 (vs. semaglutide 1 mg) —11.0 (3.9} —3.9(4.32) —16.9 (3.7) —6.5 (4.1) —4 .8 (—156,7.3) 2E(—R0 o 16.1) —11.1 (—21.3, 0.4)
SURPASS-3 (vs. insulin degludec) —17.3 (4.3) —194 (4.3) —27.5 (3.9) —5.3 (3.0) —12.7 (244, 1.0) —149 (—26.6, —1.5) —234 (—339. -114)
SURPAS5- (vs. insulin glargine) —11.4 (57) —219 (5.1) —25.2 (4.8) 15.5 (4.3) —-233 (-33.7, -11.2) —323 (—41.6. —21.6) —352 (—439, -253)
SURPASS-5 (vs. placebo) 4797 —224(7.3) —17.3 (8.0) 17.2(10.7) —10.7 (—30.8, 15.3) —338 (—48.8. —143) —294 (—45.6, —8.3)

UACR change from haseline is indicated as % (SE), UACR difference of TZP vs. comparator is indicated as % (95% CI). UACR., urinary albumin-to-creatinine ratio

Caruso | et al. Endocrine (2024) 84:822-835



Putative mechanisms underlying the renal benefits of tirzepatide

{ Hyperglycemia
-1.87% t0 -2.59%
HbA1c

d Inflammation
L hsCRP, | YKL-40,
LICAM-1, ! leptin

1 Hemodynamics (?)
7 NHE3 (GLP-1RA)
L ATl (GLP-1RA)
acute eGFR drop—»eGFR
stabilization (TZP)

 Fibrosis (?)
(GLP-1RA)

1 Oxidative stress (?)
(GLP-1RA)

| | Atherosclerosis (?)

(GIPRA, GLP-1RA)

Caruso | et al. Endocrine (2024) 84:822—-835

4 Body weight
-71t0-14%

4 Insulin resistance
L HOMA-IR
| fasting insulin
T adiponectin
TIGFBP-1 + IGFBP-2

1 Atherogenic
Dyslipidemia
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l total cholesterol,
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4 apoClil

{ Systolic Blood
Pressure
-1.3 t0o -5.1 mmHg
(TZP5mg)
-1.7 to -6.5 mmHg
(TZP10mg)
-3.1t0-11.5 mmHg

(TZP15mg)




Timeline of GLP-1 discovery and clinical development: beyond glycemia and weight loss
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GIP/GLP1 dual agonist in Alzheimer’s Disease

Comparison of DA4-IC and liraglutide in the APP/P51 mouse model of AD Bl WT saline
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Tirzepatide prevents neurodegeneration through multiple molecular pathways

TIRZEPATIDE
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The real-world safety profile of tirzepatide

Abdominal discomfort
Abdominal pain upper
Abdominal rigidity
Constipation
Diarrhoea

Dyspepsia

Early satiety
Eructation

Flatulence

Food poisoning

Group
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¢ Thyroid-related
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Gastrointestinal disorder
Impaired gastric emptying
Nausea
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Pancreatitis necrotising

Diabetic retinopathy

Adverse Events

Medullary thyroid cancer
Thyroid mass

i
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Caruso | et al. Journal of Endocrinological Investigation (2024) 47:2671-2678
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GLP-1 single, dual, and triple receptor agonists for treating type 2 diabetes and obesity

eClinicalMedicine 2024;75: 102782
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Weight loss with the gut hormone-based therapies in people without diabetes

Oral Semaglutide’] Tirzepatide* Orfoglipron® Cagrilintide* Survodutide” Efinopegdutide® Mazdutide® | Pemvidutide® | Retatrutide* CagriSema*
0.16/0.3/0.6/
Dose and frequency |  50mg 0D 5(10/15mg OW 12024136145mg | 0 510,41 212.4/6.5mg OW D6l24Is6 5/7.4/10mg DW 9mg OW 121.8024mg {3y 2mg OW | 1.2/2.6/6.5 +SEMA
oD 4.Bmg OW ow
2h&mg OW
Route PO SC i sC SC st sC 5C 5C 5C
Mechanism of action GLP-1 GLP-1+GIP GLP-1 Amylin GLP-1+ GCG GLP-1 + GCG GLP-1 + GCG GLP-1+GCG | GLP-1+6IP+GCG | GLP-1 = Amylin
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HbA1c reduction with the gut hormone-based in people with type 2 diabetes
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Tirzepatide for heart failure with preserved ejection fraction and obesity

Subgroup Tirzepatide Placebo
no. of patients with evert
no. of patients at risk

Age

<65 yr 13/158 17/166

=65 yr 23206 30201
S

Female 200200 20103

Male 16/ 164 277174
Body-mass index

=35 127147 237148

=35 245217 335219
History of type 2 diabetes

Yes 16/174 287178

Na 200190 23/180
HFpEF-ABA scare

=0.8 87133 127140

=08 287231 447227
Recent heart-failure decompensation

Yes 19/171 4172

Na 177193 327185
Ejection fraction

=B 187141 287144

=602 187223 287223
NT-proBMP

=200 pg/ml 11186 24107

=200 pg/ml 25/178 32/170
KCCQLSS

=Meadian 20173 397192

=Median 16191 177174
Estimated GFR

<60 rmlimin/1.73 m? 22167 34/168

=60 rlimin/1.73 m? 147197 22109
Systolic blood pres sure

=130 rmm Hg 18185 36130

=130 mm Hg 18/179 200178
Use of mineralocorticoid receptor antagonist

Yes 16/131 24/125

Na 20233 32/242

Hazard Ratio for Death from Cardiovascular Causes
or a Worsening Heart-Failure Event [95% CI)
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0,61 (0.36 to 1.05)
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£.49 (2.03 to 10.95)

530 (~0.12 to 10.73)
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6.56 (2.13 to 11.00)
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Tirzepatide for Metabolic Dysfunction—Associated Steatohepatitis with liver fibrosis

Tirzepatide, 5 mg (N=47) % Tirzepatide, 10 mg (N=47) —#— Tirzepatide, 15 mg (N=48) Placebo (N=48)
A Alanine Aminotransferase B Aspartate Aminotransferase
70 70
65] Mean value at baseline, 53.9 U/liter €5 Mean value at baseline, 53.9 U/liter
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ol14 & 12 16 20 26 40 52 TRESFU ol14 8 12 16 20 26 40 52 TRESFU
Weeks since Randomization Weeks since Randomization
Alanine Aminotransferase — Ufliter Aspartate Aminotransferase — U liter
Placebo 51.7 509 47.2 Placebo 434 439 404
Tirzepatide, 5 mg 228 261 23.2 Tirzepatide, 5 mg 237 264 231
Tirzepatide, 10mg ~ 23.0 23.7 254 Tirzepatide, 10 mg 235 139 Mo
Tirzepatide, 15 mg 217 234 23.0 Tirzepatide, 15 mg 231 241 229
Figure 2. Mean Liver-Enzyme Levels over Time.

Loomba R. et al. NEJM June 8, 2024
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