Langverkande insuliner

Anders Frid, Vasteras 19 april 2024
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Mrs GP ‘At 16 years of age, in 1954, 1
was diagnosed with diabetes by none
other than Dr Robin Lawrence of King’s
College Hospital in London. I was
taught how to inject insulin at first into
an orange, and then into myself. I used
40-strength soluble insulin twice daily,
and I was stabilised at home, returning
to hosputal each week.”

Pract Diab Int Apﬂii 2003 Vol. 20 No. 3
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Hans Christian Hagedorn 1888 - 1971

Sok pa Youtube "kaptajn for livet” Novo Nordisk Foundation 2021



Utveckling av langverkande insuliner

| Hagedorns lab pa Nordisk Insulinlaboratorium
upptacks att protamin fran laxmjolke forlanger effekten
av insulin

« Upptackten licensieras till University of Toronto och Eli
Lilly (men inte till Novo) som gor ett zink-protamin-
insulin (PZI) 1937

 Ett neutralt (isophane) insulin utan zink och protamin i
overskott lanseras 1950 under namnet Insulin NPH =
Neutral Protamin Hagedorn.



Utveckling av langverkande insuliner

* Novo forlanger absorptionen genom att tillsatta zink i
overskott, insulinet Lente lanseras 1952, kompletteras
med SemilLente och UltralLente



Fran humaninsuliner till insulinanaloger



Fran humaninsulin till insulinanaloger

e Storsta behovet: direktverkande insulin

* Nasta behov: langverkande insulin med stabil effekt i ett
dygn eller mer.
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Insulinmolekyl

! ., Byt asparagin mot glysin

CH

Lagg till tva arginin

= insulin glargin
Lantus, godkant i Europa 2000
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Insulinmolekyl

CH

Lagg till en fettsyra, myristinsyra i
= insulin detemir position B29

Levemir, godkant Europa 2004
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Insulinmolekyl

CH

Lagg till en annan fettsyra i
= insulin degludec, t50 25h position B29, ta bort B30
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Tresiba, godkant Europa 2013



Insulinmolekyl

A-CHAIN

%__

E!- CHAIN

; @

Lagg till annu en annan fettsyra i
position B29, ta bort B30, byt
aminosyror i position A14, B16 och B25



= insulin icodec -¢
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Varfor fettsyra?

. FOr att skapa en reversibel bindning till alboumin, bade
pa injektionsstallet och i blodet, for icodec ar syftet att
det mesta av albuminbindningen sker i blodet
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Weekly Icodec versus Daily Glargine U100 in Type 2 Diabetes
without Previous Insulin
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JAMA | Original Investigation
Once-Weekly Insulin Icodec vs Once-Daily Insulin Degludec

in Adults With Insulin-Naive Type 2 Diabetes
Tide ONWARDS 3 Randomized Clinical Trial

lldiko Lingvay, MD, MPH, MSCS; Marisse Asong, MD, MSc; Cyrus Desouza, MBBS; Pierre Gourdy, MD, PhD;
Soumitra Kar, MSc; André Vianna, MD, PhD; Tina Vilsbell, MD, DMsc; Siri Vinther, MD, PhD; Yiming Mu, MD

JAMA. 2023;330(3):228-237. doi:10.1001/jama.2023.11313
Published online June 24, 2023. Corrected on October 13, 2023.



Onwards 1

« 492 patienter med DM2, 43% kvinnor, medel 60 ar, fran Kroatien,
Indien, Israel, Italien, Japan, Mexico, Polen, Ryssland, Slovakien,
Spanien, UK och USA

» Duration 11,5 ar, BMI 30.0 kg/m?, HbA1c 69 mmol/mol
« Randomisering till insulin icodec 1 gang/v eller glargin 1 gang/dag

» Startdos 70 E icodec/v, 10 E glargin/dag, dosjustering var eller
varannan vecka baserat pa fasteglukos, SMBG 3 ggr dagl, CGM
blindat och utvarderat efter studien

* SU och glinider satts ut, alla annan behandling behalls
* Observationstid 52 v huvudstudie, 26 v forlangning
 Primart utfall forandring av HbA1c, ett antal sekundara utfall



ONWARDS 1, HbA1c

A Glycated Hemoglobin Level
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This article was published on June 24, 2023,
at NEJM.org.



ONWARDS 1, HbA1c

A Glycated Hemoglobin Level
Main Phase Extension Phase
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This article was published on June 24, 2023,
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ONWARDS 1, insulindoser

Estimated mean weekly insulin dose — U/wk (~U [day)

Wk 50-52

Wk 76-78

Post hoc analysis of estimated mean weekly insulin dose — U/kg
Wk 50-52

Wk 76-73

This article was published on June 24, 2023,
at NEJM.org.

icodec

214 (-31)
224 (-32)

2.5
2.6

glargin

222 (~32)
234 (~33)

2.6
2.8
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ONWARDS 1, hypoglykemier

Overall hypoglycemic episodes, safety analysis, baseline to wk 52

— no. of participants (%) [events data) icodec glargin
Hypoglycemia alert value** 232 (47.2) [1447 events; 2.98/PYE] 191 (38.8) [632 events; 1.30/PYE]
Clinically significant hypoglycemia 48 (9.8) [143 events; 0.29/PYE] 49 (10.0) [75 events; 0.15/PYE]
Severe h}'pﬂgh"[Efﬂiﬂii 1(0.2) [1 event, <0.01/PYE] 3 (0.6) [3 events; 0.01/PYE]
Combined clinically significant or severe hypoglycemia 48 (9.8) [144 events; 0.30/PYE] 52 (10.6) [78 events; 0.16/PYE]

Overall hypoglycemic episodes, safety analysis, baseline to wk 83
— no. of partidpants (%) [events data]

Hypoglycemia alerts 278 (56.5) [2308 events; 3.02/PYE] 239 (48.6) [1067 events; 1.39/PYE]
lycemia 61 (12.4) [226 events; 0.30/PYE 66 (13.4)[114 events: 0.15/PYE

Clinically significant h

This article was published on June 24, 2023,
at NEJM.org.



Onwards 3

588 patienter med DM2, 37% kvinnor, medel 58 ar fran
Argentina, Osterrike, Brasilien, Kanada, Kina, Tjeckien,
Danmark, Frankrike, Mexiko, Taiwan, USA

Duration 10.6 ar, BMI 29.5 kg/m?, HbA1c 69 mmol/mol

Randomisering till icodec 1 gang/v + placebo 1
gang/dag eller placebo 1 gang/v + degludec 1 gang/dag

Startdos 70 E icodec/v, 10 E degludec/dag, dosjustering
varje vecka baserat pa fasteglukos, SMBG 3 ggr dag|



Onwards 3

* Dos SU och glinider halverades, alla annan behandling
behdlls oférandrad

 Observationstid 26 veckor

* Primart utfall férandring av HbA1c, sekundara utfall:
insulindos, fasteglukos, viktférandring, hypoglykemier
och nagra till



ONWARDS 3, HbA1c

Table 2. Summary of Key Efficacy and Safety End Points

Once-weekly icodec (n = 294) Once-daily degludec (n = 294)

Change Change Estimated treatment difference

from baseline from baseline in icodec vs degludec
Outcome Baseline Week 26  to week 26 Baseline Week26 toweek26 (95% CI) P value®
HbA,., % : : -1.6 percentage . -1.4 percentage -0.2 (-0.3to-0.1) <.001"; .002°¢
mmol/mol points points percentage points
Fasting plasma glucose, 187 127 -54 176 127 -54 0(-6to5) .90
mg/dL
Mean insulin dose 69 204 70 187 Estimated treatment ratio, .09
from week 24 to 26, 1.10(0.98t01.22)
U/week
Mean body weight, kg 85.8 87.3 2.8 83.2 86.8 2.3 0.46 (-0.19t0 1.10) 17

JAMA July 18,2023 Volume 330, Number 3



ONWARDS 3, hypoglykemier

icodec degludec

Level 2 or level 3 hypoglycemic episodes

Baseline to week 26° 24 (8.2) 50 0.35 13 (4.4) 17 0.12 3.12(1.30-7.51) .01

antal episoder

JAMA July18,2023 Volume 330, Number 3



Once-weekly insulin icodec versus once-daily insulin
degludec as part of a basal-bolus regimen in individuals with
type 1 diabetes (ONWARDS 6): a phase 3a, randomised,
open-label, treat-to-target trial

David Russell-Jones, Tetsuya Babazono, Roman Cailleteau, Susanne Engberg, Concetta Irace, MaikenIna Siegismund Kjaersqaard,
Chantal Mathieu, Julio Resenstock, Vincent Woo, David C Klonoff

Lancet 2023: 402: 1636-47

Published Online
October 17, 2023



Onwards 6

582 patienter med DM1, 42% kvinnor, medel 44 ar, 12 lander
Duration 19.5 ar, BMI 26.5 kg/m?, HbA1c 60 mmol/mol

Basbehandling 40% degludec, 32% glargin U100, 18% glargin
U300, 8% detemir, 2% o6vriga. Alla fick insulin aspart till
maltider

Randomisering till icodec 1 gang/v eller degludec 1 gang/dag

Observationstid 26 + 26 v, primart utfall férandring HbA1c,
DTSQ med som sekundart utfall



Lancet 2023; 402: 1636-47

Published Online
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Insulin icodec (n=290)

Insulin degludec (n=292)

Insulin icodec vs insulin
degludec

Participants Events (rate) Participants Events (rate) Estimated rate ratio (95% Cl),
p value

Overall hypoglycaemic episodes (baseline to week 26)
Hypoglycaemia alert value* 288 (99%) 10799 (75-88) 287 (98%) 7402 (51-36)
Clinically significant hypoglycaemiat 246 (85%) 2789 (19-60) 223 (76%) 1478 (10-26) 1-88 (1-53 to 2:32), p<0-0001
Severe hypoglycaemiat 9 (3%) 47 (0-33) 9 (3%) 17 (0-12) 2:08 (0-39t0 10-96), p=0-39
Combined dlinically significantt or 247 (85%) 2836 (19.93) 223 (76%) 1495 (10-37) 1-89 (1-54 to 2-33), p<0-0001
severet hypoglycaemia
Overall hypoglycaemic episodes (baseline to week 57)
Hypoglycaemia alert value* 288 (99%) 20406 (67-98) 289 (99%) 14819 (47-87)
Clinically significant hypoglycaemiat 262 (90%) 5047 (16-81) 250 (86%) 2811 (9-08) 179 (1-48 to 2-18), p<0-0001
Severe hypoglycaemiat 13 (4%) 56 (0-19) 12 (4%) 25 (0-08) 1-88 (0-48to 7-36), p=0-37
Combined clinically significantt or 263 (91%) 5103 (17-00) 250 (86%) 2836 (9-16) 1-80 (1-48 to 2-18), p<0-0001
severet hypoglycaemia
Nocturnal hypoglycaemic episodes (baseline to week 26)
Hypoglycaemia alert value* 214 (74%) 980 (6-89) 171 (59%) 734 (5-09)
Clinically significant hypoglycaemiat 135 (47%) 476 (334) 98 (34%) 224 (1.55) 213 (156 to 2.91), p<0-0001
Severe hypoglycaemiat 2 (1%) 5 (0-04) 3 (1%) 3(0-02)
Combined clinically significantt or 135 (47%) 481(338) 98 (34%) 227 (1-58) 213 (156 to 2.91), p<0-0001
severet hypoglycaemia
Nocturnal hypoglycaemic episodes (baseline to week 57)
Hypoglycaemia alert value* 237 (82%) 1953 (6-51) 211 (72%) 1523 (4-92)
Clinically significant hypoglycaemiat 171 (59%) 861 (2-87) 140 (48%) 458 (1-48) 1-88 (1-43 to 2-47), p<0-0001
Severe hypoglycaemiat 4 (1%) 9(0-03) 4 (1%) 4(0-01) 1-62 (0-22t0 11-86), p=0-63
Combined clinically significantf or 171 (59%) 870 (2-90) 140 (48%) 462 (1-49) 1-89 (1-44 to 2-48), p<0-0001

severet hypoglycaemia
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Nocturnal hypoglycaemic episodes (baseline to week 26)

Hypoglycaemia alert value* 214 (74%) 980 (6-89) 171 (59%) 734 (5-09)

Clinically significant hypoglycaemiat 135 (47%) 476 (334) 98 (34%) 224 (1.55) 213 (156 to 2.91), p<0-0001

Severe hypoglycaemiat 2 (1%) 5 (0-04) 3 (1%) 3(0-02)
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Nocturnal hypoglycaemic episodes (baseline to week 57)

Hypoglycaemia alert value* 237 (82%) 1953 (6-51) 211 (72%) 1523 (4-92)

Clinically significant hypoglycaemiat 171 (59%) 861 (2-87) 140 (48%) 458 (1-48) 1-88 (1-43 to 2-47), p<0-0001
Lancet 2023; 402:1636-47 Severe hypoglycaemiat 4(1%) 9 (0-03) 4 (1%) 4(0:01) 1.62 (022 to 11-86), p=0-63
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Insulin icodec (n=290)

Insulin degludec (n=292)

Insulin icodec vs insulin
degludec

Participants Events (rate) Participants Events (rate) Estimated rate ratio (95% Cl),
p value

Overall hypoglycaemic episodes (baseline to week 26)
Hypoglycaemia alert value* 288 (99%) 10799 (75-88) 287 (98%) 7402 (51-36)
Clinically significant hypoglycaemiat 246 (85%) 2789 (19-60) 223(76%) 1478 (10-26) 1-88 (153 t0 2-32), p<0-0001
Severe hypoglycaemiat 9 (3%) 47(0-33) 9(3%) 17 (0-12) 2.08 (0390 10-96), p=0-39
Combined clinically significantt or 247 (85%) 2836(19-93) 223 (76%) 1495 (10-37) 1-89 (1.54 to 2.33), p<0-0001
severet hypoglycaemia
Overall hypoglycaemic episodes (baseline to week 57)
Hypoglycaemia alert value* 288 (99%) 20406 (67-98) 289 (99%) 14 819 (47-87)
Clinically significant hypoglycaemiat 262 (90%) 5047 (16-81) 250 (86%) 2811 (9-08) 179 (1-48 to 2-18), p<0-0001
Severe hypoglycaemiat 13 (4%) 56 (0-19) 12 (4%) 25(0-08) 1-88 (0-48t0 7-36), p=0-37
Combined clinically significantt or 263 (91%) 5103 (17-00) 250 (86%) 2836 (9-16) 1-80 (1-48 to 2-18), p<0-0001
severet hypoglycaemia
Nocturnal caemic episodes (baseline toweek 26)
Hypoglycaemia alert value* 214 (74%) 980 (6-89) 171 (59%) 734 (5-09)

135 (47%) 476 (3-34) 98 (34%) 224 (155) 2:13 (1.56 to 2.91), p<0-0001

Clinically significant hypoglycaemiat

Nocturnal hypoglycaemic episodes (baseline toweek 57)

Hypoglycaemia alert value* 237 (82%) 1953 (6-51)
Clinically significant hypoglycaemiat 171 (59%) 861 (2-87)
Severe hypoglycaemiat 4(1%) 9(0-03)
Combined clinically significantt or 171 (59%) 870(2-90)

severet hypoglycaemia

211 (72%) 1523 (4.92)
140 (48%) 458 (1-48)

4(1%) 4(0-01)
140 (48%) 462 (1-49)

2:13 (156 to 2-91), p<0-0001

1-88 (1-43 to 2-47), p<0-0001
1-62 (0-22t0 11-86), p=0-63
1-89 (1-44 to 2-48), p<0-0001



However, there was a statistically significant treatment
difference in favour of degludec in DTSQ total treatment
satisfaction score from baseline to weeks 26 and 52

Lancet 2023; 402: 1636-47

Published Online
October 17, 2023



Hur manga har insulinpump idag?

» Alla 6ver 18 aa: 26.1% man, 35.6% kvinnor
¢18-21 aa: 59.5%
«0-17 aa: 78.6%

Kalla: Nationella Diabetesregistret och Swediabkids arsrapporter 2022



Hur manga med DM2 insulinbehandlas idag?

*21.9 % 2022
*29.9 % 2002

Kalla: Nationella Diabetesregistret 2022



