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ABSTRACT

Precision diabetology is increasingly becoming 
diabetes phenotype-driven, whereby the specific 
hormonal imbalances involved are taken into 
consideration. Concomitantly, body weight-
favorable therapeutic approaches are being dic-
tated by the obesity pandemic, which extends to 
all diabetes subpopulations. Amylin, an anorexic 

neuroendocrine hormone co-secreted with insu-
lin, is deficient in individuals with diabetes and 
plays an important role in postprandial glucose 
homeostasis, with additional potential car-
diovascular and neuroprotective functions. Its 
actions include suppressing glucagon secretion, 
delaying gastric emptying, increasing energy 
expenditure and promoting satiety. While 
amylin holds promise as a therapeutic agent, 
its translation into clinical practice is hampered 
by complex receptor biology, the limitations of 
animal models, its amyloidogenic properties 
and pharmacokinetic challenges. In individuals 
with advanced β-cell dysfunction, supplement-
ing insulin therapy with pramlintide, the first 
and currently only approved injectable short-
acting selective analog of amylin, has demon-
strated efficacy in enhancing both postprandial 
and overall glycemic control in both type 2 dia-
betes (T2D) and type 1 diabetes (T1D) without 
increasing the risk of hypoglycemia or weight 
gain. Current research focuses on several key 
strategies, from enhancing amylin stability by 
attaching polyethylene glycol or carbohydrate 
molecules to amylin, to developing oral amylin 
formulations to improve patients’ convenience, 
as well as developing various combination thera-
pies to enhance weight loss and glucose regu-
lation by targeting multiple receptors in meta-
bolic pathways. The novel synergistically acting 
glucagon-like peptide-1 (GLP-1) receptor agonist 
combined with the amylin agonist, CagriSema, 
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shows promising results in both glucose regula-
tion and weight management. As such, amylin 
agonists (combined with other members of the 
incretin class) could represent the elusive drug 
candidate to address the multi-hormonal dys-
regulations of diabetes subtypes and qualify as a 
precision medicine approach that surpasses the 
long overdue division into T1DM and T2DM. 
Further development of amylin-based therapies 
or delivery systems is crucial to fully unlock 
the therapeutic potential of this intriguing 
hormone.
Graphical abstract available for this article.

PLAIN LANGUAGE SUMMARY

Diabetes is a chronic disease with many faces, 
and persons affected by diabetes are continu-
ously confronted with challenges, with inject-
ing insulin and fighting obesity being the most 
recent. Current research is focused on designing 

drug candidates that would simultaneously 
address different mechanisms of high glucose in 
an individual and contribute to satiation, body 
weight control and patient convenience. Amylin 
is a hormone that is, similar to insulin, secreted 
by the pancreas. Its clinical use is currently lim-
ited to a single product, known as pramlintide, 
which is approved as an adjunct therapy in per-
sons with insulin-treated diabetes. While the use 
of amylin is efficient, patients have to inject it 
with each meal and in a separate injection from 
insulin. Consequently, improving amylin-based 
medicines focuses on enabling longer action, 
resulting in weekly use, possibly even oral use 
and, most importantly, combining the functions 
of more than one hormone known for being 
involved in glucose control and the promotion 
of satiety. Similarly to other medicines primar-
ily used in persons with diabetes, amylin-based 
medicines might eventually be used to address 
different diseases of the metabolic spectrum, 
namely obesity and its complications.
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Key Summary Points 

The precision medicine approach requires 
personalized tailoring of treatment of an 
individual’s metabolic disturbances associ-
ated with diabetes and concurrent tackling of 
associated obesity.

Amylin receptors are complex structures pre-
sent in the brain regions involved in satiety 
regulation and reward pathways; it is also 
found in the liver, gastric fundus, duodenum, 
kidney and bone, among others.

Amylin’s glucagon-static action reduces post-
prandial hyperglycemia.

Amylin plays an anorectic role and benefits 
energy metabolism, opening exciting pos-
sibilities for its use in addressing obesity and 
its complications or comorbidities.

Formulation of a perfect amylin-based drug is 
challenging, with current efforts focused on 
enhancing pharmacokinetics and improving 
patients’ convenience.

DIGITAL FEATURES

This article is published with digital features, 
including graphical abstract, to facilitate under-
standing of the article. To view digital features 
for this article, go to https://​doi.​org/​10.​6084/​
m9.​figsh​are.​28625​306.

INTRODUCTION

Diabetes care is evolving towards the person-
alized medicine approach, moving beyond 
the basic assumption that diabetes is solely 

a consequence of β-cell dysfunction in a sin-
gle hormone, insulin [1–4]. Glucose levels in 
healthy individuals are maintained by a com-
plex interplay of various hormones, including 
insulin, glucagon, cortisol, growth hormone, 
catecholamines, incretins, and amylin [5–7]. 
Achieving optimal long-term glycemic control 
as well as reducing the risk of cardiovascular 
(CV), neurodegenerative diseases, and mortality 
continues to be a challenge for a significant por-
tion of patients with type 2 diabetes (T2DM) and 
type 1 diabetes (T1DM) worldwide [8–14]. This 
challenge is partly due to the increasing obesity 
prevalence and its impact on T2DM as well as 
T1DM pathophysiology and prognosis [15–21].

Obesity and T2DM are both characterized 
by insulin resistance (IR), proinflammatory 
cytokines, mitochondrial dysfunction, endo-
plasmic reticulum stress as well as dysfunctional 
fatty acid metabolism [22]. The increasing preva-
lence of obesity in T1DM is concurrently a con-
sequence of a combination of variables, includ-
ing genetic susceptibility to insulin resistance, 
the influence of an obesogenic environment, 
a sedentary lifestyle, as well as the impact of 
numerous biological, psychological and social 
stressors [18, 23]. Additionally, obesity and IR 
both contribute to β-cell dysfunction and apop-
tosis, mechanistically explained by glucotoxic-
ity and increased immunogenicity (the accel-
erator hypothesis) or by β-cell exhaustion due 
to increased metabolic demand (the overload 
hypothesis) [23]. In addition to IR and β-cell 
dysfunction, obesity in T1DM is concomitantly 
associated with chronic inflammation, central 
adiposity and dyslipidemia [18]. To advance 
personalized treatment strategies, it is critical 
to improve current understanding of the over-
lapping pathophysiology as well as the hetero-
geneity of obesity and diabetes, including their 
multi-hormonal dysregulation and inter-indi-
vidual differences [24, 25]. The identification 
of dysregulated incretin secretion and action in 
both obesity and diabetes led to the revolution-
ary discovery of incretin-based drugs, such as 
glucagon-like peptide 1 (GLP-1) receptor ago-
nists (RAs) and dual glucose-dependent insuli-
notropic peptide (GIP)/GLP-1 RAs [24–28].

Amylin, a neuroendocrine anorexigenic poly-
peptide hormone, with its multi-faceted effects 

https://doi.org/10.6084/m9.figshare.28625306
https://doi.org/10.6084/m9.figshare.28625306
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in glucose regulation, weight management and 
potential CV and neuroprotective functions, 
represents an attractive new therapeutic target, 
albeit not without challenges and limitations 
[29]. The comprehensive review presented here 
explores the multi-faceted aspects of amylin, 
encompassing its diverse physiological func-
tions, receptor interactions and challenges in 
clinical translation. It focuses on amylin’s well-
known impact on glucose and weight control. 
We also present an in-depth analysis of promis-
ing treatment approaches. This article is based 
on previously conducted studies and does not 
contain any new studies with human par-
ticipants or animals performed by any of the 
authors.

AMYLIN

Introduction to Amylin and its Functions

Amylin, a neuroendocrine hormone encoded on 
human chromosome 12 (p12.1), is produced and 
stored in the pancreatic β-cells, alongside insu-
lin [29–32]. Amylin is co-secreted with insulin 
in response to nutrient stimuli, such as glucose, 
arginine and fatty acids. Similarly to insulin, 
amylin has similar secretion patterns with low 
fasting levels and marked increases following 
meals [29, 30]. Insulin-to-amylin co-secretion 
has a molar ratio that is consistently maintained 
at approximately 10:1  to 100:1 [29, 30, 33]. 
While predominantly produced and secreted 
by the pancreas, amylin is additionally synthe-
sized in lower quantities within enteroendocrine 
cells, pulmonary tissue and the central nervous 
system (CNS) [29]. Amylin metabolizes through 
a combination of renal excretion and proteo-
lytic degradation [29]. The circulating half-life of 
endogenous amylin is short, with human studies 
indicating a half-life of < 20 min [29].

Amylin is a 37-amino acid peptide that was 
first discovered in the late 1980s, by Cooper and 
colleagues, as being a major component of amy-
loid deposits in pancreatic islets. These amyloid 
deposits are often found in T2DM and contrib-
ute to the progressive loss of pancreatic β-cells 
[30, 34, 35]. As amylin was observed to have the 

proclivity to form amyloid fibrils in the pan-
creatic islets, it became known as islet amyloid 
polypeptide (IAPP) [30, 36, 37]. The fibrillating 
amyloid deposits that contribute to β-cell death, 
considered a hallmark of T2DM, became one of 
the two main focuses of amylin research. This 
focus on amylin as the β-cell assassin could lead 
to new targeted therapeutic strategies for islet 
amyloidosis in T2DM [29, 30].

Later in the 1990s, the second and now preva-
lent research focus was placed on amylin, since 
it was found to be involved in the regulation 
of key metabolic functions, such as glucose and 
energy metabolism, gastric emptying and satiety 
induction [38, 39].

The Complex Structure of Amylin Receptors

Amylin functions as both a hormone and a neu-
ropeptide, exerting its biological effects by acti-
vating amylin receptors (AMYRs) [33, 40–43]. 
AMYRs are complex structures belonging to the 
family of G protein-coupled receptors (GPCR) 
[40]. Each receptor is composed of the calcitonin 
(CT) receptor (CTR), which is a classic GPCR, 
combined with one of three receptor activity-
modifying proteins (RAMPs), AMY1R, AMY2R 
and AMY3R [29, 33, 40, 44]. The pairing of the 
CTR with different RAMPs generates distinct 
AMYR subtypes with different pharmacologi-
cal profiles and signaling properties [33, 44, 45]. 
The close relationship between AMYRs and CTRs 
complicates the understanding of their contribu-
tions to different physiological processes [33, 40, 
43, 44]. AMYRs are widely distributed across the 
CNS and peripheral tissues [46] and are found 
in regions involved in satiety regulation and 
reward pathways, including the hypothalamus 
and distinct nuclei within the dorsal-vagal com-
plex in the hindbrain, such as the area postrema 
(AP), nucleus tractus solitarius (NTS) and dorsal 
motor nucleus of the vagal nerve [46, 47]. Addi-
tionally, AMYRs are found in areas connected to 
cognition, such as the hippocampus and cortex 
[46, 48]. Beyond the CNS, AMYRs are present in 
multiple peripheral tissues, including the lung, 
spleen, liver, gastric fundus, duodenum, jeju-
num, kidney, testes and bone [46].
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Amylin in Glucose Regulation

The Physiological Role of Amylin in Glucose 
Regulation

Under physiological conditions, there is an 
increase in insulin, amylin and incretin secretion 
following caloric intake [49]. Insulin increases 
glucose consumption in the peripheral tissues, 
insulin and amylin suppress glucagon secretion 
and hepatic glucose production, while amylin 
and incretins delay gastric emptying [49].

Amylin plays a critical role in regulating post-
prandial glucose [29]. While supraphysiological 
insulin concentrations can achieve glucagon 
suppression, amylin potently suppresses meal-
induced glucagon secretion at physiologically 
relevant concentrations [29]. By inhibiting 
glucagon secretion postprandially, amylin sup-
presses glucagon-stimulated hepatic gluconeo-
genesis and glycogenolysis, thereby reducing 
postprandial endogenous glucose production 
or glucose spikes [50, 51]. This glucagon-static 
action seems to be centrally mediated and is 
attenuated during low glucose values, ensuring 
proper contra-regulatory glucagon response in 
case of hypoglycemia [29, 32].

Through its direct action on AMYRs in the 
AP, amylin correspondingly slows gastric emp-
tying, which delays the inflow of nutrients into 
the small intestine and slows the absorption of 
glucose into the circulation [32, 51, 52]. Addi-
tionally, gastric-wall distension generates an 
anorectic signal transmitted to the nucleus of 
the solitary tract via gastric vagal and splanchnic 
afferents, which impacts glucose homeostasis 
[38]. Since this anorectic action depends on the 
glycemic state, it is reversed during hypoglyce-
mia [32, 53].

The Pathophysiological Role of Amylin 
in Diabetes

Individuals with T1DM experience an absolute 
deficiency of both insulin and amylin; simi-
larly, those with T2DM exhibit a relative defi-
ciency of both hormones, including a dimin-
ished response to food intake [29, 30, 32, 54]. 
Subjects with maturity-onset diabetes of the 

young (MODY) exhibit various genetic muta-
tions; for example, individuals with a mutation 
in the hepatocyte nuclear factor (HNF)-4 alpha 
gene (MODY1) are characterized by diminished 
insulin and glucagon secretory responses [55, 
56]. Furthermore, the HNF-4 alpha mutation 
in MODY1 confers a generalized defect in islet 
cell function involving α- and β-cell impairment 
with proportional deficits in insulin and amylin 
secretion [55, 56]. In diabetes, decreased insulin 
signaling to the α-cells leads to high glucagon 
secretion, while amylin and GLP-1 deficiency 
results in an acceleration of gastric emptying 
and glucose absorption in parallel with second-
ary postprandial glucose peaks [32, 49, 57]. Rep-
licating the precise and dynamic insulin secre-
tion patterns of healthy individuals, particularly 
in the postprandial period, remains elusive as 
subcutaneous insulin delivery fails to achieve 
the hepatic insulin concentrations necessary for 
the effective suppression of endogenous glucose 
production [1, 58–60]. Furthermore, attempts to 
mitigate postprandial hyperglycemia by increas-
ing insulin doses can lead to peripheral hyperin-
sulinemia, increasing the risk of hypoglycemia 
and potentially contributing to weight gain [1, 
58–60]. Dysregulation of glucagon secretion, 
a hallmark of both T1DM and T2DM, further 
complicates glycemic control as postprandial 
hyperglucagonemia exacerbates hepatic glucose 
output, counteracting the effects of exogenous 
insulin [1, 58–60]. Finally, the accelerated rate 
of gastric emptying, which is a critical determi-
nant of postprandial glucose excursions, can 
overwhelm the capacity of exogenous insulin 
to manage the rapid influx of glucose into the 
circulation [61, 62].

Figure 1 presents insulin and amylin dysregu-
lation in different subtypes of diabetes.

Amylin in Weight Management

The Physiological Role of Amylin in Weight 
Regulation

Amylin is physiologically involved in the con-
trol of eating, energy expenditure and body 
weight [29]. It plays a key role in regulating 
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satiety as it affects both the homeostatic and 
hedonic aspects of eating [63]. Amylin primar-
ily binds to receptors in the AP, initiating signals 
that are relayed to the NTS and lateral parabra-
chial nucleus (LPBN) [47, 64]. These signals are 
further transmitted to the amygdala, the bed 
nucleus of the stria terminalis and various hypo-
thalamic nuclei, all of which are areas with criti-
cal roles in the regulation of energy metabolism 
[47, 64]. Additionally, amylin binds to receptors 
in the arcuate nucleus, possibly activating the 
proopiomelanocortin (POMC) neurons which 
have a key role in satiety induction and reduc-
tion of food intake [47]. Amylin promotes meal-
ending satiation and dose-dependently reduces 
meal size and length, which leads to a decrease 
in overall caloric intake [38, 51, 65, 66]. Amylin 
similarly modulates impulsive food-directed 
behavior and decreases the consumption of pal-
atable food by affecting the activity of the meso-
corticolimbic pathway [67, 68]. Via enhanced 
gastric distension amylin stimulates the percep-
tion of fullness, promoting earlier meal termina-
tion [69, 70].

In addition to being an acute satiation signal, 
amylin is considered to be an adiposity signal 
involved in the homeostatic regulation of body 
weight [29, 71]. Adiposity signals are secreted by 

the adipose tissue (leptin) or the pancreas (insu-
lin and amylin) in proportion to body adiposity 
to enhance satiety signals, reduce energy intake 
and regulate body weight via central mecha-
nisms [29, 54, 71]. Consistent with the role of 
adiposity signal, chronic central and peripheral 
amylin administration reduces weight gain and 
adiposity regardless of initial body weight, and 
the use of AMYR antagonists increases body adi-
posity [29, 54, 71].

In addition to a reduction in energy intake, 
amylin has favorable actions on energy expendi-
ture [72]. Preclinical studies show that amylin 
increases energy expenditure independently of 
the AP, possibly by increasing the activity of the 
sympathetic nervous system, particularly in the 
efferents that regulate brown adipose tissue [64, 
73, 74].

The Pathophysiological Role of Amylin 
in Obesity

Plasma amylin levels in individuals with obesity 
are elevated compared to those in lean controls 
[29], in both diet-induced and genetic obesity 
[75, 76]. However, despite increased amylin lev-
els in obesity, amylin sensitivity is not reduced 
as exogenous administration of amylin leads 

Fig. 1   Position of amylin in diabetes: multi-hormonal 
dysregulation in different subtypes of diabetes, inform-
ing personalized therapeutic avenues according to diabe-
tes phenotype. Achieving near-normoglycemia warrants 
a comprehensive understanding of the complex interplay 

of amylin deficiency, insulin deficiency or resistance and 
glucagon suppression. Personalized therapeutic approaches 
must address broader hormonal and gastrointestinal dys-
regulation characteristic of glucoregulation and accompa-
nying metabolic disorders, namely obesity
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to reduced appetite in individuals with obesity 
[29, 45]. Preclinical as well as clinical studies 
have demonstrated that the coadministration 
of amylin with leptin increases leptin sensi-
tivity in obesity [77]. Furthermore, obesity is 
characterized by IR, accelerated gastric empty-
ing, elevated plasma glucagon and blunted or 
even reversed meal-induced glucagon suppres-
sion [78, 79], all of which can be influenced by 
amylin.

Amylin-induced weight loss presents with 
certain differences compared to calorie restric-
tion-induced weight loss [80]. Amylin-induced 
energy intake reduction and weight loss lead 
to a reduction in fat mass with relative preser-
vation of lean mass, resulting in an improved 
fat-to-lean mass ratio, while calorie restriction-
induced weight loss results in reductions in 
both fat and lean mass [80]. Lastly, both cen-
tral and peripheral administration of amylin 
increases energy expenditure or prevents the 
compensatory decrease in energy expenditure 

expected after calorie reduction-induced weight 
loss [72].

Beyond Glucose Regulation and Weight 
Management: Amylin’s Broader Action

Amylin has been implicated in blood pressure 
regulation, with contradictory results from pre-
clinical and clinical studies [29, 81]. It affects 
the CV system, mostly by activating calcitonin 
gene-related peptide (CGRP) receptors within 
the vasculature. In rodents, amylin was found 
to induce potent vasodilation with a decrease in 
blood pressure; however, in humans this activa-
tion of CGRP receptors would require suprath-
erapeutic doses of amylin analogs [29]. Results 
from other studies suggest that amylin activates 
the renin-angiotensin system and increases 
plasma renin activity, potentially contribut-
ing to hypertension [29, 81]. Amylin has also 
been shown to impair endothelium-dependent 

Fig. 2   Organ-specific physiological actions of amylin. 
Amylin, a neuroendocrine hormone that is co-secreted 
with insulin, plays a role in glucose regulation, with further 
potential cardiovascular and neuroprotective functions in 

addition to a well-characterized influence on appetite and 
weight control. ↑ increase, ↓ decrease, CNS central nervous 
system
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relaxation responses in rat blood vessels, indicat-
ing a possible mechanism for amylin-induced 
hypertension through endothelial dysfunction 
[82]. While short-term amylin infusion may 
not alter blood pressure in humans, long-term 
effects and interactions with other regulatory 
systems remain unclear [29, 81, 82]. No data are 
available on the contribution of the potential 
indirect effect of amylin on blood pressure via 
weight reduction.

Amylin also appears to play a role in lipid 
metabolism by potentially modulating chylomi-
cron uptake [83]. This effect may be mediated 
through direct regulation of lipoprotein recep-
tors or indirectly via modulation of insulin 

activity [83]. Amylin’s actions on muscle include 
opposing glycogen synthesis and activating gly-
cogenolysis and glycolysis, which may indirectly 
affect liver metabolism [29, 84]. Amylin is a 
modulator of bone remodeling as rodent stud-
ies show that it inhibits bone resorption [85–87], 
and may additionally stimulate bone formation 
[86, 87].

Amylin has been implicated in neurocogni-
tion [48]. Plasma amylin levels are reduced in 
patients with cognitive impairment and Alz-
heimer’s disease, and treatment with human 
amylin or its synthetic analog pramlintide 
has been shown to reduce neuroinflammation 
and oxidative stress, reduce Aβ plaque burden, 

Fig. 3   Amylin-based therapies—present and future. 
Diverse strategies are being pursued to deliver enhanced 
stability, potency and patient convenience, resulting in 
oral or weekly subcutaneous formulations. While amylin is 
the core molecule of interest, synthetic peptides—amylin 
mimetics are represented by the currently approved amylin 
receptor agonist (RA) pramlintide. Selective amylin ago-
nists are designed to provide for a longer duration of 
action and less frequent dosing. Similarly, the non-selective 
receptor agonists termed dual amylin/calcitonin recep-
tor agonists (DACRAs) achieve their long-acting dual 

activity through conformational flexibility. Furthermore, 
cagrilintide, a nonselective agonist of the entire calcitonin 
receptor family, exhibits a distinct pharmacological profile 
compared to that of other DACRAs, while being admin-
istered once weekly. The combination of amylin RA with 
other incretin-based agents, such as the GLP-1/glucagon 
dual RA is also being investigated, with the aim to achieve 
enhanced weight loss and end-organ protection via triple 
mechanism effect. GLP-1R Glucagon-like peptide-1 recep-
tor 
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modulate tau phosphorylation and improve 
cognitive function in animal models with Alz-
heimer’s disease [48, 88–91]. Additionally, pre-
clinical studies have associated amylin agonism 
with antidepressant, anxiolytic and cognitive-
enhancing properties [92]. Lastly, amylin seems 
to be involved in nociception modulation and 
pain signaling, as exogenous amylin has been 
shown to alleviate nociceptive behavior when 
administered before noxious stimuli [93–95].

Figure 2 illustrates the organ-specific actions 
of amylin.

ADVANCEMENTS, CHALLENGES 
AND FUTURE DIRECTIONS IN 
AMYLIN‑BASED THERAPIES

As amylin plays a critical role in glucose regula-
tion and energy balance, it is a promising target 
for therapeutic intervention. However, the clini-
cal application of native amylin is limited by its 
short half-life, structural instability, and propen-
sity to form amyloid aggregates [29, 33, 96, 97]. 
To address these challenges, several synthetic 
amylin analogs have been developed [47, 98] 
by employing different alterations of the amylin 
molecule, ranging from enhancing amylin sta-
bility and developing oral amylin formulations 
to the development of various combination 
therapies to enhance weight loss and glucose 
regulation through targeting multiple receptors 
in metabolic pathways [29, 33, 96, 97]. While 
using amylin analogs with extended half-life 
and non-aggregating properties showed prom-
ising results in animal models, applying these 
findings to human clinical trials has proven dif-
ficult [98]. Furthermore, the ability of amylin 
receptors to interact with other peptides, such as 
CT and CGRP, adds another layer of complexity 
to their signaling and functional roles [29, 30, 
33]. Selective AMYR agonists and dual AMYR/
CTR agonists (DACRAs) are being developed. 
However, it is unclear whether DACRAs based 
on amylin-template peptides versus CA-template 
peptides activate target receptors by similar or 
distinct molecular mechanisms [29, 30, 33]. This 

understanding has significant implications for 
the design and development of future DACRAs 
with tailored activity profiles [98].

Figure  3 summarizes present and novel 
approaches to amylin therapy development.

Current research focuses on several key strate-
gies exemplified by enhancing amylin stability 
by attaching polyethylene glycol or carbohy-
drate molecules to amylin [29, 33, 96], devel-
oping oral amylin formulations [60, 99] or 
even developing inhibitors of amylin aggrega-
tion to prevent islet amyloid formation [100]. 
The most frequently employed principle is the 
development of various multi-receptor agonists 
that are designed to enhance weight loss and 
glucose regulation by targeting different recep-
tors and metabolic pathways, as exemplified by 
CagriSema, which has progressed the furthest 
in phase 3 clinical trials [29, 33, 96, 97]. Since 
similarities in the peptide sequences of incre-
tin class members (GLP-1, GIP and glucagon) 
enable the development of unimolecular multi-
receptor activating agonists, various pharma-
ceutical companies are bustling with double- or 
triple-incretin combinations in their respectively 
therapeutic pipelines [24–28]. There is mounting 
evidence that early intervention with incretin-
based therapy across the wide array of cardio-
renal-hepatic-metabolic diseases yields improve-
ments in cardio-metabolic health, which is 
anticipated to translate into reduced morbidity 
and mortality from these conditions, as well as 
in complications like obesity-related malignan-
cies and neurocognitive disorders [24–28]. Such 
a multi-hormonal and simultaneously person-
alized approach to hyperglycemia, whether it 
is T1DM, T2DM or MODY, when accompanied 
by obesity opens the window of opportunity to 
position the amylin RA early in the therapeutic 
process, addressing key aspects in diabesity or 
double diabetes.

In the following sections we detail the evo-
lution of amylin-based therapies, outlining 
their key properties, strengths, limitations and 
clinical significance.
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Pramlintide

Pramlintide (Pramlintide acetate; Symlin), a non-
aggregating amylin analog, is a chimeric pep-
tide composed of the human amylin primary 
sequence with three proline substitutions from 
the rat amylin primary sequence, thereby func-
tioning as a selective amylin RA [33]. With a half-
life of 20–45 min, it requires subcutaneous (SC) 
administration with every meal. Administration of 
pramlintide in patients with obesity has produced 
sustained reductions in overall daily caloric intake, 
individual meal sizes and the frequency of binge 
eating episodes [101]. In one study, pramlintide 
use in conjunction with lifestyle intervention over 
a study period of 12 months resulted in placebo-
corrected weight loss of up to 7.9% or 6.1 ± 2.1 kg 
when the participants received a dose of 120 mcg 
3 times a day (t.i.d.) and of 7.2 ± 2.3 kg when the 
dose was 360 mcg 2 times a day (b.i.d.) [102]. 
Pramlintide is the first synthetic amylin analog 
approved by the US Food and Drug Administra-
tion (FDA) for both T1DM and T2DM that requires 
treatment with mealtime insulin [103]. Pramlin-
tide lowers postprandial glucose with minimal 
effects on fasting glucose, providing a glycated 
hemoglobin A1c (HbA1c) reduction of 0.2–0.4% 
in T1DM and 0.4–0.6% in T1DM [103]. In contrast 
to insulin, which is commonly titrated to achieve 
desired clinical outcomes, pramlintide is typically 
administered using a fixed, mealtime-only dosing 
regimen [104]. However, in contrast to insulin, 
which needs a neutral pH environment, pramlin-
tide, in order to maintain solubility, needs to be 
formulated at an acidic pH of 4; this pH incompat-
ibility presents a significant obstacle to combin-
ing pramlintide with insulin [105]. Consequently, 
patients are required to administer two injections 
before meals, which can hinder patient’s treatment 
adherence [105]. Stanford University researchers 
have developed a novel approach to combining 
insulin (Insulin Lispro) and pramlintide (Symlin) 
into a single injection by designing a polyethyl-
ene glycol-based molecular wrapper to encapsulate 
and protect both the insulin and pramlintide mol-
ecules; this system has demonstrated efficacy in 
animal models [106]. Pramlintide can be included 
as an adjunctive drug within artificial pancreas 
systems for T1DM and dual-hormone closed-loop 

systems incorporating pramlintide alongside insu-
lin, or in conjunction with glucagon, with the aim 
to closely replicate endogenous pancreatic hormo-
nal secretion; this approach may optimize glyce-
mic control by attenuating postprandial glucose as 
well as reducing the risk of exercise-induced hypo-
glycemia [107]. Short randomized controlled trials 
(RCTs) in persons with T1DM have shown that 
insulin-and-pramlintide dual-hormone closed-
loop systems achieved a time in range > 70% 
[108–110].

Davalintide (AC2307)

Davalintide (AC2307) is a second-generation 
amylin-mimetic peptide intended for SC use. It 
has demonstrated enhanced pharmacological 
efficacy compared to native amylin for reduc-
ing food intake and body weight in rodents 
[111]. As davalintide is a chimera of the pri-
mary sequences of rat amylin and salmon CT 
[33], it binds to the AMYR, CTR and CT-gene-
related receptors and exhibits a longer dura-
tion of action [111], qualifying as a non-selec-
tive amylin RA, related to, but distinct from 
DACRAs. The use of davalintide in preclinical 
studies showed dose-dependent, durable and 
fat-specific weight loss with a maintained meta-
bolic rate [111]. However, despite an extended 
half-life and promising weight loss seen in pre-
clinical studies, davalintinde failed to surpass 
pramlintide in clinical trials [40], and research 
and development on this peptide has been 
discontinued.

Cagrilintide (AM833)

Cagrilintide is a long-acting amylin analog 
designed for once-weekly (OW) SC administra-
tion (based on the structure of natural amylin), 
developed by Novo Nordisk [112]. Cagrilintide 
efficacy for weight management in overweight 
and obesity was analyzed in phase 2 randomized, 
multi-center, double-blind, placebo-controlled, 
dose-finding clinical trial [113]. In this trial, 
treatment with cagrilintide resulted in significant 
weight loss compared to placebo, with greater 
reductions observed at all used cagrilintide doses 
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(0.3–4.5 mg; 6.0–10.8% weight loss) compared 
to placebo (3.0% weight loss [3.3 kg]; estimated 
treatment difference [ETD] range 3.0–7.8%; 
p < 0.001) [113]. Furthermore, cagrilintide at a 
dose of 4.5 mg OW SC resulted in superior weight 
loss compared to liraglutide 3 mg daily [113]. 
Treatment with cagrilintide exhibited a favorable 
safety profile, with gastrointestinal disturbances 
and injection-site reactions being the most fre-
quent adverse events [113].

 Long‑Acting Amylin Agonist AZD6234

AZD6234 is a novel long-acting selective 
AMY3R agonist developed by AstraZeneca for 
SC administration, and is currently in phase 2 
testing [114]. Preliminary results indicate that 
AZD6234 demonstrates promising efficacy for 
body fat-selective weight loss [115]. The com-
bination of AZD6234 with other incretin-based 
agents, such as the GLP-1/glucagon dual ago-
nist AZD9550, is also being investigated in a 
phase 1 trial, with the planning for a phase 2 
trial underway. The aims of these trials is to 
achieve fat-selective weight loss, improved 
body composition and end-organ protection 
via a triple mechanism effect in people living 
with obesity [114].

Petrelintide (ZP8396)

Petrelintide (ZP8396) is a novel SC-adminis-
tered, long-acting amylin analog, developed 
by Zealand Pharma (Søborg, Denmark), a pep-
tide drug discovery and development com-
pany, which is currently in early-stage clinical 
trials (phase 1 clinical trials: ClinicalTrials.gov 
Identifier NCT05511025, NCT05096598 and 
NCT05613387) [116]. Petrelintide, in which 
acylation has been used to achieve a longer half-
life, has chemical and physical stability at neu-
tral pH, which minimizes fibril formation and 
allows co-formulation with other peptides [116]. 
Petrelintide exhibits a potent balanced agonis-
tic effect on both the AMYR and CTR—which 
precludes this molecule from being included in 
the DACRA class [116]. The phase 1b, 16-week, 
multiple-dose ascending trial (NCT05613387) 
showed a mean body weight reduction of 4.8%, 

8.6% and 8.3% at OW doses of up to 2.4 mg, 
4.8 mg and 9.0 mg, respectively [116]. Petre-
lintide treatment was well-tolerated with no 
severe adverse events. In late 2024, Zealand 
Pharma initiated a phase 2b randomized dose-
finding obesity and T2DM + obesity clinical trial 
(ZUPREME-1 and ZUPREME-2) which will evalu-
ate petrelintide’s efficacy and safety in individu-
als with obesity in a larger population (N = 480) 
[116]. The company announced that it plans to 
initiate a phase 1 combination trial with GLP-1 
RA in 2025 [116].

Long‑Acting Amylin Agonist GUB014295

Gubra A/S (Hørsholm, Denmark), a biotech 
company specialized in pre-clinical con-
tract research, initiated a phase 1 clinical trial 
(NCT06144684) to investigate the safety, tol-
erability and pharmacological properties of 
GUB014295 (GUBamy), a long-acting OW SC 
amylin agonist, in healthy volunteers [117]. 
GUB014295 is an RA that activates amylin and 
CTR, thereby being classified as a DACRA [117]. 
The company states that interim results from 
the ongoing phase 1b study assessing multiple 
ascending doses of GUBamy are expected during 
the first half of 2025 [117].

Combinations of Treatment Methods

As GLP-1 RA and amylin analog-induced weight 
loss arise from both distinct and overlapping 
mechanisms, the combination of GLP-1 RA 
and amylin RA has been shown to produce a 
synergistic effect [118]. Of note, similarly to 
combination therapy formulations with insu-
lin, amylin RA needs to exhibit greater stability 
at pH 7.4 in order to provide the conditions to 
co-formulate with GLP-1 analogs [33, 41]. In the 
case of KBP-089, a dual amylin and CTR ago-
nist, the additivity of DACRAs and GLP-1 RA in 
improved insulin sensitivity and body weight 
reduction was demonstrated in the rat–animal 
model [119, 120].
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CagriSema

The combination of OW SC GLP-1 RA semaglu-
tide and non-selective amylin RA cagrilintide 
(AM833) has been shown to demonstrate an 
additive effect on glucose regulation and weight 
loss as both GLP-1 RA and amylin analogs act on 
glucagon secretion, delay gastric emptying and 
mediate weight loss by acting through both dis-
tinct and overlapping neural satiety and reward 
pathways [47, 121]. This novel dual-agonist 
approach surpassed the efficacy of monotherapy 
while maintaining a favorable cost–benefit and 
safety profile [122].

In a phase 1b placebo-controlled, randomized 
clinical trial, participants with overweight or 
obesity received OW SC cagrilintide at various 

doses or placebo, in conjunction with sema-
glutide 2.4 mg over 20 weeks [123]. Semaglu-
tide combined with cagrilintide (1.2 mg and 
2.4 mg) resulted in significantly greater weight 
loss (15.7% and 17.1%, respectively) at week 
20 compared to semaglutide combined with 
placebo (9.8%) [123]. Gastrointestinal events 
and injection-site reactions were the most com-
monly reported adverse effects [123].

A phase 2 clinical trial investigated the 
safety and efficacy of a fixed-dose combina-
tion of cagrilintide 2.4 mg and semaglutide 
2.4 mg (CagriSema; Novo Nordisk A/G, Bags-
værd, Denmark), administered OW SC over 
32 weeks, in 92 overweight individuals with 
T2DM [124]. This study compared the safety 
and efficacy of this cagrilintide/semaglutide 

Fig. 4   Amylin-based therapies in the pipeline. Pramlint-
ide (trade name Symlin [pramlintide acetate]) injection is 
approved as an adjunct treatment in patients with type 1 
and type 2 diabetes who use mealtime insulin and have not 
achieved desired glycemic control despite optimal insulin 

therapy. Further product candidates (amylin receptor ago-
nists in development) are listed according to their corre-
sponding status in Clinical Trials databases and companies’ 
pipelines. GLP-1 Glucagon-like peptide-1
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combination to those of its individual compo-
nents. Treatment with CagriSema 2.4 mg OW 
SC resulted in an average 15.6% reduction in 
body weight, which was superior to the weight 
loss observed with cagrilintide 2.4 mg (8.1%) 
alone or semaglutide 2.4  mg (5.1%) alone 
[124]. Moreover, after 32 weeks of treatment, 
CagriSema demonstrated a numerically greater 
improvement in glycemic control, achieving 
a 2.2%-point reduction in HbA1c levels, com-
pared to 0.9%-points with cagrilintide and 
1.8%-points with semaglutide monotherapy 
[124]. Time in range  (TIR) increased from 
56.9% at baseline to 88.9%, 76.2% and 71.7% 
with CagriSema, semaglutide and cagrilintide, 
respectively [124]. Additionally, CagriSema 
treatment resulted in a reduction of systolic 
blood pressure by 13 mmHg [124]. CagriSema 
was generally well-tolerated, with mild to mod-
erate gastrointestinal adverse events, primarily 
nausea and vomiting [124].

REDEFINE is a phase 3 clinical program 
that will evaluate the efficacy and safety of 
CagriSema in patients with overweight or obe-
sity using CagriSema for a period of 68 weeks 
in a larger patient population. REDEFINE-1 
(NCT05567796) is the first phase 3 clinical 
trial from this program to be completed [125]. 
REDEFINE-1 evaluated the efficacy and safety of 
CagriSema (2.4/2.4 mg) in patients with over-
weight or obesity with one or more comorbidi-
ties and without T2DM. The trial lasted 68 weeks 
and included 3417 individuals who were rand-
omized to either CagriSema, its individual com-
ponents or placebo [125]. The results showed 
that patients with a mean baseline body weight 
of 106.9 kg who were treated with CagriSema 
(2.4/2.4 mg) achieved 22.7% weight loss after 
68 weeks, compared to 11.8% of those treated 
with cagrilintide 2.4  mg monotherapy and 
16.1% of those treated with semaglutide 2.4 mg 
monotherapy, and to 2.3% of those receiving 
only the placebo [125]. Additionally, a weight 
loss of more than 25% was achieved in 40.4% 
of patients receiving CagriSema, compared to 
16.2% of patients receiving semaglutide 2.4 mg, 
6% of patients receiving cagrilintide 2.4 mg and 
0.9% of patients receiving placebo. Of inter-
est, in the study design, the company states 
that included individuals had a flexible dosing 

protocol [125], which could have accounted 
for not meeting the desired ≥ 25% body weight 
reduction target. Treatment was generally well 
tolerated and safe; the drug was discontinued 
in 3.6% of the persons in the CagriSema arm 
compared to 1.3% in the comparators’ arms, 
and observed gastrointestinal adverse events per 
patient per year were 2.8 with CagriSema versus 
2.6 with semaglutide 2.4 mg monotherapy [125].

The REDEFINE-2 clinical trial (NCT05394519) 
will evaluate the safety and efficacy of 
CagriSema over 68 weeks in 1200 adults with 
T2DM and overweight or obesity. The CV safety 
of OW CagriSema in 7000 patients with over-
weight or obesity and established CV disease 
will be evaluated in the REDEFINE-3 clinical trial 
(NCT05669755). Lastly, the REDEFINE-4 clinical 
trial (NCT06131437) will evaluate the efficacy 
and safety of CagriSema compared to tirzepatide 
over 72 weeks in 800 adults with obesity [125].

Amycretin (NNC0487‑0111)

Novo Nordisk is currently conducting phase 1 
clinical trials (NCT05369390, NCT06049329 
and NCT06064006) to evaluate amycretin 
(NNC0487-0111), an oral and/or SC formulation 
combining GLP-1 RA and amylin peptides [126]. 
Preliminary findings from the NCT05369390 
trial suggest that oral amycretin may offer supe-
rior efficacy compared to OW semaglutide for 
the treatment of obesity [127]. Data indicate that 
participants receiving oral amycretin achieved 
an average weight loss of 13.1% after 12 weeks, 
which is substantially greater than the 1.1% 
weight loss observed in the placebo group [128]. 
This result surpasses the 6% weight loss seen in 
semaglutide over a similar time frame [127]. In 
late January 2025, according to an announce-
ment by the company, the SC formulation of 
amycretin achieved promising results in chronic 
weight management. In the phase 1b/2a clini-
cal trial with amycretin, an unimolecular GLP-1, 
and amylin RA intended for OW SC use, the 125 
individuals with overweight or obesity included 
in the study achieved an estimated body weight 
loss of 9.7% on 1.25 mg (20 weeks), 16.2% on 
5 mg (28 weeks) and 22.0% on 20 mg following 
36 weeks of treatment [127].
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Figure 4 provides an overview of amylin-based 
therapies in the therapeutic pipeline.

CONCLUSIONS

Amylin, a neuroendocrine hormone co-secreted 
with insulin, is deficient in individuals with dia-
betes and plays an important role in postpran-
dial glucose homeostasis by suppressing gluca-
gon secretion and delaying gastric emptying. 
Amylin’s anorexic role is mediated by affecting 
both the homeostatic and hedonic aspects of 
eating. The novel synergistically acting GLP-1 
RA + amylin RA formulation, CagriSema, shows 
promising results in both glucose control and 
chronic weight management. As such, the 
AMYR agonists (combined with other incretin 
class members) could represent the elusive drug 
candidate to address the multi-hormonal dys-
regulations of diabetes subtypes and qualify as a 
precision medicine approach that surpasses the 
long overdue division into T1DM and T2DM. 
Overcoming the complex receptor biology and 
pharmacokinetic challenges through further 
research and the development of novel amylin 
RA or delivery systems is crucial to fully unlock-
ing the therapeutic potential of this intriguing 
hormone.
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