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ABSTRACT

Peptide-based therapies have high pharmacological selectivity and a broad ability to
modulate receptors, enzymes, and signaling pathways, but their clinical development is limited
by enzymatic degradation, low permeability across biological membranes, rapid clearance, and
reduced bioavailability. This study aimed to analyze contemporary clinical applications of
therapeutic peptides and evaluate the strategies used to enhance their molecular stability, half-life,
absorption, and tissue distribution. A systematic review was conducted in accordance with the
PRISMA 2020 recommendations. The main search was carried out in PubMed/MEDLINE, from
the start of indexing to July 20, 2026, with additional verification in PubMed Central, Crossref,
and official journal records. Original clinical, pharmacokinetic, translational, and preclinical
studies related to therapeutic-purpose peptides were included. In the end, 50 studies published
between 2001 and 2025 were included and organized into five thematic axes.The results
demonstrated that amino acid substitutions, lipidization, albumin binding, conformational
restriction, PEGylation, depot formulations, implants, and absorption promoters increased
stability and prolonged pharmacological exposure. Semaglutide, tirzepatide, and other incretin
agonists showed significant benefits in glycemic control, weight loss, and reductions in
cardiovascular events. Relevant applications were also observed in genetic obesity, achondropla-
sia, short bowel syndrome, osteoporosis, neuroendocrine tumors, drug-resistant HIV infection,
hereditary angioedema, pruritus, refractory pain, and erythropoietic protoporphyria. However,
oral absorption remained variable and dependent on administration conditions, whereas ingestible
devices and other delivery technologies showed predominantly preclinical evidence. Negative
results with cilengitide and NLY01 demonstrated that prolonging half-life and molecular
plausibility do not ensure efficacy when tissue distribution or
target engagement are insufficient. It is concluded that peptide therapies constitute a versatile
therapeutic platform, the success of which depends on the integration of molecular engineering,
stability, bioavailability, targeting to the intended tissue, safety, and clinical applicability.
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INTRODUCTION

Peptides constitute a class of biolo-

gically active molecules involved in the

regulation of essential physiological pr-

ocesses, including energy metabolism,

glycemic homeostasis, growth, nocicept-

ion, gastrointestinal motility, immune

response, cardiovascular signaling, and

neuroendocrine communication. Their

high affinity for specific receptors, the

ability to modulate protein–protein inte-

ractions, and the possibility of reproduc-

ing or modifying endogenous sequences

give these molecules a high pharmacolo-

gical potential. Unlike many small-

molecule compounds, peptides can act on

highly selective targets and reproduce

complex physiological mechanisms, en-

abling targeted therapeutic interventions

and, in certain contexts, aligning with the

principles of precision medicine.

The development of peptide therap-

ies evolved from formulations based on

natural hormones to structurally modified

molecules, long-acting analogs, multire-

ceptor agonists, cyclic peptides, radioco-

njugates, and controlled-release systems.

This evolution significantly expanded its

clinical applicability. Peptide analogs

similar to glucagon type 1, such as

semaglutide, and combined agonists of

the GLP- 1 receptor and glucose-

dependent insulinotropic polypeptide,

such as tirzepatide, have shown signific-

ant benefits in glycemic control, in redu-

cing body weight, and in preventing

cardiovascular events in selected popula-

tions (16–28). More recently, molecules

with simultaneous agonism of the GLP-1,

GIP, and glucagon receptors, such as

retatrutide, have come to represent a new

generation of metabolically active pepti-

des, although their efficacy and safety

still need to be confirmed in clinical trials

of longer duration (29).

The expansion of peptide therapies,

however, is not limited to metabolic

diseases. Selective activation of the me-

lanocortin 4 receptor by setmelanotide

enabled clinically relevant reductions in

weight and hyperphagia in rare forms of

genetic obesity associated with alterations

in pro-opiomelanocortin pathways, the

leptin receptor, and Bardet-Biedl synd-

rome (30,31). In achondroplasia, vosori-

tide, a C-type natriuretic peptide analog,
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demonstrated an increase in annual gro-

wth velocity in children through modula-

tion of signaling related to the fibroblast

growth factor receptor 3 (32). In short

bowel syndrome, teduglutide increased

intestinal absorptive capacity and reduced

dependence on parenteral support, while

linaclotide and plecanatide showed that

peptides with predominantly luminal ac-

tivity can produce gastrointestinal benef-

its without significant systemic exposure

(33–35). Therapies based on fragments or

analogs of parathyroid hormone also

promoted increased bone mineral density

and reduced fracture risk in patients with

osteoporosis (36,37).

In oncology, long-acting somatosta-

tin analogs, such as lanreotide, have

delayed the progression of neuroendocr-

ine tumors that are positive for specific

receptors, while conjugating a peptide

analog to a radionuclide, represented by ^

177Lu-DOTATATE, has enabled ioniz-

ing radiation to be directed to tumor cells

with high somatostatin receptor express-

ion (38,39). In infectious diseases, enfu-

virtide has shown that a synthetic peptide

can directly block the fusion of the

human immunodeficiency virus with the

cell membrane, reducing viral load in

patients with multidrug-resistant infection

(41,42). Other examples include icatibant

in hereditary angioedema, difelikefalin in

pruritus associated with hemodialysis,

ziconotide in refractory pain, bremelano-

tide in hypoactive sexual desire disorder,

and afamelanotide in erythropoietic pro-

toporphyria (43–45,47,49). These findi-

ngs highlight the diversity of receptors,

physiological pathways, and clinical co-

nditions that may be potentially modula-

ted by peptide-based drugs.

Despite this broad therapeutic pote-

ntial, the clinical use of peptides remains

conditioned by limitations pharmac-

eutical and

relevant pharmacokinetics. The presence

of peptide bonds susceptible to protease

action, low permeability across biological

membranes, high polarity, limited trans-

cellular diffusion, rapid systemic cleara-

nce, and the possibility of renal eliminat-

ion contribute to shorter half-lives and

low bioavailability. In the gastrointestinal

tract, these limitations are intensified by

gastric acidity, enzymatic degradation,

the mucous layer, and poor passage

across the intestinal epithelium. As a

result, many peptides require subcutan-
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eous, intravenous, intramuscular, or intr-

athecal administration, which can reduce

therapeutic convenience, increase depe-

ndence on technical training, and comp-

romise adherence in long-term treatmen-

ts.

Different molecular engineering st-

rategies have been developed to overc-

ome these barriers. Substituting amino

acids susceptible to degradation, acylat-

ion with lipid chains, and reversible

binding to albumin have made it possible

to increase proteolytic stability, reduce

renal clearance, and prolong systemic

exposure to GLP-1 analogs, enabling

weekly administration regimens (6,7).

Conformational restriction, cyclization,

dimerization, and PEGylation can also

protect vulnerable regions of the molec-

ule, alter its hydrodynamic volume, and

modify tissue distribution (8,15,50).

Depot formulations, subcutaneous impl-

ants, and peptide-radionuclide conjugates

represent additional approaches to control

release, prolong the action, and target the

active principle to tissues that express

specific receptors (38–40,49).

Oral administration remains one of
the main challenges in

development of peptide-based medicines.

The association of semaglutide with sod-

ium salcaprozate, known as SNAC, sh-

owed that the localized increase in pH

and the temporary promotion of gastric

permeability can protect the peptide from

degradation and promote its transcellular

absorption in the stomach (1). However,

systemic exposure to oral semaglutide has

been shown to depend on the fasting

period, the amount of water, the interval

between administration and eating, tablet

erosion, and the presence of other medic-

ations administered simultaneously (2–

5,12). These findings indicate that the

feasibility of an oral formulation does not

eliminate pharmacokinetic variability or

the need for specific conditions of use.

Other technologies aim to physically

or chemically bypass gastrointestinal ba-

rriers. Ionic liquids have been investiga-

ted to protect insulin from proteolysis and

to increase its passage through the intes-

tinal epithelium, while ingestible, self-

orienting devices and microneedle syst-

ems have been developed to introduce

macromolecules directly into the gastric

or intestinal wall (9–11). Although these

strategies have produced promising prec-
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linical results, their clinical incorporation

depends on demonstrating mechanical

safety, biocompatibility, performance

reproducible, tolerability in repeated ad-

ministrations, and large-scale production

viability. Oral octreotide, in turn, showed

that converting a parenteral treatment to

an oral formulation may preserve

biochemical control in part of the patien-

ts, but also evidenced variability in res-

ponse and loss of therapeutic control in a

relevant proportion of the individuals

treated (13) .

Extending the half-life or increasing

systemic exposure also does not, on its

own, ensure clinical benefit. Cilengitide,

a cyclic peptide integrin inhibitor, did not

improve survival in glioblastoma patients

when associated with standard treatment,

despite biological plausibility and preli-

minary results that supported its devel-

opment (46) . Similarly, NLY01, a pegy-

lated GLP-1 agonist, showed no signifi-

cant clinical benefit in patients with early

Parkinson’s disease, suggesting that pl-

asma stability may not correspond to

adequate exposure in the central nervous

system or effective modulation of the

pathological target (50) . These negative

results are fundamental to understand that

the success of a peptide therapy depends

on the integration between target affinity,

structural stability, bioavailability,

tissue distribution, duration of the

presentation, population selection, and rele-

vance of the pathophysiological mechanism.

Although the literature demonstrates

substantial advances, the evidence is

distributed across studies in medicinal

chemistry, experimental pharmacology,

drug delivery systems, pharmacokinetic

research, and clinical trials conducted in

distinct therapeutic areas. This fragment-

ation makes it difficult to achieve an

integrated understanding of the relation-

ships among the structural properties of

peptides, the strategies used to enhance

their stability and bioavailability, and the

results actually obtained in patients. In

addition, the concentration of studies in

certain classes—especially incretin ago-

nists—may obscure specific challenges

observed in oncology, infectious diseases,

neurology, gastroenterology, rare disea-

ses, and therapies with local action.

Against this background, this syst-
ematic review aimed to analyze conte-
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mporary clinical applications of peptide-

based therapies and critically assess the

strategies used to overcome limitations

related to molecular stability, enzymatic

degradation, half-life, permeability, dist-

ribution, and bioavailability.

In addition, we sought to identify the

main therapeutic benefits, pharmacokine-

tic limitations, translational challenges,

and technological perspectives associated

with the development of peptide-based

medicines in modern medicine.

METHODOLOGY

This is a systematic literature review

intended to analyze contemporary clinical

applications of peptide-based therapies

and the strategies used to overcome

limitations related to molecular stability,

enzymatic degradation, half-life, perme-

ability, distribution, and bioavailability.

The preparation and presentation of the

review were guided by the recommenda-

tions ofthe Preferred Reporting Items for

Systematic Reviews and Meta-Analyses-

PRISMA 2020 (51). Due to the breadth

of the topic and the inclusion of clinical,

pharmacokinetic, translational, and prec-

linical studies, the review was structured

into two complementary evidence doma-

ins. The first included studies that asses-

sed efficacy, safety, pharmacokinetics,

and clinical applications of peptide drugs,

while the second brought together inves-

tigations

related to molecular engineering, proteo-

lytic stability, extending half-life, absorp-

tion, permeability, systems of release and

bioavailability. No prospective protocol

registration was carried out on a public

platform; however, the research question,

eligibility criteria, outcomes of interest,

and synthesis procedures were defined

before the final sample was consolidated.

The guiding question of the review

was: what are the main clinical applicat-

ions of peptide-based therapies in modern

medicine, and what strategies have been

used to overcome challenges related to

stability molecular and to

the bioavailability of these molecules? To

account for the heterogeneity of the

studies, adapted PICOS structures were

used. In the clinical setting, conside-

red individuals

were subjected to treatment with
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medicines peptide, min, permeability, plasma concentration,

7

regardless of the clinical condition, with

interventions including therapeutic pept-

ides, peptide analogs, multi-receptor ag-

onists, peptide conjugates, or formulati-

ons containing peptides. The comparators

included placebo, active treatment, stan-

dard therapy, different doses, different

formulations, or baseline condition. The

primary outcomes were clinical efficacy,

therapeutic response, safety, adverse ev-

ents, pharmacokinetics, pharmacod-

ynamics,

systemic exposure and bioavailability.

Randomized clinical trials were eligible,

non-randomized clinical studies,

pharmacokinetic studies, bioequivalence

studies, and clinical trials of phases l, 2,

or 3.

area under the curve, maximum concent-

ration, relative or absolute bioavailability,

and the performance of release systems

were evaluated. In this domain, mechan-

istic studies were included, experi-
mental,

pharmacological, and translational stud-
ies with original results.

The main bibliographic search was

conducted in PubMed/MEDLINE, from

the start of database indexing up to July

20, 2026. Complementary searches were

performed by reference tracking of eligi-

ble articles, consultation of related publ-

ications, and verification of records in

Crossref and on the official journal webs-

ites. PubMed Central was used to access

In the translational and preclinical

domain, cellular systems, biophysical

models, ex vivo tissues, and animal

models were considered. The interventi-

ons included structural modifications of

peptides, absorption promoters, pharma-

ceutical formulations, and delivery sys-

tems. The comparators included unmodi-

fied peptides, conventional formulations,

negative controls, experimental placebos,

or reference parenteral routes. Outcomes

related to resistance to proteolysis, struc-

tural stability, half-life, binding to albu-

full texts when available. Title, authorsh-

ip, journal, year, volume, pagination,

PMID, and DOI were verified in the

official records. Studies with inconsistent

metadata were re-evaluated before inclu-

sion. Targeted searches were also carried

out using the names of the molecules

identified during screening, with the aim

of locating key clinical trials, molecular

development studies, and pharmacokine-

tic investigations that might not have

been fully retrieved by the generic search

strategy.
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The search strategy combined cont-

rolled descriptors from Medical Subject

Headings- MeSH - and free-text terms

related to therapeutic peptides, clinical

applications, stability, and bioavailability.

The baseline strategy used in

PubMed/MEDLINE included combinat-

ions of the terms “Peptides”, “therapeu-

tic peptide”, “therapeutic peptides”,

“peptide-based therapy”, “peptide drug”,

and “peptide drugs”, associated with

“Drug Stability”, “stability”, “proteoly-

sis”, “degradation”, “half-life”,

“Bioavailability”, “absorption”,

“permeability”, “pharmacokinetics”, and

“drug delivery”. These terms were com-

bined with filters and expressions referr-

ing to clinical, pre-clinical, translational,

human, and animal studies. Additional

combinations involving “oral delivery”,

“lipidation”, “albumin binding”, “PE-

Gylation”, “conformational

restriction”, “cyclic peptide”, “depot

formulation”, “microneedle”, “gastric

delivery”, “intestinal delivery”, “peptide

conjugate”, “receptor agonist”, “effica-

cy”, “safety” and “randomized trial”.

The general search was compleme-
nted by specific searches involving the
names of the peptides and therapeutic
classes identified during the selection

process, including semaglutide, tirzepat-

ide, retatrutide, setmelanotida, vosoritida,

teduglutida, linaclotide, plecanatide, ter-

iparatide, abaloparatide, lanreotide, oct-

reotide, pasireotide, enfuvirtide, icatibant,

difelikefalin, ziconotide, cilengitide, br-

emelanotide, exenatide, afamelanotide,

and NLY0l. Boolean operators AND and

OR were used to combine the concepts,

and the strategies were adapted according

to the characteristics of each compleme-

ntary search.

Peer-reviewed original studies were

included that involved peptides used or

developed for therapeutic purposes. Ra-

ndomized or non-randomized clinical

trials, studies pharmacokinetic studi-

es,

pharmacodynamic or bioequivalence stu-

dies, pre-clinical and translational invest-

igations directly related to stability, abs-

orption, permeability, half-life, or bioava-

ilability, and molecular engineering stud-

ies that assessed modifications intended to

increase enzymatic resistance, systemic

exposure, or pharmacological duration.

Research on oral, gastric, intestinal, sub-

cutaneous, intrathecal delivery systems,

whether via implants or depot formulati-

ons, was also included. Quantitative or
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qualitative results sufficient to character-

ize the intervention and its main outcomes

were required, in addition to identification

bibliographic and

traceability confirmed by PMID, DOI, or

official journal record. Studies published

in English, Portuguese, or Spanish were

accepted, with no initial year limit, which

allowed the inclusion of fundamental

historical studies and contemporary res-

earch.

Narrative reviews, systematic revi-

ews, meta-analyses, scoping reviews, ed-

itorials, letters, comments, opinions, book

chapters, and scientific news were excl-

uded. Protocols without results, confere-

nce abstracts without full publication,

preprints, duplicate studies, secondary

publications without new relevant results,

research that only mentioned peptides

without directly evaluating a therapeutic

intervention or a property related to

stability and bioavailability, studies exc-

lusively nutritional or

cosmetic, research involving supplements

without purpose

pharmacologically defined, with investi-
gations into proteins or antibodies with-
out a clearly delimited peptide compon-

ent. Articles with insufficient methodol-

ogical data, retracted publications, and

studies submitted under an editorial alert

or a statement of concern that would

compromise the reliability of the results

were also excluded. When different pub-

lications presented results from the same

population or from the same clinical trial,

the main report or the publication with

the more complete data was prioritized,

avoiding duplication of participants in the

synthesis.

The retrieved records were initially

organized and compared by title, author,

DOI, and PMID, with duplicates remov-

ed. Selection took place in two stages. In

the first stage, titles and abstracts were

examined to identify studies potentially

related to peptide therapies, their clinical

applications, or their pharmacological

challenges. Records clearly incompatible

with the research question were excluded.

In the second stage, potentially eligible

articles were assessed in full text or

through the complete records available in

the official databases. Final eligibility

was determined by the match between

population or experimental model, inte-

rvention, design, outcomes, and predefi-

ned criteria. The reasons for exclusion in

the full-text screening stage were organ-
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ized for later presentation in the PRISMA

flow diagram. At the end of the process,

50 original studies met the eligibility

criteria and were included in the synthes-

is.

The data were organized into a

standardized matrix developed specifica-

lly for this review. For each study,

information was extracted regarding the

reference number, first author, year of

publication, country or multicenter con-

text, methodological design, sample size

or experimental model, clinical condition

or pharmacological purpose, peptide or

technology assessed, characteristics of the

intervention, dose, route of administrati-

on, comparator, duration of

follow-up, primary and secondary outc-

omes, pharmacokinetic parameters, effi-

cacy results, adverse events, methodolog-

ical limitations, source of funding,

potential conflicts of interest, and the

study’s contribution to stability, bioavai-

lability or clinical application. In ph-

armacokinetic studies, the following were

prioritized: area under the curve, maxi-

mum concentration, time to maximum

concentration, half-life, bioavailability,

systemic exposure, and interindividual

variability within-subject or

between-subject. In clinical trials, the res-
ults corresponding to the main therapeutic
outcomes were extracted, including met-
abolic changes, weight loss, hormonal
control, tumor progression, viral load,

The methodological assessment was

conducted according to the design of each

study. The randomized clinical trials were

assessed using the RoB 2 instrument,

considering domains related to the ran-

domization process, deviations from the

intended interventions, missing data, ou-

tcome measurement, and selection of the

reported results (52). Non-randomized

clinical studies were analyzed using

ROBINS-I, which considers bias arising

from confounding, selection of particip-

ants, classification of interventions, dev-

iations from the intended interventions,

missing data, outcome measurement, and

selection of the reported results (53).

Experimental animal studies were asses-

sed using the SYRCLE instrument, cove-

ring generation and concealment of the

sequence, baseline similarity, allocation,

blinding, outcome assessment, incompl-

ete data, and selective reporting (54).

10
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In studies exclusively involving cel-

ls, biophysics, or medicinal chemistry, for

which there is no single instrument appl-

icable to all designs, predefined method-

ological domains were examined, inclu-

ding description of the experimental

model, presence of groups or control

conditions, number of repetitions, valida-

tion of analytical methods, reproducibility

of experiments, completeness of outco-

mes, coherence among methods, results,

and conclusions, funding, and conflicts of

interest. No overall numerical quality

score was calculated, since the sum of

distinct methodological items can conceal

specific sources of bias. Judgments were

used to weight the interpretation of

results, without automatically excluding

studies solely due to isolated limitations.

The data were synthesized in a

descriptive, thematic, and stratified ma-

nner. The studies were organized into five

axes: molecular engineering, stability and

bioavailability; metabolic and cardiome-

tabolic applications; rare diseases, gastr-

oenterology, and bone health; oncology,

infectious diseases, pain, and other clini-

cal applications; and neurology, therape-

utic translation, and studies with negative

results. Effect measures were presented

as reported in the original studies, inclu-

ding mean differences, proportions, risk

ratios,hazard ratios, percentage changes,

pharmacokinetic parameters, and their

corresponding confidence intervals.

A global meta-analysis was not co-

nducted due to high clinical and method-

ological heterogeneity across molecules,

populations, experimental models, comp-

arators, routes of administration, follow-

up periods, and outcomes. The quantitat-

ive combination of studies that are so

different would produce an effect estimate

without valid clinical interpretation. The

synthesis without meta-analysis was gui-

ded by the recommendations of the Synt-

hesis Without Meta-analysis- SWiM (55).

The results were grouped by pharmacol-

ogical mechanism and therapeutic purpo-

se, taking into account the direction and

magnitude of effects, consistency across

studies, precision of the estimates, biolo-

gical plausibility, clinical applicability,

risk of bias, the stage of development of

the intervention, and the existence of

confirmatory or negative results.

Preclinical and clinical studies were
not combined as if they represented the
same level of evidence. Experimental
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results were used to explain mechanisms

of stability, absorption, and distribution,

while clinical trials supported conclusions

about efficacy and safety in humans. A

single certainty classification was not

assigned to the entire body of evidence,

since the studies addressed different que-

stions and had designs incompatible with

a comprehensive assessment. The stren-

gth of the conclusions was weighed

separately according to the study design,

risk of bias, consistency of the findings,

precision, and the correspondence betw-

een the outcome analyzed and the prop-

osed clinical application.

Because it used exclusively previou-

sly published data available in scientific

sources, this systematic review did not

involve participant recruitment, direct in-

tervention, access to identifiable personal

information, or the collection of biological

material. Accordingly, there was no need

to submit to an Ethics Committee for

Research, in accordance with the applic-

able principles for literature review stud-

ies.

RESULTS

The application of the eligibility

criteria resulted in the inclusion of 50

original studies published between 2001

and 2025. The sample showed high

methodological diversity, including me-

dicinal chemistry studies, mechanistic

and biophysical investigations, cellular

and animal experiments, pharmacokinetic

studies, studies of

bioequivalence and randomized clinical

trials in phases 2 and 3. This heterogene-

ity reflected the scope of peptide-based

therapies, ranging from the structural

development of the molecules and the

delivery systems to the assessment of

efficacy and safety under different clini-

cal conditions.

Of the studies included, 15 primarily

investigated molecular engineering stra-

tegies, stability, absorption, pharma-

cokinetics and

Bioavailability (1–15). The other 14 eva-

luated metabolic and cardiometabolic

applications of peptidic receptor agonists

of GLP- 1, GIP, and glucagon (16–29).

Eight studies analyzed therapies used in

rare diseases, gastroenterology, and bone

health (30–37); ten investigated applica-

tions in oncology, infectious diseases,

angioedema, pruritus, pain, and sexual

health (38–47); and three evaluated neu-

rological applications or other rare cond-
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itions treated with peptidic analogs (48–

50). The synthesis

The theme of the included studies is

presented in Table 1.

Table 1. Thematic Synthesis of the Studies Included in the Systematic Review

Thematic axis References Predominant types
of studies

Key results Main limitations

Molecular enginee-

ring, stability, and

bioavailability

1–15

Mechanistic, phar-
macokinetic, precli-
nical, bioequivalence
studies and early cl-

inical phases

Lipidization, amino acid sub-
stitution, albumin binding,
conformational restriction,
and PEGylation increased re-
sistance to degradation and

half-life. SNAC, ionic liquids,
oral formulations, and inges-
tible devices increased abso-
rption or systemic exposure.

Small samples, pred-
ominance ofpreclinical
models, high pharma-
cokinetic variability,
and limited assessment
of long-term safety.

Metabolic and car-
diometabolic appl-

ications
16–29

Randomized clinical
trials of phases 2 and
3 and cardiovascular

studies

Semaglutide, tirzepatide, and
retatrutide reduced glycated
hemoglobin and body weight.
Semaglutide also reduced

cardiovascular events in peo-
ple with obesity and establi-
shed cardiovascular disease.

Predominance ofincr-
etin agonists, gastroin-
testinal events, indust-
rial funding, and unce-
rtainty about maintai-
ning benefits after di-

scontinuation.

Rare diseases, gas-
troenterology, and

bone health
30–37

Randomized clinical
trials and phase 3

studies

Setmelanotide reduced weight

in genetic obesity; vosoritide

increased growth rate; tedug-

lutide reduced parenteral su-

pport; teriparatide and abal-

oparatide reduced fractures.

Reduced samples in
rare diseases, surrogate
endpoints, heterogen-
eous responses, and the
need for prolonged or
parenteral administra-

tion.

Oncology, infecti-
ology, pain, and
other applications

38–47

Randomized clinical
trials, comparative

studies, and
receptor-targeted

therapies

Lanreotide and ^177LuDO-
TATATE delayed tumor pr-
ogression; enfuvirtide redu-
ced viral load; difelikefalin
and ziconotide reduced itch-
ing and pain. Cilengitide did

not improve survival.

Invasive routes, local
reactions, specific tox-
icities, subjective out-
comes, and failures of
clinical translation.

Exenatide showed an expl-
oratory signal in Parkinson'
s disease; NLY01 did not
demonstrate efficacy; afa-
melanotide increased tole-
rance to sun exposure.

Small samples, lack
of confirmation of ne-
uroprotection, possible
insufficient brain exp-
osure, and risk of unbl-

inding.

Phase 2 and 3 rando-

mized clinical trials

Neurology and other
conditions

48–50
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Source:prepared by the author based on the studies included.
Note:the numerical references correspond to the bibliography list presented at the end of
the article

.

Molecular Engineering, Stability, And

bioavailability

The studies related to development

molecular

demonstrated that increasing stability and

duration of pharmacological action was

achieved mainly through structural mod-

ifications aimed at reducing proteolysis

and systemic clearance. The development

of semaglutide included substitution of

amino acids susceptible to degradation by

dipeptidyl peptidase-4 and acylation with

a lipid chain capable of promoting rever-

sible binding to albumin. These modific-

ations reduced renal clearance and prol-

onged systemic exposure, enabling wee-

kly administration (6) . Biophysical stu-

dies confirmed that binding to albumin

played a predominant role in the prolon-

ged circulation of lipidized incretin pep-

tides, while oligomerization was of grea-

ter relevance at the high concentrations

used during formulation (7) .

The association between lipiderizat-
ion and conformational restriction also

increased resistance to degradation and

prolonged the hypoglycemic activity of

GLP-l analogs in experimental models

(8). The development of ecnoglutide inc-

orporated targeted modifications to prol-

ong its half-life and to achieve preferent-

ial signaling via the cyclic adenosine

monophosphate pathway. In the initial

clinical evaluations, the molecule

showed an approximate half-life

between l24 and l38 hours, consistent

with once-weekly administration (l5).

Oral administration was investigated

mainly in studies involving semaglutide

associated with sodium salcaprozate, ca-

lled SNAC. The mechanistic analysis

demonstrated that absorption occurred

predominantly in the stomach, near the

eroding tablet. SNAC temporarily incre-

ased

the pH of the local microenvironment,

reduced proteolytic degradation, and

promoted transcellular transport of sem-

aglutide across the gastric epithelium (l).

The systemic exposure was influe-
nced by dosing conditions. Fasting, the
lowest volume of water, and the longest
interval between dosing and food increa-
sed the absorption of oral semaglutide
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(4). A pharmacoscintigraphic evaluation

showed that slower tablet erosion and the

longer period of contact with the gastric

mucosa were associated with higher pl-

asma exposures (12). Despite these stra-

tegies, absorption showed considerable

intraindividual and interindividual varia-

bility.

the conventional bioequivalence limits

(5). In participants with different degrees

of renal impairment, including individu-

als on hemodialysis, no consistent relat-

ionship between renal dysfunction and

exposure to oral semaglutide was identi-

fied (14).

Oral octreotide was evaluated in

The concomitant use of omeprazole

did not clinically significantly reduce

exposure to semaglutide, although a small

inconclusive increase in the area under

the curve and in the maximum plasma

concentration was observed (2). In cont-

rast, the simultaneous administration of

several tablets reduced by

approximately 34% exposure to semagl-

utide. The association between oral se-

patients with acromegaly previously con-

trolled by injectable somatostatin analogs.

Approximately 65% maintained bioche-

mical control after the transition to the

oral formulation. However, a relevant

proportion lost the response previously

achieved with parenteral administration,

demonstrating individual variability in

absorption and therapeutic exposure

(13) .

maglutide and levothyroxine also incre-

ased total thyroxine exposure by appro-

ximately 33%, indicating potential

for interactions

clinically relevant pharmacokinetic inte-

ractions (3).

The bioequivalence study showed
that lower doses of a second-generation
formulation produced exposure similar to
the corresponding doses of the original
oral semaglutide formulation, while kee-
ping pharmacokinetic parameters within

Other technologies were evaluated

predominantly in preclinical models. An

insulin formulation with an ionic liquid

composed of choline and geranate incre-

ased protection against enzymatic degr-

adation, enhanced intestinal permeability,

and promoted sustained reduction of

blood glucose in animals (9) . The

ingestible self-orienting SOMA system

enabled the insertion of insulin directly

into the gastric wall and produced syste-

mic exposure comparable to subcutane-

ous administration under experimental
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conditions (10) . The LUMI device, direct comparison with subcutaneous li-
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consisting of an intestinal injector with

dissolvable microneedles, introduced

macromolecules into the mucosa and

promoted rapid systemic absorption in

animal models (11) .

Metabolic and cardiometabolic app-
lications

Peptidic agonists related to incretins

were the most represented class among

the included clinical studies. In the PI-

ONEER trials, oral semaglutide reduced

glycated hemoglobin and body weight in

different populations with type 2 diabet-

es.

In PIONEER 1, conducted in patients

initially treated only with diet and physi-

cal activity, doses of 3, 7, and 14 mg

promoted dose-dependent glycemic redu-

ctions. The estimated difference versus

placebo reached approximately _1.1 per-

centage points in glycated hemoglobin

with 14 mg, accompanied by an additional

reduction in body weight (16) .

In PIONEER 2, oral semaglutide

showed a greater reduction in glycated

hemoglobin than empagliflozin in patie-

nts not controlled with metformin, with

an additional advantage regarding weight

reduction in later assessments (17) . In

raglutide, oral semaglutide was non-

inferior for glycemic control and demon-

strated a greater weight reduction in

certain analyses (18) .

In patients with

moderate renal impairment, oral semagl-

utide reduced glycated hemoglobin by

approximately 0.8 percentage point and

body weight by about 2.5 kg in addition

to placebo (19). Among participants us-

ing insulin, with or without metformin,

dose-dependent reductions in glucose and

weight were observed, with a difference

of up to approximately _1.2 percentage

point in glycated hemoglobin compared

with placebo (21).

In the PIONEER cardiovascular trial

6, major cardiovascular events occurred

in 3.8% of participants treated with oral

semaglutide and in 4.8% of those who

received placebo. The hazard ratio was

0.79, demonstrating cardiovascular non-

inferiority, although

the study was not powered to confirm

superiority (20).

In obesity, the 2.4 mg subcutaneous
semaglutide produced an average reduc-
tion of 14.9% in body weight in the STEP
1 study, compared with
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2.4% in the placebo group. Approximat-

ely 86% of the treated participants achi-

eved a minimum loss of 5% of the initial

body weight (22). In STEP 3, the associ-

ation between semaglutide and intensive

behavioral intervention resulted in an

average loss of nearly 16.0%, compared

with 5.7% in the placebo group subjected

to the same behavioral program (23).

The SELECT study included 17,604

people with overweight or obesity, estab-

lished cardiovascular disease, and no

diabetes. Major cardiovascular events

occurred in 6.5% of participants treated

with semaglutide and in 8.0% of those

who received placebo, corresponding to a

hazard ratio of 0.80 (24).

Tirzepatide, a dual agonist of the

GIP and GLP-1 receptors, showed clini-

cally relevant reductions in blood glucose

and weight. In SURPASS-1, the 5, 10,

and 15 mg doses reduced glycated hem-

oglobin hemoglobin in

by approximately 1.9% to 2. 1%, with

weight losses between 7 and 9.5 kg (25).

In SURPASS-2, the reductions in glycated

hemoglobin were approximately 2.01%,

2.24%, and 2.30%, depending on the dose,

compared with 1.86% with semaglutide 1

mg. Tirzepatide also produced greater

reductions in body weight (26).

In SURPASS-4, in patients at high

cardiovascular risk, tirzepatide showed a

greater reduction in glycated hemoglobin

and body weight, and a lower frequency

of clinically significant hypoglycemia

than insulin glargine (27). In

SURMOUNT-1, the mean weight reduc-

tions were approximately 15.0%, 19.5%,

and 20.9% with doses of 5, 10, and 15

mg, respectively, compared with 3.1% in

the placebo group (28).

Retatrutide, an agonist of the GLP-1,

GIP, and glucagon receptors, was inves-

tigated in a phase 2 trial. After 48 weeks,

the highest doses produced mean reduct-

ions in body weight close to 23% to 24%.

The predominant adverse events were

gastrointestinal, and a dose-dependent

increase in heart rate was observed (29).

Rare Diseases, Gastroenterology and
Bone Health

Setmelanotide was evaluated in
monogenic and syndromic forms of obe-
sity. In studies involving POMC/PCSK1
deficiency or LEPR deficiency, 80% of
patients with alterations in the POMC/
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PCSK1 pathway and 45% of those with

LEPR deficiency achieved a minimum

reduction of 10% in weight after appro-

ximately one year of treatment. Reduct-

ions in hunger and hyperphagia were also

observed (30).

In Bardet-Biedl syndrome, approx-

imately 32.3% of eligible patients achie-

ved a minimum reduction of 10% in body

weight after 52 weeks of setmelanotide.

The number of participants with Alström

syndrome was insufficient to draw conc-

lusions that are consistent.

Hyperpigmentation and injection-site

reactions were among the most frequent

adverse events (31).

In children with achondroplasia,

vosoritide increased annual growth velo-

city. The adjusted difference versus pla-

cebo was approximately 1.57 cm per year

after 52 weeks of treatment (32).

In short bowel syndrome with intes-

tinal failure, teduglutide reduced the need

for parenteral support. Approximately

54% of treated patients were able to

reduce at least one weekly infusion day,

compared with about 23% in the control

group (33).

Peptidic agonists of guanylate

cyclase-C showed efficacy in functional

gastrointestinal disorders. Linaclotide

increased the frequency of complete sp-

ontaneous bowel movements and reduced

abdominal pain in patients with irritable

bowel syndrome with constipation. Dia-

rrhea was the main treatment-related

adverse event (34). Plecanatide produced

a complete and durable response in

21.0% of participants who received 3 mg

and in 19.5% of those treated with 6 mg,

compared with 10.2% in the placebo

group (35).

In osteoporosis, teriparatide reduced

the occurrence of new vertebral fractures.

These fractures were observed in appro-

ximately 14% of participants in the

placebo group, 5% of those treated with

20 μg, and 4% of those who received 40

μg. There was also an increase in bone

mineral density and a reduction in non-

vertebral fractures (36). Abaloparatide

reduced the occurrence of new vertebral

fractures to approximately 0.58%, com-

pared with 4.22% in the placebo group,

along with an increase in bone mineral

density (37).

Oncology, Infectious Diseases, Pain,
and Other Applications

http://www.revistacientificaipedss.com


ISSN: 2764-4006 | www.revistacientificaipedss.com

In the CLARINET study, long- mately _1.70 log10 copies/mL with enf-
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acting lanreotide reduced progression of

somatostatin receptor-positive enteropa-

ncreatic neuroendocrine tumors. The es-

timated progression-free survival at 24

months was 65. 1% with lanreotide and

33.0% with placebo (38).

In the NETTER- 1 trial, ^177LuD-

OTATATE, which consists of a somato-

statin analog conjugated to a radionucli-

de, produced an estimated progression-

free survival of approximately 65% at 20

months, compared with 11% in patients

treated with high-dose octreotide. Objec-

tive tumor response was also superior

with radioligand therapy (39).

In acromegaly, long-acting pasireo-

tide achieved biochemical control in

approximately 31.3% of patients, comp-

ared with 19.2% of those treated with

octreotide. However, the greater hormo-

nal efficacy was accompanied by a higher

frequency of hyperglycemia and diabetes

(40).

In patients with multidrug-resistant

HIV- 1, enfuvirtide associated with opti-

mized antiretroviral therapy produced a

greater reduction in viral load than opti-
mized therapy alone. In the TORO 1

study, the mean reduction was approxi-

uvirtide and _0.76 log10 in the control

group (41). In TORO 2, the reduction

was approximately _1.43 log10 and _

0.65 log10, respectively. Injection site

reactions were observed in most partici-

pants (42).

In the FAST trials, icatibant signifi-

cantly reduced the time to relief of

hereditary angioedema compared with

tranexamic acid. However, in the

placebo-controlled study, the primary

endpoint did not reach statistical signifi-

cance, and differences in the use of

rescue medication made direct compari-

son difficult (43).

Difelikefalin reduced itching in pat-

ients undergoing hemodialysis. A mini-

mal decrease of three points on the

intensity scale occurred in 49. 1% of

treated participants and in 27.9% of those

who received placebo, along with impr-

ovement in measures related to quality of

life (44).

Intrathecal administration of zicono-

tide in patients with refractory pain asso-

ciated with cancer or acquired immuno-

deficiency syndrome produced an appro-

ximate mean reduction of 53. 1% in pain

intensity, compared with 18. 1% in the

placebo group. Clinical response occurred

in approximately 50% and 17.5% of

http://www.revistacientificaipedss.com


20

ISSN: 2764-4006 | www.revistacientificaipedss.com

participants, respectively (45).

Cilengitide did not demonstrate be-

nefit in newly diagnosed glioblastoma.

The median overall survival was 26.3

months both among patients who recei-

ved the peptide associated with standard

treatment and among those who under-

went only conventional treatment, with a

hazard ratio of 1.02 (46) .

In studies with bremelanotide, were

observed an increase

statistically significant increases in sexual

desire scores and a reduction in distress

related to low desire in premenopausal

women. The effect on the number of

satisfactory sexual events was less consi-

stent, and nausea was reported in appro-

ximately 40% of treated participants (47) .

Neurology and Other Clinical Con-

ditions

Weekly exenatide was evaluated in

patients with Parkinson’s disease in a

phase 2 clinical trial. After 48 weeks of

treatment and an additional withdrawal

period, the adjusted difference in motor

score was approximately _3.5 points in

favor of exenatide. The result represented

an exploratory signal of possible persist-

ence of the effect, but the study did not

have statistical power to demonstrate

modification of disease progression (48) .

In erythropoietic protoporphyria,

subcutaneous implants of afamelanotide

increased the pain-free duration of sun

exposure, reduced the frequency of pho-

totoxic reactions, and improved quality

of life. In the United States, the median

pain-free sun exposure was approximat-

ely 69.4 hours with afamelanotide and

40.8 hours with placebo. In the European

population, the medians were 6.0 and 0.8

hours, respectively (49).

NLY01, a pegylated GLP-1 receptor

agonist, did not significantly improve the

primary outcome in patients with early,

untreated Parkinson’s disease. None of

the doses evaluated produced consistent

benefits in the main motor or non-motor

outcomes after 36 weeks (50).

Safety and Tolerability

Adverse events varied according to
the pharmacological class and route of
administration. Nausea, vomiting, diarr-
hea, constipation, decreased appetite, and
other gastrointestinal symptoms predo-
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minated among GLP- 1, GIP, and gluca- city, or safety after repeated administrat-
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gon receptor agonists (16–29). The fre-

quency of these events generally increa-

sed with dose and during dose-escalation

periods, although most had mild or mod-

erate intensity.

Subcutaneous therapies were assoc-

iated with local reactions, particularly

frequent with enfuvirtide and also obse-

rved with setmelanotide and br-

emelanotide

(30,31,41,42,47) . Cutaneous hyperpig-

mentation was characteristic of the mel-

anocortin agonists setmelanotide and

afamelanotide (30,31,49) . Pasireotide

showed a higher frequency of hypergly-

cemia compared with octreotide, while

ziconotide was associated with neurolo-

gical and neuropsychiatric events cl-

inically

relevant (40,45) .

In studies involving ingestible dev-

ices and ionic liquids, safety was assessed

predominantly in animal models and over

shorter periods. Although extensive per-

forations or acute toxicities that would

prevent the experiments described were

not identified, it was not possible to

adequately evaluate chronic inflammati-

on, mechanical failures, cumulative toxi-

ions (9–11) .

Methodological Assessment and Risk
of Bias

The large randomized, double-blind,

placebo-controlled trials generally pres-

ented procedures suitable of

randomization, baseline comparability,

and standardized outcome measurement.

This characteristic was identified mainly

in the PIONEER, STEP, SELECT, and

SURMOUNT programs and in studies of

vosoritide, teriparatide, abaloparatide, la-

nreotide, difelikefalin, ziconotide, and

afamelanotide (16,19– 25,28,32,36–

39,44,45,49) .

Greater possibility of bias was obs-

erved in open-label trials or trials without

a parallel control group, such as studies

of oral octreotide, semaglutide versus

empagliflozin, tirzepatide versus semag-

lutide, tirzepatide versus insulin glargine,

setmelanotide in monogenic obesity, en-

fuvirtide, and cilengitide

(13,17,26,27,30,41,42,46) . In these

studies, knowledge of the intervention
could influence adherence, concomitant
management, symptom reporting, or the-
rapeutic decisions, although the use of
laboratory outcomes or objective endpo-
ints partially reduced this risk.
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Investigations into rare diseases Clinical trials have demonstrated th-
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have shown limitations related to small

sample sizes and the lack of power to

detect unusual events or differences be-

tween subgroups. Pharmacokinetic stud-

ies were mainly limited by the low

number of participants, the selection of

healthy volunteers, and the high variabil-

ity of oral absorption. In preclinical

studies, the main limitations were the

lack of evaluation in humans, anatomical

and physiological differences between

animal models and patients, the short

duration of the experiments, and incom-

plete information about blinding, alloca-

tion, and reproducibility.

Overall Summary ofResults

The results showed that structural

modifications and pharmaceutical techn-

ologies were able to increase stability,

extend half-life, and enable new modes

of administration for different peptides.

Lipidation and albumin binding showed

results consistent for

prolongation of systemic exposure, while

absorption enhancers, oral formulations,

implants, depot systems, and ingestible

devices expanded the possibilities for

administration (1–15) .

erapeutic benefits in type 2 diabetes,

obesity, cardiovascular diseases, genetic

obesity, achondroplasia, short bowel sy-

ndrome, osteoporosis, neuroendocrine

tumors, drug-resistant HIV, hereditary

angioedema, pruritus associated with

hemodialysis, refractory pain, hypoactive

sexual desire disorder, and erythropoietic

protoporphyria (16–45,47,49).

However, the negative results with

cilengitide and NLY01 showed that

stability molecular,

prolongation of half-life, and biological

plausibility do not guarantee clinical

efficacy when exposure in the target

tissue, receptor selection, or the relation-

ship between the pharmacological mec-

hanism and pathophysiology are insuffi-

cient (46,50).

DISCUSSION

The findings of this systematic rev-
iew demonstrate that peptide-based the-
rapies have moved beyond a limited role
in hormone replacement or the treatment
of specific endocrine conditions, and
have become a therapeutic platform app-
licable to metabolic, cardiovascular, ge-
netic, gastrointestinal, oncological, infec-
tious, neurological, and pain-related dis-
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eases. Analysis of the 50 studies showed

that the clinical progress of this class was

not driven solely by the identification of

new biological targets, but mainly by the

ability to modify the structure, formulat-

ion, and route of administration of the

molecules to overcome enzymatic degr-

adation, short half-life, rapid clearance,

low permeability, and inadequate tissue

distribution.

The high specificity of peptides for

receptors and signaling pathways is one

of their main pharmacological advantag-

es. This feature makes it possible to

replicate physiological mechanisms, bl-

ock specific molecular interactions, or

target therapeutic agents to tissues that

express certain receptors. However, bio-

logical selectivity alone is not enough to

ensure clinical success. The molecule

must remain stable during production,

storage, and administration, reach the

bloodstream or the compartment of action

at an adequate concentration, and maint-

ain exposure for the time necessary to

produce a therapeutic response. The ana-

lyzed results therefore indicate that the

clinical efficacy of peptides depends on

the integration of pharmacodynamics,

pharmacokinetics, pharmaceutical techn-

ology, and the appropriate selection of the

target population.

Stability molecular and

prolongation of exposure

Lipidization and the reversible bin-

ding to albumin were the most establis-

hed strategies for prolonging the systemic

exposure of peptides. The development

of semaglutide showed that substituting

amino acids vulnerable to degradation,

coupled with acylation with a lipid chain,

can increase resistance to dipeptidyl

peptidase-4 and simultaneously reduce

renal and proteolytic clearance (6). The

demonstration that binding to albumin

plays a predominant role in the prolonged

circulation of lipidized incretin peptides

reinforces that extension of half-life de-

pends not only on direct protection of

cleavage sites, but also on modification

of the distribution and availability of the

free fraction of the molecule (7).

In this context, albumin functions as

a circulating reservoir, reducing glomeru-

lar filtration and immediate exposure to

proteolytic enzymes. This strategy made it

possible to transform peptides originally

associated with a short duration of action

into drugs administered once weekly. The
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clinical success of semaglutide and tirze-

patide shows that reducing dosing frequ-

ency can coexist with high pharmacolog-

ical potency and relatively predictable

control of exposure (22–28).

Conformational restriction and other

structural modifications also showed the

ability to increase stability. By reducing

molecular flexibility and making it harder

for proteases to access vulnerable regio-

ns, these modifications can prolong the

peptide’s integrity and, in certain cases,

alter its affinity or selectivity for recept-

ors. Preclinical results with modified

GLP-l analogs demonstrated increased

duration of hypoglycemic activity, alth-

ough translating these findings to humans

remains dependent on assessments of

immunogenicity, toxicity, and pharmac-

okinetic behavior (8) .

PEGylation, exemplified by NLY0l,

represents another strategy to increase

hydrodynamic volume, slow clearance,

and prolong plasma half-life. However,

the negative clinical outcome of this drug

in Parkinson’s disease shows that prolo-

arily mean adequate concentration in the

central nervous system or effective inte-

raction with the relevant pathological

mechanism (50) . Plasma stability should

therefore be distinguished from bioavai-

lability in the target tissue. A molecule

may remain in circulation for extended

periods without crossing biological barr-

iers, reaching specific cells, or achieving

concentrations

pharmacologically active in the compa-

rtment of interest.

The development of ecnoglutide

added another dimension to peptide eng-

ineering by combining pharmacokinetic

prolongation with preferential signaling

through certain intracellular pathways

(l5). Biased agonism aims to promote

responses associated with efficacy and

reduce mechanisms related to

desensitization or adverse effects. Alth-

ough biologically plausible, this strategy

still requires clinical evidence that diffe-

rences observed in cellular models trans-

late into measurable therapeutic advant-

ages. The preference for a signaling

pathway should not be automatically

interpreted as clinical superiority.

nged systemic exposure does not necess-
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Oral Administration and Bioavaila-

bility Challenges

Oral administration remains one of

the main frontiers of peptide therapies.

Degradation by gastric pH and digestive

proteases, high molecular mass, polarity,

and limited passage through the intestinal

epithelium naturally make oral bioavail-

ability reduced. Oral semaglutide showed

that these barriers can be partially over-

come by means of an absorption promo-

ter capable of temporarily modifying the

gastric microenvironment and promoting

transcellular transport (1) .

The localized mechanism of associ-

ation with SNAC represents an important

pharmaceutical innovation, but pharma-

cokinetic studies showed that absorption

continues to depend on strict conditions.

The fasting period, the volume of water,

the interval until feeding, the time for

tablet erosion, and the concomitant adm-

inistration of other medications influen-

ced systemic exposure (2– 4,12) . These

results indicate that the oral formulation

reduces the need for injections, but tran-

sfers part of the complexity to patient

behavior.

The requirement for administration

while fasting and for an interval before

ingesting food or other medications may

affect adherence, especially in patients

with polypharmacy, irregular routines, or

changes in gastric motility. In addition, the

reduction in exposure to semaglutide

when multiple tablets were administered

simultaneously suggests that the physical

presence of other products in the stomach

may interfere with erosion, mucosal con-

tact, or the microenvironment produced by

the absorption promoter (3). Therefore,

the oral bioavailability of peptides should

be understood as the result of the interac-

tion between the molecule, excipients,

dosage form, and physiology gastroi -

ntestinal and

use behavior.

Bioequivalence achieved with a

second-generation formulation of sema-

glutide shows that

pharmaceutical improvements can reduce

the amount of active ingredient needed to

achieve similar exposure (5). This result

has industrial and environmental implic-

ations, considering that peptide formula-

tions may require relatively large quanti-

ties of the molecule to compensate for the

low fraction absorbed. However, bioeq-

uivalence does not prove greater adhere-

http://www.revistacientificaipedss.com


26

ISSN: 2764-4006 | www.revistacientificaipedss.com

nce, less clinical variability, or therapeu-

tic superiority, and should be interpreted

within its specific pharmacokinetic obje-

ctive.

Experience with oral octreotide

showed that converting a parenteral reg-

imen to an oral formulation can preserve

biochemical control in some patients, but

not all (13) . This result demonstrates that

the average exposure observed in a pop-

ulation does not eliminate individual

variability. Differences in anatomy, mot-

ility, gastric secretion, use of medicatio-

ns, adherence to instructions, and disease

characteristics may determine loss of

response after changing the route of

administration.

Technologies based on ionic liquids

and ingestible devices aim to overcome

gastrointestinal barriers through distinct

mechanisms. Ionic liquids combine pro-

tection against degradation with increased

epithelial permeability, while the SOMA

and LUMI devices functionally transform

oral administration into a parenteral app-

lication performed internally in the sto-

mach or intestine (9–11) . These appro-

aches have shown promising preclinical

results, but they also present their own

challenges, including mechanical safety,

positioning accuracy, risk of injury, ana-

tomical variability, performance in pati-

ents with gastrointestinal diseases, and

efficacy after repeated administrations.

The incorporation of these technol-

ogies into clinical practice will depend on

evidence that the benefit of avoiding

external injections outweighs the comp-

lexity, cost, and risks of the devices. It

will also be necessary to assess large-

scale production, stability during transp-

ort, compatibility with different peptides,

and the possibility of release failures. The

preclinical results provide relevant proof

of concept, but they still do not demons-

trate clinical equivalence to conventional

parenteral systems.

Dominance and Success of Incretin

Therapies

The high representation of GLP- 1,

GIP, and glucagon agonists in the back-

ground reflects the rapid development of

this class and the consistency of the

clinical results obtained over the past

decades. Oral semaglutide reduced glyc-

osylated hemoglobin and body weight at

different stages of type 2 diabetes, inclu-

ding patients on monotherapy, using me-

tformin, with
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renal impairment or treated with insulin

(16–21) . The observed efficacy despite

low oral bioavailability demonstrates that

a small absorbed fraction may be suffic-

ient when the molecule has high potency,

prolonged half-life, and a dose adjusted

to compensate for gastrointestinal losses.

The results with subcutaneous se-

maglutide showed benefits of greater

magnitude in obesity, with clinically

relevant weight reductions and improved

cardiovascular outcomes in patients with

established cardiovascular disease (22–

24) . The SELECT study expanded the

relevance of this class by demonstrating a

reduction in cardiovascular events in

people with overweight or obesity with-

out diabetes, indicating that the benefits

are not limited to glycemic control (24) .

Tirzepatide represented the progres-

sion from simple agonism to combined

hormonal agonism. Simultaneous activa-

tion of the GIP and GLP- 1 receptors

produced greater reductions in glycated

hemoglobin and weight compared with

placebo, insulin glargine, and semaglut-

ide 1 mg across different trials (25–28) .

These results suggest that integrating

multiple metabolic pathways within a

single molecule can increase the magni-

tude of the therapeutic response.

Retatrutide extended this principle

through agonism of the GIP, GLP-1, and

glucagon receptors, producing significant

weight losses in a phase 2 study (29).

However, the inclusion of glucagonergic

activity may also introduce additional

physiological effects, such as increased

heart rate, changes in energy expenditure,

and possible hepatic or

cardiovascular. The magnitude of weight

loss observed in early studies does not

replace the need for long-term safety

assessment, maintenance of results, and

impact on lean mass, body composition,

and clinical outcomes.

The benefits of incretin-based ther-

apies must be weighed against the high

frequency of gastrointestinal effects and

the possibility of stopping treatment.

Nausea, vomiting, diarrhea, constipation,

and reduced appetite occurred recurrently

and were dose- and titration-related. Al-

though often mild or moderate, these

events can compromise adherence and

persistence with treatment.
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Another relevant aspect is maintain- location of the defect in the signaling

28

ing results after discontinuation. The trials

analyzed demonstrated efficacy during the

period of use, but they did not establish

that weight loss or metabolic benefits are

permanently preserved without ongoing

therapy. This characteristic brings phar-

macological obesity treatment closer to

the management of other chronic diseases,

in which stopping the medication may

allow recurrence of pathophysio-

logical

mechanisms.

Precision Medicine and Rare Dise-

ases

Studies with setmelanotide demons-

trate the most direct application of preci-

sion medicine in peptide therapy. Effic-

acy was observed in patients with specific

genetic alterations in the melanocortin

pathway, in which pharmacologic activa-

tion of the MC4R receptor can partially

restore compromised signaling

(30,31). The differential response betw-

een POMC/PCSK1 deficiency, LEPR

deficiency, and Bardet-Biedl syndrome

shows that the presence of severe obesity,

by itself, is not sufficient to indicate

treatment. Molecular diagnosis and the

pathway determine the likelihood of a

response.

The small samples of these studies

are an inevitable consequence of the

rarity of the conditions. In this context,

the strength of the evidence cannot be

assessed by the number of participants

alone. Effect magnitude, biological coh-

erence, reproducibility, reversibility of

the response, and the absence of therap-

eutic alternatives must be considered

together. However, the small number of

individuals limits the identification of

rare adverse events, differences between

genetic variants, and the durability of

benefits.

Vosoritide also represents a targeted

peptide therapy directed at a defined

molecular alteration. By modulating the

pathway related to FGFR3, the C-type

natriuretic peptide analog increased gro-

wth velocity in children with achondrop-

lasia (32). Nonetheless, growth velocity

is an intermediate endpoint. The impact

on adult height, functionality, foramen

magnum stenosis, spinal cord compress-

ion, mobility, and quality of life requires

prolonged follow-up.

Afamelanotide has shown that long-
acting peptide implants can provide be-
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nefit in rare diseases characterized by an

environmental triggering exposure (49).

Increasing pain-free sun exposure time

and reducing phototoxic reactions are

clinically relevant outcomes. However,

the tanning induced by

the medication can reveal allocation and

influence participants' behavior and rep-

orting.

Gastrointestinal Applications and Local

Action

Studies with teduglutide, linaclotide,

and plecanatide have shown that not all

peptide therapies require high systemic

bioavailability. Teduglutide uses a struc-

tural modification to resist degradation

and prolong the intestinotrophic action of

GLP-2, resulting in greater absorptive

capacity and reduced parenteral support

in short bowel syndrome (33).

By contrast, linaclotide and plecana-

tide were developed to act predominantly

in the intestinal lumen and on the apical

surface of the epithelium, with minimal

systemic absorption (34,35). This feature

reduces exposure of other organs and

limits systemic adverse effects. Diarrhea,

the main adverse event, results from the

very mechanism of increasing intestinal

secretion.

These examples show that low sys-

temic bioavailability is not always a

limitation. When

the pharmacological target is located in

the gastrointestinal tract, luminal reside-

nce may be desirable. The development

of the peptide should be guided by the

location of the target, rather than by an

indiscriminate search for higher plasma

concentrations.

Bone health and dependence on
intermittent exposure

Teriparatide and abaloparatide de-

monstrated benefits in preventing fractu-

res and increasing bone mineral density

(36,37). These therapies illustrate the

importance of the temporal pattern of

exposure. Intermittent administration of

parathyroid hormone receptor agonists

favors anabolic bone activity, whereas

continuous exposure may produce disti-

nct physiological effects.

The need for daily subcutaneous
administration represents a potential bar-
rier to adherence. However, the magnit-
ude of the fracture reduction demonstra-
tes that parenteral routes may remain
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clinically acceptable when benefits are

relevant and alternatives are limited.

Developing longer-lasting formulations

or less invasive administration devices

may increase convenience without com-

promising

the necessary signaling standard.

Oncology and Receptor-Based Ta-

rgeting

Oncologic applications showed con-

trasting results. Prolonged-release lanre-

otide delayed the progression of neuroe-

ndocrine tumors, confirming that activa-

tion of somatostatin receptors can exert

antiproliferative effects beyond hormonal

control (38) . The depot formulation was

essential to maintain sustained exposure

and reduce the frequency of administrat-

ion.

The ^177Lu-DOTATATE represe-

nts a more complex strategy, in which the

peptide acts as a molecular recognition

vector and directs a radionuclide to tumor

cells that express somatostatin receptors

(39) . The significant benefit in

progression-free survival demonstrates
the potential of peptide conjugates for
selective delivery of cytotoxic or radioa-
ctive agents.

The effectiveness of this approach

depends on receptor expression, interna-

lization of the complex, tumor distribut-

ion, and protection of non-target tissues.

Patient selection based on molecular

imaging is an essential part of the treat-

ment and reinforces the integration bet-

ween diagnosis and therapy.

In contrast, cilengitide did not imp-

rove overall survival in glioblastoma,

despite its rationale as an integrin inhibi-

tor and preliminary results that supported

clinical development (46). Failure may be

related to low exposure in tumor tissue,

the complexity of angiogenesis, redund-

ancy of molecular pathways, or inadeq-

uacy of the dosing regimen. This result

demonstrates that target affinity under

experimental conditions does not guara-

ntee sufficient modulation in a heterog-

eneous tumor microenvironment.

The inclusion of negative studies is

essential to reduce overly optimistic int-

erpretations and to understand the dete-

rminants of translational failure. The lack

of benefit with cilengitide and NLY01

shows that the development of peptides

should incorporate exposure markers in

the target tissue, confirmation of receptor
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engagement, and biologically driven par-

ticipant selection criteria.

Infectiology, Pain, and Other Indications

Enfuvirtide showed that peptides can

directly block essential processes in viral

entry. The reduction in viral load in

patients with multidrug-resistant HIV

represented an important breakthrough

during a period of limited therapeutic

options (41,42). However, twice-daily

subcutaneous administration and the high

frequency of local reactions reduced its

convenience. The case of enfuvirtide

demonstrates that significant biological

efficacy can be limited by low stability,

lack of an oral formulation, and the

burden of administration.

Icatibant, in turn, showed rapid act-

ion as a bradykinin B2 receptor antagon-

ist in attacks of hereditary angioedema

(43). The inconsistency among the com-

parators reinforces the need to interpret

the overall body of studies, considering

rescue medication, subjective outcomes,

and characteristics of the acute episode.

Difelikefalin demonstrated that rest-
ricting distribution to the peripheral co-
mpartment can be used as a safety

strategy. Due to limited penetration into

the central nervous system, the ĸ-opioid

receptor agonist was developed to reduce

pruritus with a lower risk of central

effects typical of opioids (44).

Ziconotide represents the opposite

situation, in which the blood-brain barrier

prevents effective systemic administrat-

ion and requires intrathecal application

(45). The analgesic benefit was signific-

ant in patients with refractory pain, but

the complexity of the route and neurop-

sychiatric events limit its use to selected

situations. This contrast shows that distr-

ibution can be deliberately constrained or

directly circumvented depending on the

target location and the desired safety

profile.

Bremelanotide produced a statistica-

lly significant improvement in measures

of desire and distress; however, the

absolute effects were modest and nausea

was frequent (47). For conditions asses-

sed using subjective outcomes, clinical

relevance should be evaluated beyond

statistical significance, considering mag-

nitude, tolerability, patient preferences,

and the possibility of unmasking.

Neurology and barrier
blood-brain barrier
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The neurological results were hete-

rogeneous. Exenatide showed an explor-

atory signal of a motor benefit in Parki-

nson’s disease, but the study was small

and not sufficient to prove a disease-

modifying effect (48). Persistence of the

difference after the withdrawal period led

to the hypothesis of neuroprotection;

however, changes in clinical scales may

be influenced by variability, residual

symptomatic effects, and baseline chara-

cteristics.

The study with NLY01 did not

confirm benefit in patients with early

disease (50). The discrepancy between

the results may be related to molecular

differences, dose, population, duration,

disease stage, or brain penetration. It is

also possible that GLP- 1 modulation does

not produce a clinically relevant effect in

all Parkinson’s subgroups.

These studies demonstrate the diff-

iculty of developing peptides for diseases

of the central nervous system. In addition

to plasma stability, it is necessary to cross

the blood-brain barrier, reach specific

cells, preserve activity in the brain envi-

ronment, and produce a measurable effect

in slowly progressive diseases. Future

studies should incorporate biomarkers of

central exposure and target engagement

to distinguish pharmacodynamic failure

from distribution failure.

Safety, Tolerability, and Adherence

The safety profile varied widely

among the classes. Incretin agonists sh-

owed a predominance of gastrointestinal

events, generally related to the dose and

the dose-escalation period. the

therapies

melanocortin–based therapies were asso-

ciated with hyperpigmentation, while

somatostatin analogs showed distinct

metabolic effects depending on the rece-

ptor affinity profile.

Reactions at the injection site were

particularly relevant for enfuvirtide and

also occurred with setmelanotide and

bremelanotide. These events show that

local tolerability and frequency of admi-

nistration can influence the clinical usef-

ulness of a therapy, even when its effic-

acy is demonstrated.

The route of administration should
be considered a component of the thera-
peutic benefit, not just a technical chara-
cteristic. Weekly formulations, implants,
and depot systems can reduce the frequ-
ency of administration, whereas intrath-
ecal routes or frequent injections restrict
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treatment to specific settings. Convenie-

nce should be assessed together with

efficacy, safety, cost, training, and

follow-up capacity.

Methodological quality and interpr-

etation of evidence

The large randomized trials provided

robust evidence for several indications,

particularly diabetes, obesity, cardiovas-

cular prevention, osteoporosis, and neur-

oendocrine tumors. However, much of the

clinical development was financed by

manufacturers, which requires careful at-

tention to the selection of comparators,

the choice of doses, the definition of

endpoints, and the reporting of secondary

analyses.

Open-label trials presented a greater

possibility of bias related to knowledge

of the intervention, adherence, concomi-

tant management, and event reporting.

Still, the use of objective endpoints, such

as glycated hemoglobin, viral load, frac-

tures, radiological progression, and mor-

tality, partially reduced this limitation.

Preclinical studies provided essential
information about mechanisms, but they
should not be given the same weight as
clinical trials. Anatomical, metabolic, and

immunological differences may affect

absorption, distribution, and toxicity. De-

vices that work in pigs or rodents must

demonstrate safety, accuracy, and repro-

ducibility in humans before being consid-

ered clinical alternatives.

Heterogeneity among molecules,

diseases, pathways, and outcomes preve-

nted a global quantitative estimate. The

thematic synthesis, guided by the SWiM

recommendations, made it possible to

preserve differences between studies and

avoid producing a combined effect wit-

hout clinical significance (55). A meta-

analysis could be considered in future

reviews restricted to homogeneous mol-

ecules, indications, and outcomes.

Limitations of the Review

This review has limitations that sh-

ould be considered. The main search

focused on PubMed/MEDLINE, with

with supplementation through reference

tracking, Crossref, and journal records.

Although this strategy made it possible to

identify relevant and traceable studies,

the lack of an independent systematic

search across all international databases

may have limited the sensitivity of retri-

eval.
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The scope of the question required

the inclusion of clinical, pharmacokinetic,

mechanistic, and preclinical studies. This

approach provided an integrated view of

peptide development, but increased het-

erogeneity and prevented direct compar-

ison across all studies.

Concentrating research on incretin

agonists may have resulted in a disprop-

ortionate representation of metabolic ap-

plications relative to other areas. This

predominance reflects the recent volume

of research, but does not necessarily

indicate the relative importance of all

peptide classes.

The protocol was not registered

prospectively on a public platform, which

reduces the possibility of external verifi-

cation of methodological decisions prior

to sample selection. Even so, the eligibil-

ity criteria and the synthesis structure

were defined before the final consolidat-

ion of the sample.

Also, no single certainty rating was

assigned by GRADE, because the studies

addressed different questions and inclu-

ded designs incompatible with an overall

assessment. Quality was weighted accor-

ding to study design, risk of

bias, consistency, precision, and applica-

bility.

Implications and Future Perspectives

Future development of peptide-

based therapies should prioritize strateg-

ies capable of combining stability,

bioavailability,

tissue selectivity, safety, and convenien-

ce. More efficient oral formulations may

reduce the amount of active ingredient

and variability in absorption. pH-

responsive, enzyme-responsive, or local-

marker–based delivery systems can inc-

rease delivery accuracy.

The use of peptide-drug conjugates,

radionuclides, and receptor-targeted sys-

tems presents especially relevant potent-

ial in oncology. However, success will

depend on appropriate patient selection,

confirmation of target expression, and

assessment of intratumoral distribution.

In neurology, new strategies should

favor transport across the barrier blo-

od–brain barrier or

intranasal administration, in addition to
including biomarkers that confirm exposure
and target engagement. The absence of these
data makes it difficult to distinguish pharm-
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acological ineffectiveness from insufficient
brain concentration.

The incorporation of computational

modeling, artificial intelligence, peptide

chemistry, and high-capacity screening

methods could accelerate the identificat-

ion of stable sequences, reduce immun-

ogenicity, and predict interactions with

receptors. However, computational opt-

imization must be accompanied by rigo-

rous experimental and clinical validation.

Independent comparative studies,

cost-effectiveness assessments, and imp-

lementation research will also be needed.

The benefit demonstrated in controlled

trials may be reduced in practice due to

adherence, cost, storage, training,

availability of devices, and unequal acc-

ess.

In summary, peptide therapies have

demonstrated high versatility and relevant

clinical benefits across multiple areas of

medicine. Success was greater when

structural modifications, formulation,

route of administration and pat-

hophysiological mechanism

were developed in an integrated manner.
Challenges related to degradation, abso-
rption, tissue distribution,

tolerability, production, and access rem-

ain. The negative results included in this

review reinforce that extending shelf life

or increasing stability is not enough when

the peptide does not reach

The target tissue, or not, modulates a

determining mechanism of the disease.

The next generation of peptide-based

drugs should therefore integrate molecu-

lar engineering, precision pharmacology,

and delivery technologies to turn biolog-

ical potency into consistent clinical bene-

fit.

CONCLUSION

Peptide-based therapies have estab-

lished themselves as a highly relevant

pharmacological platform for modern

medicine, with clinical applications in

metabolic, cardiovascular, genetic,

gastrointestinal, osteometabolic,

oncological, infectious, neurological, and

painful conditions. The analyzed studies

showed that receptor selectivity, the abil-

ity to reproduce physiological mechani-

sms, and the possibility of structural

modification give peptides important

advantages for the development of

treatments

directed. However, o

harnessing this potential
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remains directly conditioned on the abil-

ity to preserve molecular integrity, prol-

ong pharmacological exposure, and ens-

ure that the molecule reaches the target

tissue at a sufficient concentration.

The main strategies used to overc-

ome enzymatic degradation and the short

half-life included amino acid substituti-

ons, lipidization, reversible binding to

albumin, conformational restriction,
PEGylation,

depot formulations and long-acting rele-

ase implants. These approaches made it

possible to reduce clearance, increase

resistance to proteolysis, and extend the

intervals between administrations. The

results obtained with semaglutide, tirze-

patide, setmelanotide, vosoritide, tedugl-

utide, teriparatide, lanreotide, and other

molecules showed that appropriate pha-

rmaceutical engineering can turn natura-

lly unstable peptides into medications

with consistent clinical efficacy.

Oral bioavailability remained one of

the most complex challenges. The assoc-

iation between semaglutide and SNAC

showed that gastric absorption of a pept-

ide can be made feasible through locali-

zed changes in the microenvironment and

epithelial permeability. However, syste-

mic exposure still depended on fasting,

the volume of water, the interval until

feeding, tablet erosion, and the concomi-

tant administration of other medications.

Liquid-ionic-based systems, self-

orienting devices, and ingestible micro-

needles showed promising preclinical

results, but they still require validation

for repeated safety, reproducibility, acc-

eptability, cost, and applicability in hu-

mans.

The most robust clinical evidence

was observed among incretin agonists.

Semaglutide and tirzepatide produced

marked reductions in glycated hemoglo-

bin and body weight, while semaglutide

also reduced cardiovascular events in

individuals with obesity and established

cardiovascular disease. Early results with

multi-receptor agonists indicated potent-

ial to broaden metabolic effects, although

the safety and durability of benefits still

require long-term follow-up. In other

areas, peptides have shown benefits in

genetic obesity, achondroplasia, short

bowel syndrome, osteoporosis,

tumors
neuroendocrine, HIV multidrug-resistant,
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hereditary angioedema, pruritus associated

with hemodialysis, refractory pain and

erythropoietic protoporphyria.

Studies with negative results also

showed scientific relevance. The lack of

clinical benefit from cilengitide and NLY

01 demonstrated that plasma stability,

high molecular affinity, or prolonged

half-life do not ensure efficacy when

tissue distribution, target engagement, or

the mechanism's involvement in pathop-

hysiology are inadequate. Therefore, the

development of new therapies should

incorporate assessments of exposure in

the target tissue, pharmacodynamic bi-

omarkers, and molecular criteria for pat-

ient selection.

The heterogeneity of the molecules,

populations, routes of administration, and

outcomes prevented an overall quantitat-

ive synthesis. In addition, part of the

absorption and release technologies rem-

ains limited to preclinical studies, while

various clinical applications were invest-

igated in small populations or in rare

diseases. The concentration of studies on

GLP-1 agonists and the absence of pros-

pective protocol registration should also

be considered when interpreting the fin-

dings.

It is concluded that peptide therapies

present high versatility and the ability to

generate relevant clinical benefits, prov-

ided that molecular development is inte-

grated with pharmaceutical technology,

pharmacokinetics, and the disease path-

ophysiology. Future advances should pr-

ioritize formulations with greater stabili-

ty, less variable absorption, selective

distribution, lower dosing frequency, and

better tolerability. The combination of

peptide engineering, intelligent drug-

delivery systems, computational model-

ing, and precision medicine may increase

the number of clinically feasible molecu-

les and reduce the limitations currently

associated with administration, bioavail-

ability, and access to the target tissue.

Thus, the success of peptide-based

therapies does not depend exclusively on

their biological potency, but on the artic-

ulation between stability, bioavailability,

selectivity,

safety, convenience, and clinical applic-

ability. This integration represents the

main path to turn new peptides and

delivery systems into effective, reprodu-

cible, and accessible treatments in cont-

emporary medicine.
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