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ABSTRACT: Growth Differentiation Factor 15 (GDF15) is a stress-responsive cytokine linking metabolism,
inflammation and disease pathophysiology. In this review, we provide a comprehensive overview of its physiological
and pathological functions, emphasising its relevance in various clinical contexts. We discuss the molecular mecha-
nisms that regulate its expression and signalling, its role as a systemic biomarker of cellular and mitochondrial stress,
and its function in maintaining metabolic homeostasis and in obesity-related disorders. In oncology, this cytokine
plays a pivotal role by displaying context-dependent functions as a mediator of tumour progression, immune
modulation and cancer-associated cachexia, making it both a biomarker and a therapeutic target. In paediatric
medicine, GDF15 indicates treatment-related toxicity and systemic stress. Taken together, these findings establish
the cytokine as a distinctive endocrine mediator that links stress sensing, metabolism, and disease adaptation across
different developmental and clinical stages. Despite the growing body of evidence supporting its diagnostic and
therapeutic potential, further research is needed to clarify its context-dependent biological actions and facilitate
the successful clinical translation of GDF15-targeted strategies in the treatment of metabolic, oncological, and
paediatric disorders.

KEYWORDS: GDF15, cancer, metabolic disease, paediatric disease

1 Introduction

Cytokines are key mediators of intercellular
communication which regulate immune responses,
inflammation, and metabolic homeostasis.
Cytokine signaling dysregulation contributes to
numerous pathological conditions including chronic
inflammatory diseases, metabolic syndrome, and
cancer. Among stress-responsive cytokines, Growth
Differentiation Factor-15 (GDF15) has emerged as
an important mediator of systemic stress responses
(reviewed in [1]). GDF15 is a stress-inducible
cytokine, synthesised as a precursor protein. It is
then processed by proprotein convertases, including
furin-like enzymes, to generate a biologically active,
disulfide-linked homodimer (reviewed in [2]). Its
expression is rapidly increased in response to cellular
stress through multiple transcriptional pathways,
including those dependent on p53 and inflammatory
signalling cascades [3]. GDF15 is often considered
to be a structurally and functionally atypical ligand
within the Transforming Growth Factor β (TGF-β)
superfamily. Although the mature peptide retains the
cysteine-knot motif characteristic of this family, its

primary sequence shows unusually low conservation
across species compared to more canonical family
members such as Bone Morphogenetic Protein 2. In
addition to its systemic secretion, emerging evidence
suggests that the GDF15 prodomain may transiently
associate with extracellular matrix components,
potentially forming a local reservoir which can be
rapidly mobilised during tissue injury or metabolic
stress. This storage-and-release mechanism may
contribute to the rapid and significant increase in
circulating GDF15 observed in inflammatory, toxic,
and neoplastic conditions (reviewed in [4]). While
several excellent reviews have addressed GDF15
within specific domains, such as its role in metabolic
and cardiovascular disease, its multifaceted actions
in oncology, or its systematic characterisation in
paediatric disease, to our knowledge no single work has
yet integrated these perspectives into one continuous
translational narrative. The present review therefore
aims to bridge these domains, tracing GDF15 biology
from a fundamental stress-response signal through
its context-dependent oncological functions to its
emerging, and comparatively underexplored, relevance
in paediatric pathophysiology.
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2 The GDF15–GFRAL Signaling Axis: Molecular
Mechanisms and Pathophysiological Implications

A major breakthrough in the understanding of
GDF15 biology came with the identification of the
glial cell-derived neurotrophic factor (GDNF) family
receptor alpha-like (GFRAL) as its related receptor.
GFRAL expression is restricted to area postrema
and the nucleus tractus solitarius neurons in the
brainstem, regions which lack a fully developed blood–
brain barrier. This anatomical configuration allows
circulating GDF15 to access central neural circuits
involved in energy balance and visceral stress sensing
directly (reviewed in [4]). GDF15-GFRAL binding
promotes the recruitment of the receptor tyrosine
kinase (RET), and there is accumulating evidence
indicating that the RET51 isoform predominantly
mediates downstream signal transduction (reviewed
in [4]). The formation of the GDF15–GFRAL–RET
signalling complex activates multiple intracellular
pathways, including Extracellular Signal-Regulated
Kinase (ERK), Phosphoinositide 3-Kinase/Protein
Kinase B (PI3K/AKT) and Phospholipase C gamma
(PLCγ ). These responses include suppression of food
intake, induction of aversive behaviour, modulation
of autonomic output, and adaptation of systemic
stress, highlighting the important role of this axis
in integrating systemic metabolic and cellular
stress signals in the central nervous system [5].
Notably, GDF15 signalling diverges substantially
from canonical TGF-β family signalling, as it
primarily operates through the GFRAL-RET receptor
complex rather than through Small Mothers Against
Decapentaplegic (SMAD)-dependent pathways.
Nevertheless, in pathological contexts, particularly
in cancer, GDF15 signalling extends beyond its
primary endocrine functions. GDF15 has been
associated with the activation of intracellular signalling
cascades, including PI3K/AKT, MAPK/ERK
and, in a context-dependent manner, SMAD2/3
pathways, in a wide range of solid malignancies. This
signalling landscape promotes cellular proliferation,
epithelial-mesenchymal transition (EMT), metastatic
dissemination, and resistance to anticancer therapies
(reviewed in [6,7]). High GDF15 circulating levels
have been reported in colorectal, gastric, pancreatic,
breast, lung, prostate and head and neck cancers and
this condition is frequently associated with adverse
clinical outcomes and poorer prognosis (reviewed
in [1]) [8]. Within the tumour microenvironment,
GDF15 is produced by malignant cells, tumour-
associated fibroblasts and infiltrating macrophages,
contributing to the establishment of metabolically and
immunologically permissive niches [9–11] (figure 1).

3 GDF15 as an Endocrine Biomarker of Systemic
Stress

GDF15 is currently recognized as a key endocrine
biomarker of systemic stress. Its elevated circulat-
ing concentrations have been documented in a wide
range of pathological conditions, such as cardiovascu-
lar disease, obesity, type 2 diabetes mellitus, chronic
inflammatory disorders, and metabolic dysfunction

(reviewed in [2,12]). Unlike the classical meal-related
satiety signals such as cholecystokinin, glucagon-like
peptide-1 and peptide YY, which primarily regulate
the acute termination of food intake, GDF15 acts as
an ongoing signal of disrupted homeostasis. Rather
than reflecting acute nutritional status, circulating
GDF15 levels appear to mirror persistent metabolic
inflammatory, or cellular stress, thereby providing
an integrated measure of the organism’s physiologi-
cal burden (reviewed in [13,14]). Physical exercise is
a paradigmatic example of this biological behaviour.
Intense exercise is associated with a transient increase
in circulating GDF15, which typically returns to base-
line levels within approximately 24 h. This short-lived
increase contrasts sharply with the sustained elevations
observed in chronic pathological conditions such as
cancer cachexia and metabolic disease. This highlights
GDF15’s ability to discriminate between adaptive phys-
iological responses and persistent pathological stress
conditions [15] (reviewed in [16]).

4 GDF15 in Obesity and Metabolic Disease: A
Stress-Induced Endocrine Signal Linking Energy
Homeostasis and Therapeutic Opportunity

Circulating GDF15 levels are often high in obese men.
This chronic pathological condition likely reflects a
compensatory response to chronic metabolic stress,
which is driven by inflammation, mitochondrial dys-
function, and insulin resistance. GDF15 has been
conceived as a stress-induced “mitokine” since it is
produced in response to mitochondrial disturbance.
GDF15 is also a “myokine” and a “cardiokine”, as
its expression is dynamically regulated in skeletal mus-
cle and cardiac tissue in response to physiological or
pathological stress, such as intense exercise and acute
myocardial injury (reviewed in [16,17]). Experimental
studies suggest that loss of GDF15 signalling leads
to weight gain, whereas its overexpression decreases
body weight and adiposity (reviewed in [13]) [18].
These effects are mostly due to GFRAL-dependent
pathways in the brainstem that involve central neural
circuits, which control feeding behaviour and reduce
food intake. Reduced food intake and body weight
have been observed in animal models after recombi-
nant GDF15 was administered or its pathway was
pharmacologically activated, whereas hyperphagia and
weight gain have been promoted by inhibiting this
axis [18]. A growing body of evidence suggests that
several nutritional and pharmacological interventions
appear to engage the GDF15–GFRAL axis as part of
their metabolic effects (reviewed in [2]). For instance,
Camptothecin (CPT) has been shown to induce a sig-
nificant increase in circulating GDF15 in obese mice,
resulting in a corresponding reduction in food intake
and adiposity. Crucially, these effects are reduced
by either immunoneutralising GDF15 or genetically
ablating GFRAL, confirming the dependence on this
pathway [19]. Similarly, ketogenic diet intervention
has been associated with significant weight loss and
increased GDF15 circulating levels in animal mod-
els and humans. Notably, however, these metabolic
benefits are absent in GDF15- or GFRAL-deficient
models, which further highlights the essential role of
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Figure 1: GDF15-GFRAL signalling in the brainstem. GDF15 binds to GFRAL, a receptor that is selectively expressed in the
area postrema and the nucleus tractus solitarius of the hindbrain. Binding of the ligand promotes GFRAL association with the co-
receptor RET, thereby triggering receptor phosphorylation and activation of downstream signalling. GFRAL, GDNF Family Receptor
Alpha-Like; RET, Receptor Tyrosine Kinase; PLCγ , Phospholipase C Gamma; ERK, Extracellular Signal-Regulated Kinase; PI3K,
Phosphoinositide 3-Kinase; AKT, Protein Kinase B; PKC, Protein Kinase C; PDK1, Phosphoinositide-Dependent Kinase-1.

this signalling axis in mediating diet-induced changes
in energy balance [20]. Pharmacological modulation of
this pathway has also been observed with artesunate,
a semi-synthetic derivative of artemisinin. In obese
mice and cynomolgus macaques, it supports circulating
GDF15 levels, resulting in reduced food intake and
body weight. Notably, these effects occur without evi-
dence of nausea or overt malaise in preclinical models.
However, further clinical studies are required to estab-
lish the efficacy, tolerability, and safety of this approach
in humans [21].

Pharmacokinetic Limitations and the Development of
Long-Acting Analogues

GDF15 clinical application is currently limited by
its relatively short plasma half-life, its tendency to
aggregate and its susceptibility to proteolytic degra-
dation. Collectively, these characteristics contribute
to unstable systemic exposure and may limit thera-
peutic efficacy. These limitations have been overcome
by developing long-acting fusion proteins using Fc
or human serum albumin scaffolds. These engineered
fusion proteins have been shown to induce anorexia
and significant weight loss in obese rodents and
non-human primates, while improving glucose home-
ostasis and reducing circulating triglyceride and insulin
levels (reviewed in [22]). Furthermore, long-acting ana-
logues, including fusion proteins designed to extend
the biological half-life of the protein, have demon-
strated sustained efficacy in reducing body weight
in preclinical studies (reviewed in [23]). In particu-
lar, the GDF15–Fc fusion protein LY3463251 has
shown promising results in preclinical models and
early phase 1 clinical trials, suggesting the potential of
GDF15-based treatments for managing obesity and its

metabolic complications in the long term [24]. Notably,
activation of the GDF15 pathway has been linked to
nausea and aversive responses. However, preclinical
studies in non-human primates have reported no overt
nausea or vomiting. These observations suggest that
appetite suppression may, under specific conditions, be
dissociated from aversive side effects [25].

5 GDF15 and Cancer: Context-Dependent Roles in
Tumour Progression and Tumour-Environmental
Interactions

Over the past decade, GDF15 has attracted increasing
attention because of its broad biological and clinical
implications in oncology. Its role in cancer appears
to be highly context-dependent, varying according to
tumour type, molecular background, disease stage,
and the microenvironment [18,26]. Depending on
these factors, GDF15 may either promote or suppress
tumour growth, invasion and metastatic dissemina-
tion, making it a potentially valuable but challenging
biomarker to interpret. Elevated expression may reflect
an adaptive response to tumour-associated stress or,
alternatively, an active driver of malignant progression.
Consequently, the biological and clinical significance
of GDF15 should always be interpreted within the
specific molecular, cellular and microenvironmental
context of each tumour (Table 1). In colorectal can-
cer (CRC), increased circulating GDF15 levels have
been associated with a higher burden of adenomas,
an increased risk of recurrence and poorer clini-
cal outcomes, particularly in patients with metastatic
disease (reviewed in [7]). Experimental evidence sug-
gests that GDF15 can promote EMT and metastatic
dissemination through autocrine and paracrine mech-
anisms involving Smad signalling [27]. Moreover,
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Table 1
Context-dependent role of GDF15 across solid tumours

Tumour Type Major Role Key Mechanism(s) Clinical Significance Reference(s)/Study Design/Model)

CRC

Context-dependent
(mainly

pro-tumorigenic)

Promotes EMT and metastasis
via Smad signalling; contributes

to chemoresistance (5-FU,
oxaliplatin)

by modulating oxidative stress. In
some settings, NAG-1/GDF15
inhibits β-catenin/NF-κB via

EpCAM (tumour-suppressive)

Higher adenoma
burden, increased

recurrence risk, poorer
outcomes (especially
metastatic disease)

[7] Review;
[27] In vitro (human CRC cell

lines LOVO and HCT116);
[28] In vitro (chemoresistant CRC

lines) + human tissue (IHC,
public scRNA-seq);

[29] In vitro (CRC lines) + murine
xenograft + public datasets.

GC

Predominantly
pro-tumorigenic;

may shift with stage

Enhances proliferation/invasion;
contributes to chemoresistance
and mitochondrial dysfunction;

combined use with
MMP7/miR-200c

Tumour-suppressive in
early disease,

malignant-promoting
in advanced stages;

diagnostic/prognostic
biomarker

[30] Human retrospective cohort
(n = 61, 2 independent cohorts);
[31] In vitro (AGS, SNU216) +
human tissue IHC (n = 178);

[32] Review.

Pancreatic cancer

Pro-tumorigenic Promotes survival and therapy
resistance; CAFs and mechanical

stress enhance expression;
modulates tumour-associated

macrophage activity

Candidate biomarker
to distinguish

malignant vs. benign
disease and predict

survival (needs further
validation)

[33] In vitro (PDAC cell lines) +
murine xenograft (nude mice) +
human plasma/tissue (ELISA,

IHC).

HCC

Context-dependent
(both reported)

Associated with angiogenesis and
immune suppression;

mechanisms incompletely defined

Diagnostic/prognostic
value, particularly

combined with
established clinical

markers

[34] Human tissue, single-cell &
spatial transcriptomics

(bioinformatic analysis).

Note: Abbreviation: CRC, Colorectal Cancer; GC, Gastric Cancer; HCC, Hepatocellular Carcinoma; NAG-1, Nonsteroidal Anti-Inflammatory Drug-Activated
Gene-1; EpCAM, Epithelial Cell Adhesion Molecule; MMP7, Matrix Metalloproteinase-7; CAFs, Cancer-Associated Fibroblasts; EMT, Epithelial-Mesenchymal
Transition; 5-FU, 5-Fluorouracil.

GDF15 contributes to chemoresistance by modulating
oxidative stress responses induced by agents such as
5-fluorouracil and oxaliplatin [28]. However, its role
in CRC remains controversial. In certain experimen-
tal models, GDF15 exerts pro-apoptotic effects and
variably regulates the PI3K/AKT pathway, whereas
more recent evidence indicates that Nonsteroidal
Anti-inflammatory Drug-activated Gene-1 (NAG-
1)/GDF15 may inhibit β-catenin and Nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-
κB) signalling through interaction with Epithelial Cell
Adhesion Molecule (EpCAM), suggesting tumour-
suppressive activity in specific molecular settings [29].
Collectively, these findings indicate that the biological
effects of GDF15 in CRC are strongly influenced by
the tumour microenvironment and the signalling net-
works involved (reviewed in [1]). Similarly, in gastric
cancer (GC), elevated GDF15 expression has generally
been associated with adverse clinical outcomes and
has been proposed as both a diagnostic and prognos-
tic biomarker [30]. Mechanistically, GDF15 appears
to enhance proliferation and invasion through activa-
tion of pathways regulating cell growth and survival,
potentially contributing to chemoresistance and mito-
chondrial dysfunction [31]. Combined assessment with
other biomarkers, including matrix metalloproteinase-
7 (MMP7) and miRNA-200c, has also been associated
with poorer prognosis. Nevertheless, evidence suggests
that the function of GDF15 may evolve during tumour
progression, exerting tumour-suppressive effects in
early disease while promoting malignant behaviour
in advanced stages, highlighting the importance of

disease context in determining its biological signif-
icance (reviewed in [32]). In pancreatic cancer, the
GDF15-GFRAL signalling axis has emerged as an
important contributor to tumour progression and
metastatic spread. GDF15 promotes cell survival and
therapeutic resistance through modulation of intra-
cellular signalling pathways, while tumour-associated
fibroblasts and mechanical stimuli within the microen-
vironment further enhance its expression, facilitating
migration and invasion. In addition, GDF15 appears
to influence antitumour immunity by modulating
the activity of tumour-associated macrophages and
other immune components [33]. Clinically, circulat-
ing GDF15 has been investigated as a biomarker
for differentiating malignant from benign pancreatic
disease and for predicting patient survival, although
its utility requires further validation because of the
marked heterogeneity of pancreatic tumours and their
microenvironment [33]. In hepatocellular carcinoma
(HCC), elevated serum GDF15 concentrations have
been linked to angiogenesis, immune suppression, and
disease progression, supporting its potential diagnos-
tic and prognostic value, particularly when integrated
with established clinical markers [34]. Nonetheless, as
observed in other solid malignancies, GDF15 biolog-
ical role in HCC remains incompletely understood,
with studies reporting both tumour-promoting and
tumour-suppressive functions depending on disease
stage and molecular background. Overall, accumulat-
ing evidence indicates that GDF15 is a key mediator
of tumour–microenvironment interactions. Produced
not only by malignant cells but also by stromal and
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immune populations, this stress-responsive cytokine
regulates multiple processes involved in cancer progres-
sion, including EMT, invasion, metastasis, and immune
evasion (reviewed in [32]) [33]. In addition, GDF15
contributes to the establishment of immunosuppres-
sive niches by impairing dendritic cell maturation and
cytotoxic T-cell activity, whereas its expression by
cancer-associated fibroblasts and tumour-associated
macrophages further supports tumour growth and
therapeutic resistance. Consistent associations between
elevated tissue or circulating GDF15 levels and poor
clinical outcomes across several solid malignancies
underscore its promise as both a biomarker and
a potential therapeutic target. However, given its
pleiotropic and context dependent functions, the inter-
pretation and clinical application of GDF15 must
always consider the specific biological landscape of
each tumour. Beyond its local effects within the tumour
microenvironment, tumour-derived GDF15 also exerts
systemic endocrine actions. It significantly affects host
metabolism. Together, these effects contribute to the
development of cancer-associated cachexia.

5.1 GDF15 in Cancer Cachexia

Cancer cachexia is a multifactorial syndrome charac-
terised by involuntary weight loss, reduced appetite and
progressive depletion of adipose and skeletal muscle
mass. It is a major determinant of poor prognosis
in cancer patients. Tumour-derived GDF15 plays a
key role in the development of this condition with
elevated circulating levels consistently associated with
anorexia, negative energy balance, and cachectic phe-
notypes. This supports the idea that GDF15 plays a
contributory role in disease pathogenesis, rather than
merely being correlated with tumour burden. These
effects are primarily mediated by activation of the
central GFRAL-dependent pathway in the brainstem,
driving sustained suppression of appetite and disrup-
tion of energy homeostasis. In addition to these central
anorexigenic effects, chronic activation of the GDF15
axis contributes to peripheral metabolic alterations,
including increased lipolysis and energy expenditure.
Ultimately, this promotes progressive tissue wast-
ing. Thus, this tumour–brain–periphery signalling axis
represents a key mechanistic link between tumour pro-
gression and systemic metabolic failure. Taken together,
these findings highlight the key role of GDF15 as an
endocrine mediator in cancer cachexia, and suggest the
therapeutic potential of the GDF15-GFRAL axis in
preserving body mass and metabolic function in cancer
patients (reviewed in [1,7,13]). Consequently, targeting
GDF15 has emerged as a promising therapeutic strat-
egy in oncology, offering the potential to reverse tissue
wasting and overcome therapeutic resistance (reviewed
in [35]). Recent studies have shown that an increase in
GDF15 can alter the tumour microenvironment and
reduce anti-tumour immunity. Therefore, combining
GDF15 inhibitors with immune checkpoint inhibitors
is a new approach that is expected to improve the
efficacy of immune checkpoint inhibitors and repro-
gram immunometabolic suppression (reviewed in [35]).
Beyond its role in systemic energy homeostasis, the
same stress-responsive properties that make GDF15

a sensitive metabolic signal also underlie its context-
dependent involvement in tumour biology, where it can
act as both a mediator and a marker of malignant
progression.

5.2 Therapeutic Targeting of the GDF15–GFRAL Axis

Therapeutic strategies targeting GDF15 include the
use of monoclonal antibodies and GFRAL signalling
inhibitors. Early clinical studies suggest that block-
ing this pathway may improve symptoms of cancer
cachexia and restore appetite in affected patients. Pon-
segromab is a humanised monoclonal antibody that
neutralises circulating GDF15. This prevents ligand
engagement with GFRAL and interrupts the assem-
bly of the GFRAL-RET signalling complex in the
hindbrain. This biological strategy is well suited to
this target, as the GDF15-GFRAL interaction involves
extensive protein-protein interfaces that are difficult to
selectively disrupt with conventional small molecules.
Nevertheless, recent structural screenings and chemical
biology approaches have successfully identified small
organic molecules capable of modulating GDF15 activ-
ity. Interestingly, these novel Small Organic Molecules
demonstrated highly selective efficacy, being predom-
inantly active against cancer cells expressing elevated
levels of GDF15, while leaving normal, healthy cells
virtually unaffected, thereby offering a promising
alternative for targeted interventions [36]. In the ran-
domized phase II PROACC-1 study, Ponsegromab
improved body weight and appetite in patients with
cancer cachexia and elevated baseline GDF15 concen-
trations showing a dose-dependent median weight gain
relative to placebo of 1.22 kg (95% CrI, 0.37 to 2.25)
for 100 mg, 1.92 kg (95% CrI, 0.92 to 2.97) for 200
mg, and 2.81 kg (95% CrI, 1.55 to 4.08) for the 400
mg dose at 12 weeks. The clearest benefit was observed
in biomarker-selected patients. While these results sup-
port the use of GDF15 as both a therapeutic target and
a stratification marker, follow-up remains limited and
the long-term effects on functional endpoints, treat-
ment tolerance and survival require confirmation [37].
Importantly, current clinical evidence supports Pon-
segromab primarily as an anti-cachexia therapy rather
than as a proven direct anticancer agent. While preclin-
ical findings suggest that GDF15 blockade could boost
antitumour defences, reduce therapy-induced starva-
tion and possibly increase with immune checkpoint
inhibitors, these antitumour benefits remain merely
speculative and should be interpreted with caution
until confirmed in suitably designed clinical trials [37].
Safety considerations are equally important. GDF15 is
a pleiotropic stress-response cytokine, which means it
can have many different effects on the body. So, a block-
ade of the chronic pathway could theoretically lead
to increased appetite, weight gain, worsening insulin
resistance or impaired adaptation to subsequent tissue
and mitochondrial stress. This is even though early
trials have not shown major short-term safety signals
(reviewed in [38]). To reinforce these safety considera-
tions, Cohen and Picard issued a critical warning about
the potential risks of systemic GDF15 blockade. Since
GDF15 acts as an essential evolutionary sensor that
conveys information about somatic and mitochondrial
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energetic deficits to the brain, long-term pharmacolog-
ical suppression of GDF15 could blunt vital adaptive
mechanisms and have an adverse impact on patient
survival, despite providing immediate improvements
in cachectic symptoms (reviewed in [39]). The same
axis that drives cancer-associated cachexia in adults is
increasingly recognised as a broader indicator of stress
and tissue injury across the lifespan, with growing evi-
dence supporting its diagnostic relevance in paediatric
medicine, where GDF15 reflects both physiological
development and pathological insult.

6 GDF15 in Paediatric Disease

In the paediatric population, circulating GDF15
reflects both physiological developmental processes
and pathological stress responses. It acts as a dynamic
biomarker of mitochondrial dysfunction, tissue injury,
and systemic inflammation across a wide spectrum
of diseases. In line with its role in developmental
metabolic adaptation, circulating GDF15 levels are
physiologically elevated at birth and during early
infancy, beyond mitochondrial disorders. Increased
levels have also been reported in congenital heart dis-
eases, where GDF15 may integrate tissue injury with
postnatal growth and endocrine adaptation. This high-
lights the need for age-specific reference intervals when
interpreting clinical results. In paediatric mitochon-
drial disorders, elevated circulating GDF15 levels are
associated with mitochondrial dysfunction and disease
severity. This supports the use of GDF15 as a diagnos-
tic tool for metabolic disorders in children (reviewed
in [40]). Rather than a disease-specific marker, GDF15
acts as a “molecular thermometer”, reflecting tissue
injury and metabolic stress (reviewed in [40]). In paedi-
atric oncology, GDF15 functions as a sensitive sensor
of tissue damage induced by malignancy and cytotoxic
therapies. Clinical studies in newly diagnosed paedi-
atric cancer patients show significantly higher GDF15
levels than healthy controls, suggesting its promising
role in predicting chemotherapy-induced cachexia and
gastrointestinal toxicity [41]. A critical application of
GDF15 lies in the monitoring of anthracycline-induced

cardiotoxicity. It has emerged as a more sensitive
biomarker than traditional troponins for the detec-
tion of subclinical cardiomyopathy, showing a strong
correlation with early diastolic dysfunction preceding
detectable changes in conventional echocardiographic
parameters, including left ventricular ejection frac-
tion [42]. Beyond its role as a marker of tissue injury,
GDF15 may also actively contribute to disease progres-
sion. In osteosarcoma, for example, it has been shown
to promote pulmonary metastasis through modulation
of the TGF-β signaling pathway, thereby highlighting
its potential as a therapeutic target to limit tumour
invasiveness [43]. In adolescents with polycystic ovary
syndrome, patients often exhibit a relative functional
GDF15 insufficiency, rather than absolute deficiency.
Although circulating levels may fall within the nor-
mal range, they appear insufficient to counterbalance
the hyperinsulinemia and low-grade inflammation that
characterize the syndrome [44]. Notably, pharmacolog-
ical interventions such as the SPIOMET combination
have been shown to restore GDF15 to more optimal
levels, thereby promoting reductions in ectopic fat and
improving metabolic homeostasis without inducing
anorexia. This observation suggests a dose-dependent
and context-dependent therapeutic window for this
cytokine [44]. The protein’s sensitivity to acute vascu-
lar injury is most evident in Hemorrhagic Shock and
Encephalopathy Syndrome. In acute settings, GDF15
levels can increase by several hundred-fold within 24
h of symptom onset, reflecting the severity of the
cytokine storm and the extent of systemic endothelial
damage [45]. Collectively, GDF15 serves as a unifying
molecular indicator across paediatric medicine, inte-
grating developmental physiology, chronic metabolic
dysfunction, and acute tissue injury. Its broad sensitiv-
ity highlights its potential role in precision paediatric
medicine. However, clinical implementation requires
age-, sex- and developmental-adjusted reference ranges
for accurate interpretation (reviewed in [40]) (figure 2).

Figure 2: The multifaceted biological roles of GDF15. GDF15 sits at the intersection of four major functional domains: the systemic and
mitochondrial stress responses, energy homeostasis and metabolism, tumour promotion, and paediatric and developmental processes.
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Figure 3: GDF15 at the crossroads of stress, metabolism and therapy. GDF15 functions as a systemic biomarker of tissue stress and as a
key mediator of the gut-brain metabolic axis. It is also a dual-edged oncological target, being sensitive to therapy- and tumour-induced
injury in paediatric oncology while offering therapeutic potential in cancer cachexia and obesity.

7 Conclusions

Cytokines are fundamental mediators of intercellular
communication, and their dysregulation contributes
to a broad spectrum of human diseases, including
metabolic disorders, cancer and systemic inflammatory
conditions. Within this framework, GDF15 integrates
signals from cellular stress, systemic metabolism, and
neuroendocrine regulation in a variety of physiological
and pathological contexts. Its biological actions are
highly context-dependent, reflecting differences in dis-
ease type, stage, and microenvironmental cues. Current
evidence suggests a potential role for the GDF15–
GFRAL axis as a therapeutic target, particularly in
cancer cachexia, although further studies are required
to define efficacy, safety, and patient selection. Beyond
oncology, GDF15 contributes to the regulation of
metabolic stress responses and energy homeostasis, and
has been proposed as a biomarker of mitochondrial
and systemic stress in paediatric disorders. Overall,
GDF15 is a key stress-induced endocrine signal link-
ing cellular injury to systemic adaptation. However,
several limitations currently constrain the clinical trans-
lation of GDF15: standardized, age- and sex-adjusted
reference ranges are still lacking; the molecular deter-
minants governing its shift between tumour-promoting
and tumour-suppressive activity remain incompletely
defined; and long-term safety and efficacy data for
GDF15-targeted therapeutics, particularly in pediatric
populations, are still limited. Furthermore, while this
review maps the post-natal paediatric and adult onco-
logical landscape of GDF15, future research should
focus on fully elucidating its therapeutic potential and
multi-organ impact within these specific patient pop-
ulations. While there is growing support for its role

as a biomarker and therapeutic target, particularly in
oncology, cachexia and metabolic disease, further clar-
ification of its context-dependent biological effects and
regulatory mechanisms is required for its full clinical
translation (figure 3).
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