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Abstract

The emergence of therapy resistance remains a formidable barrier to successful clinical outcomes in oncology, necessitating a
deeper understanding of the tumor microenvironment (TME) as a dynamic ecosystem. Adipocytes, once viewed as passive en-
ergy reservoirs, are now recognized as active orchestrators of tumor progression and multimodal therapy resistance, particularly
in adipose-rich malignancies. This review comprehensively delineates the multifaceted mechanisms through which adipocytes
shield cancer cells from therapeutic insults, including chemotherapy, targeted agents, and immunotherapies. We analyze the
clinical evidence positioning visceral adiposity as a critical determinant of treatment failure and explore the complex molecular
interplay driven by the adipocyte-derived secretome, lipid metabolite-mediated metabolic rewiring, and the horizontal transfer of
bioactive cargo via adipocyte-derived extracellular vesicles, and adipocyte-mediated remodeling of the TME. Furthermore, we
highlight noncanonical roles such as direct organelle donation, lipid-mediated drug sequestration, the enhancement of DNA repair
pathways, and the activation of cell adhesion-dependent survival signaling. We also synthesize recent technological advance-
ments employed to interrogate the intricate adipocyte-cancer interaction. Finally, we discuss emerging therapeutic strategies
aimed at disrupting the adipocyte—cancer axis, while critically addressing the translational limitations of these interventions in clini-
cal settings, offering a roadmap for integrating metabolic and anti-inflammatory interventions with standard regimens to overcome
adipocyte-driven resistance and advance precision oncology.

Key Words: Adipocyte-cancer cell interaction, Therapy Resistance, Paracrine signaling, Metabolic reprogramming, Tumor Microen-
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INTRODUCTION stituents, such as fibroblasts, immune cells, endothelial cells,
and adipocytes interact with cancer cells to mediate survival

The emergence of therapy resistance remains one of the and drug evasion (Bejarano et al., 2021). Among these stromal
most formidable challenges in cancer therapy. Despite re- constituents, adipocytes have emerged as active contributors
markable advances in anticancer therapeutics including che- to tumor progression and therapeutic resistance, particularly
motherapy, molecularly targeted agents, and immunothera- in malignancies that develop in adipose-rich environments,
pies, most tumors eventually acquire resistance, leading to such as breast, ovarian, and pancreatic cancers (Wu et al.,
treatment failure and disease relapse (Bukowski et al., 2020; 2019; Yang et al., 2019). Epidemiological data consistently
Vasan et al., 2019). This persistent problem underscores the demonstrate that increased adiposity and visceral fat accu-
urgent need to unravel the multifaceted mechanisms that en- mulation correlate with poorer responses to cancer therapies,
able tumor cells to survive and adapt under therapeutic pres- suggesting a functional link between adipose tissue biology
sure. and cancer treatment outcomes (Litton et al., 2008).

Over the past few decades, it has become increasingly Advances in adipocyte biology have reshaped our under-
evident that therapy resistance is not merely a cell-intrinsic standing of these cells, revealing their active participation in
phenomenon. Rather, it is profoundly influenced by the tumor tumor progression and therapy resistance. Rather than serv-
microenvironment (TME), which functions as a dynamic eco- ing as passive lipid reservoirs, adipocytes communicate with
system. In this environment, various stromal and immune con- cancer cells through a variety of mechanisms, including the
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secretion of a diverse secretome comprising adipokines and
pro-inflammatory cytokines, lipid metabolite-mediated meta-
bolic rewiring, the horizontal transfer of bioactive cargos via
adipocyte-derived extracellular vesicles, and adipocyte-medi-
ated TME remodeling (Cao, 2019). Beyond these established
pathways, emerging evidence also highlights additional roles
of adipocytes, such as the direct exchange of organelles, the
sequestration-mediated modulation of local drug bioavailabili-
ty, the augmentation of DNA repair systems, and the activation
of cell adhesion-dependent survival signaling (Del Vecchio et
al., 2024; Kwak and Lee, 2023). These multifaceted interac-
tions, both direct and indirect, collectively contribute to the de-
velopment of resistance against diverse anticancer therapies
(Piwocka et al., 2024; Yao and He, 2021).

In this review, we summarize current knowledge on how
adipocytes contribute to therapy resistance, delineate the key
molecular mechanisms and noncanonical roles involved and
highlight recent technological advancements for analyzing
the intricate adipocyte—cancer interactome. Furthermore, we
discuss emerging therapeutic strategies targeting this interac-
tion, while critically addressing the translational limitations that
must be overcome for successful clinical application.

CLINICAL EVIDENCE: ADIPOSE TISSUE AS A
DETERMINANT OF THERAPY FAILURE

While the correlation between adipose tissue accumula-
tion and increased mortality in cancer patients has long been
established, emerging evidence suggests that this survival
disparity is fundamentally driven by fat-mediated impairments
in therapeutic efficacy. Large-scale meta-analyses, including
the study of six million patients by Petrelli et al. demonstrate
that a high BMI (=30 kg/m?) significantly elevates the risk of
recurrence and cancer-specific mortality across major malig-
nancies, notably breast and colorectal cancers (Petrelli et al.,
2021). Crucially, this poor prognosis is increasingly recognized
as a direct consequence of compromised treatment response
rather than a mere reflection of baseline comorbidities. For
instance, in neoadjuvant settings, obese patients consistently
demonstrate lower pathological complete response (pCR)
rates, suggesting that the adipose-rich environment, which is
characterized primarily by visceral adiposity, acts as a phar-
macological and biological sanctuary for resistant clones
(Takabe et al., 2012; Wang et al., 2021a). These clinical ob-
servations are mechanistically driven by systemic endocrine
dysregulation, specifically the insulin/IGF-1 signaling axis
and an elevated leptin-to-adiponectin ratio, which collectively
promote a pro-survival phenotype in cancer cells, thereby el-
evating the threshold for cell death under therapeutic stress
(VanSaun, 2013; Zhang et al., 2021).

As precision oncology advances, attention has shifted from
overall adiposity toward the qualitative and spatial charac-
teristics of adipose tissue as more informative predictors of
treatment response. BMI often fails to capture the biological
activity of specific fat depots, highlighting adipose tissue het-
erogeneity as an additional layer of complexity in adipocyte-
driven therapy resistance (Schoettl et al., 2018; Wang et al.,
2022a). Adipocytes derived from distinct anatomical depots
exhibit substantial differences in metabolic activity, inflamma-
tory signaling, and secretory profiles. In particular, visceral
adipose tissue (VAT), including omental and other intra-ab-
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dominal depots, displays a markedly pro-inflammatory phe-
notype compared with subcutaneous adipose depots. VAT is
characterized by increased secretion of cytokines such as IL-6
and TNF-a as well as adipokines including leptin, which col-
lectively activate oncogenic signaling pathways such as JAK/
STAT3 and NF-kB in adjacent tumor cells, ultimately promot-
ing epithelial-mesenchymal transition (EMT), maintenance of
cancer stem-like properties, and resistance to therapy (Cao,
2019; Gyamfi et al., 2018; Ibrahim, 2010; Ouchi et al., 2011).
In contrast, subcutaneous adipose tissue (SAT) generally ex-
hibits lower inflammatory cytokine production and a greater
capacity for lipid storage, enabling relatively healthier adipose
tissue expansion with reduced inflammatory stress (Schoettl
et al., 2018). Preferential fat accumulation in subcutaneous
depots has therefore been associated with more favorable
metabolic profiles and reduced metabolic risk compared with
visceral adiposity (Tchkonia et al., 2013). These depot-specific
biological differences highlight the functional diversity of adi-
pose tissue and suggest that VAT may act as a more potent
mediator of tumor-promoting inflammation and therapy resis-
tance than subcutaneous adipose tissue.

Consistent with these biological distinctions, visceral adi-
posity has been associated with reduced efficacy of antican-
cer therapies compared with subcutaneous fat accumulation,
highlighting its potential role as a clinical indicator of therapy
resistance. In patients receiving cytotoxic chemotherapy, in-
creased VAT volume predicts poorer objective response rates
and accelerated disease progression more accurately than
total adiposity alone (Lee et al., 2015; Yoshida and Fujiwara,
2023). Providing a mechanistic basis for these observations,
O’Connell et al. recently demonstrated that chemoradiothera-
py can remodel the adipose secretome toward a pro-inflam-
matory phenotype, which enhances mitochondrial reserve ca-
pacity in surviving tumor cells and ultimately promotes therapy
resistance (O’Connell et al., 2025).

Collectively, these clinical insights necessitate a paradigm
shift in our understanding of adipose tissue, which should be
redefined as an active ‘regulatory organ’ that modulates the
pharmacodynamics and efficacy of anticancer agents. Rather
than serving as a passive reservoir, this tissue functions as
a central metabolic-immune hub that dictates the success
of modern oncological interventions. Such a clinical reality
underscores the urgency of exploring the specific molecular
mechanisms through which adipocytes shield cancer cells, as
detailed in the subsequent sections (Fig. 1).

ADIPOCYTE-DERIVED SECRETOME IN THERAPY
RESISTANCE

Adipocytes function as highly active endocrine and inflam-
matory units, discharging a sophisticated array of signaling
molecules known collectively as the secretome into the TME.
Beyond their role as lipid reservoirs, these cells act as potent
sources of diverse adipokines and pro-inflammatory cytokines
that play pivotal roles in modulating the efficacy of anticancer
therapies. Adipokines, a specialized class of cell-signaling pro-
teins primarily derived from adipocytes, have emerged as criti-
cal regulators of therapy responsiveness through their distinct
molecular pathways. A diverse array of adipokines, including
leptin, resistin, visfatin, lipocalin-2, along with pro-inflamma-
tory cytokines such as IL-6 and TNF-a, have been identified
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Fig. 1. Molecular mechanisms of adipocyte-mediated cancer therapy resistance and associated clinical indicators. Obesity-associated adi-
pocytes significantly contribute to the development of therapy resistance in cancer cells through diverse molecular pathways, which are re-
flected in specific clinical indicators such as elevated BMI (230 kg/m?), increased visceral adipose tissue (VAT) volume, and reduced patho-
logical complete response (pCR) rates. This figure illustrates four primary mechanisms: (1) Adipocyte-derived secretome, (2) Adipocyte-
derived lipid metabolites, (3) Adipocyte-derived extracellular vesicles, and (4) Adipocyte-mediated TME remodeling.

as key mediators that actively promote pharmacological re-
sistance within the TME. In contrast to these predominantly
pro-tumorigenic factors, adiponectin was initially regarded as
tumor suppressive, subsequent studies have revealed its dual
role, promoting resistance in a tumor- and context-dependent
manner. The accumulation of these findings highlights the
multidimensional contribution of adipocyte-derived secreted
factors to therapy resistance in cancer (Table 1).

Leptin

Originally recognized as a canonical satiety hormone re-
sponsible for regulating energy homeostasis and appetite
through hypothalamic pathway, leptin has progressively
emerged as a pivotal adipokine driving therapy resistance
across diverse malignancies. Early evidence indicated that
glioblastoma subtypes with elevated leptin receptor (ObR)
expression exhibit pronounced resistance to temozolomide, a
phenomenon attributed to STAT3 activation and subsequent
upregulation of pluripotency factors SOX2 and OCT4, which

sustain cancer stem-like properties (Han et al., 2013). Build-
ing upon this framework, subsequent studies revealed that in
breast cancer stem cells, leptin activates the JAK2/STAT3—
CPT1B signaling axis to enhance fatty acid oxidation (FAQO),
thereby reinforcing cellular survival and ultimately promoting
resistance to paclitaxel and cisplatin (Wang et al., 2018). In
the context of pancreatic cancer, leptin induces the expres-
sion of miR-342-3p, which directly targets the 3'-UTR of the
tumor suppressor KLF6, enabling the evasion of gemcitabine-
induced apoptosis and promoting chemoresistance (Ma et
al., 2019). Consistently, leptin facilitates gemcitabine chemo-
resistance in gallbladder cancer through the STAT3—-CEBPD
signaling axis, upregulating MCL1 to enhance mitochondrial
fusion and maintain cellular survival under therapeutic pres-
sure (Wang et al., 2021b). Furthermore, hyperleptinemia
associated with obesity promotes 5-fluorouracil chemoresis-
tance in colorectal cancer. This effect is mediated through
AMPK-LATS1 inhibition, YAP/TEAD-driven AXL upregulation,
and subsequent P-glycoprotein—-mediated drug efflux (Chen et
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al., 2021). More recently, the immunomodulatory capacity of
leptin was highlighted in triple-negative breast cancer (TNBC),
where leptin-mediated activation of tumor-associated macro-
phages (TAMs) promotes M2 polarization with increased IL-8
secretion, ultimately fostering docetaxel chemoresistance
(Gao et al., 2024). Collectively, these findings establish leptin
as a multifaceted modulator of therapy resistance across mul-
tiple malignancies, operating through the enhancement of
cancer stemness, metabolic rewiring, and the perturbation of
epigenetic and immune-regulatory landscapes.

Resistin

While resistin was initially characterized by its role in obesi-
ty-induced insulin resistance (Steppan et al., 2001), emerging
evidence has expanded its functional repertoire to include the
promotion of chemoresistance in various malignancies. Early
studies in breast cancer models demonstrated that resistin
activates the AMPK/mTOR axis to induce autophagy, thereby
enabling tumor cells to evade doxorubicin-induced apoptosis
(Liu et al., 2017). In parallel, work in multiple myeloma re-
vealed that resistin suppressed caspase-mediated apopto-
sis and upregulated the drug efflux transporters ABCB1 and
ABCCH1, driving multidrug resistance (Pang et al., 2017). In
obese melanoma models, resistin has been shown to act in
concert with leptin to significantly attenuate the therapeutic
efficacy of dacarbazine. Mechanistically, resistin enhances
the protein expression of caveolin-1 by increasing its stabil-
ity and elevates the transcriptional levels of P-glycoprotein
(P-gp), a critical ATP-binding cassette (ABC) transporter in-
volved in multidrug efflux (Malvi et al., 2018). Moreover, the
impact of resistin extended beyond cell-intrinsic mechanisms
to encompass remodeling of the TME. Most recently, a study
on colorectal cancer demonstrated that resistin confers resis-
tance to 5-fluorouracil (5-FU) by triggering the TLR4-mediated
ERK signaling pathway, which subsequently induces the in-
crease of the NLRP3 expression. This resistin-driven inflam-
matory axis provides a survival advantage to malignant cells,
further illustrating how adipocyte-derived factors orchestrate
complex intracellular networks to bypass cytotoxic insults (Lee
et al., 2022). These findings underscore the ability of resistin
to integrate metabolic and inflammatory networks in fostering
therapy resistance.

Visfatin

Visfatin, also known as nicotinamide phosphoribosyltrans-
ferase (NAMPT), is a rate-limiting enzyme in the nicotinamide
adenine dinucleotide (NAD*) salvage pathway that primar-
ily regulates cellular energy metabolism and redox homeo-
stasis. Beyond its fundamental metabolic role, visfatin has
been increasingly implicated in cancer therapy resistance,
acting through both metabolic regulation and the modulation
of signaling pathways that sustain survival and therapeutic
evasion (Navas and Carnero, 2021). Its role in orchestrating
transporter-based resistance was initially highlighted by find-
ings that visfatin increases ABCC1 expression via Akt signal-
ing and triggers NF-«xB p65-dependent MDR1 transcription,
collectively reducing the intracellular accumulation of doxoru-
bicin (Cao et al., 2017; Yan et al., 2017). Expanding on these
findings, recent work in colorectal cancer models has demon-
strated that visfatin activates the SDF-1/CXCR4-Akt axis to
upregulate anti-apoptotic factors such as Bcl-2 and survivin
while suppressing Bax and p53, thereby facilitating the acqui-
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sition of resistance to 5-FU (Zhao et al., 2022). Furthermore,
visfatin has been shown to strengthen EGFR signaling by
inducing amphiregulin (AREG) expression through the JNK/
p38-STAT3/CREB transcriptional cascade, which significantly
diminishes 5-FU sensitivity in malignant cells (Huang et al.,
2024).

Lipocalin-2

Lipocalin-2 (LCN2), originally identified as a regula-
tor of iron metabolism and inflammation, has more recently
been recognized as an atypical adipokine that contributes to
therapy resistance. In colorectal cancer, overexpression of
LCN2 suppresses ferroptosis by reducing intracellular labile
iron and enhancing the ETS1-xCT/GPX4 antioxidant axis,
thereby promoting tumor progression and conferring 5-FU
chemoresistance (Chaudhary et al., 2021). In non-small cell
lung cancer (NSCLC), it has been identified as a critical me-
diator of acquired resistance to third-generation EGFR TKis.
Mechanistically, LCN2 forms a stable complex with MMP-9,
shielding it from enzymatic degradation and enhancing its pro-
tumorigenic activity. This LCN2—-MMP-9 axis facilitates thera-
peutic evasion by simultaneously attenuating drug-induced
apoptosis and suppressing pyroptosis through the inhibition
of GSDMD and GSDME cleavage (Shi et al., 2024). In cervi-
cal cancer, the INcRNA TMPO-AS1 promotes tumorigenesis
and ferroptosis resistance by interacting with LCN2, thereby
attenuating the efficacy of ferroptosis-inducing agents such as
sulfasalazine and ultimately contributing to a therapy-resistant
phenotype (Ju et al., 2025).

Adiponectin

Adiponectin is a pleiotropic adipokine primarily known for
its role in enhancing insulin sensitivity and exerting systemic
anti-inflammatory effects. Unlike other adipokines, adipo-
nectin was initially regarded as a protective adipokine, as it
was reported to promote apoptosis through activation of the
AMPK and p38 MAPK pathways (Dieudonne et al., 2006).
However, accumulating evidence has revealed its dual role
in cancer therapy resistance. For example, in glioblastoma,
adiponectin activates the Akt—-mTOR signaling pathway to
enhance temozolomide chemoresistance (Sun et al., 2025),
while in tamoxifen-resistant breast cancer cells, it selectively
preserves the CD44*/CD24~/ALDH1* stem-like subpopulation
and maintains mitochondrial stability, thereby promoting apop-
tosis evasion and sustaining therapy resistance (Naimo et al.,
2025). These findings indicate that the impact of adiponectin is
highly context-dependent, often transitioning from a protective
agent to a resistance-promoting factor by sustaining cancer
stemness and survival signaling.

IL-6

The role of interleukin-6 (IL-6) as a potent driver of antican-
cer drug resistance has been extensively documented over
several decades (Morteza and Amirhossein, 2016). While
tumor cells themselves can increase IL-6 expression in re-
sponse to extrinsic stimuli, adipocytes within the TME serve
as a critical exogenous source of this cytokine. In particu-
lar, cancer-associated adipocytes (CAAs) function as potent
secretory hubs that discharge a diverse array of pro-inflam-
matory cytokines, with IL-6 emerging as a central mediator
linking obesity-associated chronic inflammation to therapy
resistance. The clinical relevance of adipocyte-derived IL-6
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has been underscored in human breast cancer tissues, where
its upregulation within the TME correlates with poor therapeu-
tic outcomes (Ahmad et al., 2017). Mechanistically, IL-6 re-
leased from mature adipocytes binds to its receptor complex
on adjacent tumor cells, activating the JAK2/STAT3 signaling
cascade. This activation promotes epithelial-mesenchymal
transition (EMT) and drives the acquisition of invasive and
therapy-tolerant phenotypes (Gyamfi et al., 2018). In TNBC,
adipocyte-secreted IL-6 amplifies tumor-derived CXCL1 pro-
duction, establishing a reciprocal STAT3/NF-xB feed-forward
circuit. This circuit enhances the expression of MMP7 and
MMP9, facilitating stromal remodeling and creating an inflam-
matory niche conducive to multidrug resistance (Ruan et al.,
2025).

TNF-a

Tumor necrosis factor-alpha (TNF-a) is another cornerstone
of the adipocyte-derived secretome that promotes malignant
progression. While traditionally recognized for its role in acute
inflammation and apoptosis induction, chronic exposure to
low-level TNF-a within the TME has been shown to paradoxi-
cally foster tumor survival and therapeutic resistance (Zhao
et al., 2021). This pro-survival effect is primarily mediated
through TNF-a-induced NF-kB activation, which bolsters the
expression of anti-apoptotic genes and antioxidant enzymes,
thereby neutralizing the pro-apoptotic effects of conventional
chemotherapies (Guo et al., 2024; Wang and Lin, 2008). Be-
yond this intrinsic drug resistance, adipocyte-derived TNF-a
acts in concert with IL-6 to activate NF-kB and STAT3 signal-
ing, leading to the upregulation of PD-L1 expression in ma-
lignancies such as hepatocellular carcinoma and melanoma.
This process attenuates cytotoxic T-cell-mediated immunity
and creates an immunosuppressive microenvironment that di-
minishes responsiveness to immune checkpoint blockade (Li
et al., 2020). These findings emphasize that TNF-a acts as a
dual-edged sword in the TME, where its sustained secretion
from adipocytes orchestrates both cell-intrinsic survival and
extrinsic immune subversion.

ADIPOCYTE-DERIVED LIPID
METABOLITE-MEDIATED THERAPY RESISTANCE

Early studies established the conceptual framework that
adipocytes act as active supporters of tumor progression by
supplying fatty acids and metabolic fuels within the TME.
These adipocyte-derived lipid metabolites serve as a critical
energy reservoir that sustains tumor growth and aggressive
phenotypes by maintaining metabolic homeostasis and pro-
viding raw materials for biomass synthesis (Cao, 2019). In
colon cancer, adipocytes release free fatty acids (FFAs) that
drive mitochondrial FAO and autophagy, thereby enabling
cancer cell survival under nutrient-deprived conditions (Wen
et al., 2017). In acute monocytic leukemia, bone marrow adi-
pocytes (BMAs) deliver fatty acids that activate AMPK signal-
ing and reprogram transcriptional networks to preserve meta-
bolic equilibrium (Tabe et al., 2017). Similarly, in breast cancer,
adipocyte-derived fatty acids accumulate as intracellular tri-
glycerides and are subsequently mobilized via ATGL-depen-
dent lipolysis to fuel FAO, a metabolic remodeling process that
promotes invasion and metastasis (Wang et al., 2017). Collec-
tively, these findings reveal a unifying mechanism in which the
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uptake of adipocyte-derived fatty acids potentiates oxidative
metabolism, thereby reinforcing tumor growth, survival, and
adaptive resilience to metabolic stress.

Expanding upon this conceptual groundwork, more recent
investigations have moved beyond descriptive observations
to delineate explicit mechanisms by which adipocyte-derived
lipid metabolites and FAO directly contribute to therapy resis-
tance. In acute myeloid leukemia (AML), BMA provide free
fatty acids that fuel mitochondrial FAO, thereby reducing re-
active oxygen species (ROS) accumulation and maintaining
Bcl-2—mediated survival pathways, which collectively diminish
cytarabine-induced cytotoxicity (Tabe et al., 2018). In a related
hematologic context, a co-culture study of acute lymphoblastic
leukemia (ALL) demonstrated that leukemia cells induce adi-
pocytes to release free fatty acids. These fatty acids are sub-
sequently taken up by ALL cells and either stored in lipid drop-
lets or utilized as fuel for mitochondrial FAO. This metabolic
adaptation allows ALL cells to bypass glucose dependency
and maintain ATP production, thereby evading chemotherapy-
induced apoptosis, with unsaturated fatty acids identified as
critical drivers of this resistance (Tucci et al., 2021; Yang et al.,
2019). Similarly, in ovarian cancer, adipocyte-secreted ara-
chidonic acid (AA) has been shown to activate the PI3K/Akt
pathway, strengthening DNA repair and anti-apoptotic signal-
ing while simultaneously augmenting FAO to blunt cisplatin-
induced apoptosis (Yang et al., 2019). Together, these findings
highlight a unifying mechanism whereby adipocyte-derived
fatty acids serve as fuel for FAO-driven oxidative metabolism,
conferring a survival advantage against diverse chemothera-
peutic insults.

ADIPOCYTE-DERIVED EXTRACELLULAR VESICLES
IN THERAPY RESISTANCE

Extracellular vesicles (EVs) serve as pivotal mediators of
intercellular communication within the TME by delivering mo-
lecular cargos—including proteins, lipids, and various RNA
species—that fundamentally remodel recipient cell pheno-
types (Becker et al., 2016). Adipocyte-derived EVs, in particu-
lar, exploit this mechanism to transport specific miRNAs, fatty
acids, and metabolic enzymes that reprogram tumor signal-
ing and metabolism, thereby establishing a permissive niche
for disease progression and therapeutic evasion (Zhou et al.,
2023).

Early studies established that adipocyte-derived EVs prime
cancer cells for survival by driving aggressive metabolic and
phenotypic adaptations. These vesicles deliver key FAO en-
zymes (e.g., ECHA, HCDH) and regulatory miRNAs (e.g.,
miR-155, miR-30a) that reprogram mitochondrial bioenerget-
ics and promote EMT (La Camera et al., 2021; Lazar et al.,
2016; Liu et al., 2023). Rather than mere phenotypic shifts,
these adaptations function as a metabolic safeguard, enhanc-
ing mitochondrial reserve capacity and cytoskeletal plasticity
to shield tumor cells from subsequent therapeutic insults.

Building upon this metabolic foundation, recent evidence
underscores the direct role of adipocyte-derived EVs in coor-
dinating multifaceted drug resistance. Beyond metabolic fuel-
ing, these vesicles serve as vehicles for complex epigenetic
and anti-ferroptotic mechanisms that shield tumor cells against
oxidative and therapeutic stress. A representative example of
this epigenetic modulation is observed in multiple myeloma,



where BMA-derived exosomes are enriched with long non-
coding RNAs (IncRNAs) that undergo METTL7A-mediated
m®A methylation. Once delivered into myeloma cells, these
exosomal IncRNAs interact with epigenetic regulators such as
EZH2 to suppress the expression of apoptosis-related genes,
thereby blocking bortezomib-induced cell death and promot-
ing chemoresistance (Wang et al., 2022b). In ovarian cancer,
omental adipocyte-derived exosomes deliver miR-21, let-7b,
miR-16, and miR-92a to tumor cells, promoting EMT and di-
minishing paclitaxel sensitivity (Williams et al., 2024). Con-
sistently, adipocyte-derived EVs have been shown to deliver
microsomal triglyceride transfer protein (MTTP) into colorectal
cancer cells, where MTTP engages with PRAP1 to repress
ZEB1 expression while sustaining GPX4 and xCT (SLC7A11)
levels. This molecular cascade attenuates lipid ROS accumu-
lation and suppresses ferroptosis (Zhang et al., 2022).

Beyond drug resistance, adipocyte-derived EVs have also
been implicated in mediating radioresistance. EVs secreted
from adipocytes are enriched in miR-199b-5p, which is trans-
ferred into colorectal cancer cells and directly binds to the 3'-
UTR of JAG1 to repress its expression. Although the precise
mechanisms by which JAG1 regulates the radiation response
remain to be fully elucidated, these findings establish adipo-
cyte-derived exosomal miR-199b-5p as a critical mediator of
colorectal cancer radioresistance through the suppression of
JAG1 (Lv et al., 2024). Together, these findings position adipo-
cytes as key modulators of tumor behavior, extending their in-
fluence from metabolic reprogramming to the direct induction
of drug resistance. By demonstrating that adipocyte-derived
EVs actively sustain therapy-resistant phenotypes, these
studies collectively underscore adipocyte—cancer cell interac-
tions as critical therapeutic targets.

ADIPOCYTE-MEDIATED STROMAL AND IMMUNE
REMODELING IN THERAPY RESISTANCE

Beyond direct metabolic and paracrine signaling, adipo-
cytes exert a profound influence on the TME by regulating the
remodeling of stromal and immune compartments, which ulti-
mately dictates the efficacy of anticancer therapies, including
immune checkpoint inhibitors. Emerging evidence suggests
that adipocyte-derived cues fundamentally reshape the sur-
rounding milieu, establishing a fibrotic and immunosuppres-
sive niche that pre-conditions the tumor for sustained thera-
peutic resistance.

Under tumor-derived stimuli, adipocyte stem cells (ASCs)
can transdifferentiate into cancer-associated fibroblast (CAF)-
like cells, characterized by increased a-SMA and collagen |
expression and enhanced secretion of pro-invasive cytokines
and matrix-remodeling enzymes (El Alaa et al., 2024). Impor-
tantly, these ASC-derived CAFs also suppress immune-cell
activity, thereby promoting tumor invasion and metastasis. Al-
though direct evidence connecting this process to therapy re-
sistance remains limited, adipocyte-driven fibroblast activation
and immune suppression collectively establish a fibrotic and
immunoregulatory microenvironment that primes the tumors
for acquired therapeutic resistance.

In parallel, adipocyte—macrophage crosstalk contributes an
additional immunomodulatory layer. Adipocyte-secreted IL-6,
TNF-a, and CCL2 polarize macrophages toward an M2-like
tumor-associated phenotype, which in turn enhances adipo-
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cyte lipolysis and cytokine release. This self-perpetuating in-
flammatory loop promotes stromal remodeling, immune eva-
sion, and tumor progression, thereby creating a permissive
context for reduced therapy responsiveness (Correa et al.,
2017). Furthermore, recent studies have identified a meta-
bolic axis of immune suppression, wherein excessive lipids
released from adipocytes are internalized by CD8" T cells,
triggering lipid peroxidation and subsequent ferroptosis. This
adipocyte-induced ferroptotic cell death impairs the effector
function of infiltrating T cells, thereby undermining the efficacy
of T cell-based immunotherapies (Dalangood et al., 2025; Ma
etal., 2021).

Consistent with these findings, recent experimental work
has demonstrated a direct mechanistic link between adipo-
cyte-induced TME remodeling and therapy resistance. In bone
metastasis, BMAs induce a-SMA* CAFs and suppress CD8*
T-cell infiltration, resulting in enhanced invasion and chemo-
resistance (Sato et al., 2023). Adipocyte-rich TMEs display
transcriptional signatures of extracellular-matrix organization,
TGF-B activation, and immune checkpoint upregulation, con-
firming that adipocyte-mediated stromal and immune remod-
eling constitutes a critical foundation for therapy resistance.
Collectively, these studies establish adipocytes as active ar-
chitects of a fibrotic, inflammatory, and immunosuppressive
TME that promotes tumor progression and undermines thera-
peutic efficacy.

EMERGING ROLES OF ADIPOCYTE IN THERAPY
RESISTANCE

Recent studies have revealed several additional mecha-
nisms through which adipocytes promote therapy resistance.
One important route involves the direct transfer of organelles.
Del Vecchio et al. demonstrated that ASCs deliver mitochon-
dria to breast cancer cells via tunneling nanotubes (TNTs).
These transferred mitochondria enhanced OXPHOS and ATP
production within the recipient cells. This metabolic augmenta-
tion provides the necessary bioenergetic fuel to activate ATP-
dependent ABC efflux pumps, which actively extrude cytotoxic
agents and reduce intracellular drug accumulation. Conse-
quently, this organelle-mediated metabolic reprogramming
confers a robust survival advantage under chemotherapeutic
pressure (Del Vecchio et al., 2024).

Adipocytes can also modulate drug response by altering
the effective drug concentration rather than cellular metabo-
lism. In multiple myeloma, BMAs have been shown to absorb
the lipophilic chemotherapeutic doxorubicin and sequester it
within large lipid droplets. By acting as physical reservoirs for
the drug, BMAs lower its bioavailability to tumor cells, thereby
protecting them from DNA damage and apoptosis (Kwak and
Lee, 2023).

Another layer of chemoresistance arises through the regu-
lation of DNA repair pathways. Liang et al. reported that adipo-
cyte-derived A1BG directly interacts with NAMPT, enhancing
its protein stability and increasing NAD* production. This, in
turn, stimulates PARP1 activity and strengthens DNA repair
capacity, ultimately diminishing the cytotoxic effects of cispla-
tin in osteosarcoma (Liang et al., 2025).

Finally, adipocytes can enhance cell adhesion—dependent
signaling to promote chemoresistance. Adipocytes derived
from obese patients interact with multiple myeloma cells
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through integrin B1—-mediated adhesion, thereby inducing cell
adhesion—mediated drug resistance. This adhesion signaling
activates the FAK—PI3K/Akt survival pathway and suppresses
apoptosis, while upregulating ATP-dependent efflux transport-
ers (P-gp, MRP1), collectively reinforcing resistance to protea-
some inhibitors such as bortezomib and lenalidomide (Ochiai
etal., 2023).

Altogether, these findings redefine adipocytes as multifac-
eted regulators of therapy resistance that transcend simple
metabolic support. By coordinating a wide spectrum of nonca-
nonical mechanisms, adipocytes establish a complex survival
niche that necessitates novel therapeutic strategies targeting
the adipocyte—cancer cell interactome.

NOVEL TECHNOLOGIES FOR DECIPHERING
ADIPOCYTE-CANCER INTERACTIONS

Recent advances in high-resolution molecular profiling
technologies have substantially transformed the capacity to
investigate interactions between adipocytes and tumor cells
within the TME. In particular, single-cell and single-nucleus
RNA sequencing (sc/snRNA-seq) have revolutionized the
systematic characterization of adipose tissue heterogeneity,
revealing functionally distinct stromal, immune, and adipocyte
precursor populations that drive tumor-associated inflamma-
tion and metabolic reprogramming (Norreen-Thorsen et al.,
2022; Vijay et al., 2020). These advances in sequencing tech-
nology have uncovered previously unrecognized adipocyte
subtypes and immune cell states, providing important insights
into the molecular networks through which adipose tissue in-
fluences tumor progression and therapy resistance (Emont
et al., 2022). Furthermore, the development of multi-omics
approaches integrating transcriptomic, epigenomic, and me-
tabolomic features with these single-cell sequencing platforms
has enabled more precise reconstruction of gene regulatory
networks governing adipocyte—tumor interactions at the cel-
lular level.

However, because tissue dissociation inherently disrupts
spatial architecture, sc/snRNA-seq alone is insufficient to cap-
ture the context-dependent and proximity-driven interactions
that define adipocyte-mediated signaling within the TME. To
address this limitation, spatial transcriptomics has emerged
as a complementary approach that preserves tissue archi-
tecture while mapping gene expression across tumor tissues
(Keesling et al., 2025). This approach enables reconstruction
of spatially defined microenvironmental niches and proximity-
dependent signaling networks shaped by adipocyte—tumor in-
teractions (Massier et al., 2023).

In parallel, various three-dimensional (3D) platforms have
been developed to faithfully recapitulate the intricate crosstalk
between adipocytes and tumor cells. In particular, spheroid-
based co-culture models and scaffold-supported 3D matrices
allow the investigation of adipose—tumor interactions within
structurally complex environments compared with conven-
tional two-dimensional monolayer cultures (Quan et al., 2024;
Strusi et al., 2026). These systems reliably preserve key fea-
tures of the tumor microenvironment, including cell-cell and
cell-matrix interactions, extracellular matrix (ECM) remodel-
ing, and diffusion gradients of oxygen, nutrients, and signaling
molecules, all of which critically influence cellular phenotype,
metabolic adaptation, and therapeutic response (Breslin and
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O’Driscoll, 2013; Edmondson et al., 2014).

Beyond ftraditional 3D cultures, organoid-based systems
have emerged to more precisely mimic the structural organi-
zation and physiological complexity of adipose tissue. While
initial models derived from human adipose stem cells or
vascularized microvessel fragments focused on robustly re-
capitulating adipocyte differentiation and metabolic features
more recent advances have introduced geometrically in-
verted mammary organoids and tumor—adipose assembloids
to directly model malignant interactions (Mandl et al., 2022;
Strobel et al., 2021). These sophisticated platforms generate
spatially organized multicellular architectures that authenti-
cally capture tumor invasion and adipocyte-driven microenvi-
ronmental remodeling, thereby enabling detailed interrogation
of the metabolic coupling between these cell types (Lei et al.,
2025; Mertz et al., 2023).

Despite these advances, current models still face limita-
tions in fully recapitulating native tissue architecture, and
patient-derived adipose organoid systems remain underde-
veloped. Addressing these limitations through integration with
emerging technologies such as single-cell profiling and spa-
tial transcriptomics is expected to substantially advance our
mechanistic understanding of adipocyte—cancer interactions
and facilitate the identification of therapeutic vulnerabilities as-
sociated with adipocyte-driven therapy resistance.

THERAPEUTIC STRATEGIES TO COUNTERACT
ADIPOCYTE-DRIVEN RESISTANCE

Understanding the multifaceted mechanisms by which
adipocytes drive therapy resistance provides a foundation for
developing novel therapeutic strategies. These strategies can
be broadly categorized into three complementary approaches:
(1) blocking adipocyte-derived paracrine factors, (2) targeting
metabolic energy coupling, and (3) reprogramming the inflam-
matory microenvironment. Each approach aims to disrupt the
metabolic and signaling interdependence between adipocytes
and tumor cells, thereby restoring sensitivity to anticancer
therapies (Fig. 2, Table 2).

Blocking Adipocyte-Derived Paracrine Factors

Adipocytes release a spectrum of cytokines, growth factors,
and adipokines that reactivate pro-survival signaling within the
TME, necessitating the development of therapeutic strategies
to neutralize these paracrine networks. In preclinical breast
cancer models, IL-6 derived from adipocytes and infiltrating
myeloid cells drives resistance to VEGF inhibition by main-
taining dysfunctional vasculature, exacerbating hypoxia, and
promoting an immunosuppressive microenvironment. Phar-
macologic or genetic IL-6 blockade, such as with tocilizumab,
restores sensitivity to anti-VEGF treatment in obese mice,
normalizing vessel perfusion, alleviating hypoxia, and reduc-
ing tumor growth and metastasis. These findings position
adipocyte-derived IL-6 as a key mediator of anti-VEGF resis-
tance and support IL-6/IL-6R targeting as a rational strategy to
overcome obesity-driven antiangiogenic therapy failure (Incio
etal., 2018).

Furthermore, adipocyte—cancer cell crosstalk significantly
drives resistance to FGFR inhibitors like erdafitinib. Specifi-
cally, adipocyte precursors, but not differentiated adipocytes,
secrete neuregulin-1 (NRG1) in paracrine manner and acti-
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Fig. 2. Pharmacological strategies to overcome adipocyte-mediated therapy resistance by targeting adipocyte-cancer cell interactions. Di-
verse therapeutic strategies summarized in Table 2 are presented to intercept adipocyte-mediated survival signaling and restore treatment

sensitivity.

vate HER3 (ERBB3) signaling in cancer cells. This activation
bypasses FGFR blockade, providing an alternative survival
route that leads to rapid acquired resistance. Notably, com-
binational treatment of pertuzumab to target the NRG1/HER3
axis effectively abolishes therapy resistance and restores
erdafitinib sensitivity in vitro and in vivo. These findings sug-
gest that combined FGFR and HER3 targeting is a potent clin-
ical strategy to overcome the protective influence of the adipo-
cytic niche in FGFR-driven malignancies (Hosni et al., 2024).

Similarly, targeting the adipocyte-derived IGF-1 signaling
axis represents a promising approach to restore sensitivity
to taxane-based chemotherapy. In prostate cancer, peripros-
tatic adipose tissue actively secretes IGF-1, which activates
IGF-1R signaling and induces switch to the B-tubulin isoform
TUBB2B. This specific isoform alters the docetaxel-binding
domain, thereby reducing drug affinity and conferring resis-
tance. To counteract this, pharmacologic inhibition of IGF-1R
with agents such as AG1024 effectively reverses this resis-
tance in both in vitro and in vivo models. These findings em-
phasize that disrupting the IGF-1-TUBB2B axis is a viable ap-
proach to dismantle the paracrine protection provided by the
adipocytic niche (Liotti et al., 2021).

In obesity-associated TNBC, adipocyte-conditioned media
and elevated systemic SERPINE1 promote radioresistance

by enhancing DNA double-strand break repair. This molecular
adaptation allows malignant cells to circumvent the lethal ef-
fects of ionizing radiation, thereby facilitating tumor survival
and progression under therapeutic stress. To address this
resistance, recent studies have demonstrated that either ge-
netic knockdown or pharmacological inhibition of SERPINE1,
such as with the small-molecule inhibitor tiplaxtinin, effectively
impairs these repair pathways and restores radiosensitivity.
These findings highlight the SERPINE1 signaling axis as a
promising therapeutic target to sensitize TNBC to radiother-
apy, particularly within the context of an obesity-primed TME
(Su et al., 2023).

Together, these studies demonstrate that adipocyte-derived
signals are active participants in therapeutic failure. Target-
ing these paracrine circuits offers a rational strategy to re-
sensitize tumors to therapy. Beyond IL-6, HER3, IGF-1R, and
SERPINE1, similar strategies could be extended to leptin or
resistin signaling, which remain underexplored but pharmaco-
logically accessible axes within the adipocyte—tumor dialogue.

Targeting Metabolic Energy Coupling

Adipocytes actively supply tumor cells with essential meta-
bolic substrates including free fatty acids, cholesterol inter-
mediates, and NAD* precursors. The continuous provision of
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these molecules enables malignant cells to maintain robust
oxidative metabolism and sustain survival even under condi-
tions of therapy-induced stress. Based on these mechanistic
insights, recent studies have demonstrated that interfering
with adipocyte—tumor metabolic coupling effectively restores
therapeutic responsiveness. For example, Lazar et al. dem-
onstrated that adipocyte-derived exosomes deliver fatty acids
and FAO-related enzymes to cancer cells, thereby enhancing
OXPHOS and ATP production. Inhibition of FAO (etomoxir)
or exosome biogenesis (GW4869) abolished the metabolic
support highlighting the crucial role of metabolic energy cou-
pling in adipocyte-mediated therapy resistance. Such findings
extend beyond a simple inhibitory observation. They indicate
that exosome biogenesis pathways (e.g., nSMase2, Rab27a)
and FAO enzymes (e.g., CPT1A, HADHA) may serve as drug-
gable metabolic hubs regulating therapeutic resistance (Lazar
etal., 2016).

Beyond exosome-mediated lipid delivery, targeting fatty
acid trafficking represents an upstream intervention strategy
in adipocyte—tumor metabolic coupling. FABP4 mediates the
uptake and intracellular transport of adipocyte-derived fatty
acids, and its inhibition (e.g., BD62694) disrupts lipid flux, sup-
presses AKT/MAPK signaling, and weakens adipocyte-sup-
ported metastatic chemoresistance (Bessot et al., 2025). Sup-
pression of PPARy activity with GW9662 restores doxorubicin
sensitivity in TNBC cells exposed to adipocyte-conditioned
medium. These results demonstrate that adipocyte—tumor
energy coupling is a pharmacologically targetable interaction,
and that PPARYy inhibition represents a practical therapeutic
approach to overcoming adipocyte-driven metabolic resis-
tance (Mentoor et al., 2021).

Further, the discovery of the adipocyte-derived NAMPT-
PARP1 axis provides a novel metabolic target to bypass DNA
repair-mediated resistance. Since adipocyte-secreted A1BG
serves as a key ligand that stabilizes NAMPT within cancer
cells and thereby fuels the NAD+-dependent PARP1 repair
machinery, disrupting this metabolic coupling offers a potent
therapeutic window. Specifically, pharmacological inhibition
of this axis using the NAMPT inhibitor FK866 or the PARP1
inhibitor olaparib has been shown to effectively deplete the
cellular energy required for DNA maintenance and restore
the sensitivity of osteosarcoma cells to cisplatin (Liang et al.,
2025). This approach suggests that targeting the metabolic fu-
els provided by the adipose microenvironment can synergize
with conventional DNA-damaging agents.

Collectively, these findings highlight metabolic coupling as
a therapeutically exploitable vulnerability. Rather than target-
ing tumor metabolism in isolation, disrupting the metabolic in-
terplay between adipocytes and cancer cells may dismantle
an adaptive circuit that drives therapy resistance. Future com-
binatorial strategies that integrate metabolic inhibitors with
cytotoxic or targeted agents could offer an effective approach
for treating adipose-rich or obesity-associated malignancies.

Reprogramming of the Inflammatory Microenvironment
Adipocytes shape the immune and inflammatory landscape
of tumors, establishing an immunometabolic niche that favors
cancer cell survival under therapy-induced stress. Modula-
tion of the inflammasome—pyroptosis axis represents a viable
therapeutic strategy to alleviate chemoresistance in adipose-
rich tumors. In ovarian cancer, adipocyte pyroptosis within the
omental fat actively drives resistance by releasing ATP and

Park and Cho. Adipocytes in Cancer Therapy Resistance

free fatty acids, which recruit macrophages and promote in-
flammatory signaling. Inhibiting this pathway with the pyrop-
tosis inhibitor disulfiram effectively restores chemosensitivity,
underscoring adipocyte death as a critical source of pro-resis-
tance cues in the TME (Lin et al., 2024).

Repositioning existing anti-inflammatory or metabolic mod-
ulators holds significant clinical promise for treating therapy-
resistant cancers involving BMAs. This therapeutic strategy is
supported by the fact that the resulting inflammatory signal-
ing cascades are pharmacologically validated targets across
multiple diseases. Specifically, BMAs facilitate metastasis and
therapy resistance by secreting various pro-tumor factors, in-
cluding IL-6, leptin, and free fatty acids (FFAs). These factors
activate key signaling pathways, notably mTOR and NF-xB,
which drive the resistance phenotype. Accordingly, leveraging
existing agents that target these inflammatory and metabolic
axes—such as metabolic modulation by metformin—provides
a mechanism-based, and clinically feasible strategy to over-
come BMA-mediated therapy resistance (Bessot et al., 2025)

Ultimately, adipocyte-driven inflammation is not a mere by-
product of tumor progression but an immunometabolic axis
that sustains cancer cell survival under therapeutic stress.
Reprogramming this inflammatory circuitry thus emerges as a
critical therapeutic direction for overcoming therapy resistance
and restoring treatment responsiveness.

TRANSLATIONAL CHALLENGES IN TARGETING
ADIPOCYTE-CANCER INTERACTIONS

Despite growing mechanistic evidence indicating that adipo-
cytes contribute to tumor progression and therapy resistance,
translating these insights into clinically effective therapeutic
strategies remains challenging (Cao, 2019). One major limita-
tion arises from the essential physiological roles of adipose
tissue in systemic metabolic regulation. Adipocytes function
as central regulators of lipid buffering, glucose metabolism,
and endocrine signaling, thereby sustaining whole-body meta-
bolic homeostasis (Bluher, 2013; Kershaw and Flier, 2004).
Therefore, systemic inhibition of adipocyte-associated path-
ways could perturb metabolic homeostasis and provoke sys-
temic complications, including ectopic lipid accumulation, in-
sulin resistance, and endocrine dysregulation (Bluher, 2013).

An additional layer of complexity arises from the intrinsic
heterogeneity of adipose tissue. Notably, visceral and sub-
cutaneous adipose depots differ not only in their molecular
characteristics, such as inflammatory activity and metabolic
function (Lee et al., 2013; Schoettl et al., 2018), but also in
the intensity and functional consequences of their interactions
with tumor cells. For example, omental adipocytes have been
shown to promote lipid transfer to tumor cells and to secrete
MCP-1, thereby activating the CCR2-PI3K/AKT/mTOR sig-
naling axis and contributing to cisplatin resistance (Sun et al.,
2020), whereas subcutaneous adipose tissue exhibits rela-
tively lower inflammatory signaling and limited lipolytic activity,
restricting its capacity to sustain these resistance-promoting
pathways (Tchkonia et al., 2013). These depot-specific differ-
ences indicate that adipose tissue heterogeneity modulates
tumor cell survival under therapeutic stress and ultimately in-
fluences treatment efficacy.

Another critical barrier to clinical translation is the reduced
effective drug bioavailability within adipocyte-rich niches.
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Bone marrow adipocytes have been shown to sequester li-
pophilic chemotherapeutic agents such as doxorubicin within
intracellular lipid droplets, thereby lowering the local drug
availability to adjacent tumor cells. This adipocyte-mediated
drug sequestration establishes a pharmacological sanctuary
in which cancer cells are exposed to sublethal drug concen-
trations, ultimately promoting therapy resistance (Kwak and
Lee, 2023).

These challenges underscore the difficulty of developing
universally effective adipocyte-targeted interventions and
highlight the need for context-specific strategies that selec-
tively disrupt tumor—adipocyte interactions while preserving
the essential systemic functions of adipose tissue.

CONCLUSION & FUTURE PERSPECTIVES

The growing recognition that adipocyte-mediated therapy
resistance arises from diverse and multifaceted mechanisms
underscores an urgent need to bridge mechanistic discover-
ies with clinical translation. Future research must primarily
address the spatial and contextual heterogeneity of adipose
tissues, as adipocytes from distinct depots—such as omen-
tal, periprostatic, or bone marrow sites—display unique sec-
retomes and exert context-dependent effects on neighboring
tumor cells. Developing advanced in vivo models and patient-
derived organoids that faithfully recapitulate these site-specif-
ic interactions will be critical for identifying predictive biomark-
ers, such as depot-specific adipokines or exosomal cargos,
that can guide patient stratification and therapeutic decision-
making.

A critical research priority involves the elucidation of non-
canonical mediators that govern the intricate communication
between adipocytes and cancer cells. EVs, enriched in regula-
tory RNAs, lipids, and enzymes, are emerging as potent con-
veyors of resistance signals, yet their cargo composition, up-
take mechanisms, and functional integration within tumor cells
remain incompletely understood. Parallel efforts should also
explore other unconventional routes of adipocyte influence—
including the transfer of mitochondria and other organelles,
the sequestration or inactivation of chemotherapeutic agents,
and potentially unrecognized modalities such as ECM remod-
eling, mechanosensitive signaling, and lipid droplet-mediated
intercellular transport. Together, these emerging mechanisms
highlight that adipocyte—tumor communication extends far be-
yond classical paracrine signaling, revealing new avenues for
intervention that remain largely untapped.

Finally, translating these insights into clinical practice will
hinge on integrating adipocyte-targeted interventions with ex-
isting anticancer regimens. The mechanistic convergence of
adipocyte-driven resistance with pharmacologically validated
pathways—such as IGF-1R/PI3K/mTOR and NF-kB—creates
immediate opportunities for drug repositioning and combina-
tion strategies. Utilizing clinically available metabolic and anti-
inflammatory agents to suppress the adipocyte secretome or
its downstream effectors could accelerate bench-to-bedside
progress. Ultimately, redefining adipose tissue from a passive
stromal component to a dynamic therapeutic target may trans-
form the management of obesity-associated and adipose-rich
cancers, converting a metabolic liability into a new avenue for
precision oncology.
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