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Lung cancer and obesity: A contentious relationship (Review)
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Abstract. The global obesity epidemic, attributed to sedentary
lifestyles, unhealthy diets, genetics and environmental factors,
has led to over 1.9 billion adults being classified as overweight
and 650 million living with obesity. Despite advancements in
early detection and treatment, lung cancer prognosis remains
poor due to late diagnoses and limited therapies. The obesity
paradox challenges conventional thinking by suggesting
that individuals with obesity and certain diseases, including
cancer, may have an improved prognosis compared with
their counterparts of a normal weight. This observation has
prompted investigations to understand protective mechanisms,
including potentially favorable adipokine secretion and meta-
bolic reserves that contribute to tolerating cancer treatments.
However, understanding the association between obesity
and lung cancer is complex. While smoking is the primary
risk factor of lung cancer, obesity may independently impact
lung cancer risk, particularly in non-smokers. Adipose tissue
dysfunction, including low-grade chronic inflammation, and
hormonal changes contribute to lung cancer development
and progression. Obesity-related factors may also influence
treatment responses and survival outcomes in patients with
lung cancer. The impact of obesity on treatment modalities
such as chemotherapy, radiotherapy and surgery is still under
investigation. Challenges in managing patients with obesity
and cancer include increased surgical complexity, higher rates
of postoperative complications and limited treatment options
due to comorbidities. Targeted interventions aimed at reducing
obesity prevalence and promoting healthy lifestyles are crucial

Correspondence to: Dr Vasiliki Epameinondas Georgakopoulou,
Department of Pathophysiology, Laiko General Hospital, National
and Kapodistrian University of Athens, 17 Agiou Thoma Street,
Athens 11527, Greece

E-mail: vaso_georgakopoulou@hotmail.com

Key words: obesity, lung cancer, cancer risk, inflammation, adipose
tissue

for lung cancer prevention. The impact of obesity on lung
cancer is multifaceted and requires further research to eluci-
date the underlying mechanisms and develop personalized
interventions for prevention and treatment.
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1. Introduction

Obesity, defined by an excessive accumulation of body fat,
has escalated to epidemic levels globally. Since 1980, its
prevalence has more than doubled, affecting >1.9 billion
adults worldwide, with 650 million categorized as living with
obesity (1). Over a third of the global population is currently
classed as overweight or obese, with projections suggesting
that by 2030, 38% of adults will be overweight and 20% will
suffer from obesity (2). In the US, obesity affects ~35% of
adults and 30% of children, with even higher rates in specific
subpopulations, such as Hispanic and non-Hispanic Black
adults, where obesity prevalence reaches 43 and 48%, respec-
tively (2). In Europe, obesity prevalence in adults increased
from 13 to 17% between 1992 and 2005, with projections indi-
cating it could reach 30% by 2015 (2). The economic burden
is notable, with obesity-related healthcare costs in the US
alone estimated at $190 billion annually, and the risk of type 2
diabetes increasing threefold for overweight individuals and
sevenfold for those with obesity (2). Multiple factors, including
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sedentary lifestyles, unhealthy dietary patterns, genetic
predispositions and environmental conditions, influence this
surge in obesity rates (2).

The rising prevalence of obesity has far-reaching implica-
tions for public health, as it is associated with an increased risk
of various chronic diseases, including cardiovascular disease,
diabetes and several types of cancer (2). Among the cancers
linked to obesity, lung cancer is particularly concerning given
its status as the leading cause of cancer-related mortality glob-
ally (3). Lung cancer comprises a diverse group of malignancies
originating from the epithelial cells of the lungs, with the
primary subtypes being non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC) (4). Despite advances in
early detection and therapeutic strategies, lung cancer prog-
nosis remains poor, largely due to late-stage diagnoses and
limited treatment options (5).

In the context of lung cancer, the association between obesity
and survival rates has produced conflicting findings. While
obesity is a well-established risk factor for the development of
lung cancer, some studies suggest that patients with obesity who
are diagnosed with lung cancer may have improved survival
rates, a phenomenon known as the obesity paradox (6-8). The
obesity paradox is a term used in medical research to describe
the unexpected observation that, in certain populations, being
overweight or having obesity is associated with a lower risk of
mortality compared with individuals of a normal weight (9).
This paradoxical phenomenon challenges the traditional
understanding that obesity universally leads to worse health
outcomes (9). The concept first gained attention in patients
with chronic diseases, particularly cardiovascular disease and
chronic kidney disease (9). It has been noticed that overweight
or individuals with mild obesity occasionally had improved
survival rates compared with those of normal weight within
these specific groups (9). The paradox has also been observed in
conditions such as heart failure, stroke and diabetes (9).

Several hypotheses have been proposed to explain the
mechanisms behind the obesity paradox in cancer. One
theory suggests that excess adipose tissue in individuals with
obesity may have protective effects through the secretion of
adipokines, which possess potential anti-inflammatory and
immunomodulatory properties (10). Additionally, patients with
obesity may have greater metabolic reserves, allowing them to
better tolerate aggressive cancer treatments and withstand the
physiological stresses associated with cancer progression (11).
Moreover, certain genetic and molecular alterations present in
individuals with obesity, such as dysregulation in insulin-like
growth factor (IGF) signaling, chronic inflammation, adipo-
kine imbalance, alterations in the PI3K/AKT/mTOR pathway
and changes in estrogen metabolism, may influence tumor
biology and response to therapy, potentially contributing to
observed survival benefits. Additionally, metabolic reprogram-
ming, hypoxia-driven angiogenesis, and obesity-associated
epigenetic modifications may further affect the therapeutic
outcomes in obese individuals (12,13). However, the intricate
interplay between obesity, cancer biology and treatment
outcomes is complex and multifaceted, necessitating further
research to elucidate the underlying mechanisms.

The aim of the present review is to examine the association
between obesity and lung cancer. First, the epidemiological
evidence will be presented and the impact of adiposity and

related pathophysiological mechanisms on lung cancer
development, progression and treatment outcomes will be
explored. The mechanisms by which obesity influences treat-
ment modalities and survival will be analyzed, the potential
protective mechanisms underlying the obesity paradox will
be assessed and the implications for clinical management will
be evaluated. Finally, novel directions for future research to
improve understanding and address the complexities of the
obesity-lung cancer association will be proposed.

2. Impact of obesity on lung cancer

Epidemiological evidence. While the link between obesity and
cancer is well-established for several malignancies, such as
breast and colorectal cancer, the association with lung cancer
is more complex and remains a topic of ongoing research (14).

Body mass index (BMI), a measure of obesity, and the risk
of developing lung cancer have both been associated favor-
ably in numerous meta-analyses and cohort studies (15-18).
For instance, a meta-analysis found a significant positive
association between excess body weight and the risk of lung
cancer, particularly among non-smokers and women (15).
Furthermore, evidence for an association of BMI with lung
cancer was provided by a re-analysis of dose-response
meta-analyses of observational studies (16).

Additionally, it appears that factors such as smoking status,
sex and histological subtypes have an impact on the asso-
ciation between obesity and lung cancer risk. While smoking
remains the primary risk factor for lung cancer, obesity may
exert independent effects on lung carcinogenesis, particularly
among non-smokers (17). Female ever-smokers seem to have
worse outcomes at extreme BMI levels, both underweight and
with obesity, compared with male ever-smokers regarding
lung cancer (17). Moreover, evidence suggests that obesity
may confer a higher risk of developing specific histological
subtypes of lung cancer, such as adenocarcinoma, while its
impact on other subtypes remains less clear (18).

By contrast, recent studies and meta-analyses have shown
that a high BMI is an independent predictor of lower lung
cancer risk, improved treatment outcomes and longer overall
survival (OS) (17,19,20). While BMI is the most commonly
used metric in the studies described in the present review, it
does not differentiate between distinct types of adipose tissue
with respect to metabolic activity and distribution in different
anatomic locations. This is important because different
adiposity patterns are associated with different biological
effects. For example, visceral fat is more biologically active
and is associated with poorer outcomes when compared
with subcutaneous fat (21). Additionally, BMI is known to
overestimate obesity when there is excess muscle mass and
underestimate obesity in patients with cancer (22).

Potential pathophysiological mechanisms. The biological
mechanisms underlying the association between obesity and
lung cancer risk are multifaceted and presumably involve
complex interactions between adipose tissue, systemic inflam-
mation, hormonal dysregulation and metabolic alterations.
Adipose tissue is a dynamic endocrine and metabolic
organ secreting various pro-inflammatory cytokines and
other adipokines, such as tumor necrosis factor-a. (TNF-a),
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interleukin-6 (IL-6) and leptin (23). Chronic low-grade
inflammation linked to obesity and dysfunctional adipose
tissue leads to the promotion of tumorigenesis by creating
a pro-inflammatory microenvironment, conducive to cancer
initiation and progression (24). Insulin resistance, which
includes impaired insulin signaling and hyperinsulinemia,
are frequently associated with obesity (25). Insulin and
IGF-1 play critical roles in cell proliferation, apoptosis
and tumor growth, thereby promoting carcinogenesis in
various tissues, including the lungs (26). Obesity impacts
sex hormone metabolism, leading to alterations in estrogen
and androgen levels, which may contribute to the develop-
ment of hormone-related cancers, including lung cancer (27).
Estrogen, in particular, has been implicated in lung cancer
pathogenesis, with evidence suggesting a higher prevalence
of estrogen receptor expression in lung tumors among female
patients (28). Obesity-induced oxidative stress and associ-
ated DNA damage represent additional mechanisms linked
to lung cancer development as excess adiposity is associated
with increased production of reactive oxygen species and
reduced antioxidant defenses, resulting in oxidative damage
to DNA and genomic instability, predisposing to malignant
transformation (29,30).

3. Obesity and survival with lung cancer

While obesity is commonly associated with an increased
risk of developing lung cancer, its impact on patient survival
following lung cancer diagnosis is less clear.

Survival disparities in lung cancer and obesity. Survival
disparities in lung cancer among individuals with normal
weight and obesity represent a complex intersection of biolog-
ical, behavioral and socioeconomic factors.

One of the key mechanisms linking obesity to poor lung
cancer outcomes is chronic inflammation and adipose tissue,
which secretes pro-inflammatory cytokines and adipokines,
creating a tumor microenvironment (TME) conducive to
cancer progression and metastasis (31). This inflamma-
tory milieu can promote tumor growth, angiogenesis and
resistance to chemotherapy and immunotherapy, ultimately
compromising treatment efficacy and patient survival (31).
Moreover, obesity-related comorbidities, such as diabetes,
cardiovascular disease and obstructive sleep apnea, further
complicate lung cancer management. These conditions
increase the risk of surgical complications and treatment
toxicities but also contribute to poorer overall health outcomes
and decreased survival rates among patients with obesity and
lung cancer (32,33).

In addition to biological factors, behavioral and lifestyle
factors associated with obesity may also influence lung cancer
survival. Individuals with obesity are more likely to have
unhealthy habits such as sedentary lifestyles, poor nutrition
and smoke, all of which can exacerbate cancer-related compli-
cations and hinder treatment adherence and effectiveness (34).
Furthermore, social determinants of health, including access
to healthcare, socioeconomic status and healthcare dispari-
ties, may disproportionately affect individuals with obesity,
limiting their ability to receive timely and appropriate cancer
care (35).
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Different histological subtypes and survival from lung cancer
in patients with obesity

NSCLC. Barbi et al (12) analyzed 513 patients with
stage I and II NSCLC undergoing lobectomy, revealing that
a high visceral fat index (VFI) was associated with decreased
recurrence-free survival (RFS) and OS. Specifically, patients
in the top VFI tertile exhibited significantly worse outcomes
compared with those in the bottom tertile, with hazard ratios
(HR) of 1.79 for RFS and 1.84 for OS. The study also explored
the TME in 159 patients with advanced-stage NSCLC, finding
that high VFI was associated with a non-inflamed TME,
characterized by reduced expression of immune-related genes,
which likely contributed to poorer survival.

In a study by Xiong et al (36) involving 554 patients with
advanced NSCLC from the ALTER-0302 and ALTER-0303
trials, researchers investigated the impact of obesity on
outcomes in patients receiving anlotinib, a novel anti-angio-
genesis drug. The patients were categorized into non-obesity
(BMI <28 kg/m?) and obesity (BMI =28 kg/m?) subgroups. The
results indicated a U-shaped relationship between BMI and the
risk of death in patients treated with anlotinib. Specifically,
patients with obesity had a trend toward worse OS compared
with patients without obesity, with a HR of 2.33 (95% CI,
0.77-7.06; P=0.136). This finding suggests that obesity may
predict poorer outcomes in patients receiving anlotinib for
advanced NSCLC.

In a study by Nitsche et al (37) of 994 patients with NSCLC
treated between 2008 and 2020, visceral obesity was measured
using cross-sectional abdominal fat areas from computerized
tomography (CT) scans. The VFI, defined as the ratio of
visceral fat area to total fat area, was used to assess visceral
obesity. The study found that male patients had significantly
higher VFI compared with female patients, and VFI was
modestly correlated with age but not with BMI. Furthermore, a
subset of 175 patients had their tumors profiled for the expres-
sion of 397 cancer- and immunity-related genes, revealing that
higher VFI was associated with a lower tumor immunoge-
nicity signature score, which correlates with reduced immune
response in tumors. This suggests that visceral obesity may
attenuate the tumor immune environment, potentially leading
to poorer outcomes in patients with NSCLC.

SCLC.Inastudy by Lee et al (38) conducted on 173 patients
with SCLC, researchers investigated the impact of BMI on
OS. The patients were divided into two groups based on their
BMI: i) individuals with a BMI =23; and ii) individuals with
a BMI <23. The study found that patients with a BMI =23
had significantly improved OS compared with those with BMI
<23, with a median OS of 620.0 days vs. 311.7 days, respec-
tively (P<0.001). Multivariate Cox analysis further indicated
that a BMI =23 was an independent prognostic factor for OS,
with a HR of 0.45 (95% CI, 0.31-0.79; P=0.004). Additionally,
patients with an improved performance status (PS; <2) and a
BMI =23 had the longest median OS of 17.3 months, suggesting
a potential protective effect of higher BMI in SCLC.

In a retrospective study by Kwon et al (39) involving 1,146
Asian patients with SCLC who underwent platinum-etoposide
chemotherapy, researchers investigated the prognostic signifi-
cance of BMI and its association with skeletal muscle status.
The study found that being underweight (BMI <18.5 kg/m?) was
associated with significantly shorter OS in both limited-disease


https://www.spandidos-publications.com/10.3892/or.2024.8817

4 GEORGAKOPOULOU et al: LUNG CANCER AND OBESITY

(LD) and extensive-disease (ED) groups, with HRs of 1.77
(95% CI, 1.01-3.09) and 1.71 (95% CI, 1.18-2.48), respectively.
The negative impact of being underweight remained signifi-
cant even after adjusting for skeletal muscle index and skeletal
muscle attenuation, with underweight patients in the LD group
having a HR of 1.96 (95% CI, 1.09-3.51) and in the ED group
having a HR of 1.75 (95% CI, 1.17-2.61). This study highlights
that being underweight is an independent poor prognostic
factor in SCLC, irrespective of skeletal muscle status.

Obesity paradox: An intriguing phenomenon. Obesity has
traditionally been viewed as a risk factor for poor prognosis
in cancer, including lung cancer (40). However, emerging
evidence suggests that patients with obesity may exhibit
improved survival rates following a lung cancer diagnosis,
a phenomenon known as the obesity paradox (9). This
unexpected observation has fueled debate and led to further
research into the mechanisms behind this paradox in cancer.

The mechanisms underlying the obesity paradox in lung
cancer survival are likely driven by complex interactions
between adipose tissue biology, systemic inflammation, meta-
bolic alterations, treatment responses and tumor biology (41).
One potential explanation is that patients with obesity often
have greater metabolic reserves and nutritional stores than
their normal-weight counterparts (41). These reserves may
provide a survival advantage during cancer treatment (41).
Specifically, the enhanced energy stores and nutrients can
help patients with obesity endure the physiological stresses
associated with cancer progression and aggressive treat-
ments such as surgery, chemotherapy and radiation (431).
This ability to withstand such challenges may contribute to
the observed improved survival outcomes in patients with
obesity (41).

Adipose tissue also plays a crucial role in modulating
the TME and immune responses through the secretion of
various adipokines and inflammatory mediators. For instance,
adiponectin, an adipokine, exhibits anti-inflammatory and
anti-tumor properties, whereas leptin, another adipokine, may
promote tumor growth and metastasis (42). The regulation
of these functions depends on multiple factors, including the
type of adipokines secreted, the local tissue environment and
systemic metabolic conditions (43). Leptin promotes cancer
by enhancing cell proliferation, migration and angiogenesis,
and regulation involves controlling leptin levels and signaling
pathways (43). High levels of leptin can activate oncogenic
pathways such as JAK/STAT, PI3K/AKT and MAPK (43).
Adiponectin usually suppresses cancer by inhibiting cell
proliferation and inducing apoptosis. Increasing adiponectin
levels or mimicking its activity through drugs can enhance
its cancer-suppressive effects (43). It works through pathways
such as AMPK and PPARa., which inhibit cancer cell growth
and promote apoptosis (43).

Chronic inflammation associated with obesity can promote
cancer (44). Reducing systemic inflammation through lifestyle
changes (such as diet and exercise) or pharmacological inter-
ventions (such as anti-inflammatory drugs) can help tilt the
balance towards cancer suppression (44). In addition, obesity
alters immune cell function. For example, macrophages
in obese adipose tissue often exhibit a pro-inflammatory
phenotype (M1) that promotes cancer (44). Promoting the

anti-inflammatory (M2) phenotype of macrophages can help
suppress cancer (44).

The balance between pro-inflammatory and anti-inflamma-
tory signals within the TME may significantly impact disease
progression and treatment responses, ultimately influencing
survival outcomes (45). Obesity-related metabolic alterations
and molecular pathways also play a role in tumor biology and
treatment responses. For instance, obesity is linked to changes
in insulin signaling, sex hormone metabolism and oxidative
stress pathways, all of which may modulate tumor growth,
angiogenesis and metastasis (45). Furthermore, obesity-related
molecular alterations, such as mutations in oncogenes or tumor
suppressor genes, may impart distinct biological characteris-
tics to tumors, affecting their response to therapy and overall
prognosis (46).

Insulin resistance and hyperinsulinemia, which are
common in patients with obesity, are linked to cancer develop-
ment through multiple mechanisms. Elevated insulin levels
can directly promote cell proliferation by activating insulin
and IGF receptors, leading to enhanced signaling through
pathways such as PI3K/AKT and MAPK, which are critical
for cancer cell growth and survival (47). Additionally, hyper-
insulinemia can lower sex hormone-binding globulin (SHBG)
levels, increasing free sex hormones that drive hormone-sensi-
tive cancers such as breast and prostate cancer (47). The
chronic low-grade inflammation often associated with insulin
resistance further contributes to a pro-tumorigenic environ-
ment, enhancing the risk of cancer development in individuals
with obesity (47).

The mechanisms underlying the obesity paradox in lung
cancer are briefly illustrated in Fig. 1. Evidence from several
studies indicate the existence of the obesity paradox in lung
cancer. In the study by Lee ez al (38) involving 820 Asian
patients with advanced NSCLC undergoing immune check-
point inhibitor (ICI) therapy, it was found that those with a
BMI =25 kg/m? had significantly improved OS compared
with those with a normal BMI. Specifically, the obesity BMI
group had a HR of 0.64 for OS, indicating a 36% lower risk of
death compared with those with a normal BMI, independent
of clinical covariates such as skeletal muscle and visceral fat
indices (38).

The study conducted by Lam er al (46) investigated the
obesity paradox in patients with locally advanced NSCLC who
were treated with definitive chemoradiotherapy. The analysis
included 291 patients, stratified by BMI into underweight,
normal weight, overweight and obese categories. The findings
demonstrated that a higher BMI was associated with improved
OS. Specifically, patients with obesity had a 34% lower risk of
mortality compared with those of a normal weight, even after
adjusting for multiple variables such as age, stage, smoking
history and PS. The study also observed that statin use,
which was more common among patients with obesity, was
independently associated with improved survival (46).

Addressing potential confounding factors and biases is
crucial in studies examining the obesity paradox, a phenom-
enon where overweight or individuals with obesity appear to
have improved outcomes in certain diseases compared with
those with a normal weight, as it challenges conventional
understanding of the health impacts of obesity. Confounding
factors such as age, smoking status, pre-existing conditions
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Figure 1. Mechanisms underlying the obesity paradox in lung cancer. Parts of this image derived from the free medical site, Servier (http://smart.servier.com/),

licensed under a Creative Commons Attribution 3.0 Unported License.

and physical fitness play significant roles in influencing
outcomes. For instance, older adults may exhibit the paradox
due to survival bias, while smokers, who often have lower
body weight but higher mortality rates, may skew results if
not properly adjusted for (15). Additionally, chronic diseases
can confound the association between obesity and outcomes,
and physical fitness may independently affect health outcomes
regardless of weight (15). Biases, including survivor bias,
reverse causation, measurement bias and selection bias, also
need to be carefully managed. Survivor bias may occur if
studies only include those who have lived long enough to be
part of the study, potentially excluding those who died earlier
due to obesity-related complications (15). Reverse causation
can mislead results when weight loss from illness is mistaken
for a naturally lower weight (38). Measurement bias arises from
the method by which obesity is assessed, such as using BMI,
which does not distinguish between fat and muscle mass (38).
Finally, selection bias can occur if studies disproportionately
include certain subgroups, such as hospitalized patients, who
may not represent the general population (38,48). Managing
these confounders and biases is essential for accurately inter-
preting the obesity paradox and its implications for health
outcomes (15,38.,48).

There is evidence suggesting an obesity paradox in patients
with renal cell carcinoma (RCC), the most prevalent type of
kidney cancer, accounting for 2.4% of all adult cancers (49).
While adiposity is a notable risk factor for RCC, it may also
enhance prognosis (49). The increased incidence of RCC is
considered to result from insulin resistance and elevated levels
of IGF-1, which suppresses Bcl-2 to reduce apoptosis while
promoting proliferative and angiogenic factors (50). Improved
prognosis in patients with obesity may be due to similar

factors as in lung cancer, such as BMI categorization and
changes in the tumor immune microenvironment, with higher
levels of IL-6, TNF-a and c-peptide observed in patients with
obesity (51). Several studies have indicated improved OS and
progression-free survival in RCC patients with obesity (52),
including those with metastatic disease (53) and those who
underwent nephrectomy (54,55). Patients with obesity also
tend to have improved outcomes and longer OS when treated
with anti-VEGF therapies such as sunitinib, sorafenib, beva-
cizumab and axitinib (56,57). This suggests a clear obesity
paradox in RCC when patients receive immunotherapy.

Similar to NSCLC and RCC, patients with melanoma
and obesity treated with immunotherapy generally expe-
rience increased survival and an improved response to
checkpoint inhibitors compared with their normal-weight
counterparts (58). Patients with obesity show more robust
responses to ICIs and have higher OS (59). They also exhibit
significantly improved responses to treatments such as
dabrafenib, ipilimumab, trametinib, the BRAF inhibitor vemu-
rafenib and PD-1 therapies (60,61). In an experimental study,
mice with obesity and melanoma treated with PD-1 therapy
showed improved responses than normal-weight mice (62).
Thus, an obesity paradox is evident in patients with melanoma
treated with immunotherapy.

Impactoftiming of obesity.Ithas been shown that pre-diagnostic
obesity can offer a metabolic reserve during cancer treatment,
potentially improving outcomes (63). For instance, an early
study involving 262 patients with SCLC found that obesity
at the start of treatment was not associated with increased
toxicity or shortened survival, suggesting that pre-diagnostic
obesity may not negatively impact treatment outcomes (63).
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This metabolic reserve can help patients tolerate aggressive
cancer treatments better than their lean counterparts (63).

A previous retrospective study, which included 200
patients with lung cancer, found that a decrease in BMI during
chemotherapy cycles was associated with poor survival (64).
This indicates that weight loss and the onset of cachexia after
diagnosis can significantly worsen outcomes (64).

Another study analyzed data from 25,430 patients with
NSCLC and 2,787 patients with SCLC to explore the impact
of BMI on lung cancer outcomes. The results revealed a
U-shaped relationship between BMI and NSCLC survival,
whereby underweight and morbidly obese patients had worse
prognosis, while overweight and patients with obesity had
improved survival. A similar but non-significant pattern was
observed in SCLC. Additionally, a decrease in BMI from
young adulthood to diagnosis was linked to poorer outcomes
in both NSCLC and SCLC. Thus, being underweight or
morbidly obese at diagnosis and a decreasing BMI from early
adulthood are associated with lower survival in patients with
lung cancer (65).

In addition, another study investigated the impact of
pre-surgery BMI and muscle mass on survival after major
lung resection for NSCLC. In a retrospective analysis of
304 patients, 7.6% were underweight, 51.6% were normal
weight, 28.6% were overweight and 12.6% had obesity.
Weight loss and gain were observed in 5 and 44.4% of patients,
respectively. Low muscle mass was more common in patients
with BMI <25 kg/m?. Higher pre-disease and pre-surgery BMI
were associated with improved OS, especially with weight
gain. Low muscle mass and weight loss negatively affected
outcomes. Multivariable models confirmed the prognostic
value of higher pre-disease and pre-surgery BMI and the
absence of low muscle mass (66).

Impact of demographics. The study by Jiang et al (67)
evaluated the impact of sex, smoking and ethnicity on the
association between BMI and OS in NSCLC using pooled data
from 16 ILCCO studies. Among 20,937 patients with NSCLC,
the effect of BMI on survival varied by ethnicity. Specifically,
underweight white patients had poorer survival compared
with black patients, and overweight/obese black patients had
improved OS compared with white patients. BMI was least
associated with survival in Asian patients and never-smokers.
Female ever-smokers had worse outcomes at extreme BMI
levels, both underweight and with obesity, compared with
male ever-smokers. Thus, the association of BMI with NSCLC
prognosis differs by sex, smoking status and ethnicity, with
black patients having more favorable outcomes at extreme BMI
levels compared with white patients, and these associations
were not observed in Asian patients and never-smokers (67).
The study by Bethea ef al (68) analyzed data from the Black
Women's Health Study to investigate the association between
BMI and lung cancer risk in African American women. Among
59,000 participants, 323 lung cancer cases were identified from
1995 to 2011. Higher BMI (=30) was associated with a lower
risk of lung cancer compared with normal weight individuals
(BMI, 18.5-24.9), with a HR of 0.69. This inverse relationship
was particularly notable among current smokers (HR, 0.62).
Adjusting for smoking and other factors did not significantly
alter the results. Waist circumference and waist/hip ratio were

not associated with lung cancer risk. The findings suggest that
high BMI may lower lung cancer risk in African American
women, especially among smokers (68).

The study by Kim et al (69) evaluated the associations
between sex-specific incidence of EGFR mutations in lung
adenocarcinoma and factors such as age and obesity, using data
from 1,378 cases. Obesity was categorized by BMI. In men,
EGFR mutation incidence was inversely associated with age
[adjusted odds ratio (OR), 0.76; P-trend=0.003] and positively
associated with obesity (adjusted OR, 1.23; P-trend=0.04). In
women, EGFR mutation incidence was positively associated
with age (adjusted OR, 1.19; P-trend=0.02) but not significantly
associated with obesity (adjusted OR, 1.03; P-trend=0.76).
These findings suggest that age and obesity may influ-
ence the sex-specific incidence of EGFR mutations in lung
adenocarcinoma differently (69).

Obesity and the immune system. The persistent low-grade
inflammation associated with obesity and the diverse effects
of adipokines on the immune system have been linked to the
development of various inflammatory conditions, including
rheumatic autoimmune and inflammatory diseases (70).
Obesity disrupts multiple aspects of the immune system,
including the integrity of lymphoid tissues, the development
and function of leukocytes, the activation of the complement
system, and the coordination of innate and adaptive immune
responses (71). Consequently, obesity leads to a less effective
immune response to infectious agents (71).

Targeting adipose tissue-tumor crosstalk mediators. Therapy
resistance in tumor cells is often linked to a metabolic switch
from glycolytic to lipid metabolism, highlighting the clinical
importance of enzymes regulating these metabolic path-
ways (72-79). These enzymes are being explored as targets for
novel antitumor therapies, either as standalone treatments or as
chemotherapy adjuncts for therapy-resistant patients (72-79).
Fatty acid synthase (FASN) is a key focus in antitumor
therapy. First-generation FASN-targeting drugs such as ceru-
lenin, C75 and Orlistat showed promising preclinical results
by reducing tumor xenograft growth but faced clinical chal-
lenges due to side effects such as anorexia and weight loss (80).
Newer FASN inhibitors, such as TVB-3166 and TVB-2640,
have shown effective antitumoral potential in preclinical
colorectal and breast cancer models and improved tolerability
in clinical trials (81). Given the link between FASN expres-
sion and HER-2 signaling, FASN-targeting therapies could
help stratify patients based on their response to standard
chemotherapy (82). Additionally, combining FASN inhibition
with standard chemotherapy has been successful in treating
therapy-resistant ovarian cancer in vitro and in vivo (82-84).
Cancer-associated adipocytes (CAAs) play an immuno-
modulatory role during cancer progression and are a promising
therapeutic target to enhance immunotherapy (85). Strategies
include directly interfering with adipocytes or blocking signals
derived from CAAs (85). However, targeting CAAs is chal-
lenging due to the loss of adipocyte-specific markers and the
risk of affecting healthy organs (85). Indirect targeting, such
as inhibiting CD36 fatty acid transport proteins, has shown
promise. In breast cancer, CD36 inhibition decreased intratu-
moral Tregs and increased antitumoral T cells, and combining
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the CD36 monoclonal antibody with anti-PD-1 therapy
enhanced antitumor activity (86). CD36, a transmembrane
glycoprotein involved in fatty acid uptake and angiogenesis,
is highly expressed in ovarian cancer cells co-cultured with
adipocytes, leading to increased fatty acid uptake (87). CD36
inhibition reduced tumor growth in vivo, suggesting its poten-
tial as a therapeutic target to limit tumor aggressiveness (87).

PPARY is a key regulator of glucose homeostasis and
can upregulate tumor suppressor genes such as BRCA1 and
PTEN (88,89). PPARY antagonists, such as GW9662, have
been proposed to target the crosstalk between adipocytes and
cancer stem cells (88,89). GW9662 sensitized ER-responsive
tumors to fulvestrant therapy in mice and inhibited bladder
cell proliferation and tumor growth (88,89).

Exosomes delivering miRNA offer a promising thera-
peutic strategy for cancer treatment. miRNAs are stable and
can regulate cell proliferation, differentiation and chemosensi-
tivity (90). In hepatocarcinoma, downregulation of miRNA-122
is associated with poor prognosis, and miRNA-122-enriched
exosomes from adipocytes can sensitize hepatocarcinoma to
sorafenib treatment (90). In ovarian cancer, miRNA-121 in
exosomes from CAAs induced chemoresistance to paclitaxel
by downregulating APAFI1. Therefore, targeting miRNA-121
or upregulating APAF-1 could reduce chemoresistance (91).

Lactate, a metabolite released in the TME, represents a
therapeutic target for inhibiting CAA-mediated immunosup-
pression (92,93). Inhibiting lactate dehydrogenase, which
converts pyruvate to lactate, has also been shown to regress
NSCLC tumors and activate the immune system (92,93).
Overall, targeting adipocytes, CAAs, and their adipokines and
metabolites presents a promising strategy for cancer treatment.

Obesity and paraneoplastic syndromes of lung cancer.
Acanthosis nigricans (AN) is a rare paraneoplastic syndrome
associated with lung cancer (94). In the majority of cases,
AN reflects metabolic disturbances associated with obesity,
metabolic syndrome, diabetes or medications such as insulin,
glucocorticoids, oral contraceptives and antipsychotics (94).
The most common histologic cancer type associated with AN
is adenocarcinoma, generally involving the gastrointestinal
system, and less commonly, paraneoplastic AN is associated
with NSCLC (94). AN is characterized by gray-brown hyper-
pigmented, velvety plaques that often affect the neck, flexor
area, and anogenital regions (94).

4. Impact of obesity on anti-tumor therapies

Obesity is a complex metabolic condition associated with
various physiological and molecular alterations that can
influence the efficacy and safety of anti-tumor therapies.

Surgery. Surgery plays a critical role in the management of
early-stage and operable cancers, offering the potential for
curative treatment and long-term survival (95). However,
obesity-related physiological changes and technical challenges
can complicate surgical procedures and impact postoperative
outcomes in patients with cancer and obesity (96). Obesity
is associated with increased surgical complexity, longer
operative times and higher rates of intraoperative complica-
tions, such as wound infections, bleeding and anastomotic
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leaks (97). Surgical teams may encounter technical chal-
lenges related to patient positioning, access to surgical sites
and tissue manipulation, requiring specialized equipment and
expertise to ensure safe and effective surgical outcomes (97).
Furthermore, patients with obesity undergoing cancer surgery
are at a higher risk of postoperative complications, including
surgical site infections, pulmonary complications (such as atel-
ectasis and pneumonia), venous thromboembolism (VTE) and
delayed wound healing (89-100). Obesity-related factors, such
as impaired tissue perfusion, compromised wound healing and
reduced respiratory function, contribute to increased morbidity
and mortality rates in surgical patients with obesity (98-100).

Preoperative optimization of patients with obesity under-
going cancer surgery is essential to mitigate postoperative
complications, with current protocols emphasizing weight
reduction, glycemic control and tailored nutritional interven-
tions (101). Enhanced Recovery After Surgery protocols, which
include strategies such as multimodal pain management, early
mobilization and specific anesthetic techniques, have been
particularly effective in reducing complications and short-
ening recovery times in this population (101). Additionally,
VTE prophylaxis, incorporating both mechanical and phar-
macological methods, is critical given the heightened risk in
patients with obesity (101).

While obesity is generally associated with poorer
long-term survival in patients with cancer, the impact of
obesity on surgical outcomes and survival following cancer
surgery varies across tumor types and patient populations.
Studies investigating the association between obesity and
long-term survival in surgically treated patients with cancer
have produced conflicting results, highlighting the need for
further research to clarify the association between obesity,
surgery and cancer outcomes (102,103).

A study by Tong et al (104) examined the association between
obesity and perioperative outcomes in elderly patients under-
going thoracoscopic anatomic lung cancer surgery at Shanghai
Chest Hospital (Shanghai, China). Among 4,164 patients aged
65 or older, those categorized as having obesity showed higher
rates of intraoperative hypoxemia (3.9 vs. 1.2%; P=0.001) and
new-onset arrhythmia (4.3 vs. 2.3%; P=0.034) compared with
nonobese patients. However, other perioperative outcomes,
such as pulmonary complications and hospital stay, were not
significantly different between the groups (P>0.05). The study
supports the obesity paradox, suggesting that obesity should
not preclude elderly patients from undergoing thoracoscopic
anatomic lung cancer surgery (104).

The study by Guerrera et al (105) assessed the impact
of morbid obesity on perioperative clinical and oncological
outcomes following video-assisted thoracic surgery (VATS)
lobectomy using data from the Italian VATS lobectomy
Registry, which included 4,412 patients from 55 institutions
between 2016 and 2019. Among the patients, 74 (1.7%) had
morbid obesity. Multivariable-adjusted analysis indicated that
morbid obesity was associated with a higher rate of compli-
cations (32.8 vs. 20.3%), but not with increased conversion
to thoracotomy, surgical margin positivity, surgical time,
lymph-node retrieval, intraoperative blood loss, hospital
postoperative length of stay or chest tube duration. The most
frequent postoperative complications in morbidly obese
patients were pulmonary-related (35%). The study concluded
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that VATS lobectomy can be safely and effectively performed
in morbidly obese patients, maintaining equivalent short-term
oncological outcomes (105).

The study by Lee et al (106) assessed the prognostic value
of obesity and its link to skeletal muscle mass in patients with
lung adenocarcinoma. Data from 636 patients (2011-2015)
were analyzed. Obese patients had longer OS than non-obese
patients (110.2 vs. 98.7 months; P=0.015). Multivariable Cox
regression analysis showed that obesity was associated with
longer survival (HR, 0.59; 95% CI, 0.40-0.86; P=0.007), even
after adjusting for skeletal muscle mass (HR, 0.57; 95% CI,
0.36-0.89; P=0.014). No significant interaction was found
between skeletal muscle mass and BMI on survival. Thus,
obesity was linked to improved OS, independent of skeletal
muscle mass (106).

The study by Tulinsky et al (107) evaluated the effect
of BMI on short-term outcomes following lung lobectomy.
A retrospective comparison was made between obese and
non-obese patients who underwent anatomical lung resection
for cancer, ensuring both groups had similar risk factors and
surgical approaches (thoracoscopy vs. thoracotomy). Among
144 patients (48 obese, 96 non-obese), the frequency of
perioperative and postoperative complications did not signifi-
cantly differ between groups. Non-obese patients had higher
postoperative morbidity (34.4% vs. 27.1%), but this was not
statistically significant (P=0.053). Hospital stay and postop-
erative mortality were similar in both groups, while surgery
time was slightly longer for patients with obesity (P=0.133).
The findings suggest that obesity does not increase the risk of
complications after lung lobectomy and may even offer some
protective benefits (107).

The study by Seder et al (108) compared robotic surgery
(RTS) and video-assisted thoracoscopic surgery (VATS) for
patients with obesity undergoing lung resection. Data from
8,108 patients revealed that those who underwent VATS were
more than five times as likely to convert to thoracotomy than
those who underwent RTS (OR, 5.33; 95% CI, 4.14-6.81;
P<0.001). Patients that underwent VATS also had longer
hospital stays, higher rates of respiratory failure and were
less likely to be discharged home. RTS is associated with
fewer conversions to thoracotomy and improved perioperative
outcomes in patients with obesity (108).

The study by Leonardi e al (109) assessed the feasibility
and safety of one-lung ventilation in patients with obesity
undergoing thoracoscopic lobectomy. Among 111 patients
(26 obese, 85 nonobese) treated between October 2019 and
February 2022, patients with obesity more frequently used
a single-lumen tube with bronchial blocker (81 vs. 19%;
P=0.001). Intubation time was longer for patients with obesity
(94.0 vs. 85.0 s; P=0.0004), with a higher failure rate on the
first attempt (23 vs. 5%; P=0.01). Furthermore, obesity did
not increase complications or mortality. The study concludes
that one-lung ventilation is safe and feasible in patients with
obesity, with no negative impact on outcomes (109).

Chemotherapy. Obesity can lead to changes in drug
pharmacokinetics, including alterations in drug absorp-
tion, distribution, metabolism and elimination (110). These
changes may affect chemotherapy dosing, drug exposure and
toxicity profiles, potentially influencing treatment efficacy

and tolerability (110). For instance, lipophilic chemothera-
peutic agents, such as cisplatin and paclitaxel, may exhibit
altered distribution and clearance in individuals with obesity
due to changes in adipose tissue composition and blood
flow (72). Patients with obesity may require individualized
dosing strategies to achieve therapeutic drug levels while
minimizing toxicity (111). However, determining optimal
dosing regimens for patients with obesity can be challenging
due to limited data and variability in pharmacokinetic
parameters (111). Clinicians should consider factors such as
ideal body weight, actual body weight, body surface area
and renal function when calculating chemotherapy doses for
patients with obesity, aiming to achieve a balance between
efficacy and safety (112).

Obesity-related comorbidities, such as diabetes,
hypertension, and cardiovascular disease, may exacerbate
chemotherapy-related toxicities and complications, leading
to treatment interruptions, dose reductions and poorer
outcomes (113). Close monitoring and proactive management
of treatment-related toxicities, including hematologic, gastro-
intestinal and neurotoxic effects, are essential for optimizing
treatment adherence and quality of life in patients with obesity
undergoing chemotherapy (113).

In the study by Kicken er al (114) overweight patients expe-
rienced significantly improved OS and PFS compared with
normal weight patients, with adjusted HRs for OS at 0.72 (95%
CI, 0.59-0.89) and for PFS at 0.74 (95% CI, 0.61-0.90). By
contrast, patients with obesity did not demonstrate significant
differences in OS or PFS relative to normal weight individuals.
However, obesity was linked to a notably higher incidence of
severe thrombocytopenia (grade =3), with an adjusted OR of
3.47 (95% CI, 1.75-6.90) and more frequent dose reductions
due to toxicity, as evidenced by a lower relative dose inten-
sity (RDI); 35% of patients with obesity had an RDI <80%
in cycle 1 compared with 17% of normal weight patients.
Despite these increased toxicity risks, higher BMI was not
significantly associated with greater rates of toxicity-related
hospitalization (114).

In the study by Kashiwabara et al (115) overweight
women with lung cancer and obesity who received carbo-
platin-paclitaxel doublet chemotherapy were analyzed for
overdosing-related toxicity and prognosis. The study found no
significant difference in OS or PFS between overweight/obese
patients and those with a normal BMI. Specifically, the
median OS was 285 days for the BMI >25 group compared
with 282 days for the BMI <25 group (P=0.820). However,
overweight/obese patients experienced a higher incidence of
Grade 4 neutropenia during the second cycle (39% in the BMI
>25 group vs. 13% in the BMI <25 group; P=0.003), leading to
more frequent dose reductions. Despite these toxicity concerns,
there was no increased risk of hospitalization or other severe
toxicities, suggesting that appropriate dose adjustments can
mitigate the risks of overdosing in this population (115).

Immunotherapy. Immunotherapy, particularly ICIs, has
revolutionized cancer treatment by harnessing the immune
system to target and eliminate cancer cells (116). However,
obesity-related alterations in immune function and the TME
may impact the efficacy and safety of immunotherapy in
patients with cancer and obesity (117).
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Obesity is associated with chronic low-grade inflamma-
tion, immune dysregulation and alterations in immune cell
populations, which may impair antitumor immune responses
and compromise the efficacy of immunotherapy (118).
Additionally, adipose tissue-derived cytokines and adipo-
kines, such as leptin and IL-6, can modulate immune cell
function and promote tumor immune evasion, potentially
reducing the effectiveness of immunotherapy (118). Clinical
studies investigating the impact of obesity on immunotherapy
outcomes have yielded conflicting results, with some studies
suggesting reduced response rates and shorter survival in
patients with obesity, while others report comparable or
improved outcomes (119,120).

Obesity-related comorbidities, such as metabolic syndrome
and insulin resistance, may increase the risk of immune-related
adverse events (irAEs) in patients with obesity receiving
immunotherapy. Common irAEs, including dermatitis, colitis,
pneumonitis and endocrinopathies, may be more frequent or
severe in individuals with obesity, requiring close monitoring
and timely intervention to prevent treatment complications and
ensure patient safety (121,122).

In the study by Zhang et al (123) the impact of BMI on
survival outcomes in patients with NSCLC treated with ICIs
was investigated through a meta-analysis of nine studies
encompassing 4,602 patients. The study found no significant
difference in PFS (HR, 0.885; 95% CI, 0.777-1.009; P=0.068)
or OS (HR, 0.947; 95% CI, 0.789-1.137; P=0.560) between
patients with low BMI and those with high BMI. However,
subgroup analysis revealed that overweight or obese patients had
significantly prolonged PFS (HR, 0.862; 95% CI, 0.760-0.978,;
P=0.021) and OS (HR, 0.818; 95% CI, 0.741-0.902; P<0.0001)
compared with normal-weight patients (123).

Radiotherapy. Radiotherapy plays a crucial role in the
management of localized and locally advanced cancers,
including lung cancer, by delivering targeted radiation doses
to cancerous tissues while sparing surrounding healthy
tissues (124).

Obesity-related anatomical and physiological changes
can pose challenges for radiotherapy planning and delivery
in patients with obesity (125,126). Obesity can alter patient
anatomy and body contour, affecting target delineation,
organ-at-risk (OAR) sparing and radiation dose distribu-
tion (125,126). Larger body size and increased adipose tissue
thickness may result in greater tissue heterogeneity and
attenuate radiation beams, potentially compromising treat-
ment accuracy and efficacy (125,126). Advanced radiotherapy
techniques, such as intensity-modulated radiotherapy and
volumetric modulated arc therapy, may help optimize dose
conformality and minimize radiation exposure to OARSs in
patients with obesity (125,126).

Obesity-related comorbidities, such as diabetes mellitus,
arterial hypertension and obstructive sleep apnea, may
exacerbate radiotherapy-related toxicities and complica-
tions in patients with cancer and obesity (127). Common
radiation-induced toxicities, including fatigue, skin reactions,
mucositis and radiation pneumonitis, may be more pronounced
or occur at higher frequencies in individuals with obesity,
necessitating proactive symptom management and supportive
care interventions (128).
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Patient-specific factors, such as tumor characteristics,
treatment compliance and overall health status, may influence
treatment outcomes and should be considered when assessing
the impact of obesity on radiotherapy efficacy (8).

In the study by Welsh er al (129) the impact of obesity on
the development of chest wall pain and skin toxicity following
thoracic stereotactic body radiation therapy (SBRT) was
examined. The study included 265 patients treated with SBRT
for lung tumors located within 2.5 cm of the chest wall. It was
found that patients with a BMI of 29 or higher had almost
twice the risk of developing chronic chest wall pain compared
with those with a lower BMI, with an OR of 2.45 (95% CI,
1.24-4.84; P=0.01). Additionally, diabetes mellitus in patients
with obesity further increased the risk of severe chest wall
pain (129).

5. Deciphering potential pathophysiological mechanisms
connecting obesity and lung cancer

Adipose tissue dysfunction in obesity. Obesity is characterized
by excess adiposity and dysregulated adipose tissue function,
marked by adipocyte hypertrophy, hypoxia, inflammation
and altered adipokine secretion (130-139). Adipose tissue
dysfunction contributes to systemic metabolic disturbances,
insulin resistance, dyslipidemia and chronic low-grade inflam-
mation, which promote the development and progression of
obesity-related diseases, including cancer (140).

Due to their presence in white adipose tissue, adipose
stromal cells (ASCs) are likely significant contributors to the
obesity-cancer link (141). In fact, syngeneic mouse models
of melanoma, breast, prostate and lung cancer demonstrated
that selectively depleting ASCs with pro-apoptotic peptides
inhibits tumor vascularization and proliferation, leading to
necrosis (141). Notably, this effect was more pronounced in
obese mice compared with lean mice, where ASCs are more
abundant (141).

Adipocyte hypertrophy. In obesity, adipocytes undergo
hypertrophy and hyperplasia to accommodate excess lipid
storage, leading to adipose tissue expansion (142). Enlarged
adipocytes experience metabolic stress, increased lipolysis
and altered adipokine secretion, contributing to adipose
tissue dysfunction and systemic inflammation (142).
Moreover, the increased lipolysis observed in enlarged
adipocytes contributes to elevated circulating levels of free
fatty acids, which can further exacerbate metabolic dysfunc-
tion and inflammation. Excess free fatty acids can impair
insulin signaling pathways in various tissues, including
liver, muscle and adipose tissue, promoting insulin resis-
tance (143). Insulin resistance, a hallmark of obesity and
metabolic syndrome, is associated with increased insulin
and IGF levels, which can stimulate tumor cell prolifera-
tion and survival through activation of the PI3K/Akt/mTOR
signaling pathway (143).

Additionally, these fatty acids serve as ligands for Toll-like
receptors (TLRs) on immune cells, triggering inflammatory
signaling cascades and promoting the secretion of pro-inflam-
matory cytokines (144). This chronic low-grade inflammation
not only perpetuates adipose tissue dysfunction but also
contributes to the development of insulin resistance and
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Figure 2. Potential pathophysiological mechanisms connecting obesity and lung cancer. Parts of this image derived from the free medical site, Servier
(http://smart.servier.com/), licensed under a Creative Commons Attribution 3.0 Unported License.

metabolic syndrome, linking obesity to systemic metabolic
complications (144,145). In lung cancer, inflammation plays
a critical role in tumor initiation and promotion (144,145).
Chronic inflammation of the lungs, often induced by factors
such as smoking or environmental pollutants, can lead
to the activation of pro-inflammatory pathways and the
recruitment of immune cells to the TME (144,145). TLR acti-
vation by fatty acids released from adipose tissue in obesity
further amplifies this inflammatory response, fueling tumor
progression (144,145).

Hypoxia and inflammation. In the context of lung cancer, the
inadequate vascularization and resultant tissue hypoxia asso-
ciated with adipose tissue expansion in obesity can contribute
to the development and progression of the disease (146).
Adipose tissue hypoxia is apparent in rodent models of obesity
but is still debatable in humans as extensively reviewed
elsewhere (146,147). It potentially triggers a cascade of inflam-
matory responses involving the secretion of pro-inflammatory
cytokines and chemokines by hypoxic adipocytes and infil-
trating immune cells (147,148). These pro-inflammatory
mediators, including TNF-a, IL-6 and monocyte chemoattrac-
tant protein-1 (MCP-1), create a microenvironment conducive
to tumor growth, invasion and metastasis (147,148). TNF-a and
IL-6, for example, are known to promote cancer cell prolifera-
tion, survival and angiogenesis, while MCP-1 facilitates the
recruitment of pro-tumorigenic immune cells to the tumor
site (147,148). The potential pathophysiological mechanisms
connecting obesity and lung cancer are briefly illustrated in
Fig. 2.

Adipokine dysregulation. Adipose tissue secretes a diverse
array of adipokines, including adiponectin, leptin, resistin,
visfatin and inflammatory cytokines, which regulate energy
metabolism, appetite, insulin sensitivity and inflamma-
tion (148). Dysregulated adipokine secretion in obesity
disrupts metabolic homeostasis, promotes insulin resis-
tance and contributes to systemic inflammation, creating
a pro-tumorigenic microenvironment conducive to cancer
development and progression (31,149). Emerging evidence
suggests that obesity-related alterations in adipokine secretion
and chronic low-grade inflammation contribute to lung cancer
development, progression and treatment outcomes (150).

Adiponectin, an adipokine with anti-inflammatory,
anti-tumorigenic and insulin-sensitizing properties, is
inversely associated with obesity and insulin resistance (149).
Adiponectin exerts anti-proliferative and pro-apoptotic effects
on lung cancer cells through AMPK activation and inhibi-
tion of the PI3K/Akt/mTOR signaling pathway, suggesting a
protective role against lung tumorigenesis (149-161). Reduced
circulating levels of adiponectin in obesity may contribute to
increased cancer risk and poorer outcomes in patients with
lung cancer (160).

Leptin, a hormone that adipocytes primarily secrete,
controls inflammation, appetite and energy balance (154).
Elevated circulating levels of leptin in obesity are associated
with leptin resistance, chronic inflammation and increased
cancer risk (154-157). Leptin promotes lung cancer cell prolif-
eration, migration and invasion through the activation of the
JAK/STAT, MAPK/ERK and PI3K/Akt signaling pathways,
fostering tumor growth and metastasis (154-157).
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6. Metabolically healthy obesity, sarcopenia, cachexia,
unhealthy lean, body fat distribution and lung cancer

Beyond body weight alone, there are a number of other factors
that affect the complex association between obesity and lung
cancer.

Metabolically healthy obesity. Not all individuals with
obesity are metabolically unhealthy (158). Metabolically
healthy obesity (MHO) is distinguished by the lack of typical
metabolic irregularities linked with obesity, including insulin
resistance, dyslipidemia and hypertension (158). Despite
excess adiposity, individuals with MHO have preserved
insulin sensitivity, favorable lipid profiles and lower cardio-
vascular risk compared with metabolically unhealthy obese
individuals (158,159). The presence of individuals with MHO
in the obesity population adds complexity to understanding
the association between obesity and lung cancer, as MHO
individuals may have different cancer risk profiles and treat-
ment responses compared with their metabolically unhealthy
counterparts (160,161).

The study by Shao er al (160) on MHO within a cohort
of 450,482 UK Biobank participants reveals that individuals
with MHO have a significantly lower risk of developing lung
cancer compared with metabolically unhealthy individuals.
Specifically, MHO individuals were found to have a 24%
reduced risk of lung cancer compared with metabolically
healthy normal-weight individuals. This suggests that despite
the excess body weight, metabolic health plays a protective
role in cancer risk (160).

A systematic review and meta-analysis found that while
obesity typically correlates with higher cancer risks and
adverse outcomes, individuals with MHO exhibit a distinct risk
profile. Specifically, the study observed that individuals with
MHO tend to have a lower risk of metastasis and reduced rates
of surgical complications compared with their metabolically
unhealthy counterparts (161).

Sarcopenia. Sarcopenia, characterized by the loss of skeletal
muscle mass and function, is increasingly recognized as a
significant prognostic factor in patients with lung cancer (162).
This condition, often associated with aging and chronic illness,
can profoundly impact treatment tolerance, response to therapy
and OS rates (162). Sarcopenia is frequently present in patients
with lung cancer at the time of diagnosis, and cancer-related
cachexia, a multifactorial syndrome characterized by involun-
tary weight loss, muscle wasting and systemic inflammation,
exacerbates it (163-165). The presence of sarcopenia in patients
with lung cancer has been linked to several adverse outcomes,
including increased treatment-related toxicities, higher rates of
treatment interruptions or dose reductions and poorer surgical
outcomes (163-165).

Furthermore, sarcopenia can impact treatment response
and tolerance in patients with lung cancer. Chemotherapy,
radiation therapy and surgical interventions place signifi-
cant physiological stress on the body, exacerbating muscle
wasting and compromising functional status (166,167).
Reduced muscle mass and strength may limit the ability of
patients to tolerate aggressive treatment regimens, leading
to treatment delays, dose reductions or early treatment
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discontinuation, which can ultimately impact survival
outcomes (166,167).

Cachexia. Cachexia is a multifactorial syndrome character-
ized by unintentional weight loss, muscle wasting, anorexia
and metabolic abnormalities commonly observed in patients
with advanced cancer (168). Cachexia is associated with
increased morbidity, treatment complications and reduced
quality of life, contributing to poor treatment outcomes and
shortened survival in patients with cancer (168,169). The pres-
ence of cachexia complicates the management of lung cancer,
as it may limit treatment options, compromise treatment effi-
cacy and exacerbate treatment-related toxicities, underscoring
the need for early recognition and intervention in cachectic
patients with cancer (169).

Unhealthy lean phenotype. While obesity is traditionally asso-
ciated with increased cancer risk and a poor prognosis, the
unhealthy lean phenotype, characterized by low muscle mass,
a high body fat percentage and metabolic abnormalities, may
also confer elevated cancer risk and inferior outcomes (170).
Unhealthy lean individuals, particularly those with visceral
adiposity and metabolic dysfunction, may exhibit similar
cancer risk profiles and treatment responses to individuals
with obesity, highlighting the importance of considering both
adiposity and muscle mass when evaluating cancer risk and
prognosis (170).

Body fat distribution. Body fat distribution, particularly
abdominal obesity, plays a critical role in cancer development
and progression (171). Abdominal obesity is associated with
visceral adiposity and metabolic dysfunction, characterized
by increased levels of pro-inflammatory cytokines, adipokines
and insulin resistance (171). Visceral adipose tissue secretes
bioactive molecules that promote tumor growth, angiogenesis
and metastasis, contributing to the development of aggressive
cancer phenotypes, including lung cancer (171). Abdominal
obesity may also influence treatment responses and survival
outcomes in patients with lung cancer, highlighting the impor-
tance of assessing body fat distribution in addition to overall
adiposity when evaluating cancer risk and prognosis (172).

It should be noted that BMI is not an ideal indicator of
obesity, as it does not accurately represent body composi-
tion (173). Consequently, studies have sought to identify body
composition parameters that more accurately reflect obesity.
Previous studies have investigated the association between
treatment outcomes and body composition parameters
obtained through CT or positron emission tomography CT in
patients with NSCLC treated with ICIs (174,175). One study,
for example, examined the association between measures of
skeletal muscle mass and adiposity (including intramuscular,
visceral and subcutaneous adipose tissue) and changes during
treatment, focusing on disease progression and OS in patients
with advanced lung cancer receiving immunotherapy (176).
This study investigated the association between body
composition, specifically skeletal muscle mass and various
adipose tissue measures, with disease progression and OS
in patients with advanced lung cancer receiving ICIs. The
results showed that increases in intramuscular and subcuta-
neous adipose tissue by 10% were significantly associated
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with improved disease-free survival and OS, while skeletal
muscle mass and visceral adipose tissue showed no such
associations. These findings suggest that changes in specific
fat deposits, rather than muscle mass, may predict improved
outcomes in patients with lung cancer undergoing immuno-
therapy. This unexpected result regarding intramuscular fat
highlights the need for further research to understand its role
in cancer treatment. The study emphasizes the potential for
personalized treatment strategies based on body composition
changes (176).

7. Other risk factors related to obesity predisposing to lung
cancer

Despite the fact that obesity is a recognized major risk factor
for numerous cancers, including lung cancer, there are other
factors besides adiposity that play a role in this association.

Hormonal dysregulation. Obesity is associated with altera-
tions in sex hormone metabolism, particularly increased
estrogen levels and decreased levels of SHBG, leading to
estrogen dominance and hormonal imbalances (177). The
pivotal role of estrogen in lung cancer pathogenesis cannot be
understated, as evidenced by the higher prevalence of estrogen
receptor expression in lung tumors among women (178,179).
The binding of excess estrogen to these receptors can acti-
vate signaling pathways that promote tumor growth and
inhibit cell death, creating a conducive environment for lung
cancer development (178,179). This effect is magnified by
the pro-inflammatory state associated with obesity, further
enhancing cancer risk (178,179). This observation underscores
the significance of dysregulated sex hormone signaling
in promoting the development and progression of lung
cancer, especially in hormone-responsive tumors (178,179).
Consequently, it is imperative to recognize and account for
hormonal factors when assessing the obesity-related cancer
risk (178,179).

Lifestyle factors. Obesity often coincides with unhealthy
lifestyle factors such as poor diet, physical inactivity and
smoking, each of which independently increases lung
cancer risk but become particularly dangerous when
combined (180). Diets high in calories, processed foods
and sugary drinks contribute to obesity by promoting
fat accumulation and metabolic dysfunction, leading to
insulin resistance and chronic inflammation, which create
a favorable environment for cancer development (180).
Physical inactivity exacerbates these issues by reducing
energy expenditure and worsening inflammation and
oxidative stress, further damaging cellular structures and
increasing the likelihood of mutations (180). Smoking,
a well-established lung cancer risk factor, interacts with
the inflammatory and metabolic disturbances caused by
obesity, intensifying the effects of carcinogens in tobacco
smoke and overwhelming the ability of the body to repair
DNA damage (181). Together, these factors create a syner-
gistic effect that significantly amplifies the risk of lung
cancer, as the combined impact of metabolic disruption,
oxidative stress and direct DNA damage from smoking
creates a highly carcinogenic environment (181).

Environmental exposures. Obesity may interact with envi-
ronmental exposures such as air pollution, occupational
hazards and environmental toxins to significantly heighten
lung cancer risk (182,183). Airborne pollutants such as
particulate matter and polycyclic aromatic hydrocarbons,
which are established carcinogens, exert more harmful
effects in individuals with obesity because obesity is associ-
ated with chronic inflammation and impaired detoxification
processes (184,185). The persistent inflammation in indi-
viduals with obesity creates a pro-carcinogenic environment,
where these pollutants can more easily induce DNA damage
and cellular mutations (184,185). Additionally, occupational
exposures to carcinogens such as asbestos and diesel exhaust
pose an even greater risk for individuals with obesity, as
their excess fat tissue can store fat-soluble toxins, prolonging
their presence in the body and extending their harmful
effects (184,185). This prolonged exposure increases the
likelihood of sustained cellular damage, ultimately fostering
an environment that is highly conducive to lung cancer
development (184,185).

8. Conclusions and future perspectives

Precision medicine. Advances in molecular profiling and
genomic sequencing technologies offer unprecedented
opportunities for personalized cancer treatment. Integrating
obesity-related biomarkers, such as adipokine profiles, meta-
bolic signatures and genetic variants, into molecular diagnostic
and prognostic models may improve risk stratification and
treatment selection for patients with lung cancer (186).

Immunotherapy and targeted therapies. Immunotherapy
and targeted therapies like EGFR inhibitors (such as
Erlotinib), ALK inhibitors (such as Crizotinib) and BRAF
inhibitors (such as Dabrafenib) have transformed lung cancer
treatment (116). Understanding the interplay between obesity,
immune dysregulation and tumor immunogenicity is crucial
for optimizing the efficacy and safety of immunotherapeutic
approaches in patients with cancer and obesity (187).

Lifestyle interventions. Promoting healthy lifestyle
behaviors, including weight management, physical activity
and balanced nutrition, is essential for cancer prevention
and control (188). Public health initiatives targeting obesity
prevention and tobacco cessation can reduce modifiable
cancer risk factors and improve overall health outcomes in
at-risk populations (188).

Multidisciplinary care. Adopting a multidisciplinary approach
to cancer care, involving oncologists, surgeons, dietitians, exer-
cise physiologists and mental health professionals, is essential
for addressing the complex needs of patients with cancer and
obesity (189). Comprehensive supportive care interventions,
including nutritional counseling, physical rehabilitation and
psychosocial support, can optimize treatment outcomes and
enhance quality of life (189,190).

Environmental health. Mitigating environmental risk factors,
such as air pollution, occupational hazards and environmental
toxins, is crucial for reducing the burden of cancer in high-risk



populations (191). Collaborative efforts between policymakers,
healthcare providers and environmental agencies are needed
to implement evidence-based interventions and regulations
aimed at protecting public health and minimizing cancer
risk (191).

Existing public health initiatives aim at reducing obesity
and promoting healthy lifestyles, such as sugar-sweetened
beverage taxes, school-based nutrition programs, and
front-of-pack labeling, have shown varying degrees of effec-
tiveness. For instance, beverage taxes have led to reduced
consumption of sugary drinks, which could positively impact
obesity rates over time (192). Similarly, school-based programs
have improved the dietary habits and physical activity levels
of children, although their long-term impact on obesity
remains uncertain (193). Front-of-pack labeling has helped
consumers make healthier choices, but its overall influence
on reducing obesity prevalence depends on broader dietary
changes (192,193),

Future perspectives. Future research should focus on
identifying biomarkers that can predict how patients with
lung cancer and obesity will respond to various treatments,
including chemotherapy, immunotherapy and targeted thera-
pies. These biomarkers could help in tailoring personalized
treatment plans and improving outcomes. Another critical area
is the development of therapeutic strategies that consider the
unique pathophysiological characteristics of patients with lung
cancer and obesity. This could include optimizing drug dosing
to account for altered pharmacokinetics in obesity, as well as
investigating how obesity-induced changes in the TME affect
treatment efficacy.

Long-term studies could explore how different trajecto-
ries of obesity (such as weight loss vs. weight gain during
cancer treatment) influence lung cancer progression and
patient survival. Understanding these dynamics could lead
to improved management strategies for patients with lung
cancer and obesity. Further research could also assess the
direct impact of public health interventions on reducing
obesity-related lung cancer incidence and mortality. This
would provide evidence for scaling up successful inter-
ventions and inform future public health policies. These
aforementioned enhancements would provide a more detailed
and actionable outlook on both prevention and the future
direction of research in the association between obesity and
lung cancer.

In conclusion, obesity represents a significant risk factor
for lung cancer, profoundly impacting various aspects of
the disease. It influences disease biology by contributing to
tumor development and progression through mechanisms
such as chronic inflammation, hormonal imbalances and
metabolic dysregulation. Additionally, obesity affects
treatment responses, potentially altering the efficacy and
tolerability of therapies such as chemotherapy, immuno-
therapy and radiotherapy. Furthermore, the presence of
obesity complicates patient outcomes, often leading to poorer
prognoses, increased treatment-related complications and
a higher likelihood of comorbid conditions. Understanding
and addressing these multifaceted impacts are essential for
improving the management and outcomes of lung cancer in
populations with obesity.
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