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Mechanistic Insights into the Obesity Paradox 
and Implications for Therapy
Ritesh R. Kotecha, MD
Department of Medicine, Memorial Sloan Kettering Cancer Center New York, NY

INTRODUCTION
The obesity epidemic has unfortunately 
only continued to worsen in the United 
States and across the globe. Obesity is 
determined by measuring one’s body 
mass index (BMI), weight divided by 
height squared. For adults, several 

-
cluding normal weight (18.5 to 25 kg/
m2), overweight (>25 to <30 kg/m2), 
and class I through III obesity (30 to 
<35 kg/m2, 35 to <40 kg/m2, and >40 
kg/m2, respectively). Trends suggest 
that approximately 1 in 2 adults will 
be obese in the United States in the 
year 2030, and severe obesity will be-
come the most common weight class 
amongst women and low-income 
earning adults.1 With thirteen cancers 
linked with obesity2 and expenditures 
for obesity-related cancers accounting 
for an adjusted two-fold higher cost 
compared with non-obese cancers,3 
understanding the biological impact of 
obesity and leveraging these insights 
to improve outcomes is paramount.

Clinical Insights into the Obesity 
Paradox
As in other malignancies, obesity re-

factor for the development of renal cell 
carcinoma (RCC).4-6 This risk remains 
weight dependent, as an incremental 

increase in BMI by 1 (kg/m2) is associ-
ated with a rise in risk of RCC by 4%.5 
Uniquely, though, several independent 
reports have demonstrated an inverse 
association between BMI and mor-
tality, termed the “ ” 
– obese patients have more favorable
outcomes when compared to their non-
obese counterparts. While many have
argued that this trend may be due to
confounding factors and analytic biases,
other reports which have attempted to
overcome these biases demonstrate this
protective trend.7 In the localized set-
ting, a recent meta-analysis of >1,500
patients showed a superior overall sur-
vival (OS) for patients with clear cell
RCC who were overweight and obese
(HR 0.57, 95% CI 0.43-0.76).8 Report-

trend, as obesity has been linked to a
lower risk of lymph node metastasis,9

and other factors associated with poorer
prognosis, such as renal vein invasion,
have been associated in male patients
with lower BMI.10 Several independent

metastatic clear cell RCC,11-15 and pre-
liminary integration of BMI into vali-
dated risk models like the International
Metastatic RCC Database Consortium
(IMDC) model has yielded several in-
sights on potentially improving predic-

tive performance.16 While prospective 
validation of tools like this is needed, 
the ease of computing a patient’s BMI 
during a clinical examination presents 

be rapidly adopted in clinical practice.
Several reports have investigated 

the predictive and prognostic impact of 
obesity in patients with advanced clear 
cell RCC treated with systemic agents. 
In the seminal work by Albiges et al. 
investigators illustrated these trends 
in two large cohorts of patients treated 
with VEGFR-targeted tyrosine kinase 
inhibitors (TKIs) and mTOR inhibitors 

-
tings.17 Patients from the curated IMDC 
database and a pooled validation cohort 
consisting of cases from prospective 
clinical trials were used for data analy-
sis, totaling an impressive 4,657 patients 

2 (which includes 
both overweight and obese patients), 
and patients with high BMI were found 
to have a superior OS (adjusted HR = 
0.84, 95% CI = 0.74-0.93).17 Notably, 
this association was present in patients 
with IMDC intermediate- and poor-

-
cance in the favorable-risk population.

As obesity is characterized as a 

has been a shift in focus to understand-
ing the impact of BMI within the im-
mune checkpoint inhibitor (ICI) era. 
McQuade et al. demonstrated a clinical 
association between BMI and ICI thera-
py outcomes in patients with advanced 
melanoma, with a superior response 
and survival in obese men compared 
with normal weight men.18 Interestingly, 
this protective association was not seen 
in female melanoma patients. For pa-
tients with advanced RCC, a single in-
stitutional cohort of metastatic RCC 
patients treated with immunotherapy at 
Memorial Sloan Kettering Cancer Center 
demonstrated that obesity was associat-
ed with superior clinical outcomes, but 
this did not appear to be independent 
of IMDC risk.19 In a multi-institutional 
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cohort, RCC patients with high BMI 
were found to have improved progres-
sion-free survival (PFS) and superior 
overall survival (OS).20 This trend re-

-
weight (25-30 kg/m2) but not the obese 
group. Pan-cancer studies that include 
metastatic RCC patients highlight this 
across tumors treated with ICI.21,22 As a 

likely to experience immune related ad-
verse events (irAEs),23 a meta-analysis 
demonstrated that obesity was associat-
ed with an increased risk for irAE devel-
opment across multiple tumor types.24 

With the introduction of VEGFR 
TKI and ICI combinatorial strate-
gies, it remains to be seen whether 
these trends persist with the use of 
both VEGFR TKI and ICI therapies 
together. In the subgroup analysis of 
the randomized phase III study of ax-
itinib plus avelumab, superiority over 
sunitinib was found regardless of BMI 
status.25 -
pact of novel targeted agents with ICI 
therapies in this context to identify if 
trends remain consistent underway. 

Obesity and Renal Cell Carcinoma 
– Mechanistic Insights
With multifactorial metabolic and im-

mune-regulated changes associated 
with obesity, it has been challenging 

which may underlie this paradoxical 
trend in patients with advanced RCC. 
Several questions remain — does obe-
sity lead to change in natural immuni-
ty which impairs tumor surveillance or 
does obesity contribute to the evolu-
tion of a distinct tumoral phenotype? 
Prior research has demonstrated that 

obesity may activate mTOR and hypox-
ia-inducible factor-1 (HIF-1) signaling 
in immune cells,26 highlighting over-
lapping pathways pertinent in clear cell 
RCC tumorigenesis. With more longi-
tudinal studies focused on uncovering 
cellular mechanisms related to obesi-
ty, we can better link disease patho-
physiology with these clinical trends.

tumor phenotypes in the obese setting, 
several investigators have looked to 

VHL and PBRM1 have been shown to 
occur in similar frequencies in these 
two groups.27 Molecular subtyping by 

-
ing tool, highlights that obese and dia-
betic patients are more likely to harbor 
clear cell type A tumors characterized 

28 
Translational work using the Cancer 
Genome Atlas (TCGA) dataset also 
found that tumoral expression of fatty 
acid synthase (FASN), a key enzyme in-
volved in lipogenesis and the production 
of long-chain fatty acids, correlates with 
BMI in clear cell RCC patients.17 In that 
study, investigators found that patients 
with low FASN tumors had superior OS, 
and high FASN expression was found 

more often in patients with IMDC poor-
risk versus favorable-risk disease.17

-
ulation has been well established and 
exploring these downstream conse-
quences of obesity, particularly in RCC, 
has led to several interesting observa-
tions. In preclinical models of diet-in-
duced obese (DIO) mice, widespread 
changes in cytokines and chemokines 
were seen in tumor-bearing mice com-
pared to controls,29 and dendritic-cell 
(DC)-based immunotherapy was associ-
ated with faster tumor growth in obese 
mice. Therapeutic failure in this context 
was proposed to stem from an increase 
in immunosuppressive DCs within the 
tumor microenvironment (TME), and 

Other reports have also detailed that 
DIO mice have higher levels of my-
eloid-derived suppressor cells (MDSCs), 

Fig. 1 | Obese and Non-Obese Renal Cell Carcinoma Tumor Microenvironment. RCC tumors from obese patients were found 
to have increased angiogenesis signatures which may promote response to VEGFR tyrosine kinase inhibitor therapy. The 
peritumoral fat tissue in obese RCC patients, compared to normal weight patients, also harbors increased hypoxia and immune 

renal cell carcinoma ; TAM: tumor-associated macrophage; T: T cell; A: Adipocyte. 
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Fig. 2 | Overall Survival of Obese and Normal Weight clear cell RCC patients. Kaplan-
Meier curves comparing obese and non-obese clear cell RCC patients from the 
TCGA (mostly early stage) (A) and COMPARZ (all advanced metastatic) (B) cohorts, 
showing obese patients have longer overall survival, and longer overall survival 

et al
. 

with elevated DCs and tumor-associat-

TME via CCL2.30 While obese patients 
with clear cell RCC have been shown 

T cells, other circulating immune pop-
ulations remain similar when com-
pared to normal-weight patients.31

In follow up to the pivotal work by 
McQuade et al.,18  Wang and colleagues 
investigated potential mechanisms that 
may underlie the obesity paradox in 
relation to ICI therapy.32 Using mela-
noma and animal models and patient 
samples, investigators consistently 
found upregulation of PD-1 expression 
and low T cell proliferation in obese pa-
tients. Within the TME, isolated T cells 
had upregulation of immune check-
point proteins including PD-1, Tim3, 

associated with anergy and senes-
cence. Interestingly, researchers found 

with elevated levels of leptin, a hor-
mone commonly implicated in obesity. 

-
el, mice treated with leptin were found 
to have faster tumor growth and higher 
T cell exhausted phenotypes, suggest-
ing the critical role leptin signaling may 
have in immunity and the role ICI ther-
apy may have in restoring immune sen-
sitivity with leptin-mediated dysregula-
tion.32 Others have shown high levels of 
leptin in RCC tissues associated with a 
shorter PFS,33 but a direct link between 
leptin and T cell function in this context 
for patients with RCC remains unclear. 

regulation that are seen in obese pa-
tients, Sanchez and colleagues inves-

within the RCC tumor and peritumor-
al microenvironment might shed light 
into other components which may af-
fect clinical outcomes (Figure 1).27 The 

data sets comprising of patients from 
COMPARZ, the randomized phase III 
study of sunitinib and pazopanib, TCGA, 
and an observational cohort of patients 
with metastatic clear cell RCC treated 
at Memorial Sloan Kettering Cancer 
Center. Using gene set enrichment pro-

-
ysis, the degree and type of immune 
populations within each tissue sample 
was estimated for each of these tumors. 

-
pared to normal-weight patients in both 
the COMPARZ (all advanced metastat-
ic) and TCGA (mostly early stage) co-
horts (Figure 2). Interestingly, results 

-
cant in regards to obesity when adjusted 
for IMDC risk. In the COMPARZ cohort, 
they performed transcriptional analysis 
and found that tumors from patients 

-
ulation of several pathways involved in 

and epithelial -mesenchymal transition, 

and upregulation of metabolic pathways 
like adipogenesis, fatty acid metabo-
lism, and glycolysis. With these changes 
in angiogenesis within the microenvi-
ronment, the investigators propose that 
these changes may explain the increased 
sensitivity to VEGFR TKI  therapy. They 
then focused their work on the tumor 

TME and found that tumors from pa-
tients who were obese harbored lower 
expression of immune checkpoint mol-
ecules. Extending their search towards 
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the peritumoral fat, they did identify a 

signatures in these regions when com-
pared to the peritumoral environment 
of tumors from normal-weight patients, 
with higher levels of classically activated 
M1 TAM phenotypes. With the degree 

sensitivity of RCC tumors, this study 
prominently underscores the impor-
tance of peritumoral signaling interac-
tions and extended our view of the TME 
to surrounding tissue compartments. 

Harnessing Obesity-Related 
Mechanisms for Future Discovery
While the reports discussed here lay the 
groundwork for understanding mech-

-
ings into clinical practice remain to be 
done. A common limitation often faced 
in many of these studies is that a sin-

longitudinal biological changes which 
occur during therapy. Hence, under-
standing whether other measurements 
related to obesity may also serve as 
surrogates for underlying physiologic 
changes in muscle, fat and metabolic 

-
tional imaging can be used to calculate 
the skeletal muscle index (SMI) or skel-
etal muscle radiodensity (SMD), surro-
gates for body muscle mass, and a low-
er SMI at baseline has been associated 
with a shortened OS.34 SMI also appears 
to be prognostic in RCC patients treat-
ed with targeted agents.35 Other mea-
sures like subcutaneous fat have been 
shown to be highly correlated with BMI 

survival outcomes for RCC patients.36 
With novel software acquisition tools 
which can automate capture of these 

prospective studies which can track 
long-term physiologic changes related 
to metabolic syndrome may uncover 
novel insights with these clinical trends.

changes associated with obesity also is 
an area of active investigation. Changes 
in the neutrophil-to-lymphocyte ratio 
(NLR) has shown to be a marker for 
early response to immunotherapy,37 and 
likely needs to be interpreted in the con-
text of NLR changes which may occur 
with obesity. Other circulating markers 

which relate to underlying physiologic 
changes may also be more apt for this 
job. Low expression of miR-204-5p, 
a microRNA associated with obesity, 

-
er disease recurrence and may enhance 
risk-based prognostic models.38 Serum 
adiponectin has been shown to inverse-
ly correlate with BMI in RCC patients, 
yet tissue expression was not associated 
with disease aggressiveness or surviv-
al.39  In addition to leptin, it has been 
postulated that sex hormones may play 
a role in modulating ICI therapy, as 
trends were seen in the melanoma se-
ries only in male patients.18 Sun and col-
leagues raise further questions as they 
preliminarily showed RCC disease risk 

and post-menopausal women.40 Lastly, 
with the growing understanding of the 
relationship between the gut microbi-
ome and obesity gut dysbiosis-related 
changes with ICI therapy41, linking these 

-

Looking forward, augmenting can-
cer immunotherapy with obesity-relat-
ed strategies to improve immune cell 

immune dysregulation remains a high 
priority. Several drugs that are com-
monly used in this patient population 
have previously been shown to have 

-
id-lowering drug, was found to synergize 
with ICI blockade in melanoma models 

42 

Metformin, a diabetes drug commonly 
implicated in cancer risk reduction, was 
also shown to synergize with ICI therapy 
via increased tumor oxidative phosphor-
ylation and reduced tumor hypoxia.43 
Given the upregulation of pseudohy-
poxia-related pathways in VHL-driven 
clear cell RCC, understanding this 
combinatorial strategy in a RCC tumor 
model may uncover unique insights. As 
leptin partly exerts activity through ac-
tivation of Jak/STAT pathways, many 
have proposed downstream modulation 

-
ly approved in combination with ICI 
therapy. As immune related changes 
have been shown after even lifestyle 

exercise and psychoeducation,44 under-
standing the contribution of these in-
terventions within this population may 

ultimately improve ICI outcomes and 
the relative overall health of our patients.

Extrapolating these paradigms out-
side of clear cell RCC histology may un-
cover new insights and applications for 
rare, non-clear cell RCC tumors where 
there remains a high unmet need. Data 
from the Kaiser Permanente network 
highlighted that the obesity paradox 
was associated with clear cell and chro-
mophobe tumors but not papillary RCC, 

-
ta-analysis showing a relative risk of 1.8 
and 2.2 for clear cell and chromophobe 
histologies, respectively, and 1.2 for 
papillary tumors.11 A large case-control 
series in the United States and Europe 

-
13 As chromophobe RCC tu-

mors are notoriously resistant to ICI 
therapy45, evaluating whether immune 
microenvironment shifts which may be 
related to the obesity paradox are par-
alleled to the changes seen in clear cell 

FINAL REMARKS

to a more mechanistic grasp on the links 
between obesity, immunity, and cancer 
biology. As new surrogates and biomark-
ers are developed that interrogate indi-
vidual tumors within their surrounding 
tissue borders and microenvironment, 
combinatorial strategies which leverage 
this metabolic data to enhance immune 

horizon. Further, with advances in our 
understanding of the physiologic impact 
of obesity itself, we will soon be better 
positioned to improve the health and 
lives of our patients. With accelerating 
rates of obesity worldwide and the rising 
health and economic tolls, now, more 
than ever, it is critical to undertake fur-
ther exploration of mechanism-based 
strategies to improve precision-based 
care in this patient population. 
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