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ABSTRACT

The predictive ability of metabolic conditions, such as hypercholesterolemia, on the outcome of cancer
patients to immune-checkpoint inhibitors (ICls) therapy, has been recently explored. The reasons for their
value in this setting are to be searched in the individual himself more than in his tumor, as the target of the
immune-checkpoint blockade is the immune system. The efficacy of ICls on the tumor may be based on
two simple premises: 1) the physiological immune function has been blocked, and 2) the tumor progres-
sion (mainly) depends on this block. The metabolic syndrome may represent the epiphenomenon of an
“inflamed patient,” no longer able of physiological functions required to prevent chronic inflammatory
events. The metabolic dysfunction could represent merely “a biomarker” of the patient who satisfies both
the two premises reported above. Suggestions from preclinical and translational researches should be
transferred in the clinical setting, implementing randomized clinical trials with observational endpoints
such as the effect of concomitant drug medications and the impact of blood cholesterol levels and other

metabolic conditions on the outcome of ICI treatment.

In recent years, metabolomics reached immuno-oncology.
According to the NCEP ATP III definition, metabolic syn-
drome is present if three or more of the following five criteria
are met: waist circumference over 40 inches (men) or 35 inches
(women), blood pressure over 130/85 mmHg, fasting triglycer-
ide (TG) level over 150 mg/dl, fasting high-density lipoprotein
(HDL) cholesterol level less than 40 mg/dl (men) or 50 mg/dl
(women) and fasting blood sugar over 100 mg/dl.' The pre-
dictive ability of such metabolic conditions, especially with
regard to hypercholesterolemia and obesity, for the outcome
of cancer patients to immune-checkpoint inhibitors (ICIs)
therapy, has been recently explored, providing fascinating evi-
dences of correlations between metabolic syndrome and T-cell-
mediated immune response.” Even beyond the cell-mediated
mechanisms, the metabolic pathways are involved in a complex
interplay with other immunologic compartments, especially
those enriching the tumor micro-environment (TME). The
TME includes stromal cells, extracellular matrix, adipocytes,
mesenchymal stem cells, blood vessels, macrophages, T cells,
B cells, cytokines, exosomes, and metabolites.’
Myeloid-derived suppressor cells (MDSCs) are immature
myeloid cells that have acquired immunosuppressive activities,
including the overexpression of PD-L1.>* In turn, the PD-L1
overexpression by tumor cells or by the immune cell compart-
ment is known as a positive predictor of the therapeutic efficacy
of immune-checkpoint blockade in cancer patients.”
Hypercholesterolemia stimulates the proliferation of hemato-
poietic precursor cells in the bone marrow and gives rise to
peripheral MDSCs through a mechanism known as “emergency
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granulo-monocytopoiesis.”*®” This could render the hypercho-
lesterolemic patient more prone to have high circulating MDSCs
availability. Generally, MDSCs and tumor-associated macro-
phages (TAMs) are enriched in the TME, given the ability of the
tumor itself to secreting cytokines that increase MDSCs and
TAMs mobilization and infiltration within the tumor mass.*
During emergency granulo-monocytopoiesis, terminal differen-
tiation and M2 polarization of TAMs occur, sustaining the
immune-suppression mediated by the tumor itself.*® M2 macro-
phages accumulate in the TME and diminish T cell anti-tumor
immune responses.”"’

In a previous research, we hypothesized that hypercholes-
terolemia, as a low-grade inflammatory condition, may facil-
itate the proliferation and the migration of TAMs and MDSCs
to the TME."" Although TAMs and MDSCs have immunosup-
pressive activities, based on our data of improved ICI efficacy
in hypercholesterolemic patients, we speculated that the tumor
infiltration with MDSCs overexpressing PD-L1 could render
ICIs more effective.'' Nevertheless, until today, the presence of
MDSCs and TAMs has been associated with the poor outcome
with ICIs therapy, ® because they release many suppressive
factors. A major limitation of the current evidence is consti-
tuted by the fact that the two specific compartments (periph-
eral and tumor) have not been investigated separately with
respect to MDSC presence and function. At this moment,
clear phenotypic characterization of MDSC in human (and
mouse) tissues by immunohistochemistry is lacking, thus pre-
venting the clarification of the true impact of these cells in the
TME when compared to their circulating counterpart.*”
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The crossroads between immunity and cholesterol is probably
more complex, considering the role of dendritic cells (DCs) in
decreasing the cholesterol plasma levels, preventing the athero-
sclerotic plaque progression even in the case of a proatherogenic
signature.'” In addition, cholesterol is the generator of cholecalci-
terol (vitamin D3), which is produced from cholesterol precursors
in the skin and activated to calcitriol (1,25[OH]2D) through
hydroxylation in the liver and kidney. The immunological func-
tion of calcitriol and its receptor (vitamin D receptor, VDR) is
crucial for T-cell differentiation and its effector function, provid-
ing a further wire passing from cholesterol to vitamin D and
possibly contributes to anticancer immunotherapy efficacy.'
Finally, the literature about cholesterol seems consistent with
respect to cell-mediated immunity: the enhancement of T-cell
activation has been associated with proatherogenic effect in vivo,
suggesting that hypercholesterolemia could be the epiphenome-
non of an easily triggerable T-cell compartment, predicting the
likeliness of immune response to checkpoint blockade.'>'* In
turn, the inhibition of cholesterol metabolism and esterification
in T-cells is able of potentiating the efficiency of the CD8+cell
mediated antitumor response in mice.'> Avasimibe, an inhibitor
of the cholesterol esterification enzyme acetyl-CoA acetyltransfer-
ase (ACAT) 1, was developed, demonstrating to obtain enhanced
proliferation as well as effector function of CD8+T cells.” Basing
on these evidences, an increased level of blood cholesterol, if
interpreted as the result of the inefficiency of its metabolism,
may even represent the signal of a causative event contributing
to T-cell responses and activation against the tumor.

The cruciality of the TME has been highlighted in several
recent research, being able of rendering the tumor “hot” or
“cold” basing on its composition, and suggesting that its mod-
ulation could improve the sensitivity to immunotherapy. Some
procedures with the objective of lighting up the fire in cold
tumors, making them more sensitive to ICI immunotherapy,
have been recently investigated.'®'”

Nevertheless, in the modern era of cancer immunotherapy,
the researcher in oncology should have acquired the concept of
targeting the patient instead of prosecuting to targeting the
tumor.'® With this standpoint, the reasons for the crosstalk
between the response to ICI and the metabolic status of the
individuals should be searched even more in the individual
himself than in his tumor, as the direct target of the immune-
checkpoint blockade is no longer the tumor cell but the
T-effector cell. Along this line, the TME modifications must
be interpreted merely as the secondary consequence of
a systemic reaction provided by the host, dependent on his
immune system activation or suppression.

Immunotherapy recently revolutionized the therapeutic
approach to solid tumors from a cytotoxic and immunosup-
pressive perspective (e.g., chemotherapy) to an immune-
restoring attempt, rely on the normalization of the immunolo-
gical functions. Indeed, the immune-checkpoint inhibition
limits its effects in removing a block, allowing the recovery of
the normal operation of the immune system, more than enhan-
cing its activation.'” For this reason, the efficacy of ICI on the
tumor may be based on two simple premises: 1) the physiolo-
gical immune function has been blocked, and 2) the tumor
progression (mainly) depends on this block. Otherwise, ICI
immunotherapy could not make the big difference that has
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been reached in terms of the overall survival of patients when
compared to the old standard treatments.***® As
a consequence, systemic metabolic conditions such as high
blood cholesterol, obesity, hyperglycemia, and diabetes melli-
tus, atherosclerosis and hypertension may represent the epi-
phenomena of an “inflamed patient,” no longer able of
physiological functions required to prevent such events
(Figure 1). Moreover, after the establishment of such condi-
tions, the inflamed patient, despite being rich in cytokines and
pro-inflammatory mediators (both in the innate and adaptive
compartments), is even less immunocompetent, as suggested
by the M2 markers upregulation happening in the adipose
tissue macrophages in a subcutaneous depot in the case of
obesity.”” Despite the apparent hyperactivation of immunity
and the putative pro-inflammatory activation attributed to
obesity, the immune mechanism at the cell level has been
clearly shown to be defective in obese individuals, sometimes
also with protective feedbacks. For example, the obese visceral
adipose tissue does not generate a more inflammatory envir-
onment compared with the lean tissue in mouse models, and
a M1-to-M2 shift seems happening in the atherosclerotic pla-
que, promoting its regression.'**

The T-cell exhaustion found in the case of cancer, may have
characterized the patient even before the carcinogenesis,
potentially being responsible for both the promotion of cancer
and other co-existing conditions, such as the metabolic syn-
drome. Considering this, the metabolic dysfunction could
represent merely “a biomarker” of the patient who satisfies
both the two premises reported above.

The opportunity of reversing the immunological energy
should be exploited not only at the tumor level but above all at
the patient level, modulating systemic conditions in favor of an
immune normalization. If on a hand generating even more
inflammation to light up the fire in the case of energy can
work,'®” on the other hand, it could be a wrong strategy in
the case of exhaustion, mainly derived from previous (aberrant)
hyperactivation. Exhausted T cells (Tgx) arise from cells that
initially acquired effector functions, but then become dysfunc-
tional due to chronic antigenic stimuli. The hope is in the
concept that Tgx is not terminally dysfunctional, but they
could be reinvigorated: it is now well established that PD-1/PD-
L1 pathway blockade can at least partially reverse the exhausted
condition and improve immunity in cancer patients.>

Of note, the lack of these “metabolic biomarkers” does not
exclude the presence of the first premise, not always derived
from exhaustion but often generated by T-cell anergy, a hypo-
responsiveness state where T cells fail to acquire effector
functions.

In the case of the metabolic syndrome, the exhaustion
means that T-cells were previously able of effector function
and that their exhaustion can have, in part, contributed to the
immune-dependent progression of the tumor, consequently
marking a patient more likely to benefit from the T-cell reinvi-
goration given by immune-checkpoint blockade.

Obesity is another disorder included in the metabolic syn-
drome. Recent studies have demonstrated that overweight can-
cer patients treated with ICIs had prolonged overall survival and
progression-free survival compared to those of non-overweight
patients.>’ > We previously interpreted such correlation as
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Figure 1. The “inflamed patient” is an individual whose immune system is dysfunctional, due to the exhaustion of T cells, that initially acquired effector functions,
undergoing persistent antigen exposure. T-cell exhaustion is associated with inefficient control of inflammation and carcinogenesis, mediated by sustained
upregulation of multiple inhibitory receptors (including PD-1), constituting the basis for promotion of cancer and metabolic syndrome, representing the epiphenomena
of an inflamed patient. The manifestation of the metabolic syndrome includes obesity, hyperglycemia and hypercholesterolemia, the latter in turn favoring the
CD8 + T-cell exhaustion in an endoplasmic-reticulum (ER)-stress-XBP1-dependent manner in the tumor microenvironment (TME). These phenomena trigger a potential
vicious circle, rendering the patient even more “inflamed”, and favoring the M1 to M2 shift both in peripheral tissues and in the TME, furtherly diminishing T cell anti-
tumor immune responses. The reversion of the initiating event, represented by T-cell exhaustion, can be reached with immune-checkpoint inhibitor (ICl) therapy,
blocking the PD-1/PD-L1 axis and obtaining T-cell reinvigoration. This favors the recovery of the immune homeostasis, shifting the balance from immune-suppression to

immune-functionality and promoting the T-cell response against the tumor.

possibly due to the capacity of white adipose tissue to modulate
the immune response.” It is also well known that obesity is
associated with an increased risk of developing tumors, such as
clear cell renal-cell carcinoma, but it is paradoxically associated
with improved oncological outcomes in the same cancer
type.*** Transcriptomic differences have been found in the
primary tumor and peritumoral adipose tissue depending on
body-mass index (BMI), possibly contributing to the apparent
survival advantage in obese patients with clear cell RCC com-
pared with patients at a normal weight.”” The peritumoral adi-
pose tissue microenvironment might have clinical relevance,
constituting the peripheral side of the TME, in continuous cross-
talk with the systemic immunity.

Even immune-related adverse events (irAEs) have been
significantly correlated with obesity (irrespective of the treat-
ment dose of the ICI, frequently weight-based in the first ICI
regimens), confirming their nature as the upside-down of
efficacy of immunotherapy.’®*° Despite the hypothesis of
a tumor role in the pathogenesis of irAEs, mediated by the
cross-reactivity between tumor- and self-antigens,*"** we pos-
tulate the likeliness of a systemic etiopathogenesis, closely
related to the host and to his immune system more than to
the tumor itself. In support of this version, we previously
showed how individuals with prior autoimmune disorders are
more prone to develop irAEs, even outside the affected
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Despite intriguing potential interpretations in favor of
a possible causality relationship between metabolic conditions
and ICI response, a simple statistical correlation between inde-
pendent variables, subtended by the same immunological
background, is honestly more plausible.

Notwithstanding, the likely “collateral nature” of metabolic
epiphenomena should not discourage attempts to modulating
these factors to synergize with immunotherapy. It has already
been suggested that modulating cholesterol may be an effective
strategy to improve the antitumor efficacy of ICIs.">*
According to our data on a retrospective population, the use
of statins was positively related to the outcome of advanced
cancer patients to ICI at the multivariate analysis.11 Moreover,
statins have been reported to reduce T-cell exhaustion in
patients with HIV-1 infection.*® Such suggestions from pre-
clinical and translational researches should be transferred in
the clinical setting, firstly investigating patient populations
enrolled in prospective-randomized trials, implemented with
observational endpoints such as the effect of concomitant drug
medications and the impact of blood cholesterol levels and
other metabolic conditions on the outcome to ICI treatment,
when compared to the control arm with standard therapy, in
order to confirm their predictiveness aside from their value in
prognostication.
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