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Tumor chemosensitization by 
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animal model
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The role of physical exercise for the main-
tenance of human health, for the preven-
tion and cure of metabolic syndrome and 
diabetes and for the prevention of car-
diovascular diseases are widely demon-
strated [1]. The major focus in the studies 
of physical exercise in oncology has been 
the effect of exercise in to attenuate and 
improve symptoms outcomes and quality 
of life: epidemiological data showed a sta-
tistically significant inverse ratio between 
physical activity or recurrence/progression 
in a variety of cancers [2]. Thus a renowned 
interest in the effects of physical exercise on 
cancer biology arises and it is of paramount 
translational importance. In this regard, 
a recent provocative set of experiments 
showed an enhanced tumor perfusion and 
reduced hypoxia in a model of orthotopic 
prostate cancer in rats exposed to treadmill 
exercise [3]. Strikingly, the measurements 
were performed on the conscious animal, 
which circumvents the effects of anesthet-
ics on central hemodynamics and tumor 
blood stream and provide an accurate 
evaluation of the resting versus exercising 
condition [3].

The blood flow increase of 200% as well 
the 50% reduction in tumor hypoxia dur-
ing exercise are significant findings [3] that 
are of particular interest in view of the driv-
ing mechanisms of the metastatic cascade 

and to improve effectively compound deliv-
ery to tumors. First of all, exercise-driven 
changes in the tumor microenvironment 
may be a significant mechanism explaining 
the inverse relationship between physical 
activity and tumor-specific outcomes [2]. 
Furthermore, a suggested mechanism is 
the ‘normalization’ of the endothelial wall 
that is impaired in tumors and it repre-
sents a daunting barrier to efficient drug 
delivery [4,5]. Tumor blood flow increased 
and microvessel density increased during 
exercise whereas tumor hypoxia decreased 
(hypoxia being an important microenviron-
ment parameter positively linked to tumor 
aggressiveness, spreading capacity and 
inversely related to therapeutic response, 
and radiosensitivity) [4]. Of note tumor 
microvessels were less prone to vasocon-
striction at higher blood pressure during 
the treadmill activity [3]. This observation 
could explain the overall enhanced tumor 
flow during exercise. The biological and 
translational consequences remain to be 
determined but this study clearly suggests 
that exercise can modulate several host and 
cancer pathways implicated in progression 
and therapeutic efficacy. Importantly, 
human biopsy samples of tumors dem-
onstrate similar structural vessel abnor-
malities to those seen in animal models 
and human tumors are hypoxic and have 
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“Physical exercise science is probably coming of age not only in 
rehabilitation clinical oncology, but also as a potential therapeutic tool.”

“The role of physical exercise for 
the maintenance of human health, 

for the prevention and cure of 
metabolic syndrome and diabetes 

and for the prevention of 
cardiovascular diseases are widely 

demonstrated.”
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a raised interstitial fluid pressure that hampers 
drug delivery [4].

Why decreasing hypoxia and increasing blood 
perfusion is pivotal for improving cancer treat-
ment? The ratio between pro- and anti-angiogenic 
signaling as well as physical compression leads to 
abnormal vessels and impaired blood perfusion 
in malignancies [4,5]. The amount of blood flow 
impairment changes with tumor growth stage 
and location and can differ among tumor regions 
or between a primary tumor and its metastases. 
This progressively worsening heterogeneity in 
blood perfusion as tumors grow raises an inter-
esting conundrum. If a tumor needs blood vessels 
to grow and to spread, how does it keep growing 
when growth impairs the very blood supply that 
brings the required nutrients and removes waste 
products? This apparent paradox can be under-
stood by thinking about how a reduced blood 
supply can impart a survival advantage to these 
rebel cells by creating an abnormal microenvi-
ronment characterized by hypoxia and acidosis. 
Furthermore, an interesting potential mechanism 
of detrimental action is that impaired blood sup-
ply and the abnormal tumor microenvironment 
help cancer cells evade the immune system, 
increase their invasive and metastatic potential, 
and apply selective survival pressures to which 
cancer cell populations adapt. Under physiologi-
cal conditions, immune cells constantly patrol 
tissues to identify and destroy pathogens, foreign 
antigens and abnormal cells. However, a hypoxic 
and acidic microenvironment reprograms the 
resident macrophages (phagocytes) – whose job 
is to recognize, engulf and remove dying cells – 
into a protumorigenic and immunosuppressive 
phenotype [6–12].

Hypoxia and acidosis can also attenuate the 
killing potential of immune effector cells within 
the tumor microenvironment. Specifically, 
growth factors and cytokines (e.g., TGF-β and 
VEGF) induced by hypoxia or acidosis suppress 
the activity of T lymphocytes and inhibit the 
ability of dendritic cells to process tumor anti-
gens and present them to lymphocytes [13,14]. In 
addition, hypoxia can directly upregulate, via 
HIF1α activation, the expression of the immune 
checkpoint protein PD-L1 by myeloid-derived 
suppressor cells, dendritic cells and cancer cells 
to aid immune suppression and evasion [15]. 
Moreover, hypoxia may select for more malignant 
cells because cells that respond to physiological 
cues normally undergo apoptosis under hypoxic 
conditions [12]. Hypoxia can increase the invasive 

activity of cancer cells by inducing the produc-
tion of promigratory proteins (e.g., SDF1α and 
HGF) and proinvasive extracellular matrix mol-
ecules [8,11]. Hypoxia also provides a pabulum for 
so-called cancer stem cells and facilitates inflam-
mation while also giving resistance to radiation 
and to many extensively used therapeutic agents 
[12]. Taken together, these observations explain 
why intratumoral hypoxia correlates with a poor 
prognosis in many human cancers [12]. Recently 
approved immune checkpoint inhibitors have 
led to unprecedented improvements in overall 
survival in melanoma patients [16]. However, a 
subset of patients even in this highly responsive 
disease does not benefit. Additionally, the first US 
FDA approved therapeutic vaccine, sipuleucel-T, 
where autologous dendritic cells are exposed to a 
fusion protein consisting of GM-CSF and pros-
tatic acidic phosphatase and then infused back 
into the body, demonstrated a modest survival 
benefit of a few months. Finally, various vaccine 
and adoptive T-cell therapies, including with chi-
meric antibody receptors, have shown promise in 
various malignancies [17]. Normalizing the tumor 
microenvironment would improve the outcome 
of all of these different immune-therapies and 
potentially allow lowering the dose of immuno-
therapeutic agents, which, in turn, may decrease 
their toxicity [18]. As stated earlier, the abnormal 
microenvironment of tumors helps them evade 
the immune response through multiple mecha-
nisms, including impairment of lymphocyte 
infiltration, upregulation of immune checkpoint 
protein expression via hypoxia, recruitment of 
Tregs and establishment of an immune-suppres-
sive tumor microenvironment that impairs the 
function of the resident and transiting immune 
effector cells [18]. It has been demonstrated that 
normalizing doses of anti-VEGFR2 antibody can 
alleviate hypoxia, improve the delivery of immune 
effector cells into the tumor, convert the immu-
nosuppressive microenvironment of tumors into 
an immune-stimulatory one and improve sur-
vival from a vaccine therapy [18]. Physical exercise 
could even transiently ‘normalize’ the abnormal 
tumor vasculature, resulting in improved blood 
perfusion. The latter would decrease hypoxia 
(known to confer resistance to radio-, chemo- 
and immune therapies) and increase drug acces-
sibility. Therefore, therapies delivered during the 
window of normalization might reach greater effi-
cacy [4,5]. The normalized vessels would also resist 
shedding of cancer cells from the primary tumor, 
potentially decreasing metastases [4,5].

“...physical exercise in 
selected patients could be 

an inexpensive and 
valuable way to enhance 

drug potency with obvious 
translational effects in a 

clinical setting and possibly 
in cancer survival.”
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As suggested by McCullogh et al. [3], aerobic 
exercise should be the best enhancer of tumor 
blood flow; nevertheless, it would be interesting 
to assess the relative contribution of several types 
of exercise to these changes in endothelial perme-
ability as well as potential molecular mechanisms 
(secretion and inhibition of angiogenic factors, 
modification of shear stress sensors in tumor vas-
culature), either locally and/or systemically that 
are favorably modified by physical exercise. More 
data are definitely needed to support these results. 
Most preclinical studies report no change in 
tumor growth rate or a modest to robust decrease 
in tumor growth during pharmacological driven 
vascular normalization [4]; formal proof of the 
same findings for the exercise – induced vascular 
normalization is lacking, but is worth highlight-
ing that there is no strong association between 
blood flow or oxygen consumption and cancer 
growth rate in vivo [19,20].

Accurate measurements of tumor blood per-
fusion and validated criteria of biomarkers of 

tumor therapy response via vascular modifica-
tions are sorely needed [4–5,20] and will substan-
tially reinforce the provoking findings of this 
study. In conclusion, physical exercise in selected 
patients could be an inexpensive and valuable 
way to enhance drug potency with obvious 
translational effects in a clinical setting and pos-
sibly in cancer survival. Physical exercise science 
is probably coming of age not only in rehabili-
tation clinical oncology, but also as a potential 
therapeutic tool.
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