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Come da nuova regolamentazione della Commissione Nazionale per la Formazione Continua del  Ministero della Salute, è richiesta la 
trasparenza delle fonti di finanziamento e dei rapporti con soggetti portatori di interessi commerciali in campo sanitario.

• Posizione di dipendente in aziende con interessi commerciali in campo sanitario NIENTE DA DICHIARARE 
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•Fondi per la ricerca da aziende con interessi commerciali in campo sanitario NIENTE DA DICHIARARE 

•Partecipazione ad Advisory Board NIENTE DA DICHIARARE 

•Titolarità di brevetti in compartecipazione ad aziende con interessi commerciali in campo sanitario NIENTE DA DICHIARARE

• Partecipazioni azionarie in aziende con interessi commerciali in campo sanitario NIENTE DA DICHIARARE



The oxygen tension in normal tissues ranged from 30 to 52mmHg (corresponds to 3.9 to 6.8% oxygen 
concentration in the gas phase at sea level)

Tumoral oxygen tension ranged in between 5.3 to 14mmHg (0.7 to 1.8%), often with a considerable 
fraction of cells reaching below 5mmHg (0.7%) 

Acta Oncol Stockh Swed. 2010;49(7):934–40

Genes 2015, 6, 935-956

The majority of solid tumors are characterized by 
abnormal tumor vasculature. 

When the high rate of tumor growth cannot be 
sustained by tumor angiogenesis, this causes 
limited oxygen supply to the tumor cells distal to 
the blood vessels, forming regions of hypoxia.

Hypoxiaà is a condition in which the body or a region of the body is deprived of 
adequate oxygen supply at the tissue level.



1950s à Gray and Thomlinson demonstrated by mathematical calculations, based on histological sections of 
human tumors, that regions around necrotic areas display a hypoxic oxygen gradient

Both hypoxia and necrosis were independently proven to be predictors of poor clinical outcome, independent 
of the tumor stage, histological grade and lymph node status

Br J Cancer. 1955; 9(4):539–49

Adv Exp Med Biol. 2009;645:241–6

The first indications that a tissue poorly supplied with oxygen might be more resistant to ionizing radiation (IR) 
came about as early as in the 1920s

1953 à Gray demonstrated on the preclinical level that a decrease in hypoxia, achieved by improving oxygen 
delivery, results in increased radiosensitivity.

Proc R Soc Lond Ser B Contain Pap Biol Character. 1933;113(782):238–50.



Photons ionize the atoms of the absorbing
material and generate

free electrons

These electrons mediate the IR-induced
damage
• by directly damaging the macromolecules,
• by interacting with water in a process that producess

hydroxyl (OH•) and hydrogen (H•) radicals

These short-lived and highly reactive molecules
react with and damage the macromolecules

In absence of oxygen….
the extent of these reactions is limited due to the 
radicals’instability, and the majority of the damage is readily
repaired

In presence of oxygen…

additional reactive oxygen species (ROS) are formed, e.g. 
hydrogen peroxides, which increase the overall concentration of 
DNA damaging agents. 

Dr David Robert Grimes, University of Oxford, 4 Dec 2015

Oxygen fixation hypothesis
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Oxygen enhancement ratio (OER) à ratio between the radiation dose under hypoxic 
conditions and the radiation dose under normoxic conditions necessary to achieve the 
same amount of cell killing (determined in vitro by clonogenic assays)

Journal of Experimental & Clinical Cancer Research (2021) 40:197







International Journal of Molecular Sciences 20(2):445
Huang et al., 2009; reviewed in Bertout et al., 2008; reviewed in Kaelin, 2008

HIF-regulated gene responses play key roles in 
various aspects of cancer development

Proliferation (MYC)
Angiogenesis (VEGF, PDGF) 
Apoptosis/autophagy (NDRG2, BNIP3) 
Metabolism (PDK1, LDHA)
DNA damage response (GADD45A) 
Extracellular matrix remodeling (LOX, MMP1) 
Cell migration and invasion (CXCR4, SDF1) 

MiRNAs regulate gene expression

• A single miRNA à can target hundreds of different mRNAs

• Multiple cellular processes are controlled by miRNAs: proliferation, migration, invasion, apoptosis, differentiation, and drug resistance

• Hypoxia can modulate expression of several hypoxia-regulated microRNAs (HRMs), some of which, such as miR-210, miR-26, and miR-
181, are directly controlled by hypoxia-inducible factor (HIF)
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A variety of cytokines produced in the tumor microenvironment are released directly by tumor cells or by tumor
associated cells (e.g., immune and stromal cells) and can regulate the expression of miRNAs involved in tumor
pathogenesis and progression

Circulating miRNAs can be actively secreted outside the cell either encapsulated within exosomes

Aberrant levels of miRNAs can be detected not only in tumor cells but also in the biological fluids of cancer patients, 
possibly reflecting the expression patterns of the tumor tissues from which circulating miRNAs originate

Journal of Hematology & Oncology, 2020, 13(1)
Nat Rev Cancer 4:11–22
Adv Exp Med Biol. 2018;1056:87-108



Exosome-mediated cell-to-cell communication in the tumor microenvironment

Journal of Hematology & Oncology, 2020, 13(1)
Nat Rev Cancer 4:11–22
Adv Exp Med Biol. 2018;1056:87-108





J Extracell Vesicles. 2020;10:e12002.
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Proliferation (MYC)
Angiogenesis (VEGF, PDGF) 
Apoptosis/autophagy (NDRG2, BNIP3) 
Metabolism (PDK1, LDHA)
DNA damage response (GADD45A) 
Extracellular matrix remodeling (LOX, MMP1) 
Cell migration and invasion (CXCR4, SDF1) 

Hypoxic Cancer Other Hypoxic scenarios

cerebrovascular disease
cardiovascular diseases
embryonic development
.....

Biomedicine & Pharmacotherapy 135 (2021) 111148
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Targeting Tumor Hypoxia

Hypoxic Radiosensitizers

Misonidazole
Etanidazole
Pimonidazole
Nimorazole

• They act as oxygen mimetic agents
• Despite promising preclinical data, 

limited clinical therapeutic efficacy 
has been shown

• Severe toxicity
• Nimorazole represents the standard of 

care in HNC in combination with RT 
in several countries

Hypoxia-activated prodrugs

Nitromidazoles
Quinones (Mitomycin)
Aromatic N-oxides (tirapazamine)
Aliphatic N-oxides
Transition Metals

• Severe toxicity. Dose limiting 
toxicity represents a major hurdle 
for the development of those drugs.

• Mitomicyn represents the standard 
of care in anal cancer in 
combination with RT and 5FU

Molecular-targeting agents

EZN-2968
PX-478
Topotecan
Bortezomib
vorinostat,
ganetespib
Geldanamycin

• The HIF-1 signaling network can theoretically be targeted on 
multiple levels: 

1)  targeting the upstream pathways that regulate HIF-1 
expression (PI3K/AKT/mTOR and Ras/Raf/MEK/ERK )
2) inhibiting HIF-1 protein expression, stability and function 
3) Interference with downstream targets of HIF-1

• Topotecan is a known chemotherapeutic agent that inhibits 
topoisomerase I. Surprisingly, a high-throughput screening 
for HIF-1 inhibitors identified

topoisomerase (Topo)-I inhibitors to repress HIF-1 
transcriptional                                        activity

Targeting Tumor Metabolism

Metformin
atovaquone
Papaverine

• Between the different targeting strategies, increasing oxygen 
availability by targeting oxidative phosphorylation is 
emerging as a particularly interesting approach

• Metformin has shown promising results in NSCLC and 
colorectal cancer  patients receiving chemoradiotherapy 
(NCT02109549)

• There are numerous examples of oxidative phosphorylation 
inhibitors that have shown impressive results in cell lines and 
mouse models, but have not yet been able to advance to the 
clinical level.



Personalized medicine à It is a medica model that separates people into different groups—with 
medical decisions, practices, interventions and/or products being tailored to the individual patient based
on their predicted response or risk of disease.

Barbeau, J., (2018) PDX and Personalized Medicine - Crown Bioscience



Gene expression profiling is the measurement of the activity (the expression) of thousands of genes at once, 
to create a global picture of cellular function.

Tumor Hypoxia



They then evaluated a training set of 58 hypoxia-evaluated HNSCCs to generate a gene expression classifier 
containing 15 genes. 

This 15-gene hypoxia classifier was validated in 323 patients with HNSCC randomized for hypoxic modification or 
placebo in combination with radiotherapy. 

Tumors categorized as hypoxic on the basis of the classifier were associated with a significantly poorer clinical 
outcome than nonhypoxic tumors. 

This outcome was improved and equalized to the nonhypoxic tumors by addition of hypoxic modification 
(nimorazole).

Cancer Res; 71(17); 5923–31



Cancer Res; 71(17); 5923–31
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A B S T R A C T

Purpose
Phase II clinical studies suggest that hypoxic modification with carbogen and nicotinamide (CON)
may increase the efficacy of radiotherapy (RT).

Patients and Methods
Three hundred thirty-three patients with locally advanced bladder carcinoma were randomly
assigned to RT alone versus RT with CON. A schedule of either 55 Gy in 20 fractions in 4 weeks
or 64 Gy in 32 fractions in 6.5 weeks was used. The primary end point was cystoscopic control at
6 months (CC6m) and secondary end points were overall survival (OS), local relapse-free survival
(RFS), urinary and rectal morbidity.

Results
CC6m was 81% for RT ! CON and 76% for RT alone (P " .3); however, just more than half of
patients underwent cystoscopy at that time. Three-year estimates of OS were 59% and 46% (P "
.04) and 3-year estimates of RFS were 54% and 43% (P " .06) for RT ! CON versus RT alone.
Risk of death was 14% lower with RT ! CON (P " .04). In multivariate comparison, RT ! CON
significantly reduced the risk of relapse (P " .05) and death (P " .03). There was no evidence that
differences in late urinary or GI morbidity between treatment groups or between fractionation
schedules were significant.

Conclusion
RT ! CON produced a small nonsignificant improvement in CC6m. Differences in OS, risk of death,
and local relapse were significantly in favor of RT ! CON. Late morbidity was similar in both trial
arms. Results indicate a benefit of adding CON to radical RT.

J Clin Oncol 28:4912-4918. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Muscle-invasive bladder cancer is commonly
treated by radical cystectomy with pelvic lymph
node dissection or with bladder preservation proto-
cols using radical radiotherapy followed by close
surveillance and salvage cystectomy. Prospective
studies of bladder preservation show 5-year survival
rates of 50% to 60%, which is similar to contempo-
rary surgical series,1-5 with about three fourths of
long-term survivors retaining a functional blad-
der.6,7 Optimal results with organ preservation are
seen in patients with T2 to T3a tumors smaller than 5
cm in diameter, located away from the dome of the
bladder, and without associated diffuse carcinoma
in situ.8,9

Tumor hypoxia has long been considered a
cause of radiotherapy failure.10-13 Markers of cellu-
lar hypoxia identify a median hypoxic fraction of
10% in a range of transitional cell bladder carcino-
mas and lower survival is seen in patients with tu-

mors exhibiting high levels of intrinsic hypoxia
markers.14,15 Meta-analysis of previous trials of hy-
poxic manipulation suggests a modest benefit from
their use.16 In the early 1990s, a schedule of acceler-
ated radiotherapy with carbogen and nicotinamide
(ARCON), to overcome tumor hypoxic radioresis-
tance and tumor cell proliferation, was proposed.17

Phase II trials in head and neck cancer and in bladder
cancer suggested favorable efficacy and acceptable
toxicity and provided the necessary basis to set-up
phase III randomized trials.18-20

The BCON (bladder carbogen nicotinamide)
trial compares radical radiotherapy with and with-
out carbogen and nicotinamide in locally advanced
bladder carcinoma. Primary end point was tumor
response assessed cystoscopically from 6 months af-
ter random assignment. Secondary end points were
overall survival (OS), local relapse-free survival
(RFS), early and late rectum and bladder/urethra
adverse effects. In the penultimate year of accrual, it
became clear that there was low compliance with the
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151 Pts, T1-T4 urothelial bladder
cancer
•75 RT
•77 RT + Carbogen + 
Nicotinamide

A 24-gene signature was
prognostic in BCON pts receiving
RT alone (P=0.0076) and in 
RT+CON (P=0.015).

Conclusions: 
A 24-gene hypoxia signature has strong and independent prognostic and predictive value for muscle-inva-
sive bladder cancer patients. The signature can aid identification of patients likely to benefit from the 
addition of carbogen and nicotinamide to radiotherapy. 



Conclusions

• Twenty years ago, radiation therapy and radiobiology missed the target therapy revolution.

• Around the corner is a new, more important and certainly more impactful revolution in oncology, the 
introduction of bioinformatics.

• The study of oxygen-guided RT is a candidate topic for the application of bioinformatics to radiotherapy 
and radiobiology-focused translational study planning


