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La rivoluzione epidemiologica del Millennio

Tasso di mortalità 1901 al 2000 e 
principali
Malattie infettive (INF), tumori (TUM), 
cardiovascolari (CARD), 
cerebrovascolari (CER), respiratorie e 
influenzali (RESP), apparato 
digerente (DIG) e incidenti (ACC).

De Flora S. et al. Faseb J, Vol 8:892-7

ØLa rivoluzione
ØEpidemiologica
Del Novecento

LA MORTALITà PER MOLTE CAUSE 
è DIMINUITA E L’ASPETTATIVA DI 
VITA AUMENTATA



Jemal A et al.  Cancer statistics,. CA Cancer J Clin 54

Prevenzione vs Terapia

Terapia

Prevenzione



Christensen K, et al Lancet.  Oct 3;374(9696):1196-208. 

L’aspettativa di vita aumenta e dunque cresce la fascia di popolazione 
anziana. In particolare, vivono mediamente più a lungo le Donne rispetto 

agli Uomini.

50 anni







Survival %
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Fonte: The Lancet Oncology, Berrino Franco et al.
“Survival for eight major cancers and all cancers combined for 
European adults diagnosed in 1995–99: results of the EUROCARE-
4 study”

Sopravvivenza media relativa a 5-anni per tipo di tumore 
(uomini e donne) in diversi Paesi Europei



La Repubblica
(Sull’aumentata speranza
Di vita) 



I numeri del Cancro in Italia 2018



Numero di morti evitabili per tumori attribuibili a stili di vita individuali in 
Italia



Leading Sites of New Cancer Cases and Deaths –
2022 Estimates







Two "Scorecards" for Risk Assessment for either Cardiovascular Disease or Cancer

Albini A and Sporn M Nature Reviews Cancer

Proposal For a common Risk Scorecard

Established Scorecard for Cardiovascular Risk
(European Society of Cardiology)

Proposed New Scorecard for Cancer 
Risk

Personal and 
Lifestyle

Age and sex Age and sex

Components Smoking Smoking
Exercise
Dietary habits
Obesity
Reproductive history

Genetic Analysis Family history Family history
Oncogene/tumor suppressor mutations
Metabolic activity polymorphisms

Laboratory 
Measurements

Mean LDL cholesterol DNA adducts

Mean HDL cholesterol / LDL:HDL ratio DNA oxidative damage score
Mean systolic blood pressure Proteomics score:
Indications of diabetes Tissue proteomics

Serum proteomics
Microbiopsy dysplasia score
hormone status
Chronic infection (e.g. H. pylori)
Any new biochemical markers that will 
be developed



Fattori di rischio non 
modificabili

Fattori di rischio 
modificabili Fattori di rischio trattabili

Età Tabacco Infiammazione cronica
Genetica Sovrappeso ed obesità Infezioni virali

Mutazioni ereditarie 
e somatiche

Nutrizione Infezioni batteriche

Sesso Attività fisica Diabete
Etnia Esposizione ad agenti 

cancerogeni
Irradiazione

Anamnesi familiare Alcool Stato ormonale
Anamnesi personale Allattamento*
Storia riproduttiva*,†
Regione del mondo†

• Per donne.
• †In alcuni casi, le persone possono scegliere la propria storia 

riproduttiva e la propria regione mondiale; per altri, questa non è una 
scelta specifica.

• Strategies to Prevent "Bad Luck" in Cancer. Albini A, Cavuto S, Apolone 
G, Noonan DM. J Natl Cancer Inst. 2015 Aug 4;107(10). pii: djv213. 
doi: 10.1093/jnci/djv213. Print 2015 Oct.

Fattori di rischio per tumore



Non fumare: molti tumori (non solo polmonari
aumentano col fumo di sigaretta)



Age-standardised smoking prevalence in 2017 and estimated hypothetical 
prevalence with the highest-level of tobacco control policies (TCP) implementation 

(measured by the Tobacco Control Scale), by sex and country.



Estimated number of new cancer cases in 2020 attributable to alcohol 
drinking worldwide and in Europe in both sexes



Aumento della Percentuale di persone in sovrappeso USA negli
ultimi venti anni

1992 1995

1998

Less than 50% 50 to 55% More than 55% State did not participate in survey
*Body mass index of 25.0 kg/m2or greater. Source: Behavioral Risk Factor Surveillance System, CD-ROM (1984-1995, 1998) and Public Use Data 
Tape (2004), National Center for Chronic Disease Prevention and Health Promotion, Centers for Disease Control and Prevention, 1997, 2000, 2005.

2014



Proportion of adults in each BMI 
category, 

Ci sono più persone sovrappeso che persone con un 
peso “sano” o normale



L’ obesità è in crescita nel mondo occidentale

Ministry of Health.  2015. Understanding 
excess body weight. NZ Health Survey.

Adult obesity rate, 
1977*–2012/13



Estimated number  of new cancer cases in 2012 attributable to obesity 
worldwide and in Europe in both sexes



Obesity reduction is also beneficial to cancer prevention

Adapted from “An Equity-Oriented Prevention 
Framework”, National Academy of Medicine, 2017

The scheme might it be 
beneficial for 
cancer prevention & screening 
to more closely align with 
prevention & screening for 
other diseases (e.g., obesity 
cardiovascular, metabolic, 
diabetes)



Some points in prevention and screening

•Learning from reducing HPV-associated cancer

•Alignment between prevention & screening for cancer

•Screening for additional types of cancer and new approaches 
for cancer screening 

•Working on life style

•Health disparities and technology



Interventions against cervical cancer: Opportunities at 
each step of the process

HPV vaccination Primary prevention

Cervical cancer screening Secondary prevention

Tertiary preventionTreatment of invasive 
cervical cancer



Prevention, screening, and early detection: HPV-
associated cancer

Good news: We can do a tremendous 
amount for primary & secondary prevention

Bad news: The tools are underutilized

We need to figure out how to better 
utilize vaccinations and screening

We can’t stop at the “what” 
(interventions). 
We need to work on the “how” 
(implementation, delivery)



Global Disparities in Cervical Cancer Cases & Deaths: 
Manyfold higher in Africa than in U.S.

Low- and middle-income countries:
~90% of cervical cancer cases and deaths
(projected to increase by 2% each year)

Africa vs. North America: 
◦ >4-fold difference in incidence rate
◦ >8-fold difference in mortality rates

Cervical cancer represents 90% of HPV-
associated cancer 

Great opportunity for prevention, screening, 
and early detection – through technology.

Bray et al, Global cancer statistics 2018, Cancer 2018.

MortalityIncidence

Cervix Uteri



Health care provider 
recommendation for 
HPV vaccination 

No provider 
recommendation

Health care provider recommendation associated 
with increased HPV vaccine uptake

Source: Lu et al, Human papillomavirus vaccination trends among adolescents: 2015 to 2020. Pediatrics, 2022.



Herd protection in 14-24 year-old women 
12 years after HPV vaccine introduction in the U.S.

Rosenblum et al, Annals Int. Med. 2022



Some important clinical results against HPV types targeted 
by the HPV vaccine

Schiller & Lowy, Vaccine, 2018; Hildesheim et al, American Journal of Obstetrics and Gynecology, 
2016; Rosenblum et al, CDC Morbidity and Mortality Weekly Report (MMWR), 2021

Vaccine has very high 
efficacy (>95%) & long 
duration of protection 
(>10 years)

Vaccine confers sterilizing 
immunity
Prevents infection in most 
vaccinees

Vaccine induces herd 
immunity even with sub-
optimal vaccine uptake

Learning from reducing 
HPV-associated cancer



Cost-effective, high quality “See and Treat” approach for cervical 
cancer screening

Undergoing international large-scale clinical trials for low-
and middle-income AND high-income countries

For more: Desai et al, Int J Cancer, 
2022: “Redesign of a rapid, low-cost 
HPV typing assay to support risk-
based cervical screening and 
management” and "The development 
of “automated visual evaluation” for 
cervical cancer screening”

On-site automated visual evaluation of cervix with 
smartphone and AI algorithm (HPV-positive women)

Rapid, inexpensive, on-site HPV DNA test

On-site thermal ablation



Efforts to expand screening 

Additional forms of cancer

Simplifying screening 
methods

Risk-based treatment

Starting screening closer 
to home



PREVENZIONE E  “INTERCETTAZIONE”:
UNA NUOVA ERA NELLA CHEMOPREVENZIONE



Precision Medicine and Prevention
Interventions to prevent, screen, diagnose, or 
treat a disease (e.g., cancer), based on a 
molecular and mechanistic understanding of the 
causes, pathogenesis, and/or pathology of the 
disease

Precision medicine can be better than traditional 
approaches in cancer prevention

◦ Evidence is required to determine that a 
precision approach is superior to a more 
traditional approach

A theoretical advantage of precision 
medicine over traditional approaches: 
Potential for conceptually-based 
improvements, while traditional 
approaches depend mainly on 
empiricism



MC(E)Ds: Multicancer “early” detection tests

Current goal: Detect asymptomatic cancer 
stages I-III

Some critical differences from 
traditional cancer screening:

1) Not specific for cancer at 
particular site

2) Not geared mainly to identify 
pre-cancer or stage I cancer 

3) Is geared to identify several 
stages of cancer

prevention.cancer.gov



Some current MC(E)D issues

Will MCDs reduce mortality rates?

Will MCDs be useful for all cancer stages 
(I-III) for which they screen?

Will advances in cancer treatment
increase, decrease, or have no impact on 
the utility of MCD tests?

Will benefits clearly outweigh harms?

• Will it be possible for people with 
limited insurance to get tested 
and, if their result is positive, to have 
appropriate diagnostic evaluation 
and treatment?



Cancer Detection and Staging
• Diagnosis at earlier stage
• Clearer picture of disease spread
• Helps patients get optimal treatment
• Permits more limited, minimally invasive 

surgical techniques

Response Assessment 
• Informs treatment continuation 

or discontinuation

Imaging Advances

• Digital 
mammograms

• PET scanning

• Low-dose CT

• Enhanced MRI 
technologies



Cancer Genomics in screening and prevention

Genetic subtypes of 
glioblastoma, gastric 
and other  cancers 
identified via TCGA 

research

2005

Hallmarks of 
Cancer published

2000 2010-2014

• Advent of the “precision medicine” era
• But cancer’s biology is far more complex than we had imagined

Image Source: TCGA 

The Cancer Genome 
Atlas (TCGA) 

launches

Precancer
Genome Atlas

2022



Alimentazione e salute
Alcuni alimenti (verdure, frutta, spezie, bevande, condimenti) 

Contribuiscono alla nostra salute prevenendo:

• Malattie Cardiovascolari

• Diabete

• Tumori

• Malattie neurodegenerative

Un importante concetto emergente utile per aiutarci a stare in salute con i cibi è che
gli schemi dietetici e le associazioni fra cibi possono essere nel loro insieme
protettivi



Epigallocatechina
3-gallato

Allil-derivati

lycopene

Curcumina

I cibi contengono 
molecole 
terapeutiche: la 
farmacia in tavola

Resveratrolo

Sulforafano 
Isotiocianati

Sulforafano 
Isotiocianati

Acido Ellagico

Acidi fenolici

Acidi Grassi 
Omega- 3

capsaicin

Epicatechine CatechineEsperidina e
Vitamine B e C

anthocyanins

Quercetina Acido caffeico

Licopene

Capsaicina
Antocianine

NUTRACEUTICA



Molti componenti della dieta hanno proprietà 
protettive per la salute

Fonte: Araldi et al. Albini A. Current Cancer Drug Target, 8:146-155



Molti componenti della dieta hanno proprietà 
chemiopreventive

Fonte: Araldi et al. Albini A. Current Cancer Drug Target, 8:146-155





Lo studio EPIC

OBIETTIVO: studiare il ruolo dei 
fattori alimentari e legati allo stile di 
vita nell’eziologia dei tumori e di 
altre malattie cronico-degenerative.

Raccolta dei dati
ØQuestionario anamnestico                    

stile di vita

ØFFQ              dieta
ØMisure antropometriche

ØPrelievo
EPIC Italia: ~ 47,000 volontari in 5 
centri

European Prospective Investigation into Cancer and nutrition

~ 520,000 volontari reclutati in 10
Paesi Europei



Da dove vengono I dati scientifici che provano
che con la corretta alimentazione si
prevengono I tumori? Lo studio EPIC

Epidemiological and Large Population Studies, like for instance the EPIC Study 



Br J Cancer (2011) 104, 1493 – 1499

Meno tumori con
L’adesione alla
dieta
Mediterraneanea

La dieta mediterranea riduce l’incidenza di tumori:EPIC



Associazione tra il ruolo della dieta e l'aumento dell'incidenza del 
cancro del colon-retto

Alimento o regime 
dietetico Evidenza Statistica*

Carne Rossa +++

Carne lavorata +++

Uova +++

Dieta occidentale ++

Consumo di alcool ++

Birra ++

Alimentazione non sana +

Carne di maiale +

Ferro eme +/-

*AMSTAR-2: Strumento di misurazione per valutare le revisioni 
sistematiche

da: Sajesh K. Veettil et al. JAMA Network Open. 2021;4(2):e2037341. 
doi:10.1001/jamanetworkopen.2020.37341

Associazione tra il ruolo della dieta e la riduzione dell'incidenza 
del cancro del colon-retto

Alimento o regime dietetico Evidenza Statistica*
Fibra alimentare totale +++
Latticini +++
Cereali integrali +++
Verdura +++
Frutta +++
Calcio alimentare ++
Yogurt ++
Alimentazione sana ++
Latte non fermentato ++
Zinco ++
Dieta Pesco-vegetariana +
Dieta semi-vegetariana +
Integrazione di Calcio +
Legumi +
Fibre di cereali +
Multivitamine +
Vitamina A +
Vitamina B6 +
Acido Folico +
Vitamina D +
Vitamina E +
Magnesio +/-

*AMSTAR-2: Strumento di misurazione per valutare le revisioni 
sistematiche

da: Sajesh K. Veettil et al. JAMA Network Open. 2021;4(2):e2037341. 
doi:10.1001/jamanetworkopen.2020.37341





• Consuma la giusta quantità di calorie.

• Bevi abbondante acqua (e non bibite carbonate)

• Mangia molti cibi di origine vegetale: verdure, legumi

• frutta, noci, fibre

• Usa olio di oliva, spezie, erbe per condire

• Limita il sale, le carni lavorate, gli insaccati, I dolciumi

• Limita alcool ed evita superalcolici

“30% dei tumori potrebbero essere
prevenuti con una corretta alimentazione”

-American Institute for Cancer Research

Cosa mangiare? La piramide alimentare anti-cancro e le linee
guida



Rise of Immunotherapy

20142011

• Long-term disease control against recalcitrant cancers
• Game-changing discoveries – more coming

Ipilimumab 
introduced for 

melanoma

Pembrolizumab, 
nivolumab 

approved for 
melanoma

2015-2018

PD-1/L-1 drugs 
benefit even 

more of 
cancers

CAR-T and CAR-NK



Johanna A. Joyce & Jeffrey W. Pollard
Nature Reviews Cancer 9, 239-252 (April 2009)

doi:10.1038/nrc2618

The tumor microenvironment

NK cells



Albini A, Sporn MB. The tumour microenvironment 
as a target for chemoprevention. Nat Rev Cancer. 7:139-47; 2007

In inflammation and in tumor progression similar 
cellular activations occur in the microenvironment



MICROAMBIENTE:
ruolo nei tumori

EQUILIBRIUM PROMOTING/ESCAPE

Quail et al. Nature Medicine



Phenotype Switching in 
Leukocytes
Polarization of native 
immunity cells

Angiogenic/
Pro-tumor

Microenvironment

Anti-tumor/
Anti-angiogenic

Microenvironment

Macrophages
M1 M2

Neutrophils
PMN1 PMN2

VEGF, MMP1, 7, 9, 12; 
PIGF, FGF2, PDGF,   
HGF, Ang1, COX-2, TNFa, 
IL10, Arginase

IL-12, IFNg, IL-1, CXCL9, 
CXCL10, CXCL11

IL-10, VEGF, MMP9, IL-8, 
HGF, PAF

IL-12, TSP1, CXCL10, 
TNFa, TRAIL, Angiostatin 
generation

“d”NKaNK
Natural Killer

VEGF, PlGF, IL-8IFNg, Endothelial and 
tumor cell cytolysis

Dendritic 

MPC 

VEGF, MMP9, TGFb, 
vasculogenesis

aaDCcaDC

MDSCDifferentiation

IL-8, TNFa, VEGF, TGFb, 
vasculogenesis

IL-12, TSP1, CXCL9, 
CXCL10

Noonan, Albini et al, Cancer Metastasis Reviews

Huang Y, Snuderl M, Jain RK. 
Polarization of tumor-associated 

macrophages: a 
novel strategy for vascular 

normalization and antitumor 
immunity. Cancer Cell.
2011 Jan 18;19(1):1-2.



M1-like M2-like (TAM)
IL-12, IFNg, IL-1, CXCL9, 

CXCL10, CXCL11
VEGF, MMP1, 7, 9, 12; PIGF, 

FGF2, PDGF, HGF, Ang1, COX-2, 
TNFa, IL10, ARG1MACROPHAGE

IL-12, IFNg, IL-1, CXCL9, 
CXCL10, CXCL11 IL-10, VEGF, MMP-9, IL-8, 

HGF, PAF

N1-like N2-like (TAN)

NEUTROPHIL

regDC
IL-12, TSP1, CXCL9, 

CXCL10
CXCL8, TNFa, VEGF, TGFb

DC

DC Maturation

VEGF, MMP9, TGFb, EC-
transdifferentiation

Immunocompetent
cells

MDSC

MPC

Mast cells Mast cells
TNFa, ROS TGFb, VEGF, FGF2, CXCL8, 

MMP9, Chymase, Tryptase

CD56dimCD16+

Perfhigh NK
CD56brightCD16-VEGFhigh

PlGFhighCXCL8+ NK
Perforin, granzyme, ADCC VEGF, PlGF, CXCL8

NK

MAST CELLS

gdT

IL-17, VEGF, Ang1, CXCL8, CCL2, 
CSF2,TNFa,MMP9, uPA, CXCL16, STAT3

gdTT17gdT

IFNg

TH1 TH17
IL-2, IFNg IL-6, IL-17,TNFa

ILCs

ILC1 ILC1
IFNg IDO

ILC2
IL-5, IL-13ILC3

ILC3CSF2, TNFa
CXCL12, CCL19, CCL21, 

CXCR5, CCR7, IL-17

TH

M1-like M2-like (TAM)
IL-12, IFNg, IL-1, CXCL9, 

CXCL10, CXCL11
VEGF, MMP1, 7, 9, 12; PIGF, 

FGF2, PDGF, HGF, Ang1, COX-2, 
TNFa, IL10, ARG1MACROPHAGE

IL-12, IFNg, IL-1, CXCL9, 
CXCL10, CXCL11 IL-10, VEGF, MMP-9, IL-8, 

HGF, PAF

N1-like N2-like (TAN)

NEUTROPHIL

regDC
IL-12, TSP1, CXCL9, 

CXCL10
CXCL8, TNFa, VEGF, TGFb

DC

DC Maturation

VEGF, MMP9, TGFb, EC-
transdifferentiation

Immunocompetent
cells

MDSC

MPC

Mast cells Mast cells
TNFa, ROS TGFb, VEGF, FGF2, CXCL8, 

MMP9, Chymase, Tryptase

CD56dimCD16+

Perfhigh NK
CD56brightCD16-VEGFhigh

PlGFhighCXCL8+ NK
Perforin, granzyme, ADCC VEGF, PlGF, CXCL8

NK

MAST CELLS

gdT

IL-17, VEGF, Ang1, CXCL8, CCL2, 
CSF2,TNFa,MMP9, uPA, CXCL16, STAT3

gdTT17gdT

IFNg

TH1 TH17
IL-2, IFNg IL-6, IL-17,TNFa

ILCs

ILC1 ILC1
IFNg IDO

ILC2
IL-5, IL-13ILC3

ILC3CSF2, TNFa
CXCL12, CCL19, CCL21, 

CXCR5, CCR7, IL-17

TH

Anti-tumor/
anti-angiogenic

Pro-tumor/
pro-angiogenic

Anti-tumor/
anti-angiogenic

Pro-tumor/
pro-angiogenic

Immune cell 
plasticity
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Contribution to Tumor Angiogenesis 
From Innate Immune Cells Within  
the Tumor Microenvironment: 
Implications for Immunotherapy
Adriana Albini1,2*†, Antonino Bruno1†, Douglas M. Noonan1,3‡ and Lorenzo Mortara3‡

1 Scienti"c and Technology Pole, IRCCS MultiMedica, Milano, Italy, 2Department of Medicine and Surgery, University 
Milano-Bicocca, Monza, Italy, 3 Department of Biotechnology and Life Sciences, University of Insubria, Varese, Italy

The critical role of angiogenesis in promoting tumor growth and metastasis is strongly 
established. However, tumors show considerable variation in angiogenic characteristics 
and in their sensitivity to antiangiogenic therapy. Tumor angiogenesis involves not only 
cancer cells but also various tumor-associated leukocytes (TALs) and stromal cells. TALs 
produce chemokines, cytokines, proteases, structural proteins, and microvescicles. 
Vascular endothelial growth factor (VEGF) and inflammatory chemokines are not only 
major proangiogenic factors but are also immune modulators, which increase angio-
genesis and lead to immune suppression. In our review, we discuss the regulation of 
angiogenesis by innate immune cells in the tumor microenvironment, specific features, 
and roles of major players: macrophages, neutrophils, myeloid-derived suppressor 
and dendritic cells, mast cells, !"T!cells, innate lymphoid cells, and natural killer cells. 
Anti-VEGF or anti-inflammatory drugs could balance an immunosuppressive microenvi-
ronment to an immune permissive one. Anti-VEGF as well as anti-inflammatory drugs 
could therefore represent partners for combinations with immune checkpoint inhibitors, 
enhancing the effects of immune therapy.

Keywords: angiogenesis, chemoprevention, tumor microenvironment, immune cells, immunotherapy

INTRODUCTION

!e “gradient” of phenotype, genetic, and epigenetic features of transformed cells inside the tumor 
gives rise to the most known and studied tumor heterogeneity, the “intrinsic” one. However, increas-
ing attention is devoted to “extrinsic” heterogeneity, i.e., all those cellular and molecular “players” that 
include the non-cancerous hosting environment. Cancers develop in complex tissue environments, 
both in the primary and in the target organs of metastasis. A “hostile” setting is elicited, such as 
low oxygen, acidity, and altered metabolic conditions. Cancer cells adapt more rapidly than healthy 
ones to the adverse conditions that paradoxically sustain growth, invasion, and metastasis. In such 
an “infernal” environment, interactions between tumor cells and the associated stroma represent a 
dangerous relationship that reciprocally in"uences disease initiation, progression and, in the end, 
determines patient prognosis (1).

!e con#rmed theory that the presence of in"ammatory cells plays a crucial role within the 
tumor microenvironment (TME) is a very old one (2). “Evading immune destruction” and “tumor-
promoting in"ammation” are recognized host-dependent tumor hallmarks as de#ned by Hanahan 
and Weinberg (3). Among the tumor-friendly phenomena generated through the activity of the 

April 2018 | Volume 9 | Article 5271

REVIEW
published: 05 April 2018

doi: 10.3389/fimmu.2018.00527

Frontiers in Immunology | www.frontiersin.org

Edited by: 
Salem Chouaib,  
Institut Gustave  
Roussy, France

Reviewed by: 
Amorette Barber,  

Longwood University,  
United States  

Leticia Corrales,  
Aduro BioTech, United States

*Correspondence:
Adriana Albini 

albini.adriana@gmail.com

†These authors have contributed 
equally to this work.

‡These authors share senior 
authorship.

Specialty section: 
This article was submitted to  

Cancer Immunity and 
Immunotherapy,  

a section of the journal  
Frontiers in Immunology

Received: 21!December!2017
Accepted: 28!February!2018

Published: 05!April!2018

Citation: 
Albini!A, Bruno!A, Noonan!DM and 

Mortara!L (2018) Contribution to 
Tumor Angiogenesis From Innate 

Immune Cells Within  
the Tumor Microenvironment: 

Implications for Immunotherapy. 
Front. Immunol. 9:527. 

doi: 10.3389/"mmu.2018.00527

Contribution to Tumor Angiogenesis 
From Innate Immune Cells Within  
the Tumor Microenvironment: 
Implications for Immunotherapy
Adriana Albini1,2*†, Antonino Bruno1†, Douglas M. Noonan1,3‡ and Lorenzo Mortara3‡

1 Scienti"c and Technology Pole, IRCCS MultiMedica, Milano, Italy, 2Department of Medicine and Surgery, University 
Milano-Bicocca, Monza, Italy, 3 Department of Biotechnology and Life Sciences, University of Insubria, Varese, Italy

The critical role of angiogenesis in promoting tumor growth and metastasis is strongly 
established. However, tumors show considerable variation in angiogenic characteristics 
and in their sensitivity to antiangiogenic therapy. Tumor angiogenesis involves not only 
cancer cells but also various tumor-associated leukocytes (TALs) and stromal cells. TALs 
produce chemokines, cytokines, proteases, structural proteins, and microvescicles. 
Vascular endothelial growth factor (VEGF) and inflammatory chemokines are not only 
major proangiogenic factors but are also immune modulators, which increase angio-
genesis and lead to immune suppression. In our review, we discuss the regulation of 
angiogenesis by innate immune cells in the tumor microenvironment, specific features, 
and roles of major players: macrophages, neutrophils, myeloid-derived suppressor 
and dendritic cells, mast cells, !"T!cells, innate lymphoid cells, and natural killer cells. 
Anti-VEGF or anti-inflammatory drugs could balance an immunosuppressive microenvi-
ronment to an immune permissive one. Anti-VEGF as well as anti-inflammatory drugs 
could therefore represent partners for combinations with immune checkpoint inhibitors, 
enhancing the effects of immune therapy.

Keywords: angiogenesis, chemoprevention, tumor microenvironment, immune cells, immunotherapy

INTRODUCTION

!e “gradient” of phenotype, genetic, and epigenetic features of transformed cells inside the tumor 
gives rise to the most known and studied tumor heterogeneity, the “intrinsic” one. However, increas-
ing attention is devoted to “extrinsic” heterogeneity, i.e., all those cellular and molecular “players” that 
include the non-cancerous hosting environment. Cancers develop in complex tissue environments, 
both in the primary and in the target organs of metastasis. A “hostile” setting is elicited, such as 
low oxygen, acidity, and altered metabolic conditions. Cancer cells adapt more rapidly than healthy 
ones to the adverse conditions that paradoxically sustain growth, invasion, and metastasis. In such 
an “infernal” environment, interactions between tumor cells and the associated stroma represent a 
dangerous relationship that reciprocally in"uences disease initiation, progression and, in the end, 
determines patient prognosis (1).

!e con#rmed theory that the presence of in"ammatory cells plays a crucial role within the 
tumor microenvironment (TME) is a very old one (2). “Evading immune destruction” and “tumor-
promoting in"ammation” are recognized host-dependent tumor hallmarks as de#ned by Hanahan 
and Weinberg (3). Among the tumor-friendly phenomena generated through the activity of the 

Phenotype switch of innate immune cells in cancer
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OF2!|!CANCER DISCOVERY"JANUARY 2021 AACRJournals.org

Figure 1. !Nurturing NK cells and cytotoxic ones: a double-edged sword in pregnancy and antitumor action. NK cells in various states: A, CD56brightCD16!, 
CD9+, CD49a+ dNK cells nurturing in the reproductive system, helping embryo implant and fetal development. dNK cells produce proangiogenic factors 
(including VEGF, CXCL8, angiogenin, and galectin-1), MMP9, and glycodelin. B, CD56brightCD16!, CD9+, and CD49a+ dNK-like cells, displaying protumor 
activities, nurturing in cancer. dNK-like cells produce proangiogenic factors (including VEGF, CXCL8, and angiogenin), MMP9, and TIMP1. C, CD56dimCD16+ 
cytotoxic dNK cell activation responsible for miscarriage and pregnancy loss. Cytotoxic dNK had increased perforin, granzyme B, and IFN! expression. 
D, CD56dimCD16+ cytotoxic activities active in antitumor behavior. Cytotoxic NK cells release perforin and granzyme B and destroy the cancer cells. In 
bold are the factors produced by the NK cells. The figure images were adapted and modified from Servier Medical Art (Creative Commons license).

TGF!

TGF!

Glycodelin

Nurturing 

VEGF CD56bright 

CXCR3 
CD9 

CD49a 

PD-1 

dNK
!

Glycodelin

VEGF 

CD49a 

CD56bright CD16dim 

CXCR3 
CD9 

PD-1 

dNK-
like

NKp30

NKG2D

DNAM11

pNK Perforin

Granzyme

CD56dim 

CD56dim 

CD16+ 

CD16+ 
NKp30

NKG2D

DNAM11

NK Perforin

Granzyme

Miscarriage 

Protumor 

Antitumor 

IL10 

A  dNK: decidual NK  B  dNK-like: decidual-like NK  

C  dNK: cytotoxic dNK  D  pNK: cytotoxic  

IL10 

MMP9 MMP9 

CD16– 

NKG2A 

NKG2A 

CXCL8 

CXCL8 

Normal cell 

Tumor cell 

Normal cell 

Apoptotic tumor cell 

Research. 
on January 4, 2021. © 2020 American Association for Cancercancerdiscovery.aacrjournals.org Downloaded from 

Published OnlineFirst December 4, 2020; DOI: 10.1158/2159-8290.CD-20-0796 

Nurturing NK cells and cytotoxic ones:

A double-edged sword in 
pregnancy and antitumor 

action 

Albini A, Noonan DM, Cancer Discovery, jan 2021



Il microbiota
Possiamo definire il microbiota intestinale 
umano come l'insieme dei microorganismi che 
si trovano nel tubo digerente dell'uomo. Qui 
vivono dalle 500 alle 1000 specie differenti di 
microorganismi, i più numerosi dei quali sono 
batteri seguiti da miceti e virus. 

Di recente, i ricercatori hanno stabilito un legame tra il microbiota intestinale e il peso 
corporeo. Le persone obese tendono ad avere una composizione diversa dei batteri 
intestinali paragonati ad individui magri. 

Gli studi mostrano che la composizione del microbiota intestinale si modifica con la 
perdita di peso e/o con l’aumento di peso; tuttavia, il significato di tali cambiamenti 
per la salute umana è ancora dibattuto

Il microbiota intestinale partecipa al metabolismo dei carboidrati, delle proteine e dei 
lipidi, regola la secrezione degli ormoni, del pH e degli ioni H, nonché la produzione di 
composti anti-batterici





Buoni germi per buona salute e longevità: il 
microbiota (alias: flora intestinale)



Profili metabolici in seguito al consumo di 
alimenti



Chemoprevention

The concept of Chemoprevention:
In 1976, Michael Sporn defined   chemoprevention:"The use of 
specific agents to reverse, suppress or prevent the 

carcinogenic process to invasive cancer."

Michael Sporn

"The use of specific agents to 
reverse, suppress or prevent the carcinogenic 

process to invasive cancer."



Aspirin in 
Chemoprevention

Effect of daily aspirin on long-term risk 
of death due to cancer: analysis of 
individual patient data from randomised
trials  Rothwell PM et al Lancet. 
2011;377(9759):31-41

Targeting inflammation:
Several types of cancers are 
prevented

Warfarin had no effect over the 
same time period



From diabetes cure to cancer prevention
… via angioprevention? 

METFORMIN

A decreased risk of breast cancer was observed in female patients with type
2 diabetes using metformin on a long-term basis.

Bodmer M et al, Diabetes Care 2010
Epidemiological studies have confirmed that metformin, but not
other anti-diabetic drugs, significantly reduces cancer incidence and
improves cancer patients’ survival in tipe 2 diabetics.

Evans JM et al. BMJ 2005
Landman GW et al. Diabetes Care 2010



Combination Chemoprevention (to the 
micreonvironment): Metformin + Aspirin? 



MOLECULES CHEMOPREVENTIVE 
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An Olive Oil Mill Wastewater Extract
Improves Chemotherapeutic Activity
Against Breast Cancer Cells While
Protecting From Cardiotoxicity
Nadia Benedetto 1†, Luana Calabrone1†, Karolina Gutmańska 1, Nicoletta Macrì 1,
Maria Grazia Cerrito 2, Riccardo Ricotta 3, Giuseppe Pelosi 1,4, Antonino Bruno1,5*,
Douglas M. Noonan1,5‡ and Adriana Albini 6*‡

1 IRCCS MultiMedica, Milan, Italy, 2 School of Medicine and Surgery, University of Milano-Bicocca, Monza, Italy, 3 IRCCS

MultiMedica, Sesto San Giovanni, Italy, 4 Department of Oncology and Hemato-Oncology, University of Milan, Milan, Italy,
5 Immunology and General Pathology Laboratory, Department of Biotechnology and Life Sciences, University of Insubria,

Varese, Italy, 6 European Institute of Oncology (IEO) IRCCS, Milan, Italy

Cardiovascular toxicity in cancer patients receiving chemotherapy remains one of the

most undesirable side effects, limiting the choice of the most efficient therapeutic

regimen, including combinations of different anticancer agents. Anthracyclines

(doxorubicin) and antimetabolites (5-fluorouracil (5-FU), capecitabine) are among the

most known agents used in breast cancer and other neoplasms and are associated

with cardiotoxic effects. Extra-virgin olive oil (EVOO) is rich in polyphenols endowed

with antioxidant cardioprotective activities. Olive mill wastewater (OMWW), a waste

product generated by EVOO processing, has been reported to be enriched in

polyphenols. In this study, we investigated the activities of polyphenol-rich extract

from OMWW, A009, in cooperation with chemotherapy on two breast cancer cell

lines, namely, BT459 and MDA-MB-231, in a cardio-oncology perspective. The effects

of A009 on cardiac cells were also investigated with and without chemotherapeutic

agents. Cell viability was determined on BT459 and MDA-MB-231 (i.e., breast

cancer cells) and H9C2 (i.e., rat cardiomyocytes) cells, using 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. A spheroids assay was used as

a 3D in vitro model on BT459 and MDA-MB-231 cells. For in vivo studies, the

murine sponge assay of angiogenesis was used as a model of breast cancer-

associated vascularization. The embryo of Danio rerio (zebrafish) was used to detect

the cardioprotective activities of the OMWW. We found that the A009 extract

exhibited antiangiogenic activities induced by breast cancer cell supernatants and

increased T-cell recruitment in vivo. The combination of the OMWW extracts with

doxorubicin or 5-FU limited BT459 and MDA-MB-231 cell viability and the diameter

of 3D spheroids, while mitigating their toxic effects on the rat H9C2 cardiomyocytes.

Cardioprotective effects were observed by the combination of OMWW extracts with

doxorubicin in zebrafish embryos. Finally, in human cardio myocytes, we observed 5-

FU-induced upregulation of the inflammatory, senescence-associated cytokine IL6 and

marine drugs 
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Abstract: Photochemoprevention can be a valuable approach to counteract the damaging effects of
environmental stressors (e.g., UV radiations) on the skin. Pigments are bioactive molecules, greatly
attractive for biotechnological purposes, and with promising applications for human health. In this
context, marine microalgae are a valuable alternative and eco-sustainable source of pigments that still
need to be taken advantage of. In this study, a comparative in vitro photochemopreventive effects
of twenty marine pigments on carcinogenic melanoma model cell B16F0 from UV-induced injury
was setup. Pigment modulation of the intracellular reactive oxygen species (ROS) concentration and
extracellular release of nitric oxide (NO) was investigated. At the cell signaling level, interleukin 1-�
(IL-1�) and matrix metallopeptidase 9 protein (MMP-9) protein expression was examined. These
processes are known to be involved in the signaling pathway, from UV stress to cancer induction.
Diatoxanthin resulted the best performing pigment in lowering MMP-9 levels and was able to
strongly lower IL-1�. This study highlights the pronounced bioactivity of the exclusively aquatic
carotenoid diatoxanthin, among the others. It is suggested increasing research efforts on this molecule,
emphasizing that a deeper integration of plant ecophysiological studies into a biotechnological
context could improve the exploration and exploitation of bioactive natural products.

Keywords: diatoxanthin; alloxanthin; oxidative stress; carotenoids; anti-inflammation; ROS; photo-
protection; chemoprevention; metalloproteinase MMP-9; interleukin 1 beta

1. Introduction

Skin represents a barrier between organism and environment, being exposed to direct
oxidative injury determined by ultraviolet (UV) radiation, representing the first level of
immune defense. An acute UV exposure causes short- and long-term deleterious effects
on human epidermis, such as sunburn, connective tissue deterioration, DNA injury, and
immune suppression [1]. In addition, chronic exposure to UV radiation can be deleterious,
leading to various long-term damaging effects, including skin aging (photoaging) or skin
cancer (photocarcinogenesis). Photoaging results from a cumulative damage caused by
UV exposure-induced oxidative products [2]. Indeed, UV-radiation induces in skin tissue
an increased generation of intracellular reactive oxygen species (ROS), an over-expression
of matrix metalloproteinases (MMPs), and the production of proinflammatory cytokines
(Interleukins-IL) through extracellular nitric oxide (NO) signaling [3]. An increase of intra-
cellular ROS induces the phosphorylation of protein kinases through mitogen-activated

Mar. Drugs 2021, 19, 354. https://doi.org/10.3390/md19070354 https://www.mdpi.com/journal/marinedrugs
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Abstract: Epidemiological studies are providing strong evidence on beneficial health e↵ects from
dietary measures, leading scientists to actively investigate which foods and which specific agents in
the diet can prevent diseases. Public health o�cers and medical experts should collaborate toward the
design of disease prevention diets for nutritional intervention. Functional foods are emerging as an
instrument for dietary intervention in disease prevention. Functional food products are technologically
developed ingredients with specific health benefits. Among promising sources of functional foods
and chemopreventive diets of interest, microalgae are gaining worldwide attention, based on their
richness in high-value products, including carotenoids, proteins, vitamins, essential amino acids,
omega-rich oils and, in general, anti-inflammatory and antioxidant compounds. Beneficial e↵ects of
microalgae on human health and/or wellness could in the future be useful in preventing or delaying
the onset of cancer and cardiovascular diseases. During the past decades, microalgal biomass was
predominately used in the health food market, with more than 75% of the annual microalgal biomass
production being employed for the manufacture of powders, tablets, capsules or pastilles. In this
review, we report and discuss the present and future role of microalgae as marine sources of functional
foods/beverages for human wellbeing, focusing on perspectives in chemoprevention. We dissected
this topic by analyzing the di↵erent classes of microalgal compounds with health outputs (based on
their potential chemoprevention activities), the biodiversity of microalgal species and how to improve
their cultivation, exploring the perspective of sustainable food from the sea.

Keywords: functional food; microalgae; nutraceutical; chemoprevention; marine bioactive
compounds; cancer

1. Introduction

Among the new entries in the sector of food supplements, microalgae have emerged as nutraceutical
elements, endowed with beneficial e↵ects on health. Microalgae are a large group of unicellular
prokaryotic and eukaryotic organisms that are mainly autotrophic.

Marine microalgae have a high growth/productive rate [1] and interest in these microorganisms
from a biotechnological perspective has been rapidly growing in the last decade as a source of sustainable

Nutrients 2019, 11, 1226; doi:10.3390/nu11061226 www.mdpi.com/journal/nutrients
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a b s t r a c t

Carnitines play an important role in the energy exchange in cells, and are involved in the transport of
fatty acids across the inner mitochondrial membrane. L-Acetylcarnitine (ALCAR) is an acetic acid ester of
carnitine that has higher bioavailability and is considered a fat-burning energizer supplement. We
previously found that in serum samples from prostate cancer (PCa) patients, 3 carnitine family members
were signi!cantly decreased, suggesting a potential protective role of carnitine against PCa. Several
studies support bene!cial effects of carnitines on cancer, no study has investigated the activities of
carnitine on tumor angiogenesis.

We examined whether ALCAR acts as an “angiopreventive” compound and studied the molecular
mechanisms involved. We found that ALCAR was able to limit in"ammatory angiogenesis by reducing
stimulated endothelial cell and macrophage in!ltration in vitro and in vivo. Molecularly, we show that
ALCAR downregulates VEGF, VEGFR2, CXCL12, CXCR4 and FAK pathways. ALCAR blocked the activation of
NF-kB and ICAM-1 and reduced the adhesion of a monocyte cell line to endothelial cells. This is the !rst
study showing that ALCAR has anti-angiogenic and anti-in"ammatory properties and might be an
attractive candidate for cancer angioprevention.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Angiogenesis is a process characterized by the formation of new
blood vessels from pre-existing ones, acting as a crucial vascular
orchestrator both in physiological and pathological conditions
[22,24,41,82]. A strict physiological balance between endogenous
pro-angiogenic and anti-angiogenic factors regulate the endothelial
cell growth and angiogenesis [29]. Induction of aberrant angio-
genesis represents a shared hallmark in several chronic in"am-
matory diseases, such as diabetes, cardiovascular diseases,
metabolic syndrome and cancer [22]. Tumor angiogenesis is
essential for oxygen and nutrient delivery to growing tumors, and
provides a roadway to disseminate to distant organs [22,29].
Increased attention has been addressed to approaches aimed at
preventing cancer by suppressing angiogenesis, leading to the

concept of angioprevention [6]. Current clinically employed anti-
angiogenic agents target the vascular endothelial growth factor
(VEGF) pathway [47]. However, most of clinically employed anti-
angiogenic drugs are only effective in a subset of patients, usually
relapse occurs, and they are not without toxicities [80]. Therefore,
the identi!cation of new anti-angiogenic compounds which could
overcome these drawbacks are urgently needed. During the last
decades, great efforts have been addressed to diverse diet derived
compounds (nutraceuticals), that have been explored for their
ability to prevent or slow down cancer, given their anti-
proliferative, anti-in"ammatory, anti-oxidant and pro apoptotic
activities [1,6,10,13,46,54,62,75e77,81]. Many of these agents also
have been observed to block tumor progression by inhibiting
angiogenesis [6,25,26,74,78]. Major features of these agents are
represented by their low toxicity, and high tolerability over long
term administration.

Carnitine (b-hydroxy-g-N-trimethylaminobutyric acid) is a
naturally occurring quaternary ammonium compound and its de-
rivatives acetyl-L-carnitine and propionyl-L-carnitine, are essential

* Corresponding author. School of Medicine and Surgery, University of Milano-
Bicocca, Edi!cio U8, Via Cadore 48, Monza, MI 20900, Italy.
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0304-3835/© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Effetti benefici dell’attività fisica 
per la salute e la prevenzione





Quanto?



Piepoli MF et al. Eur J Prev Cardiol 2016; 23: NP1-96



Courtesy of Gaia Cattadori



Prevenzione Primaria



Courtesy of Gaia Cattadori

Prevenzione
Secondaria





Physical Activity Guidelines for Americans, 2nd edition | 2018 U.S. Department of Health and Human Services





Courtesy of Gaia Cattadori



Studio di Kaiser Permenente nel sud della 
California USA

•48 440 adulti con diagnosi di COVID 19

•Livelli di attività fisica riportati due anni prima

•Confronto inattivo con attivo (= esercizio 150 
min)

•Ricovero in terapia intensiva e morte

L'inattività fisica aumenta il rischio:

•126% di ricovero

•73% di cura in terapia intensiva

•149% di morte

Inattività fisica associata a un rischio più elevato di COVID grave



Fattori di rischio nell'infanzia-(ruolo della famiglia)

•Dislipidemia

•Obesità

•Alta pressione sanguigna

•Fumo passivo

•Inattività fisica

•Dieta malsana

•Stato socioeconomico basso

•Mancanza di istruzione

•Disuguaglianze sanitarie

•Scarsa alfabetizzazione sanitaria



Effetti benefici dell’attività fisica:

Miglioramento della salute delle ossa e del peso per i bambini dai 3 ai 5 anni.

Miglioramento della funzione cognitiva per i giovani dai 6 ai 13 anni.

Benefici per la salute del cervello, tra cui possibile miglioramento della funzione cognitiva, 
riduzione del rischio di ansia e depressione e miglioramento del sonno e della qualità della vita.

Per le donne in gravidanza, rischio ridotto di aumento di peso eccessivo, diabete gestazionale e 
depressione postpartum.

Per gli anziani, rischio ridotto di lesioni da caduta.

Per le persone con varie condizioni mediche croniche, ridotto rischio di mortalità per tutte le cause 
e specifiche per malattia, miglioramento della funzione fisica e migliore qualità della vita.

Ridotto rischio di cancro in gran numero di siti.

Physical Activity Guidelines for Americans, 2nd edition | 2018 U.S. Department of Health and Human Services



Rapporto tra esercizio fisico da moderato a vigoroso, tempo di 
sedentarieta e rischio di mortalità per tutte le cause negli adulti

Physical Activity Guidelines for Americans, 2nd edition | 2018 U.S. Department of Health and Human Services



Relationship of Moderate-to-Vigorous Physical Activity to All-
Cause Mortality

Physical Activity Guidelines for Americans, 2nd edition | 2018 U.S. Department of Health and Human Services



Many types of physical activity may lower risk of 
death for older adults (age 59-82)

In older adults getting regular 
physical activity*, risk of death 
decreased – regardless of type of 
activity.

Watts EL, et al. Association of Leisure Time Physical Activity Types and Risks of All-Cause, 
Cardiovascular, and Cancer Mortality Among Older Adults. JAMA Network Open. August 24, 2022.

Credit: “Pickleball-5” by Ron B. CC BY 2.0
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*7.5 to 15 MET per week





How do we incentivize a 
healthy lifestyle and/or 

disincentivize an unhealthy
lifestyle?



Barriere sistemiche allo stile di vita sano

Sfide per aderire a modelli dietetici sani

Fattori socioeconomici e insicurezza alimentare e nutrizionale

Discriminazione strutturale e segregazione di quartiere

Marketing mirato di cibi e bevande malsane

Barriere ambientali da esercitare

Mancanza di accesso alla palestra e alle strutture per l'allenamento

Pochi parchi o spazi verdi

Mancanza di posti sicuri e convenienti per camminare o andare in bicicletta
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Source: NCI Surveillance, Epidemiology, and End Results Program (SEER), seer.cancer.gov

For more, see Lawrence, et al: Trends in Cancer Mortality Among Black 
Individuals in the U.S. From 1999 to 2019 – JAMA Oncology, May 19, 2022



Sauer et al, Cancer Epidemiol Biomarkers Prevent 28: 629-42, 2019 

ü healthier lifestyle factors 
ü greater use of cancer 

screening tests

More 
education

is associated with:



Closer integration with prevention and screening for neoplastic disease

Addressing health disparities in addition to other disparities

Making it easier for people to adopt healthy lifestyles, prevention, and screening

Implications for health disparities from the beginning when developing new technology 

Simplified screening approaches to detect a wider range of cancers hold great potential, 
provided they are evidence-based and can be equitably deployed

To do:





Figure 1.
CPWG actions to accomplish its mission. Adapted from CPWG Charter (https://www.aacr.org/professionals/membership/scientific-
working-groups/cancerprevention- working-group/cpwg-charter/).

CPWG actions to accomplish its mission

Albini A. Cancer Prevention Prioritized at AACR Annual Meeting and a New Working 
Group. Cancer Prev Res 2022;15:475–80



Cancer:
Progress by Many Measures

Treatment
• New therapies

• Imaging, 
radiation 
oncology and 
surgery advances

• Precision 
medicine

• Immunotherapy

Prevention
• Interventions for 

infection-related 
cancers

• Cancer 
susceptibility 
genes

• Drug and surgical 
risk reduction 
strategies

• Disparities

Quality of Life
• Better toxicity 

management

• Less intensive 
therapies

• Palliative care 
integration

Survivorship
• Growing 

research area

• Late effects 
identified

• Surveillance 
strategies 
established



Fare sport o 
attività fisica

LO SPORT ASSIEME 
ALLA DIETA 

MANTIENE IN SALUTE: 
UNA SCHERMITRICE 
ARMATA CONTRO IL 

CANCRO



Stile di vita NON salutare
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La dieta Hi- tech



Il Carrello della spesa intelligente

Dotato di uno strumento per la nutrizione virtuale
che, tramite la lettura dei codici a barre, riconoscerà l'ammontare totale di 
calorie, grassi e zuccheri dei prodotti che si intende acquistare segnalando in 
caso di sgarri eccessivi e sconsigliando gli alimenti poco sani.


