
The The developmentdevelopment of of RadiobiologyRadiobiology in in ItalyItaly::
criticalcritical pointspoints

ControlledControlled clinicalclinical trialstrials are are increasinglyincreasingly promotedpromoted byby
PharmaceuticalPharmaceutical IndustryIndustry ((sponsoredsponsored trialstrials).).
The The mainmain investigatorinvestigator isis oftenoften a a MedicalMedical OncologistOncologist
((notnot interestedinterested in in radiobiologyradiobiology).).
Few experimental studies are planned to investigate in Few experimental studies are planned to investigate in 
the lab the interaction the lab the interaction betweenbetween new new therapytherapy and and 
radiationradiation..
ThereThere shouldshould bebe a strong a strong needneed forfor the the selectionselection of of 
tumorstumors whichwhich mustmust bebe investigatedinvestigated..
PharmaceuticalPharmaceutical IndustryIndustry shouldshould promotepromote alsoalso basic basic 
researchresearch in the in the fieldfield of of radiobiologyradiobiology..



PotentialPotential investigationsinvestigations
In vivo In vivo studiesstudies: : murinemurine tumorstumors, , humanhuman xenograftsxenografts

In vivo studies: cell kineticsIn vivo studies: cell kinetics

In vitro studies: spheroids, monoIn vitro studies: spheroids, mono--layerslayers

Reverse translational research (from bedside to Reverse translational research (from bedside to benchbench))

MathematicalMathematical modelsmodels toto useuse forfor the the choicechoice of of 
fractionationfractionation and the and the optimizationoptimization of treatment of treatment 
planningplanning



Gruppo di Ricerca in Gruppo di Ricerca in RadiobiologiaRadiobiologia--
GRRGRR

-- a livello intera livello inter--dipartimentale dipartimentale 
((intraintra--istituzionaleistituzionale))
-- a livello intera livello inter--istituzionale  istituzionale  
(Università, IRCCS, INFN, (Università, IRCCS, INFN, AslAsl, Enti , Enti 

privati)privati)



GRRGRR

LaboratoryLaboratory--basedbased ResearchResearch::
ricercatore sperimentale (biologo,ricercatore sperimentale (biologo,anatomoanatomo--
patologopatologo, biofisico, , biofisico, clinicalclinical investigatorinvestigator etcetc))
ImageImage--guidedguided ResearchResearch::
radiodiagnostaradiodiagnosta,,medicomedico--nuclearenucleare, fisico, , fisico, 
chimico chimico 
Clinical Clinical InvestigationInvestigation::
radioterapistaradioterapista, oncologo medico, , oncologo medico, 
ematologo, chirurgo, fisicoematologo, chirurgo, fisico





ProblematicheProblematiche

Finanziamento: progetti finalizzati Finanziamento: progetti finalizzati 
nazionali (Ministero, CNR, AIRC) e nazionali (Ministero, CNR, AIRC) e 
internazionali (internazionali (BiomedBiomed))
Sponsorizzazione di Enti privatiSponsorizzazione di Enti privati
(evitare conflitto di interesse).(evitare conflitto di interesse).



“In vivo” “In vivo” investigationinvestigation::
constraintsconstraints

EthicalEthical problemsproblems ((studiesstudies in in HumansHumans and and 
AnimalsAnimals))
Difficulties to obtain many  specimens Difficulties to obtain many  specimens forfor
researchresearch after first after first biopsybiopsy forfor diagnosisdiagnosis
Logistical aspectsLogistical aspects
Need for a strong correlation between Need for a strong correlation between 
biological parameter and clinical biological parameter and clinical outcomeoutcome



“In vitro” “In vitro” investigationinvestigation::
constraintsconstraints

DifficultyDifficulty in the in the assessmentassessment of the of the actualactual rolerole
of a of a biologicalbiological parameterparameter;;
The The prepre--treatmenttreatment valuevalue maymay changechange duringduring
the the radiotherapyradiotherapy coursecourse;;
IntraIntra and and interinter--tumoraltumoral heterogeneityheterogeneity;;
Lab Lab analysisanalysis maymay bebe notnot standarizedstandarized;;
The The biologicalbiological bankbank maymay bebe a a solutionsolution in in 
controlledcontrolled clinicalclinical trialstrials..



PotentialPotential prognosticprognostic factorsfactors and and predictorspredictors of of responseresponse toto
radiotherapyradiotherapy in HNin HN--SCCSCC

((spontaneousspontaneous investigationsinvestigations))

IntrinsicIntrinsic radiosensibilityradiosensibility SF2 SF2 GyGy
Cell kinetics (LI% Cell kinetics (LI% -- Tpot, cyclinTpot, cyclin--D1, Ki 67%, others)D1, Ki 67%, others)
Hypoxic measurement (pimonidazole index, pO2 measurement, osteopHypoxic measurement (pimonidazole index, pO2 measurement, osteopontin)ontin)
Molecular genetics (p53, p16, p21, p 27)Molecular genetics (p53, p16, p21, p 27)
Multiple genetic aberration (LOH)Multiple genetic aberration (LOH)
DrugDrug--DNA adducts and many others……DNA adducts and many others……
EGFEGF--R ?R ?

None of the aboveNone of the above has entered clinical practice to has entered clinical practice to improveimprove prognosticprognostic indexindex
and and toto selectselect patients who patients who maymay benefit benefit fromfrom chemochemo--radiotherapyradiotherapy or or 

alteredaltered fractionatedfractionated radiotherapyradiotherapy



ForwardForward TranslationalTranslational ResearchResearch
((GenoaGenoa-- 20002000--2008)2008)

ToTo investigate the investigate the in vivoin vivo IntraIntra--BoneBone ––Transplant Transplant 
(IBT) feasibility after Total Body Irradiation(IBT) feasibility after Total Body Irradiation
(future impact on BMT in clinics).(future impact on BMT in clinics).

To evaluate To evaluate in vitroin vitro the modulation of the the modulation of the 
radiosensitivityradiosensitivity of a of a radioresistantradioresistant humanhuman SCC SCC fromfrom
HN HN embeddedembedded in in collagencollagen gelsgels ((stromalstromal influenceinfluence) ) 
(future impact on (future impact on radiotherapyradiotherapy forfor aggressive SCCaggressive SCC--
HN).HN).



Total Body Total Body IrradiationIrradiation
forfor IntraIntra--BoneBone MarrowMarrow --TrasplantTrasplant

BoneBone MarrowMarrow TransplantationTransplantation powerfulpowerful strategystrategy
forfor the cure of the cure of congenitalcongenital immunodeficiencyimmunodeficiency, , 
hematologicalhematological and and metabolicmetabolic disordersdisorders..
ImportantImportant subjectsubject toto solve: solve: GvHDGvHD
GoalGoal: injection of donor bone marrow cells : injection of donor bone marrow cells directlydirectly
intointo the the bonebone marrowmarrow cavitycavity inducesinduces persistentpersistent
donordonor--specificspecific tolerancetolerance in in micemice eveneven ifif radiationradiation
dose are dose are reducedreduced toto sublethalsublethal levelslevels



RationaleRationale

ToTo exploreexplore IBMIBM--BMT in BMT in orderorder toto::
-- ToTo shiftshift lethallethal TBI dose TBI dose toto sublethalsublethal dosedose
-- To reduce GvHD by giving less donor cellsTo reduce GvHD by giving less donor cells
-- To avoid heavy late radiationTo avoid heavy late radiation--induced induced 

toxicitytoxicity
-- To deliver BMT also in older To deliver BMT also in older patientspatients
--



IntravenousIntravenous marrowmarrow infusioninfusion





IntraIntra--BoneBone MarrowMarrow--BMTBMT





ResultsResults

IntraIntra--bonebone transplantationtransplantation (IBT) (IBT) isis associatedassociated
withwith a a seedingseeding efficiencyefficiency 15 15 timestimes greatergreater thanthan
intraintra--venousvenous transplantationtransplantation..

IBT IBT maymay bebe usefuluseful whenwhen a a limitedlimited numbernumber of of 
donor donor progenitorsprogenitors are are availableavailable suchsuch asas cordcord bloodblood
cellscells
WithWith IBT the dose of TBI IBT the dose of TBI maymay bebe reducedreduced..



Conditioning regimen
for bone marrow transplant

TBI   

Stem Cell Killing



Conditioning regimens for
stem cell transplantation

TBI  

Immunosuppressive Effect



OngoingOngoing investigationinvestigation

ToTo evaluateevaluate the the distributiondistribution of in vivo of in vivo 
hematopoietichematopoietic cellscells injectedinjected eithereither i.v.i.v. or or intraintra--
bonebone in in LewisLewis micemice submittedsubmitted toto irradiationirradiation
Day Day –– 2:2: Total Mouse IrradiationTotal Mouse Irradiation (range 6(range 6--9 9 
Gy)Gy)
Day 0Day 0: : TransplantTransplant ((i.v.i.v. or or intraintra--bonebone) ) withwith
radiotracerradiotracer Tc99.Tc99.
AnalysisAnalysis of of distributiondistribution byby gammagamma--camera. camera. 



The “in vitro The “in vitro collagencollagen gel” modelgel” model

CollagenCollagen gelsgels are are foundfound widewide applicationsapplications in in biologybiology
asas a in vitro a in vitro scaffoldscaffold forfor growinggrowing a a viarietyviariety of of cellcell
typestypes reproducingreproducing the 3the 3--D D enviromentenviroment foundfound in in 
vivo.vivo.

AsAs comparedcompared toto monolayermonolayer ((collagencollagen fibersfibers)  in the )  in the 
33--D D spatialspatial volume (volume (spheroidspheroid) ) cellcell metabolicmetabolic activityactivity
isis limitedlimited. . ThisThis model model isis similarsimilar toto in vivo model in vivo model 
withwith respectrespect toto radiosensitivityradiosensitivity. . 











InfluenceInfluence of of stromalstromal factorsfactors on on 
radiosensitivityradiosensitivity of SCCof SCC

HumanHuman fibroblastsfibroblasts
Contracted collagen gelsContracted collagen gels
Retinoid acid and Retinoid acid and otherother paracrine paracrine factorsfactors
StromalStromal endothelialendothelial cellscells

maymay
increaseincrease (or modulate) (or modulate) radiosensitivityradiosensitivity


