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Considerazioni'preliminari'



  to the “philosophy of models” which  
 

!  takes most of what we know about the individual patient 
into account (more pt-centered), to try  

!  to produce an estimate of patient’s present condition 
(e.g., pos. lymphnodes) and/or his/her future outcome 

(e.g., clinical results or radioinduced toxicity) 

!1.!In!Medicine,!we!are!facing!an!increasing!need!and!wish!to!move!!
from!evalua9on!of!“mean!effect”!as!derived!from!the!!

present!“philosophy'of'clinical'trial”,'i.e.!of!group!comparison,!



2.!Treatment!planning!procedures!greatly!benefiBed!!
from!the!rou9ne!u9liza9on!!

of!sophis9cated!dosimetric!predic9ve!models.!!!
This!resulted!in!a!very!limited!incidence!of!radioDinduced!side!effects!

exhibited!by!our!pa9ents!!
However,!!

!
! it!is!becoming!more!and!more!evident!that!!

dosimetric=only'predic4ve'tools'are'scantly'helpful''
in!an9cipa9ng!the!knowledge!of!the!risk!of!developing!!

that'specific'toxic'event'in'the'individual'pa4ent'

Predic4ng'Radio=induced'Toxicity'



Factors'predic4ng'radio=induced'toxicity'in'
prostate'cancer'

'

What'have'we'learned?'



Ingredients!to!be!considered!are!
the!followings:!

Dosimetric'
factors'

Clinical'
factors'

Gene4c'
factors'

Predictive Factors of Radio-induced Toxicity  
What have we learned? The three Ingredients 

There is a dose-response relationship: 
" Dose to OaRs = " probability of tox events 

Modifiers of dose-response relationship: 
given the same dose levels,  

subgroups of pts have greater (less)  
probabilities of tox events 



Factors'predic4ng'radio=induced'toxicity'in'
prostate'cancer''

'

Historical'scenario'



RECTUM'
SMALL'BOWEL'

PENILE'BULB'

Every! 9me! the! role! of! a! variable! and! its! rela9onship! with! toxicity!
were! determined,! at! the! same! 9me! the! role! of! a! new! type! of!
variable!was!unveiled!

BLADDER'
(acute/late)'effects'



Factors'predic4ng'radio=induced'toxicity'in'
prostate'cancer'

''

The'rectum'paradigm'



Boersma,!IJROBP,!1998! Skwarchuk,!IJROBP,!2000!

No!doseDvolume!rela9onship!
for!grade!≥!2!toxicity!
!
DoseDvolume!rela9onship!!
for!grade!3!toxicity!

DoseDvolume!rela9onship!!
for!grade!≥!2!toxicity!!
!
No!doseDvolume!rela9onship!for!
grade!3!toxicity!

Late'Rectal'Toxicity'

1995'→'2000'' 'The'Age'of'Chaos'

↔'

↔'



Dale,!!IJROBP,!1999!

“The%maximum%rectal%dose%is%%

the%only%parameter%correlated%to%

late%rectal%bleeding%(G1+)”%

Late'Rectal'Toxicity'

1995'→'2000'' 'The'Age'of'Chaos'



Lebesque,.IJROBP.1995.

The!major!problem!was!related!to!
the!reliability!and!reproducibility!of!
rectal!DVHs:!

!  !hollow!organ!
!  !variable!volume!
!  !variable!shape!
!  !variable!posi9on!

But!also!mixing!toxicity!end!points!in!scoring!systems:!
!

can!we!expect!the!same!doseDvolume!effect!for:!!
!

# rectal!bleeding!!
# faecal!incon9nence!!
# abdominal!pain!

?

1995'→'2000'''' 'Reasons'for'Chaos'



1. Sharing!rules!for!rectum!contouring!
2. Reducing!the!spacing!between!CT!slices!
3. Emptying!the!rectum!!
!

4. Selec9ng!different!endpoints!for!different!symptoms!
5. Using!selfDassessed!ques9onnaires,!systema9cally!
6. Choosing!adequate!followDup!

And!the!first!studies!with!comparable!results!on!doseD
volume!effects!evalua9ng!late!rectal!bleeding!became!
available!

≥2000' 'Emerging'from'Chaos:'Problem'Solving'
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C. Fiorino, T. Rancati and R. Valdagni, Cancer, 2009 

# !!!Late!rectal!bleeding:!keeping!grade!2D3!below!5D10%!!
# !!!A!cutDoff!DVH!derived!from!the!literature!was!proposed!!

2000=2009'''''''The'Dosimetric'Age:'towards'a'Consensus'



DVH'constraints'to'reduce'late'rectal'bleeding:'
Evidence'Based?'''Maybe'…!

Indirect'evidence:''
Fonteyne'et'al,'Acta'Oncol'2015'
Single'centre'experience'(≈600'pts)'
!

Stricter DVH constraints 
resulted in significantly 

lower toxicity rates'



C.!Fiorino!et!al,!AIROPROS!0102,!Rad&Oncol,!2008! S.!Peeters!et!al,!Dutch!trial,!IJROBP,!2006!

G3!late!rectal!bleeding!

More!sophis9ca9on!than!single!doseDvolume!constraints:!
Normal!Tissue!Complica9on!Probability!modeling!!
for!nonDuniform!irradia9on!of!the!rectum!in!the!single!pa9ent!

2000=2009'''''''The'Dosimetric'Age:'towards'a'Consensus'



# !!Use!of!a!set!of!solid!doseDvolume!constraints! ! ! !
!(V40Gy,!V50Gy,!V70Gy,!V75Gy)!

# !!Use!of!logis9c!curves! ! ! ! ! ! ! ! ! ! ! !!
!(prob.!of!rectal!injury!vs!V40Gy,!V50Gy,!V70Gy,!V75Gy)!

# !!Use!of!DVH!reduc9on!to!EUD!

# !!Use!of!NTCP!models!

2000=2009'''''''The'Dosimetric'Age:'Consensus'



From!anatomy/doseD!based!
treatment!planning!

!

to!pa9ent/disease/doseD!based!
treatment!tailoring!

!The!Tailor,!GB!Moroni,!c.!1570,!!
Na9onal!Gallery,!London!

Reduc9onism!

Holism!

2004'→'2009:' 'The'Clinical=Dosimetric'Age'



Whenever!possible,!the!applica9on!in!the!RT!planning!of!!
!

! well!defined!doseDvolume!constraints!and!of!!

! NTCP!models!

promotes!the!reduc9on!of!both!!
!

1.  the!incidence!of!late!radioDinduced!toxicity!
2.  the!impact!of!dosimetric!factors!and!

2004'→'2009:' 'The'Clinical=Dosimetric'Age'



New!risk!factors!can!be!unveiled:!
!

# !!clinical!risk!factors!(or!protec9ve!factors*),!such!as!!
!!!haemorrhoids!!
!!!an9coagulants*!!
!!!an9hypertensives*!
!!!hormonal!therapy*!
!!!previous!abdominal!surgery!
!

# !!radiobiological!factors,!such!as!!
!!!the!sequen9al!rela9onship!between!acute!and!late!damage!

2004'→'2009:' 'The'Clinical=Dosimetric'Age'



G.!Fellin!et!al,!AIROPROS!0102,!Rad&Oncol,!2009! DeFraene!et!al,!Dutch!trial,!IJROBP!2011!

Iden9fying!subgroups!of!pa9ents!with!an!enhanced!risk!of!late!
rectal!bleeding!(e.g.!abdominal!surgery)!and!
developing!different!doseDvolume!curves!(and!constraints)!
for!these!subDpopula9on!of!pa9ents!

LATE RECTAL BLEEDING of grade > or = 2
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2004'→'2009:' 'The'Clinical=Dosimetric'Age'



DeFraene!et!al,!Dutch!trial!IJROBP!2011! Fiorino!et!al,!AIROPROS!0102,!!IJROBP!2012!

Late'fecal'incon4nence,'clinical'risk'factors:'
abdominal'surgery,'diabetes,'use'of'an4hypertensives'and'

previous'disease'of'the'colon!

2004'→'2009:' 'The'Clinical=Dosimetric'Age'



2007'→'Predic9ve!Models:!a!new!problem!arose!

How!to!combine!in!
a!friendly!tool!!
several!variables?!

i.e.!!dosimetric!variables!plus!clinical!variables!



Points
  0  10  20  30  40  50  60  70  80  90 100

Pre-RT abdominal 
surgery No

Yes

V75 Gy (%)
0 1 2 3 4 5 6 7 9

nomacu
5 10 15 20 25 30 35 40 45 50 55 60

Total Points
  0  20  40  60  80 100 120 140 160 180 200 220 240 260 280

Prob. G2-G3 
Late Rectal bleeding 0.05 0.1 0.2 0.3 0.4 0.5 0.6

Analyse!the!combined!effects!of!mul9ple!independent!factors!found!to!
be!prognos9cally!valuable,!helping!evaluate!a!single!pa9ent’s!clinicalD

dosimetric!parameters!and!provide!a!tailored,!easy.to.calculate,!
probability!for!a!par9cular!outcome!

!

52+57+26=135'

Probability'of'G2=G3'late'rectal'bleeding:'
~'18%''

R.!Valdagni,!M.!KaBan,!T.!Ranca9!et!al,!IJROBP!2010!

Nomograms'



dosimetric'
variable'

pharmacological'
variable'

clinical'
variables'

treatment'
variables'

R.!Valdagni!et!al.,!AIROPROS!0102,!IJROBP!2008!

2004'→'2009:' 'The'Clinical=Dosimetric'Age'



Points
  0  10  20  30  40  50  60  70  80  90 100

Pre-RT abdominal 
surgery No

Yes

V75 Gy (%)
0 1 2 3 4 5 6 7 9

nomacu
5 10 15 20 25 30 35 40 45 50 55 60

Total Points
  0  20  40  60  80 100 120 140 160 180 200 220 240 260 280

Prob. G2-G3 
Late Rectal bleeding 0.05 0.1 0.2 0.3 0.4 0.5 0.6

radiobiological'
variable'

dosimetric'
variable'

clinical'
variable'

R.!Valdagni,!M.!KaBan,!T.!Ranca9!et!al,!AIROPROS!0102,!IJROBP!2010!

2004'→'2009:' 'The'Clinical=Dosimetric'Age'
Large!prospec9ve!studies!allow!the!detailed!evalua9on!of!rela9vely!

uncommon!toxicity,!e.g.!G2=3'late'rectal'bleeding'

For!LRB!!
the!rectum!acts!!
as!a!serial!organ!



Points
  0  10  20  30  40  50  60  70  80  90 100

Pre-RT abdominal surgery
No

Yes

Use of anti-hypertensives
Yes

No

Presence of haemorrhoids
No

Yes

V40 Gy (%)
10 20 30 40 50 60 70 80

Total Points
  0  50 100 150 200 250 300 350

Prob. chronic G2-G3 
 fecal incontinence 0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7

100

dosimetric'
variable'

clinical'
variables'

pharmacological'
variable'

R.!Valdagni,!M.!KaBan,!T.!Ranca9!et!al,!AIROPROS!0102,!IJROBP!2010!

Large!prospec9ve!studies!allow!the!evalua9on!of!unusual!toxicity,!e.g.!
G2=3'late'faecal'incon4nence'

2004'→'2009:' 'The'Clinical=Dosimetric'Age'

For!fecal!incon9nence!!
the!rectum!acts!!

as!a!parallel!organ!



dosimetric'
variable'

clinical'
variable'

pharmacological'
variable'

Fiorino!et!al,!AIROPROS!0102,!IJROBP!2011!

Changing!perspec9ve:!!
from!peak!defini9on!of!grade!≥!2!late!fecal!incon9nence,!to!a!

longitudinal!defini9on,!i.e.!persistent,'≥'mild'fecal'incon4nence'

2004'→'2009:' 'The'Clinical=Dosimetric'Age'



There!are!a!number!of!hints!from!human!studies!
underlining!that!the!assump9on!of!uniform!
radiosensi9vity!is!incorrect.!
!
!

InterDpa9ent!variability!in!the!expression!of!radioD
induced!toxicity!could!be!explained!by!a!
gene9cally!driven,!enhanced!radiosensi9vity!

Bleeders'despite'good'DHVs''
and'absence'of'clinical'risk'factors?''



Years'2009'→'2020?''
The'Gene4c/Biomolecular'Age''

The'influence'of'gene4c'makeup'on'radio=induced'
late'rectal'bleeding'has'not'yet'been'unveiled:''

we'are's4ll'in'the'Stone'Age!!

Dosimetric'
factors'

Clinical'
factors'

Gene4c'
factors'

Modifiers of dose-response relationship: 
given the same dose levels,  

subgroups of pts have greater (less)   
probabilities of tox events 

 
 
 
 
 
 
 



Bleeders!despite!good!DHVs!and!absence!of!clinical!risk!factors?!!
!

Working!hypothesis:!!
might!gene!expression!profile!concur!to!unveil!the!individual!radioD
sensi9vity/resistance?!

2009'→'2020?'' 'The'gene4c/biomolecular'age'



Bleeders!with!op9mal!DVHs?!Gene9cally!radiosensi9ve!pa9ents!
NonDbleeders!with!bad!DVHs?!Gene9cally!radioresistant!pa9ents!

LSM7!is!a!protein!with!RNA!binding!ac9vity,!
involved!in!RNA!splicing!and!mRNA!processing!

DRAP1!is!a!corepressor!of!transcrip9on,!involved!in!the!func9onal!
repression!of!class!II!genes!(genes!that!are!transcribed!by!DNA!
polymerase!II)!

2009'→'2020?'' 'The'gene4c/biomolecular'age'



Our!data!seem!to!confirm!Cesarep!et!al’s!
findings!(BCT)!on!the!possible!gene9c!component!
of!rectal!bleeding!!

Low=dose'region:'
the'gene4c'makeup''
might'play'the'major'role'

High=dose'region:'
the'gene4c'makeup'
plays'a'minor'role'and'
the'dose'the'major'role'

When!more!pts!are!available,!it!might!be!reasonable!to!unveil!the!!
double!nature!of!the!doseDresponse!rela9onship!also!for!EBRT!

2009'→'2020?'' 'The'gene4c/biomolecular'age'



We'are'aware'of'the'influence'of'gene4c'signature.''
Nevertheless,'inves4ga4on'in'this'field'
is's4ll'leading'to'controversial'results'

Lancet!On
col!2012!

Nega4ve'Study:'
no'replica4on'of'previously'reported''
associa4on'between'late'tox'&'SNPs'

was'shown''

Gene!signature:!!

lot!of!clinical!resea
rch!s9ll!to!be!done

!!

Use!of!gene9c!pro
files!will!help!beB

er!iden9fy!

pa9ents!at!high!ris
k!of!exhibi9ng!tox

icity!

Lancet!Oncol!2012!



Models'predic4ng'radio=induced'toxici4es'in'
prostate'cancer'

''
Valida4on?'



Fiorino,!IJROBP!2012!Valdagni,!IJROBP!2012!

2100'Pca'prospec4vely''
collected'pts'in'2.5'yrs'
(open:'April'2014)'

1032'pts'(October'2015)'
!
!

2014'→'2020?'' 'The'Valida4on'Age'



2014'→'2020?'' 'The'Valida4on'Age'

Modelling!toxicity!aqer!high!dose!RT!for!prostate!cancer:!!
valida9ng!clinical,!dosimetric!and!molecular!factors!



Factors'predic4ng'radio=induced'toxici4es'in'
prostate'cancer'

''
Organs'at'Risk'



Organs at Risk 

!  Rectum  
!  Anal canal  

!  Bladder  
!  Urethra  

!  Penile Bulb  
!  Testicles 

!  Bone marrow 

!  Second cancers 
 

bladder

rectum

bulbus

PTV-MR

PTV-CT

bladder

rectum

bulbus

PTV-MR

PTV-CT

bladder

rectum

bulbus

PTV-MR

PTV-CT

!  Gastro-intestinal toxicity 
!  Genito-urinary toxicity 
!  Erectile dysfunction 



Urinary'obstruc4on:'
rela4onship'with'
dose'to'the'trigone'

Dutch!dose!escala9on!trial!
Heemsbergen.et.al,.IJROBP.2010.

(68 vs 78 Gy: 3DCRT !) 

IPSS'increase:'
rela4onship'with'
dose'to'the'trigone'

(86.4 Gy IMRT) 

MSKCC!data!
Ghadjar.et.al,.IJROBP.2014.

Genitourinary toxicity:   towards the Dosimetric Age 



If'robust'DVH'constraints'for'bladder'not'(yet)'available'''
...'first'proofs'of'evidence'are'coming'for'acute'GU'toxicity'

First results of the DUE01 multicenter trial, Carillo et al, Radioth Oncol, 2014 

A!doseDresponse!rela9onship!is!
becoming!evident!together!with!
the!possibility!of!stra9fying!doseD
volume!histograms,!leading!to!
low/int/high!probabili9es!of!

acute!GU!tox!

HSR! !Milan 
INT! !Milan 
Humanitas!Gavazzeni !Bergamo 
!Arcispedale!SMN !Reggio!!E 
!Ospedale!ASL!9 !Ivrea 
!Ospedale!!Bellaria! !Bologna 
!Ospedale!Parini !Aosta 
!IRCCS !Candiolo 

Genitourinary toxicity:   towards the Dosimetric Age 



Clinical'variables:'Urinary'Obstruc4on'endpoint'
Rela4on'between'RT'acute'tox'and'baseline'characteris4cs'

Results!from!the!Dutch!dose!escala9on!trial,!Heemsbergen.et.al,.IJROBP.2010.

GU'toxicity:'some'hints'for'Clinical=Dosimetric'Age'



...'but'first'deep'knowledge'of'influence''
of'clinical'factors'on'acute'GU'toxicity'syndrome!

'is'coming!
TOX'GU='IPSS'increase'of'at'least'10'

points'!

Palorini et al, DUE01, R&O submitted 

GU'toxicity:'some'hints'for'Clinical=Dosimetric'Age'



Cozzarini.et.al,.DUE.01,.RO.2015.

Should!we!avoid!moderate!
hypofrac9ona9on!!

in!pa9ents!harbouring!
clinical!risk!factors!

(smoking,!slight!urinary!
sympt,!etc)?!

Should!we!pay!aBen9on!to!
bladder!volume!included!!

in!medium!doses!
!in!pts!harbouring!!
clinical!risk!factors!

(smoking,!slight!urinary!
sympt,!etc)?!

GU'tox'syndrome:'some'hints'for'Clinical=Dosimetric'Age'



Considering'sensi4ve'sub=volumes'

Palorini.et.al.,.DUE01.Trial,.IJROBP.submiMed.

Iden9fica9on!of!specific!bladder!regions!!
correlated!to!GU!acute!toxicity!

Sparing of the anterior surface 
of bladder in the region near 
the bladder base might have 
the potential of significantly 
reducing acute toxicity 



Late'GU'toxicity'as'measured'by'IPSS'
(IPSS'≥15,'in'pa4ents'with'baseline'IPSS≤12,'2'yrs'fup)'

Late'GU'toxicity:'some'hints'for'Clinical=Dosimetric'Age'

Bladder!dose!(V62Gy)!
and!presence!of!
baseline!symptoms!are!
the!main!predictors!of!
late!GU!toxicity.!

Badenchini,!presentazione!orale!AIRO!2015!



Nature.GeneOcs..2014.

Radioth.Oncol.2014.

Genitourinary'toxicity:''
first'steps'towards'the'Gene4c=Age'

Evidence'for'the'role'of''
selected'SNPs'in''

determining'GU'tox'probability'



GastroDintes9nal!toxicity!
GenitoDurinary!toxicity!
Erec4le'dysfunc4on'

bladder

rectum

bulbus

PTV-MR

PTV-CT

bladder

rectum

bulbus

PTV-MR

PTV-CT

bladder

rectum

bulbus

PTV-MR

PTV-CT

A'forgo#en'endpoint?'

Despite QUANTEC suggestions … 
“It is prudent to limit mean dose to 
95% of penile bulb <50Gy 
and dose to 70% < 70Gy  
and dose to 90% < 50Gy” 

bulbus 

S4ll'in'the'era'of'“chaos”!'



First results of the DUE01 multicenter trial,  
Cozzarini et al, Clinical Oncology submitted 

HSR! !Milan 
INT! !Milan 
Humanitas!Gavazzeni !Bergamo 
!Arcispedale!SMN !Reggio!!E 
!Ospedale!ASL!9 !Ivrea 
!Ospedale!!Bellaria! !Bologna 
!Ospedale!Parini !Aosta 
!IRCCS !Candiolo 

In HT-naive potent men, the risk of 1-year impotence may be 
predicted by a 2-variable model including baseline status (as 
measured by IIEF1-5) and  dose to the penile bulb 
(V74Gy(EQD2Gy)<1%) 

The steep relationship with 
V74Gy(EQD2Gy)<1% 

suggests that avoiding/minimizing 
the overlap between PTV and PB 

could dramatically improve 
potency preservation 

(need of using MRI for contouring 
in potent men?) 

… something is coming out of the fog… 



Erec9le!Dysfunc9on:!What!do!we!have!at!this!point?!

First'results'
BUT'

new'large'prospec4ve'studies'are'evalua4ng'this'
endpoint,'analyzing'many'factors'influencing'ED'

Patients’ factors possibly involved in ED 
#  Age 
#  Smoking 
#  Alcohol 
#  Hypertension 
#  Cardiovascular diseases 
#  Diabetes 
#  Baseline potency 
#  BMI 
#  Presence of GU symptoms 
#  Use of drugs 
#  Psycho-emotional aspects regarding  

cancer diagnosis and treatment 



!  Rectum  
!  Anal canal  
!  Small intestine 

!  Bladder  
!  Urethra  

!  Penile Bulb  
!  Testicles 

!  Bone marrow 

!  Second cancers 
 

bladder

rectum

bulbus

PTV-MR

PTV-CT

bladder

rectum

bulbus

PTV-MR

PTV-CT

bladder

rectum

bulbus

PTV-MR

PTV-CT

Organs at Risk 



Trying to measure toxicity to testicles 
What happens to testosterone levels  

after radical radiotherapy for prostate cancer?  

$ Significant testosterone decrease 
after prostate RT, with nadir at 6 
months after RT end 

$  For most patients this decrease was 
temporary with recovery at 18-24 
months 

$ Significant correlation with 
prescription dose >76Gy-equivalent, 
with patient exhibiting longer 
recovery times.  
Prescription dose is probably a 
surrogate of testicular dose.  

Population of patients treated with RT alone (no association with hormone 
therapy) and with a minimum follow-up of two years after the end of RT 

First results of the DUE01 multicenter trial,  
Avuzzi et al, oral communication at AIRO 2015 



L.!Bellardita!et!al,!QoL!in!Ac9ve!Surveillance,!Eur!Urol,!2012!!

The'next'Challenge:'Predic4ng'Quality'of'Life'ayer'RT'
including'psycho=emo4onal'domains'

Best%Poster%award%!



Factors'predic4ng'radio=induced'toxici4es'in'
prostate'cancer'

''
Promo4ng'the'Age'of'Big'Data'

'



We! should! encourage! the! widespread! collec9on! of! clinical/!
dosimetric/gene9c! data! on! tumor! control! and! radioDinduced!
toxicity,! ideally! for! all! treated! pa9ents,! and! invest! in! data!
warehousing,!data!mining,!and!sta9s9cal!analysis.!
!

New'fron4ers'in'predic4ve'modelling:'
“to'predict'the'future,''
consider'the'present'as'well'as'the'past”'
! Cooperberg,.Eur.Urol.2012.

“More%than%95%%of%clinical%data%are%DARK%MATTER.%

It’s%Mme%to%enlighten%it”%

%

T.R.%Mackie,%ASTRO%2012!



Conclusions 

1.  GI toxicity prediction reached very good levels and 
validation tests are ongoing 

2.  GU toxicity prediction is highly promising due to new 
prospective trials 

3.  ED prediction still needs a lot of work 
4.  Prediction of Quality of Life in the psycho-emotional 

domains after RT is a brand new topic 

5.  Promote large cooperative groups for data building, 
data mining and rapid learning: are a promising way to 
speed up improvements in “knowledge based 
medicine” 
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Predictors of rectal tolerance in SBRT 
Evidenza!relazione!DDR!con!SBRT!9D9.5D10!fr:!
1.  Reazioni!gravi!sono!tardive!
2.  G3D4:!8.2%!
3.  >35%!circonferenza!reBo!>39Gy!
4.  >!3cc!>50!Gy!!

EQD2Gy(39Gy)=!
70Gy!(α/β=5Gy)!
81Gy!(α/β=3Gy)!

EQD2Gy(50Gy)=!
107Gy!(α/β=5Gy)!
130Gy!(α/β=3Gy)!



Only dosimetric predictors 

Predictors of rectal tolerance 
in SBRT 


