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HPV infection 

•  p53 degradation 
•  PDZ domain degradation 
•  Telomerases activation 

•  Inactvation RB gene 
•  Mitosis errors 
•  Cell cicle alterations 

•  AP-1 
•  CDK inhibitors 
•  p21 
•  p27 

•  MHC Cl.I downregulation 
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K Ang et al. New England Journal of  Medicine 2010;363:24-35. 
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Withers HR. et al. Treatment volume and tissue tolerance. 
Int. J. Radiat. Oncol. Biol. Phys. 1988 (14): 751-759. 

Parotid glands, mucosa Spinal cord 
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Adapted and redrawn from: Marks LB, et al. Use of  normal tissue complication probability models 
in the clinic. Int. J. Radiat. Oncol. Biol. Phys. 2010 (76-3): S10-S19. 
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Hopewell JW, Trott KR. Volume effects in radiobiology as applied to radiotherapy. 
Radiater. Oncol. 2000 (56): 283-288. 
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Rat spinal cord: endpoint white matter necrosis 

Hopewell JW et al. The influence of  field size on the 
late tolerance of  rat spinal cord to single doses of  X-
rays. Br. J. Radiol. 1987(60):1099-1108. 

van der Kogel AJ. Dose volume effects in the spinal cord. 
Radiother. Oncol. 1993(29):105-109. 



Kirkpatrick JP. Radiation dose-volume effect in the spinal cord. Radiater. Oncol. 
Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, Supplement, pp. S42–S49, 2010 
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Kirkpatrick JP. Radiation dose-volume effect in the spinal cord. Radiater. Oncol. 
Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, Supplement, pp. S42–S49, 2010 
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Quality of data? 
1.  Dose calculation 
2.  Treatment technique 



!  Tumor Local Control: snapshot of an observed patients 
population at n-years after the first observation of the 
complete response or the arrest of cancer growth at site of 
origin. 

!  The use of the n-years disease free survival (DFS) or the 
n-years overall survival (OS) can be affected by other 
variables that can hide the direct radiation on primary tumor 
site effect.  

!  The DFS can be influenced by the rising of metastases, 
the use of further anti-cancer treatments (chemotherapy, 
surgery or both). 
!  The OS can be shortened by not tumor caused death of 
the patient.  
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!  If m=1 (one lethal hit per 
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TCP=100-100=0% TCP=100-67.38=32.62% TCP=100-24.79=75.21% TCP=100-9.12=90.88% SF=e-mN=0.135334… 
N=2 
SF=e-mN=0.367879… 
N=1 
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SF=e-mN=0.000912… 
N=7 
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!  Poisson: 
 Munro Gilbert Kallman 

!  Logistic: 

!  Logistict (log dose): 
 Niemierko   
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Bentzen SM. Tucker SL. Quantifying the position and steepness of  radiation dose-response curves. 
Int. J. Radiat. Biol. 1997 (71) – 5: 531-542. 
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!  A given baseline TCP is given when 
irradiating clinical target volumes (ex. 
neck nodes in elective nodal irradiation) 

( ) dosebasebaseCTV TCPTCPTCPTCP ⋅−+= 1

CTVGTVTotal TCPTCPTCP ⋅=
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!  Some assumptions required: 
!  The TCP for GTV and CTV are not influenced each 

other 
!  The TCP is homogeneous within a given volume 
!  Different volumes could have different model 

parameters 

GTV CTV CTV 

Stem cells density 
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!  1.  Clinical definition of the ‘complication’ 
!  1.  Toxicity scoring system 
▪  Binary classification of the patients (with- or without-complication) 

!  2.Observation time (usually at a given moment in the follow up 
history of the patient) 

!  3.  Homogeneity of evaluation criteria (intra- or inter-
observer evaluation variability) 
▪  1.Subjective – a score given by the observer or using patients addressed 

specific questions 
▪  2.Objective – a score obtained by laboratory measures or specific 

diagnostic procedures 

!  2.  Reliability of the model 
!  1.  Sample size 
!  2.Modeling mathematical procedure 
▪  1.Confidence intervals 
▪  2.Consistence and practical application of parameters to be used in 

clinical setting 
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!  Probit:              , 
 Lyman 

!  Logistic (log dose): 
 Niemierko   
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AC Houweling et al. A comparison of  dose–response models for the parotid gland in a large group of  head-and-
neck cancer patients. Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 4, pp. 1259–1265, 2010. 

!  ΔLL 
!  AIC 

!  ROC 

Relative score 

Absolute score 



AC Houweling et al. A comparison of  dose–response models for the parotid gland in a large group of  head-and-
neck cancer patients. Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 4, pp. 1259–1265, 2010. 

“We combined the parotid gland data of  the University Medical Center 
Utrecht and the University of  Michigan Hospital to generate the largest 
published dataset of  objectively measured parotid gland 
complications (384 parotid glands).” 



AC Houweling et al. A comparison of  dose–response models for the parotid gland in a large group of  head-and-
neck cancer patients. Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 4, pp. 1259–1265, 2010. 
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AC Houweling et al. A comparison of  dose–response models for the parotid gland in a large group of  head-and-
neck cancer patients. Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 4, pp. 1259–1265, 2010. 
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!  Monte-Carlo approach to simulate almost 107 
virtual patients, organized in ≈43500 series 
(avg. 230 pts/series, from 60 up to 400) 

!  Randomization of patients series parameters 
(TD50, γ50, number of patients per series) 

!  Simulation of modeling procedures (Maximum 
Likelihood Estimation) for dose/response 
prediction 

!  Evaluation of this modeling approach 
procedure 
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Naqa IE et al. Datamining approaches for modeling tumor control probability. 
Acta Oncologica, 2010; 49: 1363–1373 



Naqa IE et al. Multivariable modeling of  radiotherapy outcomes, including dose-volume and clinical factors.. 
Int. J. Radiation Oncology Biol. Phys., Vol. 64, No. 4, pp. 1275–1286, 2006. 



JO Deasy et al. Improving normal tissue complication probability models: the need to adopt a “data-pooling” 
culture. Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, Supplement, pp. S151–S154, 2010. 
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Physical dose 
distribution 

Single center 
(on site) database 

Multicenter 
(reference) 
database 

• Dose response 
prediction models 
• Outcome prediction 
modeling (nomograms) 

Clinical case 
data 

78.5%±3.2% - AUC=0.78  

Outcome prediction 


