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From molecular biology to modeling

Mechanistic models



Molecular biology: HPV & SCC

_ Exogenous factors
* Inactvation RB gene

« Mitosis errors ?

* Cell cicle alterations // '
- AP-1
 CDK inhibitors

Genetic
instability

« MHC Cl.I downregulatiomr—>

o~
* p53 degradation K‘(r

* PDZ domain degr.ada.ltlon ﬁ
* Telomerases activation

Endogenous factors

Modified from: L Feller et al. Head & Face Medicine 2010, 6:14



Molecular biology: outcome of

oropharyngeal SCC and HPV infection

A Overall Survival According to Tumor HPV Status B Progression-free Survival According to Tumor HPV Status
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K Ang et al. New England Journal of Medicine 2010;363:24-35.



Radiation myelopathy pathophysiology
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The volume effect

Parallel structure of Serial structure of
functional subunits functional subunits

Parotid glands, mucosa Spinal cord

Withers HR. et al. Treatment volume and tissue tolerance.

Int. J. Radiat. Oncol. Biol. Phys. 1988 (14): 751-759.



The n parameter
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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): $10-579.



Spinal cord: the volume

effect

Rat spinal cord: endpoint white matter necrosis
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Hopewell JW, Trott KR. VVolume effects in radiobiology as applied to radiotherapy.
Radiater. Oncol. 2000 (56): 283-288.



QUANTEC: spinal cord

modelino
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Kirkpatrick JP. Radiation dose-volume effect in the spinal cord. Radiater. Oncol.
Int. |. Radiation Oncology Biol. Phys., V'ol. 76, No. 3, Supplement, pp. $42—549, 2010



QUANTEC: spinal cord data

Cases of myelopathy/ Probability of 2-Gy dose

Institution Dose (Gy) Dose/fraction (Gy) total number of patients myeclopathy* equivalent!
Wake Forest (19) 1989 60 2 1/12 0.090 60.0
65 1.63 0/24 0.000 56.6
Caen (5) 1978 54 3 7/15 0.622 72.8
Brookhaven (20) 1966 19 9.5 4/13 0.437 68.6
Florida (21) 1990 475 1.9 0/211 0.000 45.0
32.5 1.9 0/22 0.000 49.8
60 2 2/19 0.118 60.0
Yugoslavia (22) 1991 65 1.63 0/19 0.000 56.6

* Calculated using the percentage of patients experiencing myelopathy corrected for overall survival as a function of time by the method in
(18).
' Calculated using /8 = 0.87 Gy (18).

Quality of data?
1. Dose calculation
2. Treatment technique

Kirkpatrick JP. Radiation dose-volume effect in the spinal cord. Radiater. Oncol.
Int. |. Radiation Oncology Biol. Phys., V'ol. 76, No. 3, Supplement, pp. $42—549, 2010



Clinical TCP definition

* 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



Mechanistic modeling - TCP

Connective tissue

“Differentiated” cells

_ “Stem” cells
= (clonogenic cells)

Mitosis



TCP
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Mechanistic modeling - TCP
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Mechanistic modeling - TCP
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Mechanistic modeling - TCP
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Mechanistic modeling - TCP
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Mechanistic modeling - TCP
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TCP formalism
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TCP formalism
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TCP formalism
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TCP formalism
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Deriving TCP model from patients series data
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Bentzen SM. Radiobiological considerations in the design of clinical trials. Radiother Oncol 32: 1-11. 1994.

0 20



TCP phenomenological modeling:

choosing a model

Poisson: TCP =0.5
Munro Gilbert Kallman

ICP =

Logistic: 1 +exp 1@ 1 — é )

Logistict (log dose). TCP = -
Niemierko 1+( D )




TCP for GTV control probability

TCP[*100 %]




Deriving TCP models from dose/outcome data
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Bentzen SM. Tucker S1.. Quantifying the position and steepness of radiation dose-response curves.
Int. |. Radiat. Biol. 1997 (71)— 5: 531-542.



What about CTV?

A given baseline TCP is given when
irradiating clinical target volumes (ex.
neck nodes in elective nodal irradiation)

)-TCP

dose

+(1—TCP

base

TCP.,, = TCP

base

ICP, , =1CF.,, ‘TCF..,



TCP for CTV control probability

60% baseline TCP
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How to combine TCP for GTV &

CTV?

Some assumptions required:

The TCP for GTV and CTV are not influenced each
other

The TCP is homogeneous within a given volume
Different volumegicou '

par eters@
® g (® ”




TCP surface for different
volumes
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NTCP phenomenological modeling

Issues

1. Clinical definition of the ‘complication’

1. Toxicity scoring system
Binary classification of the patients (with- or without-complication)

2.0bservation 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
2.0bjective — 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



NTCP

NTCP phenomenological modeling

Issues

Observing a binary outcome:
1. Present

2. Abesent

Choosing a model

Fitting the model

Evaluating the goodness of
fit and the parameters
confidence intervals

D (Gy)



NTCP phenomenological modeling:

choosing a model
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NTCP phenomenological modeling:

choosing a model

=L ogistic (Log dose)

== Probit
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NTCP phenomenological modeling:

fitting a model
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NTCP phenomenological modeling:

evaluating a model

Table 3. Model ranking based on the AIC

Model A AIC ROC
Mean dose 339.19 343.22 0.864
Parallel FSU 336.44 344.55 0.867
LKB 340.63 346.70 0.864
Relative seriality 342.56 348.63 0.864
Vom 342 .98 349.04 0.864 =
Critical volume 357.73 365.83 0.862 =
Abbreviations: AIC = Akaike’s information criterion; A;; = devi- ;
ance; ROC = area under the receiver operacting characteristic curve. ‘§
E
A :
Iy Relative score
. Al C Mean dose
4 Parallel FSU
0.21% -— - KB
) Relative seriality
................ VDth
= ROG— Absolute score | |} — [ZXI Cotol voume
0 I 1 I I
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False positive ratio (FPR)

AC Homweling et al. A comparison of dose—response models for the parotid gland in a large group of head-and-
neck cancer patients. Int. |. Radiation Oncology Biol. Phys., 170l. 76, No. 4, pp. 1259-1265, 2010.



NTCP phenomenological modeling:

evaluating a model

“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 Homweling et al. A comparison of dose—response models for the parotid gland in a large group of head-and-
neck cancer patients. Int. |. Radiation Oncology Biol. Phys., V'ol. 76, No. 4, pp. 1259—1265, 2010.



NTCP phenomenological modeling:

evaluating confidence intervals

Table 2. Model parameters and goodness of fit values of the

models
Monte
Model Parameter Value 95% ClI Ay Carlo
LKB n 1.13 0.75-14.25 340.63 0.51
TDs5 394 33.8-41.8
m 0.42 0.36-0.58
Mean dose TDs 399 37.3-42.8 339.19 0.59
m 0.40 0.34-0.51
Relative seriality S 0.08 0.00-0.65 34256 0.71
TDsg 38.8 36.5-43.5
Y 095 0.70-1.30
Critical volume a 0.03 0.06-0.20 357.73 0.66
No 1 2-32
A 0.65 0.60-0.90
Nysy 219 18-298
Parallel FSU D5 325 15.0-95.0 33644 0.55
k 275 0.50-4.50
TDs 37.0 32.0-44.0
m 0.35 0.30-0.60
\% D,, 30.5 25.0-37.0 34298 0.58
rdVs 0.68 0.60-0.80
m 048 0.35-0.65

Abbreviations: CI = confidence interval; A;; = deviance.

AC Homweling et al. A comparison of dose—response models for the parotid gland in a large group of head-and-
neck cancer patients. Int. |. Radiation Oncology Biol. Phys., V'ol. 76, No. 4, pp. 1259—1265, 2010.



NTCP phenomenological modeling:
evaluating confidence intervals
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NTCP phenomenological modeling:
overcoming the uncertainties
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NTCP phenomenological modeling:

overcoming the uncertainties

NTCP[*100 %]
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NTCP phenomenological modeling:

overcoming the uncertainties

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
(TDsg, ¥59, NUMber of patients per series)
Simulation of modeling procedures (Maximum
Likelihood Estimation) for dose/response
prediction

Evaluation of this modeling approach
procedure



NTCP phenomenological modeling:

overcoming the uncertainties

Counts




Modeling uncertainties management

Density Histogram of Confidence Intervals
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Modeling uncertainties management

Density Histogram of Confidence Intervals
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TCP Modeling uncertainties management

TCP
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Naga IE et al. Datamining approaches for modeling tumor control probability.
Acta Oncologica, 2010; 49: 13631373



NTCP Modeling uncertainties

management

Treatment aim
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Fig. 3. Spearman’s rank correlation coefficient for a selection of
dose and clinical factors for relative salivary function at 6 months
after radiotherapy (Stim6émRel). Each element’s intensity repre-
sents the correlation between two factors. A cofactor listed in the
nth row is also a cofactor in the nth column. For example, there is
a high correlation between treatment duration and treatment aim
(about 0.5), as shown at row 11, column 7; also shown at row 7,
column 11 (for color see the online version).

Naga IE et al. Multivariable modeling of radiotherapy ontcomes, including dose-volume and clinical factors..
Int. |. Radiation Oncology Biol. Phys., 1'0l. 64, No. 4, pp. 12751286, 2006.



NTCP Modeling uncertainties

management

QUANTEC: VISION PAPER

IMPROVING NORMAL TISSUE COMPLICATION PROBABILITY MODELS: THE NEED
TO ADOPT A “DATA-POOLING” CULTURE

JosepH O. DEaAsy, Pu.D..* S()RU\ M. BENTZEN, PH.D..' " ANDREW JAcksoN, Pu.D.,
RANDALL K. TEN HAKEN, PH.D., ELLD\ D. YorkEe, Pu.D.." Lous S. COMTH\E MD
ASHISH SHARMA, PH. D AND LAWRENCE B. MARKS, M.D.**

From the *Department of Radiation Oncology, Mallinckrodt Institute of Radiology, Washington University School of Medicine, St.
Louis, MO; "Department of Human Oncology. University of Wisconsin School of Medicine, Madison, WI: *Department of Medical
Physics, Memorial Sloan Kettering Cancer Center, New York, NY: *Department of Radiation Oncology, U m\ ersity of Michigan, Ann
Arbor, MI; IDepartment of Radiation Oncology, University of Rochester Cancer Center, Rochester, NY: ICenter for Comprehensive
Informatics, Emory University, Atlanta, GA: and * qummnt of Radiation Oncology. University of North Carolina, Chapel Hill, NC

Clinical studies of the dependence of normal tissue response on dose-volume factors are often confusingly
mumslstent. as the QUANTEC reviews demonstrate. A key opportunity to accelerate progress is to begin storing

_datasets in_repositories. Using available technology, multiple repositories could be conveniently
querled, without divulging protected health information, to identify relevant sources of data for further analysis.
After obtaining institutional approvals, data could then be pooled, greatly enhancing the capability to construct
predictive models that are more widely applicable and better powered to accurately identify key predictive factors
whether dosimetric, image-based. clinical, socioeconomic, or biological). Data pooling has already been
carried out effectively in a few normal tissue complication probability studies and should become a common
strategy. © 2010 Elsevier Inc.

JO Deasy et al. Improving normal tissue complication probability models: the need to adopt a “data-pooling”
culture. Int. |. Radiation Oncology Biol. Phys., Vol 76, No. 3, Supplement, pp. S151-85154, 2010.



UNIVERSITA
CATTOLICA

del Sacro Cuore

VATE project

Clinical case Physical dose Single center
data distribution (on site) database

D’ BALSAMO, ANTONIO Plan dose: 45 Gy Fractonation: 1,8 Gy/fr

an name: 2D lower PatentID: 48097 BED: 72Gy EQD2: 43,2 Gy
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