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Breast cancer radiotherapy

• Many treated volumes

• Different treatment modalities

• Many treatment techniques

• Many fractionation schemes



An accurate toxicity evaluation is mandatory :

•   To correlate and confirm (or not) the data derived from

theoretical mathematical models  (e.g., a/ß ratio) with adequate

clinical data

•   To collect data to guide therapeutic decisions

•   To compare the effectiveness and toxicities of the different

treatment options
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“OK, I confess: I have trouble with alpha/beta ratios, and I want to provoke

some discussion.

The basic idea behind alpha/beta is a ratio of two different types of cell killing,

essentially single hit and multiple hit types of radiation. This is what one gets

with x-rays and the linear quadratic formula to explain a cell survival curve.

That part is relatively understandable and straightforward.

The problem I have is when people propose to use alpha/betas for treatment

of patients”

“Over the years, I have told many trainees that

one can be an excellent clinical radiation

oncologist  and not necessarily know squat

about alpha/beta. I believe that remains true

today“

IJROBP 81 (2): 319–320, 2011



• The mathematical models for the prediction of response and toxicity

were often clearly not confirmed  by clinical data

CHART in head and neck cancer 

Benzen et al Radiotherapy and Oncology (53): 219, 1999 

mucositis time to max mucositis 

pain on swallowing max analgesia required



Christie Hospital Breast Conservation 

Trial, 708 patients

Wide  field, 6 MV
Whole breast,
15 ff / 40 Gy
(2.6 Gy / fr)

Local field,  e- , 10 MeV

6 x 8 cm, 8 ff / 42.5 Gy  

(5.3 Gy / frazione)

recurrence (%)          fat necrosis(n.)

11 %                           2

15 %                         10

Ribeiro et al Clinical Oncol 5(5): 278, 1993



• “Care should be taken when applying models, especially when clinical

dose/volume parameters are beyond the range of data used to

generate the model/parameters.

• Models and dose/volume recommendations are only as good as the

data available.

• Typically, they are based on dose–volume histograms (DVHs).

• DVHs are not ideal representations of the 3D doses as they discard all

organ-specific spatial information”

Marks et al       IJROBP   76(3) S10-19, 2010

• “RT-induced normal tissue responses are fraction size dependent ….. ”

• “….alfa/beta ratio is uncertain…..“



•…..When ‘‘Emami’’ was published, most external RT was delivered with

opposing fields, and shrinking field techniques—the normal tissue was

irradiated with a fairly uniform fraction size.

•….use of sequential/concurrent chemotherapy/RT is increasing for

many tumors…..

•….Modern techniques often use multiple beams (with or without

concurrent boosts);

•…..the volume of normal tissue exposed to low doses is often

increased and the dose is delivered at fraction sizes ranging from 0 to

the prescribed fraction size.

•…..the duration follow-up is often inadequate  to evaluate late toxicity

Marks et al       IJROBP   76(3) S10-19, 2010
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Tissue G 1 G 2 G 3 G 4

Skin

Follicular, faint or dull

erythema / epilation /

dry desquamation /

decreased sweating

Tender or bright

erythema, patchy

moist desquamation

/ moderate edema

Confluent, moist

desquamation other

than skin folds, pitting

edema

Ulceration,

hemorrhage,

necrosis

Lung

Mild symptoms of dry

cough or dyspnea on

exertion

Persistent cough

requiring narcotic,

antitussive agents /

dyspnea with

minimal effort but

not at rest

Severe cough

unresponsive to narcotic

antitussive agent or

dyspnea at rest / clinical

or radiological evidence

of acute pneumonitis /

intermittent oxygen or

steroids may be

required

Severe respiratory

insufficiency /

continuous oxygen

or assisted

ventilation

Heart

Asymptomatic but

objective evidence of

EKG changes or

pericardial abnormalities

without evidence of

other heart disease

Symptomatic with

EKG changes and

radiological findings

of congestive heart

failure or pericardial

disease / no specific

treatment required

Congestive heart failure,

angina pectoris,

pericardial disease

responding to therapy

Congestive heart

failure, angina

pectoris,

pericardial disease,

arrhythmias not

responsive to

nonsurgical

measures

 RTOG acute toxicity



Tissue G 1 G 2 G 3 G 4

Skin

Slight atrophy;

pigmentation change;

some hair loss

Patch atrophy;

moderate

telangiectasia; total

hair loss

Marked atrophy; gross

telangiectasia Ulceration

Lung

Asymptomatic or mild

symptoms (dry cough);

slight radiographic

appearances

Moderate

symptomatic fibrosis

or pneumonitis

(severe cough); low

grade fever; patchy

radiographic

appearances

Severe symptomatic

fibrosis or pneumonitis;

dense radiographic

changes

Severe respiratory

insufficiency /

Continuous oxygen

/ assisted

ventilation

Heart

Asymptomatic or mild

symptoms; transient T

wave inversion & ST

changes; sinus tachy >

110 (at rest)

Moderate angina on

effort; mild

pericarditis; normal

heart size; persistent

abnormal T wave and

ST changes; low ORS

Severe angina;

pericardial effusion;

constrictive pericarditis;

moderate heart failure;

cardiac enlargement;

EKG abnormalities

Tamponade /

severe heart failure;

severe constrictive

pericarditis

RTOG late toxicity



 CTCAE 4.0    2010
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CTCAE 4.0    2010 – skin
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CTCAE 4.0    2010 – lung

 + others 8 pages



SOMA-LENT 1995    breast

IJROBP   31(5) 1049-1091 (1995)



SOMA-LENT 1995    heart

IJROBP   31(5) 1049-1091 (1995)



SOMA-LENT 1995    lung

IJROBP   31(5) 1049-1091 (1995)



REPORTING: IS IT A SOLVED PROBLEM?
Hoeller et al IJROBP   55(4): 1013 (2003)

Berthelet et al  Am Journ  Clin Oncol 27(6): 626 (2004)

No!



• Which are the organs of interest? 

• Which are the informations in QUANTEC for each of these? 

• Which are the most important data about these organs?



• heart  

• lung

• skin   

radiation-related heart

disease (RRHD) ���� pericarditis,

pericardial fibrosis, diffuse

myocardial fibrosis, and

coronary artery disease (CAD)

Early ����

pneumonitis
Late ���� fibrosis

Early ���� dryness,

epilation,

pigmentation

changes, and

erythema

Sub-acute ���� Dry

desquamation
Late ����atrophy

and fibrosis;

pigmentation

changes;

telangiectasias



Heart  

radiation-related heart disease (RRHD) ���� pericarditis,

pericardial fibrosis, diffuse myocardial fibrosis, and

coronary artery disease (CAD)
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• Ischemic heart disease  ���� > RR of

cardiac morbidity in old series treated

with old RT tecniques
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Gagliardi et al IJROBP   76(3) S77-85  (2010)
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probability of cardiac

mortality
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Muren  et al Radiot and Oncol 62: 173 (2002)

• Different  NTCP model/parameter combinations

give different predictions for the risks radiation-

induced cardiac and pulmonary morbidity;

• Good agreement when small volumes of OAR

were irradiated

< 1 cm <2-2.5 cm

Not only QUANTEC:

heart

1‰ risk for cardiac

and pulmonary

morbidity



M. Overgaard Acta Oncol 47: 639 (2008)

Strong relation between RT

techniques/volumes and doses to

OAR

Thomsen Acta Oncol 47: 654 (2008)

e-

f

f

f

Not only QUANTEC:

heart



Radiot and Oncol 100: 157 (2011)

Big studies ���� big

biases



Big biases

Radiot and Oncol 100: 167 (2011)



Big

biases

Radiot and Oncol 100: 167 (2011)

«Deaths from heart

disease was lower

than the number

expected from

national deaths rates»



Radiot and Oncol 100: 157 (2011)

No! Yes!



Lung  

Early ����

pneumonitis
Late ���� fibrosis



• Radiation clinical pneumonitis (RP) in 1-5

% of patients irradiated for breast

• endpoints: symptoms; radiologic

alterations; pulmonary function

Marks et al       IJROBP   76(3) S70-76 (2010)

QUANTEC MODEL: lung

Clinical aspects



Krengli et al IJROBP   70(5):1460 (2008)

88% of the case have

G1-3 radiological

evidence of damage ����

4.9% had symptoms of

G1 RP

Not only QUANTEC: lung



• Radiation clinical pneumonitis (RP) in 1-5

% of patients irradiated for breast

• endpoints: symptoms; radiologic

alterations; pulmonary function

• NTCP: mean lung dose (MLD) model ����

…a variety of dose levels are predictive of

RP suggests that there is no DOSE

THRESHOLD below which there is no risk

• “acceptable” risk level varies with the

clinical scenario

Marks et al       IJROBP   76(3) S70-76 (2010)
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V20



Skin – Soft tissues 

Early ���� dryness,

epilation,

pigmentation

changes, and

erythema

Sub-acute ���� Dry

desquamation

Late

����atrophy and

fibrosis;

pigmentation

changes;

telangiectasias



• It is a problem          cosmetic outcome              - discomfort

                                                                                       - limit daily activities

                                                                                       - breaks from treatm.

Coles et al  Clinical Oncol 17:16 (2005)

• factors different from RT  as age, smoking, diabetes, others intrinsic

factors

• total dose:  in excess to 50 Gy to whole breast

• dose per fraction:  not definitive results

• dose inhomogeneity ���� “double truble” (hot spots created within

inhomogeneous dose distribution     total dose and     dose per fraction)

• systemic treatment

QUANTEC MODEL:  skin���� does not exist

Factors related to skin toxicity



• It is still a problem?           cosmetic outcome           - discomfort

                                                                                            - limit daily activities

                                                                                            -breaks from treatm.

� non radiation factors contributing 

� total dose:  excess 50 Gy wb

� dose per fraction:  not definitive results

� dose inhomogeneity

� systemic treatment  

yes

BMC  Cancer  10:508 (2010)

Current Oncol 17(5): 22 (2010)

QUANTEC MODEL:  skin���� does not

exist

yes
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QUANTEC

...suggest!
Heart 

Lung  

Key words:

� prospective clinical trials

� clear identification of end-point

� correlation of dosimetric informations with the clinic

� correlation of end-point – dosimetric information –

clinical informations – biological informations


