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Breast cancer radiotherapy

MLC Segments Standard Wedges
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* Many treated volumes
* Different treatment modalities
* Many treatment techniques

* Many fractionation schemes
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An accurate toxicity evaluation is mandatory :
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 To correlate and confirm (or not) the data derived from
theoretical mathematical models (e.g., a/B ratio) with adequate
clinical data

* To collect data to guide therapeutic decisions

 Tocompare the effectiveness and toxicities of the different
treatment options
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An accurate toxicity evaluation is mandatory :

 To correlate and confirm (or not) the data derived from
theoretical mathematical models (e.g., a/B ratio) with adequate
clinical data
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EDITORIAL

THE OMEGA ON ALPHA AND BETA

IJROBP 81 (2): 319-320, 2011
ELi GratsTEmN, M.D.

Department of Radiation Oncology, University of Pennsylvania, Philadelphia, PA
“OK, | confess: | have trouble with alpha/beta ratios, and | 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 | have is when people propose to use alpha/betas for treatment
of patients”

“Over the years, | have told many trainees that
one can be an excellent clinical radiation
oncologist and not necessarily know squat
about alpha/beta. | believe that remains true
today”
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 The mathematical models for the prediction of response and toxicity
were often clearly not confirmed by clinical data

CHART in head and neck cancer

% PATIENTS % PATIENTS
100% 100%
@ mucositis ® . .
80% BO% time to max mucositis
1.0* 50% |- 680% |-
| Events Total
0.9

CHART 284 552 40% |- 40% |-
Conv. 182 388
0.8 20% | 0%y |_|
0.71 0% .

0% 1 2 3 4 5 [] 7 8
; 0.5 None Patchy Conftuent TIME IN WEEKS

06

% PATIENTS % PATIENTS
100% 100%
o o _ @ -
80% pain on swallowing sox}  Max analgesia required
0.31
B0% 60% |-
0.2
40% 40% |-
01
20% |- 20% -
0.0 :
12 24 k<] 48 80 0% 0%
Patients al risk Months None Slight Moderate Severe None Surface Non-nare  Narcotic
CI'(AET gg ;%g g‘?: 3422 :g; 74 Fig. 1. Acute mucosal reactions. (2) The maximum mucositis; (b) the time to maximum mucositis; (¢) the persistence of mucositis; (d} the maximum

57 dysphagia: (¢) the maximum pain on swallowing; and (f) the maximum analgesia required. W, treated with CHART; [, treated conventionally.

Benzen et al Radiotherapy and Oncology (53): 219, 1999
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Trial, 708 patients

Wide field, 6 MV
Whole breast,

15 ff / 40 Gy
(2.6 Gy / fr)

Christie Hospital Breast Conservation

recurrence (%)

fat necrosis(n.)

Local field, e-, 10 MeV
6 x8cm, 8 ff / 42.5 Gy
(5.3 Gy / frazione)

11 %

15 %

10

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

* “RT-induced normal tissue responses are fraction size dependent .....

o “....alfa/beta ratio is uncertain.....

Marks etal IJROBP 76(3) S10-19, 2010
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......\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 etal IJROBP 76(3) S10-19, 2010
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An accurate toxicity evaluation is mandatory :

* To collect data to guide therapeutic decisions
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the QUANTEC
MODEL: IJROBP
(76):3, 2010

Quantitative Analysis
of Normal Tissue
Effects in the

Clinic

No skin
No breast

Orean-Specific Papers

1. Brain

2. Optic Nerve/Chiasm

3. Brain Stem
4. Spinal Cord
5. Ear

6. Parotid

7. Larvnx/Pharynx

B Lung

9, Heart

10. Esophagus

11. Liver

12, Stomach/Small Bowel

13. Kidney
14. Bladder
15, Hectum

16. Penile Bulb

Yision Papers

True Dose

Imaging

Riomarkers

Data Sharing

Lessons of QUANTEC

N

J
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Each with 10 sections

1. Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
organ injury.

2. Endpoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ injury.

3. Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definition {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/ouleome analyses

4, Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
oufcomes.

Ly

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

f. Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

7. Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This section describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

&, Recommended Dose/Volume Limits- The available
imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

Y. Future Toxicity Studies- Describes areas in need of fumre
study,

10, Toxicity Scoring- Recommendations on how lo score organ

mjury.
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Orean-Specific Papers

Each with 10 sections

Clinical aspects

A

4.

11

11.

12.

13,

14.

15.

16.

Brain Stem
Spinal Cord

Ear

Parotid
Larvonx/Pharynx
Lung

Heart
Esophagus

Liver

Stomach/Small Bowel

Kidney
Bladder
Hectum

Penile Bulb

Yision Papers

True Dose

Imaging

Riomarkers

Data Sharing

Lessons of QUANTEC

1.

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ mjury.

J

Ly

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definition {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/ouleome analyses

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
oufcomes.

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This section describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

Recommended Dose/Volume Limits- The available

imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

Future Toxicity Studies- Describes areas in need of future
study,
Toxicity Scoring- Recommendations on how o score organ

mjury.
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Orean-Specific Papers

Brain \\‘

|
Optic Merve/Chiasm

Brain Stem

Spinal Cord

| T

Each with 10 sections

1.

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ mjury.

OA

R definition

B

9

11

11.

12, Stomach/Small Bowel

13,

14.

15.

16.

7. Larvnx/Pharynx |

Lung
Heart
Esophagus

Liver

Kidney
Bladder

Hectum

Penile Bulb /

Yision Papers

True Dose

Imaging

Riomarkers

Data Sharing

Lessons of QUANTEC

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definition {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/ouleome analyses

Ly

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
oufcomes.

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This section describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

Recommended Dose/Volume Limits- The available

imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

Future Toxicity Studies- Describes areas in need of future
study,
Toxicity Scoring- Recommendations on how o score organ

mjury.
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Orean-Specific Papers

1. Brain \\‘

2. Optic Nerve/Chiasm
3. Brain Stem

4. Spinal Cord

5. Ear

6. Parotid

7. Larvnx/Pharynx

10. Esophagus

11. Liver

12, Stomach/Small Bowel
13. Kidney

14. Bladder

15, Hectum

Each with 10 sections

16. Penile Bulb /

Yision Papers

True Dose

Imaging

Riomarkers

Data Sharing

Lessons of QUANTEC

1.

Ly

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ injury.

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definition {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/ouleome analyses

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
oufcomes.

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This section describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

Recommended DoseVolume Limits- The available
imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

Future Toxicity Studies- Describes areas in need of future
study,
Toxicity Scoring- Recommendations on how o score organ

mjury.
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Orean-Specific Papers

2

Brain \
Optic Merve/Chiasm
Brain Stem

Spinal Cord

Ear

Parotid

Larvonx/Pharynx

Lung

L

Each with 10 sections

Data about factors
affecting the risk and
about models used to
predict the damage

1.

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
Organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ injury.

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definttion {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/outcome analyses.

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
outcomes.

r—

i

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
uszed to relate 3D dose/volume data to clinical cutcomes are
summarized, along with associated model parameters,
limitations and uncertaintics,

14.

15.

16.

Hectum

Penile Bulb

Yision Papers
True Dose

Imaging

Biomarkets

Data Sharing

Lessons of QUANTEC

Bladder ‘

Special Situations- Most of the data discussed relates 1o
conventional fractionation. This section describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

Recommended Dose/Volume Limits- The available
imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

Future Toxicity Studies- Describes areas in need of future
study,
Toxicity Scoring- Recommendations on how o score organ

mjury.
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Orean-Specific Papers

2

11

11.

12.

13,

14.

i=

Brain

\

Optic Merve/Chiasm

Brain Stem
Spinal Cord

Ear

Parotid
Larvonx/Pharynx
Lung

Heart
Esophagus

Liver

Stomach/Small Bowel

Kidney

Bladder

Each with 10 sections

Recommendations
about dose/volume

1.

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
Organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ injury.

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definttion {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/outcome analyses.

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
outcomes.

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This sechion describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

S

Recommended DoseVolume Limits- The available
imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

limits

Imaging

Biomarkets

Data Sharing

Lessons of QUANTEC

Future Toxicity Studies- Describes areas in need of future
study,
Toxicity Scoring- Recommendations on how o score organ

mjury.
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Brain

Optic Merve/Chiasm

Brain Stem
Spinal Cord

Ear

Parotid
Larvonx/Pharynx
Lung

Heart
Esophagus

Liver

Stomach/Small Bowel

Kidney
Bladder
Hectum

Penile Bulb

\

J

Each with 10 sections

1.

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
Organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ injury.

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definttion {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/outcome analyses.

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
outcomes.

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This sechion describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

Recommended DoseVolume Limits- The available
imformation is condensed into meaningful dose/volume

Lizate wathesoconided selosatiue dosoolyclinieslly

Future studies

Data Sharing
Lessons of QUANTEC

Future Toxicity Studies- Describes areas in need of future
study,

TOXICITY, SOOI - FoCC O T H TS O T 10 SeOT e gl
mjury.
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Esophagus
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Each with 10 sections

J

1.

Clinical Significance- Deseribes the clinical situations where
the organ is irradiated, and the incidence/significance of
Organ injury.

Endpuoints- Describes the different endpoints often
considered when assessing injury, the impact of endpoint-
selection on the reported injury rates, the challengesfutilities
of different endpoints, and the time course of organ injury.

Challenges Defining Volumes- Describes how the organ is
typically defined (or segmented) on treatment planning
images. Includes a discussion of uncertainties/challenges in
organ definttion {e.g. changes in organ volume/shape during
therapy), and the associated impact on DVH's and
dose/volume/outcome analyses.

Review of Dose/Volume Data- A comprehensive summary
of reported 3D dose/volume data for clinically-relevant
outcomes.

Factors Affecting Risk- Other clinical factors affecting the
risk of injury are noted {e.g. age, combined modality
therapy, dose (ractionation),

Mathematical/Biological Models- Models that have been
used to relate 3D dose/volume data to climcal outcomes are
summarized, along with associated model parameters,
limitations and uncertainties.

Special Situations- Most of the data discussed relates 1o
conventional fractiomation. This sechion describes situations
were the presented data’models may not apply {e.g. hypo-
fractionation).

Recommended DoseVolume Limits- The available
imformation is condensed into meaningful dose/volume
limits, with associated risk rates, to apply clinically,

Future Toxicity Studies- Describes areas in need of future

aipdly
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Toxicity scoring

Toxicity Scoring- Recommendations on how o score organ

mjury.
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RTOG acute toxicity

&
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S

Tissue G1 G2 G3 G4
Follicular, faint or dull Tender or bright Confluent, moist
erythema / epilation / | erythema, patchy desquamation other Ulceration,
dry desquamation/ | moist desquamation| than skin folds, pitting hemorrhage,
Skin decreased sweating / moderate edema edema necrosis
Severc Cougll
: unresponsive to narcotic
Persistent cough p . :
. ) antitussive agent or | Severe respiratory
. requiring narcotic, . . .
Mild symptoms of dry antitussive agents / dyspnea at rest / clinical| insufficiency /
Lung cough or dyspnea on dvspnea V\glith or radiological evidence |continuous oxygen
exertion : y P of acute pneumonitis / or assisted
minimal effort but | | ) i
intermittent oxygen or ventilation
not at rest .
steroids may be
..... HPaA |
o Congestive heart
: Symptomatic with .g :
Asymptomatic but failure, angina
" : EKG changes and : : .
objective evidence of . . . Congestive heart failure, pectoris,
radiological findings ) . : .
EKG changes or ) angina pectoris, pericardial disease,
Heart : . ... | of congestive heart . L :
pericardial abnormalities| , . . ) pericardial disease arrhythmias not
. . failure or pericardial . )
without evidence of ) ... | responding to therapy responsive to
) disease / no specific .
other heart disease . nonsurgical
treatment required

measures
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RTOG late toxicity

&

=
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Lung

Asymptomatic or mild
symptoms (dry cough);
slight radiographic
appearances

symptomatic fibrosis
or pneumonitis
(severe cough); low
grade fever; patchy
radiographic
appearances

Tissue G1 G2 G3 G4
Patch atrophy;
Slight atrophy; moderate
pigmentation change; | telangiectasia; total | Marked atrophy; gross
Skin some hair loss hair loss telangiectasia Ulceration
Moderate

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
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SOMA-LENT 1995 breast

. P’

s

GRADE 1 GRADE 2 GRADE 3 GRADE 4 SCORING
Subjective
Fain Occasional & minimal Intermittent & tolerable | Persistent & intense Kefractory & excrucuting | Instructions
Hypersensation, Pruritus
ﬁrju:ti-ve
Edema Asympiomatic Symptomatic Second sfunction e
ymp ymp ary dy Seare ke 13
Fibrosis® / Barely palpable increased | Definite increased density | Very marked density, — SOM
Fat necrosis density and firmmness retraction and fixation parameters
with 1 -4
Telangiectasia <1 em? 1 cm? - 4 ¢m? = 4 cm? B
Lymphedema, arm 2 ¢m - 4 ¢m increase =4 cm - 6 cm increase = foom increase Useless arm, S i
{circumfernence) ANgitsArComa (Score = 0 i
there are no
Retraction/Atrophy** | 10% - 25% > 25% - 40 % > 40% - 75% Whale breast — toxicitles)
Ulkcer Epidermal only, < 1 cm?® | Dermal, = 1 cm? Subcutaneous Bone exposed, necrosis —
I"a’lanagcna:nt
Pain Ocepsional pon-narcotic | Begular pon-narcotic Regular narcotie Swrgical intervemtion PR
Total the
Edema Medical imervention Surgical intervention seores and
miasteclomy divide by 12
Lymphedema, arm Elevate arm, elastic Compression wrapping, | Surgical intervention
stocking intensive physictherapy | ampuiation
Atrophy Surgrcal intervention LENT Score:
mastectomy
Ulcer Medical imervention Surgical intervention, Surgical intervention/
wiind debridement RSOy RS R R
* Co £ area 1o contralateral non-irradiated skin according to defined paramelers ** Yolume boss due bo surgery +for RT. (compared to opposite breast)
ﬁhul;ﬂic
Photographs Assessment of skin changes as atrophy, relraction or fibrosis, wleer YN Date:
Tape measure Assessment of breast size and forearm diameter YW Date:
Mammagranm Assessment of skin thickness and breast density YN Dae:
CT/MEL Asgesement of breast size. fa1 mrovhy. and fikrosis density Y¥iN  Date:
IJROBP 31(5) 1049-1091 (1995)
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UNIVERSITA’ DEGLI STUDI DI BRESCIA
SOMA-LENT 1995 heart

GRADE 1 "GRADE 2 GRADE 3 GRADE 4
Subjective
Anging pectors Oxcaswonal, only with With moderate exenion YWith mild exenion AL pest
Intense exertion
Pericardi
Pain Occasional & minimal Intermittent & tolerable | Persistent & intenss Refroctory & excreciating
Palpitation Occastonal Intermittent Persistent Refractory
Dwspnea SOB on inlénse exemion S0B on mild exenion S0OB at rest, fimits all Prevents any pl't‘_'n':iil.'il|
activity activity
Pedal edema Asympiomatic Symplomatic Prevents daily activities
Ohjective
Pexdal exbema I+ 2+ i+ 44
Cardiomegaly Minimal enlargement of | BCS withow pulmonary | ECS with minkrmal ECS with frank
cardiosilhouette (ECS) congestion pulmonary congestion pelmonary edema
Cardiac dysrhythmia Occastonal, asymplomatic | Intermittent ECG changes | Persistent ECG changes Refructory
Myocardial CHE Asymplomatic desline of | Declipe of resting ejection | Reversible CHF Imeversible CHF
resting cjection fraction fraction by =205 of
by =209 of haseline baselinge
Myocardial ischemia Abnormal siress lesi Asymptomatic, ST & T | Angina without evidence | Acute myocandial
NL resnng ERG wave changes without for infarction infaretion
SIPess lesl
Pericardial disesase Asymptomatic effusion Hub, chest pain, Tamponade Constriction

ECG changes

fﬂamg:m:nl:

Pain (pericanditic) Occasional nen-nareotic | Regular non-nascotic Regular nascotic Coronary artery bypass
Angina Present bul no therapy Mitrogiycerin PRI Long aciing agents Comomary ariery bypass
Pericardial disease Present but no therapy Pericardiocenthesis Pericardieciomy
Cardizc dysrhythmia Medical intervention Requires monitonng o
cardigversan
Myocandial infarction Medical intervemion Coronary bypass
Myocasdial CHF Medical intervention Cardiac transplant

i

SCORING

Insiructions
Score the 17
50M
parameters
with 1 - 4

{Score = 0 il
there are no
toxicities)

Tolal the
seones and
divide by 17

LENT Score:

JROBP 31(5) 1049-1091 (1995)



[UH]
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SOMA-LENT 1995

lung

. P’

s

GRADE 1 GRADE 2 GRADE 3 GRADE 4 SCORING
Suhj:clivc 3
Cough e 1 5 —
LT asaonl Intermittent Persistent Refractory sml‘mﬂm““ ke 8
Dysprea Breathless on intense Breathless on mild Bresthless at rest, limits | Prevents any phvsical — SOM
ERETTON EXEIOR all activities activity parameters
with 1 - 4
Chest painfdiscomifont | Occasional & minimal Intermiitent & tolerable | Persisient & mntense Refractory & excruciasing | ——
{)‘hjeﬂiw
Pulmanary fibsosis Radiological sbnormality | Palchy dense Dense conflsen Dense fibeosis, sovere — (Score = 0 W
abnormalities on rafiographic changes scarring & major there are no
ractingraph Tirmited to radiation field | retraction of normal feng toxicities)
Lung function W% - 25% reduction of | > 25% - 50°% reduction of | > 50% - 75% reduction of | > 75% reduction of Tl N
respiration volume andfor | respiration volume andfor | respiration volume andlor | respiration volume andior oin
diffusion capacily diffusion capacity diffusion capacity diffusion capacity scores and
divide by 8
h‘a:mg:mn:
Fain Oecasional non-narcolic || Regular non-narcotic Regular narcotic Surgical intervention __  LENT Score:
Cough Non-parcodic MNarcodtic, intermittent Respirmor, cominuous ————
COPBCOSEnIds corticosieroids
Diysprea Occasional O, Conlinuous 0; P
Analytic
PFT Decrease o >75% - 90% | Decrease w >506% - 75% | Deerease 10 =25% - 50% | Decrease 10 < 25% of YN Dase:
of preTyx value of preTx value of preTs value preTx value
GLCCy Decrease 1o >75% - 90% | Decrease 10 =505 - 75% | Decrease o >25% - 30% | Decrease 10 S 25% of YN Dae
o preTx vaiue of preTx vaiue of preTx value prelx value
% Dp/C0; satration | > T0% O, £ 50% €O, | > 60% Oy, S60% COy | > 50% Oy, € 70% COy | 550% O, >T0% 003 | YN  Date:
CT/ MRI Assessment of lung volume and zones of fibrosis YN Dare:
Perfusion scan Assessment of pulmonary blood fow and alveolar filling Y/M  Date:
Lung lavage Assessment of cells and cytokines YN Date:

JROBP 31(5) 1049-1091 (1995)
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REPORTING: IS IT A SOLVED PROBLEM? o®

Hoeller et al JROBP 55(4): 1013 (2003)
CLINICAL INVESTIGATION Normal Tissue

INCREASING THE RATE OF LATE TOXICITY BY CHANGING THE SCORE?
A COMPARISON OF RTOG/EORTC AND LENT/SOMA SCORES

Urrike HoeLLEr, M.D., SiLke Trisius, M.D., AnmiE KunLMey, M.D., Kar GRADER,
FaBian FEHLAUER, M.D., aND WINFRIED ALBERTI, PH.D.

ORIGINAL ARTICLE

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

Separation:
Treatment Site:

Energy:

Total Dose/fraction: ___ =0
Shell: Bolus:
Last C} Deose:

Preliminary Reliability and Validity Testing of a New Skin == v
Toxicity Assessment Tool (STAT) in Breast Cancer Patients ==-==_ '
Undergoing Radiotherapy

(0=none, |=frint,

transient, 2-bright)
‘- Area (cm x cm)

Dry Desquaiation

«  Area (omx cm)

Moist Desquamation |

Eric Berthelet, MD,*§ Pauline T. Truong, MDCM,*§ Karin Musso, RN,} Vickie Grant, RTT.7 |+ s : i

Winkle Kwan, MBBS,*§ Veronika Moravan, MSc,} Kelly Patierson, RIT} and lvo A. Olivotto, MD* BT

Discomfort [ 1oopiness (0-5)

«  Pulling (0-5)

*  Tenderness (0-5) |

*  Onher, 0-5)

Skin Care Treatment

Fl=Flamazine; HC=Hydrocortisone Cream;
NS=NS Soaks; CS=Comstarch; G=Glaxal;
O~Other (specify)

Assessment Time (minutes) 1
Initials ‘
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 Which are the organs of interest?
e Which are the informations in QUANTEC for each of these?

 Which are the most important data about these organs?

)

n~



f;é/*“;%g}e UNIVERSITA' DEGLI STUDI DI BRESCIA

* heart

* lung

* skin

radiation-related heart
disease (RRHD) = pericarditis
pericardial fibrosis, diffuse
myocardial fibrosis, and
coronary artery disease (CAD)

Early 2
pheumonitis

Late = fibrosis

Early =2 dryness,
epilation,
pigmentation
changes, and
erythema

Sub-acute 2 Dry
desquamation

[

®

Late 2 atrophy
and fibrosis;
pigmentation
changes;
telangiectasias
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Heart

radiation-related heart disease (RRHD) = pericarditis,
pericardial fibrosis, diffuse myocardial fibrosis, and
coronary artery disease (CAD)
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QUANTEC MODEL: heart

Clinical aspects

* Pericardial disease

* Ischemic heart disease = > RR of
cardiac morbidity in old series treated
with old RT tecniques

* Congestive heart failure

e Valvular disease

.‘}:E

Gagliardi et al JROBP 76(3) S77-85 (2010)
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QUANTEC MODEL: heart

n~

Clinical aspects

* Pericardial disease

* Ischemic heart disease = > RR of
cardiac morbidity in old series treated
with old RT tecniques

* Congestive heart failure
 Valvular disease

OAR definition
* challenges in defining volumes (entire

heart, pericardium, left ventricle , coronary
arteries)

Gagliardi et al JROBP 76(3) S77-85 (2010)
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QUANTEC MODEL: heart

Clinical aspects

* Pericardial disease ”

* Ischemic heart disease - >RRof

cardiac morbidity in old series treated .

with old RT tecniques =

* Congestive heart failure

* Valvular disease _
OAR definition oL

* challenges in defining volumes (entire
heart, pericardium, left ventricle , coronary

arteries)

Data about factors affecting the risk and
about models used to predict the damage

- damage related to dose and

irradiated volumes = minimize the
irradiated heart volume

20

L] | L LI ]

[ - - -V=0.33, D50=70.3, y=0.96, s=1
- —— V=0.33, D50=52.3, y=1.28, s=1
[ - V=0.33, D50=63.3, y=0.93, s=1

Breast

Hodgkin & Breast

-~

A ]
B, o

Hodgkin |

a1l 3

50

Gagliardi et al JROBP 76(3) S77-85 (2010)
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QUANTEC MODEL: heart

20

Clinical aspects

* Pericardial disease sl

* Ischemic heart disease > >RRof |

cardiac morbidity in old series treated £, |

with old RT tecniques =

* Congestive heart failure 5:

* Valvular disease
OAR definition ol

* challenges in defining volumes (entire
heart, pericardium, left ventricle , coronary

Breast

Hodgkin & Breast

g
-~

I L I T T T T I L | T T I T T T T I T T T T
[ - — -V=0.33, D50=70.3, y=0.96, s=1
- —— V=0.33, D50=52.3, y=1.28, s=1

----- V=0.33, D50=63.3, y=0.93, s=1

(-/' :
h

Hodgkin |

a1l 3

10

arteries)

Data about factors affecting the risk and
about models used to predict the damage

- damage related to dose and

irradiated volumes = minimize the
irradiated heart volume

WIBGy < 10% > <1%

probability of cardiac
mortality

50

Gagliardi et al JROBP 76(3) S77-85 (2010)
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Not only QUANTEC:
heart

Cardiac and pulmonary doses and complication probabilities in standard
and conformal tangential irradiation in conservative management
of breast cancer

* 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

<lcm <2-2.5cm
0.02 T : B : _l l.'. - o I . — 0 U‘l — —— R, -
- Pmb!t :E(fenpard:??}} ' + probit | {pneumonitis)
o probit Il (pericarditis | . L.
0.015 - x serial | {pericardilis) :_____'_. | ] - 0.008 - u} P"Q?JII: [} (PﬂEumurlulhs}, —_—
m serial Il {exc card mort) - lt._? = sarial | (pnaumonitis) -
® serial 1ll {(exc card mort) CB Z .00 - W serial Il (pneumonitis) - =
0.01 jleserallV(eccardmot) _ ®HE, { & o ‘# +
@ ® 2
. : { £ | = oo 1% risk for cardiac
s : *e n’ﬁmz | =t S
e 2* ||_ CIEETENN TT TR T R and pulmonary
(1] I ~2 -5 - TV VR R S 0 - m EEEE WAl R e T
0 1 2 3 g . 3 morbidity
MHD (em) MLD {cm)

Muren et al Radiot and Oncol 62: 173 (2002)
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Not only QUANTEC: — P :

heart N
Strong relation between RT R M = /
techniques/volumes and doses to pBCG 82

‘\"“'--\___,,] .
OAR <= _'}f?tt_, —
DBCG 89

Thomsen Acta Oncol 47: 654 (2008)

M. Overgaard Acta Oncol 47: 639 (2008)
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Editorial

Radiation-induced heart morbidity after adjuvant radiotherapy of early

breast cancer - Is it still an issue?

Birgitte Offersen ™, Inger Hajris, Marie Overgaard Radiot and Oncol 100: 157 (2011)

Department of Oncology. Aarhus University Hospital, Aarhus C, Denmark

Big studies = big
biases
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Cardiac morbidity

Incidence of heart disease in 35,000 women treated with radiotherapy

for breast cancer in Denmark and Sweden Radiot and Oncol 100: 167 (2011)

Paul McGale?, Sarah C. Darby **, Per Hall®, Jan Adolfsson €, Nils-Olof Bengtsson ¢, Anna M. Bennet",
Tommy Fornander ¢, Bruna Gigante f Maj-Britt Jensen #, Richard Peto %, Kazem Rahimi ", Carolyn W. Taylor?,
Marianne Ewertz'

Years since Number Incidence ratie, apac et al e src A e At e i o
e o et o v Characteristic Percentage given radiotherapy  Kumber of
diagnosis leftiright right-sided (95% CI) Leftsided Richt-sided waoamen
“[1-side ight-side
(a) Acute myoccardial infarction (p=0.7)t P T T rp R .
0-4 80/139 - 1.21 (0.97-1.51) breast cancer  breast cancer
54 112/96 - 1.158 (CI.E?-‘I.51}
10-14 68/54 - 1.19 (0.83-1.70) Country
15+ 52/33 — 1.56 (1.00-2.42) . . - 2 r
Total 4121322 <> 122 (1.06-1.42) Denmark 42 42 43‘302
(b) Angina (5=0.06) Sweden 58 58 28332
0-4 13779 n 161 (1.22-2.12) - L.
5.9 80/76 .L 103 Ea.rh-1_41i Year of breast cancer diagnosis
10-14 38/42 0.86 (0.55-1.34) 4 3 5
15+ 36/25 4 m 1.41 (0.B4-2.36) 1976- 1989 43 44 27898
Total 291/222 < 1.25 (1.05-1.49) U= 2000 21 21 44,230
(c) Other ischaemic heart disease (p=0.5) . = T ! wl g 1
oty L 113 (©0.52:154) Age at breast cancer diagnosis (years)
5-9 42746 - 0.87 (0.57-1.33) <50 56 56 18,689
1014 26/32 - 0.77 (0.46-1.29) . .
15+ 18/18 — i 1.9 (0.62-2.31) 30-59 51 52 20,046
Total 1751168 0.99 (0.80-1.23) G0-69 45 45 19,894
(atb+c) Ischaemic heart disease (p=0.07) ° ° 70-79 349 £ 13,500
0-4 405/280 - 1.30 {1.12-1.51) B I b I
5-9 234/218 .- 1.06 (0.87-1.26) a se S R A
10-14 1321128 0.97 (0.76-1.24) g Breast-conserving surgery ) ] i
15+ 10776 1.43 (1.06-1.92} Yes a93 93 18,654
Total 8781712 118 (1.07-1.30) Mofunknown' EE n 53480
(d) Pericarditis (p=0.6}
0-4 2419 1.68 (0.96-2.96) Hormonal therapy
5-9 1910 1.92 (0.89-4.13) . - . - -
10+ 7T 0.95 (0,33-2.73) Yes 56 56 22427
Total B0/36 161 (1.06-2.43) Nojunknown 44 45 49707
(&) Valvular heart disease (p=0.3)
39131 1.17 (0.73-1.88) Chemotherapy
5.9 22010 2.37 (1.11-5.08) e . 3
10+ FERE 1.74 (0.99-3.08) xes 2 bl 1, Fé ¥
Total 94160 1.54 (1.11-2.13) Mojunknown 46 46 58,387
E&mhuhcm di“a“(p:ﬂﬂ.tga 0.87 (0.85-1.09) Ischaemic heart disease prior to breast cancer®
5.9 3521337 1.00 {0.86-1.18) Yes 15 40 1766%
10-14 198/207 0.93 (0.77-1.13) A o
15+ 179/168 1.11 {0.90-1.37) Mojunknown 48 44 70,368
Total 12431208 0.99 (0.91-1.07)
_ Other heart disease prior to breast cancer

{a-f) All heart disease (p=0.2) . . - .
0-4 992/235 111 (1.01-1.21) Yes 349 3 2413
5-9 627/575 1.06 (0.94-1.18) N , -1 -
10-14 347/346 0.96 (0.83-1.12) Mojunknown a8 4 69,721
15+ 308/259 1.23 (1.04-1.45)
Total 227512016 1.08 (1.02-1.15) Totals

: | : . Percentage given radiotherapy 48 49 48

00 10 20 30 Mumber of women 37269 34,865 72,134

Reduced incidence Increasad incidance
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Incidence of heart disease in 35,000 women treated with radiotherapy

for breast cancer in Denmark and Sweden Radiot and Oncol 100: 167 (2011)

Paul McGale?, Sarah C. Darby **, Per Hall®, Jan Adolfsson €, Nils-Olof Bengtsson ¢, Anna M. Bennet",
Tommy Fornander ©, Bruna Gigante f Maj-Britt Jensen #, Richard Peto %, Kazem Rahimi ", Carolyn W. Taylor?,
Marianne Ewertz'

Cardiac morbidity

Years since Number Ineidence ratie, apac et al e src A e ardi s i o
e i o v Characteristic Percentage given radiotherapy  Kumber of
diagnosis leftiright right-sided (95% CI) Lefe-sided R.igh.l—l'iidl.'d warmen

Acut dial infarction (p=0.7) A ——
E\ﬂi cute myocardial in Ef:ﬂ\'j‘?:"ﬂlg "t e 1.21 087-151) breast cancer  breast cancer
5-9 112196 - 1.15 (0.87-1.51)
10-14 /54 - 1.18 (0.83-1.70) Country
15+ 52/33 o — 1.56 (1.00-2.42) . » . -
Total 412/322 < 1.22 (1.06-1.42) Denmark 42 42 :U.ECIZ
(b) Angina (5=0.06) . Sweden 58 58 28332
0-4 13779 ] 161 (1.22-2.12) . e . o
5.9 80/76 .L 103075 141) Year of breast cancer diagnosis
10-14 38142 c -
15+ 38025 4 m 43 e 27898
Total 2911222 < 21 21 44,230
(c) Other ischaomic heart disease (p=0.5) e (( D e a t h S ro m h e a rt B nosis (years)
5-9 42/46 _—:— 56 56 18,689
e 2oz - o 51 52 20,046
= e+ disease was lower I B =
(at+b+c) Ischaemic heart disease (p=0.07) 39 | 13,500
0-4 405/290 -
5-9 234/218 " ry
10-14 132(128 - [
15+ 107/78 - 93 a3 18,654
Total 8T8IT2 <& EE EE 53 480
d) Pericarditis (p=0.5)
E\L ericarditis (p ) .14,-:19 M
o A -— 56 56 22427
Total 60/36 -] 44 45 49,707
(&) Valvular heart disease (p=0.3)

3831 °

5-9 22010 : -
o S9Ha o )) 59 60 13,747
Total 94/60 ] 46 46 58387
(f) Other heart disease (p=0.7) ] AT S—
0-4 514/495 (op: pa v m sy prior Lo breast cancer
5-9 3521337 1.00 {0.86-1.16) Yes a5 40 1 Tﬁf_‘i'}
10-14 198/207 0.93 (0.77-1.13) . i
15+ 179/168 1.11 {0.90-1.37) Mojunknown 48 44 70,368
Total 12431208 0.98 (0.91-1.07)

_ _ Other heart disease prior to breast cancer
{a-f) All heart disease (p=0.2)

0-4 992/235 111 (1.01-1.21) Yes 349 3 2413
59 627/575 1.06 (0.94-1.18) f \ -
1014 347345 0.96 (0.83-1.12) Nojunknown 48 b 69.721
15+ 309/259 1.23 (1.04-1.45)
Total 227512016 1.08 (1.02-1.15) Totals
: | : . Percentage given radiotherapy 48 49 48
00 10 20 30 Mumber of women 37269 34,865 72,134

Reduced incidence Increasad incidance




UNIVERSITA' DEGLI STUDI DI BRESCIA

Editorial

)

=
WP L =_-
TS

A \

Radiation-induced heart morbidity after adjuvant radiotherapy of early
breast cancer - Is it still an issue?

Birgitte Offersen *, Inger Hojris, Marie Overgaard

Department of Oncology, Aarhus University Hospital, Aarhus C, Denmark

Factors and unsolved issees of patential importance for the development af radiation=induced heart disease,

Aspect Factors and unsolved issues of importance

Patient redated Age
Long expected life-time
Co-morbidities: conmective tissue disease, hypertension, diabetes mellitus a.0,
].E"EEI'IH: t crapy may nave ﬂtg-ﬂ'.'.l'ﬂ! mfluences on t eart: ant racyclines, trasturumab, taxanes, tamoxiien,

Risk that the systemic therapy potentiates the radwation effects on the hean

Individual sensitreicy to late heart morbidicy
Hereditary hearl chisease

Planning related Irradiated wvolume of the heart
Are some struciures of the heart more sensitive to BT than others?
Is the heart always a serial organ?
Total dose and fractionation, boost
Patient pasition during radiotherapy [prones/supine]
Presence of hot spots in the heart

Technigue related § Relevant organ ab risk delinition [what is relevant to delineate: heart, pencardiom, some o all coronary vessels, valves) How to delineate this?

What to report? Maximum or mean, V5, W10, V207

Endpoint related | What heart morbidity is it relevant o look for?
Is it passible to distinguish between radiation-induced heart disease and other far more frequent heart morbidities?
How 1o measure the morbicity ¥
Is it relevant to look for sub-clinical heart disease?
For how long should the patient be evaluated, is it lifelong?

Ethical related I it acceptable to induce a fear of heart disease of around 1% absolute increased risk in a cancer patient?
It i5 now technically feasible ro (almyest) avold dose to the heart, 5o 15 2 non-gated therapy for lefi-sided breast cancer no longer accepiable?

Society related Is it cost-effective to set up screening programs to find those patients who may develop late radiation induced heart disease?

Radiot and Oncol 100: 157 (2011)
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Lung

Early 2
pneumonitis

Late = fibrosis
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QUANTEC MODEL: lung

Clinical aspects

 Radiation clinical pneumonitis (RP) in 1-5
% of patients irradiated for breast

* endpoints: symptoms; radiologic
alterations; pulmonary function

Marks etal IJROBP 76(3) S70-76 (2010)



/_49{?%2} .ﬁ
£ > 2 UNIVERSITA' DEGLI STUDI DI BRESCIA uﬂlé:ﬂ'
S

5
=

Not only QUANTEC: lung

PULMONARY CHANGES AFTER RADIOTHERAPY FOR CONSERVATIVE
TREATMENT OF BREAST CANCER: A PROSPECTIVE STUDY

Marco KrRENGLI, M.D.,* MariaNo Sacco, M.D.," Gianrranco Lor, Pu.D.," LAurRA MasiNi, M.D.,*
DaNtELA FERRANTE, M.D.," GiuseppiNa GAMBARO, M.D..* Marco Ronco, M.D.,'II
CorrADO MaGNANI, M.D.." AND ALESSANDRO CARRIERO, M.D.|

88% of the case have

Grade Before RT 3 mo after RT 9 mo after RT G1-3 radiological

0 41 (100) 9.(22.0) 9 (22.0) evidence of damage -

1 0 (0) 19 (46.3) 24 (58.5) (V)

2 0 (0) 10 (24.4) 8 (19.5) 4.9% had symptoms of

3 0 (0) 3(7.3) 0(0) G1RP

Table 3. Mean lung volume rf:{.:eivin1d corresponding grade of lung changes scored
using classification " ietal (18)at 3 and 9 months
3-mo Assessment O-mo Assessment
Lung Proportion of lung Lung Proportion of lung

Grade volume* volume volume* volume
0 67.8 (39.2) 0.05 (0.02) 70.4 (33.5) 0.05 (0.02)
1 86.0 (44.8) 0.07 (0.03) 92.6 (48.3) 0.07 (0.03)
2 131.9 (38.7) 0.10 (0.03) 147.5 (38.1) 0.11 (0.03)
3 157.6 (50.5) 0.10 (0.01) — —

Krengli et al JROBP 70(5):1460 (2008)
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QUANTEC MODEL: lung

Clinical aspects

 Radiation clinical pneumonitis (RP) in 1-5
% of patients irradiated for breast

* endpoints: symptoms; radiologic
alterations; pulmonary function

Data about factors affecting the risk
and about models used to predict
the damage

* 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

.‘}:E

IJROBP 76(3) S70-76 (2010)
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QUANTEC MODEL: lung
(a) Symptomatic Pneumonitis vs. Mean Lung Dose
e o 1.0 T
Clinical aspects 0g | —* MSKCC (1078)
-4 I —=— Duke (39/201) {
. . . o . e . w —a— Michigan-1 (17/109) /
* Radiation clinical pneumonitis (RP) in 1-5 % °%f ﬁﬁl?f”ﬁﬁi"‘"“”m’ ‘
. . . E GTE =T
% of patients irradiated for breast = SN W vy W
. . . £ | —o— Heidelverg (10/66) _..
* endpoints: symptoms; radiologic w 05 o Mnase) L
. . Bidk songgi
alterations; pulmonary function N v
g o
C =
Data about factors affecting the risk a2 I
and about models used to predict e ! | .
the damage 10 20 30
Mean Lung Dose (Gy)
* NTCP: mean lung dose (MLD) model >
...a variety of dose levels are predictive of s o p— /e
RP suggests that there is no DOSE £ L0 mtal) v
THRESHOLD below which there is no risk : | ' A T
o i
:,": SR
» “acceptable” risk level varies with the &
clinical scenario B 5

Marks etal IJROBP 76(3) S70-76 (2010)



Early = dryness,
epilation,
pigmentation
changes, and
erythema

Sub-acute =2 Dry
desquamation

Late
—>atrophy and
fibrosis;
pigmentation
changes;

telangiectasias

uuuuuu
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QUANTEC MODEL: skin=> does not exist

* It is a problem<€<>> cosmetic outcome €3> - discomfort
- limit daily activities
- breaks from treatm.

Factors related to skin toxicity

* 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 2 “double t't\.lble” (hot spots'réreated within
inhomogeneous dose distribution total dose and dose per fraction)
* systemic treatment

Coles et al Clinical Oncol 17:16 (2005)
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QUANTEC MODEL: skin—-> does not
exist

@
N
* It is still a problem? €2 cosmetic outcome €2 - discomfort

e L | | L] [ e, ®

« Previous International Journal of Radiation Oncology * Biclogy * Physics Mext = I Iy a CtIVItI es
Volume 81, Issue 2, Pages 397-402, 1 October 2011

rom treatm.

Comparison of Provider-Assessed and Patient-Reported Outcome
Measures of Acute Skin Toxicity During a Phase III Trial of

Mometasone Cream Versus Placebo During Breast Radiotherapy: col 17(5): 22 (2010)

( The North Central Cancer Treatment Group (No6C4) COLOG Y |
Wichelle A. Weben-Wittich, 11.0., Pamela J. Atherton, M.5., David J. Schwartz, 1.0, Jeff A. Sloan, Ph.D., Patricia C. Griffin, 1.0, Richard jherapy
F L. Deming, M.0., Jon C. Anders, M.D., Charles L. Loprinzi, M.0., Kell N. Burger, B.S., James A Martenson, M.D., Robert C. Miller, .04 I
apy do

not increase radiation-induced
dermatitis in breast cancer patients

toxicity in breast cancer

Miao-Fen Chen'<’, Wen-Cheng Chen'~, Chia-Hsuan L:

1. Hijal Mp,* A.A. Al Hamad mp,” T. Niazi Mp,’
K. Sultanem rp,” B. Bahoric mp,” T. Vuong up,’
and T. Muanza mp’
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An accurate toxicity evaluation is mandatory :

 To compare the effectiveness and toxicities of the different
treatment options

.‘}:E

n~



Heart
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9. FUTURE TOXICITY STUDIES

Improved toxicity prediction requires prospective clinical
trials based on 31D dosimetric data and careful long-term fol-
low-up of paticnts who have received potentially cardiotoxic
chemotherapy and RT. Prospective cardiac mortality studies
arc unlikely to be numerous, Hopefully, the few cxisting
dose—volume predictors for cardiac mortality will be modi-
1'. = = @ o o . ey

Key words:

Ll a & Al

¢} Future studies should incorporate baseline cardiovascular
risk factors, such as the Framingham or Reyvnolds score
{33-35). This will allow consideration of potential interac-
tive ellects between RT and traditional cardiac risk factors,

d} Additional work is needed to understand the impact of
hypofractionated radiation regimens on the heart,

el A deeper understanding of the global physiological
effects of thoracic RT is needed (e.x., interactions be-
tween the heart and lung irradiation, as suggested in
some ammal studies) (63),

@

)

QUANTEC
——— o ooort

9. FUTURE TOXICITY STUDIES

Lung

Progress regarding the predictors of RT-induced lung in-

jJury requires further understanding of the followin - - S
Tmpact of an in it lung cancer on the risk of radiavion-
induced lung injury

Endpaint interaction The data for whole-lung radiation is derived essentially

The study of RT-induced lung injury is confoun from patients without primary lung cancers (e.g., elective

v’ prospective clinical trials

v’ clear identification of end-point
| ¥ correlation of dosimetric informations with the clinic
v’ correlation of end-point — dosimetric information —
clinical informations — biological informations

was relaled 1o the volume ol lung and hearll  -omhined with the acute toxicities of amifostine (nausea/vom-
{3840, iting. hypotension, infection, and rash), have dissuaded many
from using it in routine practice. One small randomized study

demonstraled a protective elfect of pentoxifylling, but pentox-

ifylline is not currently used in routine clinical practice (43),

Biomarkers

Addditional work is needed (o assess the predictive ability
offered by biomarkers (see Bentzen e af. in this issue),
such as transforming growth factor 3 (measured before
and/or during RT) (46).




