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Clinical practice of Radiation Oncology
is the balance and integration of both
biology and physics in the treatment of
cancer.

= Molecular and cellular basis

= Structure, function and physiology of the
whole organ as well as the individual

» Quality of life
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Different therapeutic ratios exist in different clinical circumstances depending on
the radiosensitivity (doseresgonssectuvess )féorthgunmoveessscatitahhoonmall
tissue in the treatment field. A. Favorable. B.Unfavorable.

Therapeutic Ratio

A guantitative expression which can be used
to compare the effectiveness of different
therapeutic strategies

TR. = % tumor control with treatment Avs. B
~ 9% normal tissue complications with treatment A vs. B




Normal Tissue Effects

Classic principal of radiation treatment is that
normal tissue tolerances are defined by an
interaction of:
- Total dose
- Dose per fraction
- Overall (elapsed) treatment time
- Volume treated
« Serial structure (e.g. Gl tract)
= Parallel structure (e.g. lung)
- Type of radiation (photon vs. neutron or proton)

Normal Tissue Effects

» Cellular recovery system of the normal tissue
(rapidly repopulating vs. non-repojpuilatimg)

= Vascular supply to the organ

» Host factors

- Genetic susceptibilities
r Collagen vascular disease
» Ataxia telangiectasia AA M

» Additional therapy
- systemic chemotherapy
- hormonal
- biologicals




The basic unit of histopathologic injury
from an effect of radiation is fibrosis of
the small vascular endothelium.

» Arterioles, capillaries
and venules are all

affected
= Capillaries L
. . . OSMOTIC PRESSURE DIFFERENTIAL
(mlcrOCIrCUIatlon) are HjliRr(“):TI:\gTIC PRESSURE DIF2F5EFTZ“E’:TI—I|iL
most affected 50 o

Mechanism of acute injury involves
swelling of the endothelium

T

» Leads to narrowing i -
and obstruction of // .
blood flow ,

« Eventually, irregularly t::;w
spaced vascular M ? = - -
constrictions appear g ) -
within the arteriole - ! o -
(sausage link = ’
appearance)




An electron photomicrograph of a normal human myocadial capillary endothelial cell
nucleus on the right and the thin cell cytoplasm egircling the lumen and resting on the
thin basement membrane. A red cell fills the cagihry lumen. Fajardo, L.F., Berthrong,
M., Anderson, R.E. Cardiovascular System. In:Radiation PathologyOxford University
Press, New York, 2001, pp. 165 $9292.

An electron photomicrograph of a rabbit myocardial capillary, 28 days after
administration of 20 Gy. The endothelial cell enanously enlarged and or proliferated to
occlude the capillary lumen at this dose. Fajardd,.F., Berthrong, M., Anderson, R.E.
Cardiovascular System. In: Radiation PathologyOxford University Press, New York,
2001, pp. 165 1992.




Late effects develop over time from
altered blood supply to tissues and
organs.

= Manifestations depend on the kinetic
properties of the cells (slow or rapid
renewal) and the total dose given.

Effects of radiation are divided into
categories:

Acute —  during treatment and wp to 3
months after treatment

Chronic — more tham 3 montihs after
irradiation




When radiation therapy precedes chemotherapy, thentroduction of the Second mode can
lead to the expression of subclinical damage or whénjury is present, can lead to death.
In addition to complications (broken Lines) causedy the addition of the second mode
alone, associated Infection, trauma or stress cdead to overt syndromes of injury.
(Rubin, P., Casarret, G.W. Clinical Radiation Pattology, vol. | and II. Philadelphia, WB
Saunders, 1968).

Normal Tissue Tolerance Dose Metrics for
Radiation Therapy of Major Organs

Milano, M.T., et al. Semin Radiat Oncol 17:131t48(2007

Table 1. RTOG/EORTC Late Radiation Morbidity Scoring Schena




Rubin and Casarett proposed a system to
assign a percentage risk of complication,
depending on the radiation dose

¢ TD 5/5
= TD 50/5

These concepts were based on 200 cGy per
fraction and treatment schedule of 5x/wk.

Rubin, P., Cooper, R., Phillips, T.C. eds. Radiabn Biology and Radiation
Pathology Syllabus. Chicago, American College ofdliology, 1975.

TD 5/5 - Mimimal tolerance dose such thai
there is up to a 5% probability of
complication seen in 5 yrs.

TD 50/5 - Radimtiiom diose ait wiich tihere cam
be a 50% probability of
complication at 5 yrs.




Normal Tissue Tolerances
Lung

Pneumonitis as Endpoint

Organ volume

13 2I3 313
TD 5/5 (cGy) 4500 3000 1750
TD 50/5 (cGy) 6500 4000 2450

Emami, B. IJROBP 21; 1091022 10841

Normal Tissue Tolerances
Heart

Pericarditis as Endpoint

Organ volume

13 2/3 33

TD 5/5 (cGy) 6000 4500 4000

TD 50/5 (cGy) 7000 5500 5000

Emami, B. IJROBP 21; 1091022 108a1.




Clinical Dose/@lummne Histtogyaam Ame s flor
Pneumonitis after 3D Treatment for Non-
Small Cell Lung Cancer (NSCLC)

§ Graham, M., et al. Int J Radiat Oncol Biol Phys 199;45:32332%9

99 patients with Grade >2 pneumonitis

V jose Mean Lung Dose
Subgroup Rate Subgroup Rate
V 06y < 22% 0 <10 Gy 0
V 06y 22 —31% 7% 11 220Gy 9%
Vooey32 —4%  13% 21 -3D@®y 24%
V 06y > 40% 36% > 30 Gy 50%

Impact of Central Lung Distance Maximal Heart
Distance and Radiation Technique on the Volumetric

Dose of the Lung and Heart for Intact Breast Radiabn
§ Kong, FM et al. Int J Radiat Oncol Biol Phys 54(3963-971, 2002.

40 patients with CT simulation

Mean ipsilateral lung dose (Gy) 4x  GCDO(¢omn)
Percent volume of ipsilateral

lung at 20, 30 and 40 Gy 100x CLD (cnm)
Mean heart dose (Gy) 3x  MWBO¢om)
Percent volume of heart

at 10, 20, 30 and 40 Gy 6X MMBctoin)

Application of a medial breast port was advantageous with
CLD > 3.0 cm.
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Normal Tissue Tolerance Dose Metrics for

Radiation Therapy of Major Organs
Milano, M.T., et al. Semin Radiat Oncol 17:131t40(2007

Normal Tissue Tolerance Dose Metrics for

Radiation Therapy of Major Organs
Milano, M.T., et al. Semin Radiat Oncol 17:13114002007

‘ Normal Tissue Tolerance Dose Metrics ‘
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Biological Optimization Using the
Equivalent Uniform Dose (EUD)
in Pinnacle’®

RaySearch Laboratories AB, Stockholm Sweden, 2003

» A common way of presenting a dose
distribution is by using dose volume
histograms (DVH)

= In most planning systems, these diagrams are
also the basis for optimizing IMRT

= Question — $stthsstheedmsttftunotioo jzacaneteer
to use?

What Is Equivalent Uniform Dose?

The homogeneous dose distribution which produces the same
surviving fraction of clonogenic cells as that obtained from an
inhomogeneous dose distribution.

Niemierko A. Med Phys 24(1):103t100,192997.
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Equivalent Uniform Dose

Derived from inverse planning for IMRT, where
maximum and minimum dose constraints are
made, along with predefined number and
direction of beams, weight (penalty) factors.

Often, dose constraints cannot be fulfilled for
every single voxel and the penalty factors can
greatly impact on optimizing the dose distribution.

For some organs at risk, a maximum dose
constraint is not meaningful
- Parallel organs (lung, kidney and liver) have distinct

volume effects (tolerance determined by volume
radiated).

- Dose constraints —“rinonmoeehhanc®/obflibeooyganstdo
receive more than Y Gy.”

Equivalent Uniform Dose

To overcome difficulties of physical dose constraint,
the concept of “equivalent uniform dose” was
formulated.

Different EUD’s can be assigned to the same organ, or
volume depending on the clinical endpoint -e.g.gulumng
—filbrosis and pnewumaonitis values.

For targets —BEUID is mmsttly abktmmmimeso] oy thine | manessit
dose values.

EUD for parallel organs —mesanss tties mmessam ditose

EUD for serial organs —ciboninadést dyytHeemaecimuum
dose.

May have usefulness as a severity metric for clinical
radiation treatment effects.

14



Biological Optimization Using the
Equivalent Uniform Dose (EUD)
in Pinnacle’®

RaySearch Laboratories AB, Stockholm Sweden, 2003

Equivalent Uniform Dose

= For any region of interest (ROI), there will be
different biological effects that result from
different doses within that organ.

» Assuming the biological effects can be
guantified on a one dimensional scale, there
can be numerous dose distributions that give
the same biological effect.

Biological Optimization Using the
Equivalent Uniform Dose (EUD)
in Pinnacle’®

RaySearch Laboratories AB, Stockholm Sweden, 2003

Equivalent Uniform Dose

» The concept of equivalent uniform dose is to, for a
given non-wmifmmm aiose disthilbwticom, fimal the wmiiomn
dose that gives the same biological effect.

» Note that the “biologic effect” must be defined.

» The dose level of that uniform dose is then the EUD of
the non-wmifiomm distnituiion

15



Biological Optimization Using the
Equivalent Uniform Dose (EUD)
in Pinnacle’®

RaySearch Laboratories AB, Stockholm Sweden, 2003

Using the EUD
¢ Choice for a critical structure is maximum EUD

- Avoids “hot spots” (e.g. cord, small bowel, optic
nerve)

» Choice for targets is minimum EUD
- Avoids “cold spots”

A New Formula for Normal Tissue
Complication Probability
(NTCP) As A Function of

Equivalent Uniform Dose (EUD)

Luxton, G. et al. Phys Med Biol 53:2338622088

» Lyman formula for NTCP is modified to
reproduce the calculation to with ~0.3%

» Enables easy conversion of data contained in
empirical fits of Lyman parameters for organs
at risk

» Generated probabilities based on the Emami-
Burman NTCP parameters

16



The Equivalent Uniform Dose
As A Severity Metric for

Radiation Treatment Incidents
Dunscombe, P.B. et al. Radiother & Oncol 84:646&&007

This study demonstrates how the EUD can
be a potentially useful metric for describing
the severity of incidents in radiation
treatment whether the incidents affect dose,
volume or both.

Table 2. EUD (Gy) Corresponding to Indicated NTCP 6OARs with Lyman Parameters
Fitted by Burman et al(1991) for Tissue Complications from Treatments wh
Conventional Fractionation.

EUD (Gy) for indicated NTCP

Organ At Risk (OAR) 0.01 0.02 0.03 005 01 02 03 04 05 06 07 08 0.9

Heart 36.4 37.8 38.7 40.0 41.8 44.0 455 46.8 48.0 49.2 505 52.0 542

Lung (both combined) 13.8 15.2 16.0 17.1 18.8 20.8 22.2 23.4 245 25.6 26.8 28.2 30.2

Brachial plexus 53.3 55.9 576 59.9 634 67.5 703 728 75.0 77.2 79.7 825 86.6
Ribs 335 378 404 44.1 495 56.0 60.6 645 68.0 715 754 80.0 86.5
Skin 49.7 522 53.8 559 59.1 63.0 657 67.9 70.0 721 743 770 809
Spinal Cord 38.4 418 440 470 515 56.8 605 63.6 66,5 694 725 76.2 815
Thyroid 29.7 359 39.8 451 531 626 69.2 748 80.0 852 90.8 97.4 106.9

Luxton, G et al. 2008
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Acute and Late Pulmonary Effects

3 months later —

*Sharply defined hilar reticular density
*Tenting of the (R) medial hemi-
diaphragm

*Right mediastinal shift

Fajardo, L.F., Berthrong, M., Anderson, R.E. Cardiovasculr System. In: Radiation Pathology Oxford
University Press, New York, 2001, pp. 165 $9P92.

Fresh cut surface of lung showing, in the center, sharply circumscribed white are of
fibrosis next to the main stem bronchus (right). 8ch precisely defined scars with linear
edges are characteristic (but not consistent) resudf radiotherapy for pulmonary
neoplasms. Fajardo, L.F., Berthrong, M., AndersonR.E. Cardiovascular System. In:
Radiation PathologyOxford University Press, New York, 2001, pp. 165 192.
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54 year old man received 40 Gy to the mantle in 5 weeks for Higkin's disease. Three months

after initiation of therapy (radiation only), he developed ARP and died of it 37 days later. This

lung section shows thickening of alveolar septa by edemébrbsis tissue, and a few inflammatory
cells. Dark hyaline membranes of variable thickness linmost of the alveolar spaces. Fajardo, L.F.,
Berthrong, M., Anderson, R.E. Cardiovascular System. In Radiation Pathology Oxford

University Press, New York, 2001, pp. 165 $9P92.

Dense, sharply defined fibrosis obliterates the normgbarenchyma. The edge of this fibrous scar
corresponds roughly to the edge of the radiation field=ajardo, L.F., Berthrong, M., Anderson,
R.E. Cardiovascular System. In:Radiation Pathology Oxford University Press, New York, 2001,
pp. 165 —1B22.
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Radiation Pneumonitis and Fibrosis: Mechanisms Underlying

Its Pathogenesis and Implications for Future Research
Tsoutsou, P.G., et al. Int J Radiat Oncol Biol Phy 66(5):128112233 20066

Effects of Radiation Therapy on thellungy:

Radiologic Appearances and Differential Diagnosis
§ Choi, Y.W., et al. RadioGraphics 2004;24:989988

Radiation pneumonitis —
radiologic manifestations

Acute phase— ground glass
opacities and/or
consolidation in the
irradiated port

20



Effects of Radiation Therapy on the Lung:

Radiologic Appearances and Differential Diagnosis
Choi, Y.W., et al. RadioGraphics 2004;24:985938

Acute phase -hnddidaaadddoahtoorsbtidttiecoppaitesnitlifirttie
treatment port

Radiation pneumonitis typically occurs within the rradiated lung, radiation
changes outside the treatment portal can occur.

In some instances opacities from radiation pneumotigs gradually resolve.
In others there is progression to fibrosis.

Effects of Radiation Therapy on the Lung:
Radiologic Appearances and

Differential Diagnosis
Choi, Y.W., et al. RadioGraphics 2004;24:985388

Radiation Fibrosis

Radiologically appears as a well defined volume les
- Linear scarring
- Consolidation with typically sharp borders
- Traction bronchiectasis
- Displacement of the mediastinum
- Adjacent pleural thickening or effusion

- Clear demarcation of normal and irradiated lung is
seen with evolution of radiation fibrosis

21



Radiological Pulmonary Findings
after Breast Cancer Irradiation:
A Prospective Study

Jarvempda, R ,, et all. Acttn Qo tngj it 455 162,22 Q00 6

202 breast cancer patients evaluated with:

¢ CXR at 3, 6 and 12 months after XRT
= Pulmonary symptoms recorded
= High resolution CT was used in 15 patients

Radiological Pulmonary Findings
after Breast Cancer Irradiation:
A Prospective Study

Jarvenpad, R., et al. Acta Oncologica 45:182 28

Grade 2 pneumonitis (radiographic)
e 3mMos — 22258%06

» 6 mos — 2331%0

» 12 mos 1660080

Scale

0 = normal

1 = uncertain

2 = linear streaky

3 = dense, diffuse opacification
4 = dense, uniform opacification

22



Radiological Pulmonary Findings
after Breast Cancer Irradiation:
A Prospective Study

Jarvenpad, R., et al. Acta Oncologica 45:1822 28

Conclusions

Radiological lung abnormalities were common
after XRT.

These abnormalities were usually reversible.

No correlation between symptoms and lung or
pleural reactions was seen.

Retrospective Analysis -Waakmgtion
University, Department of Radiation
Oncology Radiation Pneumonitis Rate

(Grades | and Il) by MET as Treating M.D.

BCT —Stage 1 &1l

1537 patients -19863-22000

- 411 MET (~27%)
» Multiport 3/74 = 4% pneumonitis
» Tangents 9/337 = 2.67% pneumonitis
v 12/411 = 2.9% -oveesd poeeuneontiss sade

DCIS 1/111 = .9% pneumonitis
Inflammatory 1/42 = 2.38% pneumonitis

23



Treatment Planning Examples
Lung

Mean Mean
Treatment Plan  V,, i Lung Dose Lung Volume
Lung:
Upper Lobe
Lung:
Lower Lobe

28607 00 3EH7

22522

Hodgkin's
Disease

(Involved Field)
Physician A
(Lt. Breast)
Physician B
(Rt. Breast)

Radiation Pneumonitis as a
Finding of Mean Lung Dose:
An Analysis of Pooled Data of 540 Patients

Kwa, S. et al. IJROBP 42(1):19919983

» Purpose: to determine the relation between
incidence of radiation pneumonitis and 3D dose
distribution in the lung.

» Method: lung group-399
- Breast/Lymphoma group —5DHyessestt

78 lymphoma
- Other tumors - 3

= DVH calculated with both lungs as one organ.

» Mean lung dose (NTD,.,) Was obtained.

» Radiation pneumonitis —RITQG greactée 2 @rhgitear
(steroids) Lyman NTCP model was used.

24



Radiation Pneumonitis as a
Finding of Mean Lung Dose:
An Analysis of Pooled Data of 540 Patients

Kwa, S. et al. JROBP 42(1):199,19988

» Results: NTD,.,,= 0 —34 By

- 73 of 540 pts. developed grade Il pneumonitis
- NTDg=31.8 Gy

In group with NTD ., 4-16 Gy
Pneumonitis

- lung group = 10%
Breast/Lymphoma group = 1.4%

NTCP Modeling and Pulmonary
Function Test Evaluation for the
Prediction of Radiation Induced
Pneumonitis in Non-Small| Cal|
Lung Cancer Radiotherapy

Tsougos, I. et al.
Physics in Med & Biol 52:1055100733 22007

25



NTCP Modeling and Pulmonary Function Test
Evaluation for the Prediction of Radiation
Induced Pneumonitis in NonSSmadllCzsl Ly
Cancer Radiotherapy

= 47 of 218 patients with stage Il nonsemadicedl|
lung cancer 3D treatment planning, dose to 60 Gy.

» NTCP models applied: relative seriality model
LKB model (Lyman-Kutcher- Buinmamn) paralliiel
model “Goodness of Fit” was evaluated in
Pearson’s chisspuaaestitesst taoonpzamugyestiotest
vs. observed complication rates. Also evaluated
PFT’s.

Tsougos, I. et al. Physics in Med & Biol 52:105%a73; 2007

Results

» Cumulative dose of radiotherapy
administered to the lung can be a consistent
predictor of radiation pneumonitis.

= For both paired and ipsilateral lung
volumes, the difference between the mean
DVHs of the complication and complication
—firee patients is small. Suggests differences
in patient sensitivity may contribute
significantly.

Tsougos, |. et al. Physics in Med & Biol 52:105%@73; 2007
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Results

= Of the NTCP models examined, dose
distribution to the ipsilateral lung was able to
predict pneumonitis only for grade |l
pneumonitis. The LKB model gave the best fit.

» Modeling on the basis of paired organs did not
get acceptable results.

= No positive statistical correlation could be
established between the incidence of radiation
pneumonitis and PFT's (FEV,, bronchial
obstruction) FVC (index of lung compliance).

Tsougos, |. et al. Physics in Med & Biol 52:105%@73; 2007

Early Clinical and Radiology
Pulmonary Complications
Following Breast Cancer

Radiation Therapy: NTCP Fit

With Four Different Models

Rancati, T. et al.
Radiother and Oncol 82:3083366 29007

27



Methods

» 87 patients who received breast cancer
irradiation with complete DVH of the
ipsilateral 1mg

= Prospectively followed with clinical and xreay
outcomes (CXR CT)

« Four NTCP models used

- Lyman model DVH reduced to equivalent uniform
dose or EUD

- Logit model with DVH reduced to EUD
- Mean lung dose model (MLD)
- Relative seriality (RS) model

Rancati, T. et al. Radiotherand Oncol 82:308 33163, 2007

Endpoints of Study

= Clinical pneumonitis, Grade 1-3CIC
NCIC criteria

» Radiological changes on CXR
- No / slight vs. moderate / severe

» Radiological changes on CT
- No / slight vs. moderate / severe

Rancati, T. et al. Radiother and Oncol 82:308B48.22007
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Results

28% of patients developed pneumonitis (including
grade 1)

35% had CXR changes

15% had density changes on CT.

» Analysis showed that pneumonitis is a smooth function
of EUD and was predicted well by all 4 models.

« The EUD or mean lung dose is a robust and simple

parameter that correlates well with the risk of
pneumonitis.

» For all endpoints —tthee ), values ranged between 1@20
Gy.

Rancati, T. et al. Radiother and Oncol 82:308:33,2007

Clinical Pneumonitis (Observed)

Figure 2. (a) Incidence of clinical pneumonitis aa function of EUD for the
LOGEUD model. In all cases observed complication tes [solid symbols] and
predicted NTCP curve [continuous line, curve obtaied using best estimated

parameters] are plotted. The dotted lines depictte two-dimensional 8%
confidence region [see the text] for the NTCP curveRancati, T. et al.
Radiother and Oncol 82:3083366 22007 .
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CXR Assessed Pneumoniti

Figure 2. (b) Incidence of Xregyeasesseetpmeeimatittiassa fufaticioof & B D

for the LOGEUD model. In all cases observed complation rates [solid symbols] and
predicted NTCP curve [continuous line, curve obtaird using best estimated parameters]

are plotted. The dotted lines depict the twatdnemsional 68% confidence region [see the text]
for the NTCP curve. Rancati, T. et al. Radiother ad Oncol 82:308336;,20007.

CT Assessed Pneumoniti

Figure 2. (c) Incidence of CT assessed pneumonitis a function of EUD for the LOGEUD model.

In all cases observed complication rates [solid syols] and predicted NTCP curve [continuous
line, curve obtained using best estimated paramets} are plotted. The dotted lines depict the
two-dimensional 68% confidence region [see the tgXgifthe NTCP curve. Rancati, T. et al.
Radiother and Oncol 82:3083366 22007 .
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Pulmonary Sequelae of Treatment for

Breast Cancer: A Prospective Study
8§ Ooi, G.C,, et al. Int J Radiat Oncol Biol Phys 200;50(20):411411

Queen Mary Hospital, Hong Kong

30 patients undergoing breast radiation underwent
clinical, lung function, radiographic and high
resolution CT evaluation

Baseline, and at 1, 3, 6 and 12 months after irradtion
Chemotherapy was given to 15 patients (CMF, FAC)

Pulmonary Sequelae of Treatment for Breast

Cancer: A Prospective Study
Qoi, G.C., et al. Int J Radiat Oncol Biol Phys 200;50(20):4114419

FVC — Decreases during radiation therapy and can trassetly imymome owartime.
Magnitude of decrease is greater in patients havinghemotherapy and irradiation.

31



Pulmonary Sequelae of Treatment for

Breast Cancer: A Prospective Study
Ooi, G.C., et al. IntJ Radiat Oncol Biol Phys 200;50(20):4114410

FEV1 - Decreasing trend over 12 months, with signifieantelcrease even at 1 month.
Effect is greater in patients also receiving chemberapy.

Pulmonary Sequelae of Treatment for

Breast Cancer: A Prospective Study
Ooi, G.C,, et al. Int J Radiat Oncol Biol Phys 200;50(20):411411

» TLC —reducing trend over time that became
significant at 6 and 12 months post therapy.

» DLCO - had significant and permanent
reductions seen at 1 month.

» Patients receiving chemotherapy did not have
significant differences in lung volume parameters
when compared to radiation only patients.

- No difference in concurrent vs. sequential sequencing
with XRT.
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Pulmonary Sequelae of Treatment for Breast

Cancer: A Prospective Study
Ooi, G.C,, et al. Int J Radiat Oncol Biol Phys 200;50(20):411411

Radiographic correlates

Early changes are seen better on CT scan.

CT is more sensitive to tangential lung changes thaCXR.

CT detects air space opacities in 27/30 patients &atmo. and 30/30 by 3 mos.
CT appearance correlates with decline in pulmonarfunction.

Persistence at 12 months was in accordance with kaof PFT improvements.

Pulmonary Sequelae of Treatment for

Breast Cancer: A Prospective Study
Ooi, G.C,, et al. IntJ Radiat Oncol Biol Phys 200;50(20):4114410

Clinical Evaluation

Symptoms —
Sputum production
Dyspnea
Flat surface
Hurrying — gentlle sope
Hurrying — steep slope
Hemoptysis
Cough —atigy arpgremtiuatives
Wheeze
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Pulmonary Sequelae of Treatment for Breast

Cancer: A Prospective Study
Ooi, G.C,, et al. IntJ Radiat Oncol Biol Phys 200;50(20):411410

Months after XRT
Pulmonary 1 3 6 12
Symptoms 64% 64% 0% 0%

All asymptomatic patients remained asymptomatic.

« All symptoms were mild and self limiting

» Resolution of symptoms in spite of persisting radiographic
and PFT changes reflects compensatory effect of residual
areas of normal lung volume in otherwise healthy women.

Changes in Local Pulmonary Injury Up to 48
Months after Irradiation for

Lymphoma and Breast Cancer
§ Theuws, J.C.M,, et al. Int J Radiat Oncol Biol Phy2000;47(5):1201t2068

Netherlands Cancer Institute, Amsterdam

110 patients -SHEETT($sa¢pepblotdoneemsssoon
tomography) perfusion and ventilation/perfusion
studies

- Baseline, 3, 18 and 48 months

Partial improvement was observed in local
pulmonary injury between 3 and 18 months.

No improvements after 18 months.
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Long-term Cardiac Morbidity and Mortality
Randomized Trials

Study

Gyenes, G
(SELE))

DBCG 82

King's College
(population based)

SEER
(population based)

Ontario Cancer
Registry
(population based)

# of pts
960

20y1s

Cardiac Morbidity
Relative Risk

1.3 Mil ((thiigith diose
volume group)

2.0 (ischemic
heart disease)

0.86 (ischemic
heart disease)

1.59 (ischemic
heart disease)

1.27 Cardiovascular
dicpace

No increased risk of
MI with XRT

Cardiac Mortality
Relative Risk

0.84 (ischemic
heart disease)

Leftt sided treatment
2.10 —feasdINUI

American Society of Clinical Oncology Clinical Evidence
Review on the Ongoing Care of Adult Cancer Survivors:

Cardiac and Pulmonary Late Effects
Carver, J.R., et al. J Clin Oncol 25:399420882817
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Cardiovascular Effects of

Breast Cancer Radiotherapy
Senkuskanefiia, I, edtead]. Caroeer Thesst ey 3B 5SS Y7

Pathophysiology of radiation induced heart disease
Is different from non-radiation related CHF

In classic CHF} cardiac output—— sustaink
activation of the sympathetic nervous system and
there is a down regulation of receptors

In radiation induced heart disease -addraahbl
catecholamine synthesis is unchanged and cardiac
catecholamine content is reduced, leading to ah

in receptor density

Anterior View of the Heart with Blood Vessels Injected

NognAwNpE

Suypeir Wemea Cava

TRt aatiriiumm

Auriicle off nigihit atrium (displeoed [Eensly)
Asoemdiimy otz

Pwlimmameany tinumi

Iimfumaittowiium af rigit wemtiiclie

Amteeniiar imerventhiculr tnamch off lkeft comomeazny
artery and great cardiac vein in interventricular
groove

ILefit wesmiiiclie

Apex
Rigiht: vemtricie

. Margjinall tramnch of right comonzrny arterny

Riigitt comomary artery im anterior atrioventriculzr
groove

Heart, from the front, with blood vessels injecteld
The coronary arteries have been injected with red
latex and the cardiac veins with grey latex. The
pulmonary trunk (5) passes upwards from the
infundibulum (6) of the right ventricle (10), and at
its commencement it is just in front and to the left
of the ascending aorta (4).
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Posterior View of the Heart with Blood Vessels Injected

B. Heart, from behind, with blood vessels injected

CENONA~ONE

ILeefit poulimaomeny anterny

Suyperniiar ket mulmameny weiim

Awriicie off lleft atirium

Iimfkeriico lkeftt ol immamezny wesim

ILeefft @t
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This posterior view of the same specimen as in A shows tberonary sinus (12) in the posterior atrioventricular groove andhree
large tributaries entering it—the great cardiac vein (17), the posterior vein of the left véricle (16) and the middle cardiacvesin

(13). The four pulmonary veins (2, 4, 9 and 10) enter the ledtrium (5).
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10.  Femoral vein
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12.  Medial supraciavicular nerves
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16.  lintemnel thoracic artery
17.  Intercostal nerves
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19. Superior epigastric arery
20. Thoraco-abdominal (intercostal) nerves
21, Transversus abdominis muscie

25.  limguinel ligament amd ilio-inguinal nerve
26.  Femaoral merve

27.  Femorall artery

28.  Spenmatic cord

29. Testis

30. [Posterior intercostzl arteries

Horizontal section of the abdominal wall(from below) showing the 31 Imtiennall aihdominal biigue musce
lrzameih off menve

location of the intercostal arteries (left side) aedves (right side). 33.  Dorsal branch of spinal nere

34.  |Latissimues dorsi muscle
35. Deep muscles of tive back (mediiall and |ateral tract)

39.  Spinal cord
Aarta

41.  Ventral root of spinal

42.  Daorsal root nerve
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14.  Axillary vein
15. lLomg i andl iC arteny

The long axis taken along the heart itself shows ¢hsoezalézt ftnurchamber’ projection.
Anderson, R.H., et al.; J Anat 2004; 159-177
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The magnetic resonance image in frontal projectioshows that the sczaliddd
‘anterior descending coronary artery’ emerges fronthe aorta in superior position.
Anderson, R.H., et al.; J Anat 2004; 153-177

The magnetic resonance image, taken in lateral pregtion (saggital plan), shows that the so-

called right-sided structures, the right ventricle,inffurdibioulumamad goulimomeny tiumik, e im
reality anterior to their left-sakt cuntepEats

Anderson, R.H., et al.; J Anat 2004; 159-177
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A slice parallel to the image shown in the previouslide reveals the location of the

esophagus directly posterior to the scalldiztbfe&ided cardiac structures.
Anderson, R.H., et al.; J Anat 2004; 153-177

13
14
15
16
17
18
19
20
21

1) Internal mammary artery & vein

3) Right coronary artery & great cardiac vein
4) Right atrium

5) Leftatrium

14) Anterior branch of LAD

15) Right ventricle

16) Left ventricle

21) Circumflex branch of left coronary artery
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The Role of SexSpeediidiResitkReepatiigg

in Cardiovascular Disease
Blauwet, L.A., et al. Cardiology in Review 15:27378, 2007

= Cardiovascular disease sisigig¢cledidiog@assebf
death worldwide

= 8.6 million women die annually in USA

Cardiovascular disease affects 36.6% of all
American women (42 million)

« More women die of CVD (500,000) than men
(440,000)

= Emerging data —imputtantsexdiffermressitor
prevention, diagnosis and treatment of CVD

Quality Indicators in Women

Figure 1. Cardiovascular disease mortality trends for maleand females.
Decker, C. Cardiology in Rev 14:30831120066
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The Role of SexSpeediidiResitkReepatiigg

in Cardiovascular Disease
Blauwet, L.A., et al. Cardiology in Review 15:27378, 2007

Common symptoms of CVD
- Chest pain
- Dyspnea, weakness, unusual fatigue, cold sweats or
dizziness during an acute Ml
» Prodromal symptoms
- Unusual fatigue
- 1 month or more sleep disturbance
- Shortness of breath prior to Ml

- Unstable angina, women tend to have less chest pain
and more diaphoresis, dyspnea, nausea and epigastric
pain

Sex Difference in Myocardial Oxygen

and Glucose Metabolism
Peterson, L.R., et al. J Nucl Cardiol 14:57 3813007

25 young healthy subjects were studied with PET
- 13 women
- 12 men

» Myocardial oxygen consumption was higher in
women than men p< .005)

» Myocardial glucose extraction fraction and
utilization were lower for women than men
(p<.01)

= Female sex was an independent predictor of
increased myocardial oxygen consumption and

decreased glucose extraction fraction and
utilization (p< .005 andp < .05, respectively)
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Competing Causes of Death from a
Randomized Trial of Extended Adjuvant

Endocrine Therapy for Breast Cancer
Chapman, J.-/AM,, etall. J Nt Canoer inst 100 28286020088

MA 17 Trial — National Cancer Institute of
Canada

5170 breast cancer patients

All received 5 yrs. of tamoxifen +aaddomzzed
to letrozole 2.5 mg vs. placebo

Median follow-up is 3.9 yrs.

Competing Causes of Death from a
Randomized Trial of Extended Adjuvant

Endocrine Therapy for Breast Cancer
Chapman, J./AAW,, etall. J Nt Camoer Inst 100 285286020088

256 Deaths
102 breast cancer
50 other malignancies
100 other causes

A umkanowin
Non breast cancer deaths accounted for 60% of
known deaths
(72% for those >70 yrs., 48% for those < 70 yrs.)
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Competing Causes of Death from a
Randomized Trial of Extended Adjuvant

Endocrine Therapy for Breast Cancer
Chapman, J.-/AM,, etall. J Nt Canoer inst 100 28286020088

Results

Cardiovascular disease -wasasssciai@e dthtla a
significantly increased risk of death from other
causesp=.002)

Osteoporosis ~wwaasaaseo@tddwihirasgjgifiGaatiyly
increased risk of dying from other malignancy

(p=.05)
Node (+) breast cancer -assscaizie avthtlaamicrerased
risk of breast cancer specific deathgf< .001)

Increased death from all 3 causes was associatedwi
older age < .001)

Treatment Planning Examples
Heart

Mean
Treatment Plan  V,q i Volume cm?
Lung:
Upper Lobe
Lung:
Lower Lobe

Hodgkin’s
Disease

Physician A
(Lt. Breast)
Physician B
(Rt. Breast)
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American Society of Clinical Oncology Clinical Evidence
Review on the Ongoing Care of Adult Cancer Survivors:

Cardiac and Pulmonary Late Effects
Carver, J.R., et al. J Clin Oncol 25:39914a08827

Factors Associated with Increased Risk
of Radiation Induced Cardiac Morbidity
in Breast Radiation Therapy

» Left vs. right therapy
- Cardiac volume (CLD —iim exvess aff 3 am)

» Boost treatment -kt nresotl el ayuescthcanits

» Application of IMC field

» Use of anthrocycline based chemotherapy
» Effect of transtuzumab is uncertain

» Age>60 years

» Pre-existent history of active heart disease
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“Modern” Radiation Therapy
Techniques for Breast Cancer

= Introduction of megavoltage techniques

= Introduction to simulator assisted treatment
planning.

» Reduce total heart dose

= Spare left circumflex and right coronary artery and
decrease dose to left anterior descending artery

= Complex radiation techniques needed to reduce
dose to these structures.

Technical Advances that May
Improve Normal Tissue Tolerance

« IMRT

» Tomotherapy

» Electronic imaging portal device (EPIC)
» Gated respirations
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Three-Dimensional Heart Dose
Reconstruction to Estimate Normal
Tissue Complication Probability
After Breast Irradiation Using
Portal Dosimetry

Louve, R.J., et al.
Med Phys 34(4):135468320007

Report describes methodology whereby 3D
reconstruction of actual heart dose given daily unelr
treatment is verified.

EPID dosimetry, 3D dose calculations from the treatment
planning system, film dosimetry and ionization chamber
measurements were performed.

- phantom —1I% petimmits
- dose distributions from TPS vs. NTCP values obtained
with study methodology difference 0.1% + 0.3%

EPID dosimetry is well suited for in vivo verification of heart
dose during breast cancer treatment

Louve, R.J., et al. Med Phys 34(4):13548320007
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Breathing Adapted Radiotherapy
for Breast Cancer: Comparisons
of Free Breathing Gating with
the Breath Hold Technique

Korreman, S.S., et al.
Radiother Oncol 76:3113383,220%6.

17 patients -CITsseameeddduimggf feseddesp
breathing (FB) end inspiration gating (1G),
end-expiration gating (EG), endiexpnatiamn
breath hold (EBH) and deep inspiration
breath-hold (DIBH)

Varian Real-Time Position Management
System was used to monitor respiratory
movement and to gate the scanner.

Korreman, S.S., et al. Radiother Oncol 76:31313,2005.
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Results

AP Chest Wall Excursion

2.5 mm
1.1 mmm
0.7 mm
4.1 rmmmm

2.6 mm

Korreman, S.S., et al. Radiother Oncol 76:31313,2005.

For Left Sided Breast Cancer Patients

Median heart volume receiving more than 50% of
the prescription dose:

FB 19.2%

IG 2 B%

DIBH 1.9%
Median left anterior descending coronary artery
volume:

Korreman, S.S., et al. Radiother Oncol 76:31313,2005.
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Median ipsilateral lung volume irradiated to > 50%
of the prescribed target dose for both right and |&
sided cancer

EBH and EG — Ittt ttnes innezati et Hesentt,, LAND
and lung volumes increased compared with FB

Korreman, S.S., et al. Radiother Oncol 76:31313,2005.

The Late Radiotherapy Normal
Tissue Injury of Phenotypes of
Telangiectasia, Fibrosis and
Atrophy in Breast Cancer Patients
Who Have Distinct Genotype-
Dependent Causes

Giotopoulas, G. et al.
Br J Cancer 6:1001 110007 , 20007
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Early acute reaction to radiation and/or the
inheritance of transforming factor (TGF ,-509T)
SNP contributed to risk of fibrosis

Boost dose and/or inheritance of xapyapaaiciuss-
complimenting 1 (RCC1) (R3992) SNP contributed
to risk of telangiectasia.

Fibrosis risk — associated witi am imflammatory
response (an acute reaction and/or TGR

Telangiectasia is associated with vascular endotla
cell damage (boost and/or XRCC1)

Giotopoulas, G. et al. BrJ Cancer 6:1001-0@0 72@Y7

= Atrophy is associated with any acute
response, but genetic predisposing
factors have yet to be found.

» Analysis of 2 UK breast cancer patient
studies show that 8% of patients are
homozygous (TT) for TGF , (c-509T)
variant allele.

= These patients have a 15x increased risk

of fibrosis following radiotherapy.

Giotopoulas, G. et al. BrJ Cancer 6:1001-0@0 72@Y7
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Variations in Normal
Tissue Tolerances

Alsbeigh, G., et al. IJROBP 68(1):2222352Q007

Genetic predictive markers are
being sought to stratify radiation
treatment and risk assessment for
radiation exposure.

Single Nucleotide Polymorphisms

» ATM 1853 Asp/Asn G > A

» p53 72 Arg/Pro G > C

» p21 31 Ser/Arg C > A

» XRCCI399 Arg>GInG > A
r XRCC3241 Thr>MetC>T
« TGF ;10Leu>ProT>C

Alsbeigh, G., et al. IJROBP 68(1):22233%0007
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At 2Gy Exposure

Clonogenic survival fraction was 0.153(b5.
The number of risk alleles were increased
with increasing radiation sensitivity

Alsbeigh, G., et al. IJROBP 68(1):22233%22007

Conclusions

Reduction in risk for late pulmonary and cardiac
effects of radiation therapy for the treatment of
breast cancer requires minimal radiation
dose/exposure to those normal tissues.

Normal tissue tolerance is affected by many
factors, including genetic susceptibilities of the
host.

Genetic susceptibility studies are currently
underway with evaluation of genetic predictive
markers.
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Conclusions (cont’d)

NTCP models for lung and heart are
under development and evaluation:

» Vo for lung cancer over predicts risk of
radiation pneumonitis

= EUD or mean lung dose (10 22G@Byisis
best simple predictive factor for risk of
pneumonitis in breast cancer patients

Conclusions (cont’'d)

Emerging technologies with gated inspiration breath
holding, IMRT or tomotherapy have promise for
reducing medium or high dose radiation exposure to
heart and lungs. IMRT and tomotherapy increase the
integral dose (volume of tissue receivingramadiation
dose).

Although accurate treatment planning and normal tissue
models guide our estimates of safe and effective
therapy, the practical aspects of daily positioning and
set up also remain a critical part of safe radiation
practice. For this, we must acknowledge excellence in
daily practice by our treating radiation therapy
technologists.

55



