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

Molecular and cellular basisMolecular and cellular basis
Structure, function and physiology of the Structure, function and physiology of the 
whole organ as well as the individualwhole organ as well as the individual
Quality of lifeQuality of life
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Different therapeutic ratios exist in different clinical circumstances depending on Different therapeutic ratios exist in different clinical circumstances depending on 
the radiosensitivity (dosethe radiosensitivity (dose--response curves) for the tumor versus critical normal response curves) for the tumor versus critical normal 
tissue in the treatment field.  A.  Favorable.  B.  Unfavorable.tissue in the treatment field.  A.  Favorable.  B.  Unfavorable.

Therapeutic RatioTherapeutic Ratio
A quantitative expression which can be usedA quantitative expression which can be used
to compare the effectiveness of differentto compare the effectiveness of different
therapeutic strategies therapeutic strategies 

T.R. =T.R. = % tumor control with treatment A vs. B% tumor control with treatment A vs. B
% normal tissue complications with treatment A vs. B% normal tissue complications with treatment A vs. B
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Classic principal of radiation treatment is that Classic principal of radiation treatment is that 
normal tissue tolerances are defined by an normal tissue tolerances are defined by an 
interaction of:interaction of:

–– Total doseTotal dose
–– Dose per fractionDose per fraction
–– Overall (elapsed) treatment timeOverall (elapsed) treatment time
–– Volume treatedVolume treated

Serial structure (e.g. GI tract)Serial structure (e.g. GI tract)
Parallel structure (e.g. lung)Parallel structure (e.g. lung)

–– Type of radiation (photon vs. neutron or proton)Type of radiation (photon vs. neutron or proton)

Normal Tissue EffectsNormal Tissue Effects

Normal Tissue EffectsNormal Tissue Effects
Cellular recovery system of the normal tissue Cellular recovery system of the normal tissue 
(rapidly repopulating vs. non(rapidly repopulating vs. non--repopulating)repopulating)
Vascular supply to the organVascular supply to the organ
Host factorsHost factors

–– Genetic susceptibilities Genetic susceptibilities 
Collagen vascular disease Collagen vascular disease 
Ataxia telangiectasia Ataxia telangiectasia –– ATMATM

Additional therapy Additional therapy 
–– systemic chemotherapy systemic chemotherapy 
–– hormonalhormonal
–– biologicalsbiologicals
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The basic unit of histopathologic injury The basic unit of histopathologic injury 
from an effect of radiation is fibrosis of from an effect of radiation is fibrosis of 
the small vascular endothelium.the small vascular endothelium.

Arterioles, capillaries Arterioles, capillaries 
and venules are all and venules are all 
affectedaffected
Capillaries Capillaries 
(microcirculation) are (microcirculation) are 
most affectedmost affected

Mechanism of acute injury involves Mechanism of acute injury involves 
swelling of the endotheliumswelling of the endothelium

Leads to narrowing Leads to narrowing 
and obstruction of and obstruction of 
blood flowblood flow
Eventually, irregularly Eventually, irregularly 
spaced vascular spaced vascular 
constrictions appear constrictions appear 
within the arteriole within the arteriole 
(sausage link (sausage link 
appearance)appearance)
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An electron photomicrograph of a normal human myocardial capillary endothelial cell An electron photomicrograph of a normal human myocardial capillary endothelial cell 
nucleus on the right and the thin cell cytoplasm encircling the lumen and resting on the nucleus on the right and the thin cell cytoplasm encircling the lumen and resting on the 
thin basement membrane.  A red cell fills the capillary lumen.  Fajardo, L.F., Berthrong, thin basement membrane.  A red cell fills the capillary lumen.  Fajardo, L.F., Berthrong, 
M., Anderson, R.E.  Cardiovascular System.  In:  M., Anderson, R.E.  Cardiovascular System.  In:  Radiation PathologyRadiation Pathology, Oxford University , Oxford University 
Press, New York, 2001, pp. 165 Press, New York, 2001, pp. 165 –– 192.192.

An electron photomicrograph of a rabbit myocardial capillary, 28 days after An electron photomicrograph of a rabbit myocardial capillary, 28 days after 
administration of 20 Gy.  The endothelial cell enormously enlarged and or proliferated to administration of 20 Gy.  The endothelial cell enormously enlarged and or proliferated to 
occlude the capillary lumen at this dose.  Fajardo, L.F., Berthrong, M., Anderson, R.E.  occlude the capillary lumen at this dose.  Fajardo, L.F., Berthrong, M., Anderson, R.E.  
Cardiovascular System.  In:  Cardiovascular System.  In:  Radiation PathologyRadiation Pathology, Oxford University Press, New York, , Oxford University Press, New York, 
2001, pp. 165 2001, pp. 165 –– 192.192.
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Late effects develop over time from Late effects develop over time from 
altered blood supply to tissues and altered blood supply to tissues and 
organs.organs.

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

Effects of radiation are divided into Effects of radiation are divided into 
categories:categories:

AcuteAcute –– during treatment and up to 3during treatment and up to 3
months after treatmentmonths after treatment

ChronicChronic –– more than 3 months aftermore than 3 months after
irradiationirradiation



7

When radiation therapy precedes chemotherapy, the introduction of the Second mode can When radiation therapy precedes chemotherapy, the introduction of the Second mode can 
lead to the expression of subclinical damage or when Injury is present, can lead to death.  lead to the expression of subclinical damage or when Injury is present, can lead to death.  
In addition to complications (broken Lines) caused by the addition of the second mode In addition to complications (broken Lines) caused by the addition of the second mode 
alone, associated  Infection, trauma or stress can lead to overt syndromes of injury.  alone, associated  Infection, trauma or stress can lead to overt syndromes of injury.  
(Rubin, P., Casarret, G.W.  Clinical Radiation Pathology, vol. I and II. Philadelphia, WB (Rubin, P., Casarret, G.W.  Clinical Radiation Pathology, vol. I and II. Philadelphia, WB 
Saunders, 1968).Saunders, 1968).

Normal Tissue Tolerance Dose Metrics for Normal Tissue Tolerance Dose Metrics for 
Radiation Therapy of Major OrgansRadiation Therapy of Major Organs
Milano, M.T., et al. Semin Radiat Oncol 17:131Milano, M.T., et al. Semin Radiat Oncol 17:131--140, 2007140, 2007

Table 1.  RTOG/EORTC Late Radiation Morbidity Scoring SchemaTable 1.  RTOG/EORTC Late Radiation Morbidity Scoring Schema
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Rubin and Casarett proposed a system to Rubin and Casarett proposed a system to 
assign a percentage risk of complication, assign a percentage risk of complication, 
depending on the radiation dosedepending on the radiation dose

TD 5/5TD 5/5
TD 50/5TD 50/5

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

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

TD 5/5 TD 5/5 -- Minimal tolerance dose such thatMinimal tolerance dose such that
there is up to a 5% probability ofthere is up to a 5% probability of
complication seen in 5 yrs.complication seen in 5 yrs.

TD 50/5 TD 50/5 -- Radiation dose at which there canRadiation dose at which there can
be a 50% probability ofbe a 50% probability of
complication at 5 yrs.complication at 5 yrs.
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Normal Tissue TolerancesNormal Tissue Tolerances
LungLung

TD 5/5 (cGy)TD 5/5 (cGy)

TD 50/5 (cGy)TD 50/5 (cGy)

1/31/3

45004500

65006500

2/32/3

30003000

40004000

3/33/3

17501750

24502450

Emami, B. IJROBP 21; 109Emami, B. IJROBP 21; 109--122, 1991.122, 1991.

Organ volumeOrgan volume

Pneumonitis as EndpointPneumonitis as Endpoint

Normal Tissue TolerancesNormal Tissue Tolerances
HeartHeart

TD 5/5 (cGy)TD 5/5 (cGy)

TD 50/5 (cGy)TD 50/5 (cGy)

1/31/3

60006000

70007000

2/32/3

45004500

55005500

3/33/3

40004000

50005000

Emami, B. IJROBP 21; 109Emami, B. IJROBP 21; 109--122, 1991.122, 1991.

Organ volumeOrgan volume

Pericarditis as EndpointPericarditis as Endpoint
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Clinical DoseClinical Dose--Volume Histogram Analysis for Volume Histogram Analysis for 
Pneumonitis after 3D Treatment for NonPneumonitis after 3D Treatment for Non--

Small Cell Lung Cancer (NSCLC)Small Cell Lung Cancer (NSCLC)
Graham, M., et al.  Int J Radiat Oncol Biol Phys 1999;45:323Graham, M., et al.  Int J Radiat Oncol Biol Phys 1999;45:323--329329

99 patients with Grade 99 patients with Grade >>2 pneumonitis2 pneumonitis
V V dosedose

SubgroupSubgroup

VV20Gy20Gy < 22%< 22%
VV20Gy20Gy 22 22 –– 31%31%
VV20Gy 20Gy 32 32 –– 40%40%
VV20Gy20Gy > 40%> 40%

RateRate

00
7%7%

13%13%
36%36%

Mean Lung DoseMean Lung Dose

RateRate

00
9%9%

24%24%
50%50%

SubgroupSubgroup

< 10 Gy< 10 Gy
11 11 –– 20 Gy20 Gy
21 21 –– 30 Gy30 Gy
> 30 Gy> 30 Gy

§§

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

Dose of the Lung and Heart for Intact Breast RadiationDose of the Lung and Heart for Intact Breast Radiation
Kong, FM et al.  Int J Radiat Oncol Biol Phys 54(3):963Kong, FM et al.  Int J Radiat Oncol Biol Phys 54(3):963--971, 2002.971, 2002.

40 patients with CT simulation40 patients with CT simulation

Mean ipsilateral lung dose (Gy)Mean ipsilateral lung dose (Gy) 4x4x CLD (cm)CLD (cm)

Percent volume of ipsilateral Percent volume of ipsilateral 
lung at 20, 30 and 40 Gylung at 20, 30 and 40 Gy 10x10x CLD (cm)CLD (cm)

Mean heart dose (Gy)Mean heart dose (Gy) 3x3x MHD (cm)MHD (cm)

Percent volume of heart Percent volume of heart 
at 10, 20, 30 and 40 Gyat 10, 20, 30 and 40 Gy 6X6X MHD (cm)MHD (cm)

Application of a medial breast port was advantageous withApplication of a medial breast port was advantageous with
CLD CLD >> 3.0 cm.3.0 cm.

§§
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Normal Tissue Tolerance Dose Metrics for Normal Tissue Tolerance Dose Metrics for 
Radiation Therapy of Major OrgansRadiation Therapy of Major Organs
Milano, M.T., et al. Semin Radiat Oncol 17:131Milano, M.T., et al. Semin Radiat Oncol 17:131--140, 2007140, 2007

Normal Tissue Tolerance Dose Metrics for Normal Tissue Tolerance Dose Metrics for 
Radiation Therapy of Major OrgansRadiation Therapy of Major Organs
Milano, M.T., et al. Semin Radiat Oncol 17:131Milano, M.T., et al. Semin Radiat Oncol 17:131--140, 2007140, 2007

Normal Tissue Tolerance Dose MetricsNormal Tissue Tolerance Dose Metrics
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A common way of presenting a dose A common way of presenting a dose 
distribution is by using dose volume distribution is by using dose volume 
histograms (DVH)histograms (DVH)
In most planning systems, these diagrams are In most planning systems, these diagrams are 
also the basis for optimizing IMRTalso the basis for optimizing IMRT
Question Question –– Is this the best function/parameter Is this the best function/parameter 
to use?to use?

Biological Optimization Using the Biological Optimization Using the 
Equivalent Uniform Dose (EUD)Equivalent Uniform Dose (EUD)

in Pinnaclein Pinnacle33®®
RaySearch Laboratories AB, Stockholm Sweden, 2003RaySearch Laboratories AB, Stockholm Sweden, 2003

What Is Equivalent Uniform Dose?What Is Equivalent Uniform Dose?
The homogeneous dose distribution which produces the sameThe homogeneous dose distribution which produces the same
surviving fraction of clonogenic cells as that obtained from an surviving fraction of clonogenic cells as that obtained from an 
inhomogeneous dose distribution.inhomogeneous dose distribution.

Niemierko A.  Med Phys 24(1):103Niemierko A.  Med Phys 24(1):103--110, 1997.110, 1997.
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Equivalent Uniform DoseEquivalent Uniform Dose
Derived from inverse planning for IMRT, where Derived from inverse planning for IMRT, where 
maximum and minimum dose constraints are maximum and minimum dose constraints are 
made, along with predefined number and made, along with predefined number and 
direction of beams, weight (penalty) factors.direction of beams, weight (penalty) factors.
Often, dose constraints cannot be fulfilled for Often, dose constraints cannot be fulfilled for 
every single voxel and the penalty factors can every single voxel and the penalty factors can 
greatly impact on optimizing the dose distribution.greatly impact on optimizing the dose distribution.
For some organs at risk, a maximum dose For some organs at risk, a maximum dose 
constraint is not meaningfulconstraint is not meaningful

–– Parallel organs (lung, kidney and liver) have distinct Parallel organs (lung, kidney and liver) have distinct 
volume effects (tolerance determined by volume volume effects (tolerance determined by volume 
radiated).radiated).

–– Dose constraints Dose constraints –– “no more than X% of the organ is to “no more than X% of the organ is to 
receive more than Y Gy.”receive more than Y Gy.”

To overcome difficulties of physical dose constraint, To overcome difficulties of physical dose constraint, 
the concept of “equivalent uniform dose” was the concept of “equivalent uniform dose” was 
formulated.formulated.
Different EUD’s can be assigned to the same organ, or Different EUD’s can be assigned to the same organ, or 
volume depending on the clinical endpoint volume depending on the clinical endpoint –– e.g. lung e.g. lung 
–– fibrosis and pneumonitis values.fibrosis and pneumonitis values.
For targets For targets –– EUD is mostly determined by the lowest EUD is mostly determined by the lowest 
dose values.dose values.
EUD for parallel organs EUD for parallel organs –– nears the mean dosenears the mean dose
EUD for serial organs EUD for serial organs –– dominated by the maximum dominated by the maximum 
dose.dose.
May have usefulness as a severity metric for clinical May have usefulness as a severity metric for clinical 
radiation treatment effects.radiation treatment effects.

Equivalent Uniform DoseEquivalent Uniform Dose
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Equivalent Uniform DoseEquivalent Uniform Dose
For any region of interest (ROI), there will be For any region of interest (ROI), there will be 
different biological effects that result from different biological effects that result from 
different doses within that organ.different doses within that organ.
Assuming the biological effects can be Assuming the biological effects can be 
quantified on a one dimensional scale, there quantified on a one dimensional scale, there 
can be numerous dose distributions that give can be numerous dose distributions that give 
the same biological effect.the same biological effect.

Biological Optimization Using the Biological Optimization Using the 
Equivalent Uniform Dose (EUD)Equivalent Uniform Dose (EUD)

in Pinnaclein Pinnacle33®®
RaySearch Laboratories AB, Stockholm Sweden, 2003RaySearch Laboratories AB, Stockholm Sweden, 2003

Equivalent Uniform DoseEquivalent Uniform Dose
The concept of equivalent uniform dose is to, for a The concept of equivalent uniform dose is to, for a 
given nongiven non--uniform dose distribution, find the uniform uniform dose distribution, find the uniform 
dose that gives the same biological effect.  dose that gives the same biological effect.  
Note that the “biologic effect” must be defined.Note that the “biologic effect” must be defined.
The dose level of that uniform dose is then the EUD of The dose level of that uniform dose is then the EUD of 
the nonthe non--uniform distributionuniform distribution

Biological Optimization Using the Biological Optimization Using the 
Equivalent Uniform Dose (EUD)Equivalent Uniform Dose (EUD)

in Pinnaclein Pinnacle33®®
RaySearch Laboratories AB, Stockholm Sweden, 2003RaySearch Laboratories AB, Stockholm Sweden, 2003
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Using the EUDUsing the EUD
Choice for a critical structure is maximum EUDChoice for a critical structure is maximum EUD

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

Choice for targets is minimum EUDChoice for targets is minimum EUD
–– Avoids “cold spots”Avoids “cold spots”

Biological Optimization Using the Biological Optimization Using the 
Equivalent Uniform Dose (EUD)Equivalent Uniform Dose (EUD)

in Pinnaclein Pinnacle33®®
RaySearch Laboratories AB, Stockholm Sweden, 2003RaySearch Laboratories AB, Stockholm Sweden, 2003

Lyman formula for NTCP is modified to Lyman formula for NTCP is modified to 
reproduce the calculation to with ~0.3%reproduce the calculation to with ~0.3%
Enables easy conversion of data contained in Enables easy conversion of data contained in 
empirical fits of Lyman parameters for organs empirical fits of Lyman parameters for organs 
at riskat risk
Generated probabilities based on the EmamiGenerated probabilities based on the Emami--
Burman NTCP parametersBurman NTCP parameters

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

Equivalent Uniform Dose (EUD)Equivalent Uniform Dose (EUD)
Luxton, G. et al. Phys Med Biol 53:23Luxton, G. et al. Phys Med Biol 53:23--36; 200836; 2008
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This study demonstrates how the EUD can This study demonstrates how the EUD can 
be a potentially useful metric for describing be a potentially useful metric for describing 
the severity of incidents in radiation the severity of incidents in radiation 
treatment whether the incidents affect dose, treatment whether the incidents affect dose, 
volume or both.volume or both.

The Equivalent Uniform Dose The Equivalent Uniform Dose 
As A Severity Metric for As A Severity Metric for 

Radiation Treatment IncidentsRadiation Treatment Incidents
Dunscombe, P.B. et al. Radiother & Oncol 84:64Dunscombe, P.B. et al. Radiother & Oncol 84:64--66; 200766; 2007

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

Organ At Risk (OAR)Organ At Risk (OAR)

HeartHeart

Lung (both combined)Lung (both combined)

Brachial plexusBrachial plexus

RibsRibs

SkinSkin

Spinal CordSpinal Cord

ThyroidThyroid

Luxton, G et al. 2008Luxton, G et al. 2008

0.010.01

36.436.4

13.813.8

53.353.3

33.533.5

49.749.7

38.438.4

29.729.7

0.020.02

37.837.8

15.215.2

55.955.9

37.837.8

52.252.2

41.841.8

35.935.9

0.030.03

38.738.7

16.016.0

57.657.6

40.440.4

53.853.8

44.044.0

39.839.8

0.050.05

40.040.0

17.117.1

59.959.9

44.144.1

55.955.9

47.047.0

45.145.1

0.10.1

41.841.8

18.818.8

63.463.4

49.549.5

59.159.1

51.551.5

53.153.1

0.20.2

44.044.0

20.820.8

67..567..5

56.056.0

63.063.0

56.856.8

62.662.6

0.30.3

45.545.5

22.222.2

70.370.3

60.660.6

65.765.7

60.560.5

69.269.2

0.40.4

46.846.8

23.423.4

72.872.8

64.564.5

67.967.9

63.663.6

74.874.8

0.50.5

48.048.0

24.524.5

75.075.0

68.068.0

70.070.0

66.566.5

80.080.0

0.60.6

49.249.2

25.625.6

77.277.2

71.571.5

72.172.1

69.469.4

85.285.2

0.70.7

50.550.5

26.826.8

79.779.7

75.475.4

74.374.3

72.572.5

90.890.8

0.80.8

52.052.0

28.228.2

82.582.5

80.080.0

77.077.0

76.276.2

97.497.4

0.90.9

54.254.2

30.230.2

86.686.6

86.586.5

80.980.9

81.581.5

106.9106.9

EUD (Gy) for indicated NTCPEUD (Gy) for indicated NTCP
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Acute and Late Pulmonary EffectsAcute and Late Pulmonary Effects

Fajardo, L.F., Berthrong, M., Anderson, R.E.  Cardiovascular System.  In:  Fajardo, L.F., Berthrong, M., Anderson, R.E.  Cardiovascular System.  In:  Radiation PathologyRadiation Pathology, Oxford , Oxford 
University Press, New York, 2001, pp. 165 University Press, New York, 2001, pp. 165 –– 192.192.

3 months later 3 months later ––
••Sharply defined hilar reticular densitySharply defined hilar reticular density
••Tenting of the (R) medial hemiTenting of the (R) medial hemi--
diaphragmdiaphragm
••Right mediastinal shiftRight mediastinal shift

Fresh cut surface of lung showing, in the center, a sharply circumscribed white are of Fresh cut surface of lung showing, in the center, a sharply circumscribed white are of 
fibrosis next to the main stem bronchus (right).  Such precisely defined scars with linear fibrosis next to the main stem bronchus (right).  Such precisely defined scars with linear 
edges are characteristic (but not consistent) result of radiotherapy for pulmonary edges are characteristic (but not consistent) result of radiotherapy for pulmonary 
neoplasms. Fajardo, L.F., Berthrong, M., Anderson, R.E.  Cardiovascular System.  In:  neoplasms. Fajardo, L.F., Berthrong, M., Anderson, R.E.  Cardiovascular System.  In:  
Radiation PathologyRadiation Pathology, Oxford University Press, New York, 2001, pp. 165 , Oxford University Press, New York, 2001, pp. 165 –– 192.192.
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54 year old man received 40 Gy to the mantle in 5 weeks for Hodgkin’s disease.  Three months 54 year old man received 40 Gy to the mantle in 5 weeks for Hodgkin’s disease.  Three months 
after initiation of therapy (radiation only), he developed ARP and died of it 37 days later.   This 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 edema, fibrosis tissue, and a few inflammatory lung section shows thickening of alveolar septa by edema, fibrosis tissue, and a few inflammatory 
cells.  Dark hyaline membranes of variable thickness line most of the alveolar spaces. Fajardo, L.F., cells.  Dark hyaline membranes of variable thickness line most of the alveolar spaces. Fajardo, L.F., 
Berthrong, M., Anderson, R.E.  Cardiovascular System.  In:  Berthrong, M., Anderson, R.E.  Cardiovascular System.  In:  Radiation PathologyRadiation Pathology, Oxford , Oxford 
University Press, New York, 2001, pp. 165 University Press, New York, 2001, pp. 165 –– 192.192.

Dense, sharply defined fibrosis obliterates the normal parenchyma.  The edge of this fibrous scar Dense, sharply defined fibrosis obliterates the normal parenchyma.  The edge of this fibrous scar 
corresponds roughly to the edge of the radiation field. Fajardo, L.F., Berthrong, M., Anderson, corresponds roughly to the edge of the radiation field. Fajardo, L.F., Berthrong, M., Anderson, 
R.E.  Cardiovascular System.  In:  R.E.  Cardiovascular System.  In:  Radiation PathologyRadiation Pathology, Oxford University Press, New York, 2001, , Oxford University Press, New York, 2001, 
pp. 165 pp. 165 –– 192.192.
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Radiation Pneumonitis and Fibrosis: Mechanisms Underlying Radiation Pneumonitis and Fibrosis: Mechanisms Underlying 
Its Pathogenesis and Implications for Future ResearchIts Pathogenesis and Implications for Future Research

Tsoutsou, P.G., et al.  Int J Radiat Oncol Biol Phys 66(5):1281Tsoutsou, P.G., et al.  Int J Radiat Oncol Biol Phys 66(5):1281--1293, 20061293, 2006

Effects of Radiation Therapy on theEffects of Radiation Therapy on the Lung:  Lung:  
Radiologic Appearances and Differential DiagnosisRadiologic Appearances and Differential Diagnosis

Choi, Y.W., et al.  RadioGraphics 2004;24:985Choi, Y.W., et al.  RadioGraphics 2004;24:985--998998

Radiation pneumonitis Radiation pneumonitis ––
radiologic manifestationsradiologic manifestations

Acute phaseAcute phase–– ground glass ground glass 
opacities and/or opacities and/or 
consolidation in the consolidation in the 
irradiated portirradiated port

§§
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Effects of Radiation Therapy on the Lung:  Effects of Radiation Therapy on the Lung:  
Radiologic Appearances and Differential DiagnosisRadiologic Appearances and Differential Diagnosis

Choi, Y.W., et al.  RadioGraphics 2004;24:985Choi, Y.W., et al.  RadioGraphics 2004;24:985--998998

Acute phase Acute phase –– nodular and focal consolidative opacities within thenodular and focal consolidative opacities within the
treatment porttreatment port

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

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

Effects of Radiation Therapy on the Lung:  Effects of Radiation Therapy on the Lung:  
Radiologic Appearances andRadiologic Appearances and

Differential DiagnosisDifferential Diagnosis
Choi, Y.W., et al.  RadioGraphics 2004;24:985Choi, Y.W., et al.  RadioGraphics 2004;24:985--998998

Radiation FibrosisRadiation Fibrosis
Radiologically appears as a well defined volume lossRadiologically appears as a well defined volume loss

–– Linear scarringLinear scarring
–– Consolidation with typically sharp bordersConsolidation with typically sharp borders
–– Traction bronchiectasisTraction bronchiectasis
–– Displacement of the mediastinumDisplacement of the mediastinum
–– Adjacent pleural thickening or effusionAdjacent pleural thickening or effusion
–– Clear demarcation of normal and irradiated lung is Clear demarcation of normal and irradiated lung is 

seen with evolution of radiation fibrosisseen with evolution of radiation fibrosis
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Radiological Pulmonary FindingsRadiological Pulmonary Findings
after Breast Cancer Irradiation:after Breast Cancer Irradiation:

A Prospective StudyA Prospective Study
JJäärvenprvenpääää, R., et al. Acta Oncologica 45:16, R., et al. Acta Oncologica 45:16--22, 200622, 2006

202 breast cancer patients evaluated with:202 breast cancer patients evaluated with:
CXR at 3, 6 and 12 months after XRTCXR at 3, 6 and 12 months after XRT
Pulmonary symptoms recordedPulmonary symptoms recorded
High resolution CT was used in 15 patientsHigh resolution CT was used in 15 patients

Grade 2 pneumonitis (radiographic)Grade 2 pneumonitis (radiographic)
3 mos 3 mos –– 22.5%22.5%
6 mos 6 mos –– 28.1%28.1%
12 mos 12 mos –– 16.0%16.0%

ScaleScale::
0 = normal0 = normal
1 = uncertain1 = uncertain
2 = linear streaky2 = linear streaky
3 = dense, diffuse opacification3 = dense, diffuse opacification
4 = dense, uniform opacification4 = dense, uniform opacification

Radiological Pulmonary FindingsRadiological Pulmonary Findings
after Breast Cancer Irradiation:after Breast Cancer Irradiation:

A Prospective StudyA Prospective Study
Järvenpää, R., et al. Acta Oncologica 45:16Järvenpää, R., et al. Acta Oncologica 45:16--22, 200622, 2006
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ConclusionsConclusions::
Radiological lung abnormalities were common Radiological lung abnormalities were common 

after XRT.after XRT.
These abnormalities were usually reversible.These abnormalities were usually reversible.
No correlation between symptoms and lung or No correlation between symptoms and lung or 

pleural reactions was seen.pleural reactions was seen.

Radiological Pulmonary FindingsRadiological Pulmonary Findings
after Breast Cancer Irradiation:after Breast Cancer Irradiation:

A Prospective StudyA Prospective Study
Järvenpää, R., et al. Acta Oncologica 45:16Järvenpää, R., et al. Acta Oncologica 45:16--22, 200622, 2006

Retrospective Analysis Retrospective Analysis –– Washington Washington 
University, Department of Radiation University, Department of Radiation 

Oncology Radiation Pneumonitis Rate Oncology Radiation Pneumonitis Rate 
(Grades I and II) by MET as Treating M.D.(Grades I and II) by MET as Treating M.D.

BCT BCT –– Stage I & IIStage I & II
1537 patients 1537 patients –– 1969 1969 –– 20002000

–– 411 MET (~27%)411 MET (~27%)
Multiport 3/74 = 4% pneumonitisMultiport 3/74 = 4% pneumonitis
Tangents 9/337 = 2.67% pneumonitisTangents 9/337 = 2.67% pneumonitis
12/411 = 2.9% 12/411 = 2.9% -- overall pneumonitis rateoverall pneumonitis rate

DCIS 1/111 = .9% pneumonitisDCIS 1/111 = .9% pneumonitis
Inflammatory 1/42 = 2.38% pneumonitisInflammatory 1/42 = 2.38% pneumonitis
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Treatment Planning ExamplesTreatment Planning Examples
LungLung

Treatment PlanTreatment Plan VV2020 MaxMax MinMin
Mean Mean 

Lung DoseLung Dose
Mean Mean 

Lung VolumeLung Volume
Lung: Lung: 

Upper LobeUpper Lobe
4343 72917291 3939 26072607 36573657

Lung: Lung: 

Lower LobeLower Lobe
3939 80568056 2525 24522452 38863886

Hodgkin’s Hodgkin’s 
Disease Disease 

(Involved Field)(Involved Field)
3131 45864586 1212 14531453 29152915

Physician A     Physician A     
(Lt. Breast)(Lt. Breast)

2424 65836583 1111 12421242 22552255

Physician BPhysician B

(Rt. Breast)(Rt. Breast)
2323 72767276 88 12331233 30923092

Radiation Pneumonitis as aRadiation Pneumonitis as a
Finding of Mean Lung Dose: Finding of Mean Lung Dose: 

An Analysis of Pooled Data of 540 PatientsAn Analysis of Pooled Data of 540 Patients
Kwa, S. et al. IJROBP 42(1):1Kwa, S. et al. IJROBP 42(1):1--9; 19989; 1998

Purpose: to determine the relation between Purpose: to determine the relation between 
incidence of radiation pneumonitis and 3D dose incidence of radiation pneumonitis and 3D dose 
distribution in the lung.distribution in the lung.
Method: lung groupMethod: lung group--399 399 

–– Breast/Lymphoma group Breast/Lymphoma group –– 59 breast59 breast
78 lymphoma78 lymphoma

–– Other tumors Other tumors -- 33
DVH calculated with both lungs as one organ.DVH calculated with both lungs as one organ.
Mean lung dose (NTDMean lung dose (NTDmeanmean) was obtained.) was obtained.
Radiation pneumonitis Radiation pneumonitis –– RTOG grade 2 or higher RTOG grade 2 or higher 
(steroids) Lyman NTCP model was used.(steroids) Lyman NTCP model was used.
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Results: NTDResults: NTDmeanmean = 0 = 0 –– 34 cGy 34 cGy 
–– 73 of 540 pts. developed grade II pneumonitis73 of 540 pts. developed grade II pneumonitis
–– NTDNTD5050= 31.8 Gy= 31.8 Gy

In group with NTDIn group with NTD meanmean 44--16 Gy16 Gy
PneumonitisPneumonitis

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

Radiation Pneumonitis as aRadiation Pneumonitis as a
Finding of Mean Lung Dose: Finding of Mean Lung Dose: 

An Analysis of Pooled Data of 540 PatientsAn Analysis of Pooled Data of 540 Patients
Kwa, S. et al. IJROBP 42(1):1Kwa, S. et al. IJROBP 42(1):1--9; 19989; 1998

NTCP Modeling and Pulmonary NTCP Modeling and Pulmonary 
Function Test Evaluation for the Function Test Evaluation for the 
Prediction of Radiation Induced Prediction of Radiation Induced 
Pneumonitis in NonPneumonitis in Non--Small Cell Small Cell 

Lung Cancer RadiotherapyLung Cancer Radiotherapy

Tsougos, I. et al. Tsougos, I. et al. 
Physics in Med & Biol 52:1055Physics in Med & Biol 52:1055--1073; 20071073; 2007
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Tsougos, I. et al. Physics in Med & Biol 52:1055Tsougos, I. et al. Physics in Med & Biol 52:1055--1073; 20071073; 2007

47 of 218 patients with stage III non47 of 218 patients with stage III non--small cell small cell 
lung cancer 3D treatment planning, dose to 60 Gy.lung cancer 3D treatment planning, dose to 60 Gy.
NTCP models applied: relative seriality model NTCP models applied: relative seriality model 
LKB model (LymanLKB model (Lyman--KutcherKutcher--Burman) parallel Burman) parallel 
model “Goodness of Fit” was evaluated in model “Goodness of Fit” was evaluated in 
Pearson’s chiPearson’s chi--squared test comparing predicted squared test comparing predicted 
vs. observed complication rates.  Also evaluated vs. observed complication rates.  Also evaluated 
PFT’s.PFT’s.

NTCP Modeling and Pulmonary Function Test NTCP Modeling and Pulmonary Function Test 
Evaluation for the Prediction of RadiationEvaluation for the Prediction of Radiation

Induced Pneumonitis in NonInduced Pneumonitis in Non--Small Cell Lung Small Cell Lung 
Cancer RadiotherapyCancer Radiotherapy

Cumulative dose of radiotherapy Cumulative dose of radiotherapy 
administered to the lung can be a consistent administered to the lung can be a consistent 
predictor of radiation pneumonitis.predictor of radiation pneumonitis.
For both paired and ipsilateral lung For both paired and ipsilateral lung 
volumes, the difference between the mean volumes, the difference between the mean 
DVHs of the complication and complication DVHs of the complication and complication 
–– free patients is small.  Suggests differences free patients is small.  Suggests differences 
in patient sensitivity may contribute in patient sensitivity may contribute 
significantly.significantly.

Tsougos, I. et al. Physics in Med & Biol 52:1055Tsougos, I. et al. Physics in Med & Biol 52:1055--1073; 20071073; 2007

ResultsResults
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Of the NTCP models examined, dose Of the NTCP models examined, dose 
distribution to the ipsilateral lung was able to distribution to the ipsilateral lung was able to 
predict pneumonitis only for grade II predict pneumonitis only for grade II 
pneumonitis.  The LKB model gave the best fit.pneumonitis.  The LKB model gave the best fit.
Modeling on the basis of paired organs did not Modeling on the basis of paired organs did not 
get acceptable results.get acceptable results.
No positive statistical correlation could be No positive statistical correlation could be 
established between the incidence of radiation established between the incidence of radiation 
pneumonitis and PFT’s (FEVpneumonitis and PFT’s (FEV11, bronchial , bronchial 
obstruction) FVC (index of lung compliance).obstruction) FVC (index of lung compliance).

Tsougos, I. et al. Physics in Med & Biol 52:1055Tsougos, I. et al. Physics in Med & Biol 52:1055--1073; 20071073; 2007

ResultsResults

Early Clinical and Radiology Early Clinical and Radiology 
Pulmonary Complications Pulmonary Complications 
Following Breast Cancer Following Breast Cancer 

Radiation Therapy: NTCP Fit Radiation Therapy: NTCP Fit 
With Four Different ModelsWith Four Different Models

Rancati, T. et al. Rancati, T. et al. 
Radiother and Oncol 82:308Radiother and Oncol 82:308--316, 2007316, 2007
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MethodsMethods
87 patients who received breast cancer 87 patients who received breast cancer 
irradiation with complete DVH of the irradiation with complete DVH of the 
ipsilateral 1mgipsilateral 1mg
Prospectively followed with clinical and xProspectively followed with clinical and x--ray ray 
outcomes (CXR CT)outcomes (CXR CT)
Four NTCP models usedFour NTCP models used

–– Lyman model DVH reduced to equivalent uniform Lyman model DVH reduced to equivalent uniform 
dose or EUDdose or EUD

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

Rancati, T. et al.  Radiother Rancati, T. et al.  Radiother andand Oncol 82:308Oncol 82:308--316, 2007316, 2007

Clinical pneumonitis, Grade 1Clinical pneumonitis, Grade 1--3 CTC3 CTC--
NCIC criteriaNCIC criteria
Radiological changes on CXRRadiological changes on CXR
–– No / slight vs. moderate / severeNo / slight vs. moderate / severe

Radiological changes on CTRadiological changes on CT
–– No / slight vs. moderate / severeNo / slight vs. moderate / severe

Endpoints of StudyEndpoints of Study

Rancati, T. et al.  Radiother and Oncol 82:308Rancati, T. et al.  Radiother and Oncol 82:308--316, 2007316, 2007
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28% of patients developed pneumonitis (including 28% of patients developed pneumonitis (including 
grade 1) grade 1) 
35% had CXR changes 35% had CXR changes 
15% had density changes on CT.15% had density changes on CT.

Analysis showed that pneumonitis is a smooth function Analysis showed that pneumonitis is a smooth function 
of EUD and was predicted well by all 4 models.of EUD and was predicted well by all 4 models.
The EUD or mean lung dose is a robust and simple The EUD or mean lung dose is a robust and simple 
parameter that correlates well with the risk of parameter that correlates well with the risk of 
pneumonitis.pneumonitis.
For all endpoints For all endpoints –– the Dthe D5050values ranged between 10values ranged between 10--20 20 
Gy.Gy.

ResultsResults

Rancati, T. et al.  Radiother and Oncol 82:308Rancati, T. et al.  Radiother and Oncol 82:308--316, 2007316, 2007

Figure 2.  (a) Incidence of clinical pneumonitis as a function of EUD for the Figure 2.  (a) Incidence of clinical pneumonitis as a function of EUD for the 
LOGEUD model. In all cases observed complication rates [solid symbols] and LOGEUD model. In all cases observed complication rates [solid symbols] and 
predicted NTCP curve [continuous line, curve obtained using best estimated predicted NTCP curve [continuous line, curve obtained using best estimated 
parameters] are plotted.  The dotted lines depict the twoparameters] are plotted.  The dotted lines depict the two--dimensional 68% dimensional 68% 
confidence region [see the text] for the NTCP curve. Rancati, T. et al.  confidence region [see the text] for the NTCP curve. Rancati, T. et al.  
Radiother and Oncol 82:308Radiother and Oncol 82:308--316, 2007.316, 2007.

Clinical Pneumonitis (Observed)Clinical Pneumonitis (Observed)
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Figure 2.  (b) Incidence of XFigure 2.  (b) Incidence of X--ray assessed pneumonitis as a function of EUDray assessed pneumonitis as a function of EUD
for the LOGEUD model. In all cases observed complication rates [solid symbols] andfor the LOGEUD model. In all cases observed complication rates [solid symbols] and
predicted NTCP curve [continuous line, curve obtained using best estimated parameters] predicted NTCP curve [continuous line, curve obtained using best estimated parameters] 
are plotted.  The dotted lines depict the twoare plotted.  The dotted lines depict the two--dimensional 68% confidence region [see the text] dimensional 68% confidence region [see the text] 
for the NTCP curve. Rancati, T. et al.  Radiother and Oncol 82:308for the NTCP curve. Rancati, T. et al.  Radiother and Oncol 82:308--316, 2007.316, 2007.

CXR Assessed PneumonitisCXR Assessed Pneumonitis

Figure 2.  (c) Incidence of CT assessed pneumonitis as a function of EUD for the LOGEUD model.Figure 2.  (c) Incidence of CT assessed pneumonitis as a function of EUD for the LOGEUD model.
In all cases observed complication rates [solid symbols] and predicted NTCP curve [continuous In all cases observed complication rates [solid symbols] and predicted NTCP curve [continuous 
line, curve obtained using best estimated parameters] are plotted.  The dotted lines depict theline, curve obtained using best estimated parameters] are plotted.  The dotted lines depict the
twotwo--dimensional 68% confidence region [see the text] for the NTCP curve. Rancati, T. et al.  dimensional 68% confidence region [see the text] for the NTCP curve. Rancati, T. et al.  
Radiother and Oncol 82:308Radiother and Oncol 82:308--316, 2007.316, 2007.

CT Assessed PneumonitisCT Assessed Pneumonitis
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Pulmonary Sequelae of Treatment for Pulmonary Sequelae of Treatment for 
Breast Cancer:  A Prospective StudyBreast Cancer:  A Prospective Study
Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419

Queen Mary Hospital, Hong KongQueen Mary Hospital, Hong Kong

30 patients undergoing breast radiation underwent30 patients undergoing breast radiation underwent
clinical, lung function, radiographic and highclinical, lung function, radiographic and high
resolution CT evaluationresolution CT evaluation

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

§§

Pulmonary Sequelae of Treatment for Breast Pulmonary Sequelae of Treatment for Breast 
Cancer:  A Prospective StudyCancer:  A Prospective Study

Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419

FVC FVC –– Decreases during radiation therapy and can transiently improve over time.  Decreases during radiation therapy and can transiently improve over time.  
Magnitude of decrease is greater in patients having chemotherapy and irradiation.Magnitude of decrease is greater in patients having chemotherapy and irradiation.
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Pulmonary Sequelae of Treatment for Pulmonary Sequelae of Treatment for 
Breast Cancer:  A Prospective StudyBreast Cancer:  A Prospective Study
Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419

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

TLC TLC –– reducing trend over time that became reducing trend over time that became 
significant at 6 and 12 months post therapy.significant at 6 and 12 months post therapy.
DLCO DLCO –– had significant and permanent had significant and permanent 
reductions seen at 1 month.reductions seen at 1 month.
Patients receiving chemotherapy did not have Patients receiving chemotherapy did not have 
significant differences in lung volume parameters significant differences in lung volume parameters 
when compared to radiation only patients.when compared to radiation only patients.

–– No difference in concurrent vs. sequential sequencing No difference in concurrent vs. sequential sequencing 
with XRT.with XRT.

Pulmonary Sequelae of Treatment for Pulmonary Sequelae of Treatment for 
Breast Cancer:  A Prospective StudyBreast Cancer:  A Prospective Study
Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419
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Pulmonary Sequelae of Treatment for Breast Pulmonary Sequelae of Treatment for Breast 
Cancer:  A Prospective StudyCancer:  A Prospective Study

Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419

Radiographic correlatesRadiographic correlates

Early changes are seen better on CT scan.Early changes are seen better on CT scan.
CT is more sensitive to tangential lung changes than CXR.CT is more sensitive to tangential lung changes than CXR.
CT detects air space opacities in 27/30 patients at 1 mo. and 30/30 by 3 mos.CT detects air space opacities in 27/30 patients at 1 mo. and 30/30 by 3 mos.
CT appearance correlates with decline in pulmonary function.CT appearance correlates with decline in pulmonary function.
Persistence at 12 months was in accordance with lack of PFT improvements.Persistence at 12 months was in accordance with lack of PFT improvements.

Clinical EvaluationClinical Evaluation
Symptoms Symptoms ––

Sputum productionSputum production
DyspneaDyspnea

Flat surfaceFlat surface
Hurrying Hurrying –– gentle slopegentle slope
Hurrying Hurrying –– steep slopesteep slope

HemoptysisHemoptysis
Cough Cough –– dry or productivedry or productive
WheezeWheeze

Pulmonary Sequelae of Treatment for Pulmonary Sequelae of Treatment for 
Breast Cancer:  A Prospective StudyBreast Cancer:  A Prospective Study
Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419
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All symptoms were mild and self limitingAll symptoms were mild and self limiting
Resolution of symptoms in spite of persisting radiographic Resolution of symptoms in spite of persisting radiographic 
and PFT changes reflects compensatory effect of residual and PFT changes reflects compensatory effect of residual 
areas of normal lung volume in otherwise healthy women.areas of normal lung volume in otherwise healthy women.

Pulmonary Sequelae of Treatment for Breast Pulmonary Sequelae of Treatment for Breast 
Cancer:  A Prospective StudyCancer:  A Prospective Study

Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411Ooi, G.C., et al.  Int J Radiat Oncol Biol Phys 2001;50(20):411--419419

PulmonaryPulmonary
SymptomsSymptoms

All asymptomatic patients remained asymptomatic.All asymptomatic patients remained asymptomatic.

Months after XRTMonths after XRT

11
64%64%

33
64%64%

66
0%0%

1212
0%0%

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

Lymphoma and Breast CancerLymphoma and Breast Cancer
Theuws, J.C.M., et al. Int J Radiat Oncol Biol Phys 2000;47(5):1201Theuws, J.C.M., et al. Int J Radiat Oncol Biol Phys 2000;47(5):1201--12081208

Netherlands Cancer Institute, AmsterdamNetherlands Cancer Institute, Amsterdam
110 patients 110 patients –– SPECT (single photon emission SPECT (single photon emission 

tomography) perfusion and ventilation/perfusion tomography) perfusion and ventilation/perfusion 
studiesstudies

–– Baseline, 3, 18 and 48 monthsBaseline, 3, 18 and 48 months
Partial improvement was observed in local Partial improvement was observed in local 

pulmonary injury between 3 and 18 months.pulmonary injury between 3 and 18 months.
No improvements after 18 months.No improvements after 18 months.

§§
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LongLong--term Cardiac Morbidity and Mortality term Cardiac Morbidity and Mortality 
Randomized TrialsRandomized Trials

StudyStudy # of pts# of pts
MedianMedian

F/UF/U
Cardiac MorbidityCardiac Morbidity

Relative RiskRelative Risk
Cardiac MortalityCardiac Mortality

Relative RiskRelative Risk

Gyenes, GGyenes, G
(Sweden)(Sweden)

960960 20 yrs20 yrs 1.3 MI (high dose 1.3 MI (high dose 
volume group)volume group)

2.0 (ischemic2.0 (ischemic
heart disease)heart disease)

DBCG 82DBCG 82 3,0833,083 12 yrs12 yrs
0.86 (ischemic0.86 (ischemic
heart disease)heart disease)

0.84 (ischemic0.84 (ischemic
heart disease)heart disease)

King’s College King’s College 
(population based) (population based) 

20,87120,871 15 yrs15 yrs 1.59 (ischemic1.59 (ischemic
heart disease)heart disease)

1.27 Cardiovascular 1.27 Cardiovascular 
diseasedisease

SEERSEER
(population based)(population based)

48,35348,353 10 yrs10 yrs No increased risk ofNo increased risk of
MI with XRTMI with XRT

Ontario Cancer Ontario Cancer 
Registry Registry 
(population based)(population based)

25,57025,570 14 yrs14 yrs LeftLeft--sided treatmentsided treatment
2.10 2.10 –– fatal MIfatal MI

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

Cardiac and Pulmonary Late EffectsCardiac and Pulmonary Late Effects
Carver, J.R., et al.  J Clin Oncol 25:3991Carver, J.R., et al.  J Clin Oncol 25:3991--4008, 20074008, 2007
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Cardiovascular Effects of Cardiovascular Effects of 
Breast Cancer RadiotherapyBreast Cancer Radiotherapy

SenkusSenkus--Konefka, E., et al. Cancer Treat Rev 33:578Konefka, E., et al. Cancer Treat Rev 33:578--593, 2007593, 2007

Pathophysiology of radiation induced heart disease Pathophysiology of radiation induced heart disease 
is different from nonis different from non--radiation related CHFradiation related CHF
In classic CHF    cardiac output           sustained In classic CHF    cardiac output           sustained 
activation of the sympathetic nervous system and activation of the sympathetic nervous system and 
there is a down regulation of there is a down regulation of �� receptorsreceptors
In radiation induced heart disease In radiation induced heart disease –– adrenal adrenal 
catecholamine synthesis is unchanged and cardiac catecholamine synthesis is unchanged and cardiac 
catecholamine content is reduced, leading to an    catecholamine content is reduced, leading to an    
in in �� receptor densityreceptor density

1.1. Superior vena cavaSuperior vena cava
2.2. Right atriumRight atrium
3.3. Auricle of right atrium (displaced laterally)Auricle of right atrium (displaced laterally)
4.4. Ascending aortaAscending aorta
5.5. Pulmonary trunkPulmonary trunk
6.6. Infundibulum of right ventricleInfundibulum of right ventricle
7.7. Anterior interventricular branch of left coronary Anterior interventricular branch of left coronary 

artery and great cardiac vein in interventricular artery and great cardiac vein in interventricular 
groovegroove

8.8. Left ventricleLeft ventricle
9.9. ApexApex
10.10. Right ventricleRight ventricle
11.11. Marginal branch of right coronary arteryMarginal branch of right coronary artery
12.12. Right coronary artery in anterior atrioventricularRight coronary artery in anterior atrioventricular

groovegroove

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

Anterior View of the Heart with Blood Vessels InjectedAnterior View of the Heart with Blood Vessels Injected
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B.B. Heart, from behind, with blood vessels injectedHeart, from behind, with blood vessels injected
This posterior view of the same specimen as in A shows the coronary sinus (12) in the posterior atrioventricular groove and tThis posterior view of the same specimen as in A shows the coronary sinus (12) in the posterior atrioventricular groove and threhreee
large tributaries entering itlarge tributaries entering it——the great cardiac vein (17), the posterior vein of the left ventricle (16) and the middle cardiac the great cardiac vein (17), the posterior vein of the left ventricle (16) and the middle cardiac vein vein 
(13).  The four pulmonary veins (2, 4, 9 and 10) enter the left atrium (5).(13).  The four pulmonary veins (2, 4, 9 and 10) enter the left atrium (5).

Posterior View of the Heart with Blood Vessels InjectedPosterior View of the Heart with Blood Vessels Injected
1.1. Left pulmonary arteryLeft pulmonary artery
2.2. Superior left pulmonary veinSuperior left pulmonary vein
3.3. Auricle of left atriumAuricle of left atrium
4.4. Inferior left pulmonary veinInferior left pulmonary vein
5.5. Left atriumLeft atrium
6.6. Right pulmonary arteryRight pulmonary artery
7.7. Right atriumRight atrium
8.8. Superior vena cavaSuperior vena cava
9.9. Superior right pulmonary veinSuperior right pulmonary vein
10.10. Inferior right pulmonary veinInferior right pulmonary vein
11.11. Inferior vena cavaInferior vena cava
12.12. Coronary sinus in posterior Coronary sinus in posterior 

atrioventricular grooveatrioventricular groove
13.13. Middle cardiac vein and posteriorMiddle cardiac vein and posterior

interventricular branch of right coronary interventricular branch of right coronary 
artery in posterior interventricular grooveartery in posterior interventricular groove

14. 14. Right ventricleRight ventricle
15. 15. Left ventricleLeft ventricle
16. 16. Posterior vein of left ventriclePosterior vein of left ventricle
17.17. Great cardiac vein and circumflex branch Great cardiac vein and circumflex branch 

of left coronary arteryof left coronary artery
18.18. Great cardiac vein and anterior Great cardiac vein and anterior 

interventricular branch of left coronary interventricular branch of left coronary 
arteryartery

1.1. Right internal jugular veinRight internal jugular vein
2.2. Omohyoid muscleOmohyoid muscle
3.3. Sternohyoid muscle and external jugular Sternohyoid muscle and external jugular 

veinvein
4.4. ClavicleClavicle
5.5. ThoracoThoraco--acromial arteryacromial artery
6.6. Right subclavian veinRight subclavian vein
7.7. Pectoralis major musclePectoralis major muscle
8.8. External intercostal muscleExternal intercostal muscle
9.9. Pectoralis minor musclePectoralis minor muscle
10.10. Body of sternumBody of sternum
11.11. Right internal thoracic artery and veinRight internal thoracic artery and vein
12.12. Fascicles of transversus thoracis muscleFascicles of transversus thoracis muscle
13.13. Internal intercostal musclesInternal intercostal muscles
14.14. Serratus anterior muscleSerratus anterior muscle
15.15. Costal marginCostal margin
16.16. External abdominal oblique muscleExternal abdominal oblique muscle
17.17. Anterior sheath of rectus abdominis muscleAnterior sheath of rectus abdominis muscle
18.18. Sternocleidomastoid muscleSternocleidomastoid muscle
19.19. Left internal jugular veinLeft internal jugular vein
20.20. Transverse cervical arteryTransverse cervical artery
21.21. Brachial plexusBrachial plexus
22.22. Vagus nerveVagus nerve
23.23. Left axillary veinLeft axillary vein
24.24. Left internal thoracic artery and veinLeft internal thoracic artery and vein
25.25. Ribs and thoracic wall (cut)Ribs and thoracic wall (cut)
26.26. Costal pleuraCostal pleura
27.27. Xiphoid processXiphoid process
28.28. Superior epigastric arterySuperior epigastric artery
29.29. DiaphragmDiaphragm
30.30. Rectus abdominis muscleRectus abdominis muscle
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1.1. Anterior perforating branches of Anterior perforating branches of 
intercostal nerveintercostal nerve

2.2. Mammary glandMammary gland
3.3. External abdominal oblique muscleExternal abdominal oblique muscle
4.4. Rectus sheath (anterior layer)Rectus sheath (anterior layer)
5.5. Sternocleidomastoid muscleSternocleidomastoid muscle
6.6. ClavicleClavicle
7.7. Lateral thoracic artery and veinLateral thoracic artery and vein
8.8. Pectoralis major musclePectoralis major muscle
9.9. Internal thoracic artery and veinInternal thoracic artery and vein
10.10. Serratus anterior muscleSerratus anterior muscle
11.11. Superior epigastric artery and veinSuperior epigastric artery and vein
12.12. Costal marginCostal margin
13.13. Rectus abdominis muscleRectus abdominis muscle
14.14. Cut edge of the anterior layer of the Cut edge of the anterior layer of the 

rectus sheathrectus sheath
15.15. Subclavian arterySubclavian artery
16.16. Highest intercostal arteryHighest intercostal artery
17.17. Internal thoracic arteryInternal thoracic artery
18.18. Musculophrenic arteryMusculophrenic artery
19.19. Superficial epigastric arterySuperficial epigastric artery
20.20. Deep circumflex iliac arteryDeep circumflex iliac artery
21.21. Superior epigastric arterySuperior epigastric artery
22.22. Inferior epigastric arteryInferior epigastric artery
23.23. Superficial circumflex iliac arterySuperficial circumflex iliac artery

Musculophrenic artery
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1.1. Sternocleidomastoid muscleSternocleidomastoid muscle
2.2. Deltoid muscleDeltoid muscle
3.3. Pectoralis major musclePectoralis major muscle
4.4. Anterior cutaneous branches of intercostal nervesAnterior cutaneous branches of intercostal nerves
5.5. Cut edge of anterior layer of rectus sheathCut edge of anterior layer of rectus sheath
6.6. Rectus abdominis muscleRectus abdominis muscle
7.7. Tendinous intersectionTendinous intersection
8.8. External abdominal oblique muscleExternal abdominal oblique muscle
9.9. Lateral femoral cutaneous nerveLateral femoral cutaneous nerve
10.10. Femoral veinFemoral vein
11.11. Great saphenous veinGreat saphenous vein
12.12. Medial supraclavicular nervesMedial supraclavicular nerves
13.13. Pectoralis minor muscle (reflected) and medial pectoral nervesPectoralis minor muscle (reflected) and medial pectoral nerves
14.14. Axillary veinAxillary vein
15.15. Long thoracic nerve and lateral thoracic arteryLong thoracic nerve and lateral thoracic artery
16.16. Internal thoracic arteryInternal thoracic artery
17.17. Intercostal nervesIntercostal nerves
18.18. Lateral cutaneous branches of intercostal nervesLateral cutaneous branches of intercostal nerves
19.19. Superior epigastric arterySuperior epigastric artery
20.20. ThoracoThoraco--abdominal (intercostal) nervesabdominal (intercostal) nerves
21.21. Transversus abdominis muscleTransversus abdominis muscle
22.22. Posterior layer of rectus sheathPosterior layer of rectus sheath
23.23. Inferior epigastric arteryInferior epigastric artery
24.24. Lateral femoral cutaneous nerveLateral femoral cutaneous nerve
25.25. Inguinal ligament and ilioInguinal ligament and ilio--inguinal nerveinguinal nerve
26.26. Femoral nerveFemoral nerve
27.27. Femoral arteryFemoral artery
28.28. Spermatic cordSpermatic cord
29.29. TestisTestis
30.30. Posterior intercostal arteriesPosterior intercostal arteries
31.31. Internal abdominal oblique muscleInternal abdominal oblique muscle
32.32. Lateral cutaneous branch of intercostal nerveLateral cutaneous branch of intercostal nerve
33.33. Dorsal branch of spinal nerveDorsal branch of spinal nerve
34.34. Latissimus dorsi muscleLatissimus dorsi muscle
35.35. Deep muscles of the back (medial and lateral tract)Deep muscles of the back (medial and lateral tract)
36.36. Anterior layer of rectus sheathAnterior layer of rectus sheath
37.37. Posterior layer of rectus sheathPosterior layer of rectus sheath
38.38. Thoracolumbar fasciaThoracolumbar fascia
39.39. Spinal cordSpinal cord
40.40. AortaAorta
41.41. Ventral rootVentral root of spinalof spinal
42.42. Dorsal root Dorsal root nervenerve

Horizontal section of the abdominal wall(from below) showing the 
location of the intercostal arteries (left side) and nerves (right side).

The long axis taken along the heart itself shows the soThe long axis taken along the heart itself shows the so--called ‘fourcalled ‘four--chamber’ projection.chamber’ projection.
Anderson, R.H., et al.; J Anat 2004; 159Anderson, R.H., et al.; J Anat 2004; 159--177177
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Anderson, R.H., et al.; J Anat 2004; 159Anderson, R.H., et al.; J Anat 2004; 159--177177

The magnetic resonance image in frontal projection shows that the soThe magnetic resonance image in frontal projection shows that the so--called called 
‘anterior descending coronary artery’ emerges from the aorta in superior position.‘anterior descending coronary artery’ emerges from the aorta in superior position.

Anderson, R.H., et al.; J Anat 2004; 159Anderson, R.H., et al.; J Anat 2004; 159--177177

The magnetic resonance image, taken in lateral projection (saggital plan), shows that the soThe magnetic resonance image, taken in lateral projection (saggital plan), shows that the so--
called rightcalled right--sided structures, the right ventricle, infundibulum and pulmonary trunk, are in sided structures, the right ventricle, infundibulum and pulmonary trunk, are in 
reality anterior to their leftreality anterior to their left--sided counterpartssided counterparts
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Anderson, R.H., et al.; J Anat 2004; 159Anderson, R.H., et al.; J Anat 2004; 159--177177

A slice parallel to the image shown in the previous slide reveals the location of the A slice parallel to the image shown in the previous slide reveals the location of the 
esophagus directly posterior to the soesophagus directly posterior to the so--called leftcalled left--sided cardiac structures.sided cardiac structures.

1)    Internal mammary artery & vein1)    Internal mammary artery & vein
3)    Right coronary artery & great cardiac vein3)    Right coronary artery & great cardiac vein
4)    Right atrium4)    Right atrium
5)    Left atrium5)    Left atrium
14)  Anterior branch of LAD14)  Anterior branch of LAD
15)  Right ventricle15)  Right ventricle
16)  Left ventricle16)  Left ventricle
21)  Circumflex branch of left coronary artery21)  Circumflex branch of left coronary artery

1313
1414

1515
1616
1717
1818
1919
2020
2121
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Cardiovascular disease Cardiovascular disease –– single leading cause of single leading cause of 
death worldwidedeath worldwide
8.6 million women die annually in USA8.6 million women die annually in USA
Cardiovascular disease affects 36.6% of all Cardiovascular disease affects 36.6% of all 
American women (42 million)American women (42 million)
More women die of CVD (500,000) than men More women die of CVD (500,000) than men 
(440,000)(440,000)
Emerging data Emerging data –– important sex differences for important sex differences for 
prevention, diagnosis and treatment of CVDprevention, diagnosis and treatment of CVD

The Role of SexThe Role of Sex--Specific Results ReportingSpecific Results Reporting
in Cardiovascular Diseasein Cardiovascular Disease

Blauwet, L.A., et al. Cardiology in Review 15:275Blauwet, L.A., et al. Cardiology in Review 15:275--278, 2007278, 2007

Figure 1.  Cardiovascular disease mortality trends for males and females.  Figure 1.  Cardiovascular disease mortality trends for males and females.  
Decker, C. Cardiology in Rev 14:308Decker, C. Cardiology in Rev 14:308--311, 2006311, 2006

Quality Indicators in WomenQuality Indicators in Women
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Common symptoms of CVDCommon symptoms of CVD
–– Chest painChest pain
–– Dyspnea, weakness, unusual fatigue, cold sweats or Dyspnea, weakness, unusual fatigue, cold sweats or 

dizziness during an acute MIdizziness during an acute MI

Prodromal symptoms Prodromal symptoms 
–– Unusual fatigueUnusual fatigue
–– 1 month or more sleep disturbance1 month or more sleep disturbance
–– Shortness of breath prior to MIShortness of breath prior to MI
–– Unstable angina, women tend to have less chest pain Unstable angina, women tend to have less chest pain 

and more diaphoresis, dyspnea, nausea and epigastric and more diaphoresis, dyspnea, nausea and epigastric 
painpain

The Role of SexThe Role of Sex--Specific Results ReportingSpecific Results Reporting
in Cardiovascular Diseasein Cardiovascular Disease

Blauwet, L.A., et al. Cardiology in Review 15:275Blauwet, L.A., et al. Cardiology in Review 15:275--278, 2007278, 2007

Sex Difference in Myocardial OxygenSex Difference in Myocardial Oxygen
and Glucose Metabolismand Glucose Metabolism

Peterson, L.R., et al. J Nucl Cardiol 14:573Peterson, L.R., et al. J Nucl Cardiol 14:573--81, 200781, 2007

25 young healthy subjects were studied with PET25 young healthy subjects were studied with PET
–– 13 women13 women
–– 12 men12 men

Myocardial oxygen consumption was higher in Myocardial oxygen consumption was higher in 
women than men  (women than men  (pp < .005)< .005)
Myocardial glucose extraction fraction and Myocardial glucose extraction fraction and 
utilization were lower for women than men utilization were lower for women than men 
((pp< .01)< .01)
Female sex was an independent predictor of Female sex was an independent predictor of 
increased myocardial oxygen consumption and increased myocardial oxygen consumption and 
decreased glucose extraction fraction and decreased glucose extraction fraction and 
utilization (utilization ( pp< .005 and < .005 and pp < .05, respectively)< .05, respectively)
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Competing Causes of Death from a Competing Causes of Death from a 
Randomized Trial of Extended Adjuvant Randomized Trial of Extended Adjuvant 

Endocrine Therapy for Breast CancerEndocrine Therapy for Breast Cancer
Chapman, J.Chapman, J.--A.W., et al.  J Natl Cancer Inst 100:252A.W., et al.  J Natl Cancer Inst 100:252--260, 2008260, 2008

MA 17 Trial MA 17 Trial –– National Cancer Institute of National Cancer Institute of 
CanadaCanada

5170 breast cancer patients 5170 breast cancer patients 
All received 5 yrs. of tamoxifen All received 5 yrs. of tamoxifen –– randomized randomized 

to letrozole 2.5 mg vs. placeboto letrozole 2.5 mg vs. placebo
Median followMedian follow--up is 3.9 yrs.up is 3.9 yrs.

256 Deaths256 Deaths
102 breast cancer102 breast cancer
50 other malignancies50 other malignancies

100 other causes100 other causes
44unknownunknown

Non breast cancer deaths accounted for 60% of Non breast cancer deaths accounted for 60% of 
known deathsknown deaths
(72% for those (72% for those >>70 yrs., 48% for those < 70 yrs.)70 yrs., 48% for those < 70 yrs.)

Competing Causes of Death from a Competing Causes of Death from a 
Randomized Trial of Extended Adjuvant Randomized Trial of Extended Adjuvant 

Endocrine Therapy for Breast CancerEndocrine Therapy for Breast Cancer
Chapman, J.Chapman, J.--A.W., et al.  J Natl Cancer Inst 100:252A.W., et al.  J Natl Cancer Inst 100:252--260, 2008260, 2008
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ResultsResults
Cardiovascular disease Cardiovascular disease –– was associated with a was associated with a 

significantly increased risk of death from other significantly increased risk of death from other 
causes (causes (pp = .002)= .002)

Osteoporosis Osteoporosis –– was associated with a significantly was associated with a significantly 
increased risk of dying from other malignancy increased risk of dying from other malignancy 
((pp= .05)= .05)

Node (+) breast cancer Node (+) breast cancer –– associated with an increased associated with an increased 
risk of breast cancer specific death (risk of breast cancer specific death (pp < .001)< .001)

Increased death from all 3 causes was associated with Increased death from all 3 causes was associated with 
older age (older age (pp < .001)< .001)

Competing Causes of Death from a Competing Causes of Death from a 
Randomized Trial of Extended Adjuvant Randomized Trial of Extended Adjuvant 

Endocrine Therapy for Breast CancerEndocrine Therapy for Breast Cancer
Chapman, J.Chapman, J.--A.W., et al.  J Natl Cancer Inst 100:252A.W., et al.  J Natl Cancer Inst 100:252--260, 2008260, 2008

Treatment PlanTreatment Plan VV4040 MaxMax MinMin Mean Mean 
Mean Mean 

Volume cmVolume cm33

Lung: Lung: 

Upper LobeUpper Lobe
1919 70937093 231231 26422642 681681

Lung: Lung: 

Lower LobeLower Lobe
3636 77897789 426426 38403840 458458

Hodgkin’s Hodgkin’s 
Disease Disease 

0.50.5 40104010 6565 545545 477477

Physician A     Physician A     
(Lt. Breast)(Lt. Breast)

5.65.6 55165516 9999 14711471 616616

Physician BPhysician B

(Rt. Breast)(Rt. Breast)
00 43344334 1111 312312 760760

Treatment Planning ExamplesTreatment Planning Examples
HeartHeart
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American Society of Clinical Oncology Clinical Evidence American Society of Clinical Oncology Clinical Evidence 
Review on the Ongoing Care of Adult Cancer Survivors:  Review on the Ongoing Care of Adult Cancer Survivors:  

Cardiac and Pulmonary Late EffectsCardiac and Pulmonary Late Effects
Carver, J.R., et al.  J Clin Oncol 25:3991Carver, J.R., et al.  J Clin Oncol 25:3991--4008, 20074008, 2007

Factors Associated with Increased Risk Factors Associated with Increased Risk 
of Radiation Induced Cardiac Morbidity of Radiation Induced Cardiac Morbidity 

in Breast Radiation Therapyin Breast Radiation Therapy
Left vs. right therapyLeft vs. right therapy

–– Cardiac volume (CLD Cardiac volume (CLD –– in excess of 3 cm)in excess of 3 cm)

Boost treatment Boost treatment -- left medial quadrantsleft medial quadrants
Application of IMC fieldApplication of IMC field
Use of anthrocycline based chemotherapyUse of anthrocycline based chemotherapy
Effect of transtuzumab is uncertainEffect of transtuzumab is uncertain
Age Age >>60 years60 years
PrePre--existent history of active heart diseaseexistent history of active heart disease
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Introduction of megavoltage techniquesIntroduction of megavoltage techniques
Introduction to simulator assisted treatment Introduction to simulator assisted treatment 
planning.planning.

Reduce total heart doseReduce total heart dose
Spare left circumflex and right coronary artery and Spare left circumflex and right coronary artery and 
decrease dose to left anterior descending artery decrease dose to left anterior descending artery 
Complex radiation techniques needed to reduce Complex radiation techniques needed to reduce 
dose to these structures.dose to these structures.

“Modern” Radiation Therapy “Modern” Radiation Therapy 
Techniques for Breast CancerTechniques for Breast Cancer

Technical Advances that May Technical Advances that May 
Improve Normal Tissue ToleranceImprove Normal Tissue Tolerance

IMRTIMRT
TomotherapyTomotherapy
Electronic imaging portal device (EPIC)Electronic imaging portal device (EPIC)
Gated respirationsGated respirations
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ThreeThree--Dimensional Heart Dose Dimensional Heart Dose 
Reconstruction to Estimate Normal Reconstruction to Estimate Normal 

Tissue Complication Probability Tissue Complication Probability 
After Breast Irradiation Using After Breast Irradiation Using 

Portal DosimetryPortal Dosimetry

Louve, R.J., et al. Louve, R.J., et al. 
Med Phys 34(4):1354Med Phys 34(4):1354--63, 200763, 2007

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

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

–– phantom phantom –– 15 patients15 patients
–– dose distributions from TPS vs. NTCP values obtained dose distributions from TPS vs. NTCP values obtained 

with study methodology difference 0.1%  + 0.3%with study methodology difference 0.1%  + 0.3%

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

Louve, R.J., et al.  Louve, R.J., et al.  Med Phys 34(4):1354Med Phys 34(4):1354--63, 200763, 2007
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Breathing Adapted Radiotherapy Breathing Adapted Radiotherapy 
for Breast Cancer:  Comparisons for Breast Cancer:  Comparisons 

of Free Breathing Gating with of Free Breathing Gating with 
the Breath Hold Techniquethe Breath Hold Technique

Korreman, S.S., et al.Korreman, S.S., et al.
Radiother Oncol 76:311Radiother Oncol 76:311--318, 2005.318, 2005.

17 patients 17 patients –– CT scanned during free deep CT scanned during free deep 
breathing (FB) end inspiration gating (IG), breathing (FB) end inspiration gating (IG), 
endend--expiration gating (EG), endexpiration gating (EG), end--expiration expiration 
breath hold (EBH) and deep inspiration breath hold (EBH) and deep inspiration 
breathbreath--hold (DIBH)hold (DIBH)

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

Korreman, S.S., et al.  Radiother Oncol 76:311Korreman, S.S., et al.  Radiother Oncol 76:311--318, 2005.318, 2005.
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MeanMean AP Chest Wall ExcursionAP Chest Wall Excursion

FBFB 2.5 mm2.5 mm

IGIG 1.1 mm1.1 mm

EGEG 0.7 mm0.7 mm

DIBHDIBH 4.1 mm4.1 mm

EBHEBH 2.6 mm2.6 mm

Korreman, S.S., et al.  Radiother Oncol 76:311Korreman, S.S., et al.  Radiother Oncol 76:311--318, 2005.318, 2005.

ResultsResults

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

FBFB 19.2%19.2%

IGIG 2.8%2.8%

DIBHDIBH 1.9%1.9%
Median left anterior descending coronary artery Median left anterior descending coronary artery 
volume:volume:

FBFB 88.9%88.9%

IGIG 22.4%22.4%

DIBHDIBH 3.6%3.6%

Korreman, S.S., et al.  Radiother Oncol 76:311Korreman, S.S., et al.  Radiother Oncol 76:311--318, 2005.318, 2005.

For Left Sided Breast Cancer PatientsFor Left Sided Breast Cancer Patients
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Median ipsilateral lung volume irradiated to > 50% Median ipsilateral lung volume irradiated to > 50% 
of the prescribed target dose for both right and left of the prescribed target dose for both right and left 
sided cancersided cancer

EBH and EG EBH and EG –– both the irradiated heart, LAD both the irradiated heart, LAD 
and lung volumes increased compared with FBand lung volumes increased compared with FB

FBFB 45.6%45.6%

IGIG 29.5%29.5%

DIBHDIBH 27.7%27.7%

Korreman, S.S., et al.  Radiother Oncol 76:311Korreman, S.S., et al.  Radiother Oncol 76:311--318, 2005.318, 2005.

The Late Radiotherapy Normal The Late Radiotherapy Normal 
Tissue Injury of Phenotypes of Tissue Injury of Phenotypes of 

Telangiectasia, Fibrosis and Telangiectasia, Fibrosis and 
Atrophy in Breast Cancer Patients Atrophy in Breast Cancer Patients 

Who Have Distinct GenotypeWho Have Distinct Genotype--
Dependent CausesDependent Causes

Giotopoulas, G. et al.Giotopoulas, G. et al.
Br J Cancer 6:1001Br J Cancer 6:1001--1007, 20071007, 2007
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Early acute reaction to radiation and/or the Early acute reaction to radiation and/or the 
inheritance of transforming factor inheritance of transforming factor �� (TGF(TGF�� 11 --509T) 509T) 
SNP contributed to risk of fibrosisSNP contributed to risk of fibrosis

Boost dose and/or inheritance of xBoost dose and/or inheritance of x--ray repair crossray repair cross--
complimenting 1 (RCC1) (R3992) SNP contributed complimenting 1 (RCC1) (R3992) SNP contributed 
to risk of telangiectasia.to risk of telangiectasia.

Fibrosis risk Fibrosis risk –– associated with an inflammatory associated with an inflammatory 
response (an acute reaction and/or TGFresponse (an acute reaction and/or TGF�� 11

Telangiectasia is associated with vascular endothelial Telangiectasia is associated with vascular endothelial 
cell damage (boost and/or XRCC1)cell damage (boost and/or XRCC1)
Giotopoulas, G. et al.  Br J Cancer 6:1001Giotopoulas, G. et al.  Br J Cancer 6:1001--1007, 20071007, 2007

Atrophy is associated with any acute Atrophy is associated with any acute 
response, but genetic predisposing response, but genetic predisposing 
factors have yet to be found.factors have yet to be found.
Analysis of 2 UK breast cancer patient Analysis of 2 UK breast cancer patient 
studies show that 8% of patients are studies show that 8% of patients are 
homozygous (TT) for TGFhomozygous (TT) for TGF�� 1 1 (c(c--509T) 509T) 
variant allele.variant allele.
These patients have a 15x increased risk These patients have a 15x increased risk 
of fibrosis following radiotherapy.of fibrosis following radiotherapy.

Giotopoulas, G. et al.  Br J Cancer 6:1001Giotopoulas, G. et al.  Br J Cancer 6:1001--1007, 20071007, 2007
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Variations in Normal Variations in Normal 
Tissue TolerancesTissue Tolerances

Alsbeigh, G., et al.  IJROBP 68(1):229Alsbeigh, G., et al.  IJROBP 68(1):229--235, 2007235, 2007

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

Single Nucleotide PolymorphismsSingle Nucleotide Polymorphisms

ATM 1853 Asp/Asn G > AATM 1853 Asp/Asn G > A
p53 72 Arg/Pro G > Cp53 72 Arg/Pro G > C
p21 31 Ser/Arg C > Ap21 31 Ser/Arg C > A
XRCCI 399 Arg > Gln G > AXRCCI 399 Arg > Gln G > A
XRCC3 241 Thr > Met C > TXRCC3 241 Thr > Met C > T
TGF TGF �� 11 10 Leu > Pro T > C10 Leu > Pro T > C

Alsbeigh, G., et al.  IJROBP 68(1):229Alsbeigh, G., et al.  IJROBP 68(1):229--235, 2007235, 2007
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At 2Gy ExposureAt 2Gy Exposure

Clonogenic survival fraction was 0.15Clonogenic survival fraction was 0.15--0.5.0.5.
The number of risk alleles were increasedThe number of risk alleles were increased

with increasing radiation sensitivity with increasing radiation sensitivity 
Alsbeigh, G., et al.  IJROBP 68(1):229Alsbeigh, G., et al.  IJROBP 68(1):229--235, 2007235, 2007

ConclusionsConclusions
Reduction in risk for late pulmonary and cardiac Reduction in risk for late pulmonary and cardiac 

effects of radiation therapy for the treatment of effects of radiation therapy for the treatment of 
breast cancer requires minimal radiation breast cancer requires minimal radiation 
dose/exposure to those normal tissues.dose/exposure to those normal tissues.

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

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

NTCP models for lung and heart are NTCP models for lung and heart are 
under development and evaluation:under development and evaluation:
VV2020 for lung cancer over predicts risk of for lung cancer over predicts risk of 
radiation pneumonitisradiation pneumonitis
EUD or mean lung dose (10 EUD or mean lung dose (10 –– 20 Gy) is 20 Gy) is 
best simple predictive factor for risk of best simple predictive factor for risk of 
pneumonitis in breast cancer patientspneumonitis in breast cancer patients

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

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

Conclusions (cont’d)Conclusions (cont’d)


