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Abstract t 

Purpose.Purpose. The main purpose of this work is to reduce the cardiac and 
lungg dose by applying conformal tangential beam irradiation of the intact left 
breastt with and without intensity modulation, instead of rectangular 
tangentiall treatment fields. The extension of the applicability of the maximum 
heartt distance to conformal tangential fields as a simple patient selection 
criterion,, identifying patients for which rectangular and conformal tangential 
fieldss without intensity modulation will result in unacceptable NTCP values 
forr late cardiac mortality (e.g., > 2%), was also investigated. 

MaterialsMaterials and methods. 3D treatment planning was performed for 17 left-
sidedd breast cancer patients. Three different tangential beam techniques 
weree compared: 1) optimised wedges without blocks, 2) optimised wedges 
withh conformal blocks and 3) intensity modulation. Plans were evaluated 
usingg dose-volume histograms (DVHs) for the planning target volume (PTV), 
thee heart and the lungs. Normal tissue complication probabilities (NTCPs) 
forr radiation pneumonitis and late cardiac mortality were calculated using the 
DVHH data. The maximum heart distance (MHD) was measured for all 
rectangularr (MHDrectanguiar) and conformal (MHDconformai) treatment plans. 

Results.Results. For all patients, on averaged part of the PTV receiving a dose 
betweenn 95% and 107% of the prescribed dose of 50 Gy in 25 fractions of 2 
Gyy was 90.8% (SD: 5.0%), 92.8% (SD: 3.5%) and 92.8% (SD: 3.6%) for the 
IMRT,, conformal and rectangular field treatment technique, respectively. 
Thee NTCP for radiation pneumonitis was 0.3% (SD: 0.1%), 0.4% (SD: 0.4%) 
andd 0.5% (SD: 0.6%) for the IMRT, conformal and rectangular field 
technique,, respectively. The NTCP for late cardiac mortality was 5.9% (SD: 
2.2%)) for the rectangular field technique. This value was reduced to 4.0% 
(SD:: 2.3%) with the conformal technique. A further reduction to 2.0% (SD: 
1.1%)) could be accomplished with the IMRT technique. 

Thee NTCP for late cardiac mortality could be described as a second 
orderr polynomial function of the MHD. This function could be described with 
aa high accuracy and was independent of the technique for which the MHD 
wass determined (r2 = 0.88). In order to achieve a NTCP value for late 
cardiacc mortality below 1%, 2% or 3%, the MHD should be equal to or 
smallerr than 11 mm, 17 mm or 23 mm, respectively. If such a maximum 
complicationn probability cannot be accomplished, a treatment using the 
IMRTT technique should be considered. 

Conclusions:Conclusions: The use of conformal tangential fields decreases the 
NTCPP for late cardiac toxicity on average by 30% compared to using 
rectangularr fields, while the tangential IMRT technique can further reduce 
thiss value by an additional 50%. The MHD can be used to estimate the 
NTCPP for late cardiac mortality if rectangular or conformal tangential 
treatmentt fields are used. 
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Introduction n 

Radiationn therapy after breast conserving surgery of patients with breast 
cancerr is effective in reducing the risk of a local recurrence. Postoperative 
radiotherapyy of the breast is typically delivered with rectangular tangential 
fields.. With this technique appreciable dose inhomogeneity within the 
irradiatedd volume can be present [2,4], and the dose delivered to the lung, 
andd heart can be high [12,15,27]. 

Intensityy modulation radiation therapy (IMRT) techniques have been 
developedd in order to reduce these dose variations and spare the organs at 
risk.. Some of these techniques use tangential fields with a non-divergent 
dorsall field edge [3,6,7]. Others have developed conformal tangential IMRT 
techniquess in which the beam intensity profile is conformed to the chest wall 
orr delineated target volume [13,24,25,29,30]. The shape of the IMRT profile 
cann be optimised based on geometrical parameters such as the shape of the 
breastt and thoracic wall or on dosimetric parameters using inverse planning. 
Mostt of these studies had as a main purpose to make the dose distribution 
inn the breast more homogeneous, using geometrical parameters. 
Consequently,, it was not always possible to establish a satisfactory 
compromisee between the dose delivered to the target volume and the dose 
deliveredd to the organs at risk. Inverse planning does provide a method for 
minimizingg the dose in the organs at risk while maintaining adequate target 
coverage. . 

Mostt IMRT studies show a potential clinical benefit compared to 
rectangularr tangential fields without conformal blocks, either in sparing 
organss at risk or in improved dose homogeneity over the target volume. 
However,, implementation in clinical practice of such IMRT techniques will 
requiree additional resources compared to conventional breast treatment 
becausee IMRT delivery and verification will be more time consuming and 
complex.. Therefore, it would be useful to distinguish between patients for 
whomm IMRT is needed, and patients, who can be treated satisfactorily 
withoutt IMRT. 

Hongg et al. showed a benefit of IMRT plans when compared to standard 
treatmentt planning techniques using optimised beam weights and wedges 
andd superior and inferior corner blocks in the tangential fields if needed [13]. 
However,, they did not compare these treatment plans with standard 
rectangularr tangential fields that are widely used in clinical practice. The 
dosee distribution can already be more conformed to the target volume if 3D 
dataa are available and conformal treatment fields are used compared to 
usingg rectangular tangential fields, consequently reducing the dose to the 
organss at risk. Intensity modulation can be considered as an additional step 
andd allows for greater freedom in improving the dose distribution than a 
combinationn of open and wedged beams. This may result in a further 
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improvementt of the dose distribution in both the target volume and the 
organss at risk. The relative improvement attributable to the intensity 
modulatedd irradiated fields versus conformed fields is not yet known for 
breastt irradiation. 

Thee aim of this study is to quantify the possible reduction in radiation 
toxicityy of the organs at risk using conformai radiotherapy with and without 
thee use of intensity modulation, compared to simple rectangular tangential 
fieldd irradiation. It was also investigated if it is possible to extent the 
applicabilityy of the maximum heart distance to conformai tangential fields as 
aa simple patient selection criterion, identifying patients for which rectangular 
andd conformai tangential fields without intensity modulation will result in 
unacceptablee NTCP values for late cardiac mortality [15]. 

Methodss and Materials 

Patientt data 

Thee CT data of 17 randomly selected left-sided breast cancer patients 
weree used for this retrospective treatment planning study. CT slices of the 
thoraxx were acquired every 5 mm with the patient lying in supine position. 
Tenn patients were positioned with both arms resting in an arm-rest placed 
abovee the head equivalent to the treatment position, while the other 7 had 
theirr arms placed besides but not touching their body. This position has 
beenn shown to enable treatment planning of tangential fields without the 
armss extending into the treatment fields, without changing the breast shape 
significantlyy [11,18]. The CT scan included the complete left and right lung, 
bothh breasts and the heart. The average separation between the most 
mediall and most lateral aspect of the breast was 21.1 cm (range: 18.0-26.5 
cm). . 

Definitionn of planning target volume and organs at risk 

Thee clinical target volume (CTV) was delineated by a radiation 
oncologistt using a standard window level (0 HU) and width (500 HU), which 
iss in our institution considered optimal for visibility of the glandular breast 
tissue.. The CTV was assumed to start 5 mm below the skin and to be 
smooth. . 

AA planning target volume (PTV) was generated by expanding the CTV 7 
mmm isotropically, except in the direction of the skin surface, to account for 
thee uncertainty in the patient set-up and CTV delineation. The average PTV 
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wass 796 cm3 (range: 180-1883 cm3). 
Thee cranial extent of the heart included the infundibulum of the right 

ventricle,, the right atrium, and the right atrium auricle but excluded the 
pulmonaryy trunk, the ascending aorta and the superior vena cava. The 
lowestt external contour of the heart was the caudal border of the 
myocardium.. The pericardium was excluded from the heart volume. The 
contourss of the lungs and skin were automatically outlined. 

Rectangularr and conformal plans 

Thee gantry and collimator angles of the tangential 6 MV photon fields 
weree chosen using the beam's-eye view option of our 3D treatment planning 
systemm U-Mplan (version 339) [8]. A margin of 6 mm was taken between the 
fieldd edge and the breast PTV to account for the beam penumbra. The 
dorsall field edges of the tangential fields were made non-divergent to reduce 
thee irradiated lung volume. The rectangular plans did not include any blocks 
inn the treatment fields. In the conformal plans, an automatically generated 
conformall block around the PTV with a margin of 6 mm was added to these 
fields.. The treatment planning was performed using the 3-D treatment 
planningg system. An octree/edge model [9] is used for photon beam dose 
calculationss in combination with an equivalent path length algorithm to 
accountt for tissue inhomogeneities [19]. The optimum wedge angle and 
beamm weights were calculated using the optimisation module (version 1.0) of 
U-Mplan.. The goal of the optimisation is to obtain a homogeneous dose, 
betweenn 95% and 107% of the prescribed dose of 50 Gy in the PTV, while 
maintainingg a low dose in the lungs and heart. The quadratic objective 
function,, the mean square deviation between calculated and prescribed 
dosee values in the PTV and dose constraints for the organs at risk, was 

TableTable 1. Objective function used in the inverse planning process. The penalties are 
givengiven in brackets. The priority determines to which volume voxels will be 
assignedassigned in KonRad in case different volumes overlap. 

Volume;; priority 
Heart;; 1 
PTV;; 2 

Leftt lung; 3 
Rightt lung; 4 

Totall body volume; 5 

Minimumm dose (Gy) 

49.55 (75) 

Maximumm dose (Gy) 
24(5) ) 
500 (50) 
15(2.5) ) 
15(2.5) ) 
15(1) ) 

optimised.. The parameters of the physical objective function are listed in 
Tablee 1. 
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IMRTT plans 

Usingg the same gantry angles as applied in the rectangular field plans, 
tangentiall 6 MV photon beam intensity profiles were calculated using the 
inversee planning program KonRad version 1.2 beta 10 (MRC Systems 
GmbH,, Heidelberg, Germany) [26]. The same physical objective function 
usedd in the optimisation of the rectangular and conformal treatment plans 
wass used to calculate the optimal intensity profiles. 

Thee resolution of the intensity matrices was set to 10 mm (leaf width) by 

Beam'ss eye view of tangential field 

H H 
conformall block 

D D 
heartt contour 

MHDconformal l 

MHD r e c t a n g U | a r r 

F F 

FigureFigure 1. The maximum heart distance (MHD) is defined as the maximum distance 
ofof the heart contour, as seen in a beam's-eye view of the medial 
tangentialtangential field, to the medial field edge, determined perpendicular to the 
dorsaldorsal field border. The MHD of the rectangular field (MHDrecta„gtJiar) is 
measuredmeasured to the medial field border determined by the collimator jaw, 
whilewhile the MHD of the conformal field (MHDconf0rmai) is measured to the 
medialmedial field border determined by the conformal block. 

55 mm (direction of leaf travel). A separate sequencer developed at the 
Radiotherapyy Department of the Utrecht Medical Centre, The Netherlands, 
combinedd with in-house developed software was used to convert the 
KonRadd fluence profiles to suitable step-and-shoot segments, which allows 
deliveryy on an Elekta treatment unit. To minimize the number of segments, a 
1-DD median filter (bixelwidth: 5) along the direction of leaf travel was applied 
too the continuous fluence profiles. These were then stratified into 10 equally 
spacedd intensity levels. It was estimated that this number of levels would 
yieldd no more than 30 segments per fraction. This was considered the 
maximumm acceptable number of segments for clinical implementation in our 
institutee at the time this study took place due to the time needed to deliver 
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300 segments and the amount of console input needed after every segment 
att an Elekta linear accelerator without Elekta RTD step-and-shoot software. 

Afterr sequencing, the segment weights were refined with the 
optimisationn module of U-Mplan, using the same objective score function. 
Thiss additional optimisation accounted for the differences in the segment 
normalizationn between U-Mplan and KonRad. The final dose distribution was 
calculatedd using U-Mplan. Thus, the same dose calculation algorithm was 
usedd for all rectangular, conformal and step-and-shoot IMRT plans. 

TableTable 2. Mean PTV coverage and heart and lung complication probabilities for the 
IMRT,IMRT, conformal and rectangular irradiation techniques. 

Volume e 
off interest 

PTV V 

Heart t 

Bothh lungs 

Parameter r 

Meann dose 
Meann SD of the 
dosee to the PTV 

VQ95%% " VDI07% 

VD95%% ! VD107% 
NTCP P 

V(D95%) ) 
NTCP P 

Meann dose 

IMRT T 
%% (SD1) 
1000 (0.0) 
4.3(1.3) ) 

90.88 (5.0) 
93.00 ; 2.2 
2.0(1.1) ) 
1.0(1.0) ) 
0.3(0.1) ) 
9.88 (2.5) 

Conformal l 
%% (SD) 

100(0.0) ) 
4.00 (0.9) 

92.88 (3.5) 
95.22 ; 2.5 
4.00 (2.3) 
4.0(4.1) ) 
0.44 (0.4) 
9.22 (6.3) 

Rectangular r 
%% (SD) 

100(0.0) ) 
4.00 (0.9) 

92.88 (3.6) 
95.55 ; 2.8 
5.99 (2.2) 
4.99 (3.6) 
0.55 (0.6) 
11.3(7.1) ) 

1SDD : standard deviation 
2VD95%% - VD107% : The part of the PTV that receives a dose higher than 95% and less 
thann 107% of the prescribed dose. 

Dataa analysis 

Thee prescribed dose was 2 Gy per fraction, with a total treatment dose 
off 50 Gy delivered over 5 weeks. In order to compare the dose distribution in 
thee PTV objectively between the different techniques, each plan was 
normalizedd to the mean dose and the dose variation was characterized by 
itss standard deviation. It is assumed that similar differential DVHs, as 
definedd by their mean and standard deviation, would yield identical 
treatmentt results, i.e., local control, for the breast for all techniques. The 
moree commonly used homogeneity parameter V95o/o.107o/o, the part of the PTV 
receivingg at least 95% but less than 107% of the reference dose, was also 
calculatedd for the breast PTV [20]. The breast separation, defined as the 
distancee between the medial and lateral field borders at the cranio-caudal 
positionn of the nipple, was measured to be able to determine the 
dependencee of the dose homogeneity in the breast on this parameter. 
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FigureFigure 2. Difference between the IMRT and conformal dose distribution in 
percentagepercentage of the prescribed dose. The plane perpendicular to the beam 
axisaxis at the position where the largest part of the heart is inside the 
conformalconformal fields for patient 15 is shown in Figure 2. The area where the 
dosedose is lower for the IMRT technique is shown on the left side, while the 
areaarea where the dose is higher for the IMRT technique is shown on the 
rightright side. 

Too quantify lung and heart toxicity, the physical dose distribution was 
firstt converted into a normalized total dose (NTD) distribution [23], using the 
linearr quadratic model with an oc/(3 ratio of 3 Gy. For the heart, the Normal 
Tissuee Complication Probability (NTCP) for excess cardiac mortality after 
10-155 years caused by myocardial infarcts or ischaemic heart diseases was 
calculatedd using a fractionation schedule of 2 Gy per fraction and by 
applyingg the relative seriality model [21] with parameter values s=1, 
D50=52.33 Gy and y =1.28 as derived by Gagliardi et al. [10]. 

Inn order to find a simple selection criterion for patients who cannot be 
treatedd adequately without IMRT, the maximum heart distance (MHD) was 
determinedd for the rectangular (MHDrectangUiar) and conformal (MHDconformai) 
techniquee [15]. This quantity is defined as the maximum distance of the 
heartt contour to the medial field edge of a rectangular or blocked field, 
measuredd parallel to the caudal field edge, as can be seen on a beam's-eye 
vieww of the medio-lateral tangential field (Figure 1). 

Inn the calculations of lung toxicity, the left and right lungs are treated as 
aa single organ. After the NTD calculation, the mean normalized total dose 
(NTDmean)) is calculated and used to compute the NTCP for radiation 
pneumonitis.. The clinical results of a large multi-centre study of the relation 
betweenn the incidence of radiation pneumonitis and DVH parameters [22] 
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weree used. Paired two-sided Student t-tests were used to test if the 
differencess in PTV homogeneity and NTCP values between the three 
irradiationn techniques were statistically significant. 

Results s 

Thee dose variation in the PTV (SD) is not significantly different between 
thee three techniques (p-values > 0.3), resulting in similar treatment results 
forr the breast for all techniques (Table 2). The average number of segments 
perr fraction for the IMRT technique is 15 (range:7-25), which meets our 
plannedd constraint that the total number of segments per fraction should not 
exceedd 30. An example of the difference between the IMRT and conformal 
dosee distribution in the plane perpendicular to the beam axis at the position 
wheree the largest part of the heart is inside the conformal fields is shown in 
Figuree 2. 

TableTable 3. Mean PTV coverage and heart and lung complication probabilities for the 
IMRT,IMRT, conformal and rectangular irradiation techniques. 

Volume e 
off interest 

PTV V 

Heart t 

Bothh lungs 

Parameter r 

Meann dose 
Meann SD of the 
dosee to the PTV 

VD95%% - VQ 1 0 7% 

VD95%% > VQ107% 

NTCP P 
V(D95%) ) 

NTCP P 
Meann dose 

IMRT T 
%% (SD1) 
100(0.0) ) 
4.3(1.3) ) 

90.88 (5.0) 
93.00 ; 2.2 
2.0(1.1) ) 
1.0(1.0) ) 
0.3(0.1) ) 
9.88 (2.5) 

Conformal l 
%% (SD) 

100(0.0) ) 
4.00 (0.9) 

92.88 (3.5) 
95.22 ; 2.5 
4.00 (2.3) 
4.0(4.1) ) 
0.44 (0.4) 
9.22 (6.3) 

Rectangular r 
%% (SD) 

100(0.0) ) 
4.00 (0.9) 

92.88 (3.6) 
95.55 ; 2.8 
5.99 (2.2) 
4.99 (3.6) 
0.55 (0.6) 
11.3(7.1) ) 

1SDD : standard deviation 
2VD95%% - VD107% : The part of the PTV that receives a dose higher than 95% and less 
thann 107% of the prescribed dose. 

Comparedd to the conformal dose distribution, The IMRT dose is reduced 
withh approximately 20% near the dorsal border of the PTV, thus reducing the 
dosee in the lungs and heart. The IMRT dose is increased with approximately 
5%% in the middle of the PTV to achieve a more homogeneous dose 
distributionn in that part. Overall, the standard deviation of the dose 
distributionn in the breast is not significantly different between the two 
techniques,, but the position of the low and high dose regions is reallocated. 

Thee average dose homogeneity, expressed as V95o/o.107%, is 90.8% for 
thee IMRT technique compared to 92.7% and 92.8% for the two other 

133 3 



ChapterChapter 7 

techniques.. The differences in Vg5%.107% between the IMRT and conformal 
techniquee and conformal and rectangular field technique are not statistically 
significantt with p-values of 0.13 and 0.48, respectively. The use of 6 MV 
beamss results in an acceptable homogeneous dose for our clinically used 
rectangularr field technique in almost all patients. Using this technique, only 
forr 2 patients, with a breast separation greater than 24 cm, is the V95o/o_107o/o 

lesss than 90%. The dose variation over the PTVs was almost uncorrelated 

LLIIL L ill l illl ii.i 
11 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Patientt # 

FigureFigure 3. Calculated NTCP values for late cardiac mortality for the rectangular field 
echniqueechnique (grey bars), the conformal technique (open bars) and the IMRT 
techniquetechnique (black bars). 

withh the breast separation (r2 <0.2 ) and the variation was only weakly 
correlatedd with breast volume (r2 <0.4 ). 

Thee average NTCP value for late cardiac mortality is 5.9% for the 
rectangularr field technique. This value is reduced to 4.0% and 2.0% using 
thee conformal or IMRT technique, respectively. These reductions are both 
highlyy significant with p-values <0.001. The NTCP values calculated for the 
threee techniques for each patient are shown in Figure 3. For patient #13, a 
slightlyy higher NTCP value was found for the conformal technique than for 
thee rectangular field technique. This was caused by an altered dose 
distributionn in the PTV. The high dose region in the PTV shifted slightly to 
thee inferior side of the breast. This resulted in a lower mean dose to the PTV 
relativee to the dose to the heart than for the rectangular plan. After 
renormalizationn of the plan to the mean PTV dose, the dose to the heart in 
thee conformal plan was slightly higher than the dose to the heart in the 
rectangularr plan. 
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Theree is a strong correlation between MHDrectanguiar and the NTCP for 
latee cardiac mortality for the rectangular field technique, and a 
correspondingg correlation between MHDconformai and the NTCP for the 
conformall technique. The NTCP data of the rectangular and conformal 
techniquee are fitted to a single second-degree polynomial function of the 
MHD,, with a high correlation (r2 = 0.88), independent of the technique used. 
Thiss simple patient selection curve can easily be used clinically to select 
patientss for IMRT treatment. The data and polynomial fit with 95% 
confidencee interval of the fit are shown in Figure 4. 

00 10 20 30 40 50 60 

Maximumm Heart Distance (mm) 

FigureFigure 4. NTCP for late cardiac mortality versus maximum heart distance for the 
rectangularrectangular (a) and conformal (o) technique. The data of a previous study 
(x)(x) using the rectangular field technique [14] has also been included. The 
straightstraight line represents the best fit through all data points using a second 
orderorder polynomial, while the dotted lines show the 95% confidence interval 
ofof the fitted curve (r2 = 0.88). 

Thee average NTCP for radiation pneumonitis was already low for the 
rectangularr field technique (0.5%). This value was further reduced to 0.4% 
andd 0.3% using the conformal and IMRT technique, respectively. However, 
thee difference between the conformal and IMRT technique is not significant 
(p=0.28).. The differences between the IMRT technique and rectangular field 
techniquee and between the conformal and rectangular field technique are, 
however,, significant (p=0.05 and p=0.003, respectively). Cumulative dose-
volumee histograms for the lung and heart for one patient (patient #8) are 
givenn as an example in figure 5. 
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100 0 

400 60 

Dose(%) ) 

100 0 

100 0 

400 60 

Dose(%) ) 

100 0 

B B 

FigureFigure 5. Cumulative dose-volume histograms for the lung (A) and heart (B) for 
oneone patient (patient #8). 

Discussion n 

Thee IMRT treatment planning procedure is more time consuming than 
thee rectangular or conformal field treatment planning procedure. The extra 
stepss in the planning process involve: 1) Transportation of the CT scans and 
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contourss to the inverse treatment planning system. 2) Defining the gantry 
andd collimator angles of the beams and optimising the beam fluence profiles 
usingg the objective function. 3) Sequencing of the beams to produce step-
and-shoott segments that can be delivered on an Elekta accelerator and 4) 
Transportationn of these beam segments back to our clinical treatment 
planningg system. These extra steps in the planning procedure take 
approximatelyy 20 minutes. This extra time only applies for the specific 
combinationn of the KonRad and U-Mplan treatment planning systems used 
inn our institution and will be different if other treatment planning systems are 
used. . 

3DD treatment planning is not always needed to prevent high lung or 
heartt doses. To minimize the treatment preparation workload on a CT 
scannerr and in the treatment-planning department, we suggest one can start 
withh standard simulation of tangential fields on a conventional simulator. 
Onlyy when the maximum heart distance [15] or central lung distance [1] 
exceedss certain limits, full 3D treatment planning is needed. For instance, if 
onee wants a maximum estimated NTCP for late cardiac mortality of 1%, 2% 
orr 3%, the MHD should be equal to or smaller than 11 mm, 17 mm or 23 
mm,, respectively (see Figure 4). If the MHD is, for example, 22 mm using 
rectangularr fields, but can be reduced to 15 mm or less by conforming the 
fieldss to the PTV by applying the simulator images, than full 3-D planning 
cann still be avoided if an estimated NTCP of 2% or less is acceptable. 
However,, if the MHD still exceeds 17 mm, a full 3-D IMRT treatment plan 
shouldd be considered to reduce the NTCP for late cardiac mortality below 
2%. . 

Byy conformation of the treatment fields to the target volume, part of the 
heartt is blocked which results in the observed reduction in NTCP values for 
cardiacc mortality compared to the rectangular field technique. The observed 
dosee reduction to the heart when going from the conformal technique to the 
IMRTT technique is mainly attributed to the reduction in dose in the area 
betweenn the PTV edge and the block edge, i.e., the 7 mm margin around the 
PTVV (Figure 2). This isotropic margin to account for the beam fringe, i.e., the 
distancee between the 95% and 50% isodose surface, required in the 
conformall plan is not needed in the IMRT plan. The size of the IMRT beam 
onlyy depends on the dose based objective function and the position of the 
PTVV with respect to the organs at risk, and not on predefined minimum 
marginss between the beam edge and the PTV. A similar result might also be 
reachedd by placement of a block to shield the heart completely. However, 
suchh a procedure will result in a decrease in dose in the PTV. 

Thee difference in the average V95o/(r107o/o between the techniques is not 
statisticallyy significant. This can be expected, as the standard deviation of 
v95%-io7%% within each technique is much larger than the difference of the 
averagee V95o/O.107% between the techniques. The dose in the medial part of 
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thee PTV is slightly reduced for some patients using the IMRT technique, 
whichh is not evident from the DVH data. This was reviewed by one of our 
clinicians,, who judged these small reductions clinically not significant, also 
keepingg in mind the large inter-observer variations in the delineation of the 
targett volume [16]. 

Thee NTCP model parameters to model excess cardiac mortality 
resultingg from radiotherapy were determined by Gagliardi ef al. These 
parameterss were considered most clinically applicable since they were 
derivedd from the data of two large randomised trials concerning breast 
cancerr irradiation i.e., the Stockholm and Oslo breast cancer trials [14,28]. 
However,, the uncertainty in the scoring of excess cardiac deaths was still 
largee and the 95% confidence interval ranged from 0 to 15%. This attributed 
too a considerable uncertainty in the determination of the parameter values. 
However,, a large meta-analysis of eight clinical breast cancer trials for 
patientss that received a radical or modified mastectomy and radiotherapy, 
includingg the Oslo and Stockholm trials, confirmed the existence of excess 
cardiacc mortality [5]. No significant differences in excess cardiac mortality 
betweenn the trials were found, which suggest the values predicted by the 
NTCPP model are in the same range as the generally observed values. Still, 
onee has to be careful to rely on the absolute NTCP values only and one 
shouldd take dose-volume or other treatment parameters into account as 
well. . 

Inn this study, the margin between the PTV and CTV was 7 millimetres. 
Thiss margin is considered adequate to take set-up and CTV delineation 
uncertaintyy into account. The size of the set-up errors has been determined 
inn a number of institutions [17]. The effect of set-up errors on the dose 
homogeneityy in the PTV and on the NTCP values will be the subject of 
futuree work. These effects may be important for the delivery of both the 
conformall and IMRT technique. The dose to the contralateral breast will 
probablyy not differ much between the standard and conformal techniques 
studied,, if the conformal field shape is generated using multileaf collimation. 
Thee difference in contralateral breast dose between these two techniques 
andd the IMRT technique will depend on the practical clinical implementation, 
e.g.. MLC generated versus use of compensators or physical wedges, of the 
IMRTT technique [3]. Treatment verification of the dose distribution and dose 
deliveryy in clinical practice using a liquid ionisation chamber EPID is 
currentlyy investigated in our institution. The appropriate margin that should 
bee applied in order to also incorporate CTV delineation uncertainty depends 
onn the variation in CTV delineation. Data about these variations are scarce 
andd more data are needed to properly account for delineation uncertainties. 

AA single global objective function for all patients was used which resulted 
inn an overall decrease in heart and lung NTCP while still maintaining 
adequatee dose homogeneity in the PTV. Thus, the planning of the IMRT 
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techniquee can be performed in clinical practice without time consuming 
customizedd adjustments of penalty values. 

Comparingg the dose variation using the standard deviation of the dose 
distributionn in the PTV, normalized to the mean PTV dose, can potentially 
alloww one to compare between different techniques from various institutions. 
Anotherr parameter, D95o/o - D5%, where D95o/o and D5% are the maximum dose 
valuess received by at least 95% and 5% of the PTV, respectively, was used 
byy van Asselen et al. [30] to compare DVHs. An advantage of this parameter 
iss its independence of the normalization procedure. However, a different 
normalizationn procedure does influence the absolute dose levels received by 
thee PTV and organs at risk. Thus, similar D95o/o - D5o/o values do not 
necessarilyy imply similar treatment results for the PTV. Hence, one has to be 
carefull to evaluate different treatment techniques with similar D95% - D5o/o 

valuess when only comparing doses to organs at risk. 
Thee dose variation over the PTV was almost uncorrelated with the 

breastt separation and breast volume. Especially for an IMRT technique, one 
mightt expect that the PTV dose homogeneity should be mainly due to the 
dosee characteristics of the opposed beams, which is dependent on the size 
andd separation of the breast. Such a correlation might have been found for 
thee IMRT treatment plans if improvement of the homogeneity of the dose 
overr the PTV was the planned objective. However, the objective was to 
sparee the heart as much as possible without compromising the PTV dose 
homogeneity.. Therefore, a correlation between dose homogeneity over the 
PTVV and breast size or separation for the IMRT treatment plans would have 
beenn fortuitous. 

Conclusions s 

Inn this study, three tangential breast treatment techniques have been 
definedd and evaluated. A single global scoring function was used for inverse 
treatmentt plan optimisation. The MHD was measured for the rectangular 
andd conformal treatment techniques, and may be used to estimate the 
NTCPP for late cardiac mortality. Using conformal tangential fields, one can 
significantlyy decrease the average NTCP for late cardiac toxicity with about 
30%,, and intensity modulation can reduce this risk even further with 50%. 
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