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Dosimetric comparison of 3-dimensional conformal 
and intensity-modulated radiotherapy techniques for 

whole breast irradiation in the prone and supine 
positions 

INTRODUCTION 

The	breast	cancer	incidence	has	increased	in	

females	worldwide	 and	 constituted	 25%	 of	 the	

overall	 cancer	 cases	 and	 15%	 of	 the	 overall															

cancer	 deaths	 among	 women	 in	 2012	 (1).																		

Radiotherapy	after	breast-conserving	surgery	 is	

an	 essential	 component	 of	 treatment.	 Several	

studies	 have	 shown	 that	 the	 survival	 rate	 does	

not	 change	between	women	with	breast	 cancer	

who	were	 treated	with	 a	 total	mastectomy	 and	

postoperative	 breast	 irradiation	 after																								

lumpectomy.	 On	 the	 other	 hand,	 irradiation	 of	

the	breast	after	surgery	signi%icantly	reduces	the	

incidence	 of	 recurrence	 in	 the	 breast	 (2).	 In																

addition,	boost	treatment-10	Gy	delivered	to	the	

tumor	 bed	 following	 whole	 breast																																							

irradiation-can	improve	early	local	control	(3).	In	

addition	to	these	favorable	treatment	outcomes,	

cardiac	 and	 pulmonary	 complications	 may																

develop	due	to	the	large	irradiated	volume	in	the	

heart	 and	 ipsilateral	 lung,	 and	 poor	 dose																							

homogeneity	may	lead	to	worse	cosmetic	results	

in	patients	with	pendulous	breasts	(4).	Therefore,	

doses	 to	 organs-at-risk	 (OARs)	 should	 be																			

minimized	as	much	as	possible	while	obtaining	a	

C. Koksal*1, N.D. Kesen1, U. Akbas1, U. Kalafat2, K. Ozkaya3, M. Okutan1,  
E.M. Fayda4, S. Kucucuk3, H. Bilge1 

 
1Istanbul	University	Oncology	Institute,	Division	of	Medical	Physics,	Istanbul,	Turkey	

2Memorial	Sisli	Hospital	Oncology	Centre,	Istanbul,	Turkey	
3Istanbul	University	Oncology	Institute,	Division	of	Radiation	Oncology,	Istanbul,	Turkey	

4Liv	Hospital	Ulus,	Istanbul,	Turkey	

ABSTRACT 

Background: The aim of this study was to compare the differences of the 

dosimetric parameters between three-dimensional conformal radiotherapy 

(3D-CRT) and simultaneous-integrated boost intensity-modulated 

radiotherapy (SIB-IMRT) techniques in the prone and supine posi$ons for 

breast irradia$on. Materials and Methods: Ten pa$ents underwent a 

computed tomography simula$on in both the prone and supine posi$ons. For 

each set-up posi$on, the treatment plans were created with 3D-CRT and SIB-

IMRT. The dosimetric parameters were obtained from dose-volume 

histograms. Results: High-dose regions in the whole breast were decreased in 

IMRT with a simultaneous integrated boost technique. The lung doses were 

significantly reduced for all pa$ents, and the heart doses were lower in le+-

sided breast cancer pa$ents in the prone posi$on. The heart doses except 

mean dose were not significantly lower with SIB-IMRT in the prone posi$on.  
Conclusion: SIB-IMRT allowed a more conformal dose distribu$on regardless 

of posi$on. The prone posi$on is superior to the supine treatment regarding 

doses in the ipsilateral, contralateral lung, and heart. The contralateral breast 

doses were increased in the prone posi$on. Prone IMRT can be chosen for 

simultaneous integrated boost treatment in women with pendulous breasts.  
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homogeneous	dose	distribution	in	the	breast.		

The	three-dimensional	conformal	radiothera-

py	 (3D-CRT)	 technique	 was	 used	 as	 the															

standard	 care	 of	 irradiation	 of	 the	 breast	 until	

2000.	 It	 was	 frequently	 performed	 using	 two	

opposing	 tangential	 %ields.	 Wedges	 have	 been	

used	 to	 compensate	 for	 tissue	 irregularities	 in	

which	 high	 doses	 occur.	 However,	 high-dose		

regions	 located	 within	 the	 target	 or	 normal												

tissues	have	become	unavoidable	in	women	with	

large	 breasts	 (5).	 Various	 radiotherapy																					

techniques	have	been	developed	to	obtain	better	

dose	 distributions	 in	 the	 target	 and	 decreasing	

doses	 in	 healthy	 tissues.	 The	 intensity																				

modulated	 radiotherapy	 (IMRT)	 technique	 has	

been	 applied	 to	 breast	 treatment.	 The																

optimization	 algorithm	 is	 used	 to	 create																	

nonuniform	 %luence	maps	 that	 are	 delivered	 to	

the	 patient	 from	 several	 beamlets	 in	 inverse	

IMRT	 planning	 (6).	Many	 studies	 have	 indicated	

that	 the	 IMRT	 technique,	 compared	 with	 the											

3D-CRT	 technique,	 has	 advantages	 in	 terms	 of	

dose	 reduction	 in	 OAR	 and	 for	 improving	 dose	

homogeneity	(7,	8).	

Generally,	 breast	 cancer	 patients	 receive																

radiotherapy	 in	 the	 supine	 position.	 In	 the														

supine	 position,	 sparing	 of	 the	 OAR	 cannot	 be	

achieved	in	concavely	shaped	pendulous	breasts	

because	the	irradiated	breast	is	wrapped	around	

the	 heart	 and	 ipsilateral	 lung.	 In	 addition,																

high-dose	 regions	 in	 the	 breast	 lead	 to	 late														

effects,	 such	 as	 %ibrosis	 and	 telangiectasias.	 In	

the	prone	position,	the	breast	tissue	moves	away	

from	 the	 chest	wall	 by	 gravity,	 diminishing	 the	

amount	 of	 the	 heart	 and	 lung	 in	 the	 treatment	

%ields.	In	addition	to	this	bene%it,	several	studies	

have	 shown	 that	 more	 homogeneous	 dose																	

distributions	 were	 obtained	 in	 the	 prone															

position	 than	 in	 the	 supine	 position.	 Prone													

position	breast	irradiation	has	been	preferred	to	

reduce	 doses	 to	 the	 critical	 structures	 and															

prevent	 high-dose	 regions	 in	 large-breasted	

women	 (9).	 There	 are	 few	 trials	 comparing	 the	

3D-CRT	and	IMRT	techniques	in	both	the	prone	

and	 supine	 positions	 for	 whole	 breast																								

irradiation	 (WBI)	 without	 a	 tumor	 bed	 boost.	

Investigations	 concerning	 which	 patient																

positioning	and	treatment	technique	is	better	for	

whole	 breast	 irradiation	with	 tumor	 bed	 boost	

are	 lacking.	 We	 believe	 that	 IMRT	 with	 a																	

simultaneous	 integrated	 boost	 (SIB-IMRT)												

technique	 in	 the	 prone	 position	 may	 result	 in	

better	 dose	 homogeneity	 and	 lowering	 of	 the	

doses	 to	 the	 ipsilateral	 lung	 and	 heart.	 The													

purpose	 of	 this	 study	 was	 to	 compare	 the																		

3D-CRT	 WBI	 plus	 3D-CRT	 boost	 with	 the																			

SIB-IMRT	 techniques	 in	 terms	 of	 dose																											

homogeneity	in	the	target	and	OAR	doses	in	both	

the	supine	and	prone	set-up	positions	in	women	

with	large	and	pendulous	breasts.		

	

	

MATERIALS AND METHODS 

 

Ten	 breast	 cancer	 patients	 (6	 left-sided,	 4	

right-sided)	 who	 received	 radiotherapy	 after	

lumpectomy	at	the	Istanbul	University	Oncology	

Institute	were	randomly	selected	 for	 this	study.	

All	 patients	 were	 treated	 in	 the	 appropriate													

set-up	 position	 using	 3D-CRT	 or	 IMRT	without	

lymph	 node	 irradiation.	 At	 the	 start	 of	 the																	

simulation,	all	patients	were	informed	about	the	

study,	and	informed	consent	was	obtained.		

 

Patient	positioning	and	CT	simulation									

Computed	 tomography	 (CT)	 images	 were		

obtained	 with	 a	 slice	 thickness	 of	 3	 mm	 using	

Phillips	 Brilliance	 Big	 Bore	 4D	 CT	 (Philips														

Electronics	 N.V.)	 in	 both	 the	 supine	 and	 prone	

positions	on	the	same	day	for	all	patients.	In	the	

supine	 position,	 a	 patient-speci%ic	 vacuum	 air	

cushion	 was	 prepared	 for	 immobilization	 for	

each	patient,	and	 the	 ipsilateral	arm	was	raised	

above	the	head.	After	supine	simulation,	patients	

were	 repositioned	 on	 the	MedTec	 prone	 breast	

board.	 In	 this	 set-up	 position,	 both	 arms	 were	

placed	 above	 the	 head,	 and	 the	 contralateral	

breast	 was	 laterally	 turned	 away	 from	 the											

treated	breast	on	the	device.	The	CT	data	of	ten	

patients	 were	 transferred	 to	 the	 treatment										

planning	 system	 (TPS)	 for	 both	 contouring	 and	

planning.	

 

Target	and	OAR	delineation 

The	 target	 volumes	 and	 critical	 structures	

were	 delineated	 on	 the	 CT	 data	 by	 the	 same											

radiation	 oncologist	 using	 Varian	 Eclipse													

354 Int. J. Radiat. Res., Vol. 15  No. 4, October 2017 
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Version	 8.9	 TPS.	 The	 whole	 breast	 tissue	 was	

outlined	 as	 the	 planning	 target	 volume	

(PTVbreast).	 The	 tumor	 bed	 volume	 was	 also	

de%ined	according	to	the	metal	surgical	clips	and	

clinical	 details.	 This	 volume	 was	 enlarged	 by	

adding	an	isotropic	10-mm	margin	to	obtain	the	

planning	target	volume	(PTVboost).	This	margin	

was	added	for	uncertainty	in	the	patient	set-up.	

The	ipsilateral	lung,	heart,	contralateral	lung	and	

breast	 were	 also	 contoured.	 In	 addition,	 a	

PTVbreast-boost	was	generated	by	excluding	the	

tumor	volume	from	the	PTVbreast.	

Koksal et al. / Dosimetric comparison of 3D conformal and IMRT techniques  
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Figure 1. Dose distribu$ons (45 Gy) in the transverse plan (A) and sagi9al plan (B) for the prone and supine posi$ons.The heart in 

yellow, the PTVbreast in red, the PTVboost in pink, the ipsilateral lung in light green, the contralateral lung in dark green, the              

contralateral breast in cyan. 

Treatment	planning 

All	of	the	treatment	plans	were	performed	by	

the	 same	 medical	 physicist	 on	 Varian	 Eclipse	

Version	 8.9	 TPS.	 The	 Anisotropic	 Analytical														

Algorithm	 (AAA)	 photon	 dose	 calculation																

algorithm	with	 tissue	 inhomogeneity	 correction	

was	 used	 for	 the	 3D-CRT	 and	 SIB-IMRT	 plans.	

The	dose	calculation	grid	size	was	2.5	mm.	Next,	

6-MV	photon	beams	from	Varian	Clinac	DBX	600	

(Varian	Medical	System,	Palo	Alto,	CA)	equipped	

with	 a	 Millennium	 Multileaf	 Collimator	 (MLC)	

with	120	leaves	were	used	for	all	of	the	plans.	All	

of	the	plans	were	normalized	so	that	90%	of	the	

PTVbreast	received	95%	of	the	prescribed	dose	

and	95%	of	the	PTVboost	received	100%	of	the	

prescribed	dose.	The	dose-volume	constraints		

for	the	OAR	are	listed	in	table	1.		

3D-CRT	plans	were	created	using	two	parallel	

opposing	 tangential	 beams	 (medial	 and	 lateral	

tangents)	 with	 a	 2-cm	 anterior	 fall	 off	 for	 the	

PTVbreast.	 Appropriate	 tangential	 beam	 angles	

were	 used	 to	 avoid	 contralateral	 breast	

irradiation	and	reduce	the	doses	to	the	OAR.	The	

treatment	%ield	aperture	was	designed	using	the	

beam’s	eye	view	(BEV)	option	of	 the	TPS.	Next,	

the	 beams	 were	 manually	 shaped	 considering	

the	 beam	 penumbra	 with	 an	 MLC	 for	 blocking	

normal	 structures	 within	 %ields	 on	 BEV	 whilst	

maintaining	 satisfactory	 coverage	 of	 the	

PTVbreast.	 Virtual	 wedges	 were	 used	 when	

needed	 to	 reduce	 the	 maximum	 doses	 and	

achieve	 better	 dose	 distribution	 in	 the	 target.	

OAR Dose-Volume Constraint 

Ipsilateral Lung V20<20% 

 V10<40% 

Contralateral Lung V5<15% 

Contralateral Breast Dmax<10 Gy 

Heart Le+-Sided Right-Sided 

 V25<5% V25=0 

 V10<35% V10<15% 

Table 1. Dose-volume constraints for the OAR. 

OAR: organ at risk, Dmax: maximum dose, Vx: volume (%) receiving x dose 
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The	prescribed	dose	to	the	PTVbreast	was	50	Gy	

in	 25	 fractions.	 After	 planning	 for	 the	 whole	

breast,	 tumor	 bed	 boost	 plans	were	 conducted	

using	two	oblique	%ields.	The	boost	dose	was	12	

Gy	in	6	fractions.		

SIB-IMRT	 plans	 were	 generated	 using	 an														

inverse	 planning	 process.	 Seven	 beams	 for	 the	

supine	 position	 and	 six	 beams	 for	 the	 prone														

position	 were	 used	 to	 obtain	 the	 desired	 dose	

distribution.	 First,	 the	 same	 tangential	 beam		

angles	 as	 the	 3D-CRT	 were	 used	 and	 then	 the	

other	beams	(%ive	beams	for	the	supine	and	four	

beams	 for	 the	 prone	 position)	 were	 placed																

between	these	%ields	at	equal	intervals.	The	dose	

constraints	 of	 the	 PTVbreast-boost,	 PTVboost	

and	 critical	 organs	 were	 described	 to	 the																		

optimization	 engine	 of	 TPS	 to	 acquire	 optimal	

%luence	 maps.	 The	 prescribed	 dose	 to	 the	

PTVbreast-boost	 was	 50	 Gy	 and	 the	 PTVboost	

was	 59.92	 Gy	 in	 28	 fractions.	 Following																							

%luence-map	 optimization,	 the	 leaf	 motion												

calculation	 with	 a	 sliding-window	 technique	

was	 carried	 out	 to	 create	 actual	 %luence	 maps	

that	 were	 deliverable	 using	 an	 MLC.	 The																				

optimization	was	 performed	 until	 the	 planning	

goals	were	satis%ied.	At	last,	a	2-cm	anterior	fall	

off	was	ful%illed	to	the	%ields	using	the	skin	%lash	

tool.		

 

Analysis 

The	treatment	plans	were	compared	in	terms	

of	 dose	 conformity,	 homogeneity,	 target																			

coverage,	 and	 OAR	 doses	 by	 analyzing	 the																

dose-volume	 histograms	 (DVH)	 for	 both	 set-up	

positions.	 The	 volume	 of	 the	 PTVbreast																				

receiving	 95%	 of	 the	 prescription	 dose	 (V95)	

and	 the	 PTVboost	 receiving	 100%	 of	 the																				

prescription	 dose	 (V100)	 were	 compared	 for	

target	 coverage.	 The	 mean	 dose	 and	 dose															

received	 by	 2%	 volume	 (D2)	 of	 the	 PTVbreast	

and	PTVboost	were	also	compared.	In	this	study,	

the	 conformity	 index	 (CI)	 and	 homogeneity													

index	 (HI)	 were	 determined	 for	 the	 PTVbreast	

and	 PTVboost	 utilizing	 the	 DVH	 of	 the	 3D-CRT	

WBI	 +	 3D-CRT	 boost	 and	 SIB-IMRT	 plans.	 The	

conformity	 index	 was	 calculated	 using	 the														

following	equation	(1):		

CI=	(VTref/VT)	x	(VTref/Vref)																								eq	(1)	

Where:	 VTref	 represents	 the	 target	 volume	

covered	 by	 the	 reference	 isodose	 (95%	 of	 the	

prescribed	dose),	VT	is	the	target	volume,	Vref	is	

the	 total	 volume	 of	 the	 reference	 isodose.	 The	

ideal	 value	 of	 CI	 is	 1.	 The	 following	 formula													

(eq	2)	was	used	for	the	homogeneity	index.		

 

HI=	D5/D95																							 	 									eq	(2)	

 

In	 this	 formula,	 D5	 and	 D95	 represent	 the	

doses	 received	 by	 5%	 and	 95%	 volumes	 of	 the	

PTVbreast	and	PTVboost,	respectively.	The	ideal	

value	of	HI	is	1.	

The	 percentage	 of	 the	 PTVbreast-boost														

receiving	105%	and	110%	of	 the	prescribed	50	

Gy	 (V105%,	 V110%)	 to	 the	 PTVbreast,	 the																		

ipsilateral	lung	receiving	a	dose	equal	to	or	more	

than	5	Gy,	10	Gy,	and	20	Gy	(V5,	V10,	and	V20),	

the	heart	receiving	a	dose	equal	to	or	more	than	

5Gy,	 10	 Gy,	 and	 30	 Gy	 (V5,	 V10,	 and	 V30),	 the	

contralateral	 lung	 receiving	 a	 dose	 equal	 to	 or	

more	than	5	Gy	(V5),	and	the	contralateral	breast	

receiving	a	dose	equal	to	or	more	than	5	Gy	(V5)	

were	 compared.	 The	 ipsilateral	 lung,																										

contralateral	 lung,	 heart,	 and	 contralateral	

breast	mean	doses	(Dmean)	were	also	evaluated.	

The	 D2	 of	 the	 contralateral	 breast	 was	 also															

collected.	

The	 Statistical	 Package	 for	 Social	 Sciences	

(SPSS)	 version	 11.0	 was	 used	 for	 statistical															

analyses.	 The	 dosimetric	 parameters	 obtained	

from	 DVH	 were	 compared	 using	 a																																	

non-parametric	 Wilcoxon	 test	 because	 the																			

sample	 number	 of	 this	 study	 is	 small.	 For																							

statistical	 analysis,	 a	p	value	 less	 than	0.05	was	

considered	to	be	statistically	signi%icant. 

	

	

RESULTS 

 

Forty	 treatment	 plans	 were	 generated	 using	

the	CT	data	of	ten	patients	obtained	in	the	supine	

and	prone	positions.	The	3D-CRT	and	SIB-IMRT	

techniques	 were	 applied	 for	 each	 CT	 data	 set.	

The	 dose	 distributions	 and	 dose-volume																	

histograms	 for	one	patient	are	shown	 in	 %igures	

2,	3,	and	4.	
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Dose	Parameters	for	the	Target	 

The	 mean	 volume	 of	 the	 PTVbreast	 and	

PTVboost	 are	 1070.0	 (range	 617.9-1344.1	 cc)	

and	 39.6	 (range	 10.8-91.4	 cc)	 cc	 in	 supine								

Koksal et al. / Dosimetric comparison of 3D conformal and IMRT techniques  

Figure 2. Dose distribu$ons (60 Gy) in the transverse plan (A) and sagi9al plan (B) for the prone and supine posi$ons.The heart in 

yellow, the PTVbreast in red, the PTVboost in pink, the ipsilateral lung in light green, the contralateral lung in dark green, the           

contralateral breast in cyan. 

Figure 3. DVHs for the prone posi$on. The heart in yellow, the PTVbreast in red, the PTVboost in pink, the ipsilateral lung in light 

green, the contralateral lung in dark green, the contralateral breast in cyan. 

Figure 4. DVHs for the supine posi$on. The heart in yellow, the PTVbreast in red, the PTVboost in pink, the ipsilateral lung in light 

green, the contralateral lung in dark green, the contralateral breast in cyan. 
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position,	 respectively.	 The	 CI,	 HI,	 target																											

coverage,	Dmean	and	D2	for	the	PTVbreast	and	

PTVboost	 and	 the	 percent	 of	 volume	 of	 the																

high-dose	 regions	 in	 PTVbreast-boost	 are															

summarized	in	table	2.		

Koksal et al. / Dosimetric comparison of 3D conformal and IMRT techniques  
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n=10 Supine Prone  Supine Prone  Prone Supine 

 3D-CRT 3D-CRT  SIB-IMRT SIB-IMRT  
3D-CRT vs 

SIB-IMRT 

3D-CRT vs 

SIB-IMRT 

 Mean±SD Mean±SD p* Mean±SD Mean±SD p* p* p* 

PTVbreast         

CI 0.59 ± 0.08 0.74 ±0.08 0.007 0.81 ±0.03 0.86 ±0.03 0.009 0.005 0.005 

HI 1.31 ± 0.02 1.32 ±0.02 0.210 1.23 ±0.07 1.23 ±0.76 0.812 0.008 0.012 

V95%(%) 90.72 ±2.51 92.77 ±1.46 0.074 91.59 ±2.95 92.10 ±1.18 0.799 0.314 0.285 

Dmean (cGy) 5206.25 ±98.61 5233.79 ±76.44 0.333 5047.41 ±74.44 5051.91 ±52.17 0.959 0.005 0.007 

D2(cGy) 6258.14 ±112.65 6282.10 ±107.60 0.285 6169.23 ±174.02 6142.62 ±225.53 0.445 0.022 0.203 

PTVboost         

CI 0.28 ±0.08 0.19 ±0.05 0.022 0.79 ±0.10 0.68 ±0.08 0.041 0.005 0.005 

HI 1.05 ±0.02 1.05 ±0.02 0.888 1.06 ±0.01 1.06 ±0.01 0.608 0.147 0.150 

V100%(%) 95.99 ±2.87 97.45 ±2.26 0.051 96.99 ±1.19 97.02 ±1.14 0.799 0.169 0.314 

Dmean (cGy) 6167.25 ±76.82 6201.02 ±78.59 0.333 6246.87 ±46.65 6256.25 ±44.85 0.575 0.037 0.047 

D2(cGy) 6347.81 ±45.23 6353.82 ±106.81 0.959 6415.29 ±73.45 6401.83 ±65.76 0.575 0.051 0.139 

PTVbreast-boost        

V105% (%) 27.88 ±8.76 29.29 ±7.31 0.712 9.07 ±5.12 6.60 ±4.54 0.203 0.005 0.005 

V110% (%) 17.29 ±7.39 18.44 ±7.52 0.508 1.90 ±1.45 2.57 ±2.11 0.445 0.005 0.005 

Table 2. Dose parameters for the PTVbreast and PTVboost 

SD: standard devia$on, CI: conformity index, HI: homogeneity index, Dmean: mean dose, D2: dose received by 2% volume of the PTV, PTV:           

planning target volume, 3D-CRT: three-dimensional conformal radiotherapy, SIB-IMRT: simultaneous-integrated boost intensity-modulated           

radiotherapy, V95%: percentage of the PTVbreast volume receiving 4750 cGy, V100%: percentage of the PTVboost volume receiving 6000 cGy, 

V105%, 110%: percentage of  the PTVbreast-boost volume receiving 5250cGy, 5500 cGy, * Significance tested using non-parametric Wilcoxon test. 

The	 CI	 of	 the	 PTVbreast	 was	 signi%icantly		

better	 in	 the	prone	position	 for	both	 treatment	

techniques	 (p=0.007	 for	 3D-CRT,	 p=0.009	 for	

SIB-IMRT).	 Compared	 with	 3D-CRT,	 the																							

SIB-IMRT	plans	signi%icantly	 improved	the	CI	of	

the	PTVbreast	in	the	same	position.	(p=0.005	for	

both	positions).	The	HI	of	the	PTVbreast	was	not	

signi%icant	difference	between	supine	and	prone	

position	for	both	treatment	techniques	(p=0.210	

for	 3D-CRT,	 p=0.812	 for	 SIB-IMRT).	 However,	

the	HI	of	 the	PTVbreast	was	signi%icantly	better	

with	 SIB-IMRT	 plans	 in	 the	 same	 position	

(p=0.008	for	the	prone	position,	p=0.012	for	the	

supine	position).	The	results	show	no	signi%icant	

difference	 in	 terms	of	V95	between	 supine	 and	

prone	 position	 for	 both	 treatment	 techniques	

(p=0.074	 for	 3D-CRT,	 p=0.779	 for	 SIB-IMRT).	

There	 was	 also	 no	 signi%icant	 difference	 in	 the	

V95	between	3D-CRT	and	SIB-IMRT	in	the	same	

position	 (p=0.314	 for	 the	 prone	 position,	

p=0.285	 for	 the	 supine	 position).	 The	 Dmean	

and	D2	 to	 the	PTVbreast	were	not	 signi%icantly	

different	 between	 the	 two	 positions	 for	 both											

3D-CRT	and	SIB-IMRT.	Compared	with	3D-CRT,	

the	 SIB-IMRT	 reduced	 the	 Dmean	 to	 the	

PTVbreast	in	the	same	position	(p=0.005	for	the	

prone	position,	p=0.007	for	the	supine	position).	

The	D2	to	the	PTVbreast	was	signi%icantly	lower	

with	SIB-IMRT	in	the	prone	position	(p=0.022).	

The	 CI	 of	 the	 PTVboost	 was	 signi%icantly													

better	in	the	supine	position	for	both	treatment	

techniques	 (p=0.022	 for	 3D-CRT,	 p=0.041	 for	

SIB-IMRT).	 Compared	 with	 3D-CRT,	 the														

SIB-IMRT	plans	signi%icantly	 improved	the	CI	of	

the	PTVboost	in	the	same	position.	(p=0.005	for	

both	positions).	The	HI	of	the	PTVboost	was	not	

signi%icant	 difference	 between	 both	 set-up															

positions	and	treatment	techniques	(p=0.888	for	

3D-CRT,	p=0.608	 for	SIB-IMRT;	p=0.147	 for	 the	

prone	position,	p=0.150	for	the	supine	position).	

The	 results	 show	 no	 signi%icant	 difference	 in	

terms	 of	 V100	 between	 both	 set-up	 positions	
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and	treatment	 techniques	(p>0.05).	The	Dmean	

to	the	PTVboost	were	not	signi%icantly	different	

between	the	two	positions	for	both	3D-CRT	and	

SIB-IMRT	 (p>0.005).	 Compared	 with	 3D-CRT,	

the	 SIB-IMRT	 increased	 the	 Dmean	 to	 the	

PTVboost	 in	the	same	position	(p=0.037	for	the	

prone	position,	p=0.047	for	the	supine	position).		

The	 D2	 to	 the	 PTVboost	 was	 not	 signi%icant														

difference	 between	 both	 set-up	 positions	 and	

treatment	techniques	(p>0.05).		

 In	 addition,	 SIB-IMRT	 reduced	 the	

percentage	 of	 the	 high-dose	 regions	 in	 the	

PTVbreast-boost	in	both	positions.	
 

Doses	to	OARs	

The			ipsilateral				lung,					contralateral					lung,	

contralateral	 breast	 and	 heart	 mean	 doses	 are	

shown	in	Table	3	and	4.		

Koksal et al. / Dosimetric comparison of 3D conformal and IMRT techniques  
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n=10 Supine Prone  Supine Prone  Prone Supine 

 3D-CRT 3D-CRT  SIB-IMRT SIB-IMRT  
3D-CRT vs 

SIB-IMRT 

3D-CRT vs 

SIB-IMRT 

 Mean±SD Mean±SD p* Mean±SD Mean±SD p* p* p* 

Ipsilateral Lung         

Mean dose (cGy) 925.39 ±169.14 119.56 ±90.60 0.005 1070.82 ±98.51 343.77 ±108.75 0.005 0.007 0.022 

V20(%) 15.78 ±3.60 0.83 ±1.64 0.005 13.48 ±2.83 2.11 ±1.87 0.005 0.047 0.028 

V10(%) 20.01 ±4.02 1.43 ±2.23 0.005 30.84 ±4.12 8.09 ±3.74 0.005 0.007 0.005 

V5(%) 29.57 ±6.62 2.71 ±3.17 0.005 72.15 ±9.93 19.30 ±6.40 0.005 0.005 0.005 

Contralateral Lung        

Mean dose (cGy) 18.86 ±27.33 4.23 ±2.27 0.005 189.15 ±53.05 130.01 ±59.55 0.037 0.005 0.005 

V5(%) 0 0 1.000 2.44 ±4.08 3.83 ±4.21 0.374 0.012 0.012 

Contralateral Breast        

Mean dose (cGy) 7.70 ±5.44 23.40 ±11.33 0.005 152.17 ±45.42 175.04 ±52.24 0.241 0.005 0.005 

D2(cGy) 64.28 ±35.60 154.46 ±79.84 0.005 495.02 ±128.36 503.83 ±208.33 0.721 0.007 0.005 

V5(%) 0.01 ±0.03 0.18 ±0.47 0.109 2.51 ±2.17 2.70 ±2.97 0.575 0.008 0.008 

Table 3. Dose parameters for the ipsilateral lung, contralateral lung and contralateral breast. 

SD: standard devia$on, Vx: volume (%) receiving x dose, D2: dose received by 2% volume of the contralateral breast, 3D-CRT: three-dimensional 

conformal radiotherapy, SIB-IMRT: simultaneous-integrated boost intensity-modulated radiotherapy, * Significance tested using non-parametric 

Wilcoxon test. 

n =6(L) n=4(R) Supine Prone  Supine Prone Supine 

 3D-CRT 3D-CRT  SIB-IMRT SIB-IMRT 3D-CRT vs SIB-IMRT 
3D-CRT vs 

SIB-IMRT 

LBI Mean±SD Mean±SD p* Mean±SD Mean±SD p* p* p* 

Mean dose (cGy) 412.87 ±241.54 208.25 ±80.61 0.028 542.63 ±92.13 401.05 ±71.62 0.028 0.028 0.116 

V30(%) 3.77 ±2.70 0.58 ±0.69 0.028 1.02 ±1.81 0.38 ±0.36 0.752 0.416 0.028 

V10(%) 6.77 ±4.38 2.58 ±2.53 0.027 6.60 ±3.86 4.97 ±2.63 0.173 0.116 0.686 

V5(%) 14.10 ±13.72 5.33 ±3.50 0.027 38.80 ±4.84 24.67 ±8.43 0.046 0.028 0.028 

RBI Mean±SD Mean±SD p* Mean±SD Mean±SD p* p* p* 

Mean dose (cGy) 56.58 ±16.74 47.05 ±9.63 0.144 278.80 ±45.69 228.80 ±47.36 0.273 0.068 0.068 

V30(%) 0 0 1.000 0 0 1.000 1.000 1.000 

V10(%) 0 0 1.000 0.05 ±0.10 0.03 ±0.05 0.655 0.317 0.317 

V5(%) 0 0 1.000 7.68 ±3.30 7.30 ±3.58 1.000 0.066 0.068 

Prone 

Table 4. Dose parameters for the heart. 

L: le+, R: right, LBI: le+ breast irradia$on, RBI: right breast irradia$on, SD: standard devia$on, Vx: volume (%) receiving x dose, 3D-CRT: three-

dimensional conformal radiotherapy, SIB-IMRT: simultaneous-integrated boost intensity-modulated radiotherapy, * Significance tested using non-

parametric Wilcoxon test. 
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The	ipsilateral	lung	mean	dose,	V20,	V10	and	V5	

were	 signi%icantly	 lower	 for	 the	 prone	 position	

(p=0.005).	 For	 both	 set-up	 positions,	 3D-CRT,	

compared	 with	 SIB-IMRT,	 reduced	 the																		

ipsilateral	lung	mean	dose,	V10	and	V5	(p<0.05).	

Ipsilateral	lung	V20	was	also	signi%icantly	lower	

with	 3D-CRT	 in	 the	 prone	 position	 (p=0.047).	

However,	 ipsilateral	 lung	 V20	was	 signi%icantly	

lower	 with	 SIB-IMRT	 in	 the	 supine	 position	

(p=0.028).	 The	 mean	 dose	 of	 the	 contralateral	

lung	diminished	 in	 the	prone	position	(p=0.005	

for	 3D-CRT,	 p=0.037	 for	 SIB-IMRT),	 but																				

SIB-IMRT	increased	the	contralateral	lung	mean	

doses	(p=0.005	for	both	set-up	positions).		

The	 mean	 dose	 and	 D2	 of	 the																											

contralateral	 breast	 were	 greater	 in	 the	 prone	

position	than	in	the	supine	position	for	3D-CRT	

(p=0.005),	but	they	were	similar	to	SIB-IMRT	for	

both	 set-up	 positions	 (p=0.241	 for	 the	 mean	

dose,	p=0.721	 for	 the	D2).	The	 results	show	no	

signi%icant	 difference	 in	 terms	 of	 V5	 of	 the																

contralateral	 breast	 between	 supine	 and	 prone	

position	 for	 both	 treatment	 techniques	 (p>0.05	

for	 all).	 Compared	 with	 3D-CRT,	 SIB-IMRT																

increased	 the	 contralateral	 breast	 mean	 dose,	

D2,	V5	in	both	set-up	positions	(p<0.005).		

The	mean	dose,	V30,	V10,	and	V5	of	the	heart	

were	found	signi%icantly	to	be	lower	in	the	prone	

position	 for	 left	 breast	 irradiation	 (LBI)	 with											

3D-CRT	 (p<0.05).	 In	 the	 prone	 position,																				

compared	 with	 the	 supine	 position,	 the	 heart	

V30	 and	 V10	 did	 not	 differ	 with	 SIB-IMRT	 for	

LBI	 (p>0.005).	 However,	 the	 heart	 mean	 dose	

and	 V5	were	 found	 signi%icantly	 to	 be	 lower	 in	

the	prone	position	with	SIB-IMRT	for	LBI.	There	

were	 no	 signi%icant	 difference	 in	 terms	 of	 V30	

and	 V10	 of	 the	 heart	 between	 3D-CRT	 and															

SIB-IMRT	 in	 the	 prone	 position	 for	 LBI.																						

Compared	with	3D-CRT,	SIB-IMRT	increased	the	

mean	 dose	 and	 V5	 of	 the	 heart	 in	 the	 prone																

position	for	LBI	(p=0.028).	The	heart	mean	dose	

and	 V10	 were	 not	 statistically	 signi%icant																			

between	 3D-CRT	 and	 SIB-IMRT	 in	 the	 supine	

position	 for	 LBI.	 The	 heart	 V30	was	 lower	 and	

V5	 was	 higher	 with	 SIB-IMRT	 in	 the	 supine												

position	 for	 LBI	 (p<0.05).	 None	 of	 the	 dose												

parameters	 of	 the	 heart	 signi%icantly	 changed	

with	either	technique	or	position	for	right	breast	

irradiation	(RBI),	but		the		heart	doses		increased		

with	SIB-IMRT	for	RBI.	

 

DISCUSSION 

 

Various	 treatment	 options	 have	 been															

developed,	 resulting	 in	 better	 sparing	 of	 the		

critical	 structures,	 particularly	 the	 ipsilateral	

lung	 and	 heart,	 for	 whole	 breast	 irradiation.	

IMRT	 is	 one	 of	 the	 options	 that	 can	 reduce	 the	

high-dose	 areas	 within	 the	 heart	 and	 lung.													

However,	 the	 mean	 dose	 and	 volume	 of	 the												

low-dose	of	healthy	organs	can	increase	because	

of	the	sophisticated	multi%ield	arrangement	(5,	10).	

Darby	 et	 al.	 (11)	 reported	 that	 the	 incidence													

frequency	 of	 the	 perfusion	 de%icits	 and																				

microvascular	disease	are	related	to	the	volume	

of	the	heart	 in	the	radiation	%ield.	 Irradiation	of	

the	 breast	 in	 the	 prone	 set-up	 position	 is	 an													

alternative	 option	 to	 reduce	 the	 volume	 of	

healthy	 organs	 in	 the	 %ield.	 In	 this	 study,	 we													

investigated	 which	 treatment	 position	 and															

technique	 was	 better	 for	 the	 critical	 structure	

doses	 and	 homogeneity	 of	 the	 target	 including	

additional	boost	treatment.		

 In	 our	 study,	 the	 target	 coverage	 (V95	

for	 the	 PTVbreast	 and	 V100	 for	 the	 PTVboost)	

was	similar	in	the	four	plans.	Our	study	showed	

that	 SIB-IMRT	 provided	 more	 conformal	 dose	

distributions	 than	 3D-CRT	 in	 both	 positions.	 In	

addition,	 the	 results	 show	 that	more	 conformal	

dose	distributions	for	the	PTVbreast	obtained	in	

the	 prone	 position.	 D2	 of	 the	 PTVbreast	 was		

reduced	 with	 the	 SIB-IMRT	 technique	 in	 the	

prone	 position.	 Mulliez	 et	 al.	 (12)	 compared	

wedged	tangential	%ields	(W-TF),	tangential	%ield	

intensity-modulated	 radiotherapy	 (TF-IMRT)	

and	multi-beam	 IMRT	 (MB-IMRT)	 in	 the	 prone	

and	 supine	 positions	 for	 18	 breast	 cancer												

patients.	 They	 reported	 that	 D2	 was	 lowered	

with	MB-IMRT	in	the	prone	position.	Yavas	et	al.	
(13)	 compared	 %ield-in-%ield	 technique	(FIF)	with	

conformal	 tangential	 %ield	 radiotherapy	 for	

whole	 breast	 irradiation	 and	 indicated	 that	 the	

maximum	 dose	 of	 the	 PTV	 was	 signi%icantly			

lower	in	the	FIF	technique.	High-dose	regions	in	

the	target	led	to	worse	cosmetic	results	(14).	The	

percentages	 of	 the	 high-dose	 areas	 in	 the	

PTVbreast-boost	 (V105	 and	 V110)	 were															

Koksal et al. / Dosimetric comparison of 3D conformal and IMRT techniques  
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signi%icantly	 lower	 for	 SIB-IMRT	 than	 for																		

3D-CRT	 in	 both	 positions.	 Goodman	 et	 al.	 (15)		

applied	 the	 3D-CRT	 and	 IMRT	 planning																

techniques	for	20	patients	in	the	prone	position,	

and	the	dosimetric	outcomes	showed	that	IMRT	

improved	the	dose	homogeneity	in	women	with	

larger,	pendulous	breasts.	

The	doses	 to	 the	 ipsilateral	 lung	were	 found	

to	be	signi%icantly	lower	in	the	prone											posi-

tion	 with	 the	 3D-CRT	 or	 SIB-MRT																						

techniques.	Chen	et	al.	 (16)	 generated	 four	plans	

using	forward	intensity-modulated	radiotherapy	

(fIMRT)	 and	 conventional	 wedged	 tangents	 for	

each	of	the	21	patients	in	the	supine	and	prone	

positions.	 Their	 results	 showed	 that	 the	 mean	

dose	 and	 V20	 of	 the	 ipsilateral	 lung	 were																		

diminished	in	the	prone	fIMRT	and	conventional	

wedged	 tangents	 plans.	 Another	 study																		

demonstrated	 that	 V20	 of	 the	 lung	 was																							

dramatically	lower	in	the	prone	position	(17).	The	

mean	 dose,	 V10	 and	 V5	 were	 greater	 in													

SIB-IMRT	 than	 in	 3D-CRT	 for	 the	 supine																				

position.	V20	of	 ipsilateral	 lung	was	 lower	with	

SIB-IMRT	in	the	supine	position.	The	mean	dose,	

V20,	V10	and	V5	were	greater	in	SIB-IMRT	than	

in	 3D-CRT	 for	 the	 prone	 position.	 It	 was	 not														

surprising	 that	 IMRT	 increased	 the	 volume	 of	

the	low	dose	in	the	critical	structures.	The	prone	

position	 is	 useful	 for	 sparing	 the	 lung	 doses;	

therefore,	the	risk	of	radiation-related	toxicities	

in	the	lung	may	be	minimized.	

We	found	that	the	heart	doses	were		lower	in	

the	 prone	 position	 for	 left-sided	 breast																					

irradiation	with	3D-CRT.	In	the	 literature,	 there	

are	different	 results	 concerning	 the	dose	of	 the	

heart	 in	 the	 prone	 position	 compared	with	 the	

supine	 position.	 Buijsen	 et	 al.	 (14)	 reported	 that	

the	V30	of	the	heart	was	2.4±3.0%	for	the	prone	

position	 and	 7.3	 ±4.6%	 for	 the	 supine	 position	

using	tangential	%ields	(without	boost	%ields)	in	7	

left-sided	breast	patients,	and	the	difference	was	

not	 statistically	 signi%icant.	 Krengli	 et	 al.	 (18)	

showed	 that	 there	 are	 no	 differences	 between	

the	prone	and	supine	positions	in	terms	of	V20,	

V10,	V5	and	Dmean	for	the	heart	in	41	patients	

with	left	breast	cancer.	Varga	et	al.	(19)	found	the	

mean	 dose	 of	 heart	 was	 2.89±0.19	 Gy	 in	 the														

supine	 position	 and	 2.18±0.15	 Gy	 in	 the	 prone	

position	 with	 3D-CRT	 (signi%icant	 difference)	

and	the	V25	of	the	heart	was	signi%icantly	lower	

in	 the	prone	position.	 	 In	 addition,	 Lymberis	et	

al.	 (20)	 indicated	 that	 the	mean	 heart	 dose	 was	

lower	 in	 46	 left-sided	 patients	 (the	 total														

patients:	 53)	 in	 the	 prone	 position.	 Kirby	 et	 al.	
(21)	 also	 demonstrated	 that	 prone	 positioning	

reduced	 the	heart	doses	 in	19/30	whole	breast	

irradiation	 cases.	 There	 are	 con%licting	 results	

concerning	 the	 heart	 doses	 among	 studies,														

possibly	 due	 to	 different	 set-up	 devices	 and													

patient	anatomy.	It	is	also	known	that	the	heart	

may	 move	 anteriorly	 by	 gravity	 in	 the	 prone														

set-up	position.		

The	 threshold	 dose	 is	 not	 known	 for																		

radiation	 carcinogenesis,	 which	 is	 a	 stochastic	

process	 in	 the	 contralateral	 breast	 (22).	 In	 our	

study,	 the	 contralateral	 breast	 doses	 were														

signi%icantly	higher	in	the	prone	position	than	in	

the	 supine	 position	 with	 3D-CRT,	 but	 it	 was		

lower	with	3D-CRT	than	with	IMRT	in	the	prone	

position.	 Mulliez	 et	 al.	 (12)	 reported	 that	 there	

was	no	signi%icant	difference	in	the	contralateral	

breast	 doses	 between	 the	 set-up	 positions	 or	

irradiation	techniques.	A	mean	dose	<1.5	Gy	was	

achieved	in	all	of	the	plans	in	their	study.	In	our	

study,	 the	 contralateral	 breast	 mean	 dose	 was	

23.40±11.33	 cGy	 for	 the	 prone	 position	 with														

3D-CRT,	 and	 we	 satis%ied	 this	 dose	 constraint.	

The	 contralateral	 breast	 doses,	 like	 other	

healthy	 tissues,	 should	 be	 reduced	 as	much	 as	

possible.	 The	 literature	 suggested	 that	 skin												

dosimeters	could	be	used	for	the	determination	

of	 the	 contralateral	 breast	 dose	 during																					

irradiation	(17).	

 In	 conclusion,	 prone	 breast	 irradiation	

decreases	 lung	doses	 for	all	patients	 regardless	

of	 the	 treatment	 technique.	 The	 prone	 position	

also	 allows	 for	 the	 reduction	 of	 heart	 doses	 in	

left-sided	breast	cancer	with	3D-CRT	compared	

with	 SIB-IMRT.	 The	 high-dose	 regions	 in	 the	

PTVbreast-boost	 were	 signi%icantly	 smaller	 in	

SIB-IMRT	compared	with	 that	 in	3D-CRT	whole	

breast	 irradiation+3D-CRT	 boost	 irradiation.	

Prone	 IMRT	 can	 be	 chosen	 for	 simultaneous							

integrated	 boost	 treatment	 in	 women	 with														

pendulous	breasts.	

	

Con licts	of	interest: Declared	none.	
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