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Dosimetric comparison of TomoDirect and 
TomoHelical plans in post-mastectomy chest wall 

radiation therapy 

INTRODUCTION 

Post-mastectomy	 radiation	 therapy	 (PMRT)	

has	been	shown	to	decrease	signi�icantly	the	risk	

of	 chest	 wall	 recurrence	 and	 improve	 overall	

survival	 for	 patients	with	 node	 positive	 and/or	

high-risk	 breast	 cancer	 (1–3).	 Comprehensive	

PMRT	 is	 technically	 dif�icult	 due	 to	 the																								

complexity	of	the	target	volume	and	neighboring	

critical	 structures	 such	 as	 the	 lung	 and	

heart.Traditionally	 post-mastectomy	 chest-wall	

is	 treated	with	3D	conformal	RT	(3D	CRT)	with	

tangential	 beams,	 often	 using	 mixed	 electron/

photon	beams	(2–4).	To	improve	dose	distribution	

in	 the	 chest	 wall	 and	 to	 reduce	 the	 received														

doses	 of	 the	 organs	 at	 risk	 (OAR),	 various												

techniques	 such	 as	 intensity	 modulated																				

radiotherapy	 (IMRT)	 and	 hybrid	 IMRT	 have	

been	 developed	 (5–9).	 Helical	 Tomotherapy	

(TomoHelical	 (TH))	 is	 a	 rotational	 IMRT	

(Accuray	 Inc,	 Sunnyvale,	 CA,	 USA).	 TomoDirect	

(TD)	 is	 a	 static	 delivery	mode	 of	 Tomotherapy	

device	 that	 allows	 to	 create	 3D	 conformal	 RT	

(3D	CRT)	or	IMRT	plans	by	using	a	�ixed	gantry	

angle	 instead	 of	 rotational	 beam	 delivery.	 TD	

mode	 can	 reduce	 treatment	 time	 and	 low	 dose	

radiation	 regions	 on	 healthy	 tissues	 in	 breast	

cancer	treatment.	There	are	studies	 (10–12)	about	

usage	 of	 TD	 for	 early	 breast	 cancer	 after																				

lumpectomy,	 but	 TD-3DCRT	 for	 PMRT	 still																

deserves	 investigation.	 To	 our	 best	 knowledge,	

the	 only	 work	 on	 TD	 for	 chest	 wall	 is	 that	 of	

Jones	et	al.	 (13),	which	 included	a	smaller	dataset	

of	 10	patients.	To	 evaluate	which	Tomotherapy	

F. Teke*, M.H. Doğan, M.A. Kaya, M. Gümüş 
 

Dicle	University,	Medical	School,	Department	of	Radiation	Oncology,	Yenişehir	21280	Diyarbakır,	Turkey	

ABSTRACT 

Background: The purpose of this study was to evaluate the characteris�cs of 

TomoDirect (TD) plans compared to conven�onal TomoHelical (TH) plans in 

chest wall irradia�on in pa�ents with breast cancer. Materials and Methods: 

TD and TH plans for only chest wall were retrospec�vely created for 30 

pa�ents previously treated with TH technique in our clinic. The beam angles 

were arranged to cover PTV chest wall and to minimize doses to OARs, 

ipsilateral lung and contralateral breast in TD plan. The prescribed dose was 

50 Gy in 25 frac�ons. Results: The mean treatment �mes were similar in TH 

and TD (310.8 and 309 s, respec�vely, p> 0.05). There was no difference 

between the values of CI and HI of both plans (p>0.05). The values of Dmean, 

V5 and V20 of the ipsilateral lung in TD plan was significantly lower than that 

in TH plan for all 30 pa�ents (p<0.001, p<0.001 and p=0.001, respec�vely).  

V25 and V30 values of the heart were significantly lower in TH than those in 

TD plan in le5-sided chest wall irradia�on (p=0.006 and p<0.001, 

respec�vely). However, V5 values in TH was significantly higher than those in 

TD (p<0.001). In the right-sided, there was no difference between two plans 

for V25 and V30 values of heart (p>0.05). Conclusion: Both of TH and TD 

plans produce acceptable target dose coverage in chest wall RT. Considering 

the risk of low-dose radia�on to the cri�cal organs; TD mode improve dose 

distribu�on. 
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technique	 is	 superior	 in	 chest	 wall	 irradiation,	

we	compared	30	TD	to	TH	plans	by	focusing	on	

treatment	 time,	 The	 planning	 target	 volume	

(PTV)	and	OARs	dosimetric	endpoints.	

	

	

MATERIALS AND METHODS 

 

Patients	

We	included	30	patients	with	primary	breast	

cancer	underwent	modi�ied	 radical	mastectomy	

in	 this	 planning	 study.	 All	 patients	 received	

PMRT	 with	 TH	 technique	 between	 November	

2014	 to	 July	 2015	 in	 the	 Department	 of																					

Radiation	Oncology	at	the	Faculty	of	Medicine	of	

Dicle	 University.	 This	 study	 was	 approved	 by	

Dicle	University	research	ethic	board.	 	TD	plans	

were	 retrospectively	 created	 for	 these	 patients	

after	 obtaining	 informed	 consent.	 While																							

eligibility	 criteria	 were	 histopathologically					

proven	 invasive	 breast	 cancer	 and	 stage	 I-III		

disease	 according	 to	 AJCC	 Cancer	 Staging																		

System,	 7th	 Edition;	 exclusion	 criterias	 were		

advanced	 stage	 breast	 cancer	 and	 previous														

thoracic	 RT.	 We	 compared	 two	 modes	 of															

tomotherapy	 for	 only	 post-mastectomy	 chest	

wall	irradiation	without	lymph	nodes.	

 

Simulation,	contouring,	planning	and	the	plan	

assessment	

Patients	 were	 simulated	 using	 computed														

tomography	 (CT)	and	positioned	using	a	breast	

board	 (CIVCO)	 with	 their	 head	 turned	 to	 the	

contralateral	side	and	the	 ipsilateral	arm	raised	

above	 their	 head.	 CT	 images	 with	 a	 3.0	 mm	

thickness	 were	 used	 to	 generate	 chest	 wall															

irradiation	 plans	 using	 TD	 and	 TH	 technique.	

PTV	 of	 the	 chest	 wall	 and	 organ	 at	 risk	 (OAR)	

were	 de�ined	 and	 contoured	 by	 a	 radiation														

oncologist	according	to	the	recommendations	of	

the	 breast	 cancer	 atlas	 for	 radiation	 therapy	

planning	 consensus	 de�initions	 of	 RTOG	 (the		

Radiation	 Therapy	 Oncology	 Group)																			

(available	 at:	 http://www.rtog.org/CoreLab/

ContouringAtlases/BreastCancerAtlas.aspx).	The	

volume	 contours	 and	 CT	 images	 were																					

transferred	 to	 the	 Tomotherapy	 H	 system	

(Accuray	 Inc.,	 Sunnyvale,	 CA)	 to	 create																						

treatment	plans.	

TD	plan	using	 tangential	beams	and	TH	plan	

were	 generated	 for	 each	 patient.	 The	 beam																

angles	 were	 arranged	 to	 cover	 PTV	 and	 to															

minimize	 doses	 to	 OARs,	 ipsilateral	 lung	 and	

contralateral	breast	 for	TD	plan.	The	chest	wall	

was	 included	 in	 the	 irradiation	 volume.	 For	TD	

and	 TH	 plans,	 the	 pitch	 (fraction	 of	 the	 jaw		

opening	 advanced	 by	 the	 treatment	 couch	 per	

evolution),	 �ield	 width	 and	 modulation	 factor	

were	selected.	Plans	with	a	 �ield	width	of	5.048	

cm	 with	 �ixed	 jaw	 mode	 were	 created	 with	 a	

pitch	of	0.5	for	TD	and	0.287	for	TH.	The	median	

modulation	factor	was	3.0	and	it	ranged	from	0.5	

to	4.0.	

The	dose	 to	PTV	was	prescribed	as	50	Gy	 in	

25	fractions	of	2.0	Gy	daily.	As	dose	constraints	

for	 the	 PTV,	 1)	 D95%	 was	 de�ined	 as	 the																		

minimum	dose	delivered	to	95%	of	the	PTV	and	

D95%	 ≥	 95%	 of	 the	 prescribed	 dose	 were																				

satis�ied.	 2)	 V95%	 (V47.5	Gy)	 was	 de�ined	 as	 the	

percentage	of	 the	PTV	receiving	at	 least	95%	of	

the	 prescribed	 dose	 and	 V95%	 ≥	 95%	 were														

satis�ied.	 For	 PTV,	 the	 parameter	V107	 (V53.5	Gy)	

was	 de�ined	 as	 the	 percentage	 of	 the	 PTV																			

receiving	 at	 least	 107%	 of	 the	 prescribed	 dose	

and	was	used	to	assess	the	maximum	doses.	The	

same	 dose	 prescription	 for	 targets	 and																						

constraints	 for	 OARs	 were	 used	 to	 compare															

direct	and	helical	plans.		

The	 Conformity	 Index	 (CI)	 was	 used	 to																	

evaluate	the	target	dose	conformity	in	our	study.	

The	 CI	 was	 calculated	 according	 to	 following		

formula	 de�ined	 in	 ICRU	 (International																							

Commission	 on	 Radiation	 Units	 and																										

Measurements)	(14).		

CI=	Volume	of	PTV	covered	by	 the	reference	

dose	/	Volume	of	PTV	

CI=	1.00	is	for	an	ideal	case.	

The	 Homogeneity	 Index	 (HI)	 was	 used	 to												

analyze	 the	 uniformity	 of	 dose	 distribution	 in	

the	 target	 volume.	 HI	 is	 the	 ratio	 of	 the	 dose													

difference	 between	 D2	 (the	 dose	 to	 2%	 of	 the	

target	volume)	and	D98	(the	dose	to	98%	of	the	

target	volume)	to	D50	(the	target	median	dose)	
(15).	While	a	higher	HI	value	ranging	from	0	to	1	

represents	worse	homogeneity;	 the	 lower	value	

shows	better	conformity.	

Effects	 on	 target	 and	 organ-at-risk	 (OAR)									
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doses,	 and	 treatment	 time	 were	 assessed	 for	

each	 planning	 technique	 by	 one	 radiation																			

oncologist.	

 

Statistical	analysis	

Data	were	 analyzed	 using	 SPSS	 version	 16.0	

statistical	 software	 (SPSS,	 Chicago,	 IL,	 USA).	 All	

data	were	expressed	as	median	 and/or	mean	±	

standard	 deviation.	 Statistically	 signi�icant																

differences	in	dosimetric	end-points	between	TD	

and	 TH	 plans	 were	 determined	 using	 the																		

Wilcoxon	 signed-rank	 test.	 Differences	 were	

considered	signi�icant	for	p<0.05.	

	
	

RESULTS 

 

Thirteen	 patients	 had	 right-sided,	 and	 17		

patients	had	left-sided	breast	cancers.	The	medi-

an	 age	 was	 51.5	 years	 old	 (range:	 25–84)	 and	

the	patients	were	29	females	and	1	male.	Patient	

characteristics	were	summarized	in	table	1.	

We	 investigated	 whether	 there	 was	 the											

statistically	 signi�icant	 difference	 in	 dosimetric	

value	 between	 the	 two	 plans.	 The	 median																		

volume	of	PTV	chest	wall	was	477.34	cc	(Range,	

204.26–1275.71	cc).	Table	2	summaries	the	dose	

parameters	 of	 PTV	 in	 the	 TD	 and	 TH	 plans.															

Figure	1	shows	dose	distributions	of	TD	and	TH	

plans	in	representative	case.	In	our	study,	the	CI	

values	 of	 TomoDirect	 and	 TomoHelical	 were	

0.95	 and	 0.96,	 respec-tively	 (p>0.05).	 Similarly	

the	 HI	 values	 in	 TomoDi-rect	 were	 not	 signi�i-

cantly	 better	 than	 those	 in	 TomoHelical	 plan	

(0.18	 vs.	 0.15,	 p>0.05).	 Both	 Tomotherapy																			

methods	 demonstrated	 clinically	 acceptable															

target	 dose	 coverage	 for	 chest	 wall	 RT	 in	 our	

study.	However,	the	values	of	Dmax	were	similar	

for	 both	 techniques.	 We	 found	 that	 there	 was	

signi�icant	difference	in	the	mean	values	of	V107	

(the	volume	receiving	53.5	Gy)	between	TD	and	

TH	(%6.4	vs	%10.3	p=0.002).	The	mean	value	of	

V107	 in	 TD	 was	 lower	 (%10.3	 vs	 %6.4,	

p=0.002).	
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Table 1. Pa�ent characteris�cs. 

Variable   N % 

Sex       

Female   29 96.7 

Male   1 3.3 

Age       

Mean±SD 50.03±13.70      

Range 25-84      

Histology       

Invasive ductal carcinoma   29 96.7 

Invasive lobular carcinoma   1 3.3 

Stage       

IIA   3 10.0 

IIB   9 30.0 

IIIA   8 26.7 

IIIB   3 10.0 

IIIC   7 23.3 

Tumor side       

Right breast cancer   13 43.3 

Le5 breast cancer   17 56.7 

Parameter TomoDirect TomoHelical P value 

  Median Range Median Range   

Dmean 50.91 49.51-53.22  51.48 49.55-54.23  >0.001  

Dmin 22.08 5.37-35.15  34.50 26.45-42.48  >0.001  

Dmax 56.68 53.49-77.54  56.77 53.63-61.01  0.46 

V95 95.14 90.37-99.33  96.59 89.30-99.40  0.61 

V107 1.64 0.0-92.74  8.07 0.0-38.34  0.002 

D2 53.49 51.58-59.06  54.53 52.09-57.60  0.002 

D50 51.12 48.30-52.85  51.60 50.20-54.52  0.001 

D95 47.81 43.75-90.03  48.27 45.85-50.17  0.22 

D98 44.44 38.12-48.91  46.58 43.32-49.18  0.003 

CI 0.95 0.90-0.99  0.96 0.89-0.99  0.10 

HI 0.16 0.09-0.34  0.16 0.09-0.24  0.15 

Dmax, maximum dose; Dmean, mean dose;  Dmin, Minimal dose            
received by 99%  of target volume; D2, the dose to 2% of the target 
volume; D50, the dose to 50% of  the target volume; D95, the dose to 
95% of the target volume; D98, the dose to 98% of the target volume; 
Vx, volume (%) receiving x dose (Gy) or higher; CI, Conformity Index; HI, 
Homogeneity Index. 

Figure 1. The dose distribu�ons of TomoDirect (a) and         
Tomohelical (b) plans in representa�ve case. 

Table 2. Comparison of dosimetric parameters for the PTV 
between TomoDirect and TomoHelical plans.  
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In	our	study,	values	of	Dmax,	Dmean	and	D2	

of	 the	 spinal	 cord	 and	 values	 of	 Dmean	 of	 the	

esophagus	 in	 TD	 were	 also	 signi�icantly	 lower	

than	those	in	TH	(p<0.001).	The	value	of	Dmean	

of	 the	 contralateral	 breast	 in	 TomoDirect	 was	

also	 signi�icantly	 lower	 than	 those	 in																							

TomoHelical	plan	(p<0.001).	Table	3	shows	the	

dosimetric	 parameters	 for	 the	 ipsilateral	 lung,	

heart,	contralateral	breast,	esophagus	and	spinal	

cord.	Figure	2	shows	dose	volume	histograms	of	

the	PTV	and	OARs	for	TD	and	TH	plans.	We		com-

pared	dosimetric	parameters	direct	and	 	helical	

plans	of	right	and	left	chest	wall.	Table	4	shows	

dosimetric	 comparisons	 of	 TD	 and	 TH	 plans	 of	

the	 13	 right-sided	 and	 17	 left-sided	 chest	 wall.		

The	 most	 important	 differences	 were	 found	 in	

dosimetric	parameters	of	heart.		
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Table 3. Comparison of dosimetric parameters for the OARs TomoDirect and TomoHelical plans for 30 pa�ents. 

Parameter TomoDirect TomoHelical P value 

  Median Range Median Range   

Ipsilateral lung           

Dmean 8.51 4.59-14.70  14.26 10.63-22.80  >0.001  

V5 24.31 0.00-41.00  87.09 44.3-100.00  >0.001  

V20 16.17 0.00-28.20  21.83 14.05-43.44  >0.001  

Heart           

Dmean 3.82 0.46-13.25  10.01 5.45-16.87  >0.001  

V5 11.41 0.00-50.68  94.75 44.79-100.00  >0.001  

V30 4.01 0.00-13.71  1.56 0.00-7.87  >0.001  

Spinal cord           

Dmax 0.38 0.22-3.78  13.99 0.36-38.00  >0.001  

Dmean 0.22 0.12-0.91  3.77 0.55-9.05  >0.001  

D2 0.34 0.10-2.67  12.97 0.45-34.30  >0.001  

Contralateral breast           

Dmean 0.44 0.11-3.94  5.98 3.63-9.42  >0.001  

Esophagus           

Dmean 0.45 0.25-8.32  9.04 1.48-16.55  >0.001  

Vx, volume (%) receiving x dose (Gy) or higher; Dmax, maximum dose; Dmean, mean dose;  D2,  the dose  to 2% of the spinal cord. 

Figure 2. The dose volume histograms of the PTV and OARs for Tomohelical (a) and TomoDirect (b) plans. 
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Table 4. Comparison of dosimetric parameters of TomoDirect and TomoHelical plans of the right and le5-sided chest wall. 

Parameter Right-sided(n=13) Le'-side(n=17)   

  TomoDirect TomoHelical TomoDirect TomoHelical   

  Median Range Median Range P value Median Range Median Range P value 

Treatment )me (s) 300 180-486.00  294 198-144.  0.238 300 168-564  324 120-600  0.338 

PTV                     

Dmin 25.56 7.33-35.15  33.0 30.13-40.54  0.002 21.67 5.37-33.71  34.75 26.45-42.48  >0.001  

Dmean 50.88 49.51-51.35  51.41 49.55-52.47  0.005 50.92 50.37-53.22  51.49 50.70-54.23  0.016 

Dmax 56.91 53.49-77.54  57.00 53.33-59.29  0.133 56.24 54.09-71.73  56.55 55.51-61.01  0.981 

V95 97.42 91.48-99.3  97.30 89.30-99.40  0.382 94.21 90.37-98.75  96.40 90.80-99.33  0.070 

V107 1.44 0.00-8.13  4.33 0.00-36.06  0.005 1.84 0.09-92.74  11.54 1.45-38.34  0.049 

D2 53.43 51.58-57.25  53.95 52.09-56.12  0.028 53.55 52.32-59.06  54.57 53.32-57.60  0.022 

D50 51.08 49.86-51.37  51.49 50.20-52.89  0.002 51.18 48.30-52.85  51.68 50.89-54.52  0.049 

D98 46.10 41.06-48.91  47.14 43.88-49.18  0.152 43.32 38.12-48.25  46.35 43.32-48.69  0.007 

HI 0.13 0.09-0.32  0.13 0.10-0.19  0.507 0.19 0.12-0.34  0.17 0.09-0.24  0.210 

CI 0.97 0.91-0.99  0.97 0.89-0.99  0.753 0.94 0.90-0.98  0.96 0.91-0.99  0.068 

Ipsilateral lung                     

Dmean 9.07 5.00-12.62  14.26 10.63-19.70  0.001 8.04 4.59-14.70  15.01 11.65-22.80  >0.001  

V5 27.29 20.64-31.45  85.25 66.76-98.73  0.002 23.25 0.00-41.00  88.94 44.33-100  >0.001  

V20 17.55 7.85-23.35  21.22 14.05-35.37  0.016 15.38 0.00-28.20  22.12 15.44-43.44  0.001 

Heart                     

Dmean 0.74 0.46-7.65  10.19 5.45-14.21  0.001 6.05 0.69-13.25  9.83 6.76-16.87  0.001 

V5 0.15 0.00-24.19  98.90 44.79-100.0  0.001 17.87 0.64-50.68  86.37 49.53-100.00  >0.001  

V25 0.00 0.00-12.26  0.73 0.00-10.38  0.260 8.86 0.00-21.97  4.54 0.24-12.78  0.006 

V30 0.00 0.00-10.28  0.00 0.00-1.99  0.917 7.71 0.11-3.94  2.79 0.0-7.87  >0.001  

Spinal cord                     

Dmax 0.38 0.22-1.21  10.55 3.44-38.00  0.001 0.40 0.23-3.78  14.23 0.36-27.89  >0.001  

Dmean 0.20 0.12-0.71  3.75 1.08-7.93  0.001 0.24 0.14-0.91  4.47 0.55-9.05  >0.001  

D2 0.33 0.10-2.11  8.19 2.91-34.30  0.001 0.36 0.17-2.67  13.08 0.45-23.90  >0.001  

Contralateral 
breast 

                    

Dmean 0.41 0.19-1.34  5.57 3.63-9.42  0.002 0.72 0.11-3.94  6.10 4.28-9.14  0.001 

V5 0.86 0.00-6.69  41.77 14.79-75.78  0.003 2.49 0.00-19.76  56.19 24.18-93.30  0.001 

Esophagus                     

Dmean 0.43 0.25-0.71  10.42 5.45-14.21  0.001 0.45 0.30-8.32  8.22 4.70-16.55  >0.001  

PTV, Planning Target Volume; Dmin: Minimal dose; Dmean, mean dose; D2, the dose to 2% of the volume; D50, the dose to 50% of the target volume; 
Dmax, maximum dose; Vx, volume (%) receiving x dose (Gy) or higher. 
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DISCUSSION 

Treatment-planning	 comparison	 studies	
(11,16,17)	 have	 shown	 that	 TomoHelical	 IMRT	

plans	provide	superior	target	dose	homogeneity	

and	 better	 normal	 tissue	 sparing	 in	 breast																	

cancer	 radiation	 therapy.	 However,	 the																		

drawbacks	of	HT	in	PM	and	whole	breast	RT	are	

prolonged	treatment	time	and	an	increased	low	

dose	 radiation	 to	 healthy	 tissues.	 While	 many	

studies	 (10–12)	 investigate	 usage	 of	 Tomodirect	

for	early	breast	cancer	after	lumpectomy,	but,	to	

our	 best	 knowledge,	 the	 only	 work	 on																								

TomoDirect	 for	 chest	wall	 is	 that	 of	 Jones	 et	al.	
(13).	 But	 our	 series	were	 larger	 than	 Jones	 et	al.	
(13).	To	evaluate	which	tomotherapy	technique	is	

superior	 in	chest	wall	 irradiation,	we	compared	

treatment	 time	 and	 dosimetric	 results	 of																			

radiotherapy	 of	 the	 chest	 wall	 on	 30	 patients	

using	 two	 delivery	 modalities	 available	 with	

tomotherapy,	 �ixed	 �ields	 tomotherapy	 (TD)	 or	

helical	tomotherapy	(TH).	

Jones	 et	al.	 (13)	compared	 �ive	 techniques	 for	

10	 post-mastectomy	 patients	 with	 positive	

nodes,	 4	 �ield	 �ixed	 beam	 tomotherapy	 (4FBT)		

IMRT,	11FBT	3D,	11FBT	IMRT,	HT	3D,	HT	IMRT.	

They	 found	 that	 all	 tomotherapy	 and																											

conventional	 IMRT	 plans	 achieved	 the																								

prescription	 of	 V47.5	 Gy	 of	 PTVs	 >	 95%.																		

However,	HT	and	conventional	IMRT	resulted	in	

superior	 target	 dose	 homogeneity	 than	 11FBT	

3D	(1.21)	and	11FBT	IMRT	(1.21)	 for	 the	chest	

wall	 in	 their	 study.	 Reynders	 et	al.'s	 study	 (18)	

mixed	 tumorectomy	 and	 mastectomy	 patients.	

They	 reported	 that	 conventional	 plans	 had	

worse	PTV	coverage	when	compared	to	TH	and	

TD	 plans.	 In	 their	 study,	 the	 value	 of	 V95	 in														

supine	 TH	 was	 higher	 than	 that	 in	 supine	 TD	

two	 beams	 in	 postmastectomy	 chest	 wall																			

irradiation	 (99.87	vs	97.89).	We	 found	 that	 the	

mean	value	of	V95	 for	TH	was	higher	 than	 that	

for	 TD,	 but	 this	 difference	 was	 no	 statistically	

signi�icant	(96.2%	vs.	95.1%,	p>0.05).	There	was	

also	no	difference	between	the	values	of	CI	and	

HI	of	TD	and	TH	plans	(CI:	0.95	vs	0.96,	p=0.10	

and	 HI:	 0.16	 vs	 0.16,	 p=0.15,	 respectively).		

Haciislamoglu	 et	al.	 (11)	 showed	 that	 the	 mean	

value	of	PTV	V107	was	0.2	%	±	0.1	in	TH	and	TH	

plan	had	the	most	conformed	and	homogeneous	

dose	 distribution	 in	 whole	 breast	 irradiation.	

However,	they	did	not	compare	TH	and	TD	plans	

in	 their	 study.	 Qi	 et	 al.	 (19)	 reported	 that																							

volumetric-modulated	 arc	 therapy	 (VMAT)	

plans	 were	 more	 inhomogeneous	 than	 the	 TH	

and	 TD	 plans.	 Murai	 et	al.	 (20)	 reported	 that	 in	

the	 thoracic	 wall	 RT	 plans,	 the	 CI	 in	 TD	 plans	

was	 worse	 than	 that	 in	 TH	 (2.21	 vs.	 4.63,																			

respectively;	 p	 =	 0.004),	 although	 D95%	 in												

TomoDirect	was	better	than	that	in	TH	(97	±	1%	

vs.	96	±	1%,	p	=	0.04).		

There	 is	 a	 correlation	 between	 increasing	

irradiated	 lung	 volumes	 and	 pulmonary																		

complications	(21)	and	the	choice	of	RT	technique	

is	 critical.	 Schubert	 et	al.	(22)	 reported	 that	 HT	

resulted	 in	 the	 larger	 low	 dose	 volumes	 and	

higher	 mean	 dose	 of	 the	 ipsilateral	 lung																					

compared	to	TD	(p	=	0.02).	Rudat	et	al.	 (8)	 found	

that	 the	 mean	 dose	 of	 ipsilateral	 lung	 (MLD)		

statistically	signi�icantly	reduced	with	tangential	

beam	IMRT.	Similar	 to	previous	studies	 (13,20,22);	

in	our	study,	the	values	of	Dmean,	V5	(Volume	of	

lung	receiving	at	least	5	Gy)	and	V20	(Volume	of	

lung	 receiving	 at	 least	 20	 Gy)	 of	 the	 ipsilateral	

lung	 in	 TD	was	 signi�icantly	 lower	 than	 that	 in	

TH	 plan	 for	 all	 30	 patients	 (p<0.001,	 p<0.001	

and	p=0.001,	respectively).	These	results	can	be	

explained	 by	 rotational	 delivery	 of	 a	 fan	 beam	

within	 a	 helical	 geometry	 of	 helical																													

tomotherapy.	 	 In	our	study,	 for	30	patients,	 the	

Dmean	 and	 V5values	 of	 the	 heart	 in	 TD	 were	

signi�icantly	lower	than	those	in	TH	(p<0.001	for	

both).	However,	the	value	of	V30	of	the	heart	in	

TomoDirect	was	higher	than	that	in	TomoHelical	

(p<0.001,	n=30).	TD	plans	reduced	doses	of	 the	

ipsilateral	 lung	 and	 mean	 dose	 and	 volumes												

receiving	 low	 dose	 irradiation	 of	 the	 heart	 as	

well	 as	 provided	 acceptable	 target	 dose																							

homogeneity,	 for	 only	 chest	 wall	 irradiation	 in	

post-mastectomy	 patients.	 However,	 TH	 is														

superior	when	added	nodal	irradiation.	Previous	

studies	(13,19,20,22)	seem	to	support	this	view.	Qi	et	

al.(18)		 reported	 that	 the	 average	 mean	 doses				

administered	 to	 the	 heart	 were	 lower	 in	 TH	

plans	 than	 those	 in	 TD	 for	 the	 cases	 with																		

regional	 node	 involvement	 (8.8	 Gy	 vs.	 11.8	 Gy,	

respectively).	 V25	 and	 V30	 values	 of	 the	 heart	

were	signi�icantly	lower	in	TH	than	those	in	TD	

plan	in	left-sided	chest	wall	irradiation	(p=0.006	
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and	p<0.001,	 respectively).	However,	V5	values	

in	TH	was	signi�icantly	higher	 than	 those	 in	TD	

(p<0.001).	 In	 the	 right-sided	 chest	 wall																					

irradiation,	 there	 was	 no	 difference	 between	

two	 plans	 for	 V25	 and	 V30	 values	 of	 heart	

(p=0.260	 and	 p=0.917,	 respectively).	 However,	

similar	 to	 left-sided	 chest	 wall	 irradiation,	 V5	

values	in	TH	was	signi�icantly	higher	than	those	

in	TD	(p=0.001).	

For	 30	 patients,	 we	 found	 that	 the	 value	 of	

Dmean	of	the	contralateral	breast	in	TomoDirect	

was	 also	 signi�icantly	 lower	 than	 those	 in															

TomoHelical	plan	(p<0.001).	The	higher	dose	to	

the	 contralateral	 breast	 with	 TH	 technique													

because	of	 the	rotational	beam	delivery	may	be	

a	 concern	 for	 young	 patients	 and	 may	 result	

with	 a	 risk	 of	 radiation-induced	 cancer	 in	 long	

term.	The	indications	of	post-mastectomy	RT	for	

breast	 cancer	 include	 lymph	 node	 involvement	

or	 tumor	size	equal	 to	or	greater	 than	5cm	 (23).	

We	 compared	 two	 modes	 of	 tomotherapy	 for	

only	 post-mastectomy	 chest	 wall	 irradiation	

without	 lymph	 nodes	 and	 we	 found	 that																	

tomodirect	 mode	 better	 protected	 healthy																

tissues.	

	

	

CONCLUSION 

 

TD	 and	 TH	 IMRT	 plans	 have	 similar																						

conformity	and	homogeneity	 for	PTV.	However,	

considering	larger	low-dose	radiation	regions	on	

the	critical	organs	which	lead	to	increase	rate	of	

radiation-induced	 secondary	malignancies,	 lung	

and	 heart	 disease,	 TD	 mode	 improves	 dose															

distribution	and	provides	a	better	protection	for	

critical	 organs	 in	 post-mastectomy	 chest	 wall	

irradiation.	
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