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Abstract

The recently developed dynamic jaw technology of tomotherapy can reduce craniocaudal dose spread without much prolonging
the treatment time. This study aimed to investigate the efficacy of the dynamic jaw mode for tomotherapy of breast cancer. Static
tomotherapy plans of the whole breast and supraclavicular regional lymph nodes, and plans for the whole breast only were
generated in 25 patients with left-sided breast cancer. Plans with a field width of 2.5 or 5 cm with the dynamic or fixed jaw modes
were made for each patient. The prescribed dose was 50 Gy in 25 fractions. In whole breast and supraclavicular nodal radio-
therapy, dose distributions and homogeneity of the planning target volume (PTV) with the dynamic jaw mode were slightly inferior
to those with the fixed jaw mode with a 5-cm field width (P <.05). However, lung low-dose volumes and mean doses of the larynx,
thyroid, skin, and all the healthy tissues combined were smaller with the dynamic jaw mode than with the fixed jaw mode with a 5-
cm field width (P < .001). In whole breast radiotherapy, mean doses of the skin and healthy tissues were lower with the dynamic
jaw mode than with the fixed jaw mode with a 5-cm field width (P <.001) without significant differences in PTV dose distributions,
homogeneity, and conformity. The dynamic jaw mode provided better sparing of organs at risks with minimal disturbance of
dose—volume indices of PTV. Considering the treatment time, the 5-cm-field dynamic jaw mode is more efficient than the 2.5-cm
fixed jaw mode.
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Abbreviations

IMRT, intensity-modulated radiation therapy; OAR, organ at risk; PTV, planning target volume; Dmean, the mean dose of PTV and
OARs; Dx%, the minimum dose delivered to x% of PTV and OARs; Vx%, the percentage of PTV and OARs receiving at least x% of
the prescribed dose; Vx Gy, the percentage volume receiving x Gy of PTV and OARs; Cl, conformity index; HI, homogeneity
index.

Introduction

Whole breast radiotherapy is proven to be effective for reduc-

ing the risk of locoregional recurrence in patients undergoing
lumpectomy for early stage breast cancer." Whole breast and
supraclavicular nodal radiotherapy is beneficial in reducing the
locoregional recurrence risk, especially in patients with >4
positive lymph nodes.” Recently, intensity-modulated radiation
therapy (IMRT) is increasingly used for patients with breast
cancer to improve planning target volume (PTV) dose homo-
geneity and reduce doses to the organs at risk (OARs). Several
studies reported that IMRT reduced the adverse events of the
skin as compared with conventional radiation therapy.>-
Tomotherapy is considered one of the suitable IMRT mod-
alities for breast cancer.®” However, helical tomotherapy plans
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Figure 1. [llustrations of tomotherapy delivery modes. A, Conventional
fixed jaw mode yields considerable dose penumbras above and below a
target. B, Dynamic jaw mode reduces dose penumbras with dynamic
adaptation of field width at cranial and caudal edges of a target.

produce larger low-dose volumes of the other OARs compared
with plans with conventional techniques.®’ The static
tomotherapy delivery mode (TomoDirect) can reduce doses
to the contralateral breast and low-dose irradiated volume in
the lung for patients with breast cancer.®'° With the conven-
tional fixed jaw mode of tomotherapy, the craniocaudal dose
penumbra is a concern; this problem can be partly solved by
using a narrower jaw width, but treatment time becomes much
longer. More suitable compromise between craniocaudal dose
spread and treatment time may be the use of the recently devel-
oped dynamic jaw technology with dynamic adaptation of field
width at cranial and caudal edges of a target.''"'* This dynamic
jaw mode of tomotherapy was recently introduced in our insti-
tution first in Japan. Figure 1 shows the difference between the
dynamic jaw and conventional fixed jaw (constant field width)
modes. The dynamic jaw mode can be used in conjunction with
both helical and static tomotherapy delivery modes. The pur-
pose of this study was to investigate the efficacy of the dynamic
jaw mode for static tomotherapy of breast cancer.

Materials and Methods

Patients and Computed Tomography Simulation

Twenty-five patients who had been irradiated for a primary
left-sided breast cancer after lumpectomy were selected for
the present study. Written informed consent had been
obtained from all patients regarding their treatment and pos-
sible use of their data for research purposes. Computed tomo-
graphy (CT) scans were performed with a slice thickness of
3.2 mm using a 4-row multidetector CT (Mx8000; Philips
Medical Systems, Best, the Netherlands) in the supine position
under free but shallow breathing as described previously.'>'®
The CT images were reconstructed with a 2.5-mm thickness.
The CT simulation and contouring data sets were transferred
to the tomotherapy planning station via a Digital Imaging

and Communications in Medicine - Radiation Therapy
(DICOM-RT) protocol.

Planning Target Volume and OAR Definition and
Contouring

The PTV and OARs were contoured on the CT images using
the Pinnacle® treatment planning system (Philips Medical Sys-
tems, Best, the Netherlands). The clinical target volume was
not defined. The PTV for whole breast radiotherapy including
the chest wall with the pectoralis muscle, chest wall muscles,
and ribs, and excluding the outermost 3 mm from the super-
ficial skin surface, covered the superior border at the base of the
sternal manubrium joint and the inferior border at 1 cm below
the inframammary line. The medial border was usually the
sternum, and the lateral border was the midaxillary line. The
PTV for whole breast and supraclavicular nodal radiotherapy
included the supraclavicular, infraclavicular, axillary, apical
lymph node areas, and the ipsilateral internal mammary nodes
in addition to the PTV for whole breast radiotherapy.'’

Delineated OARs were the ipsilateral, contralateral, and
bilateral lungs, esophagus, spinal cord, heart, contralateral
breasts, stomach, skin, larynx, thyroid gland, trachea, and all
the healthy tissues combined. The skin was defined as the
volume with a depth of 3 mm from the external surface which
was automatically outlined from 2 cm below to 2 cm above the
PTV in the craniocaudal direction. The esophagus was con-
toured from 2 cm below the base of the sternal manubrium
joint to 2 cm above the PTV in the craniocaudal direction. The
spinal cord and stomach were contoured from 2 cm below to 2
cm above the PTV in the craniocaudal direction. All the healthy
tissues combined were defined as the volume of the planning
CT set minus the PTV.

Treatment Planning

Treatment plans were created and optimized with the
TomoTherapy version 5.0.1 treatment planning station
(Accuray, Inc, Sunnyvale, California). Details of the inverse
planning algorithm used, the optimization method, and several
parameters associated with the optimization in the tomotherapy
planning station have been described previously.'®'®!? Treat-
ment plans of the whole breast and supraclavicular regional
lymph nodes, and plans for the whole breast only were gener-
ated with the static tomotherapy delivery. Whole breast and
supraclavicular nodal radiotherapy was planned with 6 gantry
angles. Whole breast radiotherapy was planned with 2 gantry
angles. On the outer edges, we expanded the beam angle for 3
leaves (1.875 cm) for the respiratory motion. Plans with a field
width of 2.5 or 5 cm with the dynamic or fixed jaw modes were
made for each patient. The 5-cm field plans were generated
with a pitch of 0.5, and the 2.5-cm field plans were generated
with a 0.25 pitch. A modulation factor was determined as 2.0,
and an actual modulation factor ranged from 1.780 to 2.039
(median 1.894). Maximum dose and dose—volume histogram
objectives were defined and regulated during optimization for
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Figure 2. Representative dose distributions of plans for the whole breast and supraclavicular regional lymph nodes. A, 5-cm field width with the
fixed jaw mode; B, 5-cm field width with the dynamic jaw mode; C, 2.5-cm field width with the fixed jaw mode, and D, 2.5-cm field width with
the dynamic jaw mode. Dose penumbras above and below the target are reduced with (B) and (D).

PTVs and OARs with differential penalties to obtain uniform
and adequate PTV coverage with maximum OAR sparing.

Definition and Comparison of Dose—Volume Indices

The prescribed dose was defined as the mean dose of the PTV
(Dmean). The prescribed dose was 50 Gy in 25 fractions. As
dose constraints for the PTV, (1) D95% > 90% of the pre-
scribed dose, (2) D2% < 107% of the prescribed dose, and (3)
V90% > 95% were satisfied. Dx% was defined as the mini-
mum dose delivered to x% of the PTV and OARs. Vx% was
defined as the percentage of the PTV and OARs receiving at
least x% of the prescribed dose. The Vx Gy represented the
percentage of the PTV and OAR volume receiving x Gy.
Differences in Dmean between plans with a field width of
2.5 and 5 cm with the dynamic and fixed jaw modes were
adjusted within 0.2 Gy for whole breast and supraclavicular
nodal radiotherapy, and within 0.1 Gy for whole breast
radiotherapy.

Conformity index (CI) was calculated according to the fol-
lowing formula to evaluate the target dose conformity.?**!

[Conformity index (CI) = (TVRI/TV) X (TVRI/VRI)]

where TV = PTV volume, TVy; = target volume covered by
the 95% isodose line, and Vi = volume encompassed by 95%
isodose line. An ideal CI is 1.

Homogeneity index (HI) was calculated by the following
formula to evaluate the target dose homogeneity.*

[Homogeneity index (HI) = (D2% — D98%)/D50%)]

An ideal HI is zero.

Comparisons of dose—volume parameters of the PTV and
OARs and treatment time between plans with a 2.5- or 5-cm
field width with the dynamic or fixed jaw modes were carried
out using the factorial analysis of variance (ANOVA) followed
by the Bonferroni/Dunn post hoc test. All statistical analyses
were performed using StatView 5.0 (SAS Institute Inc, Cary,
North Carolina). Statistical significance was defined as P <
.05. All planning and evaluation were performed by one radia-
tion oncologist (CS). All doses evaluated were calculated
physical doses on the planning workstation.

Results

Plans for the Whole Breast and Supraclavicular Regional
Lymph Nodes

Representative dose distributions of plans for the whole breast
and supraclavicular regional lymph nodes are shown in
Figure 2. Table 1 summarizes the dose—volume parameters and
treatment times of plans of whole breast and supraclavicular
regional lymph nodes with a field width of 2.5 or 5 cm with the
dynamic or fixed jaw modes in 25 patients. For the PTV, D2%
(P <.001), D95%, and HI (P < .05) with the dynamic jaw mode
were slightly inferior to those with the fixed jaw mode with a
5-cm field width. D2% and HI with a 5-cm field width were
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Table 1. Comparison of Dose—Volume Parameters and Treatment Times (mean + SD) of 4 Plans for Whole Breast and Supraclavicular

Regional Lymph Nodes in 25 Patients.

Structure Statistics 5-cmW Fix 5-cmW Dyn 2.5-cmW Fix 2.5-cmW Dyn
Treatment Time (seconds) 296 + 13> 316 + 13%4 495 + 2434 529 + 25%bd
PTV Dmean (Gy) 502 + 0.2 502 + 0.2 50.1 + 0.2 50.1 + 0.2
D95% (Gy) 485 + 0.9° 48.0 + 0.7° 483 + 0.9 48.1 + 0.8
D2% (Gy) 51.9 + 0.3%8 52.4 + 0.3 52.0 + 0.3 522 + 0.30
Cl 0.59 + 0.06"™ 0.58 + 0.078! 0.63 + 0.06™ 0.63 + 0.06™
HI 0.09 + 0.04° 0.11 + 0.03 0.10 + 0.03 0.10 + 0.03
Bilateral Dmean (Gy) 11.1 + 1.2 10.6 + 1.2 9.8 + 1.0% 9.5 + 1.0*¢
lungs V5 Gy (%) 34.7 + 3.8%0¢ 30.8 + 3.20% 29.0 + 2.79¢ 273 4+ 2.7%4
V20 Gy (%) 22.8 + 2.7°¢ 21.9 + 2.9% 20.0 + 2.4% 19.3 + 2.4%4
Left Dmean (Gy) 22.0 4 2.25¢ 215 4+ 2.1¢! 19.9 4+ 1.9% 19.6 + 1.9%4
lung V5 Gy (%) 64.6 + 4.7*°¢ 592 + 3.65% 56.6 + 3.8%° 54.1 + 3.7¢
V20 Gy (%) 48.5 + 4.6"° 47.0 + 4.7% 434 + 474 423 + 4.4%4
Right Dmean (Gy) 23 + 1.0 2.0 + 0.8" 1.7 + 0.7" 1.5 + 0.6%¢
lung V5 Gy (%) 104 + 6.1% 82 + 4.6 7.0 + 43° 5.9 + 3.5¢
V20 Gy (%) 24 + 1.7 1.9 + 1.5 14 + 110 1.0 + 0.8%¢
Spinal D2% (Gy) 14.0 + 4.9 17.9 + 4.28h 14.1 + 4.7 14.8 + 4.2
cord Dmean (Gy) 45 + 1.20¢ 4.0 + 0.7%! 3.5 + 0.9 3.1 + 0.7%¢
Larynx Dmean (Gy) 15.8 + 2.9%b¢ 11.7 + 2.3% 11.7 + 2.5% 9.4 + 214
Esophagus Dmean (Gy) 22.8 + 2.8 223 + 3.18 204 + 2.8°" 19.6 + 2.6%
Thyroid Dmean (Gy) 304 + 3.4 269 + 2.8¢ 277 + 330K 259 + 2.7%
Trachea Dmean (Gy) 257 + 4.8 24.1 + 5.1 23.6 + 4.8 222 + 4.6°
Heart Dmean (Gy) 6.8 + 2.6" 7.0 + 2.38! 52 + 2.1% 52 + 2.0%
Stomach Dmean (Gy) 48 + 32K 38 +23 3.6 + 2.4 3.1 +2.1°
Right breast Dmean (Gy) 26 + 13 2.9 + 1.4 21+ 1.1° 2.1 + 1.0°
Skin Dmean (Gy) 15.7 + 0.7%5¢ 147 + 0.6>¢ 14.1 + 0.6%°¢ 13.5 + 0.5%%4
Tissues Dmean (Gy) 9.6 + 0.8%0° 8.8 + 0.8>d 7.9 + 0.7%4 74 + 0.6~>¢

Abbreviations: PTV, planning target volume; cmW, cm field width; Fix, fixed jaw mode; Dyn, dynamic jaw mode; Tissues, all healthy tissues combined.

*Versus 5 cmW Dyn (P <.001).
*Versus 2.5 cmW Fix (P < .001).
“Versus 2.5 cmW Dyn (P < .001).
dVersus 5 cmW Fix (P < .001).
“Versus 5 cmW Dyn (P < .05).
Versus 5 cmW Fix (P < .05).
&Versus 2.5 cmW Dyn (P < .01).
f‘Versus 5 emW Fix (P <.01).
'Wersus 5 cmW Dyn (P < .01).
IVersus 2.5 cmW Fix (P < .05).
XVersus 2.5 cmW Dyn (P < .05).
Wersus 2.5 cmW Fix (P < .01).

slightly inferior to those with a field width of 2.5 cm. With
a 5-cm field width, V5 Gy of the left lung, V5 Gy of the
bilateral lungs, Dmean of the larynx, Dmean of the thyroid,
Dmean of the skin, and Dmean of all healthy tissues were
smaller with the dynamic jaw mode than with the fixed jaw
mode (P < .001). D2% of the spinal cord with the dynamic
jaw mode was higher than that with the fixed jaw mode (P
< .01); however, Dmean of the spinal cord with the dynamic
jaw mode was lower than that with the fixed jaw mode (P <
.05). With a 2.5-cm field width, Dmean of the skin (P <
.001), Dmean of the larynx (P < .01), Dmean of the thyroid,
and Dmean of all healthy tissues (P < .05) were lower with
the dynamic jaw mode than with the fixed jaw modes. The
use of a 5-cm width instead of 2.5 cm reduced the treatment
time by approximately 40%. The use of the dynamic jaw
instead of the fixed jaw prolonged the treatment time by
approximately 6%.

Plans for the Whole Breast

Figure 3 shows representative dose distributions of plans for
the whole breast. Table 2 shows the dose—volume parameters
and treatment times of plans for whole breast with a 2.5- or 5-
cm field width with the dynamic or fixed jaw modes in 25
patients. For the PTV, D95%, Dmean, D2%, CI, and HI were
similar in the 4 plans. With a 5-cm field width, Dmean of the
skin and all healthy tissues were lower with the dynamic jaw
mode than with the fixed jaw mode (P < .001). With a 2.5-cm
width, Dmean of all of the healthy tissues (P <.001) and Dmean
of the skin (P < .01) were lower with the dynamic jaw mode
than with the fixed jaw mode. Dmeans of the contralateral lung,
contralateral breast, spinal cord, esophagus, and trachea were
less than 1 Gy; therefore, doses to these OARs were considered
clinically negligible. No dose—volume parameters were inferior
in the 5-cm dynamic jaw plans to those in the 2.5-cm fixed jaw
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Figure 3. Representative dose distributions of plans for the whole breast. A, 5-cm field width with the fixed jaw mode; B, 5-cm field width with
the dynamic jaw mode; C, 2.5-cm field width with the fixed jaw mode, and D, 2.5-cm field width with the dynamic jaw mode. Dose penumbras
above and below the target are reduced with (B) and (D).

Table 2. Comparison of Dose—Volume Parameters and Treatment Times (mean + SD) of 4 Plans for Whole Breast in 25 Patients.

Structure Statistics 5-cmW Fix 5-cmW Dyn 2.5-cmW Fix 2.5-cmW Dyn
Treatment Time (seconds) 214 + 2120 223 + 20°° 343 + 48°¢d 369 + 41%4f
PTV Dmean (Gy) 50.0 + 0.1 50.0 + 0.1 50.0 + 0.1 50.0 + 0.1
D95% (Gy) 484 + 03 484 + 04 484 + 04 484 + 04
D2% (Gy) 520 + 0.5 520 + 0.5 520 + 05 521+ 05
CI 0.76 + 0.13 0.78 + 0.13 0.79 + 0.13 0.80 + 0.13
HI 0.09 + 0.02 0.09 + 0.02 0.09 + 0.02 0.09 + 0.02
Bilateral Dmean (Gy) 46 + 1.1 46 + 1.1 43 + 1.1 43 + 1.1
lungs V5 Gy (%) 13.0 + 33 129 + 33 119 + 3.1 119 + 3.1
V20 Gy (%) 88 + 2.5 88 + 2.5 8.0 + 2.4 8.0 + 2.4
Left Dmean (Gy) 99 + 22 98 + 2.1 9.1 + 2.1 9.1 + 2.1
lung V5 Gy (%) 29.1 + 6.1 287 + 6.1 26.6 + 5.8 264 + 5.8
V20 Gy (%) 19.5 + 4.9 19.5 + 4.8 17.7 + 4.7 17.7 + 4.7
Heart Dmean (Gy) 48 + 1.6 47 + 16 44 + 15 43 + 15
Stomach Dmean (Gy) 44 4+ 2.7° 33423 34423 29 + 218
Skin Dmean (Gy) 13.6 + 0.9%%f 12.6 + 0.9° 12.9 + 1.08" 12.1 + 0.9
Tissues Dmean (Gy) 42 + 0.4%bd 3.6 + 0.4°f 3.7 + 04°¢ 3.2 + 0.4%d

Abbreviations: cmW, cm field width; Fix, fixed jaw mode; Dyn, dynamic jaw mode; Tissues, all healthy tissues combined.
*Versus 2.5 cmW Fix (P <.001).
*Versus 2.5 cmW Dyn (P < .001).
“Versus 5 cmW Fix (P <.001).
9Versus 5 cmW Dyn (P < .001).
“Versus 2.5 cmW Dyn (P < .05).
Versus 2.5 cmW Fix (P < .05).
#Versus 5 cmW Fix (P < .05).
"Versus 2.5 cmW Dyn (P < .01).
fVersus 2.5 cmW Fix (P <.01).
JVersus 5 cmW Dyn (P < .05).
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plans. The use of a 5-cm width instead of 2.5 cm reduced the
treatment time by approximately 40%. The dynamic jaw mode
prolonged the treatment time by approximately 5% compared
to the fixed jaw mode.

Discussion and Conclusion

To our knowledge, this is the first study that evaluated the
efficacy of the dynamic jaw mode with static tomotherapy
delivery mode for breast cancer treatment. Compared to the
fixed jaw mode, the dynamic jaw mode enabled to reduce the
doses of some OARs. The dynamic jaw mode seemed to be
more effective for the plans of the whole breast and supracla-
vicular regional lymph nodes compared with the plans of the
whole breast in reducing the number of OARs for which radia-
tion doses could be lowered. For this purpose, the dynamic jaw
mode was more effective for the 5-cm plans as compared with
the 2.5-cm plans. Although D2%, D95%, and HI of the PTV
with the dynamic jaw mode were slightly inferior to those with
the fixed jaw mode with a 5-cm field width, the differences in
the dose—volume indices for the PTV seemed to be clinically
acceptable. The slight deterioration of dose—volume indices of
the PTV using the dynamic jaw mode with a 5-cm field width
for the plans of the whole breast and supraclavicular regional
lymph nodes may be caused by sharply cutting the craniocau-
dal edges of the PTV and should be taken into account in
treatment planning.

The doses of the skin and all the healthy tissues with the
dynamic jaw mode were significantly lower than those with
fixed jaw modes in both plans of the whole breast with supra-
clavicular regional lymph nodes and plans of the whole breast.
With the dynamic jaw mode, the reduction of doses to the skin
and all the healthy tissues would be owing to the decrease in the
craniocaudal dose penumbra by sharply cutting the craniocau-
dal edges of the PTV. The reduction of skin dose might reduce
the adverse events of the skin and might improve quality of life,
pain scores, and cosmesis.>* The reduction of doses to all the
healthy tissues combined might reduce the possibility of sec-
ond malignancies owing to larger volumes of normal tissues
exposed to lower radiation dose. In the plan of the whole breast
and supraclavicular regional lymph nodes, the low-dose
volumes of the lungs were lower with the 5-cm dynamic jaw
mode than with the fixed jaw modes. The reduction of the lung
volume receiving lower dose may reduce the possibility of
radiation pneumonitis.>®

Although helical tomotherapy is an excellent treatment
modality enabling precise and sophisticated IMRT, relatively
long time required for daily treatment has been considered to be
a drawback of conventional mode of tomotherapy. It has been
reported that attempts at reducing the treatment time by short-
ening the time for positioning and registration, changing the
pitch, and limiting the use of 1-cm field width resulted in short-
ening the overall time by 7.7 minutes on average.”* In the
present study, the dynamic jaw mode prolonged the treatment
time by 5% to 6% compared to the fixed jaw mode of the same
size. This is due to the relatively slower couch speed in the

dynamic jaw mode to keep acceptable dose distribution at the
craniocaudal edges of the PTV. However, the treatment time
was much shorter compared to the smaller field treatment while
the dose distributions were comparable or not much inferior.
Using the dynamic jaw mode with a wider field width would
contribute to further reducing the time while maintaining the
treatment quality.

This study has several limitations. First, only the dynamic
jaw mode was applied in this study with no use of the dynamic
couch delivery,''™"* because the latter mode is not yet avail-
able. If the dynamic jaw and dynamic couch delivery is applied,
the doses of the OARs existing at the level of the PTV (eg, the
lung and heart) are expected to be reduced, but the treatment
time is estimated to be prolonged. Second, the candidates of
this study were limited to patients with left-sided breast cancer
similar to previous studies, because the heart was considered to
be one of the most important OARs.”® The dose of the liver
might possibly be affected if the patients with right-sided breast
cancer are evaluated. Third, comparison with conventional
radiotherapy and IMRT using a linear accelerator was not car-
ried out in this study. Reducing the craniocaudal dose penum-
bra by sharply cutting the craniocaudal edges of the PTV with
the dynamic jaw mode may produce more favorable dose dis-
tribution compared to the methods using a linear accelerator.
Further investigation is warranted.

In conclusion, for postoperative breast irradiation with static
tomotherapy, the dynamic jaw mode was effective in reducing
the treatment time and the doses of OARs in both of the plans
of the whole breast with supraclavicular regional lymph nodes
and those of the whole breast. Slight deterioration of dose—
volume indices of the PTV using the dynamic jaw mode with
a 5-cm field width was found for the plans of the whole breast
and supraclavicular regional lymph nodes, but it seemed to be
clinically acceptable.

Acknowledgments

This study was carried out by an offered mechanical option of
tomotherapy from Accuray Japan K.K. without any financial support.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Clarke M, Collins R, Darby S, et al. Effects of radiotherapy and of
differences in the extent of surgery for early breast cancer on local
recurrence and 15-year survival: an overview of the randomised
trials. Lancet. 2005;366(9503):2087-2106.

2. Grills IS, Kestin LL, Goldstein N, Mitchell C, Martinez A, Ingold
J, Vicini FA. Risk factors for regional nodal failure after breast-
conserving therapy: regional nodal irradiation reduces rate of



Sugie et al

465

10.

11.

12.

axillary failure in patients with four or more positive lymph
nodes. Int J Radiat Oncol Biol Phys. 2003;56(3):658-670.

. Keller LM, Sopka DM, Li T, et al. Five-year results of whole

breast intensity modulated radiation therapy for the treatment of
early stage breast cancer: the Fox Chase Cancer Center experi-
ence. Int J Radiat Oncol Biol Phys. 2012;84(4):881-887. doi: 10.
1016/j.ijrobp.2012.01.069.

. Pignol JP, Olivotto I, Rakovitch E, et al. A multicenter rando-

mized trial of breast intensity-modulated radiation therapy to
reduce acute radiation dermatitis. J Clin Oncol. 2008;26(13):
2085-2092. doi: 10.1200/JC0O.2007.15.2488.

. Yang Z, Chen J, Xie J, et al. Simultaneous integrated boost in

breast conserving radiotherapy: is replanning necessary following
tumor bed change? Technol Cancer Res Treat. 2013;12(2):
115-122. doi: 10.7785/tcrt.2012.500309.

. Zhou GX, Xu SP, Dai XK, et al. Clinical dosimetric study of three

radiotherapy techniques for postoperative breast cancer: Helical
Tomotherapy, IMRT, and 3D-CRT. Technol Cancer Res Treat.
2011;10(1):15-23.

. Goddu SM, Chaudhari S, Mamalui-Hunter M, et al. Helical

tomotherapy planning for left-sided breast cancer patients with
positive lymph nodes: comparison to conventional multiport
breast technique. Int J Radiat Oncol Biol Phys. 2009;73(4):
1243-1251. doi: 10.1016/j.ijrobp.2008.11.004.

. Schubert LK, Gondi V, Sengbusch E, et al. Dosimetric compar-

ison of left-sided whole breast irradiation with 3DCRT, forward-
planned IMRT, inverse-planned IMRT, helical tomotherapy, and
topotherapy. Radiother Oncol. 2011;100(2):241-246. doi: 10.
1016/j.radonc.2011.01.004.

. Reynders T, Tournel K, De Coninck P, et al. Dosimetric assess-

ment of static and helical TomoTherapy in the clinical implemen-
tation of breast cancer treatments. Radiother Oncol. 2009;93(1):
71-79. doi: 10.1016/j.radonc.2009.07.005.

Murai T, Shibamoto Y, Manabe Y, et al. Intensity-modulated
radiation therapy using static ports of tomotherapy (TomoDirect):
comparison with the TomoHelical mode. Radiat Oncol. 2013;8:
68. doi: 10.1186/1748-717X-8-68.

Krause S, Beck S, Schramm O, et al. Tomotherapy radiosurgery
for arteriovenous malformations—current possibilities and future
options with helical tomotherapy dynamic jaws? Technol Cancer
Res Treat. 2013;12(5):421-428. doi: 10.7785/tcrt.2012.500335.
Sterzing F, Uhl M, Hauswald H, et al. Dynamic jaws and dynamic
couch in helical tomotherapy. Int J Radiat Oncol Biol Phys. 2010;
76(4):1266-1273. doi: 10.1016/j.ijrobp.2009.07.1686.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Krause S, Beck S, Schubert K, et al. Accelerated large volume
irradiation with dynamic Jaw/Dynamic Couch Helical Tomother-
apy. Radiat Oncol. 2012;7:191. doi: 10.1186/1748-717X-7-191.
Manabe Y, Shibamoto Y, Sugie C, Hayashi A, Murai T, Yanagi T.
Helical and static-port tomotherapy using the newly-developed
dynamic jaws technology for lung cancer [published online ahead
of print June 16, 2014]. Technol Cancer Res Treat. doi: 10.7785/
tertexpress.2013.600280.

Shibamoto Y, Naruse A, Fukuma H, Ayakawa S, Sugie C, Tomita
N. Influence of contrast materials on dose calculation in radio-
therapy planning using computed tomography for tumors at var-
ious anatomical regions: a prospective study. Radiother Oncol.
2007;84(1):52-55. doi: 10.1016/j.radonc.2007.05.015.

Tatekawa K, Iwata H, Kawaguchi T, et al. Changes in volume of
stage I non-small-cell lung cancer during stereotactic body radio-
therapy. Radiat Oncol. 2014;9:8. doi: 10.1186/1748-717X-9-8.
Truong PT, Olivotto IA, Whelan TJ, Levine M; Steering commit-
tee on clinical practice guidelines for the care and treatment of
breast cancer. Clinical practice guidelines for the care and treat-
ment of breast cancer: 16. Locoregional post-mastectomy radio-
therapy. CMAJ. 2004;170(8):1263-1273.

Sugie C, Shibamoto Y, Ayakawa S, et al. Craniospinal irradiation
using helical tomotherapy: evaluation of acute toxicity and dose
distribution. Technol Cancer Res Treat. 2011;10(2):187-195.
Kissick MW, Fenwick J, James JA, et al. The helical tomotherapy
thread effect. Med Phys. 2005;32(5):1414-1423.

van’t Riet A, Mak AC, Moerland MA, Elders LH, van der Zee W.
A conformation number to quantify the degree of conformality in
brachytherapy and external beam irradiation: application to the
prostate. Int J Radiat Oncol Biol Phys. 1997;37(3):731-736.
Feuvret L, Noél G, Mazeron JJ, Bey P. Conformity index: a
review. Int J Radiat Oncol Biol Phys. 2006;64(2):333-342.

The International Commission on Radiation Units and Measure-
ments ICRU Report No. 83: Prescribing, Recording, and Report-
ing Photon-Beam Intensity-Modulated Radiation Therapy
(IMRT). J ICRU. 2010;10. doi:10.1093/jicru/ndq002.

Aibe N, Yamazaki H, Nakamura S, et al. Outcome and toxicity of
stereotactic body radiotherapy with helical tomotherapy for inop-
erable lung tumor: analysis of Grade 5 radiation pneumonitis.
J Radiat Res. 2014;55(3):575-582. doi: 10.1093/jrr/rrt146.
Piotrowski T, Czajka E, Bak B, et al. Tomotherapy: implications
on daily workload and scheduling patients based on three years’
institutional experience. Technol Cancer Res Treat. 2014;13(3):
233-242. doi: 10.7785/tcrt.2012.500374.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




