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Registration (DIR) on the Intensity Modulated Radiation
Therapy (IMRT) with Glottis Cancer

Woo Chul Kim*™, Chul Kee Min*, Suk Lee', Sang Hyoun Choi®, Kwang Hwan Cho?,
Jae Hong Jung*', Eun Seog Kim*, Seung-Gu Yeo*, Soo-Il Kwon'T, Kil-Dong Lee'”

*Department of Radiation Oncology, Soonchunhyang University College of Medicine, Cheonan,
TDepartment of Medical Physics, Kyonggi University, Suwon,
TDepartment of Radiation Oncology, College of Medicine, Korea University,
SResearch Center for Radiotherapy, Korea Institute of Radiological and Medical Science,
I Department of Biomedical Engineering and Research Institute of Biomedical Engineering, The Catholic
University, Seoul, '”Department of Electrophysics, Kyonggi University, Suwon, Korea

The purpose of this study is to evaluate the variation of the dose which is delivered to the patients with glottis
cancer under IMRT (intensity modulated radiation therapy) by using the 3D registration with CBCT (cone beam
CT) images and the DIR (deformable image registration) techniques. The CBCT images which were obtained
at a one—week interval were reconstructed by using B-spline algorithm in DIR system, and doses were
recalculated based on the newly obtained CBCT images. The dose distributions to the tumor and the critical
organs were compared with reference. For the change of volume depending on weight at 3 to 5 weeks, there
was increased of 1.38~2.04 kg on average. For the body surface depending on weight, there was decreased
of 2.1 mm. The dose with transmitted to the carotid since three weeks was increased compared be more than
8.76% planned, and the thyroid gland was decreased to 26.4%. For the physical evaluation factors of the tumor,
PITV, TCI, rDHI, mDHI, and CN were decreased to 4.32%, 5.78%, 44.54%, 12.32%, and 7.11%, respectively.
Moreover, Dmax, Dmean, Ve7.50, and Dgs for PTV were increased or decreased to 2.99%, 1.52%, 5.78%, and
11.94%, respectively. Although there was no change of volume depending on weight, the change of body types
occurred, and IMRT with the narrow composure margin sensitively responded to such a changing. For the glottis
IMRT, the patient’s weight changes should be observed and recorded to evaluate the actual dose distribution
by using the DIR techniques, and more the adaptive treatment planning during the treatment course is needed
to deliver the accurate dose to the patients.
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Fig. 1. The change of weight during the period of treatment.
The difference of weight change for 1~5 weeks after commen-
cing the treatment based on the weight when the planning-
kVCT has been acquired for the treatment plan.
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Table 1. Average of volume change on PTV and OARs.

Weekly PTV+SD [cc] Carotid A.xSD [cc] Thyroid gland+SD [cc]
Planning-kVCT 71.63+24.19 12.25+3.28 14.18+4.97
1 week 71.16+24.19 12.10+3.42 13.99+4.95
2 week 70.85+24.04 11.91+3.33 13.70+4.35
3 week 70.26+25.04 11.88+3.27 13.66+4.62
4 week 71.69+22.69 11.93+3.22 13.43+4.43
5 week 71.39+£23.28 11.91+3.28 13.34+4.37

Note: The volume of the PTV, carotid artery and thyroid gland on planning-kVCT images and the average of volume change on

CBCT images acquired at 1 week intervals during the course of treatment.

Fig. 2. Measurement and compari-
son of the distances between skin
surface and each 4 points (OARs)
in a typical patient. The change
of body type occurs owing to the
changing weight according to the

progress of treatment. (a) planning-
kVCT, (b) 1week, (c) 3week, (d) 5
week. (1) The distance between
the anterior surface of thyroid car-
tilage and the skin. (2) The dis-
tance between the lateral surface
of thyroid cartilage and the skin.
(3) The distance between the an-
terior surface of carotid artery
and the skin. (4) The distance bet-
ween the lateral surface of caro-
tid artery and the skin.
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Table 2. Dose evaluation of PTV during the course of treatment.

Factor Planning-kVCT 1 week 2 week 3 week 4 week 5 week
Dimax 76.49+3.22 79.61£6.51 77.41£3.56 79.27+8.72 77.26£4.05 80.64+6.33
Dimean 71.55+1.73 70.93+1.34 70.36+1.42 70.87+1.35 70.02+1.45 70.03£1.43
Verso (%) 95.00+0.00 93.35+2.24 92.78+4.45 88.94+4.03 88.27+3.82 85.19£5.70
Dos (Gy) 67.50+0.00 64.55+6.04 63.88+6.49 54.73+18.36 55.57+13.74 58.48+9.91
PITV 0.99+0.01 0.97+0.03 0.96+0.04 0.94+0.04 0.93+0.05 0.92+0.05
TCI 0.95+0.00 0.93+0.02 0.92+0.04 0.89+0.04 0.88+0.04 0.85+0.06
rDHI 0.67+0.13 0.49+0.24 0.52+0.27 0.33+0.26 0.336+0.26 0.31+0.18
mDHI 0.91+0.03 0.87+0.10 0.86=0.11 0.74%0.26 0.75+0.20 0.78+0.15
CN 0.91£0.01 0.90+0.02 0.88+0.05 0.84+0.07 0.84+0.04 0.79=0.10

Note: Vers0=the volume included in 67.50 Gy, Dgs=the dose included in 95% volume. PITV=PIV/PTV (PIV is the prescription isodose
volume coverage for the target and normal tissues. PITV>1 and PITV <1 refers to the over treatment and under treatment regions,
repectively.), TCI=PTV,q/PTV (PTV,q is the PTV coverage at PD, and PTV has usual meaning), rDHI=Duin/Dmax, mDHI=Dos/Ds,
CN=TCI/TR (CN accounts for the relative measurement of dosimetric target coverage and sparing of normal tissues in a treatment

plan).

Table 3. Dose evaluation of carotid artery.

Weekly Vi (cc) Vso (cc) Dmax (Gy) Diean (Gy)
Planning-kVCT 20.19£9.62 11.39£8.23 72.79+8.41 17.90+6.5
1 week 20.42+8.29 11.27£7.91 73.87+5.17 17.95+6.38
2 week 20.22+9.49 11.55+7.34 73.62+8.48 17.73+6.52
3 week 21.20+£9.27 12.04+8.58 74.03+5.46 17.87+6.90
4 week 21.12+11.31 11.98+8.88 74.85+5.51 18.66+7.36
5 week 21.88+10.16 12.39+10.58 74.32+4.55 18.31+7.58
Average 20.84+9.70 11.77+8.59 73.91+6.26 18.07+6.87

Note: Vyp=the volume (cc) of 40 Gy, Vsi=the volume of 50 Gy.
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Table 4. Dose evaluation of thyroid gland.

Weekly Vi (cc) Vi (cc) Diax (Gy) Diean (GY)
Planning-kVCT 28.44+22.39 25.15+21.30 75.57+2.60 20.77+14.86
1 week 27.35+19.17 24.22+17.71 75.35+2.56 18.53+12.70
2 week 27.34+20.59 23.25+18.02 74.98+2.78 19.29+12.68
3 week 24.17+18.34 21.33+17.16 74.98+2.59 17.76+11.90
4 week 24.23+21.80 20.92+20.45 74.97+2.72 17.70+14.31
5 week 20.96+15.60 17.92+13.54 74.59+2.86 15.45+9.59
Average 25.42+19.65 22.13+18.03 74.85+2.67 18.25+£12.67
Note: Vzp=the volume of 30 Gy, Vy=the volume of 40 Gy.
a b
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artery.

Aokl ubAA 2] EollA] IMRTE 71 X8 A 7te & 3
}o] QAFEFol ulel AUEr} ZHAsta o xEoke o
HA S 8RN JFF UL A nlE

2 =2 5
b e 27 2Al Bl o] 5o ZA ¥k

pN

=)
b

©O:

=
ol 35~50 Gy o4 =AE A% AEme] Yuhguat

5
7 FARALL A g F R et HES

- 172 -



PROGRESS in MEDICAL PHYSICS Vol. 25, No. 3, September, 2014

A7) dele] HAvkxw BEux 3 gleh" Rosenthal DI 5”  E(volumetric modulated arc therapy, VMAT) 3} 2+ 1.4
o Aol wtEw AFe] WA A8 A Y 2 24 " XE7E B AR AR deolE Bsla g
E %ol 24 BAA%e] Dy, Do B 60 Gy of  Ake] AFH kel Seto] A AR} PTVE] AFE o]
A A= g A2 IMRT oll4& D40, D50 o] 15~25 Gy 74w 3 ZAAA7 o AdE= Ak o]z Qlaf H2-&
olHlZ £Y F o] AL AL XE A IMRT ¢ & WA F o} =3 FHRG AN 5= £
HeAS Baelgr) 2T Bad Kim 5779 dFel o 3 AAAIEL 959t dAste] Xty wlitel 2%
sh 2444 A9 Vst hypothyroidisme A1 4= Qe W3LE QIS AR 9] AH 2} A stol Az EEI}

2
AAX AL vheb ek A A A JAATIE o RIZEeAl e g ok & Aol A Ao Histe) whE
§ 2% 2AZ AUHE A%E Fellolt WAk 9l ARSl M se FEEEel A4 walsh ekl
wlgkol IMRT A 27} % 2shel, PTV 9 ARl Ak 2] waE gk, 357}
27 w719 AESe] A4S A A% QA AA%E ek, AH 2A ol
A 1 el 25 pv Sick. 3 e1e] AE Bol QB
32 o= 3 al

etk e A Ae B gE ) SR

Xl ‘Eiv"— e 2 24 A 5ellAe vl2d B offukzl X8 Al gAY ATt tiel] AEE Q] Be] Qe
& AR ARE o) Wl PIVell i3 AFERe] o A7 T AP AEE o) Seto] AYRES A
H3t= Ae Aolel A H ek vbel IMRT of| A& PTVell  7hete 2 So3bw] Ao wshyt A olohdd g
A #Hzgke] o gk e AT A E AR shy] Wl F¥ A 8ANES Sl PP dpde] Aoty A
AF wstol w2 AY Wk} Ak Aol wE o 5 Hr
ol PTVE RIzkslch. Nishi T 5209 odFfollA&= F73 5t
9] IMRT X & A| 3~4 Fof 37%~81%2] A& w3}9} o] References
sldo] 42 mm o]g3sl= A W3krh WA s o]df ut
E MekstAol wigles F WAl X8 AlRle] sty X 1. Rosenthal DI, Fuller CD, Barker JL Jr, Mason B, Garcia
EESEsi=8 Figure 3-& o EA #xte] DVHE UEh] Zoz J.A, Lewin JSZ. Simple carot.|dfspar|ng |nt§n3|w—modulated rg—

. Al 5 AL ol o diotherapy technique and preliminary experience for T1-2 glottic
Z| & 733l whE PTV, A= wlaLsksl cancer. Int J Radiat Oncol Biol Phys 77(2):455-461 (2010)
o 72 A]7)ol| W3g}Eo] ARE A Feldd 4+ gl 2. Geets X, Tomsej M, Lee JA, et al: Adaptive biclogical im-
Ao Aol WhEw Ao w3} WAE L 32 _—;,': ageguided IMRT with anatomic and functional imaging in phar-
i - N ngolaryngeal tumors: Impact on target volume delineation and
Fopoll vigk X8 o] AA FHaely] AAeldn ynoanT P 0

dose distribution using helical tomotherapy. Radiother Oncol
85:105-115 (2007)

3. Wu Q, Chi Y, Chen PY, et al: Adaptive replanning strat-
egies accounting for shrinkage in head and neck IMRT. Int J
Radiat Oncol Biol Phys 75:924-932 (2009)

ZstH A o] A Z1o = ol o] A X 4. Hunter KU, Fernandes LL, Vineberg KA, et al: Parotid

wloll that ¥ E Ak Zrlelde}l. wak 7HAA Ale)
AL 3F FHE Wil o fase d4s
Z2 PTVll 712A AR 7] wlitel PTVY X & A

4

r
C L P
J}‘.rzm&o}niﬁrw

‘:!
27} AE 33 THEE Zoko| U3t N EEHE 74 glands dose-effect relationships based on their actually deliv—
d doses: implications for adaptive replanning in radiation
7 AXxul F 280 Z7lelgds AL = ere
73 el W el Srkekalvhe mst, therapy of head-and-neck cancer. Int J Radiat Oncol Biol Phys
A8 717t T AzFe] W3lol ukE PTVE AFWH3E= ¢lvl 87(4):676-682 (2013)
T Ao wslE TEslo] wEd X 8 A3 (adaptive 5. Nishimura Y, Nakamatsu K, Shibata T, et al: Importance
. f the initial volume of parotid glands in xerostomia for patients
lan) IS wdlof gl A gEc 0
plan) S Aellop sheta As v with head and neck cancers treated with IMRT. Jpn J Clin Oncol
35:375-379 (2005)
- | E 6. Schwartz DL, Garden AS, Thomas J, et al: Adaptive ra-
diotherapy for head-and-neck cancer: Initial clinical outcomes
HLAA X Bol|A] X875 WS 3laloA] &gk gg;n (;O?r;;spective trial, Int. J. Radiat. Oncol. Biol. Phys 83:986-
H 2} Zof Ho 3} oz k] 313]
FA&3l FoF Fool gt Azg Adsle] Hg 7. Mencarelli A, van Beek S, van Kranen S, Rasch C, van
X85 & 4 gt 2@} IMRTS B3 A A 7] 2434 X Herk M, Sonke JJ: Validation of deformable registration in



Woo Chul Kim, et al : Evaluation of Dose Change by Using the DIR on the IMRT with Glotiis Cancer

10.

11.

12.

13.

14.

head and neck cancer using analysis of variance. Med Phys
39(11):6879-6884 (2012)

. Yan D, Liang J: Expected treatment dose construction and

adaptive inverse planning optimization: implementation for offline
head and neck cancer adaptive radiotherapy. Med Phys 40(2):
021719 (2013)

. Mike O, Jeff C, Eugene W, Jake VD, Francisco P: A

treatment planning study comparing whole breast radiation ther—
apy against conformal, IMRT and tomotherapy for accelerated
partial breast Irradiation. Radiother Oncol 82:317-323 (2007)
Bhide SA, Davies M, Burke K, et al: Weekly volume and
dosimetric changes during chemoradiotherapy with intensity—
moudulated radiation therapy for head and neck cancer: a pro—
spective observational study. Int. J. Radiat. Oncol. Biol. Phys
76:1360-1368 (2010)

Barker JL, Gargen AS, Ang KK, et al: Quantification of
volumetric and geometric changes occurring during fractionated
radiotherapy for head-and-neck cancer using an integrated
CTl/linear accelerator system, Int. J. Radiat. Oncol. Biol. Phys
59:960-970 (2004)

Schwartz DL, Garden AS, Thomas J, et al: Adaptive ra-
diotherapy for head-and-neck cancer: Initial clinical outcomes
from a prospective trial, Int. J. Radiat. Oncol. Biol. Phys 83:986—
993 (2011)

Lu W, Chen ML, Olivera GH, et al: Fast free-form deform—
able registration via calculus of variation. Phys. Med. Biol 49:
3067-3087 (2004)

Lu W, Olivera GH, Chen Q, et al: Deformable registration

15.

17.

18.

19.

20.

21.

- 174 -

of the planning image(KVCT) and the daily images(MVCT) for
adaptive radiation therapy. Phys. Med. biol 51:4357-4374 (2006)
Ahn PH, Chen CC, Ahn Al, et al: Adaptive planning in-
tensity-modulated radiation therapy for head and neck cancers:
single-institution experience and clinical implications. Int. J.
Radiat. Oncol. Biol. Phys. 3:677-685 (2011)

. Feigenberg SJ, Lango M, Nicolaou N, Ridge JA: Intensity—

modulated radiotherapy for early larynx cancer: is there a role?
Int J Radiat Oncol Biol Phys 1;68(1):2-3 (2007)

Martin JD, Buckley AR, Graeb D, Walman B, Salvian
A, Hay JH: Carotid artery stenosis in asymptomatic patients
who have received unilateral head-and-neck irradiation. Int J
Radiat Oncol Biol Phys 63:1197-1205 (2005)

Akgun Z, Atasoy BM, Ozen Z, et al: V30 as a predictor
for radiation-induced hypothyroidism: a dosimetric analysis in
patients who received radiotherapy to the neck. Radiation
Oncology 9:104:1-5 (2014)

Cheng SW, Ting AC, Ho P, Wu LL: Accelerated progression
of carotid stenosis in patients with previous external neck
irradiation. J Vasc Surg 39:409-415 (2004)

Kim MY, Yu TS, Wu HG: Dose-volumetric Parameters for
Predicting Hypothyroidism after Radiotherapy for Head and
Neck Cancer. Jpn J Clin Oncol 44:331-337 (2014)

Nishi T, Nishimura Y, Shibata T, Tamura M, Nishigaito
N, Okumura M: Volume and dosimetric changes and initial
clinical experience of a two-step adaptive intensity modulated
radiation therapy (IMRT) scheme for head and neck cancer.
Radiother Oncol 106(1):85-89 (2013)



PROGRESS in MEDICAL PHYSICS Vol. 25, No. 3, September, 2014

M7= SAMXZOAM

F

o
=

L]

A
o

Tor

760
ot

nal
e

H

=

=

dl Sof| ot

X

=3
o 1.52%, 5.78%, 11.94%

|

I
=]

22+
Su e

F4 2, Dinean, Verso, Dos=

°

7t

=

=

tdeo A

o 2.99%

7t
=
71 et

=

=
Iz

[

[

l—l- Dmax

S

o 1.38~2.04 kg2

|

I
=]

3~5 F#7H
7IXtl PITV, TCI, rDHI, mDHI 22|22, CN

4

I
(=]

1, 711%2 H238k34ch PTVO o

Mo
a7 2

H

9 3|

g HHol

ol ct

3

SiAct M EH

A
pig

b

z
(=]

=

0l0
R
1

H0
0
<l

X<
14

- 175 -




