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Dosimetric comparison of helical tomotherapy and volumetric modulated arc therapy for late-

stage nasopharyngeal carcinoma
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Abstract: Objective To compare the dosimetric characteristics of helical tomotherapy (HT) and volumetric modulated arc therapy
(VMAT) for late-stage nasopharyngeal carcinoma. Methods TomoHD™ planning system was used to design HT plans for 10
randomly selected patients who had been treated with VMAT for late-stage nasopharyngeal carcinoma. Under the condition of
meeting the same prescription dose requirements, the dosimetric indexes of planning target areas (PGTvnx, PGTVnd, PTV1 and
PTV2) and organs-at-risk (OAR) of the two plans were evaluated and compared. The dosimetric indexes of planning target areas
included minimum dose, maximum dose (D..), median dose, conformity index and homogeneity index, and Vi, (%); and the
dosimetric indexes of OAR included the D.... of spinal cord, brain stem, lens, optic nerve, optic chiasma and pituitary, the Dy

and Vi of temporal lobe, the Vs, of parotid gland, and the Vs, of temporomandibular joint. The dose of normal tissues B-P and
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total monitor units were also compared between HT plans and VMAT plans. Results Paired sample 7 test was conducted on the
dosimetric indexes of target areas, OAR and normal tissues. No statistical differences were found in the dosimetric parameters
of PGTVnd between the two plans, except the D,... and median dose of PGTVnd which were slightly decreased in HT plans
(t=-4.734, -3.341; P=0.001, 0.009) and conformity index which was better in HT plan (#=-0.403, P=0.026). All dosimetric
parameters of PGTVnx, PTV1 and PTV2 didn't show any statistical differences. The comparison of OAR dose between VMAT
plans and HT plans showed that there were statistical differences in some dosimetric indexes, including the D, of brain stem
which was decreased in HT plan (7=-2.309, P=0.046), the D... of contralateral optic nerve which was increased in HT plan
(z=0.050, P=0.002), the D.... on both sides of the temporal lobe which was decreased in HT plan (+=-4.929, -3.480; P=0.001,
0.007), the V5, on both sides of the parotid glands which was decreased in HT plan (+=-5.971, -5.603; P=0.000, 0.000). As for
the other dosimetric indexes of OAR, no statistical significance was found between the two plans. Moreover, the Vs, Vi, Vis,
V., Va5 of normal tissues B-P were slightly increased in HT plans as compared with VMAT plans, with statistical significance
(£=9.141, 8.409, 7.100, 5.883, 3.560; P=0.000, 0.000, 0.000, 0.000, 0.049) and no statistical differences were found in the other
dosimetric indexes of normal tissues B-P. The sum of the monitor unit of each field in HT plans and VMAT plans was
6 345+210, 821438, respectively, with statistical differences (=-20.234, P=0.000), and the delivery time of the two plans was
(9.1£0.4), (6.9+0.3) min, respectively, with statistical differences (r=-10.236, P=0.000). Conclusion According to the dosimetric
characteristics of the two schemes, in general, HT scheme should be considered for the plan with high complexity, while VMAT
scheme for the plan with general complexity. In clinical practice, different plans should be selected based on different situations.
If the patient has poorer tolerance, VMAT plan should be considered. For the patient who has higher requirements for the protection

of normal organs, such as parotid gland, HT plan is more suitable.
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JZ A YT (Helical Tomotherapy, HT) **H AR A TR
e 5% R 58 i B 7R 97 (Volumetric Modulated Arc
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Modulated Radiotherapy, IMRT) . E1% 5| 5 Fl&5] 5
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FEAEIRYT IR FE X AR B K K IR IRER IR 2% 07 1T
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ek g AR TR, 5 B SR AR LG, VMAT §936 55 1 1]
f LA B B I R A A X
HT 5 IMRT, VMAT 5 IMRT /) % 2 L 5 8% &
LU A 5 e 5 B RS HT AL VMAT 34825 H A
PR R L, A I 5 32 SR P b B R A 6
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1.1 ROIERE R —A AR

BEMLIEE 2016 4E 11 A 1 H~20174E2 A 1 HAEH
B A A I [ e 50T B A2 IR 97 1) S MR R
1009, HorpZot 4 N BYE6 A 4RI 23~61 %, R ALAE
%52 % i R 53301380 A 6 40

1.2 BIEMEALE CTHE

S B EM 5 T CT IR b, SR FH AR R B8 [
Eo R A CT G TR E AL, 31
2R 3 mm, CT 5244 28 FLHL % ARIA MG
IPLR A PR 5 31 ARIA IR S5 %% , Z G AE 1R 7T
R R G Lot NG B A 1
1.3 $EXFEKIEE DE

FEIRTT TR R G 1 R R — 4 s A B T T B A )
I DX B A8 B . AR ICRU 50 5 Fl ICRU 625
45, B0 DAL KA 97 1A B (Gross Tumor Volume,
GTV) Flllfs R ¥ 44 2 (Clinical Tumor Volume, CTV)
GTV A 4% & WA J52 & i 88 (GTVnx) 1 350 3 ik 2 45
(GTVnd) , Fi& 73 54M " 5 mm 735145 3] PGTVnx Fll
PGTVnd; CTV A4 5 & I R HE X (CTV 1) A By #R
FIX(CTV2) , FiF 4 BIAM 3 mm, 43 51454 5] PTV1
MPTV2, f&Xa% B AFEHESE T i s
PRAESC I R B  FaEAA  ph 3 1 T
R0 X AR TR 51 K - PGTVnx, 61.46~207.62 cc;
PGTVnd, 1.26~128.56 cc; PTV1, 134.86~363.26 cc;
PTV2,439.10~1 032.23 cc.
1.4 ARIEIT

X} A — 151 H A TRl — & CT BM% 4 B Be it i
FhOTZE, 293k 6 MV X B4R, ST rpuca v B AH R] , X
X FIE K 25 B LA RR T S5 R . S INCCN 45
B FAHSC AR FR 45 5L, 7l DAk A 7)o R ol 2440
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Tab.1 General clinical data of patients
PGTVnx  PGTVnd PTV1 PTV2

No. of patient Age/years  Gender T-stage N-stage M-stage

Clinical stage
volume/cc  volume/cc  volume/cc  volume/ce

1 52 M 4 2
2 47 F 4 2
3 38 F 4 2
4 23 F 3 3
5 59 M 4 3
6 56 M 4 2
7 44 M 4 0
8 61 M 3 2
9 51 M 4 1
10 60 F 4 0

S o o o o o

S o o o

IVA 158.22 7.83 329.02 811.82

11T 142.37 115.60 304.54 962.29
IVA 137.61 47.96 297.56 804.63

11 61.46 91.34 138.90 625.26
IVA 207.62 128.56 363.26 1032.23
IVA 87.38 102.29 205.53 684.66
IVA 79.74 17.00 179.80 690.53

11T 111.07 14.88 234.94 674.44
IVA 125.64 51.01 251.58 747.65
IVA 63.24 1.26 134.86 439.10

b5 2158 95% LA I A AR s B A5 /s
F45 Gy i T AR R 2 028 S $5 K /)
F 54 Gy; iR K =N T 9 Gy IR Vi /N T
50% ;30 Voo /NT 50% 0 i —Fh 5 2 W HT 158, 4
B} 9% J¥ (Field Width) =2.5 cm, 7] & ¥ #l K +
(Modulation Factor)=2.5, B2 [t (Pitch)=0.217, i5&
K% R (0.195%0.195%0.195) mm’, T35 B M4 FHE
PR, 2 T 8 64 % — e sh 2 M et, 56
TR 2 VMAT J7 %8, i3l &2 48 4 Varian Eclipse
13.6, IlE #8 %154 Varian Trilogy , 22 M- i B 25 8 5
4 Millennium 120, %] 9 5 57 S WA~ 5IK, 43 1) Ry It
IHEF 181° ~179° AR 179 0~ 181° , 1 E 25 M /3
AR 10° | 350° VRITIRFABER N 00 0 T RAS
(2x2x2) mm’, FI AP A& LR PE A, [F—
BE PR 7 AL J7 A AH F], B PGTVnx: 2.14~
2.24 Gy/Fx33 F=73.92~70.62 Gy; PGTVnd: 2.12~2.20
Gy/F x33 F=70.00~72.60 Gy; PTV1: 1.8~2.0 Gy/F x
33 F=59.40~60.00 Gy; PTV2: 1.8~2.0 Gy/F x 28 F=
50.40~56.00 Gy,
1.5 WEFH=ZE

AP AR 0] (450 £ A 7 AR AR L T A
M5 L IX G M % B RIE H 4 2 CGE O IE# 41
2 PTV, B B-P) W5 22 240 . B XA FE bn
ZER N A = 1| B AN R VA [ N RS R G T
(Homogeneity Index, HI) . i J & 45 %X (Conformity
Index, CI) , $E1X 52 107% 40 5 M AR Vi Horfr,
HI=(D, = D,,)/D, X 100 %", D, } 2% X (&AL Z £
I KA AR I KR, Dy A 98% Y I X (A FH
Z B AR & AR R/ N, D, ARG T

B0 J5 N ; CL=(V, V)XV, IV, "V, R X Ak
LV, WS ER RS XA, vV, ol
S 2 S5 2R T T SR T A IR IR R, 5 R4
BRPEAG TR AT BB T SRR g sE
e AR 1 Jpe R 38 1 5 KR S R Vo, BRI Vo,
AT Voo X LY V,EH8 1E 5 Il 212152 B x Gy
AR G BUE XA BRI E 4 e, IE R 414
B-P %2 i 5~50 Gy WA R i & B-PARE I H 73 b oy
Voo WANMEBXTFIFR 7 2 LA BB TRl
1.6 Gtit=F4bi2

K H SPSS 22.0 AL B AT e 24 AR
3BT o PRFRTHRI AR GRS TR TR, LA
brifE 22 R , 2 5dE 284 Shapiro-Wilk ki 5 , #4457
BIERAE , e R B AT ¢4 56, P<0.05 M 2E FH
GitE .

2.1 FERELS T

B2 45 1% 151 G5 WA 8 B 1% 3 -1, PR
At i A 500 i e oA T o DX A DR T A B
T2 oA, ] LW DR oA AL A EE
BCHT 18], VMAT 35 i 8 X 55 500 2 4 A AH
AR A3 AR 380 HT 3R DX Bl B4 1 5 441
BUR 1 o3 A 5t — o R el D LI BB PR, T VMAT
RS . W, BT 380 % T I8 AR AR 340 T
VMAT 41,
2.2 X FIEFIEFR

PR AN A DX ) o 25 B R B A £ A
5. HT 145 VAMT 3HRI4H b, 21X PGTVnd | &
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Fig.1 Isodose distributions of 3 planes in helical tomotherapy (HT) plan

2 VMAT3HXIF3NFENEFES S
Fig.2 Isodose distributions of 3 planes in volumetric modulated arc
therapy (VMAT) plan

e RAER RS A T [ (1=-4.734 .-3.341, P=0.001 .
0.009) . HT 1% PGTVnd [i& 48 5T VMAT i
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BT A FHE 2SR RS L, TR 2,
23 BRBEZE

PRRRTT R4 f B 2 B 7R 28 AR FH LR RE S ¢
K56 . HT i85 VMAT THRIA T ok A
JITREAR , H B G278 L (=-2.309, P=0.046) ; Xl
PR 28 e KR A P b, HR A St E L
(£=0.050, P=0.002 ) ; P51 - 114 55 K50 A T A
H B A 431 % 3 X (1=-4.929 -3.480, P=0.001,

0.007) o PHMMRAR A Vao i BT BEAR, H AT G2
X (£=-5.971.,-5.603, P=0.000.0.000) , H:& & Ko
Zo, AT Fe i g i F2e S, LR 3.
24 EEHALABPFEE

PRIFPTHRI Y 1E 5 20 20 S e bR FH LA AR ¢
Koo 1EH 4 B-P &7 & L s HT iH R AH e F
VMAT 3181, V5. Vi Vis. Vo, Vs IE A 38 55, LB A S
i1 2% B X (=9.141 . 8.409 . 7.100 . 5.883 . 3.560,
P=0.000.0.000.0.000.0.000.0.049 ) ; Ho& I E2#F6F5
TGt E L R4,
2.5 HEEBEMETEEREER

HT 115 Fl VMAT 331 50 330 45 5 P AL A%
WEEL 200 2 F1 4 50 6 3454210 . 821438, H 4i it
278 X (1=-20.234, P=0.000) , J& 7 f& 5 it 1a] 73 51 4
(9.1£0.4) . (6.9£0.3) min, f G i12¢ 5 X (+=-10.236,
P=0.000).
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7 AL A W K T VMAT 01, Bk, HT 3R 78
DX 0] £ 4 AR AR B A8 T 2% B 7 1 LT VMAT it
R, AR IE 5 20 LA BRBORNR Y7 AL 4 i 18] 7
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Tab.2 Comparison of dosimetric parameters in target areas between HT plan and VMAT plan (Mean+SD)

=2 WA RIHEXFEF S (xs)

PGTVnx
D.i/cGy 6958.30+128.20 6910.90+161.84 47.40+151.12 0.992 0.347
Dua/cGy 7 666.50+155.72 7705.70+189.62 -39.20+107.86 -1.149 0.280
Median dose/cGy 7 455.30+138.05 7476.80+157.00 -21.50+85.39 -0.796 0.446
CI 0.86+0.06 0.83+0.05 0.03+0.01 -0.403 0.796
HI 0.05+0.05 0.06+0.04 -0.01+0.01 -0.505 0.592
Vial/% 4.1542.64 3.94+1.29 0.21+1.35 3.529 0.353

PTV1
D.i/cGy 6 097.90+146.42 6 066.00+154.16 31.90+17.63 0.568 0.584
Du/cGy 7 443.40£171.45 7414.60+180.08 28.80+4.40 2.051 0.070
Median dose/cGy 6 600.10+346.79 6 709.40+250.33 -109.30+16.08 -2.119 0.063
CI 0.65+0.11 0.61+0.02 0.04+0.09 -0.273 0.191
HI 0.27+0.02 0.31+0.03 -0.04+0.01 -0.615 0.693
Vial/% 6.14+1.26 6.08+1.08 0.06+0.18 1.434 0.197

CI: Conformity index; HI: Homogeneity index

SR, BEMIRE R S AR TR XTI R 4
21 AW Lee 5 P HYMTFEAE R —2, M Lu 6 /Y
WFFEEE RN 7R PR R T 1R 2 A Gt
B M T HLEBECRIG Y 7 AN 1E], VMAT -4+
FCHT R e XA PE 3, X5 A AT e 4 e 2 —
By, BRI A R S AR 2 bR
T EH RSN, b rTRE S B A PERE T RIR S

REAS DL K 7 BLAA B8 T R B i i 3 B Y 40 T S 4L
K.

B ARS8 HT 1140 5 VMAT 314
HALE, FEOR TP IE T A BB ORTR 7 e ek 1) L
Ab T 25 e AL XA A PR G Kt B 5 AL THL
oo TERMRA I PRI, TT AR S PR g 0 vk £
FIERTHRI
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Tab.3 Comparison of organs—at-risk dosimetric parameters between HT plan and VMAT plan (Mean+SD)

Organs-at-risk

Dosimetric parameter

HT Plan

VMAT Plan Difference tvalue P value

Spinal cord Dy/cGy 3061.80+228.02 3 241.69+468.75 -179.89+426.74 -1.333 0.215
Brain stem D.u/cGy 4 588.40+417.63 4 915.40+274.05 -327.00+447.91 -2.309 0.046
Ipsilateral lens Di/cGy 697.50+238.66 728.70+259.84 -31.20+325.13 -0.303 0.768
Contralateral lens D1/ Gy 627.50+174.88 715.70+79.90 -88.20+:144.43 -1.931 0.086
Ipsilateral optical nerve Duu/cGy 6407.10+£852.20 6107.40+1 199.78 299.70+535.44 1.770  0.111
Contralateral optical nerve Diax/cGy 5767.50+£256.28 5341.50+357.50 426.00+320.56 0.050  0.002
Optical chiasm Di/cGy 6264.90+907.37 5 740.60+1 714.00 524.30+968.52 3.626  0.121
Ipsilateral temporal lobe D.u/cGy 7 365.10+£395.60 7 554.00+357.09 -188.90+121.20 -4.929 0.001
Vel % 7.861+4.98 7.14+5.17 0.721+2.16 1.052 0320
Contralateral temporal lobe Di/cGy 6 960.30+521.72 7 115.00+464.730 -154.70+140.59 -3.480 0.007
Va/% 3.984+3.42 3.79+3.26 0.19+1.09 0.537  0.604
Ipsilateral parotid Va/% 52.68+11.07 76.86+16.49 -24.18+12.80 -5.971 0.000
Contralateral parotid V% 50.84+13.79 79.32+14.83 -28.48+16.07 -5.603 0.000
Ipsilateral temporomandibular joint Vso/% 50.02+21.67 45.67+17.82 4.35£13.15 1.046 0323
Contralateral temporomandibular joint Vs/% 14.29+12.56 16.00+£17.13 -1.71+13.08 -0.413 0.689
Pituiary D1/ cGy 6 932.00+656.98 6 981.80+599.73 -49.80+254.43 -0.619 0.551
R4 BRI ERALRNEFSHELR (%, x+5)
Tab.4 Comparison of dosimetric parameters of normal tissues B-P between HT plan and VMAT plan (%, Mean+SD)
Dosimetric parameter HT plan VAMT plan Difference tvalue P value
\'Z 41.05+4.27 36.11£1.29 4.94+2.96 9.141 0.000
Vi 36.16+5.71 32.524+3.98 4.64+1.73 8.409 0.000
Vis 32.87+7.16 29.31+5.87 3.56+1.58 7.100 0.000
Vi 28.25+6.04 25.51+4.99 2.74+1.47 5.883 0.000
Vs 23.15+4.13 21.28+3.24 1.49+1.29 3.560 0.049
Vi 18.78+3.98 17.89+3.58 0.89+1.26 2.234 0.052
Vs 15.19+1.41 14.73+£1.99 0.79+1.18 1.912 0.099
Vao 12.274£2.36 11.76+3.26 0.51+0.01 1.761 0.112
Vis 9.40+0.83 8.994+0.79 0.41+0.04 1.309 0.212
Vs 7.09+0.59 6.91+0.94 0.18+0.35 0.393 0.344
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