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Preliminary study on the effects of electrodes array for tumor treating fields and scalp sparing

technology on the dose distribution in radiotherapy
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Abstract: Objective To study the effects of electrodes array for tumor treating fields (TTF) and scalp sparing technology on
the radiation dose distribution. Methods The variations of dose distribution due to TTF electrodes array were measured in the
study. Volumetric modulated arc therapy plans were designed on CT without TTF electrodes array and recalculated on CT
with TTF electrodes array to investigate the effects of TTF electrodes array on dose distribution. The effect of different TTF
electrodes array positions on the dose distribution was also analyzed. Moreover, scalp sparing plan was designed to compare
the dose to the target areas and the scalp before and after scalp sparing. Results TTF electrodes array reduced the average
and D, to the scalp by 8.8%, 8.9%, 8.1% and

4.0%, respectively. The change of TTF electrode array position had little effect on the dose distribution. The comparison

dose to the target areas by about 0.55%, and increased the D, .., Dsc0r Diean
between scalp sparing or not showed that the D,; .., D3;.» D;ean @nd D, to the scalp in scalp sparing plan were decreased by
8.4%, 7.0%, 4.2% and 19.7%, respectively. Conclusion The effect of TTF electrodes array on the dose distribution in the
target areas is acceptable, but it will make the scalp dose increase significantly. Scalp sparing plan can significantly reduce the
scalp dose. It is worthy of a further study.

Keywords: tumor treating field; glioblastoma; volumetric modulated arc therapy; dose distribution; scalp sparing technology
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Figure 1 Images of the scalp
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Figure 3 Difference in the absorbed dose of latex—free sponge
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Figure 4 Effect of TTF electrodes on absorbed dose
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Table 1 Dosimetric comparison of the target area in CT1 and CT2

E 20 CT1 CT2 i PAH

HI 1.0520.08 1.05£0.06  -1.528  0.170
CI 0.92+0.24 0.91+0.17 1.528  0.170
V, /% 95.81:1.23 93.51=1.78 8243  <0.001
D, /cGy  4236.86£18.66 4236.26£35.93  0.048  0.963
Dy, /cGy  3914.23£29.37  3890.91+30.20 15.018  <0.001
D,./cGy  4355.04+£28.46  4332.09+22.06 2252  0.059

D,./cGy 4121.21£1220 4098.63£12.62 20.175  <0.001

F2 CTISCT2MR RBEFIBZER(cGy)
Table 2 Dosimetric comparison of organs—at-risk in CT1 and CT2 (cGy)

& B A B e CTI1 CT2 i PH
Sk D,, 2513.68+117.72  2733.19£115.24 -13.764  <0.001
Dy 2311.85+173.81 2517.26£181.03 -18.487  <0.001
D, 1109.75£154.61  1199.70£164.47 -21.998  <0.001
D, . 3647.03£221.26 378344424575  -7.186  <0.001
Vi1 D, .. 370.43+14.23 371.49+8.70 -0.366  0.725
EENTALY D, .. 360.99+18.44 354.88+18.44 2980  0.021
LA D, 2174.76+497.90 2 166.18+499.55 0.524  0.616
FAh 4 D, .. 1860.80£605.37  1863.65+594.38  -0.247  0.812
EIEEN D 3777.63+240.05 3 78236+241.67  -0362  0.728

)
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HGi it X (P<0.05) , CT3 By 57 & S 5O % 1 T
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I A2 D, FEIKZ) 13,9 ¢Gy, & D, B

5 cGy, BT 22 R K . RT3k J R, CT3 84 4k
i T CT2, 3k B2 i Dygees Dyg e Dy £ D, 754K Ky
1.6%.1.2%.0.6% F10.9%.

223 KEFRPITHINFIEERI L F£5 KoLK
PR AR Sk B R 0 8 F R R 222 5
A I DX o S B AR AR TE] B MU X
TR S AU, E R 5 Sk B AR I HL.CLL V..
Dy, «Dygo; Do s D EBIE 13T, FoHP D, 22 SF A G2
2L (P<0.05) . It 6 Al AT, Sk R AR RN L H
FOHRI 50 B 22 5, Sk BRI 22 A R D, 5
291,22 cGy, £ . A Al 2 D, K 2 160 . 250 cGy,
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Table 3 Dosimetric comparison of the target area in CT2 and CT3

ZH CT2 CT3 il P
HI 1.05+0.01 1.05+0.01

CI 0.910.02 0.91+0.01 0.000  1.000
V% 93.51+1.78 93.17+1.81 3.578  0.009
D,,/cGy  4223.89+18.97 4217.61£17.42 5732  0.001
Dy, /cGy  3890.91£30.20 3 886.51+29.99  5.964  0.001
D,./cGy  4332.09+22.06 4346.65£25.80 -1.827  0.110
D,./cGy  4088.64£34.51  4094.04+12.76  -0.529  0.613

PR D, KL 6 cGy, fi ik D, 22 5 A Git = E L
(P<0.05) o XT3k K28 Dyg oo \Dig ec  Dingan FH Doy » Sk JE I
PR R I 8.4% . 7.0% . 4.2% F119.7% , 22 547 5o i
BL(P<0.05) o kB AR MUS A 8 BRI
T2 18.7%, 22 A Gi it 5 L(P<0.05) .

TTF /N 03 10 4F P A R B SR, 7T A

FEKH 2 W GBM HR 5 4 s A= 72 00 O e g 1297
TG (2018 4F il ) Y HEFE TTF F T 31 & GBM (1 44iF

F4 CT25CT3NRRF[EFEFER(cGy)
Table 4 Dosimetric comparison of organs—at-risk in CT2 and CT3 (cGy)

fE I AR E 2 CT2 CT3 i PAH
% Dygee 2733.19115.24  2689.46£136.84 2.700  0.031

I 2517.26+181.03  2486.50+202.04 3275 0.014

D,. 1199.70£164.47 1192.11£168.55 4.739  0.002

D, 3783.44+245.76 3 750.11+257.23 1278  0.242
A d iR D,,. 371.49+8.70 368.05+£10.92 1508  0.175
FERTLEN D,. 354.88+17.28 362.81+18.59  -4.176  0.004
L2 D, 2166.18+499.55 2153.29+492.02 1426  0.197
fitiphz D,.. 1 863.65+594.37  1854.33+£593.21 1539  0.168
EIZIN D 3782.86+241.70 3 778.31£239.16  0.632  0.547

8
g

RS KRR RIMFEX ) 8 F3fLE

Table 5 Dosimetric comparison of the target area in scalp sparing plans

20 HRL BNz S el i PH
HI 1.05+0.01 1.05£0.01  -1.158  0.85
cI 0.92+0.02 0924002  -1.080 0316
Vol% 95.81+1.23 95224042 1435  0.194
D,/cGy  4236.86:18.66 424936+26.63 -1.259  0.248
Dy, /cGy 3 914.23£29.37 3 863.40+2243 3555  0.009
D,./cGy 4355044353 4371.13x4353 -1.063 0323
D,./cGy 4125981597 412739:1625 -0.163  0.875

P ) FN A e v 0 i S0 (2B bl ) (3697 o A
(A Ifs PR 56 b, TTF f S8 e A) 48 1 18 h/d, & ml i
AR o B TTF AT WA I IRAS BRI, 55 i UL 1)
SR o FEL AR ) B RS R R, &2 & M GBMIR
B2, 16% H 25 PR T-X0 932 ol ik Fe %, 3% 23 1Y
PR RAS R N B2 B GBM R 56 2 B i —
e 2 R OGP B R AN R R, 2% FR A B2 R
R IEFN 3% . T TTF R4 E T m %,
TERCTT I, 75 BEAF 5 AR B2 510 % 4 5 391 2 () S
DU Sk Je 26 TR 2 ZURINAE B 25 1 1 7)o A 28 Ay 1]

W RAIE RO IR HEA T

AHFFE 25 R, TTF AR B30 % T F 7 2141
A B 504 ) B R R RL N, 7E 3 mm &b, B A R
10% B9 FH o WFAb 5 74 40 Gy/20 YR AR, 3k f2 i
Dy Digecs Diean 1 Dy FH 155 24 8.8% . 8.9% . 8.1% FlI
4.0%, Taoran %5"“'HF5¢ B TTF MR (51 2 1 35
B F ke 7 2 8 R 130%~260% , B34 11 30%~160% .
TTF LR B4 50T 3 4 2 7 et o a7 et B —
2 1 77 W U AN 3.5%~4.0% , 76 CT2 H it
() VMAT 31K 2 B, 501X (3% S 349 5] 1 B 7E 1% LA
W, 290.55%, fIX 17V, FFEZ) 2.3%. [AFE, XT A
JC TTF HL B BB 3150 B f B B 5 o, AR 22 7 R
R, U B TTF H B B 510 X6 % i A1 2R 1K 7] o5 52
M AR

Bz TTRIRIT MR, 3 d TR E T — kK H
e, S S ) FEL AR A BN AT BB ST 4 — 3K, R P aE A
CT2.CT3 My iH4alxs Lt , 3B TTF sl o & B AN ],
Xof I DX s K 2 B R R0 R R K X R
DR A 1% LN 8 B a8 B Sk B2 1Y Dy .
Dy ST 1%, HRERHEI%ZHN, 5
Straube 25" FT 45— B, CT3 sk Jz B AHXS T
CT2 (A ARREAR , HI02 R AR 56 24 TTF Fa il
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Table 6 Dosimetric comparison of organs—at-risk i

R6 LEFRPITKINBERFEFNEFESR(cGy)
in

scalp sparing plans (cGy)

fE M E S WAL Sk Be a4l fH PE
K Dy 2513.68+117.72  2318.16£132.71  11.173  <0.001
Dy 2311.85+173.81  2161.75£171.05 11.443  <0.001
D,.. 1109.75£154.61  1064.11+157.75 8307  <0.001
D, 3647.024221.26 3 047.76£99.89  6.967  <0.001
Pl THES D, 370.43+14.23 371.48420.49  -0.197  0.850
ik D, e 360.99+18.44 382.71425.81 -3.815  0.007
LA 2 D, 2174.76+497.89 2014.28+30547 1371  0.213
fitiahz Dy 1860.79+605.38  1610.44+382.47 2265  0.058
EIZIN D, 3777.62+240.05 3 771.28+223.57 0266  0.828
MUs - 735.06£70.41 873.59+97.91  -6.444  <0.001

)i Y, CT3 A TTF 2544 (AR B /N T C T2, Rk
AN L W AR /) B CT3 Fp sk iz 5] B B
& F CT2,

t T TTF 387 e DL AR BRI 2 7 ik
;T TTF FLAR PR30 2 (8 38 55 F 0 B kR0 it T &,
TR T R 8 05 2% Sk e 1 2, i Sk AR ATt
R, AR I 04 Sk K AR A 0]t 32 PR Sk R Y v
X3, Bl 1 500.2 000 cGy LA I B9 FR K 3k Jiz fe K5
o R T H P, Dy . Dige \Diean s Dines
[ 8.4% .7.0%.4.2%.19.7%. 5 A TTF L% K4 5] (1)
CT2 I3k B8 28 AR Dy e+ Do ee s Dinean s Do FH 150
2 8.8%.8.9%.8.1%.4.0%. 3k JZ P43 AH Ebw AL
TR DAAE — s R B L AIGTH X TTF ARy ok 1 3k iz
T DSk BEAS RO &R AR

AR WAL AL TTF B 4376 CT Fr=
AR, ToikaE i 2 4R P SR T BR Y, KGR
1 ) i TTF 8548 10 77 2 2047 300 s % L, 5 52 PR i 1
L2 U AN TR LU 034 2 45 H A 1) 45 4 TG T 7
CT L 3&7m 5 SEBRil &t iy BEAS 520 5 X 3k e A it
Kl | 30 T 45 W DR S B A 2 — 25 A I , LAk i
DR B[] 301 4 TTF A A s A 368 A A S Bz 791

SN =18
4 % it

AR FE R, F 4 B £ A0 TPS TR
2% MO H TTF BB P51 5 500 2 A 52 . TTF H
2 B 470 Xof S 27 B S 1) 2 BRI, RN 2R, 3 mm YR JEE
R KL 10% , HALIX Z G 3.5%~4.0% Y 751 2 5
Wio RT VMAT 3, TTF HL % B 51 %8 X (4 S 34 5]
HRMA 244 0.55% , #E 1 TTF HL A B4 51 % F 07 8 X
FRI5 R 2 W 1% 2 ) . TTF FL A B 51 25 S 380k e )
A S 3 SR T 2 8.1% , X AT TRER 1 8 K

T E R SN K . TTF B AR 5157 B AN [ %
FL DT R A B 4% B RS2 AN K, XT TTF [
WOT B s Sk B AR AP AR TR
3 R 1T A AR Sk B A v e DX, 92 PR Sk B ik
o 10 5 S Y B IR AN B S 7 B
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