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Avoidance technique applied in volumetric modulated arc therapy for early-stage nasal natural

killer/T-cell lymphoma: a dosimetric study
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1. Department of Radiology, Fengdu People's Hospital of Chongqing, Chongqing 408299, China; 2. Department of Radiation Oncology,
Chongqing University Cancer Hospital/Chongqing Cancer Institute Chongqing Cancer Hospital, Chongqing 400030, China

Abstract: Objective To compare the dosimetric differences among 3 different volumetric modulated arc therapy (VMAT)
plans, and to explore the dosimetric effects of VMAT avoidance technique on early-stage nasal natural killer/T-cell
lymphoma. Methods Twenty patients with early-stage nasal natural killer/T-cell lymphoma were enrolled in the study, and 3
kinds of plans, namely no lens avoidance plan (VMAT-OFF), lens half-avoidance (VMAT-E) and lens avoidance plan
(VMAT-E&E), were designed for each patients. The dosimetric parameters of planning target volume (PTV) and organs-at-
risk were compared among 3 kinds of groups, and meanwhile, monitor units (MU) and SCIMOCA passing rate (3%/2 mm)
were evaluated. Results The target dose distribution in 3 kinds of plans all met the prescribed dose requirements. There was
no statistically difference in the D,,,, Dyg,,, Visi,, homogeneity index and conformity index of PTV. MU was highest in VMAT-
E&E, followed by VMAT-E and VMAT-OFF (P<0.05). The D, and D, ,.to lens in VMAT-E&E were lower than those in
VMAT-OFF (P<0.05) and VMAT-E (P<0.05), and no statistically difference was found in the D, and D, to other OAR.
The SCIMOCA passing rate (3%/2 mm) of PTV, lens and plans were all higher than 95%, without statistical differences.
Conclusion Although VMAT-E&E has relatively higher MU, it has more advantages in lens sparing.
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1.5 FitEa
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2.1 BBXFIEH R BE

W 1 78 , VMAT-OFF . VMAT-E fl VMAT-
E&E 11X AH B #7130 % Dygy, . Dsy, « Viosy, HIL CI 22
S LG = X (P>0.05) . 3 it &I g MU
VMAT-OFF<VMAT-E<VMAT-E&E(P<0.05), VMAT-
E&E i1 % i MU “F # {f 458.11 & VMAT-OFF
(357.33) F1 VMAT-E (397.30) 43 %) 3 Jin T 28% £l
15%, VMAT-E 1131 ) MU “F- 4 {8 L. VMAT-OFF i1 %]
HOmMT 1%,
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Table 1 Dosimetric comparison of planning target areas in 3 kinds of VMAT plans of early—stage nasal natural killer/T—cell lymphoma [M(IQR), Gy ]

24 VMAT-OFF VMAT-E VMAT-E&E Pi
VMAT-OFF vs VMAT-E  VMAT-OFF vs VMAT-E&E VMAT-E vs VMAT-E&E

Dy /Gy 4 901.50(36.68) 4 905.15(33.45) 4892.75(51.63) 0.675 0.066 0.058
D,,/Gy  5363.45(85.03) 5356.25(77.75) 5305.85(107.75) 0.935 0.099 0.081
Vg /em®  265.50(136.60)  270.15(137.00)  268.75(137.90) 0.935 1.000 0.914
HI 0.09(0.01) 0.09(0.02) 0.08(0.03) 0.914 0.417 0.449
CI 0.86(0.04) 0.86(0.03) 0.85(0.05) 0.402 0.344 0.725
MU 357.05(36.93)  394.30(51.05)  442.70(103.35) 0.001 0.000 0.002
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W2 PR, 3RSl i Ze MR Bk A7 IR 3k L A2
MARZE AR ZE AE S T B RE JRAR Y D, Al
D, 22 S G2 X . VMAT-E&E %143 %] Fl
VMAT-OFF . VMAT-E 1% 41 Lt , SUI IR & 44 /9 D,
1 D, Y9 A 3 P B AR (P<0.05) . VMAT-OFF #I
VMAT-E H-%IAH e , SUM R 544649 D, 1 D, 22 50
GiileEam X (P>0.05) o &1 g H AR A6 3 iRl
F14) A B 1T 7] S 1 o A s B AL L L AT DL VMAT-
E&E 3 (AR 153 A R A T 53 A PR
2.3 SCIMOCA i@t %

GEit 3 41T P AL AR R ORI ) Gamma
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Eclipse 71 %1 & 48 15.5 & L b #9 RAS A A7 0 38 4 2
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VMAT-E<VMAT-E&E (P<0.05) . %45 5427 , 4y
DIRe A S 52 2 R BE B s, 385 n T AL i kg
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F2 RHAB R NT/K ZRARiH B8 35 VMAT 1% T OARs B7| 2 ELE [ M(IQR), %]
Table 2 Dosimetric comparison of organs—at-risk in 3 kinds of VMAT plans of early—stage nasal natural killer/T-cell lymphoma [M(IQR), %]

PAH
OARs 28 VMAT-OFF VMAT-E VMAT-E&E VMAT-OFF vs VMAT-OFF vs VMAT-E vs
VMAT-E VMAT-E&E VMAT-E&E
PERILS D,. 1212.80(319.97) 1095.40(250.03)  881.30(207.75) 0.066 0.000 0.000
Dy 975.60(236.73) 889.30(181.90) 562.05(152.38) 0.110 0.000 0.000
VTS D,  1322.70(487.25) 1191.10(374.63)  946.30(278.15) 0.499 0.000 0.000
Do 948.00(322.83)  914.85(228.93)  620.10(158.28) 0.317 0.000 0.000
ARk D,.  488240(352.90) 4902.65(635.75)  4980.80(491.75) 0.914 0.482 0.607
Do 2178.15(365.35)  2233.95(365.32) 2 045.30(385.68) 0.957 0.144 0.117
ZeiRER D,..  5081.30(443.73) 5107.15(572.08) 5 171.15(392.20) 0.685 0.665 0.482
Don  2370.75(484.47)  2322.62(412.72)  2276.75(483.30) 0.745 0.185 0.317
AL D,. 4532.40(1417.83) 4536.00(1415.85) 4590.25(1382.88) 0.935 0.914 0.850
Dy 3 153.05(1329.50) 3086.05(1 189.80) 3 047.05(1271.40) 0.766 0.685 0.978
Fipiz D, 4913.35(703.55) 4965.20(739.92) 4 979.80(650.05) 0.685 0.766 0.482
D, 4083.05(830.65)  4003.55(976.50) 4 056.50(809.70) 0.892 0.935 0.957
Mm% D, 5017.55(254.55)  5083.60(307.33)  5071.80(278.73) 0.372 1.000 0.552
Do 4387.90(670.55)  4457.35(599.63) 4 418.10(533.48) 0.499 0.607 0.914
o T D,.. 2656.35(1151.60) 2745.65(1174.38) 2620.20(1266.10) 0.914 0.745 0.766
Do 1989.50(647.80)  1972.40(621.55) 1912.20(801.90) 0.685 0.745 0.914
Al D,. 1176.05(2423.80) 1262.70(2498.05) 1066.05(2458.18) 0.957 0.871 0.850
Dyen 101.35(125.80) 97.75(129.80) 89.20(122.25) 0.978 0.850 0.829
A AR D,.. 2089.25(1093.95) 2248.60(1078.70) 2202.80(1 120.88) 0.787 0.850 0.570
Do 577.25(795.40) 588.10(885.18)  509.25(801.95) 0.935 0.787 0.725
7r D, 2222.60(1208.90) 2383.90(1072.38) 2491.55(1 142.00) 0.957 0.978 0.957
D 547.75(924.85) 556.20(912.18) 557.60(800.43) 0.978 0.829 0.850

mean

a: VMAT-OFF b:VMAT-E ¢:VMAT-E&E
1 3t S 428 B 1o 5 57 8 e 2 S AR EL 4R

Figure 1 Comparison of transverse isodose distributions in 3 kinds of plans
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Table 3 Comparison of SCIMOCA passing rate (3%/2 mm) of 3 kinds of VMAT plans of nasal natural killer/T—cell lymphoma [M(IQR), %]

ZH VMAT-OFF  VMAT-E  VMAT-E&E Pl

VMAT-OFF vs VMAT-E VMAT-OFF vs VMAT-E&E VMAT-E vs VMAT-E&E
SCIMOCA Ze kil it % 100(0) 100(0) 100(0) / / /
SCIMOCA 15 fs i@ 100(0) 100(0) 100(0) / / /
SCIMOCA #! Iilid % 99.63(0.39) 99.54(0.52) 99.52(0.54) 0.561 0.351 0.871
SCIMOCA il % 97.60(0.88) 97.55(1.20) 97.60(1.18) 0.734 0.860 0.635

7K VMAT-E 5 VMAT-OFF 3R 4H [, MU 411, %2
] AR Do F1 Do IR A BEAR A R H (H 22 5 T05E
T8 S, I Entry 82U (5845 . VMAT-E&E 1T
X5 H Entry+Exit 2, 5 SR 8 o 2P 41 41,
i X MLC 32 8l WL 5% 0 ) i R S S 50 I 1
M MU , 76 AR IESE X 5] 5 3 A S H B OARs N2 52
Wi A RTBE L B af s R T iR, — e R Ll
Tz R

F T 55 N/ 200 i 9k L 98 1 L X 2 8 it
KT B B K HOE R R B A AT R (]
AXB BT AAA B2 18 OB TR
THEB AR R EL AL AR 43 AR, Varian EDGE H £k
PR B A THT T TIRBE A , AR 81T S
MLC 454 8 be T MLC 3RS, X6 T F BR S5 X 3k
A AREAR 0.9%~4.4% T2 (6 MV ) iR
FR R FH AT LA — 22 IR OARs 2 112 AR5 341
TR R H AXB 89, JF H A T Varian EDGE H.
LN SR A% I A T ER B AL R . Swinnen 45 i I 50
PEAS T8 T TERBEE AR X /NEF VMAT AR ff ] AXBH
TLAERA B BRI, 25 SRR /N 3 emx3 em (BT,
BRI E AR 3 emx3 em 454 5 28 AR E 9 MLC L
el RS T R ) ) AR A R v PR B NKUT
1 YA 2L 98 A S 4o A 0T T DX /DN I HLUAR SCHE
DL HR W SE Rl B TR TRE, b T 2
B R TR TR A B 2 R T R Y
S AR -SRI B S R AT ST A R
. SCIMOCA i i R 45 5 o, 3 235 i pumg
A VA R 100%, 8 X i R KT 95% H 2%
SLG 24 L (P>0.05) , 3 23Rl At 3Rl i R 4
KT 95% H2ZRIG 1275 L (P>0.05) . Hitk3 4
PRI #R g i SCIMOCA () YR BGHIE , 2R 3 4315
FIHEMERG, T LA 2 6 RIG YT 75K

A SR VMAT 30 25 2k F P A 25 i) VMAT 4
K, A A FE R N [ i 2 VA = 1) VMAT 3 i k17
TR PR, 45 R o 39 2 AN SIURT I AT LA
FRAG A (R 0 42 43 A1, AT LU 4 b AR B OARS

FERIATAT LAAE VMAT-E&E 11521 (9 5L Rl F 54 i iie s
A B, LA AR A5 B AR 9 ) A o A, B A R
OARs, A ffiff — LI SR .

25 I, VMAT-E&E 1 X 7F A 1 8 X5 42 53 A Je
HE OARs A AZ W (A RTHE T, AT DL 4f b R 97 i
& . B SR VMAT-E&E 1 %] Bk %0 2 388 Jn , (2 i F
VMAT $ AR 325 5, BRSO in 200 H R E] i
FHXTIE R X FIRIT R AN, R T B E ETR
J7 J5 A TR A A 0 R, AT OR 4 A T RE R AR
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B Y OARs, FLUNGREE AN 145

(&% k]

[1] LIT,BOZ, YEY, et al. Immunohistochemical and genetic analysis of
Chinese nasal natural killer/T-cell lymphomas[J]. Hum Pathol, 2006,
37(1): 54-60.

[2] COHEN J I, IWATSUKI K, KO Y H, et al. Epstein-Barr virus NK and
T cell lymphoproliferative disease: report of a 2018 international
meeting[J]. Leuk Lymphoma, 2019, 61(4): 1-12.

[3] JIANG L, LIS J,JIANG Y M, et al. The significance of combining
radiotherapy with chemotherapy for early stage extranodal natural
killer/T-cell lymphoma, nasal type: a systematic review and meta-
analysis[J . Leukemia & Lymphoma, 2014, 55(5): 1038-1048.

[4] 240, vF & . SHAE2 SN NKUT 0 Rk &0 76 77 i e [T, 18 B B
e Je (B FAR), 2020, 9(1): 240-241.

CALY, YE H P. Progress in the treatment of extranodal NK/T-cell
lymphoma| J]. Infection International (Electronic Edition), 2020, 9(1):
240-241.

[5] FRik, e, s ifud, 4 0025 b 5 NKUT 20 Rk €95 77 6 &

AR B LS B 0 W R AR LT ], P AR B 9 5 2 &, 2014, 23(3):
181-186.
CHEN B, LI H X, LIU Q F, et al. Clinical features of distant lymph
node metastasis in early-stage extranodal nasal-type NK/T-cell
lymphoma after treatment[ J]. Chinese Journal of Radiation Oncology,
2014, 23(3): 181-186.

[6] XUL M, KANG M L, JIANG B, et al. A study of the dosimetric
characteristics between different fixed-field IMRT and VMAT in early-
stage primary mediastinal B-cell lymphomal J]. Med Dosim, 2018, 43
(1): 91-99.

(7] #4iik, BRIL, Z0, 5. A 2 UM AR S AR R 25 5% b5 36 i 3R A
Feg A A [T]. P E E SIS I &, 2018, 35(4): 389-393.
CAI J T, CHEN F, WANG C, et al. Dosimetric comparison of
volumetric modulated arc therapy and intensity-modulated
radiotherapy for non-small cell lung cancer[J]. Chinese Journal of
Medical Physics, 2018, 35(4): 389-393.

[8] LU S H, CHENG J C, KUO S H, et al. Volumetric modulated arc
therapy for nasopharyngeal carcinoma: a dosimetric comparison with
Tomo Therapy and step-and-shoot IMRT[ J . Radiother Oncol, 2012,



2 b

NK/T - 151 -

104(3): 324-330.

[9] 33, X—, BT, F. THMIP L4512 A/5 VMAT 5 IMRT 97

FAF R B [T]. PARAMEF S & E, 2021, 41(5):
334-339.
GUO C, WU Y F, ZHAI Z Y, et al. Comparison of the ovarian sparing
between VMAT and IMRT after ovarian transposition surgery for
cervical cancer patients[J ]. Chinese Journal of Radiological Medicine
and Protection, 2021, 41(5): 334-339.

[10] 358 Wb, Anse4%, 4P BA 4, 5 . RapidArc 3 A & A T %41 5 B2 NK/T
2m R E R R AT W I EF AT ] P B E I F R &, 2014,
31(1): 4597-4599.

GUO Q S, LIU X F, ZHONG M 8, et al. Dosimetric study of RapidArc
for early-stage nasal natural Killer/T-cell lymphoma [J]. Chinese
Journal of Medical Physics, 2014, 31(1): 4597-4599.

[11] ITO M, SHIMIZU H, AOYAMA T, et al. Efficacy of virtual block
objects in reducing the lung dose in helical tomotherapy planning for
cervical oesophageal cancer: a planning study|[J]. Radiat Oncol, 2018,
13(1): 62.

[12] #R-F 5k, 5 &5, S8, 5 . B854k W7 2007 3+ %)% & &R Block
WY AEAE RG] PREFHEERE, 2019, 36(2):
152-156.

ZHANGJ J, L1 Z Q, WEN T, et al. Applying Block to reduce low-dose
volume of lungs in helical tomotherapy of lung cancer[J]. Chinese
Journal of Medical Physics, 2019, 36(2): 152-156.

[13] International Commission on Radiation Units and Measurements.
Prescribing, recording, and reporting photon-beam intensity-
modulated Radiation Therapy (IMRT): ICRU Report83 [R]. 2010:
1-106.

[14] HOFFMANN L, ALBER M, SHN M, et al. Validation of the Acuros
XB dose calculation algorithm versus Monte Carlo for clinical
treatment plans[ J]. Med Phys, 2018, 45(8): 3909-3915.

[15] MIFTEN M, OLCH A, MIHAILIDIS D, et al. Tolerance limits and
methodologies for IMRT measurement - based verification QA:
recommendations of AAPM Task Group No. 218[J]. Med Phys, 2018,
45(4): e53-e83.

[16] WANG H, LI Y X, WANG W H, et al. Mild toxicity and favorable
prognosis of high-dose and extended involved-field intensity-
modulated radiotherapy for patients with early-stage nasal NK/T-cell
lymphoma[ J . Int J Radiat Oncol Biol Phys, 2012, 82(3): 1115-1121.

[17] MARCHAND V, DENDALE R. Normal tissue tolerance to external
beam radiation therapy: eye structures[ J ]. Cancer Radiother, 2010, 14
(4-5): 277-283.

[18] BUFACCHI A, CASPIANI O, RAMBALDI G, et al. Clinical
implication in the use of the AAA algorithm versus the AXB in
nasopharyngeal carcinomas by comparison of TCP and NTCP values
[J]. Radiat Oncol, 2020, 15(1). DOI: 10.1186/513014-020-01591-7.

[19] #Fdm, 213k, 2K, . it 5 B &AM A BiEsATHE 3 4

AR AAA 55 AXB Lok A St 50 £ 5 (). b AR S r 5 5
&, 2019, 28(6): 457-462.
LIN X T, LIU X, WANG Z, et al. Application of the accelerator log
file combined with the film to verify the accuracy of AAA and AXB
algorithms in the heterogeneous medium [J]. Chinese Journal of
Radiation Oncology, 2019, 28(6): 457-462.

[20] MOHAN R, JAYESH K, JOSHI R C, et al. Dosimetric evaluation of
120-leaf multileaf collimator in a Varian linear accelerator with 6-MV
and 18-MV photon beams[ J]. J Med Phys, 2008, 33(3): 114-118.

[21] B sbbe, £ EF, B EX, . B4 BT SRR RLTS
S PRIRAIT EFURIBARS KRG AT e sk (1], P B EFH
e &, 2018, 35(8): 889-894.

HE X T, WANG ZY, TAN J W, et al. Comparison of VMAT vs d IMRT
with fixed-jaw technique for postoperative radiotherapy of breast
cancer[ J]. Chinese Journal of Medical Physics, 2018, 35(8): 889-894.

[22] # 8, AP OARY, 2R, 5 T BRE R IR RF 5 S TR TR

R 5R AT AR R F A T]. B R SIS 4, 2020, 37
(7): 810-815.
YANG H, ZHONG M S, WU F R, et al. Dosimetric study on coplanar
unequal 5-field versus jaw tracking intensity-modulated radiotherapy
for middle thoracic esophageal cancer[J]. Chinese Journal of Medical
Physics, 2020, 37(7): 810-815.

[23] SWINNEN A C, OLLERS M C, ROIJEN E, et al. Influence of the jaw
tracking technique on the dose calculation accuracy of small field
VMAT plans[J]. J Appl Clin Med Phys, 2017, 18(1): 186-195.

[24] YEGINER M, AYDOGAN B. How many Arc is enough? a dosimetric
comparison of RapidArc and static-field IMRT for high-risk prostate
cancer[ J]. Int ] Radiat Oncol Biol Phys, 2010, 78(3): S820.

[25] min, EL, 2 EF, 5. FHEERERRIIT PR EIRIK
AtxE ey A Z 5 25 1], BT BAKE, 2018, 39(6): 58-62.
LONG Y S, TAN J W, WANG Z Y, et al. Dosimetric differences
between volumetric modulated arc therapy plans with different arc
numbers for cervical cancer[J]. Chinese Medical Equipment Journal,

2018, 39(6): 58-62.
(3% iF%)



