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Effects of optimizing target volume on oral mucosal reaction and salivary gland function in
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oropharyngeal cancer patients undergoing intensity-modulated radiotherapy

WANG Runkun, LU Hangiang, HUANG Qiusheng

Department of Otolaryngology, Head and Neck Surgery, Affiliated Hospital of Jiangsu University, Zhenjiang 212000, China

Abstract: Objective To analyze the effects of target volume optimization on oral mucosal reaction and salivary gland
function in oropharyngeal cancer patients receiving intensity-modulated radiotherapy (IMRT). Methods A total of 120
patients with oropharyngeal cancer admitted to Affiliated Hospital of Jiangsu University from April 2020 to August 2022
were selected and randomly grouped into control group (n=60, conventional IMRT) and treatment group (n=60, cervical
region II and the oral target region were optimized during IMRT). The therapeutic efficacy, parotid gland dose, incidence of
acute oral mucosal reaction, dry mouth and oral pain at 3 months after IMRT were compared between two groups. The
resting-state apparent diffusion coefficient (ADC) values of parotid and submandibular glands at different time points (before
radiotherapy, the 4th week of radiotherapy, the end of radiotherapy and 3 months after radiotherapy) were recorded. Results
The difference in the objective reaction rate between two groups was trivial [80.00% (48/60) vs 75.00% (45/60), P>0.05].
The mean dose (D,,,,) and V,, of the unaffected parotid gland and the D

lower than those in control group (P<0.05). The incidences of acute oral mucosal reaction, dry mouth and oral pain at 3

and V,, of the oral cavity in treatment group were

mean mean

months after radiotherapy in treatment group were 41.67%, 50.00%, and 58.33%, lower than those in control group (75.00%,
78.33%, and 85.00%) (P<0.05). The resting-state ADC values of parotid and submandibular glands at the 4th week of
radiotherapy, the end of radiotherapy, and 3 months after radiotherapy in both two groups were higher than those before

radiotherapy (P<0.05). At the 4th week of radiotherapy, the end of radiotherapy, and 3 months after radiotherapy, the resting-
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state ADC values of parotid and submandibular glands in treatment group were lower than those in control group (P<0.05).

Conclusion Optimizing target volume during oropharyngeal IMRT can effectively prevent the occurrence of radiation-

induced mucositis, alleviate oral mucosal reaction, oral pain and dry mouth, reduce parotid gland dose, and diminish the

effects of IMRT on salivary gland function in patients.

Keywords: oropharyngeal cancer; intensity-modulated radiotherapy; target volume optimization; oral mucosal reaction;

salivary gland function
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Table 1 Comparison of general information between two groups

SR (%, PESIL (%) ﬁ:)ﬁi?‘é‘ P B (%) ] INMA LB (%) ]
2851 n _ ﬁ[(kg/mz, ~
X+s) G Fs) (H, x+s) I J§& 11981 & i T IE:L| T Vi)

XTHRZE 60 58.38+3.54 33(55.00) 27(45.00) 21.02+1.35 13.65+4.02 14(23.33) 13(21.67) 20(33.33) 4(6.67) 9(15.00)

g2
P 1.942 0.136 0.435 1.668
P 0.054 0.713 0.664 0.098

60 59.73+4.05 35(58.00) 25(47.00) 21.13+1.42 14.85+3.86 15(25.00) 13(21.67) 22(36.67) 5(8.33) 5(8.33)

10(16.67) 20(33.33) 30(50.00)
8(13.33) 25(41.67) 27(45.00)
1.384 0.258

0.847 0.796

2.2 WATFLLE
L5 2H ORR 5 Xf HE 4 4 b [ 80.00% (48/60) vs
75.00%(45/60) |, 22530551277 L (P>0.05), W2,

2 FAFTHEE[1(%)]
Table 2 Comparison of therapeutic efficacy between

two groups [ cases (%)]

217 n CR PR SD PD ORR
X HAZH
R4
X i 0.430

60 8(13.33) 37(61.67) 10(16.67) 5(8.33) 45(75.00)
60 10(16.67) 38(63.33) 9(15.00) 3(5.00) 48(80.00)

P{E 0.512
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Table 3 Comparison of parotid gland dose between two groups

(Mean+SD)
A AR I
215 n
Dean/GY Viu/% Dcan/ GY Vio/%

YR 60 28.65+3.84 47.05+4.63  33.6244.05 34.52+5.52

Rl 60 24.15+4.25 41.98+3.85 30.85+£3.38  29.64+4.75
i 6.085 6.522 4.067 5.191

P{E 0.000 0.000 0.000 0.000

ST 4 T8 O S5 T R 3 H IR AT R R
IRZTF ADC{E Y HeX BRZH AR (P<0.05) . W3R 7.

W 5 A R /I A4
R, B E T 4N MR T, LA RS AT AL T fe
SRR IE A SR . R R MR IR 1
SRR LA BOR R, 3P T BB AR 1
WA A LR (L4 4 7 DB (TTA L TIB) , BB VR 408
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Table 4 Comparison of occurrence of acute oral mucosal reaction between two groups [ cases (%)]

4151 n 0% 1%% 29 39 4% BRAH
XIHEZH 60 15(25.00) 6(10.00) 14(23.33)  25(41.67) 0(0.00) 45(75.00)
g 60 35(58.33)  8(13.33) 15(25.00) 2(3.33) 0(0.00) 25(41.67)
AL 4.859 13.714
PAA 0.000 0.000

x5 BEOFTRELEBRIEELHI(%)]
Table 5 Comparison of occurrence of dry mouth between two

groups [cases (%)]

6 MAEORFRKRBAEBRIEIHI(%)]
Table 6 Comparison of occurrence of oral pain between two

groups [cases (%)]

25 531 n 0% 1% 29 3% REER

2051 n 0% 1% 24% 3% BKkER

XHEAL 60 13(21.67) 15(25.00) 25(41.67) 7(11.67) 47(78.33)

XHHEZH 60 9(15.00) 20(33.33) 26(43.33) 5(8.33) 51(85.00)

RE0ZH 60 30(50.00) 18(30.00) 10(16.67) 2(3.33) 30(50.00) R 60 25(41.67) 18(30.00) 16(26.67) 1(1.67) 35(58.33)
Xzl 3.955 10.474 X/ZfE 3.403 10.506
PE 0.000 0.001 P{H 0.001 0.001
=7 FARITRIRRER TR 2IRES T ADCENEE (R+5, %1073 mm?¥/s)
Table 7 Comparison of resting—state ADC values of parotid gland and submandibular gland before and after radiotherapy
between two groups (Mean+SD, x103 mm?/s)
- ) JHS AR AT i
WOTVH  HOTH AR BUTHSR TR 3AA WOTVHD  HUTHR4RM BUTETR WUTE3H

XTHRAL 60 1.18+0.38  1.54+0.35*  1.68+0.39* 1.62+0.28° 1.32+0.38  1.68+0.38*  1.78+0.37* 1.74+0.28*

REH 60 1204041 1.38+0.29*  1.52+0.37*  1.51+0.23° 1.31£0.34  1.52£0.31*  1.62+0.35*  1.60£0.33"

il 0.277 2.725 2.304 2.348 0.152 2.529 2.433 2.506

P{H 0.782 0.007 0.023 0.021 0.879 0.013 0.017 0.014

SRR AL, *P<0.05

AR K L2 4% A A 1) e 79 X, AT - i BB ) 22
) g 79 i HRR T MO O R e i B A T S B
A 20 LR T, AR R A 4 i 5, il o g A 3-8 )
RE , 5 O R A R T RE 32 A, AT 5 KA

PEE T Bt SRR N s R, Gnfer PR3 R 44
DI fie 2 DR B R 0 BT T 7 20 e A DG B

r I PR PR 2 4 T 2020 4F 4 H R A5 A X
TCPHPEEE RS MR EL S, AR ATEHIB X7, Arslan



2 7,

- 149 -

ZEUS Chao S R RERE Y B X 11 B g I i S5 8 40
Sk 200 i RE A TLA X TG PH A bk e &8, ) e 1304 IX
Y ANALFETIB X, RN A A0 E — TG T S N 9
E RO 0 DO A R B R T A 4 eI PR A X
C1 R 528 C2 HEMR LA K F- 1B IX ] {47 I3 R D 6E
REARG TR B AR D, 5 Vi, HUBT G S 34F B A AT
RIiE90% L Lo py LD, B XM X A1 Ak v] RE A K%
TR R AZ BE SR i AR R AR D e b A B L
AR5 3 SR (T P I 4 28500 ) T8 X e 751) £ 4
W & 50 Gy, D, <35 Gy, 44 3 & P, i 56 45 4y Ji
BR T D, 339 LU BRZEAIG , UESE B3RS A8, BRI 4 93
VIR s I (Y B B S R SR D e
W IEAR Voo Vi, S T DA DG, dnske Py 452
#HEST Logistic [ AR A % B, B AR V., Sz S5 A 13 58 i
7 I S U T ST fE R 2 (OR=1.231,
95%CI: 1.116~1.357) , H 4 1lff FHELHL 49% B, it
O O T AR R R 0 75.4%
71.2%. Lou %52 5% ALyl A 21 451 Bh i 9 2, 14
SRICIT S T ERE A A F N 38.10%(8/21) , H vV, 5
D, B Koo ABFTE A, IS AL AR AR V,, STV,
Byt AL AR, FLROT IS 34 H B 20k O Bk R
N T RO 5 PR & A R B G BRI, A
I S8 T AR IO v A XA A R S P 1T A
SR A R e IR A2 A G

H R I PRI 52 e Y R T B 100 55 DL 7 1 A 5 e
W X 3 52 MR R T B R BRI E
A A maE REM HEE A
A, JCVEEE R A M R TR . DWIRUR
A2 H AT ME—BEIS A 8 X 4 B Ak 4 T I B S
53 PR 2 2 D9 6 0 I A5 1)V S8, TR I L R
KA F IR EUE DL DI REF R 7 . ADC /& DWI
A 2 2R HLARE 7 B e 4 SO K 431 25 1) 3z B
A1 SR R B 2 e bR, B S5 DWIE 558
TR GFAHSE . Juan 62 B DW-MRIHZ AR EAR 11
5] £ W 98 25 A O R I WSS B R VR NR DO RE L 0T IR
100 d PN JiJT J5 100 d~14F P 25 TR ADC B34 e
BT RIS, THUT G 100 d~1 4F P 34 3 A8 5 32 T
BEMG, BRI ADCE S 1+ 8 2 1E M 6 G=
0.288) . Zhang 55 **'BF5¥ Ll , 26 5] 5 AR g 28 0T
J 2 AR RS I ADC{E 4 T . i E RS
Al DL Y, S R AR S R S IO I 6 30 N 9 ADC B
PR TR S B 5T O i £ M VR T RE 11 i
B AT, AT G55 4 F 0T 451 i
7 JE 3 IR LT R R ECRAS TR ADC {H 4 L ik
Y7 AT T I T PR AT B - Y e/ e VR R ) R 3
A MO T PR 4 A B s oK B BIs , 1T 3

ADCAH BT K o 1B 207 55 4 8 0T 45 R
YA 34 H MR (UT B BURA T ADC {E 2 Hoxt
RZELARR , 3R W 10 Ml g 8] i A P 8 DX AIE A A 2800
TR A SR T X A A W YRR I R P B M P e 8 R
IIREZ PIRRE

Li B IR VRS R O PR XA nT A R
TS 10 88 81 58 T R G I 2R A8 1 A, AR
1Y R M58 S 7 1 RS B 11 A R il 2 R A2
T TR E SR O R R R IR I RE R R . HAR
WFFE A7 e — 2 BRI BRAE , A S bt o 19 s HL
WLEE IR () 4 25, ELAR A ISR 650 R 0 BCIR 2
T ADCH AL , e T — 22 DR AS A H Y
WFFETT TR AIRIT o

(5% 30K]

(1] R4, 93, voki s, % . 2005~2015 4 F B 0 R4 7% AL =4
oA [T]. 4P A K S FIR(E FR), 2020, 49(6): 706-711.
Zhou W, He MY, Shen WY, et al. Analysis of incidence and death trend
of oral cancer in China from 2005 to 2015[J]. Journal of Huazhong
University of Science and Technology (Medicine Edition), 2020, 49
(6): 706-711.

[2] Ding X, Li X, Qin A, et al. Redefine the role of range shifter in treating
bilateral head and neck cancer in the era of intensity modulated proton
therapy[J 1. J Appl Clin Med Phys, 2018, 19(5): 749-755.

[3] Phan J, Sio TT, Nguyen TP, et al. Reirradiation of head and neck
cancers with proton therany: outcomes and analyses[J]. Int J Radiat
Oncol Biol Phys, 2016, 96(1): 30-41.

[4] Rodriguez A, Torres D, Robles M, et al. Cancer treatment-induced oral
mucositis: a critical review[J]. J Oral Maxillofac Surg, 2012, 41(2):
225-238.

[5] 32, 3w BAm, X0 2%, 4 . SR RARAIT 0 303006 RS R Azt
AR F e east i [J]. 098 5 2 &, 2021, 27(11): 926-932.
Jiang HN, Huang HX, Liu X, et al. Effect of cervical clinical target
area optimization on thyroid dosimetry during intensity modulated
radiotherapy for nasopharyngeal carcinomalJ]. Journal of Chinese
Oncology, 2021, 27(11): 926-932.

[6] 28, A5k, Loefn, 5. KFIAMH VMAT 34 57 1 22 K Z ARG
A de K B ZACHF LT ] AR T & 5, 2022, 30(15): 2799-2803.
Chen XM, Yu X, Wang LH, et al. Study on volume and dose changes
of target area and parotid gland in VMAT treatment of head and neck
tumor| J . Journal of Modern Oncology, 2022, 30(15): 2799-2803.

(7] ¥ B2 I8 4 L R &, P B R 2 Sk B % 0k

ER & KHIMIE LAY F R ER([T] P T Jom6k L F b
#2&, 2010, 45(7): 535-541.
Chinese Anti-Cancer Association Radiation Ttumor Committee,
Chinese Anti-Cancer Association Head and Neck Tumor Committee.
Expert consensus on comprehensive treatment of head and neck tumor
[J].Chinese Journal of Otorhinolaryngology Head and Neck Surgery,
2010, 45(7): 535-541.

(8] #M%FT, 2—K. FHMGEITITHIFMATE-RECISTJ]. FAIEE 3,
2004, 4(2): 85-90.

Yang XN, Wu YL. Evaluation criterion-RECIST for solid tumor
treatment[ J|. Journal of Evidence-Based Medicine, 2004, 4(2): 85-90.

[9] Simiele E, Capaldi D, Breitkreutz D, et al. Treatment planning system
commissioning of the first clinical biology-guided radiotherapy
machine[J]. J Appl Clin Med Phys, 2022, 23(8): e13638.

[10] Trotti A, Colevas AD, Setser A, et al. CTCAE v3.0: development of
a comprehensive grading system for the adverse effects of cancer
treatment[J ]. Semin Radiat Oncol, 2003, 13(3): 176-181.

[11] Cox ID, Stetz J, Pajak TF. Toxicity criteria of the Radiation Therapy
Oncology Group (RTOG) and the European Organization for Research
and Treatment of Cancer (EORTC)[J]. Int J Radiat Oncol Biol Phys,
1995, 31(5): 1341-1346.



- 150 -

N e

415

[12] Thong IS, Jensen MP, Mir¢ J, et al. The validity of pain intensity
measures: what do the NRS, VAS, VRS, and FPS-R measure?[J].
Scand J Pain, 2018, 18(1): 99-107.

[13] Kawamoto T, Nihei K, Nakajima Y, et al. Comparison of xerostomia
incidence after three-dimensional conformal radiation therapy and
contralateral superficial lobe parotid-sparing intensity-modulated
radiotherapy for oropharyngeal and hypopharyngeal cancer|J . Auris
Nasus Larynx, 2018, 45(5): 1073-1079.

[14] McCulloch MM, Lee C, Rosen BS, et al. Predictive models to
determine clinically relevant deviations in delivered dose for head and
neck cancer[ J]. Pract Radiat Oncol, 2019, 9(4): 422-431.

[15] Anderson CM, Lee CM, Saunders DP, et al. Phase IIb, randomized,
double-blind trial of GC4419 versus placebo to reduce severe oral
mucositis due to concurrent radiotherapy and cisplatin for head and
neck cancer[ J]. Clin Oncol, 2019, 37(34): 3256-3265.

[16] Hsieh CH, Shueng PW, Wang LY, et al. Single-institute clinical
experiences using whole-field simultaneous integrated boost (SIB)
intensity-modulated radiotherapy (IMRT) and squential IMRT in
postoperative patients with oral cavity cancer (OCC)[J]. Cancer
Control, 2020, 27(1): 1073274820904702.

(17] &% . Sodiys Tt 2 SUE S K B 9 76 77 47 4%-2021(CSCO
AR FE 59T AR )R AR [T]. F B E 25 4R, 2021, 18(15): 1-3.
Pan F. Immunotherapy opens a new era in the treatment of recurrent
and metastatic head and neck tumors: 2021 CSCO head and neck
tumor diagnosis and treatment guidelines[J]. China Medical Herald,
2021, 18(15): 1-3.

[18] Arslan S, Abakay CD, Sen F, et al. Role of PET/CT in treatment
planning for head and neck cancer patients undergoing definitive
radiotherapy [J]. Asian Pac J Cancer Prev, 2014, 15(24): 10899-
10903.

[19] Chao KS, Wippold FJ, Oxyigit G, et al. Determination and delineation

of nodal target volumes for head-and-neck cancer based on pallerns
of failure in patients receiving definitive and postoperative IMRT[ J].
Int J Radiat Oncol Biol Plys, 2002, 53(5): 1174-1184.

[20] 2w &, LT, HA4, 5. SBmIARMAST IERIE PIB X 49
AT RIS ) B R BT [T BF 7 5 4 &, 2014, 20(10): 812-818.
Wang LJ, Huang SF, Jiang MH, et al. Effect of optimization of IIB
zone on parotid dose in intensity modulated radiotherapy for
nasopharyngeal carcinomal J]. Journal of Chinese Oncology, 2014, 20
(10): 812-818.

[21] 7k, W, 85, . BB IARAST HERBIHE T T il &5
BRI, b A B 5 B3 &, 2015, 35(10): 745-750.
Zhang Y, Qu S, Li L, et al. Dosimetry of acute xerostomia induced by
intensity-modulated radiotherapy for nasopharyngeal carcinomal J].
Chinese Journal of Radiological Medicine and Protection, 2015, 35
(10): 745-750.

[22] Lou J, Huang P, Ma C, et al. Parotid gland radiation dose xerostomia
relationships based on actual delivered dose for nasopharyngeal
carcinoma[ J . J Appl Clin Med Phys, 2018, 19(3): 251-260.

[23] Juan CJ, Cheng CC, Chiu SC, et al. Temporal evolution of parotid
volume and parotid apparent diffusion coefficient in nasopharyngeal
carcinoma patients treated by intensity-modulated radiotherapy
investigated by magnetic resonance imaging: a pilot study[J]. PLoS
One, 2015, 10(8): ¢0137073.

[24] Zhang Q, Wei YM, Qiy G, et al. Early changes in ap-parent diffusion
coefficient for salivary glands during radio therapy for nasopharyngeal
carcinoma associated with[ J]. Korean J Radiol, 2018, 19(2): 328-333.

[25] Cho 1J, Chung WK, Lee JK, et al. Intensity-modulated radiotherapy
for stage I glottic cancer: a short-term outcomes compared with three-
dimensional conformal radiotherapy|[J]. Radiat Oncol J, 2019, 37(4):
271-278.

(%3 TR &)



