(Y BBEAER ) 20264E55 36555300 [ e

CHINA ONCOLOGY 2026 Vol.36 No.3 LA TR 239
+ -
. 'L/b\ %— o

HETICBCTHHEREEBIEMNMIT IRES

ARRRSCBRETR ., (L EMFIERIZN

KBEE"?®, BME">, RN, £ B, & &',
& W, P mee

1. 15578 B = e s g Bk, YL B &t 210009

2. rA B R REE R MG PR2ABE , V195 Bt 211166

3. gl S BN R B IR R, 2 Sl 243100
4. T ER R F IS BL N A 2R T 28, VIR A8 k fsd A Wpbs a
)5 RI6 S S S, SRE AL E AP E R L, VIR B A
210009;

5. PRI EERL R 2250 — M B2 BERCH IR R, Y195 4R 221006

(BE] B25H8: Bur LHEFMEEE YT (intensity-modulated radiation
therapy, IMRT) O %K 5 0H% (nasopharyngeal carcinoma, NPC) [HFREMRIA
PEIRYT T B, JF3E ORY o 9 70 42 40 A B 8 e R A i RO R AN e R AR
(organ at risk, OAR) M3z B85, MM B AR w . (HERT IR
i, TRBRSE OAR MR BRI Bl Bk A A8k, B0 e 32 W) ot M 25 1
W1, DATTHS AN RS Y & AL XU . B & W T (adaptive radiotherapy, ART)
I SRR IR, ARSI A . AT 3L T Haleyon
Jin 8 A5 R 32k AR A TR R T ML JZ 4 (iterative cone beam computed
tomography, iCBCT) SZ8%E, REU/HTIEIRARE | 08 F13Z B st B 740
WIS, B2 AL NPC T SC 8, . D IR AR 405 42 (L S0
PSR . Ak WBPEEE 2018 4F 1 —2022 4F 12 H 7ETLI848 g b= B 452
BITNPC B, ICRIFLESRIT AT e IR AR M R FH R RIBYTHTHY iCBCT
ESKE T8 /T iY 3 N P N PO 2 D WA (N i AN 299 gl N v
FHEPPAk IR AR 1) 2R A B 5 FLARFR e /INFR B A AR DG . A1 Eclipse 11X R 48
o, AR BRI R R B, IR RS AR S IR AR R
MMM . TR SR RIET (A< 4.5.1) 78 RStudio I &
WEE (JRAR 2025.05) H5E A%, R A Wilcoxon 445 B 40 JF A7 Fe X Hed, SR A
Spearman FAHICHATHIEME W, G5R: BOTHIMR, Uia BERERRE B
TRERER, PALTREIRE N 4.68%, A NPCHUTHAE, 4. AR IR
SN AR 53.97% . 58.34%, WU ES) s SR R e 9 (o B i A . /e
DR ] R £ L S AT RS 3 B4 L9153 531 32 (68.09% )\ 25 (53.19%) FiI
23 (48.94%), A7MINENES 510 28 (59.57%) . 35 (74.47%) F124 (51.06%) .
LR, ML EE T, 1SRN E R 1m0
FiRES S BB T, 1S AT A 22 AN 3, Geit 22 e 2s RARIEse,
PN AR AE X Bl 1) RS, FEVRYT 255 15 AR BT O S5 00 e 1A te ™= 25 5
FUOE BRI A S S IR AR AR R N R AR SO . 22 AT IR AR A1 32
M5 (mean dose, Dpe) . 50% FRFLISZ 7 5 (dose to 50% of the volume,
Dsy) H4 R IE ST 5 0 20 4] (42.55%) . 174 (36.17%), TEHE K AIHs ] o
FeAIB IR Donean F1 Dso 73 SHI3E KT 21.3% F124.8%, A MR AR 5358 KT 13.7% FiI
22.2% 72 ATMIERR Doeon BT (1553 N) BERIRAN, il £F 5% 2247, b
BFM 120%; JEH (5 0005) R BFE, AP LE 15%~20%, il
TE 3OO He A A 53 F BRI DB AN Dean 3 Dso FART LRI, FHEAE 15 730K

EEWA: Mg Ak E= R A T
O fE OB A R OR B N & &
(1Z21449020210616) .

FlzEmsE: MEEAEPIIORE I
EIEHLAF: KY-2026-014

MERR: A,

SIRARS: R, BURE, /b, 55 .
JET ICBCT 23 M7 Sk WA 88 11 3 ML 7 e
r BB B S PR A AR A7 R e ) AR AL [T,
Hh EERE 247, 2026, 36(3): 239-250.
CCH#M¥l: CCBY-NC-ND 4.0,

Funding: Personalized Medicine
Collaborative Innovation Center for Cancer
and Tumors Hengrui Pharmaceuticals
Clinical Research Fund
(JZ21449020210616).

Conflicts of interest: authors declare no
conflicts of interest.

Ethical approval: KY-2026-014.

Informed consent: available.

Cite this article: ZHU H G, YIN X H,
CHEN X S, et al. Actual changes in
volume, position and dose of parotid
glands during adaptive radiotherapy for
nasopharyngeal carcinoma were analyzed
based on iCBCT [J]. Chin Oncol,
2026, 36(3): 239-250.

CC license: CC BY-NC-ND 4.0.



240 KB, § ETICBCTOMN SIREEIENEYS IR PBRIIMAR., UBFFIENEL
AETE W i 1 A2 BESR A T SN, 2 R IR AE 16~20, 21~25 F130 70k J5, ML T ERSZBHAE, Dopw 20 SR 5 2.2%
(242 Gy) . 4.6% (248 Gy) F16.9% (26.1 Gy), D543 34EE52.1% (22.0 Gy). 5.6% (22.5Gy) F19.6% (24.0 Gy); A1l
MR AE 21~25. 30 53 K G, Diean 77 B3 5 3.8% (253 Gy) . 4.1% (26.0 Gy), Dso 533l #2 5 6.5% (23.3 Gy) . 9.7%
(24.5 Gy) o ZEMIBERE Dopean F1 Dso 5 L0 18] PSR ZE A EE SR (A AH 444 0.72 F10.70, A7 DUIBBR D pean F1 Do -5 T 7] 2 25
T RESE I AE DGR 0.63 F10.67, &1 : MRMRAEREA TS By, MR/ Hom rh 2 i i DAl , TR B s2 IEGRI i A 1k 5
JR IO i) PP 2R B MRS AT O, BEAR AR /NI AR — g BB R A2 ME A, L 32 B2 SR A3 i 4 P e 15 93000
A R T4 IR A B s 32 R = A S

[X8IA] AGNEYT; S, TR, U2, flEait

hE4SZES: R739.6 XHERFRERR: A

DOI: 10.19401/j.cnki.1007-3639.2026.03.004

Actual changes in volume, position and dose of parotid glands during adaptive radiotherapy for nasopharyngeal
carcinoma were analyzed based on iCBCT ZHU Haigang"*?, YIN Xinhao"**, CHEN Xiaosi’, WANG Teng’,
ZENG Qiang', GAO Han', YIN Li"*** (1. Department of Radiation Oncology, Jiangsu Cancer Hospital, Nanjing
210009, Jiangsu Province, China; 2. The Fourth Clinical School of Medicine, Nanjing Medical University, Nanjing
211166, Jiangsu Province, China; 3. Department of Radiation Oncology, Dangtu County People's Hospital, Ma'anshan
243100, Anhui Province, China; 4. Department of Environmental Genomics, Jiangsu Key Laboratory of Cancer
Biomarkers, Prevention and Treatment, Collaborative Innovation Center for Personalized Cancer Medicine, Nanjing
Medical University, Nanjing 210009, Jiangsu Province, China; 5. Department of Radiation Oncology, The Second
Affiliated Hospital of Xuzhou Medical University, Xuzhou 221006, Jiangsu Province, China)

Correspondence to: YIN Li  E-mail: yinli 2012@126.com

[ Abstract ] Background and purpose: Radiation therapy, particularly intensity-modulated radiation therapy (IMRT), has become
the standard radical treatment for nasopharyngeal carcinoma (NPC). It enhances local tumor control and reduces the radiation dose
to organ at risk (OAR) through precise dose distribution, thereby improving patients’ quality of life. However, during the treatment
process, the volume and position of OAR such as the parotid gland may undergo significant changes, leading to deviations between
the actual delivered dose and the planned dose, which increases the risk of adverse reactions. Adaptive radiotherapy (ART)
effectively optimizes dose distribution by assessing and adjusting the treatment plan in real-time based on imaging. This study
systematically analyzes the changes in the volume, position and radiation dose of the parotid gland with the accumulation of
radiotherapy fractions, using iterative cone beam computed tomography (iCBCT) imaging data obtained from a Halcyon linear
accelerator. The findings provide data support and a theoretical basis for optimizing radiotherapy practices for NPC and reducing
parotid gland damage. Methods: NPC patients who were treated at Jiangsu Cancer Hospital from January 2018 to December 2022
were retrospectively enrolled. The body weight before and after treatment was recorded and compared. The parotid glands were
contoured on the daily pre-treatment iCBCT images to analyze the absolute and relative volume reduction, shrinkage rate, and
centroid displacement of the parotid glands. The correlation between medial displacement of the parotid glands and the extent of
volume shrinkage was also assessed. Additionally, the actual cumulative radiation dose to the parotid glands over the entire treatment
course was obtained using the Eclipse treatment planning system, and the correlation between dose variations and parotid gland
volume changes or displacement was investigated. All statistical analyses were performed using the R language (version 4.5.1)
within the RStudio integrated development environment (version 2025.05). Paired comparisons were conducted using the Wilcoxon
signed-rank test, and Spearman rank correlation was employed for correlation analysis. Results: During radiotherapy, the overall
trend in patient body weight was a decrease, with a statistically significant median reduction of 4.68%. Throughout the entire course
of radiotherapy for NPC, the volumes of the left and right parotid glands decreased to 53.97% and 58.34% of their original volumes,
respectively, and both glands exhibited positional changes to varying degrees. Specifically, the proportions of left parotid glands that
moved medially, cranially, and anteriorly were 32 (68.09%), 25 (53.19%) and 23 (48.94%), respectively, while the corresponding
proportions for the right parotid gland were 28 (59.57%), 35 (74.47%) and 24 (51.06%). Further analysis indicated that among
patients with medial displacement, the shift was more pronounced within the first 15 treatment fractions; whereas for patients with
cranial or anterior displacement, the difference in displacement before and after 15 fractions was not significant. Statistical test
results also confirmed that the positions of both parotid glands along the X-axis had changed significantly by the 15th fraction
compared to the initial plan. A positive correlation was observed between medial displacement and volume reduction of the parotid
glands. The number of cases with an increase in mean dose (D,,..,) and dose to 50% of the volume (Ds) for the left and right parotid
glands was 20 (42.55%) and 17 (36.17%), respectively. Among these cases, the left Dy, and Ds, increased by 21.3% and 24.8%,
while the right D, and Ds, increased by 13.7% and 22.2%, respectively. The D, for both left and right parotid glands showed a
mild increase in the early stage (before the 15th fraction), generally around 5%, with very few patients exceeding 120%. In the later

stage (after the 15th fraction), the increase accelerated significantly, primarily ranging between 15% and 20%. By comparing the
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relative changes in D,,., and Ds, across different fractionation intervals, we also found a notable relative increase in the delivered
dose, primarily after the 15th fraction. For the left parotid gland, during fractions 16-20, 21-25 and after the 30th fraction, Dy,
increased by 2.2% (24.2 Gy), 4.6% (24.8 Gy) and 6.9% (26.1 Gy) compared to the previous interval, respectively, while Ds,
increased by 2.1% (22.0 Gy), 5.6% (22.5 Gy) and 9.6% (24.0 Gy), respectively. For the right parotid gland, during fractions 21-25
and after the 30th fraction, D,,,, increased by 3.8% (25.3 Gy) and 4.1% (26.0 Gy) compared to the previous interval, while Ds,

increased by 6.5% (23.3 Gy) and 9.7% (24.5 Gy), respectively. The correlations between changes in D,,.,, and Ds, for the left parotid
glands and the medial displacement of their centroids were 0.72 and 0.70. The correlations between changes in D,,.,, and Ds, for the
right parotid glands and the medial displacement of their centroids were 0.63 and 0.67. Conclusion: During the entire radiotherapy
process, the parotid glands decreased in volume and moved closer to the midline high-dose region. The changes in the radiation dose
received by the parotid glands were related to the movement of their centroids toward the midline structures. A reduction in parotid
gland volume did not necessarily lead to an increase in the radiation dose received by the parotid glands, and the main increase in

radiation dose occurred after 15 fractions. Therefore, early replanning can help control the increase in radiation dose received by the

parotid glands throughout radiotherapy.
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From January 2018 to December 2022  Patients (n=7 056)

4
Case inclusion criteria:

(1) Age=18 years and <70 years;

(2) Pathologically confirmed NPC patients;

(3) KPS score=70, and absence of severe internal medical
diseases hindering treatment;

(4) Patients undergoing radiotherapy for the first time;

(5) Essentially normal pre-treatment routine blood tests, liver
and kidney function, etc.;

(6) Effective contraception must be practiced during the
treatment course if there is a risk of pregnancy;

(7) Patients and their families are informed, consent, and
have signed the informed consent form.

Patients included (n=57)

A 4

Case exclusion criteria:

(1) Age<I18 years or >70 years;

(2) Presence of significant contraindications to radiotherapy
such as cachexia;

(3) Patients with a history of psychiatric disorders, brain
trauma, Alzheimer's disease, Parkinson's disease or other
diseases affecting cognitive function;

(4) Patients who have previously undergone surgery or
radiotherapy;

(5) Patients unable to cooperate with immobilization devices
required for treatment;

(6) Patients with severe symptoms of cerebral edema;

(7) History of other malignancies within the past 5 years,
excluding cured basal cell carcinoma of the skin and
carcinoma in situ of the cervix;

(8) Any uncontrolled systemic diseases, including cerebral
edema, active uncontrolled infection, uncontrolled
hypertension, diabetes mellitus, unstable angina,
congestive heart failure, myocardial infarction (within
1 year prior to treatment initiation), severe arrhythmia
requiring medication, hepatic, renal and metabolic
diseases, as well as a history of psychiatric disorders;

(9) Concurrent participation in other clinical research
involving experimental treatment (currently in the
treatment phase of a clinical study).

Patients excluded (n=10)

A 4

Patients finallyc included (n=47)

1 BEANHRIREE

Fig.1 Patient Inclusion and Exclusion Flowchart
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Tab.1 General clinical characteristics of the patients

[n (%))
Characteristic Case
Gender
Male 29 (61.70)
Female 18 (38.30)
KPS
=70 47 (100.00)

Primary tumor site

Left lateral wall 14 (29.79)
Right lateral wall 18 (38.30)
Bilateral walls 9 (19.15)
Left retropharyngeal wall 0(0.00)
Right retropharyngeal wall 1(2.13)
Posterosuperior wall 20 (42.55)
Unknown 2 (4.26)
T stage
Tl 6 (12.77)
T2 6(12.77)
T3 17 (36.17)
T4 18 (38.30)
N stage
NO 1(2.13)
N1 20 (42.55)
N2 11 (23.40)
N3 14 (29.79)
M stage
MO 47 (100.00)
Antitumor drug regimen
Induction chemotherapy 38 (80.85)
Concurrent chemotherapy 45 (95.74)
Adjuvant chemotherapy 27 (57.45)
Targeted therapy 29 (61.70)
Immunotherapy 11 (23.40)
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Fig. 2 Trend of volume changes in the parotid gland during the treatment course

A: The left parotid gland; B: The right parotid gland.
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Fig.3 Trend of relative volume changes of the parotid gland during the treatment course

A: The left parotid gland; B: The right parotid gland.
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Tab.2 Comparison of centroid displacement at different treatment fractions

P value

Direction of displacement -
<5 fractions

<10 fractions <15 fractions <20 fractions <25 fractions <30 fractions >30 fractions

Left parotid- medial shift 0.304 0.012
Left parotid- ventral shift 0.198 1.000
Left parotid- cephalad shift 0.004 0.021
Right parotid- medial shift 0.431 0.239
Right parotid- ventral shift 0.028 0.520
Right parotid- cephalad shift 0.039 0.0005

0.004 <0.001 0.009 <0.001
0.061 0.022 0.008 <0.001
0.011 0.003 <0.001 <0.001
0.010 <0.001 <0.001 <0.001
0.002 0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 <0.001

R3 B Dpean BRBSLRT R

Tab.3 Distribution of percentage increase in D .., to parotid glands by treatment fraction

[n(%)]
Dose increase Parotid gland  1-5 fractions 6-140 11-.15 16-.20 21-.25 26-.30 >30 fractions
threshold fractions fractions fractions fractions fractions
=>105% Left 9 (19.15) 8(17.02) 11 (23.40) 11 (23.40) 12 (25.53) 13 (27.66) 16 (34.04)
Right 4 (8.51) 5(10.64) 6 (12.77) 8(17.02) 12 (25.53) 8 (17.02) 9(19.15)
>110% Left 3(6.38) 1(2.13) 3(6.38) 8(17.02) 10 (21.28) 11 (23.40) 15(31.91)
Right 3(6.38) 3(6.38) 3(6.38) 4(8.51) 8(17.02) 6 (12.77) 5(10.64)
=115% Left 2(4.26) 0(0.00) 3(6.38) 7(14.89) 7 (14.89) 9(19.15) 12 (25.53)
Right 2(4.26) 0(0.00) 2(4.26) 4(8.51) 3(6.38) 5(10.64) 5(10.64)
>120% Left 0(0.00) 0(0.00) 2 (4.26) 5(10.64) 5(10.64) 5(10.64) 8(17.02)
Right 1(2.13) 0 (0.00) 2(4.26) 1(2.13) 2(4.26) 2(4.26) 4(8.51)
>125% Left 0(0.00) 0(0.00) 2(4.26) 2 (4.26) 5(10.64) 5(10.64) 7 (14.89)
Right 1(2.13) 0 (0.00) 1(2.13) 1(2.13) 2(4.26) 1(2.13) 2(4.26)
>130% Left 0(0.00) 0(0.00) 2 (4.26) 2 (4.26) 3(6.38) 5(10.64) 6 (12.77)
Right 0 (0.00) 0 (0.00) 1(2.13) 1(2.13) 1(2.13) 0(0.00) 1(2.13)
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R4 BIR Dpean KBS LBT RS
Tab.4 Relative changes in D, to the parotid glands

Item 1-5 fractions ~ 6-10 fractions  11-15 fractions  16-20 fractions  21-25 fractions  26-30 fractions  >30 fractions

Left parotid D +1.5% +1.6% +3.0% +2.2% +4.6% +0.6% +6.9%
P mean (22.8 Gy) (23.1 Gy) (23.5 Gy) (24.2 Gy) (24.8 Gy) (25.9 Gy) (26.1 Gy)

Left parotid D +0.9% +2.5% +3.7% +2.1% +5.6% +0.8% +9.6%
P 50 (20.5 Gy) (20.7 Gy) (21.2 Gy) (22.0 Gy) (22.5 Gy) (23.8 Gy) (24.0 Gy)

Right parotid D +0.6% -0.4% +3.9% +0.9% +3.8% +1.2% +4.1%
gntp mean (24.1 Gy) (24.3 Gy) (24.2 Gy) (25.1 Gy) (25.3 Gy) (25.7 Gy) (26.0 Gy)

Right varotid D +0.1% +1.1% +5.3% +0.2% +6.5% +1.7% +9.7%
entp 50 (21.8 Gy) (21.8 Gy) (22.1 Gy) (23.2 Gy) (23.3 Gy) (24.1 Gy) (24.5 Gy)

R5 MRZRANESAEIRTHRHLLE
Tab.5 Comparison of initial radiation dose with doses at different treatment fractions
P value
Item

5 fractions 10 fractions

15 fractions

20 fractions 25 fractions 30 fractions >30 fractions

Left parotid D, 0.460 0.060 0.050
Left parotid Dy, 0.290 0.048 0.002
Right parotid D, 0.930 0.850 0.240
Right parotid Dy, 0.850 0.580 0.060

0.050 0.005 0.004 <0.001
0.050 <0.001 0.005 <0.001
0.100 0.020 0.050 <0.001
0.050 0.040 0.050 <0.001

0.72 (0.545~0.834) #10.70 (0.517~0.822), A5/
IR R %) Dpean FI1 Do -5 L0 [1] HH 2R S5 4 S 3 A O
P8 0.63 (0.419~0.777) F10.67 (0.474~0.803),

AW T5 T B AR OGRS (6) .
%6 IRIREHAES RO LIREUABRIESH

Tab. 6 Correlation analysis between radiation dose to parotid

glands and centroid coordinate changes

Item

Axis

Displacement

Spearman's p

direction
Left parotid D, X Medial-lateral 0.72 (0.545-0.834)
Y  Anterior-posterior  0.16 (-0.134-0.427)
Z Superior-inferior  0.20 (-0.093-0.461)
Left parotid Dy, X Medial-lateral 0.70 (0.517-0.822)
Y Anterior-posterior  0.12 (-0.173-0.393)
Z Superior-inferior  0.17 (-0.123-0.436)
Right parotid D,.,, X Medial-lateral 0.63 (0.419-0.777)
Y Anterior-posterior  0.12 (0.419-0.777)
Z Superior-inferior ~ 0.46 (0.199-0.660)
Right parotid Dj X Medial-lateral 0.67 (0.474-0.803)
Y Anterior-posterior  0.07 (-0.222-0.350)
Z Superior-inferior ~ 0.42 (0.151-0.631)

X indicates the medial-lateral direction; Y indicates the anterior-

posterior direction; Z indicates the superior-inferior direction.
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