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A B S T R A C T

Purpose: To investigate anatomical and dosimetric changes during volumetric modulated arc therapy (VMAT) in 
patients with locally advanced nasopharyngeal carcinoma (LA-NPC) after induction therapy (IT) and explore 
characteristics of patients with notable variations.
Materials and methods: From July 2021 to June 2023, 60 LA-NPC patients undergoing VMAT after IT were 
retrospectively recruited. Adaptive computed tomography (aCT), reconstructed from weekly cone-beam 
computed tomography(CBCT), facilitates recontouring and planning transplantation. Volume, dice similarity 
coefficients, and dose to target volumes and organs at risk(OARs) on planning CT(pCT) and aCT were compared 
to identify changing patterns. Multivariate logistic regression was used to investigate risk factors.
Results: The volumes of PGTVnasopharynx (PGTVp), PGTVnode (PGTVn), ipsilateral and contralateral parotid 
glands decreased during VMAT, with reductions of 2.25 %, 6.98 %, 20.09 % and 18.00 %, respectively, at 30 
fractions from baseline (P < 0.001). After 25 fractions, D99 and D95 of PGTVn decreased by 7.94 % and 4.18 % 
from baseline, respectively, while the Dmean of ipsilateral and contralateral parotid glands increased by 7.80 % 
and 6.50 %, marking the peak rates of dosimetric variations (P < 0.001). The dosimetric fluctuations in PGTVp, 
the brainstem, and the spinal cord remained within acceptable limits. Furthermore, an initial BMI ≥ 23.5 kg/m2 

and not-achieving objective response (OR) after IT were regarded as risk factors for a remarkable PGTVn dose 
reduction in the later stages of VMAT.
Conclusions: Replanning for post-IT LA-NPC patients appears reasonable at 25F during VMAT. Patients with an 
initial BMI ≥ 23.5 kg/m2 and not-achieving OR after IT should be considered for adaptive radiation therapy to 
stabilize the delivered dose.

Introduction

Radiotherapy remains the mainstay of treatment for non-metastatic 
nasopharyngeal carcinoma (NPC) due to its high radiotherapy sensi
tivity and the challenging operability of its unique anatomical location 

[1–3]. Emerging as the mainstream radiotherapy technique for NPC, 
intensity-modulated radiotherapy (IMRT) offers superior dose confor
mity and steeper dose variations, enabling patients to achieve higher 
local tumor control and prolonged survival while reducing radiation- 
induced injury to organs at risk (OARs) [1–4]. Furthermore, 
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volumetric modulated arc therapy (VMAT), an advanced iteration of 
IMRT, significantly shortens treatment times. In addition to improving 
the efficiency and accuracy of radiotherapy, VMAT imposes higher 
standards for quality control and assurance [1,5]. Therefore, ensuring 
the accuracy of target volumes (TVs) and stability of the delivered doses 
is imperative for the effectiveness and safety of VMAT.

Studies have demonstrated that over a 7-week radiotherapy course, 
patients with NPC experience tumor regression and changes in body 
weight and shape [6–10]. These alterations potentially result in the 
migration of TVs out of the high-dose region and OARs into the high- 
dose region, leading to decreased doses to the TVs and increased doses 
to the OARs [9,11–13]. To address the challenges arising from variations 
in radiotherapy fractions, Yan et al. introduced adaptive radiation 
therapy (ART) in 1997 [14]. ART aims to achieve precise radiation 
therapy by employing image-guided radiation therapy and evaluating 
patient feedback, such as variations in tumor dimensions, morphology, 
and location, to optimize the radiotherapy plan [5,14,15]. ART is 
categorized as online and offline ART [14,15]. Online ART requires real- 
time and efficient plan adjustment within a few minutes. However, due 
to limitations in technology and equipment, offline ART is used more 
widely, in which appropriate modifications are made to the plan or TVs 
at specific time points [15]. Despite being a labor-intensive and highly 
complex procedure, the benefits of ART do not necessarily increase with 
the frequency of adaptation [1,15–18]. Consequently, repositioning and 
replanning at a fixed time point to avoid significant dose variations in 
TVs and OARs seems to be a more economical and favorable ART 
technique for head and neck cancers [1,15–18]. However, there is a lack 
of consistent conclusions regarding dosimetric changes in the TVs and 
OARs during radiation therapy in patients with NPC, leading to con
troversies about the necessity and modality of ART implementation.

Approximately 55.6–94.5 % of patients with locally advanced 
nasopharyngeal carcinoma (LA-NPC) can achieve objective response 
(OR) during induction therapy (IT), implying substantial decreases in 

tumor volumes before the commencement of radiotherapy [19–22]. 
Moreover, a recent study proposed that IT plays a pivotal role in miti
gating volume reductions in the gross tumor volume (GTV) and clinical 
target volume (CTV), minimizing dosimetric drift during concurrent 
chemoradiotherapy (CCRT) [23]. Therefore, the pattern of variations in 
TVs and OARs during radiotherapy in patients after IT may be different 
from that in patients who receive CCRT directly. However, relevant 
studies for post-IT LA-NPC patients remain lacking. The present study 
addressed this problem by retrospectively investigating anatomical and 
dosimetric changes in the TVs and OARs during VMAT in post-IT LA- 
NPC patients and characterizing patients with significant variations to 
provide inspiration for ART.

Methods and materials

Patient characteristics

This retrospective analysis focused on patients initially diagnosed at 
our center between July 2021 and June 2023 who met the following 
criteria: 1. Pathologically diagnosed with NPC featuring non- 
keratinizing undifferentiated carcinoma (NKUC). 2. Classified as stage 
III–IVa according to the 8th edition of the American Joint Committee on 
Cancer (AJCC) guidelines. 3. TVs contoured by the same two radio
therapists. 4. Received VMAT using a Varian Halcyon linear accelerator 
after IT with weekly cone-beam computed tomography (CBCT) scan
ning. Patients with tumors at other sites, severe underlying diseases, 
radiotherapy interruption exceeding two weeks, replanning during 
radiotherapy, or missing data were excluded. Approval for this research 
was obtained from the Ethics Committee of Union Hospital, Tongji 
Medical College, Huazhong University of Science and Technology.

Fig. 1. CBCT reconstruction and TVs modification. (A) Rigid registrations between CBCT (left) and aCT (right); (B–C) An example of TVs recontouring (Red line: 
GTVp, Green line: PGTVp), B: Before radiotherapy, C: After radiotherapy; (D–E) An example of TVs recontouring (Red line: PGTVn, Green line: GTVn), D: Before 
radiotherapy, E: After radiotherapy. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Localization and CT simulation

The included patients underwent localization and an initial CT 
simulation (CT-sim) scan (iCT) before IT. Another CT-sim scan was 
conducted after IT to create a planning CT (pCT) for contouring. Patients 
were placed in the supine position with their heads and necks resting on 
A/C positioning pillows and immobilized using T-shaped thermoplastic 
masks encompassing the head, neck, and shoulders. Subsequently, an 
enhanced scan was performed on a large-aperture 16-slice helical CT 
machine (Philips Medical Systems, Netherlands) to simulate positioning. 
The scan covered the range from the top of the skull to the aortic arch, 
featuring a layer thickness and spacing of 3 mm, which was transferred 
to the Eclipse treatment planning system (TPS, version 8.6; Varian 
Medical System, Palo Alto, Calif) for contouring and VMAT plan design.

Definition of TVs and planning delivery

Meticulous contouring of the TVs and OARs was performed layer-by- 
layer on pCT by the same senior radiation oncologist concerning the 
magnetic resonance imaging(MRI)/ computed tomography(CT) fusion 
images and revised by another physician. The GTV comprised primary 
tumors (GTVp) and lymph nodes (GTVn) identified through radio
graphic, endoscopic, and clinical examinations. The CTV was further 
delineated into high-risk (CTV1) and low-risk (CTV2) areas. The plan
ning target volume (PTV) incorporated the GTV and CTV, featuring a 3- 
mm expansion of the corresponding TVs to form the PGTV, PCTV1, and 
PCTV2. For the spinal cord and brainstem, outward expansions of 5 mm 
and 1 mm were applied to create the SC and BC, respectively, repre
senting the planning organ at risk volume (PRV). All structures were 
contoured according to the 2021 Chinese Society of Clinical Oncology 
(CSCO) guidelines and the international guidelines for TVs delineation 
in NPC [24–26].

The prescribed doses for the PGTVp, PGTVn, PCTV1, and PCTV2 
were 70 Gary (Gy) in 33 fractions (F, 2.12 Gy per fraction), 70 Gy in 33F 
(2.12 Gy per fraction), 60 Gy in 33F (1.82 Gy per fraction), and 54 Gy in 
33F (1.64 Gy per fraction), respectively. Following specific dose con
straints for OARs, the volume of the spinal cord receiving 45 Gy or more, 
and the volume of the brainstem, optic nerves, and optic chiasm 
receiving 54 Gy or more, should be less than 1 %. The mean dose to the 
parotid gland should be maintained below 28 Gy. The VMAT plan was 
created using Eclipse TPS to ensure that 95 % of the PTV is adequately 
covered by 100 % of the prescribed dose.

CBCT scan and reconstruction

VMAT plans were delivered on the Varian Halcyon linear acceler
ator, and CBCT images were acquired in the treatment position before 
each radiotherapy fraction. CBCT scans were performed weekly (at 1F, 
5F, 10F, 15F, 20F, 25F, and 30F) and imported into the Velocity soft
ware (version 4.0, Varian Medical System, Palo Alto, Calif) for recon
struction to create adaptive CTs (aCT1, aCT2, aCT3, aCT4, aCT5, aCT6, 
and aCT7), as illustrated in Fig. 1A. Rigid registrations were established 
between aCTs and pCT, which was subsequently imported into the 
Eclipse TPS for recontouring and dose calculation.

Recontouring and planning migration

The original TVs from the pCT were replicated onto the aCTs, and the 
contours of the TVs and OARs were modified based on the anatomical 
changes observed on the aCTs. The primary goal in recontouring the TV 
was to address the anatomical position and cavity changes resulting 
from the tumor regression, while also preserving the integrity of the 
tumor bed as much as possible (Fig. 1B–E). This approach was also 
applied to contouring TVs in iCT scans before the commencement of IT.

The PGTVn of positive lymph nodes (PGTVnp), high-risk lymph 
nodes (PGTVnh), and suspicious lymph nodes (PGTVns) were 

individually delineated within the PGTVn. Positive lymph nodes 
included high-risk lymph nodes, lymph nodes in clusters, and those with 
a minimal diameter ≥10 mm on cross-sectional images (the last criterion 
for lymph nodes was extended to 11 mm in the subdigastric region)[27]. 
High-risk lymph nodes were defined as central necrosis or circumfer
ential enhancement, and extranodal extension (ENE) marked by irreg
ular enhancement of margins, partial or total loss of surrounding fat 
interstitium, or fusion of the lymph nodes [28,29]. Suspicious lymph 
nodes did not meet the criteria for positive or high-risk nodes but were 
included in the GTV. Parotid glands were categorized as ipsilateral 
(Parotid_I) or contralateral (Parotid_C), depending on the presence or 
absence of positive lymph nodes among the Level II cervical lymph 
nodes. If the patient has bilateral Level II positive lymph nodes, both 
parotid glands are considered ipsilateral; conversely, if there are no 
positive lymph nodes in Level II on either side, both parotid glands are 
considered contralateral. The SC was further divided based on spinal 
cord segments: SC12 (cervical1–2), SC35 (cervical 3–5), SC6 (cervical 
6), SC7 (cervical 7), and SCT (thoracic spinal cord).

The original plans were transferred to the aCTs to create hybrid 
plans, on which the dose-volume histograms were recalculated based on 

Table 1 
Patient characteristics.

Characteristics No. of patients (n = 60) Percent

Sex
Male 48 80.00 %
Female 12 20.00 %
Age (years)
Range 28–72
Median 52
Histopathological type
NKUC 60 100.00 %
T stage
T1 2 3.33 %
T2 9 15.00 %
T3 34 56.67 %
T4 15 25.00 %
N stage
N0 2 3.33 %
N1 34 56.67 %
N2 18 30.00 %
N3 6 10.00 %
Clinical stage
III 40 66.67 %
IVA 20 33.33 %
Induction therapy
GP 17 28.33 %
GP+PD-1 inhibitor 9 15.00 %
GP+PD-1 inhibitor + Endostatin 1 1.67 %
T 1 1.67 %
TP 20 33.33 %
TP+PD-1 inhibitor 12 20.00 %
Concurrent therapy
DDP 28 46.67 %
DDP+nimotuzumab 7 11.67 %
DDP+Endostatin 1 1.67 %
DDP+PD-1 inhibitor 9 15.00 %
DDP+PD-1 inhibitor + nimotuzumab 2 3.33 %
nimotuzumab 2 3.33 %
NDP 4 6.67 %
NDP+nimotuzumab 3 5.00 %
NDP+PD-1 inhibitor 2 3.33 %
PD-1 inhibitor 2 3.33 %
Response after IT
OR 39 65.00 %
CR 1 1.67 %
PR 38 63.33 %
SD 21 35.00 %

NKUC: non-keratinizing undifferentiated carcinoma, GP: gemcitabine and 
cisplatin/nedaplatin; PD-1: programmed cell death protein-1; T: paclitaxel; TP: 
paclitaxel and cisplatin/nedaplatin; DDP: cisplatin; NDP: nedaplatin; IT: in
duction therapy, OR: objective response; CR: complete response; PR: partial 
response; SD: stable disease.
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the recontouring curves to determine the actual delivered dose. In 
addition, relevant parameters, such as volume and deformation infor
mation, were collected and analyzed.

Evaluation and statistical analysis

Tumor responses were evaluated according to the response evalua
tion criteria in solid tumors (RECIST) guideline, version 1.1,where OR 
was defined as complete response (CR) or partial response (PR). Dose to 
99 % (D99) and 95 % (D95) of the volume were applied to assess the 
delivered doses of TVs. For the parotid gland, mean dose (Dmean) and 
volume percentage receiving 30 Gy (V30) were collected, while 
maximum dose (Dmax) and dose received in a volume > 0.1 cc (D0.1 cc) 
were gathered for the SC and the BC. Deformation and displacement 
were assessed using dice similarity coefficients (DSCs), which measure 
the degree of overlap between two contours on a scale from 0 to 1. A DSC 
of 1 indicates complete overlap, whereas 0 signifies no intersection be
tween the contours [30]. Notably, a DSC<0.7 indicates a substantial 
morphological difference [31].

Statistical analyses were performed using SPSS version 26.0 (SPSS 
Inc., Chicago, IL, USA). Data are described as mean ± standard devia
tion (SD) or median (P25, P75) and analyzed using paired t-tests or the 
Wilcoxon test based on normality test results. Generalized estimating 
equations were applied to repeated measures data, and Spearman’s 
correlation was employed for correlation analysis. Cutoff values were 
determined by the receiver operating characteristic (ROC) curves, and 
risk factors were explored through logistic regression. Statistical sig
nificance was set at P<0.05.

Results

Between July 2021 and June 2023, 97 patients with NPC underwent 
contouring by the same two radiation oncologists and received VMAT 
using the Varian Halcyon linear accelerator at our center. After 
excluding 4 patients with non-NKUC, 12 patients with non-locally 
advanced disease, 8 patients with replanning during radiotherapy, 2 
patients with other tumors, 3 patients with interrupted radiotherapy, 5 

patients without IT, and 3 patients with incomplete data, 60 patients 
with NPC were finally included. Table 1 outlines their characteristics, 
with 80 % of the participants being male with a median age of 52 years. 
They were categorized as stages III–IVA, with 66.7 % falling into stage 
III. All patients received IT before VMAT, and 36.7 % (22/60) of them 
received programmed cell death protein-1 (PD-1) inhibitors during IT.

Volumetric variations

During the final week of VMAT, the volume of the PGTVp and PGTVn 
regions decreased by 2.25 % (1.37 %, 3.09 %) and 6.98 % (4.27 %, 
11.73 %), respectively, compared to baseline (P < 0.001, Fig. 2A and 
Table S2), with a more pronounced reduction in PGTVn than PGTVp (P 
< 0.001, Tables S1–S2). At 30F, the volumes of PGTVnp and PGTVnh 
decreased by 9.94 % (7.10 %, 17.13 %) and 9.71 % (6.06 %, 18.72 %) 
from baseline, respectively, and the decrease was more significant than 
that of PGTVn (P<0.001), whereas PGTVns experienced a lesser 
decrease than PGTVn (P = 0.002, Fig. 2B and Tables S1–S2). Further
more, during the final week of VMAT, the ipsilateral and contralateral 
parotids showed volumetric reductions of 20.09 ± 7.31 % and 18.00 ±
7.23 %, respectively (P<0.001, Fig. 2C and Table S1).

The objective response rate (ORR) following IT was 65.00 % (39/60), 
compared to 72.72 % (16/22) for patients receiving immunotherapy 
(Table 1). The volumetric decreases of PGTVn, PGTVnp, and PGTVnh 
during VMAT were less pronounced than during IT (6.98 % vs. 17.73 %, 
9.94 % vs. 27.75 %, and 9.71 % vs. 28.00 %, respectively; P<0.001, 
Fig. 2D and Table S3). Additionally, compared to patients who achieved 
OR after IT, not-achieving OR patients presented more volume re
ductions (6.51 % vs. 10.30 %; P=0.014) and smaller DSCs (0.70 vs. 0.61; 
P=0.044) of PGTVn during VMAT (Fig. 2E–F).

Dosimetric variations

No obvious alternation was observed in D99 of the PGTVp during 
radiotherapy (P=0.66), whereas D95 showed only minor fluctuations 
from baseline during the first and last weeks of VMAT (P<0.001 and P =
0.041, Fig. 3A and Table S4). In contrast, PGTVn showed significant 

Fig. 2. Volumetric variations (A) Volumetric changes in PGTVp and PGTVn based on median (P25, P75); (B) Volumetric changes in PGTVn, PGTVnp (the PGTVn of 
positive lymph nodes), PGTVnh (the PGTVn of high-risk lymph nodes), and PGTVns (the PGTVn of suspicious lymph nodes) based on median; (C) Volumetric changes 
in parotid glands based on median (P25, P75); (D) Comparison of percent volumetric change in TVs during IT and VMAT based on mean ± SD; ΔIT: percentage 
decrease in volume during IT compared to pre-IT; ΔVMAT: percentage decrease in volume during VMAT compared to pre-VMAT; (E) Comparison of volumetric 
changes in PGTVn during VMAT in OR and not-achieving OR patients; (F) Comparison of PGTVn DSC at 30F in OR and not-achieving OR patients.
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dose attenuation (P<0.001) with peaking at 25F, when D99 and D95 
dropped by 7.94 % (3.28 %, 14.90 %) and 4.18 % (1.73 %, 8.40 %), 
respectively, from baseline (Fig. 3B–C and Table S5).

For patients with both Parotid_I and Parotid_C, the Dmean was 
higher for Parotid_I than for Parotid_C at baseline (30.91 ± 2.6 Gy vs. 
30.11 ± 2.3 Gy; P=0.004). The delivered dose increased over time for 
both Parotid_I and Parotid_C (P<0.001), with the fastest increase at 25F, 
where the Dmean elevated by 7.80 ± 11.33 % and 6.50 ± 8.55 % from 
baseline, respectively (Fig. 3D–E and Table S6). However, dosimetric 
variations in the SC were predominantly observed before 10F (P<0.001, 
Fig. 3F and Table S4), with no statistically significant differences be
tween 15F, 20F, 25F, and 30F compared to 10F (P>0.05). Notably, the 
increase in Dmax and D0.1 cc were more remarkable in SC12 compared 
to SC6 and SC7, with Dmax rising by 6.52 % vs. 2.07 % and 1.77 % at 
30F from baseline (P=0.005 and P=0.001, Fig. 3G–H and Table S6). In 
addition, dose escalation for SCT and BC was only observed between 1F 
and baseline (Table S6).

DSC variations

The DSC of the PGTVp remained high at 0.95 (0.93, 0.97), even by 
30F (Fig. 3I and Table S7). Nevertheless, the DSC of the PGTVn changed 
dramatically, dropping below to 0.69 ± 0.16 at 25F (Fig. 3I and 
Table S7). Although the DSC of Parotid_I and Parotid_C progressively 
decreased (P<0.001), the mean remained above 0.7 (Table S7 and 
Fig. 3I). Furthermore, a subgroup analysis showed that patients who 
received immunotherapy during IT had higher Parotid_I DSCs than those 

who did not receive immunotherapy (P=0.011, Fig. 4A). The DSC 
changes in SC were mainly observed in SC12 and SCT (P = 0.001 and P 
= 0.003), and the median DSCs were lower in SC6 and SC7 than in SC12 
(0.85 and 0.87 vs.0.90 at 30F; P<0.001 and P = 0.001, respectively, 
Table S7).

Correlation and risk factor analysis

The correlation analysis results regarding volumetric changes, dosi
metric changes, and the DSCs in the TVs and OARs during VMAT are 
presented in Table S8. The variation of D99 and D95 in the PGTVn 
exhibited a highly negative correlation with DSC (r = − 0.780 and r =
− 0.804, P<0.001, Fig. 4B).

Previous studies have demonstrated that a 5 % reduction in the GTV 
dose markedly influences the local control rate (LCR) in patients with 
NPC [32]. In our study, the PGTVp dose remained little changed and the 
PGTVn dose reached its minimum during the last week of VMAT. 
Therefore, we established a cut-off value based on a 5 % decrease in the 
D95 of the PGTVn from baseline in the last week. This division resulted 
in two groups: Group H with a higher PGTVn dose decrease (26/60 
patients) and Group L with a lower decrease (34/60 patients). The study 
demonstrated that patients in Group H exhibited a higher initial body 
mass index (BMI; 25.98 vs. 23.16 kg/m2; P = 0.006, Fig. 4C) and a lower 
ORR after IT (50 % vs. 76.47 %; P=0.033, Fig. 4D) compared to Group L. 
The ROC curve revealed a cut-off value of 23.5 kg/m2 for BMI (P =
0.016, Fig. 4E).

Table 2 illustrates the factors included in the logistic univariate 

Fig. 3. Dosimetric and DSC variations. (A) Dosimetric changes in PGTVp based on median (P25, P75); (B–C) Percent decrease of D99 and D95 in PGTVn, PGTVnp 
(the PGTVn of positive lymph nodes), PGTVnh (the PGTVn of high-risk lymph nodes), and PGTVns (the PGTVn of suspicious lymph nodes) based on median; (D–E) 
Percent increase of Dmean and V30 in parotid glands based on mean ± SD; (F) Dosimetric changes in SC based on mean ± SD; (G–H) Dmax and D0.1 cc changes in SC 
at different segments based on mean; (F) DSC changes based on mean.
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analysis, in which those with P<0.05 were selected for the multivariate 
analysis. The multivariate analysis revealed that an initial BMI≥23.5 
kg/m2 (P=0.034) and not-achieving OR during IT (P=0.045) were in
dependent risk factors for the Group H.

Discussion

Previous studies have explored changes in TVs and OARs during 
radiotherapy in LA-NPC patients receiving CCRT alone [33–35]. 
Currently, induction chemotherapy (IC) combined with CCRT has 
become the standard treatment for LA-NPC [21]. Furthermore, recent 
research showed that induction immuno-chemotherapy improved effi
cacy and survival in LA-NPC patients compared to IC, possibly due to the 
high expression of PD-L1 in NPC cells [36–38]. Therefore, the changing 
patterns of TVs and OARs during radiotherapy in post-IT LA-NPC pa
tients remain unknown. Here, we report the anatomical and dosimetric 
changes during VMAT in LA-NPC patients after IT and explore charac
teristics of patients with notable variations for the first time.

Previous studies have highlighted a volume reduction in GTVp and 
GTVn ranging from 13.1–65.6 % and 28.7–72.7 %, respectively, in NPC 
patients during radiotherapy [8,10,33,34,39]. However, more pro
nounced changes in volume during IT in the present study seemed to 
result in smaller volume changes during VMAT. A recent study vali
dating our perspective emphasized that IC notably mitigated weight loss 
and TVs reductions during CCRT, thereby decreasing anatomical and 
target-dose drift [23]. Meanwhile, our study revealed greater volume 
reductions in PGTVnp and PGTVnh, with minor reductions in PGTVns 
compared to PGTVn, suggesting that interference of suspicious lymph 
nodes may contribute to the relatively modest volumetric alternations in 
PGTVn.

Unlike the consensus on volumetric changes, previous studies have 
explored the stabilization, reduction, or increase of the GTV dose during 
radiotherapy [6,33–35,39–41]. Our study revealed the stabilization of 
PGTVp dose in post-IT patients, possibly related to smaller volume 

variations during VMAT as a result of IT. A notable result was the 
decrease in PGTVn, which was neglected in some previous studies, likely 
owing to small sample sizes and lack of stratification between GTVp and 
GTVn [6,35,39,40]. Moreover, the inconsistent dosimetric variations for 
PGTVp and PGTVn in our study may be explained by DSCs. Specifically, 
the DSC of PGTVn dropped below 0.7 at 25F, showed a strong correla
tion with variations in D99 and D95. This suggests that their apparent 
dosimetric changes were linked to greater displacement and 
morphology. In contrast, the DSC of the PGTVp remained above 0.9, 
possibly indicating dose stability during radiotherapy.

Although some studies divided the parotid glands into left and right 
sides or combined data from bilateral parotid glands for analysis 
[9,33,40], we emphasized the unequal dose received by the ipsilateral 
and contralateral parotid glands. Our observation of a greater baseline 
dose delivered to Parotid_I than to Parotid_C supports the need for 
separate discussions. Similar categorization models were adopted by 
Zhang et al. and Yao et al. [42,43]. Notably, our study maintained the 
mean DSC value of the parotid gland remained above 0.7 until 30F, in 
contrast to a previous study showed that the mean DSC value of the 
parotid gland dropped below 0.7 until 20F [42]. Subgroup analyses 
revealed a higher DSC for the Parotid_I in patients treated with immu
notherapy during IT than in non-receiving patients. Immunotherapy 
enabled a higher ORR (72.72 %) during IT, potentially mitigating the 
anatomical changes caused by tumor regression during subsequent 
VMAT and leading to a higher parotid DSC. Moreover, compared with 
SC6 and SC7, SC12 showed a more pronounced increase in the delivered 
dose and a higher DSC, which may be related to the anatomical location 
and dose distribution of SC12. Specifically, the upper neck is anatomi
cally close to the high-dose region, where slight deformation and posi
tional changes could facilitate the SC12 migration of to the high-dose 
area (Fig. S1A–B). Conversely, in the lower neck, despite significant 
mobility [7] and smaller DSC observed in our study, the displacement 
had no significant effect on SC6 or SC7 dose due to their distance from 
the high-dose area (Fig. S1C–D).

Fig. 4. Correlation analysis, subgroup analysis, and risk factor exploration. (A) Parotid_I DSC in patients treated with and without immunotherapy during IT 
based on mean ± SD; (B) Correlation analysis between percent dosimetric variations and DSC in PGTVn; (C) Comparison of initial BMI in Group H and Group L; (D) 
Comparison of objective response rates in Group H and Group L; (E) The ROC curves for predicting Group H and Group L with initial BMI.
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The promotion of ART is challenging in underdeveloped regions, as 
highly efficient devices such as TomoTherapy and Halcyon, which are 
capable of integrating in-room images for replanning, are only available 
in a few top hospitals [16,44]. Considering the progressive anatomical 
changes that occur in head and neck cancers during radiotherapy, offline 
ART has emerged as a more appropriate choice [18]. Nevertheless, the 
financial and human resources consumed by frequent ART may not yield 
commensurate clinical benefits [17,18]. Therefore, most investigations 
focus on exploring patterns of anatomical and dosimetry changes during 
radiotherapy to determine when to trigger replanning, which appears to 
be a more cost-effective approach to ART [16]. There is currently no 
consensus among NPC patients regarding the optimal timing for 
replanning during radiotherapy. Here, we observed that both the PGTVn 
and parotid doses changed most rapidly at 25F, while the spinal cord 
dose variation, concentrated before 10F, consistently remained within 
the maximum restricted dose. As a result, replanning once at 25F during 
VMAT has emerged as an optional ART mode for post-IT LA-NPC pa
tients to stabilize the delivered dose.

Recent observations have argued that IC may be a risk factor for not 

benefiting from ART; therefore, routine replanning of all NPC patients 
may be overly indiscriminate [45,46]. Early identification of patients 
with anatomical and dosimetric instability during radiotherapy is crit
ical for effective screening those suitable for replanning. Our study 
highlights the significance of PGTVn dose, as some patients experienced 
a dose decay of >5 %, a dosage proven to impact the LCR [32]. We 
propose that an initial BMI≥23.5 kg/m2 and not-achieving OR during IT 
may characterize this group. Previous studies have also recognized pa
tients with a BMI>21.5 kg/m2 as ART candidates, yet all overlooked the 
impact of IT [45,47]. Notably, the introduction of not-achieving OR as a 
predictive factor in IT process is an innovative aspect of our study. 
Compared to OR patients, not-achieving OR patients experienced more 
noticeable anatomical variations during VMAT, reflected in greater 
volumetric reductions and a smaller DSC for the PGTVn (Fig. 2D–E), 
which may explain the attenuation of the PGTVn dose. Therefore, ART 
should be aggressively considered in patients with an initial BMI≥23.5 
kg/m2 and not-achieving OR during IT.

This study represents the first exploration of anatomical and dosi
metric variations during VMAT in a large sample of post-IT LA-NPC 
patients, yielding a more comprehensive and precise pattern of varia
tions via the stratified contours for SC and PGTVn. In contrast to pre
vious studies that involved fewer patients undergoing IC without 
considering the uniqueness of it [40,43,48], our study individually 
analyzed post-IT patients, recognizing the impact of tumor volume 
reduction during IT on subsequent anatomy and dosimetry during 
VMAT. Meanwhile, we demonstrated significant reductions in the 
PGTVn dose during VMAT, initially identifying not-achieving OR during 
IT as a risk factor. However, this study has several limitations. Since 
weekly MRI scans during radiotherapy are not routine clinical practice, 
we were unable to obtain weekly MRI images for more accurate delin
eation. To mitigate this, we reconstructed CBCT images into aCT using 
Velocity software, ensuring positional reproducibility while providing 
clearer resolution for better tumor margin identification. Furthermore, 
owing to the retrospective nature of this study, the implementation of 
replanning and the acquisition of survival data were not feasible. 
Further investigation is needed to determine whether dosimetric 
attenuation translates into decreased survival and LCR.

Overall, considering the fluctuations in TVs and OARs during VMAT, 
25F appears to be a feasible replanning time for post-IT LA-NPC patients. 
Proactive consideration of ART is recommended to maintain dose sta
bility for individuals with an initial BMI ≥ 23.5 kg/m2 and not-achieving 
OR during IT.
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Table 2 
Possible risk factors for Group H based on logistic regression analysis.

Variables Univariate Multivariate

OR (95 %CI) P OR (95 %CI) P

Age
≥52 1.800 (0.637, 

5.083)
0.267

<52 Reference
Gender
Male Reference
Female 0.591 (0.157, 

2.229)
0.437

Initial BMI (kg/m2)
≥23.5 3.438 (1.145, 

10.325)
0.028* 3.448 (1.099, 

10.815)
0.034*

<23.5 Reference Reference
EBV-DNA (copies/ml)
≥400 0.929 (0.309, 

2.792)
0.896

<400 Reference
T stage
T1–2 Reference
T3–4 1.426 (0.369, 

5.508)
0.607

N stage
N0–1 Reference
N2–3 0.893 (0.314, 

2.537)
0.832

Clinical stage
III Reference
IVA 0.595 (0.196, 

1.804)
0.359

IT regimen
PD-1 Inhibitors 1.146 (0.398, 

3.300)
0.801

non-PD-1 Inhibitors Reference
initial volume of PGTVn 

(cc)
≥12.4 0.271 (0.062, 

1.180)
0.082

<12.4 Reference
volumetric reductions in 

PGTVn during IT (%)
≥30.15 0.424 (0.100, 

1.790)
0.243

<30.15 Reference
Objective response after 

IT
Yes 0.308 (0.102, 

0.928)
0.036* 0.312 (0.097, 

0.974)
0.045*

No Reference Reference

*P<0.05; EBV: epstein-barr virus; IT: induction therapy; OR: Odds Ratio; CI: 
Confidence Internal.
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