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Abstract: Objective: To investigate the clinical value of image-guided radiotherapy (IGRT) in reducing setup errors
and acute radiation-induced adverse reactions in patients with head and neck tumors. Methods: A retrospective
analysis was conducted on 87 patients who underwent radiotherapy for head and neck tumors. Patients were di-
vided into an IGRT group (n = 45) and a control group (n = 42). Setup errors, acute adverse reactions, and treatment
completion rates were compared between the two groups. Results: Compared with the control group, the IGRT group
demonstrated significantly smaller setup errors in all directions (P < 0.001) and lower incidences of > Grade 2 der-
matitis (24.4% vs. 45.2%, P = 0.041), > Grade 3 mucositis (20.0% vs. 40.5%, P = 0.036), and = Grade 2 xerostomia
(17.8% vs. 38.1%, P = 0.033). The treatment completion rate was higher in the IGRT group (P = 0.045). Conclusion:
IGRT effectively reduces setup errors, decreases the incidence of moderate to severe acute adverse reactions, and
improves treatment completion rates in radiotherapy for head and neck cancers, demonstrating favorable clinical

practicality.
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Introduction

Head and neck cancer is a common malignant
tumor in clinical practice. Radiotherapy has
become a cornerstone of both radical and post-
operative adjuvant treatment for head and
neck cancer due to the complex anatomical
challenges in this region, including deep and
irregularly shaped tumor lesions and the prox-
imity of multiple critical organs at risk. Radio-
therapy plays a key role in controlling tumor
progression and prolonging patient survival [1,
2]. Clinical evidence indicates that the accuracy
of radiotherapy directly affects both dose cov-
erage of the tumor target area and the pro-
tection of normal tissues, with setup error rep-
resenting a core risk factor affecting radiother-
apy precision. Under conventional radiotherapy
positioning, displacement and rotational devia-
tions in the left-right, cranial-caudal, and an-
terior-posterior directions are prone to occur,
which can reduce dose accuracy in tumor tar-
get area, increase exposure to normal tissues

and organs at risk (such as parotid gland and
spinal cord), induce various acute radiation-
induced injuries, and even lead to interruption
of the radiotherapy plan [3, 4].

Currently, routine clinical radiotherapy for head
and neck tumors mostly relies on traditional
immobilization devices for patient positioning.
This method depends on external body surface
markers and cannot perceive the subtle lesion
displacement in real time, making it difficult to
correct positioning deviations in real time, and
limiting the overall precision of radiotherapy [5,
6]. Even when setup errors are compensated
by expanding the planned target volume (PTV)
margin, the irradiation of normal tissue increas-
es, aggravating radiation-induced adverse rea-
ctions, which affects patient treatment toler-
ance, hinders the achievement of individualized
and precise radiotherapy, consequently com-
promising long-term efficacy and quality of life.
Therefore, exploring techniques that effectively
reduce setup errors and improve radiotherapy
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accuracy has become a priority in optimizing
treatment plans for head and neck tumors.

Image-guided radiotherapy (IGRT) is a core
technology of precision radiotherapy. Cone-
beam computed tomography (CBCT) can obtain
three-dimensional imaging of lesions in real
time before radiotherapy, accurately compare
planned and actual positions, and complete
online position correction. This approach mini-
mizes setup deviations and enables integrated
and accurate control of radiotherapy position-
ing, correction, and delivery [7, 8]. At present,
although IGRT has gradually been applied to
radiotherapy for head and neck tumors in clini-
cal practice, systematic studies evaluating its
effect of multi-directional setup error correc-
tion, optimization of margins, target area dose
distribution, protection of organs at risk, radia-
tion-related adverse reactions, and treatment
completion rates remains limited [9]. Based on
this, this study retrospectively analyzed the
clinical data of patients with head and neck
tumors to explore the application value of IGRT
in reducing setup errors, providing evidence to
optimize precise radiotherapy for these pa-
tients.

General information and methods
General information

The clinical data of 87 patients with head and
neck tumors admitted to the Department of
Radiation Oncology, Shanxi Provincial Cancer
Hospital from January 2022 to December 2024
were retrospectively analyzed. According to
whether IGRT was used during radiotherapy,
patients were divided into the IGRT group (n =
45) and the control group (n = 42). This retro-
spective study was approved by the Institu-
tional Ethics Committee of Shanxi Provincial
Cancer Hospital. All patient data were anony-
mized prior to analysis. Due to the retrospec-
tive nature of the study and the use of anony-
mized clinical data, the requirement for written
informed consent was waived by the Ethics
Committee.

Inclusion criteria

(1) Histopathologically confirmed head and
neck malignancy with an indication for radio-
therapy; (2) Receiving radiotherapy for the first
time, with no previous history of radiotherapy;

6401

(3) Karnofsky Performance Status (KPS) score
> Sr; (4) Able to undergo conventional head and
neck immobilization with good treatment com-
pliance; (5) Complete clinical records, radio-
therapy data, and follow-up information.

Exclusion criteria

(1) Presence of distant metastasis, systemic
cachexia, or inability to tolerate the full course
of radiotherapy; (2) History of head and neck
surgery, radiotherapy, or other treatments that
could significantly affect the study outcomes;
(3) Severe dysfunction of major organs, includ-
ing the heart, liver, or kidneys, preventing com-
pletion of radiotherapy; (4) Inability to mainta-
in stable immobilization during radiotherapy;
(5) Incomplete clinical data, withdrawal during
treatment, or loss to follow-up; (6) Psychiatric
disorders or impaired consciousness that pre-
vents treatment and data collection.

Inspection method

Control group: Patients in the control group
received conventional radiotherapy using stan-
dard immobilization techniques throughout the
course. Each patient was placed in the supine
position, and a dedicated head and neck immo-
bilization device was used to complete the
position fixation that was employed to guide
patient setup. After the conventional radiother-
apy plan was formulated, treatment was deliv-
ered according to the plan without any image-
guided online correction. The body surface
markers were used to maintain positional con-
sistency, and fractionated radiotherapy was
completed according to the established radio-
therapy plan (Figure 1A, 1B).

IGRT group: In addition to conventional immo-
bilization and radiotherapy planning, patients
in the IGRT group received IGRT throughout the
treatment course.

Before each treatment fraction, CBCT was
performed using a linear accelerator-mounted
imaging system. The scanning parameters
were as follows: tube voltage, 120 kV; tube
current, 80 mA; slice thickness, 2 mm; scan-
ning range, 15-20 cm (adjusted according to
target location); reconstruction matrix, 512 x
512; and a standard head-and-neck scanning
protocol. The estimated imaging dose per scan
was 2-3 mGy.
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Figure 1. Comparison of patient positioning and immobilization procedures between conventional radiotherapy and
image-guided radiotherapy (IGRT). A, B. Conventional radiotherapy: patients were immobilized in the supine position
using a thermoplastic mask, and patient positioning was verified using skin markers without image-guided online
correction. C, D. IGRT: patients were immobilized using the same thermoplastic mask, and cone-beam computed
tomography (CBCT) was performed before each treatment fraction. Online position correction was applied when
translational or rotational errors exceeded predefined thresholds to ensure treatment accuracy.

CBCT images were registered with the planning
CT images using automatic gray-value-based
bone matching, with the skull base, cervical
vertebrae, and mandible serving as the pri-
mary anatomical landmarks. Manual fine-tun-
ing was subsequently performed when neces-
sary to optimize soft-tissue alignment. Three-
dimensional translational setup errors in the
left-right (x), cranial-caudal (y), and anterior-
posterior (z) directions, as well as rotational
errors (Roll, Pitch, and Yaw), were recorded.

Image registration and error measurements
were independently performed by two radiation
therapists with more than 5 years of experi-
ence. The average values were used for analy-
sis. Inter-rater reliability was excellent, with an
intraclass correlation coefficient (ICC) ranging
from 0.901 to 0.931.

Online couch correction was performed when
translational errors exceeded 3 mm in any
direction or rotational errors exceeded 2° in
any axis. If all errors were within the predefin-
ed tolerance limits, treatment was delivered
without additional correction. Following posi-
tion adjustment, a verification CBCT scan was
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acquired to confirm that residual setup errors
were within the acceptable range before irra-
diation.

The procedures of CBCT acquisition, image re-
gistration, setup error assessment, and online
correction were repeated before each treat-
ment fraction to ensure positioning accura-
cy throughout the entire radiotherapy course
(Figure 1C, 1D) [10].

PTV margin calculation: PTV margins were
calculated using the Van Herk formula: M =
2.5% + 0.70. Here, M stands for the PTV margin,
2 indicates systematic error (the standard de-
viation of the mean setup error across individu-
al patients), and o represents random error (the
average of the standard deviations of setup
errors for each patient). Both systematic and
random errors were obtained from cone-beam
computed tomography (CBCT) registration data
acquired prior to each treatment fraction. The
95% confidence intervals (Cls) of systematic
errors were calculated based on the chi-square
distribution. Margin validation was conducted
by analyzing residual setup errors and target
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volume coverage (VO95%) after margin redu-
ction.

In the conventional radiotherapy (control) gr-
oup, the systematic error (X) was 1.82 mm
(95% Cl: 1.52-2.12 mm), and the random error
(0) was 1.36 mm (95% Cl: 1.18-1.54 mm).
Using the Van Herk formula, the calculated
PTV margin was 5.50 mm. In the image-guided
radiotherapy (IGRT) group, the systematic error
(%) decreased to 1.08 mm (95% Cl: 0.89-1.27
mm) and the random error (o) was 0.95 mm
(95% CI: 0.81-1.09 mm). The corresponding
PTV margin was calculated as 3.37 mm. Mar-
gin verification demonstrated that the adopted
margins ensured sufficient target coverage in
both groups, with V95% exceeding 95% for all
enrolled patients.

Data collection and observation indicators

Assessment of setup errors: Setup error data
were collected for both groups. In the IGRT
group, translational and rotational setup errors
were recorded before and after CBCT-guided
online correction. In the control group, setup
errors were assessed based on conventional
positioning records. Translation errors in the
left-right (x), cranial-caudal (y), and anterior-
posterior (z) directions, and rotation errors
(Roll, Pitch, and Yaw) in all directions were mea-
sured and compared between groups.

The prescribed dose for all patients was 50
Gy/25 fractions (2 Gy/fraction), with a simulta-
neous integrated boost (SIB) to the tumor bed
of 60 Gy/25 fractions (2.4 Gy/fraction). Dose
prescription and reporting followed the recom-
mendations of ICRU Report 83. The plan ac-
ceptance criteria were: D95% > 95% of the pre-
scription dose (i.e., = 47.5 Gy) and V95% >
95% for adequate target coverage. Organ-at-
risk constraints followed the QUANTEC guide-
lines.

Dose assessment of target volumes and organs
at risk: Based on the setup error data, PTV mar-
gins were calculated for both groups. Dosime-
tric parameters were used to evaluate target
coverage, including V95% (the proportion of
target volume receiving at least 95% of the pre-
scribed dose), and D95% (the absolute dose
(in Gy) received by 95% of the target volume).
In addition, dose exposure to organs at risk
was assessed. The average dose to the parotid
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glands and the maximum dose to the spinal
cord were recorded and compared between
groups.

Evaluation of acute adverse reactions and
treatment completion: The incidence of acute
radiation-induced adverse reactions during
radiotherapy was recorded for both groups,
including acute radiation dermatitis, oral muco-
sitis, and xerostomia. Adverse reactions were
graded according to the Common Terminology
Criteria for Adverse Events (CTCAE), version
5.0. For radiation dermatitis and oral mucosi-
tis, the RTOG/EORTC acute radiation morbidity
scoring system was additionally used as a sup-
plementary reference. The specific grading de-
finitions were as follows:

Acute radiation dermatitis (CTCAE 5.0): Grade
1: mild erythema, or dry desquamation; Gra-
de 2: moderate-to-severe erythema, or patchy
moist desquamation confined to skin folds;
Grade 3: moist desquamation extending be-
yond skin folds, or bleeding induced by minor
trauma; and Grade 4: skin necrosis or full-thick-
ness ulceration.

Oral mucositis (RTOG/EORTC): Grade 1: muco-
sal erythema, with mild pain not requiring anal-
gesics; Grade 2: patchy mucositis, with moder-
ate pain requiring soft diet; Grade 3: confluent
fibrinous mucositis, with severe pain requiring
narcotic analgesics and a liquid diet; Grade 4:
ulceration, necrosis, or hemorrhage requiring
enteral or parenteral nutritional support.

Xerostomia (CTCAE 5.0): Grade 1: mild oral
dryness, not requiring intervention; Grade 2:
moderate dryness, requiring occasional water
intake; Grade 3: severe dryness, requiring fre-
quent water intake or causing sleep distur-
bance.

The primary toxicity endpoints were the inci-
dence of > Grade 2 dermatitis, > Grade 3 oral
mucositis, and > Grade 2 xerostomia. Treat-
ment completion was evaluated according to
the total treatment duration and the rate of
radiotherapy interruption in both groups.

Quality of life assessment: Quality of life was
evaluated using the EORTC QLQ-C30 (version
3.0) at one week after radiotherapy. The ques-
tionnaire covers global health status, five func-
tional domains (physical, role, emotional, cog-
nitive, and social function), and three symptom
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scales (fatigue, pain, and appetite loss). All
items were scored on a 0-100 scale. Higher
scores on global health status and functional
domains indicate better quality of life, while
higher scores on symptom scales indicate
worse symptoms.

Statistical analysis

SPSS 26.0 statistical software was used for
data analysis. Measurement data conforming
to normal distribution were expressed as mean
+ standard deviation (SD). For repeated mea-
surements of setup errors collected from mul-
tiple treatment fractions per patient, repeated
measures analysis of variance (Repeated Mea-
sures ANOVA) was used to evaluate differenc-
es between groups (IGRT group vs. control
group), across different time points (treatment
fractions), and the group x time interaction.
The within-subjects factor was treatment frac-
tion (time), and the between-subjects factor
was treatment group (IGRT vs. control). Green-
house-Geisser correction was applied when
the sphericity assumption (assessed using
Mauchly’s test) was violated. When significant
interaction or main effects were detected, post-
hoc multiple comparisons were performed us-
ing the Bonferroni correction. Inter-rater reli-
ability of setup error measurements between
two radiation therapists was assessed using
the intraclass correlation coefficient (ICC).
Count data were expressed as number of cases
(percentage) [n (%)] and compared between
groups using the chi-square test or Fisher’s
exact test, as appropriate. All tests were two-
tailed, and a P-value < 0.05 was considered
statistically significant.

Results
Baseline characteristics

As shown in Table 1, there were no significant
differences between the IGRT group and the
control group in terms of potential confounding
factors, including KPS score (82.5 + 8.6 vs.
80.9 + 9.2, P = 0.402), radiotherapy fraction-
ation method (88.9% vs. 85.7%, P = 0.654),
concurrent chemotherapy (77.8% vs. 73.8%,
P = 0.656), and immobilization device type
(P = 0.957). These results demonstrate that
the two groups were well balanced at base-
line.
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Setup errors

As shown in Table 2, after online correction,
the setup errors in the IGRT group were signifi-
cantly smaller than those of the control group
(all P < 0.001). Specifically, left-right errors
were 1.12 + 0.45 mm versus 2.56 + 0.83 mm,
cranial-caudal errors were 1.28 + 0.52 mm
versus 2.87 + 0.91 mm, and anterior-posterior
errors were 1.05 + 0.41 mm versus 2.34 +
0.76 mm, respectively.

Rotational errors

Table 3 presents rotational errors and repeat-
ed measures ANOVA results. The IGRT group
demonstrated significantly smaller translation-
al and rotational errors in all directions com-
pared with the control group (all P < 0.001).
Repeated measures ANOVA revealed a signifi-
cant main effect of group for all parameters (all
F > 30, all P < 0.001), while no significant main
effect of time or group x time interaction was
observed (all P > 0.05), indicating consistent
reduction of setup errors across all treatment
fractions. Inter-rater reliability was excellent,
with ICC values ranging from 0.901 to 0.931.

Target dose coverage and organ-at-risk doses

As shown in Table 4, the prescribed dose for
all patients was 50 Gy/25 fractions (2 Gy/
fraction), with D95% > 95% of the prescription
dose (= 47.5 Gy) considered clinically accept-
able according to ICRU Report 83.

The D95% values in both groups met the clini-
cal acceptance criteria. The V95% in the IGRT
group was (98.2 + 1.2)%, significantly higher
than (95.6 + 1.8)% in the control group (t =
8.05, P < 0.001). The D95% in the IGRT group
was (52.8 + 1.5) Gy, significantly higher than
(51.2 + 1.9) Gy in the control group (t = 4.44,
P < 0.001). Expressed as a percentage of the
prescription dose, the D95% in the IGRT group
was (105.6 + 3.0)%, significantly higher than
(102.4 + 3.8)% in the control group (t = 4.37,
P < 0.001).

Regarding organ-at-risk (OAR) doses, the mean
dose to the parotid glands was (24.6 + 3.2) Gy
in the IGRT group, significantly lower than (28.9
+ 4.1) Gy in the control group (t = 5.53, P <
0.001). The maximum dose to the spinal cord
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Table 1. Comparison of baseline data between the two groups
IGRT Control Statistical

Clinical features group (n = 45) group (n=42)  value (t/x%/Z) P value
Age (years, Mean £ SD) 56.4+9.2 57.1+8.9 0.365 0.716
Gender [n (%)] 0.214 0.644
Male 28 (62.2) 24 (57.1)
Female 17 (37.8) 18 (42.9)
KPS score (Mean + SD) 82.5+ 8.6 80.9+9.2 0.842 0.402
Tumor type [n (%)] =% 0.997*
Nasopharyngeal carcinoma 15 (33.3) 14 (33.3)
Oropharyngeal cancer 12 (26.7) 11 (26.2)
Laryngeal cancer 10 (22.2) 9 (21.4)
Oral cancer 5(11.1) 5(11.9)
Other 3(6.7) 3(7.2)
TNM staging [n (%)] 0.312 0.756
Stage |-l 18 (40.0) 15 (35.7)
Stage IlI-IV 27 (60.0) 27 (64.3)
Radiotherapy fractionation [n (%)] 0.201 0.654
Conventional fractionation 40 (88.9) 36 (85.7)
Unconventional fractionation 5(11.1) 6 (14.3)
Concurrent chemotherapy [n (%)] 0.198 0.656
Yes 35(77.8) 31(73.8)
No 10 (22.2) 11 (26.2)
Immobilization device [n (%)] 0.089 0.957
Thermoplastic mask 38 (84.4) 35 (83.3)
Polyurethane foam 5(11.1) 5(11.9)
Other 2 (4.4) 2 (4.8)
Total dose of radiotherapy (Gy, Mean + SD) 66.5 + 4.2 66.2 £+ 4.5 0.328 0.744
Smoking history [n (%)] 20 (44.4) 19 (45.2) 0.006 0.939
Drinking history [n (%)] 18 (40.0) 17 (40.5) 0.002 0.963

Notes: KPS: Karnofsky Performance Status; IGRT: image-guided radiotherapy. Conventional fractionation is defined as 2 Gy/frac-
tion, total dose 50-70 Gy; Unconventional fractionation included hyperfractionation and accelerated fractionation. *For tumor
type (5 categories), the minimum expected frequency was 3.8 (< 5); *Fisher’s exact test was used due to the minimum expected
frequency of 3.8.

Table 2. Comparison of setup errors between the two groups (mm, Mean + SD)

Groups Number of cases Left-right direction Head-foot direction Front and rear direction
IGRT group 45 1.12 +0.45 1.28 £ 0.52 1.05+0.41
Control group 42 2.56 + 0.83 2.87+0.91 2.34 +0.76

t value 10.32 10.11 10.08

P value <0.001 <0.001 <0.001

Table 3. Comparison of rotational setup errors between the two groups

IGRT Control Group Time x o
Parameter Group (n = 45) Group (n = 42) vP Effect (F,P) _Group (F,P) 'o° (99%C
Roll (°)  052+021 118+043 9.03/<0.001 35.84/<0.001 0.76/0.512 0.908 (0.851-0.942)

Pitch (°) 0.68 £ 0.25 1.35+0.49 8.12/<0.001 32.61/<0.001 0.82/0.476 0.901 (0.842-0.938)
Yaw (°) 0.45 +0.18 1.02+0.38 9.07/<0.001 38.24/<0.001 0.71/0.538 0.915 (0.862-0.948)
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Table 4. Comparison of dose coverage of target area and exposure dose of organs at risk between
the two groups

Parameter IGRT Group (n = 45) Control Group (n =42) t P
Target dose coverage
Prescription dose (Gy) 50 50 - -
VI5% (%) 98.2+1.2 95.6+1.8 8.05 <0.001
D95% (Gy) 528+ 15 51.2+1.9 4.44 < 0.001
D2% (Gy)* 535+14 52.6+1.7 2.78 0.007
Organ-at-risk doses
Parotid mean dose (Gy) 246 + 3.2 289+4.1 5.53 <0.001
Spinal cord max dose (Gy) 38.5+2.8 42.3+ 3.6 5.55 <0.001

Notes: *D2% represents the dose received by 2% of the target volume (near-maximum dose). Per ICRU 83, D2% < 105-110% of
prescription dose (52.5-55 Gy) is considered acceptable. P < 0.001, indicating a significant positive correlation between V95%
and D95%, demonstrating consistent trends between the two indicators. IGRT: image-guided radiotherapy.

Table 5. Comparison of the incidence of adverse reactions between the two groups [n (%)]

' Grading IGRT Control )
Adverse Reactions Criteria Group (n = 45) Group (n = 42) X? value P value
Acute radiation dermatitis (> Grade 2) CTCAE v5.0 11 (24.4%) 19 (45.2%) 4186 0.041

Radiation-induced oral mucositis (> Grade 3) RTOG-EORTC 9 (20.0%) 17 (40.5%) 4.418 0.036
Radiation-induced xerostomia (= Grade 2) CTCAE v5.0 8 (17.8%) 16 (38.1%) 4550 0.033

Notes: IGRT: image-guided radiotherapy; CTCAE v5.0: Common Terminology Criteria for Adverse Events, version 5.0; RTOG-EORT-
CL: Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer.

A 50- - Control > Consistency validation using
g 20 = IGo£1I"0 gr°Up(_n4_5 ) Pearson correlation analysis
E group(n=45) showed a significant positive
g 30 correlation between V95% and
£ 20 D95% in both groups (IGRT
E group: r = 0.872, P < 0.001;
T 10+ control group: r = 0.845, P <
2 o 0.001), indicating good agree-
Control group(n=42) IGRT gro'up(n=45) ment between these two dose
B metrics.
: - H IGRT group(n=45)
Treatment plan no-interruption =3 Control group(n=42) Incidence of acute radiation-
_ induced adverse reactions
P=0.045
As shown in Table 5, the inci-
Treatment plan interruption dence of acute radiation der-
F _ matitis (grade Il and above),

/T T 1 1 1 radiation oral mucositis (grade
0 10 20 30 40 50 -~
Il and above), and radiation

Figure 2. Comparison of treatment completion and overall treatment xerostomia (moderate and ab-
duration between the two groups of patients. A. Comparison of total treat- ove) in the IGRT group were sig-
ment duration between the IGRT group and the control group. B. Compari- nificantly lower than those in

son of treatment completion rates between the two groups. the control group (all P <

0.05). These results suggest

was (38.5 + 2.8) Gy in the IGRT group, also sig- that IGRT effectively reduces radiation-induced
nificantly lower than (42.3 £ 3.6) Gy in the con- toxicity in normal tissues during head and neck
trol group (t = 5.55, P < 0.001). cancer radiotherapy.
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Table 6. Comparison of quality of life between the two groups after treatment

Quality of life dimension IGRT group (n = 45) Control group (n = 42) tvalue P value
Global health status
Overall health score 725+ 8.6 65.3+9.2 3.82 <0.001
Functional dimension
Physical function 782 +75 70.1+8.8 4.63 <0.001
Role function 75.6 £ 8.9 68.4+9.5 3.70 <0.001
Emotional function 748+ 78 69.2 + 8.3 3.28 0.001
Cognitive function 80.1+6.5 765+ 72 2.49 0.015
Social function 76.3+8.1 70.5+8.7 3.24 0.002
Symptom dimension
Fatigue 28.5+6.8 352175 4.44 <0.001
Pain 22.3+5.6 30.1+6.8 5.86 <0.001
Loss of appetite 25.6 £+ 7.2 33.8+8.1 5.01 < 0.001

Notes: IGRT: image-guided radiotherapy.

Treatment interruption and total treatment
time

As shown in Figure 2, the rate of treatment
interruption was 6.7% in the IGRT group, sig-
nificantly lower than 21.4% in the control group
(x*> = 4.03, P =0.045). The total treatment time
was (42.5 + 3.8) days in the IGRT group, slightly
shorter than that in the control group (43.8 +
4.2) days (t = 1.53, P = 0.130). These findings
suggest that IGRT can reduce the interruption
rate of treatment plan, although its impact on
overall treatment duration is limited.

Quality of life (QoL) after treatment

As shown in Table 6, patients in the IGRT group
reported significantly higher scores in global
health status (72.5 + 8.6 vs. 65.3 + 9.2, t =
3.82, P < 0.001) and all functional dimensions,
including physical, role, emotional, cognitive,
and social function (all P < 0.05). In terms of
symptom scales, the IGRT group reported sig-
nificantly lower scores for fatigue, pain, and
loss of appetite than those in the control gr-
oup (all P < 0.001). These results indicate that
IGRT contributes to improved post-radiotherapy
quality of life in patients with head and neck
cancer.

Discussion

Image-guided radiotherapy (IGRT) is a core
minimally invasive technology in precise radio-
therapy for head and neck tumors. Its main
principle is real-time image monitoring and
online positional correction, which effectively
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solves clinical challenges such as set-up de-
viation, positional displacements, and organ
micro-motion. IGRT has been widely used in
radiotherapy of various head and neck malig-
nancies, including nasopharyngeal carcinoma,
laryngeal cancer, and oropharyngeal cancer,
thereby improving treatment outcomes [11-13].
The complex anatomical structure of the head
and neck region renders conventional radio-
therapy prone to inaccuracies in dose delivery.
Setup errors can cause underdosing of the tar-
get volume or overdosing of normal tissues,
compromising both anti-tumor efficacy and
treatment safety. In addition, radiation-induced
acute and chronic injuries, including oral mu-
cositis, radioactive dermatitis, and xerostomia,
can activate inflammatory stress pathway, thus
reducing patient tolerance and increasing tre-
atment burden [14, 15]. Therefore, improving
the accuracy of radiotherapy, particularly when
combined with concurrent chemotherapy, is of
great significance for optimizing patient pro-
gnosis.

Previous studies have highlighted that precise
positioning is essential for radiotherapy effec-
tiveness in patients with head and neck tu-
mors [16, 17]. Even a slight spatial displace-
ment can cause target underdosage and ex-
cessive irradiation of normal tissues. Our study
shows that IGRT significantly reduced transla-
tional setup errors in all three axes and rota-
tional errors around three axes compared with
conventional radiotherapy after real-time image
online correction. This improvement is attribut-
able to several factors. Traditional radiotherapy
primarily relies on body surface markers and
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immobilization devices, which cannot avoid
positional deviations caused by body weight
fluctuations, muscle relaxation, swallowing, or
subtle head and neck motion. In contrast, IGRT
acquires high-definition images before each
treatment fraction, enabling real-time registra-
tion of the target volume and precise correction
of both translational and rotational errors. IGRT
optimizes the accuracy of radiotherapy posi-
tioning from the source, optimizing target local-
ization, laying the foundation for subsequent
dose distribution refinement [18, 19].

Radiotherapy dose distribution is closely relat-
ed to both local tumor control and the protec-
tion of surrounding normal tissues [20]. In the
present study, two core dosimetric parameters
reflecting target coverage, V95% and D95%,
were significantly higher in the IGRT group than
in the control group. These findings suggest
that IGRT effectively improves prescription
dose coverage of the target volume, reduces
dose inhomogeneity caused by setup uncer-
tainties, and ensures adequate irradiation of
tumor tissues, strengthening local tumor con-
trol. In addition, in the protection of organs at
risk, the average dose to the parotid glands
and the maximum dose to the spinal cord were
significantly lower in the IGRT group than in
the control group, reflecting the unique advan-
tages of image-guided radiotherapy. The parot-
id gland and spinal cord in the head and neck
are highly sensitive to radiation, and conven-
tional radiotherapy is more susceptible to set-
up deviations, resulting in unnecessary irradia-
tion of adjacent normal tissues. Through pre-
cise field reduction and real-time correction,
IGRT can avoid unwanted exposure to the
greatest extent and allows for tighter treatment
margins while maintaining adequate target cov-
erage. These findings are consistent with pre-
vious reports demonstrating the superiority of
precision radiotherapy techniques in improving
target conformity and sparing organs at risk
[21, 22].

Radiation-induced adverse reactions represent
an important indicator for evaluating radiother-
apy safety and are major determinants of tre-
atment compliance [23]. This study found that
the incidence of > grade 2 radiation dermatitis,
> grade 3 oral mucositis, and > Grade 2 xero-
stomia in the IGRT group were significantly
lower than those in the control group. In con-
ventional radiotherapy, setup error may lead to
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excessive irradiation of normal tissues, caus-
ing damage to the skin, oral mucosa, salivary
glands, and surrounding soft tissues, thereby
exacerbating inflammatory responses and radi-
ation-induced toxicity. In contrast, IGRT reduc-
es unnecessary radiation exposure to normal
tissues, weakens radiation-mediated oxidative
stress and inflammatory cascade, and conse-
quently lowers the risk of severe acute injury.
Moreover, reduced treatment-related adverse
reactions may contribute to improved treat-
ment adherence and continuity. In this study,
the radiotherapy interruption rate was signifi-
cantly lower in the IGRT group than in the con-
trol group, further supporting the role of IGRT in
maintaining radiotherapy continuity. Although
no significant difference was observed in over-
all treatment duration between the two groups,
the lower interruption rate may help ensure
completion of the planned radiotherapy course,
avoid the accelerated re-proliferation of tumor
cells due to the prolonged course of treatment,
and consolidate the overall treatment effect.
Similar findings have been reported in previous
studies [24].

Previous studies have demonstrated that qual-
ity of life is an important long-term outcome for
evaluating the benefits of comprehensive can-
cer treatment and represents a key endpoint in
assessing therapeutic effectiveness [25, 26].
In this study, follow-up assessments showed
that patients in the IGRT group achieved signi-
ficantly higher scores in global health status,
physical function, role function, emotional fun-
ction, and other quality-of-life domains than
those in the control group. In contrast, symp-
tom scores for fatigue, pain, and appetite loss
were significantly lower in the IGRT group.
Several factors may account for these obser-
vations. First, IGRT significantly reduced the
incidence of moderate to severe radiation-
induced toxicities, thereby alleviating treat-
ment-related symptoms such as skin ulcer-
ation, oral pain, and persistent xerostomia.
Reduced toxicity may improve patients’ ability
to eat, communicate, and perform daily activi-
ties. Second, the remission of adverse reac-
tions and the successful completion of treat-
ment can effectively relieve patients’ negative
emotions such as anxiety and depression,
improve their psychological tolerance, and so-
cial participation ability. Collectively, these fa-
ctors may contribute to improvement in both
physical and psychological well-being, consis-
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tent with previous research conclusions [27,
28].

Several limitations of this study should be
acknowledged. First, this was a single-center
retrospective study with a relatively small sam-
ple size (n = 87), which may have introduced
selection bias and limited the generalizability
of the findings. Second, long-term follow-up
data were unavailable; therefore, the effects
of IGRT on long-term outcomes such as local
control rate, progression-free survival, overall
survival, and late radiation-induced toxicities
(e.g., xerostomia, mandibular osteoradionecro-
sis, and radiation myelopathy) remain to be
evaluated. Third, subgroup analyses based on
important clinical variables - such as tumor
stage (Il vs. llI-1V), tumor differentiation grade
(well, moderate, poor), primary tumor site, and
nodal status - were not performed due to the
limited sample size, which may obscure differ-
ential treatment benefits across patient sub-
groups. Fourth, as noted above, this study pri-
marily evaluated the clinical practicality of IGRT,
and the complete translational evidence chain
linking setup error reduction, dosimetric optimi-
zation, and long-term clinical benefit has not
been fully established. Future prospective mul-
ticenter studies with larger sample sizes and
longer follow-up periods are warranted. Such
studies should incorporate comprehensive sub-
group analyses stratified by tumor stage, differ-
entiation grade, and other prognostic factors
to identify patient populations most likely to
benefit from IGRT. Additionally, the potential for
dose escalation enabled by IGRT (e.g., increas-
ing the tumor bed boost from 60 Gy to 66-70
Gy) should be prospectively evaluated to deter-
mine whether improved dosimetry may trans-
late into enhanced local control without incre-
asing late toxicity. These efforts will further
enhance the clinical application value of IGRT
in precision radiotherapy for head and neck
tumors and provide higher-level evidence to
inform standardized treatment protocols.

Conclusion

This study demonstrates that IGRT can sig-
nificantly reduce translational and rotational
setup errors during radiotherapy for head and
neck cancer. Furthermore, improved position-
ing accuracy was associated with lower inci-
dences of moderate to severe acute radiation
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dermatitis, oral mucositis, and xerostomia, as
well as improved treatment completion rates.
These findings support the clinical utility of
IGRT. Future prospective studies with long-term
follow-up are needed to evaluate the impact of
IGRT on local tumor control, survival, and late
radiation toxicities.
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