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Abstract

Purpose Active radiation skin injury (ARSI) has the highest incidence of acute adverse reactions caused by radio-
therapy (RT) in patients with head and neck cancer (HNC). This study aimed to screen risk factors that can facilitate
the identification of HNC patients at high risk of ARSI.

Methods Data from 255 stage lll-IV HNC patients who underwent intensity-modulated radiation therapy (IMRT) were
collected. The data from our medical records, including clinical characteristics and hematological indices before RT,
were retrospectively collected and arranged. The Common Terminology Criteria for Adverse Events Criteria (CTCAE),
Radiation Therapy Oncology Group Criteria (RTOG), World Health Organization Criteria (WHO), Oncology Nursing
Society (ONS), Acute Radiation Dermatitis Graduation Scale, Douglas & Fowler and Radiation Dermatitis Severity Scale
(RDSS) were used to assess ARSI. Of these, CTCAE was used for further analysis. Binary logistic regression analyses were
used to identity risk factors. To establish the correction between each risk factor and the ARSI score, the odds ratio
(OR) and 95% confidence interval (Cl) were computed.

Results The assessment results of the CTCAE with RTOG, WHO, ONS, Graduation Scale, Douglas & Fowler and RDSS
have good consistency. After radiotherapy, 18.4% of patients had at least 3 (3 +) grade ARSI. Multivariate logistic
regression analysis revealed that the KPS score, blood glucose level, white blood cell count, and plasma free thyrox-
ine (FT4) concentration were independent risk factors for 3+grade ARSI. A nomogram was constructed on the basis
of these risk factors, which demonstrated good predictive power according to the area under the ROC curve (AUC).
The satisfactory consistency and clinical efficacy of the nomogram were confirmed by calibration curves and decision
curve analysis (DCA).

Conclusion A low KPS score, high blood glucose level, high white blood cell count, and high thyroid hormone prior
to radiotherapy for stage IlIl-IV HNC are independent risk factors for grade 3 +RSI.
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Introduction

The incidence of head and neck cancer (HNC), which
include laryngeal cancers, oropharyngeal cancers,
hypopharyngeal cancers and nasopharyngeal cancers
et al., has increased to sixth among all tumors world-
wide [1, 2]. Radiation therapy (RT) is a highly effective
treatment strategy that substantially affects the man-
agement of HNC [3]. In addition, with the develop-
ment of surgery, chemotherapy, targeted therapy and
immunotherapy, the tumor control of patients with
HNC has improved to a certain extent [4, 5]. More
attention needs to be given to the adverse effects of
radiotherapy.

Acute radiation skin injury (ARSI) is the most com-
mon complication associated with RT. Almost all HNC
patients who received RT have severe damage to the
skin. These injuries can result in significantly impaired
quality of life, and severe toxicities may lead to treat-
ment interruption, and even impair patient prognosis
[6—8]. The TNM staging system is widely used in the
prognostic assessment of cancer patients, but there
is no universally accepted methodology for predict-
ing ARSI. Consequently, developing clinically appli-
cable tools for accurate prediction of the RSI in HNC
patients before RT will aid in identifying groups at risk
and delivering interventions in a timely manner.

Some previous studies revealed that clinical charac-
teristics such as a lower Karnofsky Performance Scale
(KPS) score, multicycle chemotherapy, and a skin dose
volume >50 Gy (V50) are associated with the RSI in
HNC patients [9, 10]. The critical role of inflamma-
tion for normal tissue toxicity is indisputable [11].
Hence, the associated inflammatory indicators of
blood tests are also necessary to analyze. A previous
study revealed that ferritin, hs-CRP, and CD3+ T cells
before RT are all independent risk factors for grade
4+ ONS ARSI in patients with breast cancer [12].
However, similar studies in HNC are still lacking. Fur-
thermore, because different scales have been used in
different studies to evaluate the severity of ARSI, the
results of different studies are somewhat difficult to
compare with each other.

In this study, we evaluated the consistency between
the seven clinical scales and chose the CTCAE 5.0
scale, which is the most commonly used scale, to
explore the predictors of ARSI. In addition, we devel-
oped an ARSI risk prediction nomogram for individu-
alized risk assessment. With the use of a simplified
visual model, a tight focus and interventions can be
adopted in a timely manner for HNC patients receiv-
ing RT with high ARSI risk levels in the era of preci-
sion medicine.
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Methods

Patients

During the period from May 24, 2020 to December 31,
2023, stage III-IV head and neck cancer patients receiv-
ing intensity-modulated radiation therapy (IMRT) were
enrolled consecutively from Shandong Cancer Hospi-
tal. Informed consent was obtained from each patient
to participate in the study. The inclusion criteria were
as follows: (1) Age equal to or greater than 18 vyears,
(2) Patients were newly diagnosed with stage II-IV
HNC (nasopharynx, larynx, oropharynx, hypopharynx)
according to eighth edition of the AJCC to identity the
TNM staging system, (3) chemotherapy was performed
concurrently with radiotherapy. The exclusion criteria
were as follows: (1) double or multiple primary cancers;
(2) previous irradiation, (3) skin disease or active knot-
hoof tissue disease. The clinicopathological features and
hematological parameters of patients before RT were col-
lected from our institutional electronic medical record
system. The study design is presented in Fig. 1.

Treatment and RSl assessment

All patients received intensity-modulated radiotherapy
(IMRT), and daily treatment with 2.0 Gy fractions. The
total dose range was 60-70 Gy. The RT target area and
organs at risk were delineated and defined according to
the Radiation Therapy Oncology Group (RTOG) guide-
lines. RSI symptoms were recorded every 3 days during
RT and one month after RT in the electronic medical
records systems by the attending physician. The sever-
ity of the RSI was assessed on seven types of acute skin
toxicity scales, including the Common Terminology
Criteria for Adverse Events Criteria (CTCAE), Radia-
tion Therapy Oncology Group Criteria (RTOG), World
Health Organization Criteria (WHO), Oncology Nursing
Society (ONS), Acute Radiation Dermatitis Graduation
Scale, Douglas & Fowler and Radiation Dermatitis Sever-
ity Scale (RDSS) by the attending physician and the fol-
lowers of this study. The final analysis was established by
using the most severe dermal reaction during follow-up.

Nomogram construction and validation

All 255 HNC patients formed the training cohort, and
76 (30%) patients were randomly selected as the valida-
tion cohort. The training cohort was used to construct
the nomogram model via the following procedure.
First, univariate logistic regression analysis was used
to screen potential ARSI risk factors. Then variables
with a P value less than 0.1 were incorporated into
multivariate logistic regression to determine independ-
ent risk factors with P value less than 0.05 for ARSI. In
this process, the odds ratio (OR) and 95% confidence
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Fig. 1 The study flowchart

interval (CI) were computed for each variable. A nomo-
gram for predicting ARSI risk was constructed using all
the independent risk factors identified via multivariate
logistic regression. The validity of the nomogram model
was examined in the following three ways. A nomo-
gram for predicting ARSI risk was constructed using
all the independent risk factors identified through mul-
tivariate logistic regression. The validity of the nomo-
gram model was examined in the following three ways.
The nomogram’s ability to discriminate was estimated
via the AUC, which represents the area under the ROC
curve. A calibration plot and the Hosmer—Lemeshow
(H-L) test were performed to assess the agreement
between the estimated probability and actual probabil-
ity. Decision curve analysis (DCA) diagrams measure
the overall advantages of evaluating the practicality of
the model.

Statistical analysis

Correlations between different scales were analyzed via
Sperman’s correlation. Both the chi-square test and Fish-
er’s exact test were used for categorical variables. The
optimal threshold for continuous values was identified by
calculating the ROC curve and Youden index. All the data
were computed via GraphPad Prism (version 10.1.2) and
R software (version 4.2.3). A significance level of P<0.05
for a two-tailed test was deemed statistically significant.

Results

Patient characteristics

Table 1 displays the clinical features of 255 individuals.
There was no notable distinction observed between the
training and validation groups (all P-values were greater
than 0.05). In the training and validation cohorts, the
percentages of patients rated as grade 3+ (CTCAE 5.0)
were 18.43% and 19.74%, respectively, with no significant
difference (P=0.798). The time from the beginning of RT
to the occurrence of skin injury was 20.256 + 8.329 days
(range, 5-65 days).

Correlation analysis and comparative analysis of different
scales

Spearman correlation analysis of the CTCAE with the
RTOG, WHO, ONS, Graduation Scale, Douglas & Fowler
and RDSS scores revealed highly positive correlations,
and the correlation coefficient was between 0.67 and
0.86, indicating the consistency of the CTCAE with the
RTOG, WHO, ONS, Graduation Scale, Douglas & Fowler
and RDSS assessment results (Fig. 2A).

Univariate and multivariate analyses

To achieve more parsimonious models to predict the risk
of Grade 3+ ARSI, an ROC curve was used to determine
the best cutoff point for the WBC count, white blood cells
(5.875 10°/L); Neu, neutrophils (3.48 10°/L); RBC, red
blood cells (4.85 10'?/L); HGB, hemoglobin (107.5 g/L);
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Table 1 Patient characteristics Table 1 (continued)
Variable n (%) Training cohort Validation P Variable n (%) Training cohort Validation P
(n=255) cohort (n=76) (n=255) cohort (n=76)

Gender 0.595 Low 43 (16.86) 14 (18.42)

Male 226 (88.63) 69 (90.79) High 212(83.14) 62 (81.58)

Female 29 (11.37) 7(9.21) Lym 0.137
Age 0.590 Low 152 (59.61) 38 (50.00)

<60 163 (63.92) 46 (60.53) High 103 (40.39) 38(50.00)

>60 92 (36.08) 30(39.47) PLT 0316
KPS 0.794 Low 107 (41.96) 27 (35.53)

<90 71 (27.84) 20 (26.32) High 148 (58.04) 49 (64.47)

>90 184 (72.16) 56 (73.68) ALB 0.628
Smoking 0.551 Low 239(93.73) 73 (96.05)

Yes 131(51.37) 42 (55.26) High 16 (6.27) 3(3.95)

No 124 (48.63) 34 (44.74) TG 0.877
Alcohol 0.301 Low 164 (64.82) 50 (65.79)

Yes 117 (45.88) 40 (52.63) High 89 (35.18) 26 (34.21)

No 138 (54.12) 36 (47.37) BG 0.484
BMI 0.940 Low 185 (72.55) 52 (68.42)

<25 209 (81.96) 62 (81.58) High 70(27.45) 24(31.58)

>25 46 (18.04) 14 (1842) FT4 0467
Coronary Artery Disease 0916 Low 20(7.87) 8(10.53)

Yes 13 (5.10) 3(3.95) High 234(92.13) 68 (89.47)

No 242 (94.90) 73 (96.05) CTCAE 0.798
Hypertension 0.866 0-2 208 (81.57) 61(80.26)

Yes 56 (21.96) 16 (21.05) 3-4 47 (1843) 15 (19.74)

No 199 (78.04) 60 (78.95)
Diabetes 0.811

ves 14 (5.49) 3393 Lym, lymphocytes (1.585 10°/L); PLT, platelets (220

No 241 (9451) 73(96.05) 10°/L); FT4, free tetraiodothyroxine (17 pmol/L); ALB,
i 0505 albumin (49.25 g/L); TG, triglycerides (1.4 mmol/L); and

-2 953785 32(42.11) BG, blood glucose (5.55 mmol/L). Patients were divided

34 156 (62.15) 44 (57.89) into lower-level and higher-level groups. A univariate
N 0884 analysis was conducted to screen risk factors for grade

0-1 62(24.51) 18 (23.68) 3+ (CTCAE 5.0) ARSI. Table 2 indicates that a lower

23 191 (7549) >8(7632) KPS, the use of targeted drugs, and higher WBC, Neu,
TNM stage 0583 Lym, TG, BG and FT4 values were statistically associated

Il 82(322) 27 355) with a greater risk of a 3+ RSI.

v 173(67.8) 49 (64.5) A multivariate logistic regression analysis was per-
Targeted drug 0960 formed, including KPS, the use of targeted drugs, WBC,

Yes 16(6.27) 4(.20 Neu, Lym, TG, BG and FT4. In the multivariate logistic

No 239(93.73) 72 (94.74) regression (Table 2), a lower KPS (OR: 0.223, 95% CI:
WBC 0709 0.069-0.723, P=0.012), and higher WBC (OR: 4.083,

Low 127 (49.80) 36 (47.37) 95% CI: 1.219-13.680, P=0.023), BG (OR: 3.950, 95%

High 128 (50.20) 40 (5263) CI: 1.243-12.548, P=0.020) and FT4 (OR: 3.898, 95% CI:
Neu 0820 1.195-12.714, P=0.024) were independent prognostica-

Low 117 (45.88) 36 (47.37) tors of the 3+ grade RSI.

High 138 (54.12) 40 (52.63)
REC 0983 Development and validation of the nomogram

LC?W 215 (84.31) 64 (84.21) A grade 3+nomogram model based on KPS, WBC,
HG'—;s‘gh 40(1569) 1201579 0755 BG and FT4, was constructed via multivariate logis-

tic analysis (Fig. 3A). Compared with KPS (0.603; 95%
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Table 2 Univariate and multivariate analysis in predicting grade 3 + ARSI
Variable Univariate analysis Multivariate analysis
OR 95%Cl P OR 95%Cl P
Gender (Male vs. Female) 1574 0.628-3.947 0.333
Age (<60 vs.>60) 1.093 0.562-2.126 0.794
KPS (<90 vs.>90) 0.392 0.203-0.756 0.005 0.223 0.069-0.723 0.012
Smoking (No vs. Yes) 0.985 0.523-1.855 0.963
Alcohol (No vs. Yes) 1.290 0.685-2.432 0.431
BMI (<25 vs.>25) 1.291 0.589-2.832 0.524
Coronary Artery Disease (Yes vs. No) 0.741 0.196-2.803 0.659
Hypertension (Yes vs. No) 0.682 0.331-1.403 0.298
Diabetes (Yes vs. No) 1.378 0.298-6.372 0.682
T(1-2vs.3-4) 1.092 0.565-2.111 0.792
N (0-1 vs. 2-3) 1463 0.663-3.226 0.346
TNM stage (lll vs. IV) 0.901 0461-1.760 0.759
Target drug (Yes vs. No) 0.195 0.069-0.551 0.002
WBC (Low vs. High) 1.981 1.030-3.811 0.041 4.083 1.219-13.680 0.023
Neu (Low vs. High) 2312 1.169-4.572 0.016
RBC (Low vs. High) 0.444 0.150-1.316 0.143
HGB (Low vs. High) 1.196 0.496-2.883 0.690
Lym (Low vs. High) 2.106 1.110-3.996 0.023
PLT (Low vs. High) 1.507 0.777-2.923 0.225
ALB (Low vs. High) 1610 0.494-5.241 0429
TG (Low vs. High) 2264 1.190-4.306 0.013
BG (Low vs. High) 2.341 1.210-4.528 0.012 3.950 1.243-12.548 0.020
FT4 (Low vs. High) 4.062 1.406-11.740 0.010 3.898 1.195-12.714 0.024
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Fig. 3 Nomogram predicting the risk of grade 3+ RASI

CI, 0.526-0.681), WBC (0.584; 95%CI, 0.506-0.661),
BG (0.598; 95% CI, 0.519-0.676) and FT4 (0.636; 95%
CI, 0.521-0.752) alone, the AUC of the nomogram has
exceptional performance (0.804; 95% CI, 0.693-0.915) in
identifying grade 3 +RSI (Fig. 4A). The calibration curves
revealed satisfactory consistency between the predic-
tion of grade 34+ ARSI and the actual observation, and
the H-L test for the nomogram indicated an adequate
fit (P value greater than 0.05). (Fig. 4B). DCA revealed
good positive net benefits at the threshold probabilities
(Fig. 4C). Furthermore, the 30% training cohort under-
went internal validation. The AUC of the nomogram
(0.906; 95% CI, 0.765-1.000) remained superior to that
of any other single predictor (KPS: 0.627, 95% CI, 0.486—
0.767; WBC: 0.587, 95% CI, 0.449-0.726; BG: 0.619, 95%
CI, 0.476-0.762; FT4: 0.604, 95% CI, 0.387-0.822), dem-
onstrating its stronger ability to differentiate 3+ grade
ARSI (Fig. 4D). Calibration curves and DCA further con-
firmed the accuracy and clinical feasibility of the nomo-
gram (Fig. 4E-F).

Discussion

In this study, the KPS, the use of targeted drugs, WBC
count, Neu, Lym, TG, BG and FT4 before RT were found
to be predictors of grade 3+ ARSI in stage III-IV HNC
patients undergoing RT.

The KPS score reflects the health status and ability of
patients to receive treatment [13]. Patients with al lower
KPS often experience worse toxicity control [14]. Zexin
Yao et al. reported that the KPS score is a significant
patient-specific risk factor for radiation-induced skin
lesions in patients with nasopharyngeal carcinoma [9].
This finding is consistent with our results.

This study revealed that the use of targeted agents
can aggravate skin injury. The targeted agents include
Cetuximab used in HNSCC and Nimotuzumab used in

NPC, which all belong to Anti-EGFR target therapies. To
date, whether anti-EGFR targeted therapy can aggravate
the RSI remains controversial. Some studies show that
the Anti-EGFR target therapies does not significantly
increase the RT-related adverse reactions [15, 16]. Some
reported greater significantly higher frequency of radia-
tion skin injury [17-20]. In terms of mechanism, epithe-
lial growth factor receptor (EGFR) plays important roles
in both epidermal development and maintenance and in
inflammatory and immune responses. Anti-EGFR tar-
geted therapies can inhibit cell proliferation and migra-
tion, and improve sensitivity to RT [21, 22]. These effects
synergize and generate greater intensity, frequency reac-
tion in shorter, which can finally result in skin necrosis.
Simultaneously, they produce more inflammatory exu-
date, aggravate inflammation, and increase the risk of
infection [23].

Inflammation may be one of the key factors in skin
injury. On the one hand, RT can recruit inflammatory
cells to injured skin tissue directly. On the other hand,
proinflammatory cytokines and growth factors are acti-
vated, which promotes inflammation and cytokine over-
production [11]. WBCs are the hallmark cells of the
body’s inflammatory response and are classified into
neutrophils, lymphocytes, basophils, eosinophils, and
monocytes [24]. Among these types, neutrophils and
lymphocytes are the most abundant types [25]. Neutro-
phil migration is a hallmark of inflammation, and the
inflammatory infiltrate is predominantly lymphocytic
[26, 27]. Our study revealed that higher WBC, Neu and
Lym values were statistically associated with a greater
risk of 34+ ARSI, which may reflect the inflammatory
stress state in patients before RT.

In this study, we found that high TG and BG levels were
associated with severe skin injury. We did not find direct
evidence of how the TG and BG regulate ARSI. However,
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Fig.4 ROC curves, calibration curves and DCA of the nomogram predicting the risk of grade 3+ ARSI in training cohort (A-C) and validation cohort

(D-F), respectively

one previous study reported that statins play important
roles in accelerating DNA repair in vascular smooth
muscle cells [28]. In addition, another study revealed that
statins (antilipidemic drugs) reduce the mRNA expres-
sion of RT-induced proinflammatory and profibrotic
cytokines in vitro and alleviate inflammation and fibrosis
stimulated by RT in vivo [29]. Maysa Pouri et al. reported
that gliclazide (antidiabetic drug) is a powerful radio-
protective agent that can protect healthy cells from RT-
induced chromosome damage via its antioxidant activity
[30]. Mohsen Cheki et al. demonstrated that metformin,
an effective radioprotector, can reduce RT-induced DNA

damage and apoptosis in human lymphocytes [31]. The
results of these studies suggest that reducing blood sugar
and blood lipids may enhance the protective effect of RT.
Conversely, high TG and BG levels may exacerbate skin
injury.

The activation of the inflammatory response is closely
linked with the activation of innate immunity [32]. Thy-
roid hormones are involved in the regulation of innate
immune responses, which may have the following effects:
(1) T4 induced respiratory-burst activity and stimulated
MPO activity in human polymorphonuclear leukocytes
(PMNLs) [33]. (2) T4 supplementation increased the
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expression of costimulatory molecules in DCs [34, 35].
(3) T4 boosted IFNy and IL-2 response in NK cells [36—
38]. (4) A stimulatory effect of T4 on the phagocytosis
process of cultured peritoneal mouse macrophages has
been reported [39, 40].

In this study, the methodological approach used to
predict the ARSI is simple. We developed a nomogram
developed on the basis of clinical characteristics and
blood test indicators to predict the risk of severe ARSI
in individual patients, allowing for individualized risk
prediction. Several limitations of this study should be
discussed. First, as this was a small sample size and sin-
gle-center study, selection bias might be present. Second,
we explored only the clinical characteristics and hemato-
logical markers commonly measured in the clinic for the
prediction of ARSI. However, new technologies such as
dermoscopic and ultrasonographic examinations have
become increasingly common. Therefore, integrating
much more information from multimodal medical imag-
ing might further optimize the performance of the pre-
diction model.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512957-024-03490-7.

[ Supplementary Material 1. }

Authors’ contributions

BX, XD conceived and designed research; ZZ, JL, YW and YC collected samples;
ZZ wrote the manuscript; XD and BX provide critical advices on this study and
revised the manuscript; YC and YZ provided important technical advices; and
all authors revised and approved the manuscript.

Funding

This work was supported by National Natural Science Foundation of China
(No. 82202958), Science Technology Program of Jinan (No. 202225013) and
China Postdoctoral Science Foundation (2023M734299).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The protocol of this study was approved by the Institutional Review

Board of Shandong Cancer Hospital and Institute (approval number
SDTHEC2024004013). Informed consent was obtained from all participants.

Competing of interests
The authors declare no competing interests.

Author details

'Department of Radiation Oncology, Fujian Medical University Union Hospital,
Fuzhou, China. “Department of Radiation Oncology, Shandong Cancer Hospi-
tal and Institute, Shandong First Medical University and Shandong Academy
of Medical Sciences, Jinan, Shandong, China. *Department of Radiation Oncol-
ogy, Jiangsu Cancer Hospital, Nanjing Medical University, Nanjing, Jiangsu,
China. “Department of Radiation Oncology, Shandong University Cancer
Center, Jinan, Shandong, China. *Fujian Key Laboratory of Intelligent Imaging
and Precision Radiotherapy for Tumors (Fujian Medical University), Fuzhou,

Page 8 of 9

Fujian, China. °Clinical Research Center for Radiology and Radiotherapy
of Fujian Province (Digestive, Hematological and Breast Malignancies), Fuzhou,
Fujian, China.

Received: 19 May 2024 Accepted: 17 July 2024
Published online: 25 July 2024

References

1. De Moerlooze L, Spencer-Dene B, Revest JM, Hajihosseini M, Rosewell
I, Dickson C. An important role for the llib isoform of fibroblast growth
factor receptor 2 (FGFR2) in mesenchymal-epithelial signalling during
mouse organogenesis. Development. 2000;127(3):483-92 Journal Article;
Research Support, Non-U.S. Gov't.

2. Kang H, Kiess A, Chung CH. Emerging biomarkers in head and neck can-
cer in the era of genomics. Nat Rev Clin Oncol. 2015;12(1):11-26 Journal
Article; Review.

3. Elting LS, Keefe DM, Sonis ST, Garden AS, Spijkervet FK, Barasch A, et al.
Patient-reported measurements of oral mucositis in head and neck can-
cer patients treated with radiotherapy with or without chemotherapy:
demonstration of increased frequency, severity, resistance to palliation,
and impact on quality of life. Cancer-Am Cancer Soc. 2008;113(10):2704—
13 Journal Article; Research Support, Non-U.S. Gov't.

4. LiL LiP Zhang W, Zhou H, Guo E, Hu G, et al. FERMT1 contributes to
the migration and invasion of nasopharyngeal carcinoma through
epithelial-mesenchymal transition and cell cycle arrest. Cancer cell int.
2022;22(1):70 Journal Article.

5. ZhouY,Cheng L, Liu L, Li X. NK cells are never alone: crosstalk and com-
munication in tumour microenvironments. Mol Cancer. 2023:22(1):34
Journal Article; Research Support, Non-U.S. Gov't; Review.

6. Fuzissaki MA, Paiva CE, Oliveira MA, Lajolo CP, Paiva MY. The Impact
of Radiodermatitis on Breast Cancer Patients’ Quality of Life During
Radiotherapy: A Prospective Cohort Study. J Pain Symptom Manag.
2019;58(1):92-9 Journal Article; Research Support, Non-U.S. Gov't.

7. Patel AK, Ling DC, Richman AH, Champ CE, Hug MS, Heron DE, et al.
Hypofractionated Whole-Breast Irradiation in Large-Breasted Women-Is
There a Dosimetric Predictor for Acute Skin Toxicities? Int J Radiat Oncol.
2019;103(1):71-7 Journal Article; Research Support, Non-U.S. Gov't.

8. McDowell LJ, Rock K, Xu W, Chan B, Waldron J, Lu L, et al. Long-Term
Late Toxicity, Quality of Life, and Emotional Distress in Patients With
Nasopharyngeal Carcinoma Treated With Intensity Modulated Radiation
Therapy. Int J Radiat Oncol. 2018;102(2):340-52 Journal Article.

9. Yao Z,Cheng B. Morbidity in Patients with Nasopharyngeal Carcinoma
and Radiation-Induced Skin Lesions: Cause, Risk Factors, and Dermatitis
Evolution and Severity. Adv Skin Wound Care. 2021;34(12):1-8 Journal
Article.

10. Hamada K, Fujibuchi T, Arakawa H, Yokoyama Y, Yoshida N, Ohura H, et al.
A novel approach to predict acute radiation dermatitis in patients with
head and neck cancer using a model based on Bayesian probability. Phys
Medica. 2023;116.

11. Smith AO, Ju W, Adzraku SY, Wenyi L, Yuting C, Qiao J, et al. Gamma Radia-
tion Induce Inflammasome Signaling and Pyroptosis in Microvascular
Endothelial Cells. J Inflamm Res. 2021;14:3277-88 Journal Article.

12. XieY,HuT, Chen R, Chang H, Wang Q, Cheng J. Predicting acute radiation
dermatitis in breast cancer: a prospective cohort study. BMC Cancer.
2023;23(1):537 Journal Article.

13. Wang YN, Zou M, Wang D, Zhang ZK, Qu LP, Xu J, et al. An explora-
tory study on TCM syndrome differentiation in preoperative patients
with colorectal cancer assisted by laboratory indicators. Heliyon.
2022;8(8):210207.

14. Sorror M, Storer B, Sandmaier BM, Maloney DG, Chauncey TR, Langston
A et al. Hematopoietic cell transplantation-comorbidity index and
Karnofsky performance status are independent predictors of morbid-
ity and mortality after allogeneic nonmyeloablative hematopoietic cell
transplantation. Cancer-Am Cancer Soc. 2008;112(9):1992-2001 Journal
Article; Research Support, N.L.H., Extramural.

15. Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, et al.
Radiotherapy plus cetuximab for squamous-cell carcinoma of the head
and neck. New Engl J Med. 2006;354(6):567-78 Clinical Trial, Phase Ill;
Comparative Study; Journal Article; Multicenter Study; Randomized


https://doi.org/10.1186/s12957-024-03490-7
https://doi.org/10.1186/s12957-024-03490-7

Zhou et al. World Journal of Surgical Oncology ~ (2024) 22:195

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Controlled Trial; Research Support, N.I.H., Extramural; Research Support,
Non-U.S. Gov't.

Selzer E, Liederer S, Lemaire C, Kren G, Radonjic D, Kornek G, et al. Inci-
dence of dermatitis in head and neck cancer patients treated with pri-
mary radiotherapy and cetuximab. Strahlenther Onkol. 2011;187(6):373-7
Journal Article.

Nelson DA, Floren Y. Left-sided delivery position according to Simm'’s
method. Jordemodern. 1993;106(7-8):239-42 Journal Article.

Budach W, Bolke E, Homey B. Severe cutaneous reaction during radiation
therapy with concurrent cetuximab. New Engl J Med. 2007;357(5):514-5
Letter.

Harsha DW, Bray GA. Body composition and childhood obesity. Endocrin
Metab Clin. 1996,25(4):871-85 Journal Article; Review.

Merlano M, Russi E, Benasso M, Corvo R, Colantonio |, Vigna-Taglianti

R, et al. Cisplatin-based chemoradiation plus cetuximab in locally
advanced head and neck cancer: a phase Il clinical study. Ann Oncol.
2011;22(3):712-7 Clinical Trial, Phase II; Journal Article.

Bernier J, Russi EG, Homey B, Merlano MC, Mesia R, Peyrade F, et al.
Management of radiation dermatitis in patients receiving cetuximab and
radiotherapy for locally advanced squamous cell carcinoma of the head
and neck: proposals for a revised grading system and consensus man-
agement guidelines. Ann Oncol. 2011;22(10):2191-200 Journal Article;
Research Support, Non-U.S. Gov't.

Huang SM, Harari PM. Modulation of radiation response after epidermal
growth factor receptor blockade in squamous cell carcinomas: inhibition
of damage repair, cell cycle kinetics, and tumor angiogenesis. CLIN CAN-
CER RES. 2000;6(6):2166—-74 Journal Article; Research Support, Non-U.S.
Gov't; Research Support, U.S. Gov't, PH.S.

Villavicencio M, Granados-Garcia M, Vilajosana E, Dominguez-Cherit J.
Management of radiodermatitis associated with cetuximab in squamous
cell carcinomas of the head and neck. Int J Dermatol. 2017;56(6):602-9
Journal Article; Review.

Gao Z, Li B, Guo X, Bai W, Kou C. The association between schizophrenia
and white blood cells count: a bidirectional two-sample Mendelian
randomization study. BMC PSYCHIATRY. 2023;23(1):271 Journal Article;
Research Support, Non-U.S. Gov't.

Hou X, Chen D, Wang Y, Cui B, Xu H, Wang Y, et al. Network analysis to
explore the pharmacological mechanism of Shenmai injection in treating
granulocytopenia and evidence-based medicine approach validation.
Medicine. 2023;102(20):33825 Journal Article; Meta-Analysis.

Semerad CL, Liu F, Gregory AD, Stumpf K, Link DC. G-CSF is an essential
regulator of neutrophil trafficking from the bone marrow to the blood.
Immunity. 2002;17(4):413-23 Journal Article; Research Support, U.S. Gov't,
PH.S.

Gaurav V, Grover C. Pseudotumors in Dermatology. Indian Dermatol Onl.
2022:13(2):294-301 Journal Article.

Mahmoudi M, Gorenne |, Mercer J, Figg N, Littlewood T, Bennett M.
Statins use a novel Nijmegen breakage syndrome-1-dependent pathway
to accelerate DNA repair in vascular smooth muscle cells. Circ Res.
2008;103(7):717-25 Journal Article; Research Support, Non-U.S. Gov't.
Fritz G, Henninger C, Huelsenbeck J. Potential use of HMG-CoA reductase
inhibitors (statins) as radioprotective agents. Brit Med Bull. 2011;97:17-26
Journal Article; Research Support, Non-U.S. Gov't; Review.

Pouri M, Shaghaghi Z, Ghasemi A, Hosseinimehr SJ. Radioprotective
Effect of Gliclazide as an Anti-Hyperglycemic Agent Against Genotoxic-
ity Induced by lonizing Radiation on Human Lymphocytes. Cardiovasc
Hematol Agents Med Chem. 2019;17(1):40-6 Journal Article.

Cheki M, Shirazi A, Mahmoudzadeh A, Bazzaz JT, Hosseinimehr SJ. The
radioprotective effect of metformin against cytotoxicity and genotoxic-
ity induced by ionizing radiation in cultured human blood lymphocytes.
Mutat Res-Gen Tox En. 2016;809:24-32 Journal Article.

Jo EK, Kim JK, Shin DM, Sasakawa C. Molecular mechanisms regulating
NLRP3 inflammasome activation. Cell Mol Immunol. 2016;13(2):148-59
Journal Article; Research Support, Non-U.S. Gov’; Review.

Mezosi E, Szabo J, Nagy EV, Borbely A, Varga E, Paragh G, et al. Non-
genomic effect of thyroid hormone on free-radical production in human
polymorphonuclear leukocytes. J Endocrinol. 2005;185(1):121-9 Journal
Article; Research Support, Non-U.S. Gov't.

Dedecjus M, Stasiolek M, Brzezinski J, Selmaj K, Lewinski A. Thyroid hor-
mones influence human dendritic cells’phenotype, function, and subsets

Page 9 of 9

distribution. Thyroid. 2011;21(5):533-40 Journal Article; Research Support,
Non-U.S. Gov't.

35. Stasiolek M, Dedecjus M, Adamczewski Z, Sliwka PW, Brzezinski J, Lewin-
ski A. Effect of L-thyroxine treatment on peripheral blood dendritic cell
subpopulations in patients with Hashimoto's thyroiditis. Folia Histochem
Cyto. 2014;52(2):138-43 Clinical Trial; Journal Article; Research Support,
Non-U.S. Gov't.

36. Provinciali M, Muzzioli M, Di Stefano G, Fabris N. Recovery of spleen cell
natural killer activity by thyroid hormone treatment in old mice. Nat
Immun Cell Growth Regul. 1991;10(4):226-36 Journal Article; Research
Support, Non-U.S. Gov't.

37. Provinciali M, Fabris N. Modulation of lymphoid cell sensitivity to
interferon by thyroid hormones. J Endocrinol Invest. 1990;13(2):187-91
Journal Article.

38. Provinciali M, Muzzioli M, Fabris N. Thyroxine-dependent modulation of
natural killer activity. J Exp Pathol. 1987,3(4):617-22 Journal Article.

39. Forner MA, Barriga C, Ortega E. Exercise-induced stimulation of murine
macrophage phagocytosis may be mediated by thyroxine. J Appl Physiol.
1996,80(3):899-903 Journal Article; Research Support, Non-U.S. Gov't.

40. Montesinos M, Pellizas CG. Thyroid Hormone Action on Innate Immunity.
Front Endocrinol. 2019;10:350 Journal Article; Review.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Acute radiation skin injury in stage III-IV head and neck cancer: scale correlates and predictive model
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	Treatment and RSI assessment
	Nomogram construction and validation
	Statistical analysis

	Results
	Patient characteristics
	Correlation analysis and comparative analysis of different scales
	Univariate and multivariate analyses
	Development and validation of the nomogram

	Discussion
	References


