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Background/purpose: Normal tissue complication probability (NTCP) models can be used to 

guide radiation therapy (RT) decisions by estimating side-effect risks pretreatment to minimize 

(late) side-effects. Recently, a comprehensive individual toxicity risk (CITOR) profile of NTCP 

models addressing common side-effects in head and neck cancer (HNC) patients was developed. 

This study investigates the generalizability of these models in an international setting, with 

different treatment approaches and side-effect assessments, promoting their integration into more 

widespread clinical practice.

Materials/methods: From a prospective registry study, 407 HNC patients were included who 

were treated with definitive RT with or without systemic therapy between 2015 and 2022. NTCP 

models predicting dysphagia, aspiration, xerostomia, sticky saliva, taste loss, speech problems, 

oral pain, and fatigue at 6 and 12 months after RT were evaluated. All side-effects were patient-

rated using the MDASI-HN, except dysphagia which was reported by clinicians using the PSS-HN 

diet normalcy score. Model performance was appraised by discrimination (area under the curve 

[AUC]) and calibration.

Results: CITOR models showed moderate-to-high performance in this cohort (mean AUC = 

0.67[range = 0.55–0.80], moderate-to-good calibration). NTCP models for dysphagia, xerostomia, 

sticky saliva, and fatigue were the top performing models. Models for aspiration, taste loss and 

speech problems performed moderately well, which was partly explained by lower incidences.

Conclusion: Despite differences between the CITOR development and this evaluation cohort, 

including use of different side-effect scoring systems, most models exhibited moderate-to-high 

performance. This demonstrated that the dose–effect relations were generalizable. Therefore, this 

study supports further integration of these NTCP models in clinical practice.
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Comprehensive Individual Toxicity Risk; Radiation therapy; Late toxicity

Introduction

Head and neck cancer (HNC) patients often experience severe side-effects during and after 

radiation therapy (RT) treatment, heavily impacting patients’ health and quality of life 

[1–3]. Developing side-effects is associated with the radiation dose delivered to organs-at-

risk (OARs)[4–7]. For instance, radiation dose to the parotid glands and submandibular 

glands has been associated with the risk of xerostomia [7–9], while higher doses to the 

pharyngeal constrictor muscles (PCMs) and larynx increase the risk of dysphagia and 

aspiration [6]. Normal tissue complication probability (NTCP) models estimate side-effect 

development risk with OAR doses as predictors. Historically, NTCP models were Lyman-

Kutcher-Burman (LKB) models, using one dose parameter of a single OAR [10,11]. These 

models have evolved from univariable LKB to multivariable logistic regression NTCP 

models, which can describe the dose–effect relations, together with other potential risk 

factors (i.e. baseline complaints, age) [4,5]. By providing patient-specific side-effect risks, 

NTCP models can guide individual treatment optimization to reduce dose to specified OARs 

to minimize side-effects [10,11]. The most optimal treatment plan or radiation technique 

can be selected by comparing the predicted risk of side-effects (i.e., proton versus photon 
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therapy, as per clinical standards in the Netherlands) [12,13]. For NTCP models to be an 

usable tool for clinical practice globally, careful evaluation in different treatment settings is 

necessary [12].

Multiple NTCP models exist for HNC patients, predicting side-effects such as xerostomia 

[9], dysphagia [14], and taste loss [15]. However, using each model separately can lead to 

dose redistribution, mitigating one complication but increasing risks for others [16]. With 

several models available, selecting the right ones for treatment optimization is challenging. 

To address this, Van den Bosch et al. developed the comprehensive individual toxicity risk 

(CITOR) profile, predicting a wide range of side effects across six domains: swallowing, 

salivary, mucosal, speech, pain and general [17]. They developed a comprehensive set of 

NTCP models for 22 common side-effects at 10 time points in 750 HNC patients, and 

subsequently externally validated them on multi-institutional data [17,18], achieving the 

highest evidence level (TRIPOD level 4) [19]. However, implementing these NTCP models 

globally requires evaluation in an international setting, as different treatment approaches and 

side-effect scoring systems may affect the NTCP models’ generalizability [20].

Therefore, this study aimed to evaluate the performance of the CITOR models predicting 

dysphagia, aspiration, xerostomia, sticky saliva, taste loss, speech problems, oral pain, and 

fatigue at 6 and 12 months post-RT in HNC patients treated at the University of Texas MD 

Anderson Cancer Center (MDACC).

Materials and methods

Study population

Patients with oropharyngeal cancer (OPC) or an unknown primary HNC tumor treated with 

definitive RT with/without concurrent platinum-based chemotherapy (OPC: 66–70 Gy in 

30–33 fractions; unknown primary: 50–57 Gy in 33 fractions) with curative intent between 

February 2015 and January 2020 were included. All patients participated in a prospective 

registry study at MDACC, approved by the Institutional Review Board (IRB) (PA14–0947 

data collection, PA11–0809 retrospective analysis). Exclusion criteria were primary tumor 

surgery, neck dissection, induction chemotherapy, recurrent disease, distant metastasis, or 

age under 18. Dose reduction to the parotid glands, larynx, and esophagus was prioritized 

(Table A.1, Supplementary materials).

Dose-volume histogram parameters were extracted from radiation dose distributions and 

OAR segmentations that were used for treatment optimization. Segmentations were 

generated with the Atlas-based auto-segmentation (ABAS) tool [21] in consensus with 

the international guidelines [22]. Missing OARs were supplemented with deep learning 

contouring (DLC) [23]. For patients who had both DLCs and ABAS contours, the mean 

dose to the OARs was evaluated to identify outliers. The contours of these outliers were 

visually assessed.

Side-effect assessment

The following side-effects, collected using a prospective registry study, were evaluated at 

3–6 and at 12 months after RT: dysphagia and aspiration (swallowing domain), xerostomia, 
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sticky saliva, and taste loss (salivary domain), speech problems (speech domain), oral pain 

(pain domain), and fatigue (general domain). Dysphagia was assessed using the physician-

rated diet normalcy score from the Performance Status Scale for Head and Neck cancer 

(PSS-HN) ranging from 0 (non-oral feeding) to 100 (full diet) [24]. All other side-effects 

were patient-rated using the MD Anderson Symptom Inventory Head and Neck (MDASI-

HN) ranging from 0 (no symptoms) to 10 (symptom as bad as you can imagine) [25]. Scores 

were dichotomized per below under “Side-effect scoring system comparison”. Missing 

12-month scores were manually imputed if the 3–6 and 18-month scores fell into the same 

dichotomized category. If the scores did not fall into the same dichotomized category, these 

patients were excluded for analysis.

NTCP models

This study evaluated 16 NTCP models predicting moderate-to-severe side-effects at 6 (M6) 

and 12 months after RT (M12) [17]. Model predictors included a combination of OAR mean 

doses (Dmean) and clinical variables (i.e., baseline complaints or age). For more details see 

Fig. 1, the logistic regression model coefficients in Table B.1 or Van den Bosch et al. [17], 

and the NTCP formulas in Supplement B.

Side-effect scoring system comparison

Side-effect assessments at MDACC differed from the CITOR model development study, 

though both assess the same symptom constructs. MDACC used the MDASI-HN and PSS-

HN, while the CITOR study used the European Organization for Research and Treatment of 

Cancer (EORTC) Quality of Life Core 30/Head & Neck 35 (QLQ-C30/H&N35) [26] and 

Common Terminology Criteria for Adverse Events (CTCAE) [27]. Specific scoring systems 

are detailed in Table C.1.

To assess side-effect scoring systems correlation, a prospective cross-sectional study 

(NCT02435576) at the University Medical Center Groningen (UMCG) from November 

2023 to February 2024 involved HNC patients completing the MDASI-HN and EORTC 

QLQ-C30/H&N35 questionnaires during or after RT, while physicians reported CTCAE and 

PSS-HN. Spearman’s rho (ρ) was used to evaluate the correlation between assessments. 

Optimal thresholds for MDASI-HN (0–10 scale) and PSS-HN (0–100 scale) corresponding 

to EORTC QLQ-C30/H&N35 and CTCAE grade ≥ 2 side effects were determined using 

Youden’s J index, sensitivity, specificity, and Cohen’s kappa (κ). The Youden’s J index, 

which balances sensitivity and specificity, was leading. If these results were inconclusive, 

Cohen’s kappa guided the decision for an optimal threshold.

Statistical analysis

Differences in baseline demographic and treatment characteristics between the MDACC 

cohort and the previously published CITOR development cohort were assessed using One-

way analysis of variance, Kruskal-Wallis, χ2, and Fisher’s exact testing.

NTCP model performance metrics included: 1) area under the receiver operating 

characteristic curve (AUC) for discrimination capacity, 2) calibration performance with 

plots, 3) Nagelkerke R-squared (R2) for explained variance. Performance was considered 
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robust with moderate calibration [28] and when discrimination was comparable to the 

original validation cohort, while considering the differences in used side-effect scoring 

systems. Model performance was tested on the full MDACC cohort and specific subsets 

(ABAS delineation only, DLC delineation only, and OPC patients only).

All statistical analyses were performed in R, version 4.1.3 [29].

Results

Study population

In total 407 HNC patients were included (Table 1), but patient numbers per NTCP model 

differed due to side-effect data availability (Fig. D.1, Table E.1). Most patients had OPC (91 

%) and 9 % had an unknown primary tumor. The cohort had a high rate of HPV positive 

tumors (74 %), Tis-T2 tumors (73 %) and positive lymph nodes (92 %). Most were treated 

with volumetric modulated arc therapy (VMAT, 57 %), followed by intensity modulated 

proton therapy (18 %), intensity modulated radiotherapy (IMRT, 17 %) and a VMAT-IMRT 

combination (8 %). In contrast, the CITOR development cohort included HNC patients with 

varying tumor sites (i.e., oral cavity, pharynx, larynx), who were treated with 3D-Conformal 

radiotherapy (11 %), VMAT (14 %), IMRT (73 %), or a VMAT-IMRT combination (2 %), 

leading to significant differences in OAR radiation doses between the cohorts (Table 1, Fig. 

F.1) [17]. ABAS OAR delineations were available for 97 %, except for buccal mucosa and 

external contours, which were all supplemented with DLC (Table E.2).

Side-effect scoring system comparison

In the UMCG study comparing the MDASI-HN/PSS-HN with the EORTC/CTCAE scores, 

318–846 paired assessments of 512 HNC patients were analyzed (Table G.1). Significant 

correlations (p < 0.001) were found with strong correlations for almost all side-effects (ρ = 

0.70–0.85), except for aspiration (ρ = 0.61), sticky saliva (ρ = 0.64), and oral pain (ρ = 0.52) 

(Table 2, Fig. H.1).

The most optimal PSS-HN cut-off value corresponding to grade ≥ 2 CTCAE dysphagia 

was ≤ 50. MDASI-HN cut-offs corresponding to moderate-to-severe EORTC were: ≥5 for 

aspiration and speech problems, ≥4 for xerostomia, sticky saliva, taste loss and fatigue, and 

≥ 2 for oral pain (Table 2). After applying these cut-off values, xerostomia and taste loss 

showed the highest incidence, while aspiration and speech problems were less frequent (Fig. 

1). Compared to the current MDACC cohort, the CITOR development cohort had higher 

incidences for dysphagia, aspiration, sticky saliva, speech problems, and fatigue (Fig. 2A–

B), which were partly explained by baseline differences (Fig. 2C–D).

Performance of NTCP models in MDACC cohort

In the swallowing domain, the dysphagia NTCP models overestimated the risk of developing 

the side-effect, especially at M12 as seen by the difference between the regression and 

identity line in Fig. 3A–B and the calibration slope of less than 1, with AUCs of AUCM6 

= 0.66[confidence interval = 0.60–0.73]/AUCM12 = 0.64[0.55–0.74] (Table 3). Aspiration 
NTCP models also overestimated the risk (Fig. 3C–D), with AUCM6 = 0.72[0.62–0.83]/
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AUCM12 = 0.62[0.49–0.76] (Table 3). For both side-effects, M6 NTCP models performed 

better than M12 NTCP models.

In the salivary domain, the xerostomia NTCP models predicted risks close to the identity 

line (Fig. 3E–F) and AUCs of AUCM6 = 0.63 [0.56–0.69]/AUCM12 = 0.69[0.63–0.75] 

(Table 3). The sticky saliva NTCP model at M6 predicted risks close to the identity line, 

whereas the model at M12 overestimated the risk (Fig. 3G–H), with AUCM6 = 0.63 [0.56–

0.71]/AUCM12 = 0.70[0.62–0.78] (Table 3). Lastly, the taste loss NTCP models showed an 

underestimation of the risk (Fig. 3I–J), with AUCs of AUCM6 = 0.55[0.49–0.61]/AUCM12 = 

0.61[0.54–0.67] (Table 3).

In the speech domain, NTCP models overestimated the risk for speech problems (Fig. 

3K–L), with AUCs of AUCM6 = 0.80[0.68–0.93]/AUCM12 = 0.75[0.59–0.90] (Table 3). In 

the pain domain, the oral pain NTCP models underestimated the risk (Fig. 3M–N), with 

AUCs of AUCM6 = 0.66[0.59–0.73]/AUCM12 = 0.60[0.51–0.69] (Table 3). In the general 

domain, the predictions of the fatigue NTCP model approached the identity line at M6 and 

showed an overestimation of the predicted risk at M12 (Fig. 3O–P), with AUCs of AUCM6 = 

0.73[0.67–0.80]/AUCM12 = 0.68[0.59–0.76] (Table 3).

Performance comparisons with the CITOR cohorts and subsets of the MDACC cohort are 

presented in Table I1–8.

Discussion

The NTCP models showed robust and clinically usable performance at MDACC, despite 

the major differences in side-effect assessment, demographics, and treatment compared 

to the model development cohort. Side-effect assessment differences were pursued to 

be mitigated by identifying the EORTC and CTCAE equivalent cut-off values for the 

MDASI-HN and PSS-HN scores. Differences in demographics (i.e., HPV prevalence, tumor 

location, and tumor stage, Table 1), and in treatment approach (i.e., more recent treatment 

period, different fractionation schedules, radiation optimization and techniques, Table 

A.1) remained, translating to differences in radiation doses to OARs (Fig. F.1). Despite 

these differences, most dose–response relations in the NTCP models were generalizable, 

indicating their operational robustness across cohorts and adequate prediction performance 

(mean AUC = 0.67 [range = 0.55–0.80], generally with little predicted risk overestimation 

[Fig. 3]). The current study supports the CITOR NTCP models’ potential for integration 

in clinical practice to predict radiation-induced side-effect risks, (automatically) optimize 

treatment plans, and/or provide evidence-based selection criteria in patients for less 

available and costly treatment techniques (adaptive radiotherapy, proton therapy), as has 

been demonstrated pre-clinically [10–12,30–36]. Specifically, institutes in Denmark and the 

Netherlands clinically use the dysphagia and xerostomia NTCP models in the model-based 

selection of HNC patients for proton therapy [13,37]. The generalizability of the dysphagia 
and xerostomia models was shown in this current study.
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Performance of models: Close-up per domain

In the swallowing domain, the dysphagia models demonstrated generalizability as predicted 

risks were consistent with observed side-effect incidence (Fig. 3A–B). Moreover, a 

comparable dose–response relation of mean dose to the PCMs and the oral cavity with 

dysphagia was found at M06 (Table J.1) [6,38]. Nevertheless, performance (AUCM6 = 

0.66/AUCM12 = 0.64) in the current USA cohort was lower than in the published Dutch 

validation cohort (AUCM6 = 0.75/AUCM12 = 0.77, Table I.1). A possible explanation could 

be the more proactive swallowing therapy and reduced use of prophylactic feeding tubes 

at MDACC, resulting in less dysphagia at M6 and M12 (Fig. 2)[39]. Furthermore, no 

patients scored grade ≥ 3 dysphagia at baseline, which reflected a better functioning, mostly 

HPV-associated OPC subtype in the MDACC cohort and made one of the model parameters 

redundant. Aspiration models performed similarly or better than in the CITOR validation 

cohort, especially in discrimination (AUCM6 = 0.72/AUCM12 = 0.62 versus AUCM6 = 

0.61/AUCM12 = 0.63, Table I.2). However, the small number of events in the MDACC 

cohort (19 at M6, 16 at M12) and moderate Spearman’s ρ between the assessments (ρ = 

0.61) warrant caution. This does not necessarily mean the model is flawed or nonrobust, 

but rather that the cohort in which the model was evaluated may not be optimal for 

determining its predictive performance for patients who develop aspiration. Enhancing the 

swallowing domain models could involve including doses to additional OARs involved 

in a correct swallowing maneuver, with principal component analysis used to manage 

multicollinearity among these variables[38,40]. The models in the swallowing domain, 

especially the dysphagia models, could help distinguish which patients could benefit from 

swallowing exercises.

In the salivary domain, the NTCP models predicting xerostomia and sticky saliva were well-

calibrated (Fig. 3C–F) and demonstrated good discrimination, especially at M12 (xerostomia 
AUCM6 = 0.63/AUCM12 = 0.69, sticky saliva AUCM6 = 0.63/AUCM12 = 0.70), despite 

moderate Spearman’s ρ for sticky saliva assessments (ρ = 0.64). The current study showed 

that the dose–response relations between the parotid and submandibular gland dose and 

xerostomia were consistent (Table J.1) [7–9]. However, xerostomia risk was underestimated 

in the MDACC cohort, especially at M6 (Fig. 3E), possibly due to earlier assessments (i. e., 

3–6 months versus 6 months, incidences in Fig. 2), which allowed less time for recovery [8]. 

Xerostomia and sticky saliva models could help identify which patients would benefit from 

more advanced treatment techniques, such as transplantation of salivary gland stem cells to 

prevent post-radiotherapy xerostomia [41]. Although taste loss assessments were strongly 

correlated (ρ = 0.84), the taste loss NTCP models showed insufficient performance (AUCM6 

= 0.55/AUCM12 = 0.61). Taste loss is a complex side-effect that is difficult to predict, for 

instance due to the unresolved consensus on its mechanism or to its interconnectivity with 

xerostomia and the sense of smell [42–44]. This was further exemplified by the additional 

univariable analysis that showed no significant association between taste loss at 6 months 

and mean oral cavity dose, mean parotid gland dose, or age (Table J.1), contributing to 

the insufficient performance of this model in this cohort. Deep learning techniques might 

improve prediction accuracy for taste loss by capturing the complex nature of taste loss, as 

was previously shown for xerostomia [45].
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The speech problems models showed good discrimination (AUCM6 = 0.80/AUCM12 = 0.74) 

and one of the best goodness-of-fit (R2
M6 = 0.28/R2

M12 = 0.13), but inconclusive calibration 

(Fig. 3K–L). The incidence of speech problems was low in this cohort (Fig. 2), which was 

likely due to the predominance of OPC patients in the MDACC cohort. This could explain 

the inconclusive calibration compared to the CITOR validation cohort (Table I.6), as OPC 

patients generally receive less dose to the larynx, and speech problems are more prevalent 

in patients with laryngeal irradiation[6]. This effect was underlined in a subset of only OPC 

patients: after excluding patients with an unknown primary tumor, who often received higher 

doses to the larynx, the model performance dropped (Table I.6). Furthermore, mean doses 

to the supraglottic larynx or the oral cavity were not significantly associated with speech 

problems in the complete cohort (Table J.1), suggesting that there might be other causes for 

patients to develop speech problems within this cohort.

In the pain domain, the oral pain NTCP models performed worse in the MDACC cohort 

compared to the CITOR validation cohort (AUCM6 = 0.66/AUCM12 = 0.60 versus AUCM6 = 

0.75/AUCM12 = 0.64, Table I.7). This was partly explained by differences in pain assessment 

(general pain versus oral pain, ρ = 0.52), and lower incidence rates in MDACC, possibly 

influenced by tumor location differences (i.e., no oral cavity tumors at MDACC) and more 

aggressive pain management in MDACC. Pain management significantly affects patients’ 

pain perception and reporting in side-effect assessments [46]. However, details on pain 

mitigation strategies were not included in the model or accounted for in the side-effect 

evaluations. A possible usage of models predicting pain would be to guide such pain 

management strategies.

In the general domain, the fatigue models demonstrated better performance in the MDACC 

cohort than in the CITOR validation cohort (AUCM6 = 0.73/AUCM12 = 0.68 versus 

AUCM6 = 0.70/AUCM12 = 0.61, Table I.8). Differences in rehabilitation approaches and 

their varying impact[47] between centers may have influenced incidence rates and model 

performance. Furthermore, including thyroid function as a predictor might improve fatigue 

predictions, as hypothyroidism is associated with post-treatment fatigue [48]. We pursued to 

evaluate NTCP models predicting nausea and vomiting, but the cut-off value based on the 

side-effect scoring comparison (i.e., ≥2) resulted in too few events in the MDACC cohort for 

a valid model evaluation, leading to exclusion of this endpoint.

Differences in OAR delineations arose from using different protocols (ABAS [21] at 

MDACC cohort versus DLCs [23] in CITOR cohorts). To assess the impact, model 

performance was evaluated on subsets with OARs delineated using ABAS only and DLC 

only. While these methods caused dose differences in OAR with high proximity to the 

tumor, an effect more pronounced in the oral cavity and the PCMs (Fig. K.1), the impact 

on the NTCP models’ performance was limited (Table I.1–8). This suggests that both 

contouring methods based on the guidelines by Brouwer et al. [22] can be used for these 

NTCP models.

Previous validation studies

To our knowledge, only the CITOR dysphagia model was validated in a different treatment 

setting by Kalendralis et al. (2022), demonstrating better performance than in our cohort 
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(AUC = 0.80[0.75–0.85] vs 0.66 [0.60–0.73]) [49]. After performing the closed-testing 

procedure, the revised model achieved an AUC of 0.83[0.75–0.85] [49]. This validation 

was conducted in a Dutch center on a cohort treated with both photon and proton therapy, 

which was otherwise comparable to the development cohort. Validation studies of similar 

dysphagia models based on the superior PCM and supraglottic larynx [14] or oral cavity 

[13] reported AUCs of 0.63–0.75, aligning with our results [13,50–53]. Calibration results 

were similar. The xerostomia model by Beetz et al. (2012) was validated multiple times 

with similar performance to the CITOR xerostomia model in our cohort (AUC = 0.70–0.74) 

[9,13,53].This study appears to be the first large-scale evaluation of NTCP models across 

different side-effect assessments, providing a template for centers considering the integration 

of NTCP models using different side-effect assessments in clinical practice.

Dealing with differences in side-effect assessment

The distinct differences – both phrasing and scaling – between the MDACC questionnaires 

and EORTC/CTCAE scoring in the NTCP model development cohort (Table C.1), could 

have compromised the results’ interpretation. Hence, an additional prospective study as 

part of this work was conducted to compare the side-effect scoring systems and determine 

optimal cut-off values for MDACC outcomes. For most, strong correlations were observed 

between side-effect assessments, excepting aspiration, sticky saliva, and oral pain (Table 2). 

Where this can be explained for aspiration by its low incidence (12/442), this was likely for 

sticky saliva and oral pain a result from distinct differences in phrasing between assessments 

(Table C.1). The optimal cut-off values were around ≥ 4 for the MDASI-HN and ≤ 50 for 

the PSS-HN diet normalcy score (Table 2), corresponding to EORTC moderate-to-severe 

and CTCAE grade ≥ 2 classification. This aligns with MDACC’s empirical experience for 

clinical intervention. To our knowledge, earlier cut-off values were based on quality of life 

scales, instead of the same side-effect constructs [25,54].

Limitations

This study faced limitations typical of prospective data registry studies, including missing 

follow-up data due to patients loss to follow-up and non-compliance (Table E.1) and a 

limited number of events for some side-effects (Table 3). Consequently, the recommendation 

to have at least 100 (non–)events for external validation of prognostic models [55] was not 

always met. Despite this, the number of included patients and events in the current study was 

comparable or higher than in other published model validation studies (median number of 

patients/events of 326/60 versus 149/40)[56]. Additionally, the current study included HNC 

patients with an unknown primary tumor although these patients were not represented in 

the development cohort. However, the model performance was similar after excluding these 

patients (Table I.1–8). Furthermore, in the development cohort, toxicities were consistently 

assessed at 6 months after treatment, but in the current study, they were evaluated between 

3–6 months after treatment (as is standard practice in the MDACC), possibly containing the 

transition from acute to late toxicities. Lastly, characteristics of the US patient cohort (HPV 

status, tumor stage, treatment modality) differed significantly from the development cohort, 

which can be seen as a limitation, but also proves the generalizability of these models.

de Vette et al. Page 9

Oral Oncol. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion

Most evaluated NTCP models from the CITOR profile exhibited robust performance in 

a very distinct cohort with different side-effect assessments, indicating consistent dose–

response relations between the current MDACC cohort and the published development and 

validation cohorts, especially of the models predicting dysphagia, xerostomia, sticky saliva, 

and fatigue. Therefore, this study supports the generalizability of these NTCP models. 

Consequently, the results were promising for the further integration of these NTCP models 

in clinical practice in an international setting, enabling personalized treatment to minimize 

side-effects.
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Fig. 1. CITOR models: selected predictors per model, side-effect assessment and incidence at 6 
and 12 months after radiotherapy.
Adapted from Van den Bosch et al. [17]. Organs at risk identified as predictors: 1 = 

oral cavity; 2 = superior PCM; 3 = middle PCM; 4 = inferior PCM; 5 = integral dose; 

6 = supraglottic larynx; 7 = buccal mucosa*; 8 = parotid gland*; 9 = submandibular 

gland*. *For paired structures only one side is depicted. Abbreviations: PCM = pharyngeal 

constrictor muscle; M6 = 6 months after radiotherapy; M12 = 12 months after radiotherapy; 

PSS-HN=Performance Status Scale for Head and Neck cancer; MDASI-HN Q = MD 

Anderson Symptom Inventory Head and Neck Question.
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Fig. 2. 
Side-effect incidences. Side-effect incidences at 6 and 12 months after RT (A-B) and after 

subtracting incidence at baseline (C-D) of the MDACC cohort and the previously published 

CITOR development cohort [17]. Abbreviations: CITOR = comprehensive individual 

toxicity risk; MDACC = MD Anderson Cancer Center; RT = radiation therapy.
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Fig. 3. 
Calibration plots. Calibration plots of models for all side-effects at 6 and 12 months after 

radiation therapy. Abbreviations: M6 = 6 months after radiation therapy; M12 = 12 months 

after radiation therapy.
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Table 1

MDACC cohort compared to CITOR development cohort.

Current MDACC cohort (n = 407) Published CITOR cohort[17] (n = 
750)

P value

Clinical characteristics

Age in years, mean (sd) 60 (9) 63 (10) <0.001*‡

Sex, No. (%) <0.001*†

 Male 366 (89.9) 560 (74.7)

 Female 41 (10.1) 190 (25.3)

Tumor site, No. (%) <0.001*||

 Oral cavity 0 (0.0) 44 (5.9)

 Oropharynx 370 (90.9) 271 (36.1)

 Nasopharynx 0 (0.0) 30 (4.0)

 Hypopharynx 0 (0.0) 71 (9.5)

 Larynx 0 (0.0) 334 (44.5)

 Unknown primary 37 (9.1) 0 (0.0)

HPV status (only in oropharyngeal cancer 
patients), No. (%)

<0.001*†

 Positive 275 (74.3) 98 (36.2)

 Negative 17 (4.6) 151 (55.7)

 Not tested 78 (21.1) 22 (8.1)

Tumor stage, No. (%) <0.001*†

 Tis-T2 295 (72.5) 363 (48.4)

 T3-T4 111 (27.3) 387 (51.6)

Nodal stage, No. (%) <0.001*†

 N0 31 (7.6) 333 (44.4)

 N1 152 (37.4) 64 (8.5)

 N2 216 (53.2) 330 (44.0)

 N3 7 (1.7) 23 (3.1)

Treatment technique, No. (%) <0.001*||

 3D-CRT 0 (0.0) 86 (11.5)

 IMRT 68 (16.7) 546 (72.8)

 VMAT 232 (57.1) 106 (14.1)

 IMRT + VMAT 32 (7.9) 12 (1.6)

 IMPT 74 (18.2) 0 (0)

Treatment modality, No. (%) <0.001*†

 RT alone 93 (22.9) 443 (59.1)

 RT with systemic therapy 307 (75.4) 307 (40.9)

Mean physical dose to OAR in Gy, median (IQR)

Ipsilateral buccal mucosa 44.8 (33.8;53.6) 38.5 (12.3;54.6) <0.001*╪

Contralateral buccal mucosa 27.2 (17.6;35.1) 30.9 (8.9;42.0) 0.04*╪
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Current MDACC cohort (n = 407) Published CITOR cohort[17] (n = 
750)

P value

Oral cavity 46.5 (40.6;52.4) 43.9 (22.3;55.6) 0.001*╪

Ipsilateral parotid gland 31.7 (26.3;37.3) 30.7 (18.3;42.1) 0.09╪

Contralateral parotid gland 17.8 (13.6;21.5) 24.3 (12.7;31.5) <0.001*╪

Inferior PCM 34.8 (25.0;43.7) 57.6 (45.8;66.3) <0.001*╪

Middle PCM 55.2 (43.3;61.9) 55.7 (41.2;64.3) 0.77╪

Superior PCM 61.8 (56.1;66.0) 52.3 (29.3;62.6) <0.001*╪

Ipsilateral submandibular gland 70.4 (67.6;71.6) 63.7 (47.6;68.3) <0.001*╪

Contralateral submandibular gland 51.0 (37.8;60.9) 53.0 (42.5;62.0) 0.48╪

Supraglottic area 50.5 (38.8;59.7) 57.9 (46.1;66.4) <0.001*╪

Integral dose in Gy, median (IQR) 2.0*105 (1.6*105;2.3*105) 1.6*105 (1.1*105;2.0*105) <0.001*╪

Volume external contour in cc 1.7*104 (1.5*104;1.9*104) 1.2*104 (1.0*104;1.4*104) <0.001*╪

Abbreviations. 3D-CRT = 3-dimensional conformal radiation therapy; CITOR = comprehensive individual toxicity risk; Gy = gray; HPV = human 
papilloma virus; IMPT = intensity modulated proton therapy; IMRT = intensity modulated radiation therapy; IQR = interquartile range; MDACC = 
MD Anderson Cancer Center; OAR = organ at risk; PCM = pharyngeal constrictor muscle; sd = standard deviation; VMAT = volumetric modulated 
arc therapy.

*
Statistically significant (α ≤ 0.05) using

‡
One-way analysis of variance test,

†
Fisher’s exact test,

||
χ2 test, and

╪
Kruskal-Wallis test.

Oral Oncol. Author manuscript; available in PMC 2025 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Vette et al. Page 20

Ta
b

le
 2

D
ef

in
iti

on
 s

id
e-

ef
fe

ct
s 

in
 M

D
A

C
C

 c
oh

or
t.

O
ve

ra
ll 

co
rr

el
at

io
n

A
pp

ro
pr

ia
te

 c
ut

-o
ff

 v
al

ue
 in

 M
D

A
C

C
 c

oh
or

t

Sp
ea

rm
an

’s
 ρ

 [
95

 %
 C

I]
P

 v
al

ue
C

ut
-o

ff
 v

al
ue

Y
ou

de
n’

s 
J 

In
de

x
Se

ns
it

iv
it

y
Sp

ec
if

ic
it

y
C

oh
en

’s
 k

 [
95

 %
 C

I]

D
ys

ph
ag

ia
0.

85
 [

0.
83

;0
.8

8]
<

0.
00

1
≤5

0
0.

92
0.

94
0.

99
0.

93
 [

0.
90

;0
.9

6]

A
sp

ir
at

io
n

0.
61

 [
0.

59
;0

.6
3]

<
0.

00
1

≥5
0.

72
0.

75
0.

97
0.

50
 [

0.
29

;0
.7

0]

X
er

os
to

m
ia

0.
83

 [
0.

81
;0

.8
5]

<
0.

00
1

≥4
0.

69
0.

85
0.

85
0.

65
 [

0.
58

;0
.7

3]

St
ic

ky
 s

al
iv

a
0.

64
 [

0.
62

;0
.6

6]
<

0.
00

1
≥4

0.
59

0.
73

0.
86

0.
54

 [
0.

44
;0

.6
3]

Ta
st

e 
lo

ss
0.

84
 [

0.
81

;0
.8

6]
<

0.
00

1
≥4

0.
72

0.
78

0.
94

0.
70

 [
0.

61
;0

.7
8]

Sp
ee

ch
 p

ro
bl

em
s

0.
70

 [
0.

68
;0

.7
2]

<
0.

00
1

≥5
0.

71
0.

79
0.

92
0.

65
 [

0.
56

;0
.7

5]

O
ra

l p
ai

n
0.

52
 [

0.
50

;0
.5

4]
<

0.
00

1
≥2

0.
62

0.
93

0.
69

0.
43

 [
0.

35
;0

.5
0]

Fa
tig

ue
0.

78
 [

0.
76

;0
.8

0]
<

0.
00

1
≥4

0.
67

0.
96

0.
71

0.
39

 [
0.

30
;0

.4
9]

A
bb

re
vi

at
io

ns
. C

I 
=

 c
on

fi
de

nc
e 

in
te

rv
al

; M
D

A
C

C
 =

 M
D

 A
nd

er
so

n 
C

an
ce

r 
C

en
te

r;
 N

T
C

P 
=

 n
or

m
al

 ti
ss

ue
 c

om
pl

ic
at

io
n 

pr
ob

ab
ili

ty
.

Oral Oncol. Author manuscript; available in PMC 2025 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Vette et al. Page 21

Ta
b

le
 3

Pe
rf

or
m

an
ce

 o
f 

N
T

C
P 

m
od

el
s 

in
 M

D
A

C
C

 c
oh

or
t.

C
al

ib
ra

ti
on

N
o.

 p
at

ie
nt

s
N

o.
 e

ve
nt

s 
(i

nc
id

en
ce

 [
%

])
A

U
C

 [
95

 %
 C

I]
R

2
In

te
rc

ep
t 

[9
5 

%
 C

I]
Sl

op
e 

[9
5 

%
 C

I]

Sw
al

lo
w

in
g 

do
m

ai
n

D
ys

ph
ag

ia
M

06
37

2
73

 (
20

)
0.

66
 [

0.
60

;0
.7

3]
0.

10
8

−
0.

75
 [

−
1.

10
;−

0.
40

]
0.

89
 [

0.
51

;1
.2

4]

M
12

32
9

32
 (

10
)

0.
64

 [
0.

55
;0

.7
4]

0.
04

6
−

1.
60

 [
−

2.
15

;−
1.

05
]

0.
64

 [
0.

15
;1

.1
3]

A
sp

ir
at

io
n

M
06

32
7

19
 (

6)
0.

72
 [

0.
62

;0
.8

3]
0.

09
1

−
0.

55
 [

−
1.

81
;0

.7
0]

1.
08

 [
0.

45
;1

.7
1]

M
12

32
2

16
 (

5)
0.

62
 [

0.
49

;0
.7

6]
0.

03
8

−
1.

32
 [

−
2.

84
;0

.2
1]

0.
75

 [
0.

04
;1

.4
5]

Sa
liv

ar
y 

do
m

ai
n

X
er

os
to

m
ia

M
06

32
6

18
6 

(5
7)

0.
63

 [
0.

56
;0

.6
9]

0.
08

0
0.

43
 [

0.
19

;0
.6

7]
0.

99
 [

0.
52

;1
.4

6]

M
12

31
0

12
9 

(4
2)

0.
69

 [
0.

63
;0

.7
5]

0.
16

4
0.

47
 [

0.
10

;0
.8

4]
1.

47
 [

0.
96

;1
.9

9]

St
ic

ky
 s

al
iv

a
M

06
32

6
72

 (
22

)
0.

63
 [

0.
56

;0
.7

1]
0.

08
4

−
0.

21
 [

−
0.

74
;0

.3
3]

1.
57

 [
0.

83
;2

.3
0]

M
12

31
8

52
 (

16
)

0.
70

 [
0.

62
;0

.7
8]

0.
12

6
0.

64
 [

−
0.

28
;1

.5
6]

2.
04

 [
1.

22
;2

.8
7]

Ta
st

e 
lo

ss
M

06
34

5
14

3 
(4

1)
0.

55
 [

0.
49

;0
.6

1]
0.

01
5

0.
23

 [
−

0.
40

;0
.8

6]
0.

72
 [

−
0.

03
;1

.4
6]

M
12

33
3

91
 (

27
)

0.
61

 [
0.

54
;0

.6
7]

0.
04

3
0.

77
 [

−
0.

37
;1

.9
2]

1.
37

 [
0.

48
;2

.2
6]

Sp
ee

ch
 d

om
ai

n

Sp
ee

ch
 p

ro
bl

em
s

M
06

32
3

15
 (

5)
0.

80
 [

0.
68

;0
.9

3]
0.

28
4

0.
64

 [
−

0.
63

;1
.9

2]
2.

49
 [

1.
57

;3
.4

1]

M
12

32
1

9 
(3

)
0.

75
 [

0.
59

;0
.9

0]
0.

13
4

−
1.

15
 [

−
2.

46
;0

.1
5]

1.
89

 [
0.

82
;2

.9
6]

P
ai

n 
do

m
ai

n

O
ra

l p
ai

n
M

06
32

6
79

 (
24

)
0.

66
 [

0.
59

;0
.7

3]
0.

13
2

1.
11

 [
0.

26
;1

.9
6]

1.
48

 [
0.

93
;2

.0
3]

M
12

31
7

50
 (

16
)

0.
60

 [
0.

51
;0

.6
9]

0.
04

3
0.

02
 [

−
1.

13
;1

.1
8]

0.
89

 [
0.

29
;1

.4
8]

G
en

er
al

 d
om

ai
n

Fa
tig

ue
M

06
32

6
67

 (
21

)
0.

73
 [

0.
67

;0
.8

0]
0.

16
4

−
0.

53
 [

−
0.

90
;−

0.
15

]
1.

08
 [

0.
71

;1
.4

5]

M
12

31
5

52
 (

17
)

0.
68

 [
0.

59
;0

.7
6]

0.
09

8
−

0.
91

 [
−

1.
32

;−
0.

50
]

0.
86

 [
0.

47
;1

.2
5]

A
bb

re
vi

at
io

ns
. A

U
C

 =
 a

re
a 

un
de

r 
th

e 
cu

rv
e;

 C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
; M

D
A

C
C

 =
 M

D
 A

nd
er

so
n 

C
an

ce
r 

C
en

te
r;

 M
06

 =
 6

 m
on

th
s 

af
te

r 
ra

di
at

io
n 

th
er

ap
y;

 M
12

 =
 1

2 
m

on
th

s 
af

te
r 

ra
di

at
io

n 
th

er
ap

y;
 N

T
C

P 
=

 

no
rm

al
 ti

ss
ue

 c
om

pl
ic

at
io

n 
pr

ob
ab

ili
ty

; R
2  

=
 e

xp
la

in
ed

 v
ar

ia
nc

e.

Oral Oncol. Author manuscript; available in PMC 2025 April 01.


	Abstract
	Introduction
	Materials and methods
	Study population
	Side-effect assessment
	NTCP models
	Side-effect scoring system comparison
	Statistical analysis

	Results
	Study population
	Side-effect scoring system comparison
	Performance of NTCP models in MDACC cohort

	Discussion
	Performance of models: Close-up per domain
	Previous validation studies
	Dealing with differences in side-effect assessment

	Limitations
	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3

