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Abstract
Purpose The number of older adults with head and neck squamous cell carcinoma (HNSCC) is continuously 
increasing. Older HNSCC patients may be more vulnerable to radiotherapy-related toxicities, so that extrapolation of 
available normal tissue complication probability (NTCP) models to this population may not be appropriate. Hence, we 
aimed to investigate the correlation between organ at risk (OAR) doses and chronic toxicities in older patients with 
HNSCC undergoing definitive radiotherapy.

Methods Patients treated with definitive radiotherapy, either alone or with concomitant systemic treatment, 
between 2009 and 2019 in a large tertiary cancer center were eligible for this analysis. OARs were contoured based on 
international consensus guidelines, and EQD2 doses using α/ß values of 3 Gy for late effects were calculated based on 
the radiation treatment plans. Treatment-related toxicities were graded according to Common Terminology Criteria 
for Adverse Events version 5.0. Logistic regression analyses were carried out, and NTCP models were developed and 
internally validated using the bootstrapping method.

Results A total of 180 patients with a median age of 73 years fulfilled the inclusion criteria and were analyzed. 
Seventy-three patients developed chronic moderate xerostomia (grade 2), 34 moderate dysgeusia (grade 2), and 
59 moderate-to-severe (grade 2–3) dysphagia after definitive radiotherapy. The soft palate dose was significantly 
associated with all analyzed toxicities (xerostomia: OR = 1.028, dysgeusia: OR = 1.022, dysphagia: OR = 1.027) 
in the multivariable regression. The superior pharyngeal constrictor muscle was also significantly related to 
chronic dysphagia (OR = 1.030). Consecutively developed and internally validated NTCP models were predictive 
for the analyzed toxicities (optimism-corrected AUCs after bootstrapping: AUCxerostomia=0.64, AUCdysgeusia=0.60, 
AUCdysphagia=0.64).
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common malignancy worldwide, causing sig-
nificant morbidity and mortality [1]. Older patients with 
HNSCC face unique treatment challenges due to under-
representation in clinical trials and therefore limited 
evidence [2]. There is an urgent need to increase scien-
tific evidence for optimal management of these patients, 
as the number of older HNSCC patients will further 
increase in the next decades [3, 4].

Surgery and radiotherapy are the main treatment 
modalities for patients with localized HNSCC [5]. 
Although a matter of debate in the older HNSCC popu-
lation [6–8], concomitant chemotherapy is commonly 
applied simultaneously to definitive radiotherapy for 
locoregionally advanced HNSCCs. Radiotherapy can 
result in considerable both acute and chronic toxicities 
in HNSCC patients, severely impacting patients’ qual-
ity of life (QoL) [9, 10], conformal treatment techniques 
such as intensity-modulated radiotherapy (IMRT) have 
been shown to reduce treatment-related toxicities, as rel-
evant organs at risks (OARs) such as the parotid glands 
or the pharyngeal constrictor muscles (PCMs) can be 
spared [11, 12]. Proton IMRT may further reduce the risk 
of treatment-induced normal tissue injuries in HNSCC 
patients and is currently investigated in clinical trials [13, 
14]. However, xerostomia, dysgeusia and dysphagia are 
still among the most prevalent and QoL-affecting tox-
icities in long-term HNSCC survivors after radiotherapy 
[15–17].

Older HNSCC patients may be more susceptible to 
chronic treatment-related adverse events due to lower 
functional reserves [18]. Besides differences in the vul-
nerability to treatment-induced toxicities. physiological 
aging processes as well as polypharmacy and comor-
bidities may result in higher rates of treatment-related 
normal tissue toxicities [19–22]. For instance, Sommers 
and colleagues reported in a conference abstract that the 
prevalence for dysphagia grade ≥ 2 and severe xerosto-
mia was higher than expected in older HNSCC patients, 
therefore requiring adjustments of the comprehensive 
individual toxicity risk (CITOR) model [23].

Normal tissue complication probability (NTCP) mod-
els may aid radiation oncologists and radiation physicists 
in the radiation treatment planning process [24–27]. As 
available NTCP models were developed and validated for 
the general HNSCC population, we aimed to examine 

the association between OAR doses and the common 
chronic toxicities xerostomia, dysgeusia and dysphagia 
specifically in the older HNSCC population using modi-
fied NTCP models.

Materials and methods
Patients and treatment
The study population comprised patients treated at the 
Department of Radiation Oncology, University Medi-
cal Center Freiburg, Germany, between July 2009 and 
November 2019. Patients were eligible for this retro-
spective analysis if they met the following criteria: (i) 
diagnosis of squamous cell carcinoma originating in the 
head and neck region, (ii) age of ≥ 65 years at the time of 
radiotherapy, and (iii) treatment with definitive radio-
therapy (Fig. 1). The Ethics Committee of the University 
of Freiburg Medical Center approved this study (551/18).

Patient and treatment data were collected in a clinical 
documentation tool (MOSAIQ Oncology Management 
System, Elekta, Sunnyvale, CA, USA). This documenta-
tion covered patient and treatment characteristics, as 
well as reported radiotherapy-induced toxicities during 
and after radiotherapy. All patients underwent regular 
follow-up imaging and clinical evaluations, including 
evaluation of toxicities in three-monthly intervals dur-
ing the first two years, six-monthly intervals in the 
third year, and annually in the fourth and fifth year after 
radiotherapy.

Patients underwent a planning CT scan in treatment 
position including an individually molded thermoplas-
tic mask. If there were no contraindications, intravenous 
iodinated contrast media was administered immedi-
ately prior to the radiotherapy planning CT. Target vol-
ume definition and plan review was carried out by at 
least two board-certified radiation oncologists. If avail-
able, magnetic resonance imaging and positron emission 
tomography scans were co-registered with the planning 
CT and used for gross target volume (GTV) delineation 
of the primary tumor and metastatic lymph nodes. The 
high-risk clinical target volume (CTV) comprised the 
primary and nodal GTVs, added with a 5–8  mm mar-
gin but cropped by anatomic barriers. In some cases, an 
intermediate-risk CTV was contoured consisting of small 
but suspicious lymph nodes with a 5 mm margin. Elective 
nodal areas were treated, as per the international consen-
sus guidelines [28–30]. A 5 mm margin was subsequently 
added for the planning target volumes (PTVs).

Conclusions Our data suggest that the dose to the soft palate is associated with chronic moderate xerostomia, 
moderate dysgeusia and moderate-to-severe dysphagia in older HNSCC patients undergoing definitive radiotherapy. 
If validated in external studies, efforts should be undertaken to reduce the soft palate dose in these patients.

Keywords Normal tissue complication probability, NTCP, Chemoradiation, HNSCC, Xerostomia, Dysgeusia, Dysphagia, 
Geriatric, Elderly
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All patients in this analysis received definitive radio-
therapy, either conventional three-dimensional confor-
mal radiotherapy in the first few years of the analyzed 
time span, or IMRT, volumetric modulated arc therapy 
(VMAT) and helical tomotherapy later. If there were 
no contraindications, all patients with locoregionally 
advanced HNSCC received concomitant cisplatin. In case 
of contraindications against cisplatin, either cetuximab or 
other chemotherapy regimens such as carboplatin were 
used. Radiotherapy alone was used in patients with poor 
performance status or in patients who refused concomi-
tant chemotherapy. Oncentra® External Beam (Nucletron 
B.V., The Netherlands) or Eclipse (Varian Medical Sys-
tems Inc., USA) were used for radiation treatment plan-
ning. While a sequential boost concept was conducted 
until 2018, a simultaneous integrated boost technique 
was introduced and integrated into clinical practice since 
then. Low-risk PTV usually received a dose of 50–54 Gy, 
while intermediate-risk PTV was treated with about 
60 Gy, and high-risk PTV with about 66–70 Gy.

Delineation of organs at risk
To improve the consistency of delineation accuracy for 
the analyzed OARs in this study, contouring of all ana-
lyzed OARs was again carried out based on a combina-
tion of recently published guidelines (Fig.  2) [31–33]. 
OARs commonly associated with xerostomia, including 
the parotid, submandibular, and sublingual glands, along 
with the minor salivary glands located in the soft palate, 
inner surface of the lips, and left and right buccal mucosa, 

were delineated following the guidelines described by 
van de Water et al. [31]. The swallowing-related OARs 
encompassed the superior, middle, and inferior PCMs, 
the cricopharyngeal muscle and the supraglottic larynx, 
delineated according to the guidelines by Christianen et 
al. [32]. The extended oral cavity was delineated in accor-
dance with international consensus guidelines published 
by Brouwer and colleagues [33]. In cases where images 
were co-registered, OAR delineation was performed 
separately for each image series to account for morpho-
logical changes in the aforementioned organs or discrep-
ancies in patient positioning between images.

Endpoints
Three distinct endpoints were analyzed in this study: (1) 
chronic grade 2 xerostomia, (2) chronic grade 2 dysgeu-
sia, and (3) chronic grade 2 or 3 dysphagia, according to 
the Common Terminology Criteria for Adverse Events 
(CTCAE) v5.0. Percutaneous endoscopic gastrostomy 
dependence was classified as dysphagia grade 3. Tox-
icities were considered as chronic if present at ≥ 90 days 
after completing radiotherapy, and the worst chronic tox-
icity grade documented during the follow-up period was 
used for the analyses. Evaluation of toxicity grading was 
performed by radiation oncologists, taking into account 
medical records, physical examination findings and 
patient-reported symptoms.

In order to only focus on radiotherapy-induced toxici-
ties, patients with already present xerostomia, dysgeusia 
or dysphagia at baseline were excluded from the analysis. 

Fig. 1 CONSORT diagram showing the inclusion and exclusion criteria of the analysis. HNSCC, head and neck squamous cell carcinoma
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Fig. 2 (See legend on next page.)
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Additionally, patients with previous treatments to OARs, 
e.g., salivary gland resection, making delineation and 
dose calculation of the analyzed OARs not possible, were 
also excluded from the analysis.

NTCP analyses
Dose matrices were converted to equivalent dose at 
2 Gy fractions (EQD2) using an α/β value of 3 Gy for 
late effects, as also performed in previous analyses for 
chronic toxicities [34]. The summation of treatment 
plans was performed based on the transformed EQD2 
dose matrices. Volumetric and dosimetric indices were 
extracted from Eclipse VARIAN TPS v.15.6 using a cus-
tom C#.NET application. The application was devel-
oped in-house and relied on ESAPICommander (https://
github.com/isachpaz/ESAPICommander) which utilizes 
the VARIAN Eclipse Scripting Application Interface 
(ESAPI - https://varianapis.github.io/) [35]. Throughout 
this study, any mention of the term ‘dose’ exclusively per-
tains to the equivalent dose at 2 Gy fractions.

Multivariate imputation by chained equations was per-
formed 10 times regarding the missing outcome variables 
for the analyzed toxicities as recommended by van den 
Bosch et al. and by using the R-package mice [36, 37]. To 
address the issue of multicollinearity between predic-
tor variables, a Pearson correlation matrix that included 
all dose volume histogram parameters for the OARs 
was created. High correlations were found between 
the Dmin, Dmax, Dmedian, D98%, D2% and the Dmean within 
almost all OARs. As a result, only the mean doses were 
selected to enter the analyses. Univariate regression 
analyses were conducted to determine which representa-
tion of any paired or sequential organ should be included 
in the model-building process. To develop prediction 
models for each of the three endpoints, multivariable 
logistic regression analyses with Bayesian Information 
Criterion (BIC) forward stepwise variable selection were 
performed using R version 4.3.0 with the publicly avail-
able protocol and R codes [36]. In general, we followed 
the previously published recommendations from van den 
Bosch et al. [36]. The predicted NTCP for each toxicity 
endpoint was calculated based on the logistic regression 
model using the formula [38]:

 NTCP = P (Y ) = (1 + e−S)
−1

where

 
S = β0 +

n∑

i=1

βi • xi

and βi are the regression coefficients and xi are the dis-
tinct independent variables.

Internal validation of the developed NTCP models was 
subsequently performed using the bootstrapping method 
with 1000 iterations. Discrimination was quantified with 
the area under the curve (AUC) values, and calibration 
with the Hosmer–Lemeshow test, the corrected intercept 
of the calibration curve, and the corrected slope of the 
calibration curve.

Results
The analyzed study population consisted of 180 patients 
with a median age of 73 years (Table  1). Tumors of the 
oropharynx and larynx were the most common (n = 69 
(38%) and n = 37 (21%), respectively). The majority 
received concomitant systemic treatment (n = 126 (70%) 
with chemotherapy, n = 2 (1%) with cetuximab). A total 
of 73 patients developed chronic moderate xerostomia 
(grade 2), 34 moderate dysgeusia (grade 2), and 59 mod-
erate-to-severe (grade 2–3) dysphagia (Table 2).

In the univariate regression analyses, the EQD2 doses 
to the soft palate (OR = 1.028), the submandibular 
glands (ipsilateral: OR = 1.023, contralateral: OR = 1.024, 
combined: OR = 1.013), the contralateral parotid gland 
(OR = 1.068), the combined parotid glands (OR = 1.021), 
the contralateral sublingual gland (OR = 1.018), the com-
bined sublingual gland (OR = 1.009), the salivary glands 
of the buccal mucosa (ipsilateral: OR = 1.023, contralat-
eral: OR = 1.025, combined: OR = 1.012), and the salivary 
glands of the labial mucosa (OR = 1.037) were all signifi-
cantly associated with moderate xerostomia (supplemen-
tary Table 1). Both the soft palate dose (OR = 1.023) and 
the extended oral cavity dose (OR = 1.027) were associ-
ated with chronic moderate dysgeusia. However, given 
the very high correlation (r >.85) between these two 
OARs, only the soft palate was included in the multi-
variable regression analysis, as model performance was 
superior with this approach. The EQD2 doses to the soft 
palate (OR = 1.027), extended oral cavity (OR = 1.032), 
superior PCM (OR = 1.029), middle PCM (OR = 1.029), 
and combined PCM (OR = 1.033) were related to moder-
ate-to-severe dysphagia in the univariable regression. In 
the multivariate analysis, the EQD2 dose administered to 

(See figure on previous page.)
Fig. 2 Organs at risks analyzed regarding chronic xerostomia, dysgeusia and dysphagia in older adults with head and neck squamous cell carcinoma 
undergoing definitive radiotherapy. Top: Axial and sagittal views of a radiation treatment planning CT, showing the contoured organs at risk: left and 
right parotid glands (chartreuse), left and right submandibular glands (green), left sublingual gland (turquoise), salivary glands of the left and right buccal 
mucosa (brown), salivary glands of the labial mucosa (pale pink), soft palate (red), extended oral cavity (light blue), supraglottic larynx (orange), superior 
pharyngeal constrictors (pink), middle pharyngeal constrictors (lilac), inferior pharyngeal constrictors (violet), cricopharyngeal muscles (dark violet). The 
gross tumor volume is shown in dark blue. Bottom: Color representation of the dose distribution in axial and sagittal sections of the aforementioned 
radiation treatment planning CT.

https://github.com/isachpaz/ESAPICommander
https://github.com/isachpaz/ESAPICommander
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the soft palate remained the only significant variable for 
all analyzed toxicities (xerostomia: OR = 1.028, dysgeusia: 
OR = 1.022, dysphagia: OR = 1.027). In terms of chronic 
moderate-to-severe dysphagia, the superior PCM 
remained as further independent variable (OR = 1.030), 
while all other variables were not significantly associated 
with the analyzed toxicities in the multivariable regres-
sion analyses.

Median value of D50% (average EQD2 dose) for the 
soft palate were 54.0 Gy in patients suffering from mod-
erate xerostomia, 56.6 Gy in patients with moderate dys-
geusia, and 54.6 Gy in patients with moderate-to-severe 
dysphagia, whereas patients without these toxicities 
had soft palate doses of 37.5 Gy (xerostomia grade 0–1), 
46.2  Gy (dysgeusia grade 0–1), and 37.2  Gy (dysphagia 
grade 0–1), respectively (Table  3). The superior PCM 
was exposed to a median of 61.4 Gy (D50% EQD2 dose) 
in patients with chronic grade 2–3 dysphagia, and only 
53.6 Gy in patients with chronic grade 0–1 dysphagia.

The resulting NTCP models are shown in Fig.  3. The 
soft palate dose resulting in a 50% risk for moderate xero-
stomia and moderate-to-severe dysphagia was 44.6 and 
57.5  Gy, respectively, while the soft palate dose associ-
ated with a 25% risk of moderate dysgeusia was 50.6 Gy. 
Indicators regarding the performance of the NTCP mod-
els are shown in Table  4. The optimism-corrected AUC 
values of the NTCP model based on the bootstrapping 
technique [36] were 0.64 for xerostomia, 0.60 for dys-
geusia, and 0.64 for dysphagia. The Hosmer-Lemeshow 
tests showed a significant agreement between predicted 
risk and observed toxicity outcome for the NTCP mod-
els (p >.05). Given the AUC values derived from the 
development cohort (xerostomia: AUC = 0.66, dysgeusia: 
AUC = 0.63, dysphagia: AUC = 0.66), the estimated opti-
mism values of the AUC were 0.02 for xerostomia, 0.03 
for dysgeusia, and 0.02 for dysphagia.

Table 1 Patient and tumor characteristics of the analyzed cohort 
(n = 158). Patients were treated with definitive radiotherapy 
between 2009 and 2019. TNM and UICC classification is based 
on the 7th UICC/AJCC TNM Staging System. ECOG, Eastern 
Cooperative Oncology Group; HPV, human papillomavirus; UICC, 
Union for International Cancer Control
Age [years] Median 

(min-max)

73 (65–92)

n %

Gender Male 130 72

Female 50 28

Smoking status Non-smoker 48 27

Smoker 108 60

Unknown 24 13

ECOG ECOG 0 93 52

ECOG 1 67 37

ECOG 2 20 11

Localization Nasopharynx 4 2

Oropharynx 69 38

Hypopharynx 30 17

Oral cavity 21 12

Larynx 37 21

Multilevel 12 7

Salivary glands 3 2

Other 4 2

UICC I 13 7

II 10 6

III 24 13

IV 133 74

cT cT1 15 8

cT2 25 14

cT3 63 35

cT4 77 43

cN cN0 53 29

cN1 10 6

cN2a 11 6

cN2b 52 29

cN2c 44 24

cN3 10 6

cM cM0 160 89

cM1 11 6

cMx 9 5

HPV-status HPV-negative 48 27

HPV-positive 30 17

Unknown 102 57

Radiotherapy completed Not completed 25 14

Completed 155 86

Concomitant systemic treatment No chemotherapy 52 29

Chemotherapy 126 70

Cetuximab 2 1

Prescribed total dose [Gy] Median 
(min-max)
70.0 
(49.8–79.2)

Table 2 Number of patients suffering from chronic xerostomia, 
dysgeusia and dysphagia. CTCAE, Common Terminology Criteria 
for Adverse Events, N/A, not available (due to death within the 
first 90 days after radiotherapy, insufficient documentation in the 
follow-up appointments, or refusal of the follow-up consultation).
CTCAE grade Xerostomia Dysgeusia Dysphagia
0 35 59 51

1 35 52 24

2 73 34 40

3 0 0 19

4 0 0 0

5 0 0 0

N/A 28 34 28
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Discussion
In this analysis of a large tertiary cancer center, the soft 

palate dose was associated with moderate xerostomia, 
moderate dysgeusia, and moderate-to-severe dysphagia 
in older HNSCC patients receiving definitive radiother-
apy. The developed and internally validated NTCP mod-
els exhibited a moderate performance in predicting these 
chronic toxicities.

The fact that the soft palate dose was associated with 
all three analyzed toxicities, even though the patho-
physiology of these toxicities is different, is worth men-
tioning. As minor salivary glands are located at the soft 
palate, this may explain the soft palate’s attribution to 
the development of xerostomia. While the major sali-
vary glands produce the majority of saliva during eat-
ing, the minor salivary glands predominantly produce 
saliva during sleep, which is why minor salivary gland 
dysfunction potentially affects patient-reported xerosto-
mia at night [39]. Taste variations are in part also attrib-
uted to reduced saliva production, so that the association 
between the soft palate dose and dysgeusia may also be 
related to this fact. In line with our findings, the soft pal-
ate was associated with sticky saliva at six months after 
radiotherapy in the NTCP model reported by Beetz and 
colleagues [24]. In addition, the soft palate itself has been 
shown to exhibit a gustatory function which is indepen-
dent of the tongue [40]. In terms of dysphagia, the soft 
palate plays a crucial role in the oral preparatory and oro-
pharyngeal phase of swallowing [41] and therefore has 
been investigated in other analyses regarding potential 
dysphagia-related OARs [42].

In the CITOR profile based on a longitudinal risk pre-
diction analysis of 22 common radiotherapy-induced 

Table 3 Median value of D50% (average EQD2 dose with α/ß = 3 Gy) of the analyzed organ at risks depending on the development of 
treatment-related toxicities. CTCAE, Common Terminology Criteria of Adverse Events; PCM, pharyngeal constrictor muscle
Organ at risk Median average (mean) EQD2 dose (α/ß = 3 Gy) [Gy]

Xerostomia
CTCAE grade 2

Dysgeusia
CTCAE grade 2

Dysphagia
CTCAE grade 2/3

Yes No Yes No Yes No
Ipsilateral parotid gland 23.0 17.8 20.5 20.6

Contralateral parotid gland 17.6 15.2 17.2 16.2

Ipsilateral submandibular gland 65.3 63.9 63.7 64.8

Contralateral submandibular gland 59.6 53.5 56.2 56.5

Ipsilateral sublingual gland 43.4 42.3

Contralateral sublingual gland 38.9 37.0

Salivary glands of the ipsilateral buccal mucosa 31.4 27.1

Salivary glands of the contralateral buccal mucosa 30.1 23.4

Salivary glands of the labial mucosa 18.7 14.9

Soft palate 54.0 37.5 56.6 46.2 54.6 37.2

Extended oral cavity 50.5 44.0

Superior PCM 61.4 53.6

Middle PCM 64.7 61.1

Inferior PCM 53.7 57.2

Supraglottic larynx 63.8 60.0

Cricopharyngeal muscle 45.2 46.5

Table 4 Model performance and calibration for the normal 
tissue complication probability models for chronic moderate 
xerostomia (grade 2), moderate dysgeusia (grade 2) and 
moderate-to-severe dysphagia (grade 2 or 3). AUC, area under 
the curve
Performance 
measure

Xerostomia Dysgeusia Dyspha-
gia

Discrimination Mean 
AUC

0.66 0.63 0.66

Cor-
rected 
AUC

0.64 0.60 0.64

Calibration Hos-
mer–
Lem-
eshow 
test

X2 = 6.549
(p =.586)

X2 = 12.931
(p =.114)

X2 = 4.980
(p =.760)

Cor-
rected 
inter-
cept of
calibra-
tion 
curve

0.007 0.005 −0.203

Cor-
rected 
slope 
of
calibra-
tion 
curve

0.870 0.989 0.826
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Fig. 3 Normal tissue complication probability models for chronic moderate xerostomia, moderate dysgeusia and moderate-to-severe dysphagia based 
on the soft palate dose. NTCP, normal tissue complication probability; NTCP models for xerostomia (top), dysgeusia (middle) and dysphagia (bottom) are 
shown. The formula NTCP= P(Y)=(1+e-S)-1 with S = β0 +

∑n
i=1 βi • xi  was used for the NTCP analyses. The blue line represents the NTCP curve, calculated 

for each patient using the logistic regression analysis formula. Green dots indicate the mean soft palate EQD2 (α/ß=3 Gy) dose for individual patients who 
did not exhibit any of the investigated toxicities projected onto the NTCP curve as green diamonds. Red triangles represent the mean soft palate EQD2 
(α/ß=3 Gy) dose of patients with documented toxicity, projected onto the NTCP curve as red diamonds.
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toxicities, the oral cavity was the predominant OAR that 
was associated with 12 toxicities [26]. Similarly, the mean 
dose to the oral cavity was related to chronic xerostomia 
and dysgeusia after chemoradiation in a de-escalation 
study for human papillomavirus (HPV)-positive oro-
pharyngeal cancer patients [43], and we also observed a 
significant correlation between the oral cavity dose and 
chronic dysgeusia/dysphagia in the univariate regression 
analyses. However, we had a high correlation between the 
extended oral cavity and the soft palate, and the model 
performance was slightly superior with the soft palate 
instead the extended oral cavity OAR, so that only the 
soft palate was entered into the multivariable regres-
sion model. It should be noted in this context that the 
extended oral cavity, when contoured according to the 
guideline by Brouwers et al. [33], contains the soft palate.

We also found a significant association between the 
superior PCM dose and dysphagia in the multivariable 
regression. This is in line with several analyses, e.g., anal-
yses from Mazzola et al. [44], Levendag et al. [45], and 
Mortensen et al. [46] who observed a significant asso-
ciation between the superior PCM dose and dysphagia. 
There is randomized phase III evidence that dysphagia-
optimized IMRT, i.e., reducing the dose to the PCMs, 
significantly improves swallowing function in patients 
undergoing radiotherapy [12]. It should be noted that 
patients analyzed in our study were exposed to consider-
ably higher PCM doses than required in the PCM-spar-
ing protocols, e.g., < 50  Gy (physical dose) of the PCM 
excluding the overlapping part with the high-dose CTV 
in the DARS study [47]. The DAHANCA Radiotherapy 
Guideline 2020 guideline indicates a dose constraint of 
Dmean <55 Gy for the superior, middle, and inferior PCM 
[48].

Contrary to the parotid glands and PCMs, the soft 
palate is not routinely spared in the radiation treatment 
planning process, and efforts in reducing the parotid 
gland dose by using highly modulated radiation tech-
niques may result in higher doses to the soft palate [25]. 
For instance, the randomized COSTAR phase III trial in 
which the value of cochlea-sparing IMRT was tested in 
parotid cancer patients reported a higher incidence of 
late xerostomia in the cochlea-sparing IMRT than in the 
three-dimensional conformal radiotherapy group, proba-
bly due to higher low-dose volumes in the oral cavity and 
oropharynx, thereby affecting the small salivary glands 
[49]. There are several strategies to reduce the soft palate 
dose, e.g., reducing CTV-PTV margins accompanied by 
daily image guidance [50, 51], omitting treatment of cer-
vical lymph node level VII in cases in which it is possible 
according to current consensus recommendations [52, 
53], or omitting contralateral neck irradiation in well-lat-
eralized oropharyngeal cancers [54, 55].

Although presenting one of the first NTCP analy-
ses focusing on older HNSCC patients, our analysis has 
some limitations. We only used physician-assessed but 
not patient-reported toxicities as endpoints, as patient-
reported outcomes were only available for a minority of 
patients. In the future, patient self-reported outcomes 
should be also collected, as physicians are known to 
underestimate the severity of patient-reported toxicities 
[56]. Furthermore, we included patients treated between 
2009 and 2019, resulting in heterogeneity regarding the 
applied radiotherapy treatment techniques. In order to 
ensure sufficient statistical power for the analyses, we 
however decided to include all patients from this time 
span.

Conclusions
The soft palate was found to be an important OAR in 
terms of chronic xerostomia, dysgeusia and dyspha-
gia in older adults with HNSCC undergoing definitive 
radiotherapy. External validation on the basis of patient-
reported outcomes is warranted to verify our findings.
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