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Abstract

Background:

Radiotherapy and chemoradiation are well-established therapies for patients with squamous cell
carcinoma of the head and neck (SCCHN). In aging societies, also the incidence of SCCHN in elderly
patients is rising. Because of the underrepresentation of elderly patients in scientific trials, we evaluated
the feasibility of adjuvant radiotherapy and chemoradiation in patients with SCCHN aged >70 years.

Methods:

All patients had been >70 years at the time of diagnosis and received adjuvant radiotherapy or, if feasible,
chemoradiation at the University Medical Centre Regensburg between 2004 and 2018.

71 patients -most with SCCHN UICC stage IVa- with a median age of 75 years were included; 9 patients
received concomitant chemoradiation. Median follow-up was 27 months (IQR 18 — 62 months).

Results:

Radiotherapy and chemoradiation was well tolerated. 62 patients (87.3%) underwent treatment without
interruption, and 65 patients (91.5%) completed radiotherapy with 95% of the initially prescribed dose.
Median dose for all patients was 64 Gy (IQR: 60 — 66 Gy). 6/9 patients received at least 75 % of the
planned chemotherapy dose. 37 patients (52.1%) developed acute toxicity CTC grade Ill or IV.

Overall survival was 87 % after 12 months, 67 % after 24 months and 41 % after 60 months. Median
overall survival was 51 months (IQR: 19 - 99 months). Local tumour control was 99 % after 12 months, 88
% after 24 months and 76 % after 5 years.

Conclusion:

Feasibility of adjuvant radiotherapy and chemoradiation in our collective of elderly patients with SCCHN
was good. Particularly local tumour control was satisfactory. Overall survival does not seem to differ
between elderly and younger patients or patients unselected for age. De-intensification of treatment
because of age does not seem justified.

Background:

Squamous cell carcinoma of the head and neck (SCCHN) is a common type of malignant tumours
worldwide. In 2019, 53,000 cases of cancer of the oral cavity and pharynx and 12,410 cases of laryngeal
cancer were projected for the United States (US), 3.7% of all new cancer cases in the US are SCCHN.
(National Comprehensive Cancer Network 2019b) (Siegel et al. 2019). The worldwide proposed incidence
of SCCHN for 2018 was 834,860 cases (4.6% of all newly diagnosed malignancies) (Bray et al. 2018).
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In Germany, the Robert Koch Institute (RKI) in cooperation with the “Gesellschaft der epidemiologischen
Krebsregister in Deutschland e.V." (Society of Epidemiological Cancer Registries in Germany) publishes
German cancer statistics every two years. In 2014, 12,830 new cases of tumours of the oral cavity and
pharynx (9,130 in men, 3,700 in women) were diagnosed as well as 3,500 new cases of malignant
tumours of the larynx (2,980 in men and 520 in women) (Robert-Koch-Institut 2017).

The aetiology of head and neck cancer is multifactorial. The main risk factors are smoking, alcohol
consumption, human papilloma virus (HPV), premalignant lesions (for example, leukoplakia) and
premalignant conditions (inherited conditions or acquired immunodeficiency)(Shaw und Beasley 2016)
(Blot et al. 1988) (Sankaranarayanan et al. 1998).

Cancer of the head and neck occur heterogeneously, and locally advanced SCCHN are frequent (Magnes
et al. 2017). One therapeutic option for locally advanced SCCHN is multimodal treatment consisting of
resection followed by postoperative or adjuvant radiotherapy or chemoradiation (Marur und Forastiere
2016; National Comprehensive Cancer Network 2020) (Bernier et al. 2004) (Bernier et al. 2005; Gregoire et
al. 2010).

According to national and cross-national guidelines, the decision on SCCHN treatments with adjuvant
radiotherapy or chemoradiation depends on TNM Classification of Malignant Tumours, tumour site,
general state of health, comorbidities and risk factors of the individual patient (National Comprehensive
Cancer Network 2020) (National Comprehensive Cancer Network 2019b)(ESMO 2010) (Bernier et al.
2005).

The demographic change in aging societies is one reason for the rising number of patients with SCCHN
(Sikora et al. 2004), so that radiooncologists face an increasing rate of elderly or frail patients (Jelinek et
al. 2018) (VanderWalde et al. 2013). The definition of frailty has been discussed in several studies (Clegg
et al. 2013), and numerous screening tools have been developed (National Comprehensive Cancer
Network 2019a) (Pottel et al. 2012) (Biganzoli et al. 2013) (Bellera et al. 2012). Nevertheless elderly or
frail patients are often underrepresented in clinical trials (VanderWalde et al. 2013) (Metges et al. 2000)
(Dietz et al. 2018) (Fietkau et al. 2020) (Kuhnt et al. 2017).

Therefore, the aim of the present analysis was to evaluate the results and the feasibility of adjuvant
radiotherapy or chemoradiation in a collective of elderly patients with SCCHN who were aged 70 years
and older.

Methods:

This survey included patients with SCCHN who had been 70 years and older at the time of diagnosis and
received adjuvant radiotherapy or chemoradiation at the University Medical Centre Regensburg between
2004 and 2018. The study adhered to the Declaration of Helsinki and was approved by the Ethics
Committee of the University of Regensburg. Overall, 71 patients (16 women and 55 men) were included in
this retrospective survey. Median age of the patients was 75 years (IQR 72-79 years). 42 patients had a
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head and neck tumour UICC stage IVa. 20 patients were treated with adjuvant radiotherapy because of
tumour recurrence, but none of the patients had previously received radiotherapy of the head and neck.
62 patients received adjuvant radiotherapy and 9 patients concomitant adjuvant chemoradiation. Median
follow-up was 27 months (IQR: 18—72 months) [Table 1].
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Table 1

Patients characteristics

Patients [n]

Gender [n]

& female

% male

Age [years] at diagnosis
% median

& first Quartile

& third Quartile
Tumor entity [n]

& oropharynx

& oral cavity

& hypopharynx

& larynx

UICC classification [n]
I

I

Il

IVa

IVb

Karnofsky performance status initially [n]

30-40%
50-60%
70-80%
90-100%

Not specified

Karnofsky performance status minimal during therapy [n]

30-40%
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71

16
55

74
71
78

19
29

16

18
42

12
42
10

Percentage

22.5%
77.5%

26,7%
40.8%
9.9%

22.5%

7.0%
4.2%
25.4%
59.2%
4.2%

2.8%
16.9%
59.2%
14.1%
7.0%

4.2%




Patients characteristics Percentage

50-60% 21 29.5%
70-80% 35 49.3%
90-100% 4 5.6%

Not specified 8 11.3%

Follow-up [months]

% median 27
& first quartile 18
& third quartile 62

In this objective head and neck tumours were categorised as tumours of the oral cavity, larynx,
oropharynx and hypopharynx (= Squamous Cell Carcinoma of the Head and Neck, SCCHN). The main
purpose of this survey was to evaluate the feasibility of radiotherapy and chemoradiation.

Overall survival was defined as the period between the date of diagnosis and the date of death or of the
last known contact with a health facility. The general condition was classified in accordance to the
Karnofsky performance status.

Data were collected by means of patient files and documentation programmes of the department and the
University Medical Centre Regensburg (Mosaiq [IMPAC Medical Systems, Elekta, Stockholm, Sweden],
SAP [SAP, Walldorf, Germany], Onkodat [University of Regensburg, MedicDAT GmbH, Poikam Germany],
CATO [Becton Dickinson, Franklin Lakes, USA]). Treatment-related side effects were classified according
to the Common Terminology Criteria for Adverse Events (CTCAE) Version 3.0. (National Cancer Institute -
Division of Cancer Treatment and Diagnosis). Toxicity was evaluated before, during and directly after
therapy as well 6 weeks, 6 months and 12 months after therapy.

Survival data were completed with the help of the registration office and Tumour Centre of Regensburg.

Statistical analysis and diagrammes were done with IBM SPSS Statistics 25 (IBM, Armonk, NY, USA). A
significance level of p = 0.05 was considered significant. Significance tests were carried outwith the T-Test
for metric variables and the Chi?test for nominal variables. The Mann-Whitney- U -test was used for
ordinal scaled variables.

Survival curves for 60 months were created with Kaplan-Meier-plots and analysed with log-rank-tests.

An univariate as well as a multivariate analysis were conducted. Positive and negative predictive factors
were identified by means of the Cox regression model.
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Results:
Feasibility

Radiotherapy was well tolerated by the patients. In this survey, 62 (87.3%) patients underwent
radiotherapy and chemoradiation as planned without interruption. Treatment had only to be interrupted
for 2 or more days for 9 (12.7%) of 71 patients. 65 (91.5%) patients could complete radiotherapy with a
dose of 95% of the initially prescribed radiation dose. Because of premature discontinuation of
radiotherapy, 6 (8.5%) patients received less than 95% and 4 (5.6%) patients less than 80% of the
prescribed dose. Median dose for all patients was 64 Gy (IQR: 60—66 Gy).

Of 71 patients, 9 (12.7%) received simultaneous adjuvant or postoperative chemoradiation. 6 (66.6%) of
the 9 patients received 75% or more and 8 (88.8%) of the 9 patients 50% or more of the initially planned
dose. 1 patient received less than 25% of the prescribed chemotherapy dose because of the premature
termination of chemoradiation. Most of the postponed cycles were shifted due to temporary bone marrow
toxicity, especially leukopenia and neutropenia.

Acute Toxicity

In this survey, we also evaluated the side effects of radiotherapy and chemoradiation, such as enoral
mucositis, dysphagia, dermatitis caused by radiation, loss of weight, leukopenia, thrombopenia, anaemia,
renal failure and xerostomia. Side effects were analysed after 6 weeks and after 3, 6 and 12 months
according to the dates of follow-up examination. 37 patients (52.1%) developed acute toxicity CTC grade
[l or IV after radiotherapy or chemoradiation. Analysis by means of the Chi2?-test showed that
simultaneous chemoradiation did not result in any significantly higher degree of acute toxicity than
radiotherapy alone.

The most frequent acute side effect of radiation was enoral mucositis. 24 (33.8%) patients developed
therapy-induced toxicity CTC grade lll or higher. After 6 weeks, 3 (4.2%) patients were still affected by
mucositis. [Table 2]
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Table 2

Therapy characteristics

Patients [n]

Postoperative or adjuvant radiotherapy
Postoperative or adjuvant chemoradiation
Boost [n]

& sequential

% concomitant

& without

Radiation technique [n]

& IMRT

& IMAT

& VMAT

& Isocentric multi-pattern technique

& Isocentric opposing fields

Dose [Gy]

% median

& first quartile

& third quartile

Acute toxicity according to CTCAE Version 3.0 [n]
& Mucositis Grade < |I

& Mucositis Grade = Il

& Dermatitis Grade < Il

& Dermatitis Grade = llI

& Dysphagia Grade </l

& Dysphagia Grade = llI

Late toxicity according to CTCAE Version 3.0 [n]
% 6 months after RTx

o Mucositis Grade < ||
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71
62

56

10

42
13

64
60
66

46
24
61
10
42
27

50

Percentage

87.3%
12.7%

78.9%
7.0%
14.1%

59.2%
18.3%
9.9%
9.9%
2.8%

65.7%
34.3%
85.9%
14.1%
60.9%
39.1%

96.2%




Therapy characteristics Percentage

0 Mucositis Grade = Il 2 3.8%
o Xerostomia Grade < l| 47  95.9%
o Xerostomia Grade = llI 2 4.1%
o Dysphagia Grade < I 40 90.9%
o Dysphagia Grade = llI 4 9.1%

& 12 months after RTx

0 Mucositis Grade < |I 39 100.0%
0 Mucositis Grade = il 0 0.0%
o Xerostomia Grade < lI 39 97.5%
o Xerostomia Grade = IlI 1 2.5%
o Dysphagia Grade < I 33 91.7%
o Dysphagia Grade = lI 3 8.3%
weight 6—12 weeks after compared to weight before start of therapy [n] 1 1,6%
% 80-84%

% 85-89% 3 4,8%
% 90-94% 15 242%
% 95-100% 26  41,9%
% >100% 16  258%

27 (38.0%) patients had dysphagia (CTC grade Ill or more), which was still presentin 9 (12.7%) after 6
weeks. 10 (14.1%) patients had already developed dysphagia CTC grade Il before the start of
radiotherapy, so that these cases were not clearly classified as therapy-induced dysphagia.

Dermatitis CTC grade Ill or more caused by radiotherapy was seen in 10 (14.1%) patients. 4 (5.6%)
patients were affected by weight loss >10% of body weight.

Late Toxicity

Dysphagia CTC grade Il persisted for more than 6 months in 4 (5.6%) patients and for more than 12
months in 3 (4.2%) patients. 4 (5.6%) patients treated with radiotherapy showed Xerostomia CTC grade lll
after 6 weeks, 2 (2.8%) patients after 6 months and 1 (1.4%) patient after 12 months. The Karnofsky
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performance status (KPS) was stable in most patients, only 5 (7.0%) patients experienced a decrease in
KPS of 20% or more.

Survival And Response

Our study population of 71 patients showed an overall survival rate of 87% after 12 months, 67% after 24
months and 41% after 60 months [Figure 1]. Median overall survival was 51 months (IQR: 19.0-99.0
months). All patients were primarily treated with curative intent.

Age had no significant impact on overall survival. Median survival of the patients was classified
according to the following age groups: 70—74 years (34 patients, median survival: 37 months), 75—
79 years (24 patients, median survival: 54 months), 80-84 years (10 patients, median survival:

51 months), and 85 years and more (3 patients, median survival: 24 months).

During follow-up, 17 (23.9%) of the 71 patients developed tumour recurrence (median after 12 months,
IQR: 10.0-21.5 months). 13 patients showed metastatic spread during follow-up (median after 11
months, IQR: 9-20). Median relapse-free survival was 25 months (IQR: 12-57 months), median local-
relapse-free survival 25 months (IQR: 15-65 months) and median metastasis-free survival 26 months
(IQR: 14-65 months).

Median overall survival for patients with tumour recurrence (local relapse or metastatic spread) during
follow-up was 21 months (IQR: 18—54 months). Median survival of patients without relapse was 65
months (IQR: 23-120 months) and thus significantly longer than for patients with tumour recurrence (log
rank-test: p=0.001).

Local tumour was 99% after 12 months, 88% after 24 months and 76% after 60 months. 13 of the 71
patients had local tumour recurrence (median after 25 months (IQR: 15.0-65.0). [Figure 2]

A subgroup analysis showed a median overall survival rate of 24 months during follow-up for both
patients with local relapse (IQR: 18—-54 months) as well as for patients with metastatic spread (IQR: 14—
25 months). According to the log rank-test for both subgroups this result is significant in comparison to
the remaining patients (local relapse: p = 0.039; metastatic spread: p = 0.002).

Univariate And Multivariate Analysis

In view of the overall survival rate, these results were significant with regard to the KPS. First, patients
with a KPS of 60% or less before, during or after radiotherapy had significantly worse overall survival (p =
0.019) than patients with a KPS of 70—-100%. This fact was confirmed in the univariate analysis of KPS
after radiotherapy, in which especially a KPS of 50% or less was associated with significantly worse
overall survival (KPS 30%: p = 0.000, KPS 40%: p = 0.000, KPS 50%: p = 0.001). Furthermore, univariate
analysis yielded a significantly worse overall survival rate during follow-up for patients with tumour
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recurrence (local recurrence or metastatic spread) (p = 0.002) and for patients with metastatic spread (p =
0.001).

Univariate evaluation showed a trend towards an association between dysphagia after radiotherapy,
especially dysphagia CTC grade lll 6 months after the end of radiotherapy (p = 0.071), and slightly worse
overall survival. A tendency was also apparent for an association of low haemoglobin values (anaemia
CTC lll or higher) before radiotherapy (p = 0.067), tumour recurrence at the beginning of radiotherapy (p =
0.101) and an increased UICC-status (UICC IVb: p = 0.084) with worse overall survival.

Multivariate analysis yielded a significant association of tumour recurrence (local recurrence or
metastatic spread) during follow-up (p = 0.02) and dysphagia CTC grade Ill 6 months after the end of
radiotherapy (p = 0.036) with overall survival.

Conclusion:

Malignancies of the head and neck area are among the most frequent malignant tumours, but elderly
patients have been underrepresented in scientific surveys so far. The aim of the present examination was
to evaluate the feasibility and results of radiotherapy or chemoradiation in patients aged > 70 years with
head and neck tumours.

The feasibility of radiotherapy and chemoradiation in our collective of elderly patients was good.
Especially local tumour control was satisfactory.

Careful patient selection regarding comorbidities and the Karnofsky performance status is essential. But
continuous progress in radiation techniques over the past few years has significantly reduced the
frequency of toxicities. The factor age does not seem to influence overall survival because there was no
obvious difference between elderly patients and younger or unselected patients.

Our results suggest that de-intensification of treatment just because of age has to be reconsidered
critically.

Further research is needed to better assess cancer therapy, particularly in elderly and frail patients.

Discussion:

In this survey, we consciously decided to focus on elderly patients aged > 70 years with head and neck
cancer who had been treated with radiotherapy or chemoradiation at the University Medical Centre
Regensburg. Our aim was to investigate this heterogenous patient collective under therapy to analyse
how these patients tolerated treatment and how to deal with the demands and challenges of real world
data. Many other studies have focused on pre-selected patient collectives. Such (pre-)selection of
patients may falsify the results of surveys and overlook the special requirements in treating elderly or frail
patients, which is one reason for the lack of sufficient data on such patients.
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For elderly patients with head and neck tumours radiotherapy and chemoradiation represent important
and effective treatment options (National Comprehensive Cancer Network 2020). Elderly patients should
not be deprived of radiotherapy or chemoradiationjust because of their age (Metges et al. 2000; Kunkler et
al. 2014; Wasil et al. 2000). We underline this assumption because of the good feasibility of radiotherapy
and chemoradiation in our patient collective.

However, it is necessary to take a closer look at the collective of elderly patients with SCCHN.

Comparison of subgroups is difficult, because postoperative patients with intermediate risk tumours
usually only receive radiotherapy (National Comprehensive Cancer Network 2020). Nearly all high-risk
patients in our collective would have received simultaneous chemoradiation if they had been younger. In
reality only fit patients in our collective received simultaneous chemoradiation pursuant to present
guidelines, since some elderly and frail patients were not intended to be able to tolerate simultaneous
chemotherapy according to the data of “Meta-analysis of chemotherapy in head and neck cancer (MACH-
NC)".(Blanchard et al. 2016). In accordance to the data of the MACH-NC meta-analysis elderly patients in
our collective who had risk factors (ECS, more than 3 lymph nodes affected, less than 5 mm margin),
comorbidities or a low Karnofsky performance status received radiotherapy alone although -according to
oncological guidelines - simultaneous chemoradiation should also be conducted — at least theoretically.
(Blanchard et al. 2016; National Comprehensive Cancer Network 2020). However, some of the elderly
patients with risk factors in our collective received simultaneous chemoradiation because of their good
general condition and their high Karnofsky performance status, although the data of the MACH-NC meta-
analysis recommend radiotherapy alone for this group of patients aged >70 years of age. The patients’
general condition was classified in accordance to the Karnofsky performance status and comorbidities.
Thus therapeutic decisions had to be made individually for each patient.

As already mentioned feasibility of radiotherapy and chemoradiation in our collective was good,
consequently treatment had only to be interrupted for 2 or more days in 9 (12.7%) patients. Reasons for
the interruption of radiotherapy were mostly acute toxicity or other medical complications such as
infections. Some interruptions were due to patient incompliance or organisational problems. 65 patients
were able to complete radiotherapy with 95% of the initially prescribed radiation dose (91.5%). 4 patients
(5.6%) received less than 80% of the prescribed dose due to the premature termination of 1 of these 4
patients died of respiratory insufficiency because of pulmonary metastases newly developed under
radiotherapy (16 Gy). Another patient died of cardiovascular disease under chemoradiation (16.2 Gy and
less than 25% of the prescribed chemotherapeutic dose). 2 of the 4 patients terminated radiotherapy at
their own request.

Elderly patients are often deprived of radiotherapy or chemoradiation only because of their age. Metges et
al. observed that elderly patients were frequently treated less aggressively because of their assumed
limited life expectancy. Physicians automatically presume that the treatment procedure would impair
quality of life. In their survey Metges et al. did not find any difference in treatment response among the
various age groups (Metges et al. 2000).
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We also cannot confirm the hypothesis that elderly patients generally have a worse prognosis than
collectives of younger patients or patients of different age groups. Data on elderly patient collectives are
generally still insufficient (Wasil et al. 2000).

Our patients treated with simultaneous chemoradiation generally had worse outcome than the patients
only treated with radiotherapy. Median survival of patients undergoing simultaneous chemotherapy was
21 months. Patients without simultaneous chemotherapy had a median survival rate of 51 months. In the
log rank-test this result was not significant (p = 0.219). This result is due to the fact that patients who
qualify for simultaneous chemotherapy have a poor prognosis and considerable risk factors (ECS, more
than 3 lymph nodes affected, less than 5 mm margin). The majority of our patients had locally advanced
tumour (UICC stadium IVa), hence the poor overall survival rate was not surprising.

For these reasons, comparison of these patient groups is difficult. On the one hand, simultaneous
chemotherapy and radiotherapy is more effective (Forastiere et al. 2013) (Bourhis et al. 2012) (Adelstein
et al. 2003).

On the other hand, only patients with risk factors qualify for simultaneous chemotherapy. Thus, patients
with risk factors are faced with poor prognosis. Furthermore, not all patients in this survey who qualified
for chemotherapy also received chemotherapy, often because of comorbidities or severe secondary
diagnoses.

Our univariate and multivariate analysis (COX regression) resulted in a significant value for dysphagia,
particularly after 6 months. This value seems to be an important parameter for overall survival because
of the following underlying factors: A limitation caused by the tumour itself could (already) exist at the
beginning of therapy. Furthermore, dysphagia could be related to therapy. Consequently, appropriate
nutrition may prevent patients from losing weight or from significant deterioration of the general
condition. Dysphagia and limitation of swallowing are very complex clinical pathologies. Moreover,
detection of dysphagia may be difficult in small patient collectives. Because patients often develop
aspiration pneumonia, good phoniatric and logopaedic accessibility is essential(Patterson 2019)
(Pedersen et al. 2016) (Brodsky et al. 2016 Jul)(Hey et al. 2013). For this reason, treatment in specialised
centres is desirable. Patients in this survey were treated at the University Medical Centre Regensburg for
the entire duration of therapy.

In our collective, patients with poor prognosis and a low KPS usually had worse overall survival. Our
univariate analysis showed significant results for overall survival for patients with a KPS of 60% or less
before, during or after radiotherapy and tumour recurrence (local recurrence or metastatic spread) or
metastatic spread during follow-up.

The subgroup analysis yielded a median overall survival rate of 24 months for patients with local tumour
recurrence (IQR: 18—-54 months) or metastatic spread (IQR: 14-25 months) during follow-up. The log
rank-test of both subgroups yielded significant results (local relapse: p = 0.039; metastatic spread: p =
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0.002). Consequently, prognosis is determined, inter alia, by tumour recurrence, which emphasizes the
importance of local control.

Patients without relapse showed a median survival rate of 65 months (IQR: 23-120 months) and thus
lived significantly longer than patients with tumour recurrence (log rank-test: p = 0.001). Only 13 out of the
71 patients were affected by local tumour recurrence. Overall, local tumour control in this survey was
good (99% after 12 months, 88% after 24 months and 76% after 60 months).

Furthermore, our univariate evaluation showed a trend towards an association of dysphagia after
radiotherapy, especially dysphagia CTC grade Ill 6 months after the end of radiotherapy, a low
haemoglobin value (anaemia CTC Ill or higher) before radiotherapy (p = 0.067), tumour recurrence at the
beginning of radiotherapy and an increased UICC-status with poor overall survival. The haemoglobin
value is also known as a negative predictive marker in unselected non-elderly patients (Dietl et al. 2005).

The purpose of this survey was to evaluate the treatment feasibility of radiotherapy or chemoradiation in
an unselected patient collective. To assess the reality and authenticity of the treatment of elderly patients
as closely as possible, we decided to include the patients in the described unselected manner.
Consequently conclusions could be drawn with regard to feasibility and toleration of radiotherapy and
chemoradiation.

The feasibility of radiotherapy and chemoradiation in our collective of elderly patients was good. We
focused on the question of how patients aged >70 years and particularly frail patients may tolerate
cancer therapy. Our patients were retrospectively classified according to the Karnofsky Performance
Index. The results of this survey imply that elderly (and frail) patients benefit from radiotherapy and
chemoradiation just like any other patients with head and neck cancer. The benefits have also been
proven in other studies (Metges et al. 2000) (Wasil et al. 2000; Kunkler et al. 2014). Straube and Pigorsch
et al. also described the good results of radiotherapy in elderly and frail patients (Straube et al. 2016).
However, their patient collective was smaller than ours. The implementation of intensity-modulated
radiation and the subsequent dose reduction and thus protection of organs at risk has increased the
compatibility of radiotherapy in the head and neck area (Kunkler et al. 2014).

Our patient collective was larger and less heterogenous than those in other surveys. Each of our patients
received adjuvant radiotherapy or chemoradiation, and our patient collective is representative because it
resembles clinical reality.

Chemoradiation was not significantly less well tolerated by our elderly patients than by younger patients,
and this result has been confirmed in other surveys (Giovanazzi-Bannon et al. 1994; Lichtman et al. 2007
Newcomb und Carbone 1993).

Nevertheless, careful patient selection regarding comorbidities and the Karnofsky performance status is
necessary (Sanabria et al. 2007). Our next prospective studies on radiotherapy and chemoradiation of
elderly patients with head and neck cancer will particularly focus on frail patients.

Page 14/21



Declarations

-Ethics approval and consent to participate

The study adhered to the Declaration of Helsinki and was approved by the Ethics Committee of the
University of Regensburg.

-Consent for publication
Not applicable
-Availability of data and material

The datasets generated and analysed during the current study are not publicly available due to data
protection regulations for the personal and confidential patient data but are available anonymised from
the corresponding author on reasonable request.

-Competing interests

The authors declare that they have no competing interests.
-Funding

None

-Authors' contributions

All authors read and approved the final manuscript. C.S., M.G.H, O.K,, M.H. and A.R. developed the
protocol and contributed to the study design. C.S. and M.G.H. contributed to manuscript’s writing and
statistical analysis. All authors participated in data collection, C.S., AR, M.H,, M.G.H, F.S. and O.K. in
patient recruitment respectively treatment and R.K. as well as K.E. in histopathological examination.

-Acknowledgements

Not applicable

References

1. Adelstein DJ, Li Y, Adams GL, Wagner H, Kish JR, Ensley JA, John F. et al. An intergroup phase lll
comparison of standard radiation therapy and two schedules of concurrent chemoradiotherapy in
patients with unresectable squamous cell head and neck cancer. Journal of clinical oncology: official
journal of the American Society of Clinical Oncology. 2003;21(1):92-8.
DOI:10.1200/JC0.2003.01.008.

2. Bellera CA, Rainfray M, Mathoulin-Pelissier S, Mertens C, Delva F, Fonck M, Soubeyran PL. Screening

older cancer patients: first evaluation of the G-8 geriatric screening tool. Annals of oncology: official
Page 15/21



10.

11.

12.

13.

journal of the European Society for Medical Oncology. 2012;23(8):2166—-72.
DOI:10.1093/annonc/mdr587.

. Bernier J, Cooper JS, Pajak TF, van Glabbeke M, Bourhis J, Forastiere A, et al. Defining risk levels in

locally advanced head and neck cancers: a comparative analysis of concurrent postoperative
radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (# 9501). Head Neck.
2005;27(10):843-50. DOI:10.1002/hed.20279.

. Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefebvre J-L, Greiner RH, et al. Postoperative

irradiation with or without concomitant chemotherapy for locally advanced head and neck cancer. N
Engl J Med. 2004;350(19):1945-52. DOI:10.1056/NEJM0a032641.

. Biganzoli L, Boni L, Becheri D, Zafarana E, Biagioni C, Cappadona S, et al. Evaluation of the

cardiovascular health study (CHS) instrument and the Vulnerable Elders Survey-13 (VES-13) in
elderly cancer patients. Are we still missing the right screening tool? Annals of oncology: official
journal of the European Society for Medical Oncology. 2013;24(2):494-500.
DOI:10.1093/annonc/mds331.

. Blanchard P, Landais C, Petit C, Zhang Q, Grégoire V, Tobias J, et al. Meta-analysis of chemotherapy

in head and neck cancer (MACH-NC): An update on 100 randomized trials and 19,248 patients, on
behalf of MACH-NC group. Ann Oncol. 2016;27:vi328. DOI:10.1093/annonc/mdw376.02.

. Blot WJ, McLaughlin JK, Winn DM, Austin DF, Greenberg RS, Preston-Martin S, et al. Smoking and

drinking in relation to oral and pharyngeal cancer. Cancer research. 1988;48(11):3282-7.

. Bourhis J, Sire C, Graff B, Gregoire V, Maingon P, Calais G, et al. Concomitant chemoradiotherapy

versus acceleration of radiotherapy with or without concomitant chemotherapy in locally advanced
head and neck carcinoma (GORTEC 99 - 02): an open-label phase 3 randomised trial. Lancet Oncol.
2012;13(2):145-53. DOI:10.1016/S1470-2045(11)70346-1.

. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Cancer
J Clin. 2018;68(6):394-424. DOI:10.3322/caac.21492.

Brodsky MB, Suiter DM, Gonzalez-Fernandez M, Michtalik HJ, Frymark TB, Venediktov R, Schooling T.
(2016 Jul): Screening Accuracy for Aspiration Using Bedside Water Swallow Tests: A Systematic
Review and Meta-Analysis. United States.

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. The Lancet.
2013;381(9868):752-62. D0OI:10.1016/S0140-6736(12)62167-9.

10.1007/s00066-005-1449-9

Dietl B, Schafer C, Kolbl 0. (2005): The prognostic value of time parameters in adjuvant radiotherapy
of head and neck cancer. A retrospective analysis of 138 patients. In: Strahlentherapie und
Onkologie: Organ der Deutschen Rontgengesellschaft ... et al/ 181 (12), 800-7; discussion 808-9. DOI:
10.1007/s00066-005-1449-9.

Dietz A, Wichmann G, Kuhnt T, Pfreundner L, Hagen R, Scheich M, et al. Induction chemotherapy (IC)
followed by radiotherapy (RT) versus cetuximab plus IC and RT in advanced

Page 16/21



14.

15.

16.

17.

18.

19.

20.

21.

22.

laryngeal/hypopharyngeal cancer resectable only by total laryngectomy-final results of the larynx
organ preservation trial DeLOS-IIl. Annals of oncology: official journal of the European Society for
Medical Oncology. 2018;29(10):2105-14. DOI:10.1093/annonc/mdy332.

ESMO. (2010): Squamous Cell Carcinoma of the Head and Neck: EHNS-ESMO-ESTRO Clinical
Practice Guidelines | ESMO. Online verfiigbar unter https://www.esmo.org/Guidelines/Head-and-
Neck-Cancers/Squamous-Cell-Carcinoma-of-the-Head-and-Neck, zuletzt gepriift am 13.05.2019.

Fietkau R, Hecht M, Hofner B, Lubgan D, Iro H, Gefeller O, et al. Randomized phase-lll-trial of
concurrent chemoradiation for locally advanced head and neck cancer comparing dose reduced
radiotherapy with paclitaxel/cisplatin to standard radiotherapy with fluorouracil/cisplatin: The
PacCis-trial. Radiotherapy oncology: journal of the European Society for Therapeutic Radiology
Oncology. 2020;144:209-17. DOI:10.1016/j.radonc.2020.01.016.

Forastiere AA, Zhang Q, Weber RS, Maor MH, Goepfert H, Pajak TF, et al. Long-term results of RTOG
91 - 11: a comparison of three nonsurgical treatment strategies to preserve the larynx in patients
with locally advanced larynx cancer. Journal of clinical oncology: official journal of the American
Society of Clinical Oncology. 2013;31(7):845-52. DOI:10.1200/JC0.2012.43.6097.

Giovanazzi-Bannon S, Rademaker A, Lai G, Benson AB 3rd. Treatment tolerance of elderly cancer
patients entered onto phase Il clinical trials: an lllinois Cancer Center study. Journal of clinical
oncology: official journal of the American Society of Clinical Oncology. 1994;12(11):2447-52.
DOI:10.1200/JC0.1994.12.11.2447.

Gregoire V, Lefebvre J-L, Licitra L, Felip E. Squamous cell carcinoma of the head and neck: EHNS-
ESMO-ESTRO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of
oncology: official journal of the European Society for Medical Oncology. 2010;21 Suppl 5:v184-6.
DOI:10.1093/annonc/mdqg185.

Hey C, Lange BP, Eberle S, Zaretsky Y, Sader R, Stover T, Wagenblast J. Water swallow screening test
for patients after surgery for head and neck cancer: early identification of dysphagia, aspiration and
limitations of oral intake. Anticancer research. 2013;33(9):4017-21.

Jelinek MJ, Howard AS, Haraf DJ, Vokes EE. Management of Early Head and Neck Cancer in Elderly
Patients. Journal of oncology practice. 2018;14(9):541-6. DOI:10.1200/JOP.18.00078.

Kuhnt T, Schreiber A, Pirnasch A, Hautmann MG, Hass P, Sieker FP, et al. Hyperfractionated
accelerated radiation therapy plus cetuximab plus cisplatin chemotherapy in locally advanced
inoperable squamous cell carcinoma of the head and neck: Final 5 year results of a phase Il study.
Strahlentherapie Onkologie: Organ der Deutschen Rontgengesellschaft ... et al]. 2017;193(9):733-41.
DOI:10.1007/s00066-017-1145-6.

Kunkler IH, Audisio R, Belkacemi Y, Betz M, Gore E, Hoffe S, et al. Review of current best practice and
priorities for research in radiation oncology for elderly patients with cancer: the International Society
of Geriatric Oncology (SIOG) task force. Annals of oncology: official journal of the European Society
for Medical Oncology. 2014;25(11):2134-46. DOI:10.1093/annonc/mdu104.

Page 17/21



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Lichtman SM, Wildiers H, Chatelut E, Steer C, Budman D, Morrison VA, et al. International Society of
Geriatric Oncology Chemotherapy Taskforce: evaluation of chemotherapy in older patients—an
analysis of the medical literature. Journal of clinical oncology: official journal of the American
Society of Clinical Oncology. 2007;25(14):1832-43. DOI:10.1200/JC0.2007.10.6583.

10.1007/s12254-017-0358-9
Magnes T, Egle A, Greil R, Melchardt T. (2017): Update on squamous cell carcinoma of the head and
neck: ASCO annual meeting 2017. In: Memo 10 (4), S. 220-223. DOI: 10.1007/s12254-017-0358-9.

10.1016/j.mayocp.2015.12.017

Marur S, Forastiere AA. (2016): Head and Neck Squamous Cell Carcinoma: Update on Epidemiology,
Diagnosis, and Treatment. In: Mayo Clinic proceedings 91 (3), S. 386—396. DOI:
10.1016/j.mayocp.2015.12.017.

Metges JP, Eschwege F, Crevoisier R de; Lusinchi, A.; Bourhis, J.; Wibault, P. (2000): Radiotherapy in
head and neck cancer in the elderly: a challenge. Crit Rev Oncol Hematol 34 (3), 195-203.
DOI:10.1016/s1040-8428(00)00061-5.

National Cancer Institute - Division of Cancer Treatment and Diagnosis. Common Terminology
Criteria for Adverse Events (CTCAE) | Protocol Development | CTEP. Online verfiigbar unter
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50, zuletzt
gepriift am 01.06.2019.

National Comprehensive Cancer Network. (2019a): NCCN Clinical Practice Guidelines in Oncology.
Older Adult Oncology. Online verfligbar unter
https://www.nccn.org/professionals/physician_gls/default.aspx#site, zuletzt gepriift am
17.05.2019.

National Comprehensive Cancer Network. (2019b): NCCN Guidelines Head and Neck Cancers,
National Comprehensive Cancer Network. Head and Neck Cancers (Version 1.2019).
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf Accessed May 02, 2019.
NCCN Guidelines Head and Neck Cancers. Online verfiigbar unter
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf, zuletzt gepriift am
02.05.2019.

National Comprehensive Cancer Network. (2020): NCCN Guidelines Head and Neck Cancers, National
Comprehensive Cancer Network. Head and Neck Cancers (Version 1.2020). NCCN Guidelines Head
and Neck Cancers. Online verfligbar unter
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf, zuletzt gepriift am
08.03.2020.

Newcomb PA, Carbone PP. Cancer treatment and age: patient perspectives. J Natl Cancer Inst.
1993;85(19):1580-4. DOI:10.1093/jnci/85.19.1580.

Patterson JM. Late Effects of Organ Preservation Treatment on Swallowing and Voice; Presentation,
Assessment, and Screening. Front Oncol. 2019;9:401. DOI:10.3389/fonc.2019.00401.

Page 18/21



33. Pedersen A, Wilson J, McColl E, Carding P, Patterson J. Swallowing outcome measures in head and
neck cancer—How do they compare? Oral Oncol. 2016;52:104-8.
DOI:10.1016/j.oraloncology.2015.10.015.

34. Pottel L, Boterberg T, Pottel H, Goethals L, van den Noortgate N, Duprez F, et al. Determination of an
adequate screening tool for identification of vulnerable elderly head and neck cancer patients treated
with radio(chemo)therapy. JOURNAL OF GERIATRIC ONCOLOGY. 2012;3(1):24-32.

35. Robert-Koch-Institut. (2017): Krebs - Startseite Zentrum fiir Krebsregisterdaten. Hg. v. Gesellschaft der
epidemiologischen Krebsregister in Deutschland e. V. (GEKID) und Zentrum fiir Krebsregisterdaten
(ZfKD). Robert-Koch-Institut. Online verfiigbar unter
https://www.krebsdaten.de/Krebs/DE/Home/homepage_node.html, zuletzt gepriift am 13.05.2019.

36. Sanabria A, Carvalho AL, Vartanian JG, Magrin J, Ikeda MK, Kowalski LP. Comorbidity is a prognostic
factor in elderly patients with head and neck cancer. Ann Surg Oncol. 2007;14(4):1449-57.
DOI:10.1245/s10434-006-9296-1.

37. Sankaranarayanan R, Masuyer E, Swaminathan R, Ferlay J, Whelan S. Head and neck cancer: a
global perspective on epidemiology and prognosis. Anticancer research. 1998;18(6B):4779-86.

38. Shaw R, Beasley N. Aetiology and risk factors for head and neck cancer: United Kingdom National
Multidisciplinary Guidelines. J Laryngol Otol. 2016;130(S2):9-12.
DOI:10.1017/S0022215116000360.

39. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. Cancer J Clin. 2019;69(1):7-34.
DOI:10.3322/caac.21551.

40. Sikora AG, Toniolo B, DeLacure MD. The changing demographics of head and neck squamous cell
carcinoma in the United States. Laryngoscope. 2004;114(11):1915-23.
DOI:10.1097/01.mIg.0000147920.66486.bc.

41. Straube C, Pigorsch SU, Scherb H, Wilkens JJ, Bier H, Combs SE. Reduced volume SIB-IMRT/IGRT to
head and neck cancer in elderly and frail patients: outcome and toxicity. Radiation oncology (London
England). 2016;11(1):133. DOI:10.1186/s13014-016-0711-x.

42. VanderWalde NA, Fleming M, Weiss J, Chera BS. Treatment of Older Patients With Head and Neck
Cancer: A Review. Oncologist. 2013;18(5):568—-78. DOI:10.1634/theoncologist.2012-0427.

43. Wasil T, Lichtman SM, Gupta V, Rush S. Radiation therapy in cancer patients 80 years of age and
older. Am J Clin Oncol. 2000;23(5):526—30. DOI:10.1097/00000421-200010000-00019.

Figures

Page 19/21



10

09 —

o7

0@

05

overall survival

04

0,3

02

01

08 1 .--I—\.

oo

Figure 1

Overall survival of the whole sample
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Figure 2

Local tumour control after adjuvant radiotherapy / chemoradiation
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