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Simple Summary

This study examined how well elderly patients with head and neck cancer tolerated
radiation therapy or combined radiation and chemotherapy after surgery. We found that
treatment outcomes were affected more by patients” overall health and level of frailty than
by age alone, while health scoring systems helped to predict tolerability. These findings
suggest that older patients should not be denied standard cancer treatment just because of
their age.

Abstract

Background: With aging populations, the incidence of squamous cell carcinoma of the head
and neck (SCCHN) among elderly patients is increasing. Although adjuvant radiother-
apy or chemoradiation is a well-established component of multimodal treatment, elderly
patients remain underrepresented in clinical trials. This study evaluates the feasibility of
adjuvant radiotherapy and chemoradiation in patients over 70 years with SCCHN and
explores the correlation between treatment feasibility and various comorbidity scores.
Methods: We retrospectively analyzed patients over 70 years of age who received adjuvant
radiotherapy or chemoradiation at the University Hospital Regensburg between 2004 and
2018. A total of 71 patients, with a median age of 75 years, were included. The majority
were classified as UICC stage IVa. Median follow-up was 27 months. Results: Sixty-two
patients completed treatment without interruption, and sixty-five received at least 95% of
the prescribed radiation dose. The median total dose was 64 Gy. Acute toxicity of grade
III or IV (CTC) occurred in 37 patients. Local tumor control rates were 99% at 12 months,
88% at 24 months, and 76% at 5 years. Overall survival rates were 87% at 12 months,
67% at 24 months, and 41% at 60 months, with a median overall survival of 51 months.
The Elixhauser Comorbidity Score showed significant predictive value for treatment fea-
sibility (p = 0.006). Conclusions: Adjuvant radiotherapy and chemoradiation are feasible
and effective treatment options for elderly patients with SCCHN. The favorable local and
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locoregional control rates reported here suggest, in line with other recent reports in the
literature, that age alone should not be a justification for treatment de-intensification.

Keywords: head and neck cancer; SCCHN; elderly patients; frail patients; radiotherapy;
comorbidity score

1. Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is among the most common
malignancies worldwide, affecting populations in both developed and developing coun-
tries. In 2018, the global incidence of SCCHN was estimated to be 834,860 cases, accounting
for 4.6% of all newly diagnosed cancers [1]. For instance, in the United States in 2019,
approximately 53,000 new cases of oral cavity and pharyngeal cancers, and 12,410 cases of
laryngeal cancer, were reported, representing about 3.7% of all new cancer diagnoses in
the country [2]. In Germany, cancer statistics are published biennially by the Robert Koch
Institute (RKI) in collaboration with the Society of Epidemiological Cancer Registries in
Germany. In 2020, 14,220 new cases of tumors in the oral cavity and pharynx (9730 in men
and 4490 in women), along with 3540 new cases of laryngeal carcinoma (2990 in men and
550 in women), were recorded [3].

The etiology of SCCHN is multifactorial. Key risk factors include tobacco use, ex-
cessive alcohol consumption, infection with human papillomavirus (HPV), and various
premalignant conditions, whether inherited or acquired (e.g., immunodeficiency) [4-6].
SCCHN is a heterogeneous disease, often diagnosed at a locally advanced stage [7,8]. In
Europe, a multimodal treatment approach is commonly employed, typically involving
surgical tumor resection followed by adjuvant therapy [9-12]. According to both national
and international guidelines, the choice between adjuvant radiotherapy and chemoradia-
tion is based on TNM staging, specific risk factors, general health status, and the presence
of comorbidities [10-14]. As populations age, the number of elderly patients diagnosed
with SCCHN is increasing, presenting new challenges for radiation oncologists, who now
more frequently encounter older and/or frail patients [15-17]. The concept of frailty has
been discussed in the literature [18], and screening tools have been developed to assess
it [19-23]. Similarly, several comorbidity scoring systems exist to help evaluate treatment
suitability in elderly patients, including the Karnofsky Performance Status, Charlson Co-
morbidity Index, and Elixhauser Comorbidity Score [22,24-29]. Despite these tools, elderly
or frail patients remain underrepresented in clinical trials, and real-world data on the
feasibility and outcomes of adjuvant radiotherapy or chemoradiation in this population are
limited [18,30-33].

The aim of this study was to evaluate the feasibility and outcomes of adjuvant radio-
therapy or chemoradiation in a real-world cohort of patients aged 70 years and older with
SCCHN. Furthermore, we assessed the predictive value of various comorbidity scores—
specifically, the Karnofsky Performance Status, the Charlson Comorbidity Index, and the
Elixhauser Comorbidity Score—in relation to treatment feasibility and survival outcomes.

2. Materials and Methods

This retrospective study included patients aged 70 years or older with histologically
confirmed squamous cell carcinoma of the head and neck (SCCHN) who received adjuvant
radiotherapy or chemoradiation. All patients were treated at the University Hospital
Regensburg between 2004 and 2018. The study was conducted in accordance with the
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Declaration of Helsinki and received approval from the Ethics Committee of the University
of Regensburg.

During the study period, 577 elderly patients with SCCHN were evaluated in the
Department of Radiation Oncology or presented at the institutional tumor board for as-
sessment of indication for adjuvant therapy. Among these, 299 patients were not eligible
for adjuvant radiotherapy or chemoradiation due to tumor stage and/or absence of rele-
vant risk factors. Detailed reasons for non-inclusion are shown in Figure Al. Ultimately,
71 patients (16 women and 55 men) were included in the final analysis. The median age
was 75 years (interquartile range [IQR]: 72-79 years). Forty-two patients were classified as
UICC stage IVa. In 20 patients, adjuvant treatment was administered following resection
of tumor recurrence; however, none had previously received head-and-neck radiotherapy.
Sixty-two patients underwent adjuvant radiotherapy alone, and nine received concomitant
chemoradiation. The median follow-up was 27 months (IQR: 18-72 months) (Table 1). The
concurrent chemotherapy consisted of platinum-based protocols (Cisplatin, Carboplatin,
and Cisplatin/5-FU), with the most frequently used regimen being weekly cisplatin at
40 mg/m? with a planned dose of 200 mg/m? corresponding to five cycles. In this cohort
we used conventional and hyperfractionated accelerated radiotherapy in 93% and 7% of
cases, respectively. All radiation treatments were performed with a linear accelerator, using
3D-conformal radiation therapy in nine patients (12.7%) and IMRT or VMAT in sixty-two
patients (87.3%).

For this study, tumors located in the oral cavity, oropharynx, larynx, and hypopharynx
were collectively categorized as SCCHN. The primary aim was to assess the feasibility of
adjuvant radiotherapy or chemoradiation in elderly patients. Comorbidity was evaluated
using the Karnofsky Performance Status (KPS), the Charlson Comorbidity Index (CCI), and
the Elixhauser Comorbidity Score (ECS), based on documented secondary diagnoses and
preexisting conditions (Table 2). Notably, the Charlson Comorbidity Index was calculated
without age adjustment to allow better differentiation within this elderly cohort. The CCI
encompasses 17 factors, while the ECS includes 30 parameters.

Treatment feasibility and outcomes were analyzed in relation to comorbidity scores
using binary logistic regression. Clinical data were extracted from institutional documen-
tation systems, including Mosaiq (IMPAC Medical Systems, Elekta, Stockholm, Sweden),
SAP (SAP, Walldorf, Germany), Onkodat (MedicDAT GmbH, Poikam, Germany), and
CATO (Becton Dickinson, Franklin Lakes, NJ, USA). Survival data were completed using
information from the local registration office and the Tumor Centre Regensburg.

Acute and late toxicities were documented during treatment and at scheduled follow-
up visits (6 weeks, 3-, 6-, and 12-months post-radiotherapy). Adverse events were graded
using the Common Terminology Criteria for Adverse Events (CTCAE) Version 3.0, in line
with the documentation practices prevailing at the time [34].

Statistical analyses were performed using IBM SPSS Statistics Version 25 (IBM, Ar-
monk, NY, USA). A p-value < 0.05 was considered statistically significant. Depending on
variable type, t-tests were applied for continuous variables, Mann-Whitney U tests for
ordinal variables, and Chi-squared tests for categorical variables. Kaplan-Meier survival
curves were generated for up to 60 months and compared using the log-rank test. Predictive
factors for treatment feasibility and overall survival were identified using Cox proportional
hazards regression modeling in a two-step approach. Initially, a univariate Cox regression
analysis was performed to evaluate the association of individual clinical and demographic
variables with treatment feasibility and survival outcomes. Variables demonstrating a
p-value < 0.10 in the univariate analysis were considered for inclusion in the subsequent
multivariate model to avoid premature exclusion of potentially relevant factors. In the
second step, a multivariate Cox proportional hazards regression was conducted to identify
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independent predictors while controlling for confounding effects. A p-value < 0.05 was

considered statistically significant in the final multivariate analysis.

Table 1. Patient characteristics.

Patient Characteristics Percentage
Patients [n] 71
Gender [n]
e  Female 16 22.5%
e Male 55 77.5%
Age [years] at diagnosis
e  Median 74
e  First quartile 71
e  Third quartile 78
Tumor entity [n]
e  Oropharynx 19 26.7%
° Oral cavity 29 40.8%
e  Hypopharynx 7 9.99,
e Larynx 16 22.5%
UICC classification [n]
I 5 7.0%
I 3 4.2%
I 18 25.4%
Iva 42 59.4%
IVb 3 4.2%
Initial Karnofsky performance status [n]
30—40% 2 2.8%
50-60% 12 16.9%
70-80% 42 59.2%
90-100% 10 14.1%
Not specified 5 7.0%
Minimum Karnofsky performance status during therapy [n]
30-40% 3 4.2%
50-60% 21 29.5%
70-80% 35 49.3%
90-100% 4 5.6%
Not specified 8 11.3%
Table 2. Comorbidity Scores.
Comorbidity Scores Percentage
Patients [n] 71 Data
Charlson comorbidity score initially [n]
1-2 10 14.1%
34 39 54.9%
5-6 18 25.4%
7-11 4 5.6%
Elixhauser comorbidity score initially [n]
(=1)-5 15 21.1%
6-10 14 19.7%
11-15 22 31.0%
1620 8 11.3%
21-25 7 9.9%
26-30 5 7.0%
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3. Results
3.1. Feasibility

Adjuvant radiotherapy and chemoradiation were generally well tolerated among
the elderly patients in this cohort. Of the 71 patients included, 62 (87.3%) completed
the planned treatment without interruption. In only nine patients (12.7%) was treatment
interrupted for two or more days. A total of 65 patients (91.5%) received at least 95% of the
prescribed radiation dose. Six patients (8.5%) received less than 95% of the dose, including
four patients (5.6%) who received less than 80%. The median radiation dose was 64 Gy
(interquartile range [IQR]: 60-66 Gy).

Nine patients (12.7%) received concomitant chemoradiation. Among these, six (66.7%)
received at least 75%, and eight (88.9%) received at least 50% of the planned chemotherapy
dose. One patient received less than 25% of the intended chemotherapy due to early
treatment termination. Several chemotherapy cycles were postponed due to bone marrow
suppression, including leukopenia and/or neutropenia.

Binary logistic regression revealed that the Elixhauser Comorbidity Score significantly
predicted treatment feasibility, specifically the ability to receive >95% of the prescribed
radiation dose (p = 0.006). Neither the Karnofsky Performance Status (KPS) nor the Charlson
Comorbidity Index (CCI) showed statistically significant predictive value in this context.

3.2. Acute Toxicity

Acute toxicities were evaluated, including oral mucositis, dysphagia, radiation der-
matitis, xerostomia, weight loss, renal dysfunction, and hematologic changes such as
leukopenia, anemia, and thrombocytopenia. Grade III acute toxicity occurred in 37 patients
(52.1%). Chi-squared testing showed no significant increase in grade III toxicities among
patients receiving chemoradiation compared to those receiving radiotherapy alone. The
most common severe toxicity was grade III oral mucositis, reported in twenty-four patients
(33.8%), with three patients (4.2%) still experiencing symptoms six weeks post-treatment.
Grade III dysphagia occurred in twenty-seven patients (38.0%) during therapy, and per-
sisted in nine patients (12.7%) at six weeks. Ten patients (14.1%) had pre-existing dysphagia
prior to treatment, which was not classified as treatment-related unless worsened. Four
patients (5.6%) lost more than 10% of their body weight during therapy. Grade III radiation
dermatitis was observed in 10 patients (14.1%).

3.3. Late Toxicity

Persistent grade III dysphagia beyond 6 and 12 months was recorded in four (5.6%)
and three (4.2%) patients, respectively. Xerostomia grade III was present in four patients
(5.6%) at six weeks post-treatment, and remained in two (2.8%) at six months, and in one
(1.4%) at 12 months. The Karnofsky Performance Status remained stable in most patients,
with a decline of at least 20% observed in only five patients (7.0%) during follow-up.

3.4. Survival and Treatment Response

All patients were treated with curative intent. The overall survival (OS) rates were
87% at 12 months, 67% at 24 months, and 41% at 60 months (Figure 1). Median OS was
51 months (IQR: 19-99 months). Gender and age had no significant impact on survival
outcomes. Median OS by age group was as follows:

° 70-74 years: 37 months (n = 34)
e  75-79 years: 54 months (n = 24)
e  80-84 years: 51 months (n = 10)
° >85 years: 24 months (n = 3)
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Figure 1. Overall survival in the whole cohort.

Seventeen patients (23.9%) experienced local, locoregional, or metastatic recurrence,
with a median time to recurrence of 12 months (IQR: 10-21.5 months). Thirteen of these
patients developed metastatic disease (median 11 months, IQR: 9-20). Median relapse-
free survival was 25 months (IQR: 12-57), local-relapse-free survival 25 months (IQR:
15-65), and metastasis-free survival 26 months (IQR: 14-65). Median OS for patients with
tumor recurrence was 21 months (IQR: 18-54), significantly shorter than for those without
recurrence (65 months; IQR: 23-120; log-rank test: p = 0.001). Local control was 99% at
12 months, 88% at 24 months, and 76% at 60 months. Thirteen patients had locoregional
recurrence (median time: 25 months; IQR: 15-65) (Figure 2). Subgroup analysis revealed
that median OS for patients with local recurrence and those with metastatic spread was
24 months (IQRs: 18-54 and 14-25 months, respectively), both significantly shorter than
among recurrence-free patients (local relapse: p = 0.039; metastasis: p = 0.002).

3.5. Univariate and Multivariate Analysis of Prognostic Factors

Univariate analysis revealed significantly reduced OS among patients with a
KPS < 60% before, during, or after treatment (p = 0.019), with KPS < 50% after radio-
therapy showing particularly poor prognosis (KPS 30%: p = 0.000; KPS 40%: p = 0.000; KPS
50%: p = 0.001). A lower CCI (indicating a lower comorbidity burden) before therapy was
associated with improved survival (p = 0.023). Tumor recurrence and metastatic spread dur-
ing follow-up were both significantly associated with reduced OS (p = 0.002 and p = 0.001,
respectively). Dysphagia grade III six months after treatment showed a trend toward
worse survival (p = 0.071). Other non-significant trends included anemia grade III before
treatment (p = 0.067), tumor recurrence at the time of radiation initiation (p = 0.101), and
UICC stage IVDb (p = 0.084). Multivariate analysis identified two independent predictors of
worse overall survival: tumor recurrence (local or metastatic) during follow-up (p = 0.02)
and persistent grade III dysphagia six months post-treatment (p = 0.036).
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Figure 2. Local tumor control after adjuvant radiotherapy/chemoradiation.

4. Discussion

In this survey, we consciously decided to focus on elderly patients aged over 70 years
with SCCHN who had been treated with adjuvant radiotherapy or chemoradiation at the
University Hospital Regensburg. Our aim was to investigate this real-world patient cohort
to assess the reality and authenticity of the therapy. We sought also to analyze how these
patients tolerated treatment and how best to manage the demands and challenges of this
specific subgroup of patients with head and neck cancer. The majority of other studies have
focused on pre-selected patient groups. Such (pre-)selection may have biased the results of
surveys and overlooked the specific requirements of treating elderly or frail patients—one
reason for the current lack of sufficient and valid real-world data in this population.

For elderly patients with locally advanced head and neck cancer, radiotherapy and/or
chemoradiation are important and effective treatment options, particularly in the adjuvant
setting [10]. Opinions differ regarding the de-escalation of adjuvant therapy. Some study
groups argue that elderly patients should not be excluded from radiotherapy or chemora-
diation solely based on age [30,35,36]. We support this view, based on the good feasibility
of radiotherapy and chemoradiation observed in our patient cohort. Elderly and frail
patients appear to benefit from these treatments similarly to younger patients with head
and neck cancer. Nevertheless, careful patient selection with respect to comorbidities and
Karnofsky performance status is necessary [37]. Future prospective studies on radiotherapy
and chemoradiation in elderly patients with head and neck cancer should focus particularly
on frail patients.

It is necessary to examine our subgroup of elderly SCCHN patients more closely. The
main reasons for interruptions in radiotherapy were acute toxicity or other medical compli-
cations, such as infections. Only a few interruptions resulted from patient non-compliance
or organizational issues. Nonetheless, 65 patients were able to complete radiotherapy with
95% of the initially prescribed radiation dose (91.5%). Four patients (5.6%) received less
than 80% of the prescribed dose due to premature treatment termination. One of these
patients died of respiratory insufficiency due to rapidly progressing pulmonary metastases
newly diagnosed during radiotherapy (16 Gy). Another patient died of cardiovascular dis-
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ease during chemoradiation (16.2 Gy and less than 25% of the prescribed chemotherapeutic
dose). Two patients discontinued radiotherapy at their own request.

Elderly patients are often denied radiotherapy or chemoradiation solely based on
age. Metges et al. observed that elderly patients were frequently treated less aggressively
due to assumptions about limited life expectancy. In their survey, Metges et al. found no
differences in treatment response among various age groups [30], a finding that is consistent
with our results. Straube and Pigorsch et al. also reported good radiotherapy outcomes
in elderly and frail patients [38]; however, their patient cohort was smaller than ours. We
also found no evidence to support the hypothesis that elderly patients generally have a
worse prognosis compared to younger or differently aged cohorts. Most of our patients had
locally advanced tumors (UICC stage IVa), accounting for the poor overall survival rate.

Physicians often presume that the treatment process would impair quality of life. How-
ever, elderly patients have been shown to demonstrate comparable performance regarding
quality of life when compared with general patient populations [39]. The implementation
of intensity-modulated radiotherapy—with its associated reduction in dosage leading to
improved protection of organs at risk—has improved the tolerability of radiotherapy in the
head and neck region [35].

Comparing subgroups in terms of whether chemoradiation or radiotherapy should
be applied is difficult, as postoperative patients with intermediate risk usually receive
radiotherapy alone [10]. According to current guidelines, nearly all high-risk patients in
our cohort would have been recommended to receive simultaneous chemoradiation had
they been younger. In practice, only the fit elderly patients in our cohort received chemora-
diation, because many frail patients were not expected to tolerate it. These decisions were
made in line with the data from the “Meta-analysis of Chemotherapy in Head and Neck
Cancer (MACH-NC)” [40]. Patients in our cohort with high-risk factors (ECS, more than
three affected lymph nodes, margins < 5 mm), but poor comorbidity scores, received radio-
therapy alone—even though guidelines would have recommended chemoradiation [10,40].
However, some elderly patients with high-risk features received simultaneous chemora-
diation due to their good general condition and Karnofsky performance status, despite
the MACH-NC recommending radiotherapy alone for patients over 70. This was also
considered in light of prospective randomized trials that included patients up to 75 years
of age [31,32]. In our study, chemoradiation was not significantly less well tolerated by
elderly patients compared to younger ones—a finding consistent with results of other
surveys [41-43].

Patients treated with chemoradiation in our study tended to have shorter survival than
those treated with radiotherapy alone. This is likely due to the fact that patients receiving
chemotherapy had significant risk factors (ECS, multiple affected lymph nodes, close mar-
gins) and therefore faced a higher risk of recurrence and reduced survival. Additionally, it
must be acknowledged that patients with such risk factors who did not receive chemother-
apy due to frailty or comorbidities may already have had a limited life expectancy. As
such, comparing and interpreting these patient groups remains challenging. We believe
that treatment decisions should be individualized, particularly for patients between the
ages of 70 and 75.

Our multivariate analysis (Cox regression) showed a significant association between
dysphagia—especially at 6 months—and overall survival. Dysphagia may be related to
tumor burden at the start of therapy, or it may be therapy-induced. Adequate nutritional
support could prevent weight-loss and deterioration in general condition. Dysphagia
and swallowing impairment are complex clinical issues. Detection may be difficult in
small patient cohorts. Because aspiration pneumonia is a common complication, access
to phoniatric and logopedic care is essential [44—47]. Therefore, treatment in specialized
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centers is desirable. The still-active field of research on radiosensitizers, radioenhancers,
and radioprotective strategies might be an additional tool to further improve the tolerability
of radiation therapy, especially in this cohort of patients [48]. All patients in this survey
were treated at the University Hospital Regensburg for the entire duration of therapy. Our
real-world patient cohort was larger and less heterogeneous than those in other studies.
Each patient received adjuvant radiotherapy or chemoradiation, and it appears that the
cohort was representative of clinical reality. Any suspicion that this was a pre-selected
cohort can be refuted, especially given that only 33 out of an initial 278 patients with a
general indication for adjuvant therapy were not fit for treatment.

5. Conclusions

Squamous cell carcinomas of the head and neck are common malignant tumors;
however, elderly patients have been underrepresented in scientific analyses to date. The
aim of the present study was to evaluate the feasibility and outcomes of radiotherapy or
chemoradiation in patients aged over 70 years with head and neck tumors, and to correlate
these outcomes with various frailty scores.

The feasibility of radiotherapy and chemoradiation in our cohort was good, with
local tumor control being particularly satisfactory. Careful patient selection based on
comorbidities, along with the use of established comorbidity scores such as the Karnofsky
Performance Status, Charlson Comorbidity Score, and Elixhauser Comorbidity Score,
appears to be advisable. The Elixhauser and Charlson scores can offer valuable guidance in
assessing an elderly patient’s suitability for radiation therapy prior to treatment initiation.

Age alone does not appear to significantly influence overall survival, as no clear
difference was observed between elderly patients and younger or unselected patient
populations. Our findings suggest that de-intensification of treatment based solely on
age should be critically re-evaluated. Further research is necessary to more accurately
assess cancer treatment strategies, particularly in elderly and frail patients.
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Abbreviations

The following abbreviations are used in this manuscript:

CCI Charlson Comorbidity Index
CTC Common toxicity criteria

ECS Elixhauser Comorbidity Score
HPV Human papillomavirus

KPS Karnofsky Performance Index
OS Overall survival

SCCHN  Squamous cell carcinoma of the head and neck

Appendix A

During the entire period 577
patients were seen in the
radiooncological department

or discussed in the tumor
conference with the question
of the need for adjuvant
treatment

299 patients had no indication
for adjuvant treatment
14 patients had a facultative
indication for adjuvant
treatment and made decision
just for follow-up

37 patients had indication but
refused radiotherapy or
chemoradiation and for 8
patients there was another
reason why they were not
treated

For 33 patients general
condition did not allow an
adjuvant treatment (18
patients because of physical
condition/per-existing diseases,
6 because of dementia; for the
others information could not
be captured in detail)

135 patients did receive
adjuvant treatment in external
institutions

For 17 patients it remained
unclear why they did not
receive adjuvant treatment

71 remaining patients were
included in this survey

Figure A1. Consort diagram.
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