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Abstract

Purpose Health-related quality of life (HRQoL) is associated with treatment-related complications and poor survival in
patients with head and neck cancer (HNC). We investigated the effects of frailty on HRQoL in patients with HNC receiving
definitive concurrent chemoradiotherapy (CCRT).

Methods A total of 461 consecutive patients with locally advanced HNC who received CCRT between 2017 and 2018
at three medical centers in Taiwan were included. Frailty and HRQoL were assessed using the Comprehensive Geriatric
Assessment and QLQ-H&N35 before CCRT. The sum score was calculated based on the first 30 questions of QLQ-H&N35.
Multivariate analysis was performed to evaluate the impact of frailty on HRQoL.

Results The overall sum score was 39 (34-49). The sum scores of patients with impairments in 0, 1, 2, 3, and >4 frailty
domains were 34 (32-38), 40 (34-47), 46 (36-55), 48 (41-64), and 56 (50-60), respectively. Patients with impairments
in more frailty domains had a higher symptom burden (p for trend <0.001). Frail patients tended to experience symptoms
across all QLQ-H&N35 subscales. Sex, body mass index, tumor type, tumor stage, Eastern Cooperative Oncology Group
performance status, and frailty were determinants of HRQoL in the univariate analysis. Frailty was an independent deter-
minant of HRQoL in the multivariate analysis.

Conclusion Routine frailty assessment may serve as a surrogate for the selection of patients with HNC with poor HRQoL
before CCRT. Further studies are needed to determine whether appropriate interventions in frail patients would improve
their HRQoL during CCRT.
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Introduction

Owing to the popularity of betel quid chewing [1], head and
neck cancer (HNC) has become an endemic disease and is
the fifth leading cause of cancer-related death in Taiwan [2].
HNC is usually diagnosed at a locally advanced stage and
cannot be resected. Concurrent chemoradiotherapy (CCRT)
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than in other cancer types [7, 8]. A previous study reported
that frailty was associated with higher treatment-related tox-
icity, poor tolerance, and poor survival in patients with HNC
receiving definitive CCRT [9]. Because frail patients are
more susceptible to treatment-related complications, several
clinical guidelines recommend routine frailty assessment in
oncogeriatric patients before providing antitumor treatments
[10, 11]. However, frailty assessment has not yet become
standard clinical practice in Taiwan, due to the lack of con-
cept and the tediousness of the questionnaire.

Health-related quality of life (HRQoL) reflects the impact
of a disease or treatment on the patient’s perception of their
physical, mental, and social health [12]. Definitive CCRT
often leads to the degradation of facial appearance, taste
perception, and swallowing function, which is the deteriora-
tion of HNC-specific HRQoL [3-5]. HNC and its treatment
affect core aspects of patient perception [13]. Deterioration
in HRQoL is associated with treatment-related toxicity and
poor survival in patients with HNC [14].

Impaired HRQoL is frequently reported in patients who
are older, dependent, have comorbidities, and lack social
support, all of which are predisposing factors for frailty
[15]. Previous studies have shown that frailty is associated
with worse HRQoL and may serve as a surrogate for out-
comes in patients with HNC [15-17]. These studies were
limited by their retrospective nature [16], small sample size
[17], and inclusion of patients receiving different treatment
modalities, including surgery, radiotherapy, chemotherapy,
and combination therapy [15]. We conducted this large,

prospective, multicenter study to evaluate the effect of pre-
treatment frailty on HRQoL in patients with HNC receiving
definitive CCRT.

Material and methods
Patients

We prospectively enrolled 461 consecutive patients with
HNC who received definitive CCRT with curative intent
at three medical centers in Taiwan between August 2017
and December 2018. The inclusion criteria were as follows:
age > 20 years, pathological diagnosis of primary HNC, and
stage II-IVA disease. Patients who were unable to complete
the questionnaire, who received radiotherapy or chemother-
apy alone, or who did not provide written informed consent
for any reason were excluded. All patients provided written
informed consent before enrolment. The study was approved
by the Institutional Review Board of the CGMH (approval
number: 1608080002) and was conducted according to the
principles of the Declaration of Helsinki. Figure 1 shows the
CONSORT diagram of the study.

Concurrent Chemoradiotherapy
All patients received intensity- or arc-modulated radiother-

apy at a conventional fractionated daily dose of 200 cGy for
5 consecutive days per week, with a total prescribed dose
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of 7,000-7,400 cGy in 7 weeks [3-5]. A cisplatin-based
regimen (40 mg/m? per week or 100 mg/m? every 3 weeks)
was administered concurrently with radiotherapy [3-5].
Patients who received <90% of the radiotherapy dose or
who received a cumulative cisplatin dose of <200 mg/m?
were considered to have received incomplete CCRT [18, 19].

Frailty and HRQoL assessments

All eligible patients were assessed by a trained clinical assis-
tant using frailty and HRQoL assessments within 7 days
prior to CCRT initiation.

Frailty was assessed using the Comprehensive Geriatric
Assessment, which includes eight domains: functional sta-
tus, nutritional status, comorbidities, mobility/falls, social
support, mood, cognition, and polypharmacy [9]. Patients
with impairments in O or 1 domain were considered “non-
frail,” while those with impairments in>2 domains were
considered “frail.” The assessment tools and cutoff values
for each domain are listed in Table 1.

HRQoL was assessed using the European Organization
for Research and Treatment of Cancer Quality of Life Ques-
tionnaire-H & N35 (QLQ-H&N35) [20]. Patient responses
were rated on a 4-point Likert scale and converted to a scale
ranging from 0 (least) to 100 (most symptoms). The sum
score was calculated based on the first 30 questions, as
reported previously [21].

Statistical analysis

Data are summarized as frequencies and percentages for cat-
egorical variables and as median and range or interquartile
range (IQR) for continuous variables. The linear trend of
the QLQ-H&N35 sum score and the number of impaired
frailty domains (p for trend) were assessed using the
Cochran—Armitage test [22]. Linear regression analysis was
used to evaluate the impact of frailty on HRQoL. Clinically

significant variables in the univariate analysis were included
in the multivariate analysis. All statistical analyses were per-
formed using SPSS (version 23.0; IBM Corp., Armonk, NY,
USA). Statistical significance was set at p <0.05.

Results
Patient characteristics

The characteristics of the 461 patients are shown in Table 2.
The median age was 54 (range: 24-86) years; 68 (14.8%)
patients were aged > 65 years. Men accounted for 87.2%
of patients. The most common cancer sites were the oro-
pharynx (32.8%), hypopharynx (24.9%), and nasopharynx
(24.9%). Most patients (66.4%) had stage IVA/B disease;
16.7% had stage III disease.

Frailty assessment

Overall, 29.5%, 37.3%, 21.5%, 9.3%, 2.0%, 0.2%, and 0.2%
of patients had impairments in O, 1, 2, 3, 4, 5, and 6 frailty
domains of the Comprehensive Geriatric Assessment,
respectively. Accordingly, 308 (66.8%) and 153 (33.2%)
patients were assigned to the non-frail and frail groups,
respectively.

Quality of life outcomes

The frequency and severity of each symptom on the QLQ-
H&N35 scale are shown in Table 3. The most prevalent
symptoms were speech (77.4%), swallowing (55.5%), dry
mouth (55.5%), pain (52.9%), and sticky saliva (51.6%).
Sticky saliva (25.2), dry mouth (24.9), difficulty in opening
the mouth (22.1), coughing (22.1), teeth (18.3), and swal-
lowing (17.6) had the highest severity scores.

Table 1 Comprehensive

o Frailty domain Measure(s) Number of Score range Cutoff value n (%)
geriatric assessment items
Functional status Barthel index (ADL) 10 0-100 <100 42 (9.1)
Lawton scale (IADL) 8 0-8 >7 42 (9.1)
Nutritional status MNA-SF 0-14 <11 218 (47.3)
Comorbidities CCI 17 0-33 >2 113 (24.5)
Mobility/falls Number of falls 1 0—c0 >2 5(1.1)
Polypharmacy Number of medications 1 0—c0 >5 124 (26.9)
Cognitive status MMSE 11 0-30 <23 24(5.2)
Mood GDS-SF 15 0-15 >9 44 (9.5)
Social support Living alone 1 Yes/No Yes 54 (11.7)

Abbreviations: ADL activities of daily living, CCI Charlson Comorbidity Index, GDS-SF Geriatric Depres-
sion Scale-Short Form, JADL instrumental activities of daily living, MMSE Mini-Mental State Examina-
tion, MNA-SF Mini-Nutritional Assessment—Short Form
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Table 2 Patient characteristics (n=461)

Variable Category Overall, n (%)
Sex Male 402 (87.2)
Age, years Median (range) 54 (24-86)
>65 68 (14.8)
BMI, kg/m2 Median (range) 23.7 (15.1-40.5)
Marital status Married 336 (73.4)
Other 122 (26.6)
Education Less than high school 91 (19.7)
High school graduate 290 (62.9)
Associate/bachelor 80 (17.4)
degree or higher
Occupation Yes 327 (70.9)
No 134 (29.1)
Main caregiver Spouse 269 (58.4)
Child 66 (14.3)
Other 126 (27.3)
Smoking Yes 355 (77.0)
Drinking Yes 357 (77.4)
Betel quid chewing Yes 279 (60.5)
ECOG-PS 0 237 (51.4)
1 215 (46.6)
2 9(2.0)
Cancer site Nasopharynx 115 (24.9)
Oropharynx 151 (32.8)
Oral cavity 80 (17.4)
Hypopharynx 115 (24.9)
AJCC tumor stage 11 78 (16.9)
1 77 (16.7)
IVA/B 306 (66.4)

Abbreviations: AJCC American Joint Committee on Cancer, BMI
body mass index, ECOG-PS Eastern Cooperative Oncology Group
performance status

Association of HRQoL with frailty

The overall median QLQ-H&N35 sum score was 39 (IQR:
34-49). The median QLQ-H&N35 sum scores of patients
with impairments in 0, 1, 2, 3, and >4 frailty domains were
34 (IQR: 32-38), 40 (IQR: 34-47), 46 (IQR: 36-55), 48
(IQR: 41-64), and 56 (IQR: 50-60), respectively (p for
trend < 0.001; Fig. 2).

The impact of frailty on each symptom on the QLQ-
H&N35 scale is shown in Fig. 3. Frail patients tended to
experience symptoms across all QLQ-H&N35 subscales.

The impact of each frailty deficits within the CGA on
HRQoL was ranked based on decreasing [-coefficient
values: mood (p=7.94, 95% CI: 4.21-11.7, p<0.001),
nutrition (=2.97, 95% CI: 2.54-3.40, p <0.001), social
support (B=1.65, 95% CI: -1.83-5.12, p=035), polyphar-
macy (f=0.94, 95% CI: 0.45-1.44, p <0.001), function-
ality (8=0.47, 95% CI: 0.29-0.67, p <0.001), Cognition
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Table 3 Frequency and severity of symptoms on the QLQ-H&N35
scale

Symptom Frequency, n (%) Severity, mean (SE)
Sticky saliva 238 (51.6) 252 (1.4)
Dry mouth 256 (55.5) 24.9 (1.3)
Difficulty in opening 160 (34.7) 22.1(1.6)
the mouth

Coughing 242 (52.5) 22.1(1.2)
Teeth 174 (37.7) 18.3 (1.3)
Swallowing 256 (55.5) 17.6 (1.1)
Speech 357 (77.4) 17.2 (1.1)
Feeling ill 168 (36.4) 17.0 (1.2)
Social eating 219 (47.5) 16.2 (1.1)
Sexuality 120 (26.0) 13.2(1.2)
Pain 244 (52.9) 10.4 (0.7)
Social contact 152 (33.0) 7.5(0.7)
Senses 75 (16.3) 5.5(0.7)

Patient responses were rated on a 4-point Likert scale and converted
to a scale ranging from 0 to 100, with higher scores indicating worse
quality of life. Abbreviations: QLQ-H&N35 Quality of Life Question-
naire-H & N35, SE standard error

(p=0.37,95% CI: -5.40-4.67, p=0.89), mobility (3=0.32,
95% CI: -4.65-4.01, p=0.88), and comorbidity (B=0.11,
95% CI: -0.90-1.13, p=0.82) (Supplementary Table 1).

Univariate and multivariate analysis of HRQoL

In the univariate analysis, sex, body mass index (BMI),
tumor type, tumor stage, Eastern Cooperative Oncology
Group performance status (ECOG-PS), and frailty were
significantly associated with QLQ-H&N35 sum scores
(Table 4).

After adjusting for tumor type (model 1), tumor type and
tumor stage (model 2), tumor type, tumor stage, and ECOG-
PS (model 3), sex, tumor stage, and ECOG-PS (model 4),
and sex, BMI, tumor stage, and ECOG-PS (model 5), frailty
remained an independent predictive factor for poor HRQoL
(Table 5).

Quality of life and incomplete concurrent
chemoradiotherapy

Totally, 46 of 461 patients (10%) had incomplete CCRT.
Patients with sum score > median had higher risk for incom-
plete CCRT (13.4% vs 6.5%, OR=2.22, 95% confidence
interval [CI]=1.17-4.24, p=0.015) than those with sum
score < median. The presence of each symptom in the QLQ-
HN35 group was associated with a higher risk of CCRT
incompletion. The differences were significant among
patients who presented with speech difficulties, illness,
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coughing, senses, and swallowing symptoms (supplemen-

tary Figure 1).

Discussion

Frailty is prevalent and linked to poor outcomes in patients
with HNC receiving CCRT [7-9]. However, the impact
of frailty on HRQoL in patients with HNC has not been

B-coefficient (95% CI)

extensively studied, especially in non-Western popula-
tions. This prospective cohort study demonstrated that
frail patients tended to experience symptoms across all
QLQ-H&N35 subscales. A positive linear relationship was
observed between the number of impaired frailty domains
and HRQoL/symptom burden. Frailty was the only modifi-
able factor associated with HRQoL in patients with HNC,
along with non-modifiable factors such as sex, tumor
stage, and ECOG-PS. Our findings suggest that frailty may
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Table 4 Potential determinants of HRQoL (QLQ-H&N35 sum score,
n=461)

B-coefficient (95% CI) p-value Adjusted R?
Age -0.06 (-0.17 to 0.05) 0.310 0.001
Female sex -3.50 (-6.80 to -0.15) <0.001 0.007
BMI -0.41 (-0.68 to -0.14) 0.003 0.017
Marriage 0.029 (-1.74 to 3.25) 0.540 0.001
Education 0.024 (-1.35t0 2.32) 0.520 0.001
Occupation 0.053 (-1.05 to 3.87) 0.260 0.001
Main caregiver 0.011 (-1.12 to 1.44) 0.810 0.002
Smoking 0.016 (-1.19 to 7.25) 0.110 0.002
Drinking 0.015 (-1.62 t0 6.91) 0.200 0.002
Betel quid chewing 0.017 (-1.87 to 6.39) 0.150 0.003
Tumor type 1.69 (0.70 to 2.67) 0.001 0.022
Tumor stage 3.45 (2.04 to 4.66) <0.001 0.050
ECOG-PS 10.70 (8.80 to 12.50) <0.001 0.220
Frailty 9.48 (7.27 to 11.70) <0.001 0.130

Regression (p) coefficients, 95% Cls, and p-values of the model
examining the association between the QLQ-H&N35 sum score and
each independent variable. Abbreviations: BMI body mass index, CI
confidence interval, ECOG-PS Eastern Cooperative Oncology Group
performance status, HRQoL health-related quality of life, QLQO-
H&N35 Quality of Life Questionnaire-H & N35

Table 5 Multivariate analysis of the impact of frailty on the QLQ-
H&N35 sum score

Model Variable p-coefficient (95% CI) p-value Adjusted R?

1 Frailty 12.00 (8.70 to 15.20) <0.001 0.150
Tumor type 1.41 (0.48 to 2.34) 0.003

2 Frailty 8.82 (6.66 to 11.00) <0.001 0.180
Tumor type 1.20 (0.29 to 2.12) 0.010
Tumor stage 2.69 (1.46 to 3.92) <0.001

3 Frailty 6.41 (4.32t0 8.51) <0.001 0.280
Tumor type 0.54 (-0.33 to 1.41) 0.220
Tumor stage 1.64 (0.47 to 2.81) 0.006
ECOG-PS  8.19 (6.28 to 10.10) <0.001

4 Frailty 6.46 (4.38 to 8.55) <0.001 0.290
Tumor stage 1.66 (0.49 to 2.82) 0.005
ECOG-PS  8.34 (6.47 to 10.20) <0.001
Female sex -2.97 (-5.79 to -0.15) 0.039

5 Frailty 6.36 (4.26 to 8.46) <0.001 0.290
Tumor stage 1.60 (0.43 to 2.77) 0.008
ECOG-PS  8.27 (6.39 to 10.20) <0.001
Female sex -2.99 (-5.81 to -0.18) 0.037
BMI -0.11 (-0.34 to 1.27) 0.370

Regression (B) coefficients, 95% Cls, and p-values of the model
examining the association between the QLQ-H&N35 sum score and
each independent variable. Abbreviations: BMI body mass index,
CI confidence interval, ECOG-PS Eastern Cooperative Oncology
Group performance status, QLQ-H&N35 European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire-H
& N35
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be used as a surrogate for HRQoL and as an interventional
tool to improve the medical care of patients with HNC.

Frailty is commonly associated with HRQoL in can-
cer patients. Frail patients tend to experience weight loss,
limited mobility, and a lack of social support, which nega-
tively affect their daily life and overall quality of life [16].
Similarly, patients with poor quality of life tend to experi-
ence negative effects on their psychological well-being and
motivation to engage in normal physical activity, creat-
ing a vicious cycle [13]. Previous studies have found that
frailty is associated with worse pretreatment HRQoL in
patients with HNC [15-17]. However, treatment modali-
ties vary widely and include surgery, chemotherapy, and
radiotherapy [15]. This is the first study to investigate the
association between frailty and HRQoL in patients with
HNC receiving definitive CCRT. Our results showed that
frailty was significantly associated with worse pretreat-
ment HRQoL, indicating that routine frailty assessment
may assist physicians in identifying vulnerable patients
with worse HRQoL and counseling patients regarding
alternative treatment options before CCRT. Takahashi
et al. [23] demonstrated that reduced-dose CCRT was
associated with a favorable HRQoL outcome without com-
promising the long-term survival of selected patients with
human papillomavirus-positive oropharyngeal carcinoma.
This study used a similar approach to identify frail patients
and adjust treatment accordingly to improve outcomes.

Pretreatment HRQoL is a well-known prognostic fac-
tor for short-term treatment outcomes [24] and long-term
survival [21] in patients with HNC. A systematic review
of 19 studies found a positive association between pre-
treatment HRQoL and survival in patients with HNC [25].
Using the same questionnaire as in our study, Aarstad et al.
[21] showed that HRQoL has prognostic power for 10-year
overall survival in patients with HNC. In addition to com-
mon symptoms such as fatigue and anorexia, patients with
HNC frequently experience tumor-site symptoms such as
dry mouth and speech and swallowing difficulties [20, 26].
The most severe symptoms in this study were sticky saliva,
dry mouth, difficulty in opening the mouth, coughing, and
swallowing, all of which are risk factors for malnutrition
and odontogenic infection that could lead to treatment
interruption and compromise survival [27].

In 2019, HNC was ranked the sixth most common
cancer in Taiwan, with a median age of diagnosis of
57 years [2]. Only 14.8% of patients in this study were
aged > 65 years. A previous study indicated that the preva-
lence of frailty was similar in geriatric and non-geriat-
ric cancer patients [9]. Our findings suggest that frailty,
which is more predictive than age, is a determinant of
HRQoL, consistent with a previous report that frailty
may be assessed independently of age [9]. Our data were
reinforced by multidimensional assessments to evaluate
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treatment outcomes and HRQoL in adult patients with
HNC.

The common core features of frailty and poor HRQoL
lead to an inevitable link between the number of impaired
frailty domains and the risk of poor HRQoL [15-17]. Not
surprisingly, our study showed that patients with impair-
ments in a greater number of frailty domains had poorer
HRQoL. Frail patients have poorer HRQoL than non-frail
patients because they are more likely to have a low BMI,
advanced tumor stage, and poor ECOG-PS [26-29]. The
effect of frailty on HRQoL remained significant after adjust-
ing for other potential confounders in the multivariate mod-
els, suggesting that improvements in frailty may improve
treatment outcomes, independent of HRQoL.

Several variables, including patient characteristics, tumor
features, and treatment modalities, may affect HRQoL in
patients with HNC [30-36]. Older age [30, 31], male sex
[34], comorbidities [35], depression [30, 36], and apprehen-
sive coping strategies [35] are common characteristics of
HRQoL in patients with HNC. Considering these factors
may help build predictive models of HRQoL and provide
valuable information for healthcare providers in terms of
appropriate interventions and support to improve patient-
centered care, HRQoL, and clinical outcomes.

In the multivariate analysis, the 3-coefficients for HRQoL
were highest for ECOG-PS and frailty. ECOG-PS is widely
used in oncology practice to evaluate pretreatment physical
fitness [37]. However, ECOG-PS is subjective [38]. A previ-
ous study suggested that ECOG-PS may not be appropriate
for evaluating physical fitness in elderly patients with can-
cer [39]. Frailty assessment provides a more comprehen-
sive evaluation of multiple dimensions to identify vulnerable
patients and develop appropriate interventions.

This study showed that pre-treatment HRQoL was signifi-
cantly associated with CCRT incompletion in patients with
HNC. Furthermore, our data delved into the distinct impact
of individual frailty deficits on HRQoL in HNC patients. We
found mood and nutrition to be the most significant factors
affecting HRQoL. Depressive mood and malnutrition, often
linked with advanced disease stages, are inevitably asso-
ciated with poorer HRQoL [40, 41]. Prompt interventions
addressing mood and nutritional deficits have shown feasi-
bility and positive effects on HRQoL and survival outcomes
in HNC patients [42, 43]. Lesser yet notable effects were
observed from social support, polypharmacy, functional
abilities, cognitive health, mobility, and comorbidities, in
descending order of their impact. These findings underscore
the importance of targeted interventions that focus on these
specific frailty aspects to improve HRQoL outcomes in this
patient population.

This study was strengthened by the prospective cross-
sectional design and the analysis of the association between
pretreatment frailty and HRQoL in a large cohort of patients

with HNC receiving definitive CCRT. This study also has
several limitations. First, HRQoL may change over time
after antitumor treatment, or potentially improve after symp-
tom management or frailty intervention [44]. However, only
baseline HRQoL data were available for this study. Second,
multiple factors may influence HRQoL in patients with
HNC; however, the reasons behind the variables measured
were unknown. For example, difficulty in opening the mouth
or swallowing may be related to trismus induced by betel
quid chewing, an endemic disease in Taiwan, rather than
cancer. Finally, while the QLQ-H&N35 questionnaire is
commonly used for HNC-specific HRQoL, it lacks an over-
all quality of life assessment [20]. A sum score based on the
first 30 questions of the QLQ-H&N35 questionnaire was
used to represent overall quality of life [21]. Further research
is needed to determine whether the sum score accurately rep-
resents overall quality of life. Additional studies are needed
to assess whether appropriate interventions would improve
HRQoL in frail patients during antitumor therapy.

Conclusions

Our study shows that frailty is an independent determinant
of HRQoL in patients with HNC prior to definitive CCRT.
Routine frailty assessment can identify patients with HNC
with poor HRQoL before CCRT. Further studies are needed
to determine whether appropriate interventions in frail
patients would improve their HRQoL during CCRT.

Abbreviations BMI: Body mass index; CCRT: Concurrent chemora-
diotherapy; ECOG-PS: Eastern Cooperative Oncology Group perfor-
mance status; HNC: Head and neck cancer; HRQoL: Health-related
quality of life; IQR: Interquartile range; QLQ-H&N?35: Quality of Life
Questionnaire-H & N35
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