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ARTICLE INFO ABSTRACT

Keywords: Background and purpose: Geriatric impairments and frailty are highly prevalent in patients with head and neck
Heéd and Neck Neoplasms cancer (HNC). This study investigated the association of frailty and outcomes of geriatric assessment (GA) with
Fra‘_hy_ radiation-induced toxicity (RIT) in patients undergoing (chemo)radiotherapy ((C)RT) for HNC.
E::iittr}llcergf;essmem Materials and methods: Between October 2014 and April 2016, patients with HNC were prospectively included in
Chemotherapy OncolLifeS, an institutional data-biobank. Before treatment initiation, patients underwent GA and frailty

Adverse effects screening (Groningen Frailty Indicator and Geriatric 8). The main outcome of this study was RIT (weight loss,

Radiation-Induced Toxicity mucositis, salivary gland inflammation, oral pain, sore throat, hoarseness, dry mouth, dysgeusia, dysphagia and
general pain) according to the common terminology criteria of adverse events (CTCAE) version 4.0. Linear mixed
models were performed, to analyse factors associated with increasing mean RIT over time during the treatment
period.
Resuits: 160 patients were included. 114 (71.3%) were male and the mean age was 66.1 years. Age > 65 (f = 0.03
(95 %CI = 0.01;0.05), p = 0.01), regional RT (f = 0.05(95 %CI = 0.02;0.09), p = 0.004), and concurrent
chemotherapy (f = 0.04(95 %CI = 0.02;0.07), p = 0.001), were independent factors associated with increasing
toxicity during the 7-week treatment period, adjusted for relevant covariates. None of the single items of GA, as
well as the frailty screening instruments, were associated with increasing RIT.
Conclusion: In this study, frailty and GA were not associated with additional RIT during treatment. These results
suggest that (C)RT is equally tolerated in frail and non-frail patients, with respect to acute RIT. RT could be a
suitable alternative to surgery in selected frail patients.

Introduction As a result, older patients often receive less intensive, and less multi-
modal treatment compared to younger patients [3]. Considering the

With the increasing incidence of cancer in an aging society, the patients biological age instead of chronological age, however, has been
proportion of older patients with head and neck cancer (HNC) is rising shown a better predictor of treatment tolerance in oncological surgery
[1]. As ageing is associated with a decline in physiological functioning, and medical oncology. Frailty, a clinical condition representing bio-
chronological age is often considered in treatment decision making [2]. logical age, is defined as “a state of increased vulnerability to poor

Abbreviations: HNC, head and neck cancer; CGA, comprehensive geriatric assessment; GFI, Groningen Frailty Indicator; G8, Geriatric 8; RT, Radiotherapy; RIT,
Radiation-induced toxicity; CRT, Chemoradiotherapy; UMCG, University Medical Center of Groningen; GA, Geriatric assessment; ACE-27, Adult Comorbidity
Evaluation-27; MUST, Malnutrition Universal Screening Tool; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; TUG, Timed Up & Go;
MMSE, Mini Mental State Examination; GDS-15, Geriatric Depression Scale 15; CTCAE, Common Terminology Criteria for Adverse Events.

* Corresponding author at: PO box 30.001, HPC BB20, 9700RB Groningen, The Netherlands.

E-mail address: j.de.vriesO1@umcg.nl (J. de Vries).

https://doi.org/10.1016/j.oraloncology.2022.105933

Received 13 April 2022; Accepted 20 May 2022

Available online 2 June 2022

1368-8375/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:j.de.vries01@umcg.nl
www.sciencedirect.com/science/journal/13688375
https://www.elsevier.com/locate/oraloncology
https://doi.org/10.1016/j.oraloncology.2022.105933
https://doi.org/10.1016/j.oraloncology.2022.105933
https://doi.org/10.1016/j.oraloncology.2022.105933
http://crossmark.crossref.org/dialog/?doi=10.1016/j.oraloncology.2022.105933&domain=pdf
http://creativecommons.org/licenses/by/4.0/

J. de Vries et al.

Oral Oncology 130 (2022) 105933

All patients diagnosed with head and neck cancer at the department of
otorhinolaryngology, head and neck surgery, and oral and maxillofacial surgery

between October 2014 and April 2016

n=369

Exclusion

» Patients with advanced disease treated without
curative intent, n=38

Exclusion

»  Patients that did not recieve radiation therapy,
n=157

Exclusion
. | Patients with a tumour located in the nasal cavity,

paranasal sinuses or the skin receiving only local
radiation therapy, n=14

Patients eligible for analysis
n=160

Figure 1. Flowchart diagram depicting the in- and exclusion of patients. Abbreviations: n = number of patients.

resolution of homeostasis following a stress, which increases the risk of
adverse outcomes” [4]. Frailty can be identified by comprehensive
geriatric assessment (CGA), which evaluates multiple domains of
physiological functioning. However, the time-consuming nature of CGA
has contributed to the development of shorter questionnaires, such as
the Groningen Frailty Indicator (GFI) and Geriatric 8 (G8), which can be
used in a two-step method to identify individuals that might benefit from
a subsequent CGA [5-7].

HNC patients are often identified as being frail, as a result of their
unhealthy lifestyle leading to increased comorbidity and psychosocial
issues, and as a result of tumour-related factors such as malnutrition and
loss of functioning [8]. This leads to a challenge for head and neck on-
cologists with respect to decision making in this particular population.
Evidence in the field of frailty and HNC demonstrates that frailty is
associated with surgical complications, decline in quality of life after
treatment, and higher risk of discontinuation of (chemo)radiation
therapy ((C)RT), a cornerstone in the treatment of HNC [9-11]. The
latter can be the result of radiation-induced toxicity (RIT) reflected by
side-effects of RT, including oral pain, and difficulting speaking, chew-
ing, or swallowing [12]. Other studies, however, demonstrated that RT
is often well tolerated in older patients [13,14].

Several studies have reported on acute and chronic RIT and the re-
sults are controversial about the effect of age on treatment-related tox-
icities [15-17]. Whether RIT is worse in frail patients, has never been
investigated, to our knowledge. The aim of the current study was to
investigate the association of outcomes of frailty screening and geriatric
assessment with RIT during (C)RT in patients with HNC.

Materials and methods
Study design

This prospective observational study was carried out at the outpa-
tient clinics of the department of Otorhinolaryngology, Head and Neck
surgery, Oral- and Maxillofacial Surgery, and Radiation Oncology at the
University Medical Center Groningen (UMCG), Groningen, The
Netherlands. The study made use of larger hospital based oncological
data-biobank (OncoLifeS) and was approved by the OncoLifeS scientific
committee. OncoLifeS has been approved by the medical ethical com-
mittee of the UMCG and is registered in the Dutch Trial Register
(registration number NL7839) [18]. To confirm participation in Onco-
LifeS, all patients provided written informed consent.

All patients underwent a geriatric assessment (GA) and frailty
screening at baseline (before treatment) and were followed during
treatment and until 12 weeks after onset of treatment with respect to
RIT.

Treatment

Treatment planning was discussed at the multidisciplinary head and
neck tumour board of the UMCG. Treatment was applied according to
national and international guidelines using intensity-modulated radio-
therapy with or without concurrent chemotherapy. The intention of GA
and frailty screening were purely observational; however, attention for
geriatric impairments and frailty may unconsciously have led to more
referrals to a geriatrician.
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Table 1
Patient- tumour- and treatment characteristics, and outcomes of geriatric
assessment and frailty screening tools.

Patient-, tumour- and treatment characteristics

n (%)?

Age (mean + SD)

Gender
Stage

Location

Histopathology

Smoking status

Drinking status

BMI

Treatment modality
Local RT
Primary radiation dose (Gy)

Regional RT

<65

>65

Male

Female

Early (I-1I)
Advanced (11I-1V)
Oropharynx
Larynx

Oral Cavity

Skin
Hypopharynx
Salivary glands
Nasopharynx
Unknown primary
scc

Other

Never

Former

Current

Never

Former
Mild/moderate
Heavy

Low (<18.5)
Middle (<18.5 and < 25)
High (>25)
Primary (C)RT
Post-operative (C)RT
Yes

No

Mean +- SD
Median (range)
No regional RT

66.1 (10.1)
74 (46.3%)
86 (53.8%)
114 (71.3%)
46 (28.7%)
37 (23.4%)
121 (76.6%)
53 (33.1%)
46 (28.7%)
33 (20.6%)
9 (5.6%)

8 (5%)

4 (2.5%)

4 (2.5%)

3 (1.9%)
148 (92.5%)
12 (7.5%)
20 (12.6%)
61 (38.4%)
78 (49.1%)
29 (18.5%)
27 (17.2%)
63 (40.1%)
38 (24.2%)
7 (4.4%)

73 (45.9%)
79 (49.7%)
110 (68.8%)
50 (31.2%)
153 (95.6%)
7 (4.4%)
67.2 (5.6)
70 (28-70)
30 (18.8%)

Unilateral 24 (15.0%)
Bilateral 106 (66.3%)
Regional radiation dose (Gy) Mean +- SD 66.9 (5.0)
Median (range) 70 (48-70)
Concurrent chemotherapy Yes 47 (29.4%)
No 113 (70.6%)
Geriatric Assessment
ACE-27 None 34 (21.3%)
Mild 60 (37.5%)
Moderate 42 (26.3%)
Severe 24 (15.0%)
MUST Low risk (=0) 110 (71.4%)
Medium risk (=1) 19 (12.3%)
High risk (>2) 25 (16.2%)
Polypharmacy <5 medications 108 (67.5%)
>5 medications 52 (32.5%)
TUG No restrictions (<13.5) 143 (89.4%)
Declined mobility (>13.5) 17 (10.6%)
ADL No restrictions (<1) 145 (92.4%)
Restrictions (>1) 12 (7.6%)
IADL No restrictions (<3) 138 (86.3%)
Restrictions (>3) 22 (13.8%)
MMSE Normal cognitive function (>24) 144 (90.0%)
Declined cognitive function (<24) 16 (10.0%)
GDS-15 No depression (<6) 140 (89.7%)

Living situation

Marital status

Depression (>6)
Independent
Assisted
Nursing home
Single

In a relationship

16 (10.3%)
145 (91.2%)
13 (8.2%)

1 (0.6%)
113 (70.2%)
47 (29.2%)

Frailty screening

GFI

G8

Non-frail
Frail
Non-frail
Frail

108 (68.4%)
50 (31.6%)
72 (45.3%)
87 (54.7%)

Abbreviations: ? unless otherwise specified. SCC = Squamous Cell Carcinoma,
(C)RT = (Chemo) Radiation therapy, Gy = Gray, BMI = Body Mass Index, ACE-
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27 = Adult Comorbidity Evaluation 27. MUST = Malnutrition Universal
Screening Tool. TUG = Timed Up and Go. ADL = Activities of Daily Living. IADL
= instrumental activities of daily living. MMSE = Mini Mental State examina-
tion. GSD-15 = Geriatric Depression Scale 15, GFI = Groningen Frailty Indicator,
G8 = Geriatric 8.

Study population

Patients diagnosed with a primary mucosal, salivary gland or a
complex cutaneous malignancy (i.e., squamous cell carcinoma stage I or
higher, giant basal cell carcinoma, melanoma, Merkel cell carcinoma or
neck metastasis of any of the before mentioned tumours) in the head and
neck area between October 2014 and April 2016 were eligible for in-
clusion, regardless of age. The cohort included patients requiring pri-
mary or post-operative (C)RT of the head and neck area. Patients treated
with palliative intention or exclusively by surgery were excluded from
this study. In addition, patients that solely received local irradiation of
early stage tumours located at the nasal cavity, paranasal sinuses and the
skin were also excluded (Fig. 1).

Geriatric assessment and frailty screening

Comorbidities were assessed using the 27-item Adult Comorbidity
Evaluation (ACE-27) [19]. To screen for nutritional risk, the Malnutri-
tion Universal Screening Tool (MUST) was used [20]. Polypharmacy
was defined by the use of five or more medications [21]. Functional
status was evaluated by scoring self-maintaining activities of daily living
(ADL) and instrumental activities of daily living (IADL). Mobility was
evaluated with the Timed Up & Go (TUG) [22-24]. Mini-Mental State
Examination (MMSE) was applied for cognition and depression defined
by the Geriatric Depression Scale (GDS-15) [25,26]. Living situation and
marital status were used to assess socio-environmental status of the
patients, as part of a standardized questionnaire.

Furthermore, two frailty screening tools, including the G8 and the
GFI were completed [6,7].

Questionnaires were completed during an interview with an inves-
tigator or nurse together with the patient at the first visit at the outpa-
tient clinic or completed later and returned by mail.

Outcome measures

Data on RIT was obtained from the database of the standardized
follow-up program (SFP) of the department of Radiation Oncology at the
UMCG. RIT was graded by a radiation oncologist using the Common
Terminology Criteria for Adverse Events, version 4.0 (CTCAE v 4.0)
[27]. Toxicity levels were assessed at baseline and graded each week
during the 6-to-7-week treatment period and at 12 weeks after onset of
treatment.

RIT included physician rated weight loss, mucositis, salivary gland
inflammation, oral pain, sore throat, hoarseness, dry mouth, dysgeusia,
dysphagia and general pain of the head and neck area. Based on a pre-
vious study, the UMCG scale for assessing dysphagia was converted into
the CTCAE scale for dysphagia [28] (Supplements Table 2). A mean
CTCAE grade for all toxicities combined was calculated at each time
point, capturing changes in toxicity over time very well.

Statistical analysis

Statistical analysis was performed using SPSS statistics 23.0 software
(IBM, Armonk, New York, United States of America). Descriptive sta-
tistics regarding patient- tumour- and treatment- characteristics, GA,
and frailty screening were presented as mean =+ standard deviation (SD)
or value (percentage).

For the analysis of repeated measures of mean CTCAE grades, linear
mixed-effect models (LMMs) were employed. As an advantage, this
method allows for missing data points in a large longitudinal dataset
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Table 2
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Heatmap depicting the mean (+SD) radiation-induced toxicity scores according to the CTCAE v 4.0 per week. Radiation-induced toxicity was scored on
different time points. Week 0 = baseline, week 1-7, and week 12. Cut-off points for colors: 0.00 — 0.49 = green, 0.50 — 0.99 = yellow,. 1.00 — 1.49 = orange, > 1.50 =
red. SD = Standard Deviation. CTCAE = Common Terminology Criteria for Adverse Events.

Toxicity Week 0 Week 1 Week 2 Week 3 Week 4 Week 5

Pain throat - 0.62(0.71) 0.87(0.81)  0.97 (0.83) -
Hoarseness - 0.53 (0.90) 0.66 (1.00) 0.82 (1.10)

Oral pain - - 0.51(0.78)  0.73 (0.88)

Mucositis - 0.75 (0.91) --

Dysgeusia - 0.77 (0.81) --

Sticky saliva - 0.69 (0.68) 0.92 (0.71) -

Xerostomia - 0.78 (0.67) --

Total CTCAE --- 0.71(0.41)  0.91(0.46) -

without excluding entire cases and limiting bias. The dependent variable
was the mean CTCAE grade, and measures were repeated weekly from
0 to 7 weeks. The 12-weeks measurement point was omitted for the
LMMs. The intercept, time and factors to investigate were added as fixed
effects. For random effects, an intercept was included. The estimation
method was maximum likelihood. As RIT gradually increases during (C)
RT, only linear time was added to the models.

First, all factors to investigate were individually put in a simple
model with the parameters intercept, time, factor (main effects), fac-
tor*time (interaction term) (Table 3 and Table 4, left column). Second, a
multivariable model was made from patient- tumour- and treatment
characteristics relevant for RIT (Table 3, right column). Third, simple
models evaluating items of GA and frailty screening were adjusted for
patient- tumour- and treatment characteristics that were significantly
associated with RIT (Table 4, right column).

All models provided estimates (B), 95% confidence intervals (95 %
CI), and p-values. For interpretation, the main effects (factor) refer to the
difference in mean CTCAE grade at baseline, ahead of treatment, and the
interaction term (factor*time) refers to the newly arising difference
between factor + and factor- patients per week. Significance was set ata
p-value of < 0.05. Mean predicted values and standard error of predicted
values were saved for graphs and shown per category in figures.

Results
Patient characteristics

After exclusion, 160 patients remained eligible for analysis (Fig. 1).
Patient-, tumour- and treatment characteristics are presented in Table 1.
The mean age of the patients was 66.1 years and patients were pre-
dominantly male (n = 114, 71.3%). Patients were most frequently
diagnosed with squamous cell carcinoma (SCC, n = 148, 92.5%),
advanced disease (stage III-IV, n = 121, 76.6%) and oropharyngeal (n =
53, 33.1%), laryngeal (n = 46, 28.7%) or oral cancer (n = 33, 20.6%).
Most patients received primary (C)RT (n = 110, 68.8%) and 50 patients
(31.2%) post-operative (C)RT. A total of 47 patients (29.4%) received
concurrent systemic treatment.

Outcome measures

Mean completeness for outcomes measures was 94.0% and data
availability is demonstrated in Supplementary table 2. One patient
dropped out of treatment at the fifth week of RT.

In general, RIT increased during treatment with peaks around week 6

Week 6 Week 7

Week 12

0.87 (1.05) 0.81(0.99)

0.77 (0.89) 0.81 (0.86)

- 0.59 (0.82)
- 0.64 (0.81)
R

0.85(0.71)

0.96 (0.77)

0.70 (0.47)

and 7. Twelve weeks after the start of treatment, most side-effects of RT
resolved (Table 2).

Patient characteristics and RIT

Univariable models showed that, female gender (B(95 %CI) = 0.09
(0.005;0.18), p = 0.04), advanced stage (f(95 %CI) = 0.014(0.05;0.24),
p = 0.002), current smoking (p(95 %CI) = 0.14(0.07;0.21), p < 0.001),
regional RT (B(95 %CI) = 0.11(0.01;0.21), p = 0.03) and concurrent
chemotherapy (B(95 %CI) = 0.12(0.03;0.20), p = 0.008) were associ-
ated with higher toxicity grades at baseline (Table 3, left column). More
importantly, advanced stage ((95 %CI) = 0.05(0.03;0.07), p < 0.001),
regional RT (B(95 %CI) = 0.07(0.05;0.09), p < 0.001) and concurrent
chemotherapy (B(95 %CI) = 0.04(0.02;0.06), p < 0.001) were associ-
ated with more toxicity during treatment (interaction terms with time in
models).

In a multivariable model, female gender (B(95 %CI) = 0.10
(0.01;0.18), p = 0.02), and advanced stage (B(95 %CI) = 0.16
(0.03;0.29), p = 0.02) were independent factors associated with
elevated toxicity grades at baseline (Table 3, right column). Moreover,
age > 65 (B(95 %CI) = 0.03(0.01;0.05), p = 0.01), regional RT (B(95 %
CI) = 0.05(0.02;0.09), p = 0.004), and concurrent chemotherapy ($(95
%CI) = 0.04(0.02;0.07), p = 0.001), were independent factors associ-
ated with additional toxicity during the 7-week treatment period
(interaction terms, Table 3 and Fig. 2).

GA and RIT

In models adjusted for age, gender, stage, treatment modality,
regional RT and concurrent chemotherapy, medium to high nutritional
risk defined by MUST (B(95 %CI) = 0.19(0.11;0.27), p < 0.001),
restricted mobility defined by TUG (B(95 %CI) = 0.15(0.03;0.28), p =
0.02), restrictions in IADL (B(95 %CI) = 0.11(-0.0001;0.22), p = 0.05)
and depression defined by GDS-15 (B(95 %CI) = 0.14(0.02;0.27), p =
0.03) were associated with elevated baseline toxicity (Table 4, right
column).

None of the GA items were associated with additional RIT over time
during the 7-week treatment period in both univariable and multivari-
able models (Table 4).

Frailty and RIT

Univariable analysis revealed that frailty according to GFI (B(95 %
CD) = 0.14(0.06;0.52), p = 0.001) as well as G8 (f(95 %CI) = 0.18
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Table 3
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Associations between patient-, tumour- and treatment characteristics and CTCAE score by Linear Mixed Models. Left column: univariable linear mixed models
with mean CTCAE score as the dependent variable. Right column: a multivariable linear mixed model derived from all variables in the left column through a step
backward selection procedure. Beta coefficients of main effects refer to the difference in CTCAE at baseline. Beta coefficients of interaction terms refer to the different
slope in CTCAE score over time with respect to one week.

Variable Model parameters Univariable models Multivariable model
B (95% CI) p-value B (95% CI) p-value

Age Intercept 0.20 (0.14; 0.26) <0.001 0.37 (0.23; 0.51) <0.001

Time 0.16 (0.14; 0.17) <0.001 0.20 (0.17; 0.23) <0.001

Age < 65 ref ref

Age > 65 —0.04 (—0.12; 0.05) 0.39 —0.04 (—0.12; 0.05) 0.41

Age < 65 * time ref ref

Age > 65 * time —0.01 (-0.03; 0.01) 0.48 0.03 (0.01; 0.05) 0.01
Gender Intercept 0.36 (0.28; 0.43) <0.001

Time 0.14 (0.12; 0.16) <0.001

Male ref ref

Female 0.09 (0.01; 0.18) 0.04 0.10 (0.01; 0.18) 0.02

Male*time ref ref

Female*time 0.01 (—0.01; 0.04) 0.23 0.02 (0.00; 0.04) 0.11
Stage Intercept 0.32 (0.28; 0.37) <0.001

Time 0.14 (0.13; 0.15) <0.001

Early (I-1I) ref ref

Advanced (III-IV) 0.14 (0.05; 0.24) 0.002 0.16 (0.03; 0.29) 0.02

Early (I-I)*time ref ref

Advanced (III-IV)*time 0.05 (0.03; 0.07) <0.001 0.005 (—0.03; 0.04) 0.77
Histopathology Intercept 0.23 (0.09; 0.42) 0.002

Time 0.13 (0.09; 0.17) <0.001

scc ref

Other —0.06 (—0.21; 0.09) 0.42

SCC*time ref

Other*time 0.00 (—0.04; 0.04) 0.98
Current smoking Intercept 0.36 (0.32; 0.42) <0.001

Time 0.13 (0.11; 0.14) <0.001

No ref

Yes 0.14 (0.07; 0.21) <0.001

No*time ref

Yes*time —0.01 (—0.03; 0.01) 0.36
Current drinking Intercept 0.26 (0.21; 0.31) <0.001

Time 0.13(0.12; 0.14) <0.001

No ref

Yes —0.07 (—0.15; 0.01) 0.11

No*time ref

Yes*time 0.01 (—0.01; 0.03) 0.44
BMI Intercept 0.15 (0.03; 0.27) 0.03

Time 0.17 (0.16; 0.19) <0.001

Low 0.26 (—0.15; 0.67) 0.14

Middle 0.07 (—0.10; 0.24) 0.30

High ref

Low*time —0.02 (—0.07; 0.03) 0.45

Middle *time —0.01 (—0.03; 0.01) 0.47

High *time ref
Treatment modality Intercept 0.25 (018; 0.33) <0.001

Time 0.14 (0.12; 0.16) <0.001

PRT ref ref

PORT —0.05 (—0.14; 0.03) 0.24 —0.07 (-0.15; 0.02) 0.14

Time*PRT ref ref

Time*PORT 0.00 (—0.02; 0.02) 0.98 0.00 (—0.02; 0.02) 0.76
Regional RT Intercept 0.31 (0.27; 0.36) <0.001

Time 0.14 (0.13; 0.15) <0.001

No ref ref

Yes 0.11 (0.01; 0.21) 0.03 —0.02 (-0.16; 0.12) 0.78

No*time ref ref

Yes*time 0.07 (0.05; 0.09) <0.001 0.05 (0.02; 0.09) 0.004
Concurrent chemotherapy Intercept 0.39 (0.31; 0.46) <0.001

Time 0.17 (0.15; 0.18) <0.001

No ref ref

Yes 0.12 (0.03; 0.20) 0.01 0.04 (—0.06; 0.14) 0.45

No*time ref ref

Yes*time 0.04 (0.02; 0.06) <0.001 0.04 (0.02; 0.07) 0.001

Abbreviations: p = Estimate, CI = Confidence Interval, ACE-27 = Comorbidity Evaluation 27, MUST = Malnutrition Universal Screening Tool, TUG = Timed Up and
Go, ADL = Activities of Daily Living, IADL = instrumental activities of daily living, MMSE = Mini Mental State Examination, GSD-15 = Geriatric Depression Scale 15,

G8 = Geriatric 8, GFI = Groningen Frailty Indicator, CTCAE = Common Terminology Criteria for Adverse Events.
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Table 4

Associations between outcomes of geriatric assessment and CTCAE score by Linear Mixed Models. Left column: univariable linear mixed models with mean
CTCAE score as the dependent variable. Right column: linear mixed models investigating the same parameter, adjusted for: age, gender, stage, treatment modality,
regional radiotherapy and concurrent chemotherapy (variables from multivariable model, Table 3 right column). Beta coefficients of main effects refer to the difference
in CTCAE at baseline. Beta coefficients of interaction terms refer to the different slope in CTCAE score over time with respect to one week.

Variable Model parameters Univariable models Adjusted models
B (95% CI) p-value B (95% CI) p-value
ACE-27 Intercept 0.21 (0.04; 0.38) 0.03 0.40 (0.25; 0.55) <0.001
Time 0.16 (0.13; 0.20) 0.002 0.20 (0.16; 0.23) <0.001
Non/mild ref ref
Moderate/severe 0.03 (—0.22; 0.29) 0.58 0.05 (—0.03; 0.13) 0.22
Non/mild*time ref ref
Moderate/severe*time 0.01 (—0.04; 0.02) 0.48 —0.004 (—-0.02; 0.01) 0.65
MUST Intercept 0.44 (0.37; 0.51) <0.001 0.46 (0.32; 0.61) <0.001
Time 0.13 (0.11; 0.15) <0.001 0.19 (0.16; 0.23) <0.001
Low risk ref ref
Medium-High risk 0.21 (0.13; 0.30) <0.001 0.19 (0.11; 0.27) <0.001
Low risk*time ref ref
Medium-High risk*time 0.00 (—0.02; 0.03) 0.85 —0.01 (—0.04; 0.01) 0.19
Polypharmacy Intercept 0.28 (0.21; 0.35) <0.001 0.38 (0.22; 0.54) <0.001
Time 0.13 (0.11; 0.15) <0.001 0.20 (0.17; 0.24) <0.001
No polypharmacy ref ref
Polypharmacy —0.02 (—0.10; 0.07) 0.66 0.01 (—0.08; 0.10) 0.81
No polypharmacy *time ref ref
Polypharmacy*time —0.01 (—0.03; 0.02) 0.67 0.00 (—0.02; 0.02) 0.69
TUG Intercept 0.31 (0.16 — 0.46) <0.001 0.49 (0.32 - 65) <0.001
Time 0.18 (0.15 - 0.21) <0.001 0.21 (0.17 - 0.25) <0.001
No restrictions ref ref
Restrictions 0.13 (—0.02 - 0.29) 0.10 0.15 (0.03 - 0.28) 0.02
No restrictions*time ref ref
Restrictions*time 0.01 (—0.02 - 0.04) 0.53 0.01 (—0.02 - 0.04) 0.60
ADL Intercept 0.28 (0.14; 0.43) <0.001 0.29 (—19361.32; 19361.89) 0.87
Time 0.10 (0.06; 0.14) <0.001 0.21 (—4220.61; 4221.04) 0.82
No restrictions ref ref
Restrictions —0.01 (-0.16; 0.14) 0.92 0.02 (—15341.39; 15341.44) 0.95
No restrictions*time ref ref
Restrictions*time —0.03 (-0.07; 0.01) 0.12 —0.02 (—2606.47; 2606.42) 0.90
IADL Intercept 0.38 (0.27; 0.49) <0.001 0.45 (0.29; 0.61) <0.001
Time 0.13 (0.10; 0.16) <0.001 0.20 (0.16; 0.24) <0.001
No restrictions ref ref
Restrictions 0.11 (—0.01; 0.22) 0.07 0.11 (0.00; 0.22) 0.05
No restrictions*time ref ref
Restrictions*time 0.00 (—0.03; 0.03) 0.89 0.00 (—0.03; 0.03) 0.95
MMSE Intercept 0.27 (0.15; 0.40) <0.001 0.36 (0.18; 0.55) <0.001
Time 0.13 (0.10; 0.16) <0.001 0.21 (0.17; 0.26) <0.001
Normal cognitive function ref ref
Declined cognitive function —0.02 (-0.15; 0.11) 0.79 —0.01 (—0.13; 0.12) 0.94
Normal cognitive function*time ref ref
Declined cognitive function*time 0.00 (—0.03; 0.03) 0.98 0.01 (—0.02; 0.04) 0.43
GSD-15 Intercept 0.35 (0.19; 0.51) <0.001 0.50 (0.32; 0.69) <0.001
Time 0.17 (0.12; 0.21) <0.001 0.22 (0.18; 0.26) <0.001
No depression ref ref
Depression 0.16 (—0.01; 0.33) 0.06 0.14 (0.02; 0.27) 0.03
No depression*time ref ref
Depression*time 0.00 (—0.04; 0.05) 0.83 0.02 (—0.01; 0.05) 0.18
Living situation Intercept 0.33 (0.20; 0.46) <0.001 0.43 (0.24; 0.61) <0.001
Time 0.14 (0.11; 0.17) <0.001 0.22 (0.17; 0.26) <0.001
Independent ref ref
Dependent/nursery 0.04 (—0.10; 0.18) 0.53 0.09 (—0.05; 0.22) 0.20
Independent*time ref ref
Dependent/nursery*time 0.01 (—0.02; 0.05) 0.53 0.02 (—0.01; 0.05) 0.23
Marital status Intercept 0.36 (0.29; 0.43) <0.001 0.30 (-7.12; 7.73) 0.31
Time 0.14 (0.12; 0.16) <0.001 0.25 (—0.07; 0.56) 0.06
Relationship ref ref
Single 0.09 (0.01; 0.18) 0.03 0.08 (—3.77; 3.92) 0.47
Relationship*time ref ref
Single*time 0.02 (—0.01; 0.04) 0.15 0.01 (—0.15; 0.18) 0.46
GFI Intercept 0.38 (0.31; 0.45) <0.001 0.46 (0.31; 0.60) <0.001
Time 0.13 (0.12; 0.15) <0.001 0.20 (0.17; 0.24) <0.001
Non frail ref ref
Frail 0.14 (0.06; 0.52) 0.001 0.14 (0.06; 0.22) 0.001

(continued on next page)



J. de Vries et al.

Table 4 (continued)
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Variable Model parameters Univariable models Adjusted models
B (95% CI) p-value B (95% CI) p-value
Non frail*time ref ref
Frail*time 0.01 (—0.01; 0.03) 0.45 0.003 (—0.02; 0.02) 0.74
G8 Intercept 0.36 (0.31; 0.41) <0.001 0.28 (—26.51; 27.06) 0.37
Time 0.13 (0.12; 0.15) <0.001 0.23 (—3.14; 3.61) 0.18
Non frail ref ref
Frail 0.18 (0.10; 0.25) <0.001 0.19 (-18.77; 19.15) 0.35
Non frail*time ref ref
Frail*time 0.01 (—0.01; 0.03) 0.47 —0.01 (2.16; 2.13) 0.55

Abbreviations: ACE-27 = Comorbidity Evaluation 27, MUST = Malnutrition Universal Screening Tool, TUG = Timed Up and Go, ADL = Activities of Daily Living, IADL
= instrumental activities of daily living, MMSE = Mini Mental State Examination, GSD-15 = Geriatric Depression Scale 15, G8 = Geriatric 8, GFI = Groningen Frailty
Indicator, CTCAE = Common Terminology Criteria for Adverse Events.
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Figure 2. Radiation-induced toxicity during
treatment time points week 1-week 7. The left
figures represent radiation-induced toxicity
scores grouped by the binary outcome of age,
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(0.10;0.25), p < 0.001), was independently associated with elevated
baseline toxicity. After adjusting for age, gender, stage, treatment mo-
dality, regional RT, and concurrent chemotherapy, GFI remained inde-
pendently associated (B(95 %CI) = 0.14(0.06;0.22), p < 0.001), but G8
did not demonstrate to be independently associated with elevated
baseline toxicity.

The course of RIT in frail patients, defined by either G8 or GFI, was
not significantly different from RIT observed among non-frail patients,
in both univariable and adjusted models (Table 4 and Fig. 2).

Discussion

To our knowledge, this is the first study that captures measures of
frailty in relation to acute RIT during primary and post-operative RT.
The main finding is that the different components of GA, as well as
clinical frailty defined by two frailty screening tools, were not associated
with additional RIT during treatment. However, age, concurrent
chemotherapy, and regional RT did show significant association with
elevated toxicity during RT.

Frail patients are expected to have worse toxicity outcomes
compared to non-frail patients. However, in our cohort, frailty was not
associated with higher RIT. The literature is controversial on this issue.
Our findings are in line with a previous study on patients with HNC,
which showed that neither frailty status, nor any of the items of GA are
associated with RT related adverse events 12 weeks after the start of
treatment [11]. Accumulation of deficits on GA and frailty screeners,
however, were independently associated with post-operative compli-
cations in patients undergoing major surgery. These differences are
possibly caused by the different intensity of the two treatment modal-
ities. Surgery results in a large amount of stress in just a short time in-
terval, however, the stress resulting from RT is more spread out over
several weeks. In contrast to our findings, a prospective observational
study in cancer patients reported that patients with a vulnerable status
were less likely to complete RT [9]. This study only considered patients
aged 75 years and older, with approximately half of the patients treated
without curative intent, which may have affected outcomes. Just like
frailty screening, none of the individual GA items were associated with
an additional increase in RIT during RT. This finding is quite surprising,
as items of GA often associate with other treatment related adverse
events in oncological patients [29,30]. Recently, a prospective obser-
vational study in patients with HNC found that severe acute toxicities
occurred more often in patients with moderate to severe comorbidities
as defined by the ACE-27 [31]. The different outcomes may be explained
by the fact that these studies mainly considered systemic toxicities, in
contrast to the current study, which mainly investigated local adverse
events related to RT.

Due to the impact of RIT on nutritional intake, previous findings
identified risk of malnutrition as an important risk factor for developing
serious adverse events during RT [32]. In contrast, risk of malnutrition
defined by the MUST was not associated with additional toxicity during
treatment in our study. Probably, standard screening for malnutrition
embedded in the care-pathway and subsequent dietary intervention
prevented further development of severe toxicities. Other components of
GA, including impaired IADL and depression, as well as frailty defined
by GFI, were associated with elevated toxicity at baseline. Baseline
toxicity data may reflect decreased health related quality of life as well
as the worse self-perceived quality of life of frail patients [33]. There-
fore, frail patients may experience a higher symptom burden before the
start of treatment compared to non-frail patients. Moreover, before the
start of RT, RIT-like complaints can already be present caused by the
tumour itself, such as hoarseness of the voice, a sore throat, and diffi-
culty eating [34], which may alter baseline toxicity data. This is sup-
ported by the finding that patients who presented themselves with
advanced tumour stage showed higher baseline toxicity grades in
comparison to patients presented with early tumour stage. Even though
items of geriatric assessment were not associated with additional

Oral Oncology 130 (2022) 105933

toxicity, older age (>65) was associated with increased RIT during
treatment. This is supported by previous literature, demonstrating that
older patients with HNC suffered more frequently from moderate to
severe acute toxicities and required gastrostomy tube placement more
often compared to their younger counterparts [16,17]. Furthermore,
treatment characteristics, including concurrent chemotherapy and
regional RT were also associated with toxicity in our patient cohort.
Indeed, both chemotherapy and a higher radiation dose administered to
the neck area have been previously identified as risk factors contributing
to development of RIT [12,35,36].

One of the main strengths of this study is that the study used pro-
spectively gathered data, and therefore, does not suffer from disadvan-
tages of retrospective studies. Additionally, this study used well-known
validated geriatric screening tools, RIT were physician-rated with the
commonly used CTCAE, and data were relatively complete. This, com-
bined with the use of a robust statistical analysis allowing for missing
data without excluding entire cases, and adjusting for relevant cova-
riates, results in a lower risk of bias.

There were some limitations of the current study, including the
relatively heterogeneity of the cohort in terms of patient, tumour and
treatment characteristics. Different treatment modalities were incorpo-
rated in this study, including primary RT and post-operative RT, some-
times in combination with chemotherapy. Secondly, patients that
revealed to be more vulnerable were possibly more likely to be referred
to a geriatrician compared to patients that were less vulnerable, and
standard care measures such as dietary consulting or gastrostomy tube
placement may have blurred outcomes. Last, this study did not consider
late RIT, although evidence demonstrates that late RIT, defined by
toxicities occurring > 90 days after initiation of RT, can have a signifi-
cant impact on quality of life [37,38]. Worse quality of life is associated
with frailty and deficits on geriatric assessment as well[10,39], thus it
seems important to investigate whether quality of life may be affected
through the mechanism of late RIT or worse resolution of acute RIT.

Using the mean CTCAE grade as an outcome measure for RIT can be
debated. The mean CTCAE grade has often been utilized in studies on
adverse events, and is especially useful for the general interpretation of
multiple CTCAE scales together and comparison between time points
[40-43]. Mean CTCAE grades steadily followed the expected trend as it
increase until the last week of RT, and decreased afterwards and, as a
positive control, were associated with well-known predictors of RIT such
as larger radiation fields and concomitant chemotherapy.

Future research can provide more insights in the development of late
toxicities. The results of this study suggest that RT seems to be relatively
well tolerated in frail patients during treatment. The findings of this
study are important to consider in treatment decision-making, since
treatment related toxicity can impact the ability to cope with the disease
and treatment of the disease. Currently, the decision between primary
(O)RT and surgery is mainly based on oncological outcome. As frailty is
strongly associated with severe post-operative complications, but not
with acute toxicity as is demonstrated in our study, this suggests that
possibly, in selected cases, primary (C)RT may be preferred over surgery
with respect to acute adverse events. Future research needs to investi-
gate whether this is the case for long-term toxicity as well, and which
patients specifically benefit from (C)RT more than from surgery.

Conclusions

This study demonstrated that components of a GA, as well as frailty,
defined by two frailty screening tools, were not associated with more
RIT during treatment. These results suggest that, with respect to short-
term adverse events, RT may be a suitable alternative to surgery in
selected cases of frail patients with a considerable risk of post-operative
complications.
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