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Abstract

Head and neck cancer (HNC) patients suffer from a range of health-related quality of

life (HRQoL) issues, but little is known about their long-term HRQoL. This study

explored associations between treatment group and HRQoL at least 5 years' post-

diagnosis in HNC survivors. In an international cross-sectional study, HNC survivors

completed the European Organization for Research and Treatment of Cancer (EORTC)

quality of life core questionnaire (EORTC-QLQ-C30) and its HNC module (EORTC-

QLQ-H&N35). Meaningful HRQoL differences were examined between five treatment

groups: (a) surgery, (b) radiotherapy, (c) chemo-radiotherapy, (d) radiotherapy ± chemo-

therapy and neck dissection and (e) any other surgery (meaning any tumour surgery

that is not a neck dissection) and radiotherapy ± chemotherapy. Twenty-six sites in

11 countries enrolled 1105 survivors. They had a median time since diagnosis of

8 years, a mean age of 66 years and 71% were male. After adjusting for age, sex,

tumour site and UICC stage, there was evidence for meaningful differences (10 points

or more) in HRQoL between treatment groups in seven domains (Fatigue, Mouth Pain,

Swallowing, Senses, Opening Mouth, Dry Mouth and Sticky Saliva). Survivors who had
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single-modality treatment had better or equal HRQoL in every domain compared to

survivors with multimodal treatment, with the largest differences for Dry Mouth and

Sticky Saliva. For Global Quality of Life, Physical and Social Functioning, Constipation, Dys-

pnoea and Financial Difficulties, at least some treatment groups had better outcomes

compared to a general population. Our data suggest that multimodal treatment is asso-

ciated with worse HRQoL in the long-term compared to single modality.
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What's new?

Head and neck cancer and its treatments can cause side reffects that negatively affect health-

related quality of life (HRQoL). Little is known about the long term HRQoL of survivors of head

and neck cancer beyond 1 year. Here, the authors examined the association between treatment

and HRQoL at least 5 years after diagnosis. For symptoms concerning dry mouth, sticky saliva,

problems swallowing, mouth pain, problems opening the mouth, problems with senses, and

fatigue, they found that patients who had undergone a single mode of treatment had better out-

comes than those who had had multimodal treatment.

1 | INTRODUCTION

Head and neck cancer (HNC) encompasses a range of neoplasms

with heterogeneous clinical presentation arising from the mucosal

epithelia of the head and neck. It is usually treated in multidisci-

plinary teams involving head and neck surgeons, radiation oncolo-

gists and medical oncologists. The disease and its treatment cause

considerable sequelae with negative effects on health-related

quality of life (HRQoL) due to the structures involved, which are

critical for breathing, eating and speaking, and unsatisfied body

image due to facial alterations, which can affect patient's social

and sexual life.1–3 Worldwide, �19.3 million cases were diagnosed

in 2020, making HNC the seventh most frequent cancer diagnosis

that year.4 Mortality ranges depending on the specific cancer site

and the stage.5–7 Risk factors include tobacco and alcohol con-

sumption, particularly in combination, and more recently the role

of human papilloma virus has been established as a risk factor.8–10

For early stage disease, curative treatment can include conserva-

tive surgery or radiotherapy, with later stages necessitating defini-

tive concurrent chemo-radiotherapy or surgery with adjuvant

(chemo)-radiotherapy.11

The effect of the disease and the treatment on patients' HRQoL

has been studied in the first year following diagnosis and treatment,

and there is evidence showing that physical, social, emotional and

role functioning, pain, fatigue, nausea, dyspnoea, dysphagia, prob-

lems with senses, problems with teeth, opening mouth, dry mouth

and sticky saliva are negatively affected.12–18 Studies examining

HRQoL beyond 1 year following diagnosis and/or treatment have

shown that HNC patients may still face problems with oral health,

physical and emotional functioning, dyspnoea, trismus, dry mouth

and sticky saliva.17,19–24 At 5 years' postdiagnosis, HNC patients are

no longer routinely followed up.16 However, the long-term HRQoL

effects, occurring after 5 years, have not been sufficiently examined,

and for the studies that do exist, the number of survivors included is

limited.25–29 Very little evidence on these survivors' long-term

HRQoL is available, despite the fact that approximately half of

patients with this diagnosis will reach this important milestone.

Through a project called ‘Late Toxicity and Long-term Quality of

Life in Head and Neck Cancer Survivors’ (EORTC 1629), we aimed to

address this by describing the HRQoL of a large, international collec-

tive of HNC survivors. We also explored differences in the HRQoL

found in this survivor population in light of the type of treatment

received.

2 | METHODS

2.1 | Study design and inclusion criteria

The EORTC 1629 study is a multinational cross-sectional study car-

ried out by members of the Quality of Life Group and the HNC Group

of the EORTC and coordinated at the University Hospital in Mainz,

Germany. Survivors who fulfilled the inclusion criteria were identified

at each participating centre and asked to participate by mailed invita-

tion letter, at their follow-up appointment in hospital, or by telephone.

Eligibility criteria were: ≥18 years old, confirmed carcinoma of the lar-

ynx, lip, oral cavity, salivary glands, oropharynx, hypopharynx, naso-

pharynx, nasal cavity, nasal sinuses or unknown primary in the head

and neck area, and the diagnosis more than 5 years in the past.

Exclusion criteria were eye, thyroid or orbit tumours, skin cancers or

lymphoma in the head and neck region. Survivors with current

evidence of disease or who had experienced a second primary were

not excluded from the study, as these are occurrences reflecting the

reality of some cancer survivors.
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2.2 | Treatment groups

Five broad treatment groups were defined a priori: surgery only;

radiotherapy (RT) only; chemo-radiotherapy (CRT); radiotherapy ±

chemotherapy and neck dissection (RT ± CT and ND); and any other

type of surgical intervention plus radiation ± chemotherapy (surgery

and RT ± CT). The last two groups were separated to make a distinc-

tion between less extensive and more extensive surgeries. In the ‘RT
± CT and ND’ group, the assumption was that neck dissection was

less extensive than the surgeries in the group that had any other kind

of surgery plus RT or CT. The order of treatments was not considered

in the multimodal treatment groups.

2.3 | Data collection

Consenting survivors were invited to the local researcher's clinic to

complete questionnaires. All documentation was completed with arti-

cle and pencil and then either scanned and emailed or the documents

were shipped via post to the coordinating centre in Mainz, where the

data were entered into the Computer-Based Health Evaluation Sys-

tem (CHES®), a web-based database developed by the Evaluation

Software Development company in Austria.30 The collaborators from

Portugal and Greece chose to enter the data into the database them-

selves rather than send the documents to Mainz.

2.4 | Questionnaires

The questionnaires were the EORTC quality of life core questionnaire

(EORTC QLQ-C30) and its head and neck cancer module (EORTC QLQ-

H&N35).1,31 The EORTC QLQ-C30 consists of five functional scales, nine

symptom scales and one global quality of life (QoL) scale, and has been

validated in an international setting.1,31 The EORTC QLQ-H&N35 covers

issues specific to HNC patients and includes 18 symptom scales; it has

been validated in an international setting and is used extensively in

HRQoL research.1,15,32,33 Both questionnaires use a four-point Likert

scale to indicate the extent of problems experienced, ranging from ‘not at

all’ to ‘very much’. The answers for each domain are converted to a score

ranging from 0 to 100; for functional scales, high scores represent a high

level of QoL, and for symptom scales high scores indicate a poor QoL. A

difference in score of 10 or more points is considered to be a clinically rel-

evant difference and was the cut-off we regarded in our study.34

2.5 | Clinical data

Physicians completed a Case Report Form for each survivor and

recorded the survivor's sex, age, education, smoking status, diagnosis

and treatment details, Karnofsky index and Charlson Comorbidity

Score.35 Some clinicians reported UICC stage using version 7 and

some using version 8, but all TNM values were reassessed using the

version 7 classification, which are the values reported here.

2.6 | Statistical analysis

The survivor characteristics are reported for the entire study popula-

tion according to treatment group as frequencies and percentages.

Chi-square test for independence, Fisher's test or analysis of variance

was used depending on the type of data to explore the distribution of

demographic and clinical characteristic over the treatment groups.

Each of the HRQoL domain scores is reported for each treatment

group as means with 95% confidence intervals (CI) and standard devi-

ations (SD) for the raw data. Analysis of covariance (ANCOVA) was

used to calculate adjusted means with 95% CI for all HRQoL domains

and to assess statistical evidence for differences of 10 points or more

between treatment groups and Tukey–Kramer post hoc tests were

used to determine where the differences were. Age, sex, UICC stage

and tumour sub-site were included as covariables, as we expected

these to be the main sources of potential confounding. If adjusted

means or CI for a HRQoL domain were less than 0 or more than

100, these was recorded as ‘0’ and ‘100’, respectively, as these are

the limits of the HRQoL scores. As current evidence of disease or the

occurrence of a second primary at some point since the HNC diagno-

sis were not an exclusion criteria, we also looked at whether our

1117 survivors 

4 excluded: 
� 2 because their diagnosis was <4.5 years in the past, 
� 1 because the diagnosis was chondroplastic osteosarcoma, 
� 1 because their treatment regime was unknown

1113 suitable for 
analysis by treatment

8 did not complete
HRQoL questionnaires

1105 survivors with HRQoL data included in analysis

F IGURE 1 Flow of survivors
enrolled in the EORTC 1629
study.
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TABLE 1 Characteristics of the 1105 survivors by type of treatment.

Surgery RT CRT RT ± CT and NDa Surgery and RT ± CTa Totals

Totals 128 12% 134 12% 310 28% 111 10% 422 38% 1105 100%

Age (years)b

Mean (range) 67 (23–93) 70 (43–92) 64 (27–88) 66 (47–86) 66 (23–90) 66 (23–93)

Sexc

Male 78 61% 107 80% 233 75% 76 68% 289 68% 783 71%

Female 50 39% 27 20% 77 25% 35 32% 133 32% 322 29%

Geographic areac

Northern Europe 20 16% 22 16% 78 25% 45 41% 85 20% 250 23%

Central/Western Europe 66 52% 65 49% 95 31% 52 47% 192 45% 470 43%

Southern Europe 23 18% 39 29% 95 31% 6 5% 75 18% 238 22%

Israel 2 2% 0 0% 2 1% 1 1% 5 1% 10 1%

Japan 3 2% 0 0% 11 4% 1 1% 15 4% 30 3%

Brazil 14 11% 8 6% 29 9% 6 5% 50 12% 107 10%

Smoking status

Never smoker 40 31% 28 21% 99 32% 33 30% 115 27% 315 29%

Former smoker 69 54% 91 68% 171 55% 64 58% 237 56% 632 57%

Current smoker 14 11% 15 11% 35 11% 13 12% 62 15% 139 13%

Missing 5 4% 0 0% 5 2% 1 1% 8 2% 19 2%

Total years of education

<10 48 38% 54 40% 105 34% 20 18% 144 34% 371 34%

10 13 10% 27 20% 44 14% 15 14% 64 15% 163 15%

>10 61 48% 52 39% 154 50% 73 66% 203 48% 543 49%

Missing 6 5% 1 1% 7 2% 3 3% 11 3% 28 3%

Tumour subsited

Oropharynx 11 9% 39 29% 147 47% 63 57% 115 27% 375 34%

Oral cavity 66 52% 7 5% 15 5% 5 5% 147 35% 240 22%

Larynx 34 27% 68 51% 31 10% 5 5% 68 16% 206 19%

Nasopharynx 0 0% 6 4% 71 23% 4 4% 4 1% 85 8%

Salivary gland 11 9% 0 0% 0 0% 1 1% 48 11% 60 5%

Unknown primary 0 0% 3 2% 11 4% 31 28% 7 2% 52 5%

Hypopharynx 2 2% 6 4% 24 8% 2 2% 16 4% 50 5%

Nasal cavity and sinuses 4 3% 5 4% 11 4% 0 0% 17 4% 37 3%

Histologyc

Squamous cell 110 86% 125 93% 277 89% 110 99% 347 82% 969 88%

Other 17 13% 7 5% 29 9% 1 1% 71 17% 125 11%

Missing/unknown 1 1% 2 1% 4 1% 0 0% 4 1% 11 1%

UICC Stage (version 7)d

I 85 66% 59 44% 1 0% 4 4% 71 17% 220 20%

II 29 23% 37 28% 30 10% 11 10% 68 16% 175 16%

III 6 5% 19 14% 80 26% 50 45% 91 22% 246 22%

IV 4 3% 14 10% 194 63% 39 35% 177 42% 428 39%

Missing/unknown 4 3% 5 4% 5 2% 7 6% 15 4% 36 3%

Karnofsky

<50 0 0% 0 0% 1 0% 0 0% 2 0% 3 0%

50 or 60 4 3% 4 3% 12 4% 1 1% 13 3% 34 3%

70 or 80 28 22% 37 28% 76 25% 26 23% 139 33% 306 28%

(Continues)
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results from the ANCOVA changed if these survivors were removed

from the analyses.

This study did not have a specific hypothesis and was aimed at

exploring HRQoL difference between the treatment groups. A sample

size of 1045 survivors would be necessary to assess differences

across five groups in 10 HRQoL domains with 90% power and an

alpha of 0.01 assuming a standard deviation of 25 points in each

scale.

3 | RESULTS

3.1 | Enrolment

The first survivor was enrolled in October 2018 and the last in

October 2021, with start of the COVID-19 pandemic slowing enrol-

ment considerably in 2020. Twenty-six sites in 11 countries enrolled

survivors, with the highest enrolment in Italy, Belgium, Germany,

Norway and Brazil. Figure 1 shows the breakdown of enrolled

survivors and the final number that could be included for analysis. Of

the 1113 survivors with treatment information, eight did not com-

plete the questionnaires, meaning that 1105 survivors are included in

the analysis. The reasons for not completing the HRQoL question-

naires included that the participant did not wish to and in one case

the person died before completing them.

3.2 | Survivor characteristics

The characteristics of the 1105 survivors broken down by treatment

group are shown in Table 1. The treatment groups were populated as

follows: 128 (12%) ‘surgery only’, 134 (12%) ‘RT’, 310 (28%) ‘CRT’,
111 (10%) ‘RT ± CT and ND’ and 422 (38%) ‘surgery and RT ± CT’.
The average age was 66 years (range 23–93), most were male (71%)

and former smokers (57%). The most frequent tumour sub-sites were

oropharynx (34%), oral cavity (22%) and larynx (19%), and the majority

were diagnosed at an advanced stage (22% stage III and 39% stage

IV). The median time since diagnosis was 8 years for all treatment

TABLE 1 (Continued)

Surgery RT CRT RT ± CT and NDa Surgery and RT ± CTa Totals

Totals 128 12% 134 12% 310 28% 111 10% 422 38% 1105 100%

90 or 100 89 70% 93 69% 216 70% 83 75% 257 61% 738 67%

Missing 7 5% 0 0% 5 2% 1 1% 11 3% 24 2%

Charlson comorbidity index

0 83 65% 77 57% 213 69% 73 66% 258 61% 704 64%

1 23 18% 26 19% 58 19% 16 14% 83 20% 206 19%

2 9 7% 14 10% 19 6% 14 13% 35 8% 91 8%

≥3 13 10% 17 13% 20 6% 8 7% 46 11% 104 9%

Current evidence of disease

Yes 5 4% 4 3% 5 2% 1 1% 17 4% 32 3%

No 120 94% 130 97% 305 98% 110 99% 403 95% 1068 97%

Missing/unknown 3 2% 0 0% 0 0% 0 0% 2 0% 5 0%

Second primary

Yes 22 17% 22 16% 31 10% 12 11% 76 18% 163 15%

No 100 78% 112 84% 276 89% 97 87% 342 81% 927 84%

Missing/unknown 6 5% 0 0% 3 1% 2 2% 4 1% 15 1%

Time since diagnosis (years)

5–6 25 20% 32 24% 82 26% 13 12% 90 21% 242 22%

7–8 44 34% 48 36% 112 36% 36 32% 139 33% 379 34%

9–10 28 22% 26 19% 60 19% 27 24% 80 19% 221 20%

>10 31 24% 28 21% 56 18% 35 32% 113 27% 263 24%

Note: Percentages are column percentages except for the Totals row. Oropharynx includes base of tongue and tonsil. Salivary gland includes parotid gland

and other salivary gland.

Abbreviations: CRT, chemo-radiotherapy; CT, chemotherapy; ND, neck dissection; RT, radiotherapy.
aThe order of the treatments is not known.
bANOVA model P < .001.
cChi2 test for independence P < .005.
dFisher P < .001.
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groups except for ‘RT ± CT and ND’, which was 9 years. Three per-

cent had current evidence of disease and 15% had had a second pri-

mary (not necessarily in the head and neck).

There was evidence for differences in patient characteristics

among the treatment groups (age: P < .0001, sex: P = .004, tumour

sub-site: P < .0001 and UICC stage P < .001), while performance sta-

tus and comorbidity index were more evenly distributed (Karnofsky:

P = .05, Carlson: P = .2). The characteristics with the largest differ-

ences among the treatment groups were the tumour sub-sites and the

UICC stage.

3.3 | HRQoL results

The raw (unadjusted) data showed differences of 10 points or more

between survivors in some of the treatment groups for Fatigue, Insom-

nia, Pain in the Mouth, Swallowing, Senses Problems, Trouble with Social

Eating, Teeth, Opening Mouth, Dry Mouth and Sticky Saliva (Table 2).

This changed slightly in the models where we adjusted for age, sex,

UICC stage and tumour sub-site, where Teeth and Trouble with Social

Eating no longer had a 10-point difference, but Sexuality did (Table 3

and Figure 3); in the adjusted model, Sexuality had a 10.3-point differ-

ence between ‘surgery only’ and ‘RT ± CT and ND’. The adjusted

means for Trouble with Social Eating all shifted down to zero or near

zero. Among the domains with a difference 10 points or more in the

adjusted model, survivors in the ‘surgery only’ and ‘RT only’ treat-
ment groups continued to have the lowest scores, indicating the low-

est symptom burden. The survivors in the ‘surgery and RT ± CT’
group had the highest symptom scores compared to the other treat-

ment groups for Fatigue, Pain in the Mouth, Senses Problems and Open-

ing Mouth (Figures 2 and 3); the ‘RT ± CT and ND’ group had the

highest scores for Insomnia and Sexuality (Figures 2 and 3); and CRT

had the highest symptom scores for Swallowing, Dry Mouth and Sticky

Saliva (Figures 3 and 4).

All of the 10-point differences for Fatigue, Pain in the Mouth, Swal-

lowing, Sense Problems and Dry Mouth had good evidence of statistically

significant with post hoc Tukey–Kramer tests P ≤ .01, with the excep-

tion of the 10.6-point difference for Dry Mouth between RT and CRT

(P = .05). The 11.8-point difference between ‘surgery only’ and ‘RT ±

CT and ND’ for Insomnia had a P-value of .04, and the 10.3-point differ-

ence found for Sexuality had P = .2. Opening Mouth had a statistically

meaningful 10-point difference between ‘surgery only’ and ‘surgery
and RT ± CT’ (P < .0001) and between ‘RT only’ and ‘surgery and RT

± CT’ (P = .0012), and between ‘surgery only’ and ‘CRT’ (P = .0124);

all the 10-point differences in Sticky Saliva had P values <.01 except for

‘surgery only’ vs ‘RT only’ (P = .03).

The three domains with the largest adjusted mean difference

among the treatment groups were Dry Mouth (largest difference [Δ]

was 31.0 between ‘surgery only’ and ‘CRT’), Sticky Saliva (Δ was 20.9

between ‘surgery only’ and ‘CRT’) and Opening Mouth (Δ was 16.5

between ‘surgery only’ and ‘surgery and RT ± CT’) (Figures 3 and 4).

In the remaining groups with a clinically meaningful difference, the

maximum differences in each domain were between 10.2 (Pain inT
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the Mouth) and 13.8 (Swallowing). Where notable differences between

the treatment groups were present, the predominance of problems

experienced by survivors treated with multimodal therapies could

be seen.

There were 909 survivors (89.5% of the study population) who

had neither current evidence of disease nor had had a second pri-

mary. When the adjusted models were rerun to include only these

909 patients, the means and CI did not change in clinically

TABLE 3 Health-related quality of life measured with the EORTC QLQ-C30 and QLQ-H&N35 according to the type of treatment received:
means are adjusted by age, gender, UICC stage and tumour sub-site.

QoL scale Surgery RT CRT RT ± CT and ND Surgery and RT ± CT

EORTC QLQ-C30 domains

Global QoL 78.3 (67.7–89.0) 78.6 (67.7–89.6) 78.2 (67.9–88.4) 80.9 (69.8–92.0) 73.2 (63.0–83.4)

Physical functioning 100.0 (97.1–100) 100.0 (95.5–100.0) 100.0 (93.5–100.0) 100.0 (95.1–100.0) 100.0 (92.4–100.0)

Role functioning 88.5 (74.9–100.0) 85.3 (71.3–99.2) 81.7 (68.7–94.8) 81.6 (67.6–95.7) 79.1 (66.1–92.2)

Emotional functioning 67.1 (55.8–78.3) 71.0 (59.5–82.5) 66.5 (55.7–77.3) 67.1 (55.5–78.7) 65.4 (54.7–76.2)

Cognitive functioning 82.3 (71.3–93.2) 85.9 (74.7–97.1) 77.5 (67.0–88.0) 78.3 (67.0–89.6) 78.0 (67.6–88.5)

Social functioning 78.0 (65.3–90.7) 77.8 (64.8–90.8) 72.4 (60.3–84.6) 68.8 (55.7–81.9) 69.6 (57.5–81.7)

Fatiguea 18.7 (5.9–31.4) 18.5 (5.4–31.5) 27.5 (15.3–39.7) 28.0 (14.8–41.2) 29.9 (17.7–42.1)

Nausea and vomiting 4.9 (0.0–11.1) 4.9 (0.0–11.3) 6.6 (0.6–12.5) 6.3 (0.0–12.7) 5.8 (0.0–11.7)

Pain 22.7 (9.8–35.7) 21.3 (8.0–34.6) 24.0 (11.5–36.4) 29.6 (16.2–43.0) 28.9 (16.5–41.3)

Dyspnoea 3.2 (0.0–16.7) 5.7 (0.0–19.5) 5.8 (0.0–18.7) 7.4 (0.0–21.3) 8.3 (0.0–21.2)

Insomnia 21.4 (6.4–36.5) 23.9 (8.5–39.2) 27.3 (12.9–41.7) 33.2 (17.7–48.7) 28.8 (14.4–43.2)

Appetite loss 0.1 (0.0–11.9) 2.7 (0.0–14.6) 6.2 (0.0–17.5) 7.8 (0.0–19.9) 5.8 (0.0–17.0)

Constipation 0.0 (<0.0) 0.0 (<0.0) 0.0 (0.0–2.6) 0.0 (0.0–3.3) 0.0 (0.0–0.7)

Diarrhoea 6.0 (0.0–14.5) 4.3 (0.0–13.0) 7.9 (0.0–16.0) 9.0 (0.2–17.8) 7.6 (0.0–15.7)

Financial difficulties 36.8 (23.4–50.1) 37.5 (23.8–51.2) 40.9 (28.1–53.8) 41.1 (27.3–54.9) 42.1 (29.3–54.9)

EORTC QLQ-HN35 domains

Mouth paina 10.3 (1.5–19.1) 14.6 (5.6–23.6) 16.8 (8.4–25.2) 18.7 (9.6–27.7) 20.5 (12.1–28.9)

Swallowinga 0.0 (0.0–8.0) 6.4 (0.0–17.1) 13.8 (3.8–23.9) 12.0 (1.2–22.8) 12.1 (2.1–22.1)

Senses problemsa 0.0 (0.0–11.5) 2.7 (0.0–16.5) 8.0 (0.0–21.0) 5.5 (0.0–19.4) 12.1 (0.0–25.0)

Speech problems 0.7 (0.0–11.8) 1.0 (0.0–12.4) 5.3 (0.0–15.9) 2.2 (0.0–13.7) 10.1 (0.0–20.7)

Trouble with social eating 0.0 (0.0–1.3) 0.0 (0.0–5.5) 0.0 (0.0–10.3) 0.0 (0.0–10.0) 2.4 (0.0–13.1)

Trouble with social contact 8.5 (0.2–16.7) 7.4 (0.0–15.9) 10.8 (2.9–18.7) 11.3 (2.7–19.8) 13.2 (5.3–21.1)

Sexuality 0.9 (0.0–18.0) 2.7 (0.0–20.2) 7.3 (0.0–23.7) 11.2 (0.0–29.0) 9.3 (0.0–25.7)

Teeth 11.5 (0.0–27.9) 17.4 (0.7–34.2) 18.5 (2.8–34.2) 20.5 (3.6–37.4) 19.6 (3.9–35.2)

Opening mouthb 8.4 (0.0–23.5) 12.6 (0.0–28.1) 20.0 (5.4–34.4) 18.8 (3.1–34.4) 24.9 (10.4–39.4)

Dry mouthb 6.2 (0.0–23.0) 26.6 (9.3–43.8) 37.2 (21.0–53.3) 34.6 (17.2–52.0) 33.0 (16.8–49.1)

Sticky salivab 0.0 (0.0–15.3) 11.2 (0.0–28.1) 20.9 (5.2–36.7) 15.0 (0.0–32.1) 18.8 (3.1–34.5)

Coughing 8.3 (0.0–22.1) 6.5 (0.0–20.5) 8.1 (0.0–21.3) 8.7 (0.0–22.8) 12.1 (0.0–25.2)

Felt ill 12.5 (0.8–24.2) 11.5 (0.0–23.4) 16.5 (5.2–27.7) 17.2 (5.1–29.3) 19.9 (8.7–31.1)

Pain killers 40.8 (18.2–63.3) 42.3 (19.2–65.4) 41.5 (19.9–63.1) 38.7 (15.4–61.9) 43.0 (21.5–64.6)

Nutritional supplements 0.4 (0.0–17.7) 0.0 (0.0–16.5) 0.9 (0.0–17.6) 0.0 (0.0–13.8) 3.3 (0.0–19.9)

Feeding tube 0.0 (0.0–3.9) 0.0 (0.0–4.5) 0.0 (0.0–6.1) 0.0 (0.0–5.1) 0.0 (0.0–7.0)

Weight loss 12.9 (0.0–29.8) 10.4 (0.0–27.6) 9.3 (0.0–25.4) 7.8 (0.0–25.2) 14.0 (0.0–30.1)

Weight gain 21.3 (1.7–40.9) 22.3 (2.2–42.3) 22.7 (3.9–41.4) 26.2 (6.0–46.4) 25.7 (6.9–44.4)

Note: Means with 95% CI are reported. For the functional scales and the global quality of life scale, high scores indicate good functioning and good quality

of life; for all other scales, high scores are an indication of high symptom burden/poor quality of life in that area. Results are adjusted for age, gender, UICC

stage and tumour subsite. Bolded rows contain at least one difference of 10 or more points between treatment groups but the difference is not

statistically significant (Tukey post-hoc test >0.01). Bolded and italics contain at least one 10-point difference with evidence of a statistical difference

(Tukey post-hoc test ≤0.01).

Abbreviations: CI, confidence interval; CRT, chemo-radiotherapy; CT, chemotherapy; ND, neck dissection; RT, radiotherapy.
aIndicates all the 10-point differences between treatment groups were statistically significant (Tukey post-hoc P value ≤.01).
bIndicates at least one (but not all) of the 10-point differences between treatment groups was statistically significant (Tukey post-hoc P value ≤.01).
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F IGURE 2 Adjusted means and 95% confidence intervals for the health-related quality of life domains within the EORTC QLQ-C30 by
treatment group. CRT, chemo-radiotherapy; CT, chemotherapy; ND, neck dissection; RT, radiotherapy. Underlined scales contain at least one
difference of 10 points or more between the treatment groups; For the functioning scales, high scores indicate high functioning; for symptom
scales, low scores indicate low symptom burden.
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F IGURE 3 Adjusted means and 95% confidence intervals for the health-related quality of life domains within the EORTC QLQ-H&N35 by
treatment group (Part 1). CRT, chemo-radiotherapy; CT, chemotherapy; ND, neck dissection; RT, radiotherapy. Underlined scales contain at least
one difference of 10 points or more between the treatment groups; Low scores represent a low symptom burden.
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meaningful way, with most domains moving 1–4 points (data not

shown).

4 | DISCUSSION

To the best of our knowledge, this is the first international study

investigating HRQoL at 5 years or more post-diagnosis enrolling more

than 1000 survivors. We found notable differences in the long-term

HRQoL of HNC survivors in light of treatment received for some

domains, even when the effects of tumour stage, tumour location, age

and sex of the patient were controlled for. To date, this has been an

understudied cancer survivor group, as shown by a recent literature

review that identified only eight studies examining long-term HRQoL

in this cancer survivor group including 22–242 survivors each.36

Among some of the domains with a clinically relevant adjusted

mean difference in scores between treatment groups, a considerable

difference between the highest scores and published examples from

the general population can be seen, indicating that even years after

treatment, the effects of treatment may persist. For example,

Hammerlid et al reported a mean score of 3.4 for Pain in the Mouth in

a Swedish general population, while this was 20.5 and 18.7 in our two

multimodal surgery groups and 10.3 in the ‘surgery only’ group.37

Likewise, Opening Mouth, Dry Mouth and Sticky Saliva were consider-

able problems for the multimodal treatment groups, but less so for the

‘surgery only’ and ‘RT only’ groups. In the Swedish general popula-

tion, means of 2.0, 12.0 and 5.9 were found for these three domains,

respectively, showing that our ‘surgery only’ group had even fewer

problems with Dry Mouth and Sticky Saliva than this general popula-

tion.37 One possible explanation for this difference with the general

population could be a difference in expectations between a cancer

survivor and person who has not had cancer, with the general popula-

tion perhaps regarding any kind of dry mouth as a problem whereas

the cancer survivor may not. This was also the case for Swallowing

and Senses Problems, where the ‘surgery only’ group had adjusted

estimated means of 0.0 and the general population 1.6 and 4.5. The

CI for our estimates should also be considered, but nevertheless, the

survivors who only had surgery were more similar to the general pop-

ulation sample than the ‘RT only’ or multimodality groups. The finding

that patients undergoing surgery only have a lower symptom burden

compared to ‘RT only’ and ‘CRT’ patients was also found in a Swed-

ish/Norwegian population of oral cancer survivors 5 years after treat-

ment.24 Despite differences between treatment groups, Sexuality

seemed to be a smaller problem for survivors in our study compared

to the general Swedish population reported by Hammerlid et al

(adjusted estimates from 0.9 to 11.4 vs 19.2), perhaps suggesting that
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F IGURE 4 Adjusted means and 95% confidence intervals for the health-related quality of life domains within the EORTC QLQ-H&N35 by
treatment group (Part 2). CRT, chemo-radiotherapy; CT, chemotherapy; ND, neck dissection; RT, radiotherapy. Underlined scales contain at least
one difference of 10 points or more between the treatment groups; Low scores represent a low symptom burden.
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sexuality issues are related to some other aspect than HNC treat-

ment.37 Nolte et al reported Fatigue and Insomnia scores of 29.5 and

26.6, which are within range of our results as well, indicating that

while our survivor population experiences these problems to some

extent, it is not substantially different from a general international

population.38 There was little change in the Insomnia scores between

the raw means and the adjusted means, suggesting that the age, sex,

diagnosis group and UICC stage did not have much influence on

insomnia.

Abendstein et al reported 5 year mean values of 48, 35, 20 and

19 for Dry Mouth, Sticky Saliva, Opening Mouth and Senses Problems

among 167 survivors of oral cavity, pharynx, larynx and ‘other’ HNC

carcinomas, indicating higher levels of symptoms than what was expe-

rienced by our study participants, with the exception of Opening

Mouth for ‘CRT’ and ‘surgery and RT ± CT’.21 However, our study's

CI consistently included these values; a direct comparison of our

adjusted means with unadjusted published means may not be an accu-

rate comparison, as we wanted to focus on the effect of the treat-

ment itself. Published data on 360 disease-free HNC patients at

3 years' post-treatment also showed an elevated symptom burden for

Dry Mouth (mean: 45), Sticky Saliva (37), Opening Mouth (14) and

Senses Problems (19).1

The domains where no clinically meaningful differences between

the treatment groups were found are of interest as well to gain a pic-

ture of how treatment may affect long-term HRQoL. For example, the

adjusted mean Physical Functioning scores across our study's treat-

ment groups were 100 (indicating the highest functioning possible),

while Nolte at el. reported an average of 85.1 in an international gen-

eral population.38 This could be an indication of a selection of health

survivors, whereby the survivors in our study were healthy enough to

attend a clinical visit, while Nolte et al collected the HRQoL data

through online surveys, which would have required less physical

strength, or it could be that treatment has little to no effect on this

domain in the long-term. Even in our unadjusted models, Physical

Functioning was quite good, ranging from a mean of 81.3–84.6.

Indeed, 67% of our survivor population had a Karnofsky score of

90 or higher, which corresponds to being able to carry out normal

activities. Speech, too, in our study was not a notable problem for the

survivors, but this could be because the survivors had adjusted to

their voice limitations and may not regard it as a significant problem

anymore. Dyspnoea is also interesting in that survivors across treat-

ment groups had a low symptom burden (8.3 or less) but examples

from a general population are 18.5 and 15.9.37,38 Across all treatment

groups, Financial Difficulties was also a considerable problem, with

adjusted mean scores ranging from 36.9 to 42.5, whereas the general

population measurement was considerably lower at 10.6.38

The strengths of this study included the large sample of over

1100 individuals from an international setting and the use of well-

established, validated questionnaires to ascertain HRQoL. Our

study has good statistical power and adds substantial HRQoL

information for HNC survivors on what to expect in the long-term

and an indication of where the differences may be expected

depending on treatment. Limitations include that for multimodal

treatment the order of the treatments was not recorded. This

means we cannot be sure whether the patients received the radio-

therapy as primary or adjuvant therapy and the surgery as primary

treatment or in salvage, which could affect HRQoL. Originally, the

two multimodal surgery groups were together, and we separated

these into RT ± CT plus neck dissection and RT ± CT plus any other

surgery on the assumption that in the latter groups the surgeries

were more radical and would impact more on HRQoL than a neck

dissection. Additional treatment information such as the type of

chemotherapy agent and radiation dosage limit a more precise

analysis. Treatments have evolved over the last decades, and, for

example, the use of laser surgery, robotic surgery, intensity-

modulated radiotherapy and proton therapy have meant evolving

acute toxicities, which may in turn affect the long-term outcomes.

Although we adjusted for stage of disease and tumour site, it

remains possible that some of the differences we found are influ-

enced by these important factors. We also do not have information

on HPV status; adjusting for this factor would have been interest-

ing as HPV-associated disease has a better prognosis than HPV-

negative disease. It would have been preferable to also include the

EORTC Survivorship questionnaire (SURV100) in this study, but it

was not available at the time the study protocol was created and

indeed is still in Phase IV testing.39 It is possible that some issues

specific to survivorship were missed or that comorbidities not

assessed by the Charlson Comorbidity Index are present. Using a

10-point difference between the treatment groups based on the

findings of Osoba et al is a reasonable choice, but we realize that

while Osoba et al were looking for a minimally significant change,

we have investigated a minimally significant difference. Moreover,

the 10-point difference is only a rough estimate with studies sug-

gesting more fine-tuned scores may be preferable.40–43 It is likely

that survivors who were not doing well were less likely to agree to

participate than those who function well, particularly because

physical attendance at the clinic was part of the study. The lack of

information about those who declined to participate and those

who did not respond at all prevents us from understanding the

extent of differences between participants and non-participants.

Ideally, long-term prospective studies would be preferable to

assess HRQoL, but the trajectory would cover many years and,

given the long-term prognosis of the disease, a considerable num-

ber of patients would need to be enrolled at diagnosis in order to

gain robust results after 5 years. An alternative could be to imple-

ment routine assessments of HRQoL and then examine these

retrospectively.

5 | CONCLUSIONS

This study of long-term HRQoL among HNC survivors provides one

of the most comprehensive overviews on this topic to date. Clinically

meaningful differences in HRQoL between treatment groups were

found among long-term HNC survivors in nine HRQoL domains, seven

of which had statistical significance. Survivors who have had only
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surgery or RT had the smallest symptom burden compared to survi-

vors with multimodality treatment even after taking site and stage

into account. In some domains, survivors' HRQoL scores were better

than examples from the general population. Our conclusions on the

problems experienced by long-term HNC survivors provide a basis to

educate patients on specific long-term quality of life issues related to

their treatment and could contribute to clinicians tailoring specific

follow-up regimes. As well, even before treatment begins, newly diag-

nosed patients can be informed about the possible long-term effects

of treatment.
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