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Abstract

Objectives: To analyze the long-term side effects of radiation therapy (RT) for head

and neck cancer (HNC).

Methods: Retrospective chart analysis of all 688 HNC patients treated during 2010–

2015 at Turku University Hospital, Finland. All patients who survived for more than a

year after RT/chemoRT were included (n = 233). Intensity modulated RT (IMRT) with

standard fractionation was applied in each case.

Results: One hundred and six patients (45%) reported persisting dysphagia, for which

neck RT increased risk. Definitive neck RT to high-risk volume did not increase late

toxicity risks compared to elective neck RT. Radiation-induced hypothyroidism (29%,

n = 67) was more common among younger patients and females. Osteoradionecrosis

(12%, n = 29) was more common in the oral cavity cancer group (20.7%, n = 92)

compared to all other subsites.

Conclusions: Late toxicities of RT for HNC are common. Age, gender, tumor subsite,

and neck RT affect susceptibility to long-term side effects.

Level of evidence: 4.

K E YWORD S
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1 | INTRODUCTION

The incidence of tobacco-related head and neck cancer (HNC) is

decreasing in many countries, but the incidence of human papil-

loma virus (HPV)-related HNC is rising rapidly.1 The overall

5-year relative survival of HNC patients has increased from

54.7% in 1992–1996 to 65.9% in 2002–2006.2 At present, HNC

patients constitute 3% of all cancer survivors,3,4 raising the pres-

sure to focus on minimizing the long-term side effects of HNC

treatment.

Current treatments for some HNCs may be more intensive than

necessary.5 There is evidence that single modality treatment is supe-

rior to combined treatment regarding quality of life (QOL).6,7,8,9 How-

ever, there is no consensus on whether a surgical approach or primary

oncological treatment is superior. In a recent meta-analysis, overall

survival with surgical treatment was not significantly different from

nonsurgical treatment.10 Still, for early-stage disease, single modality

treatment is recommended, whereas for locally advanced HNC a com-

bination of surgery and (chemo)radiotherapy remains the standard

treatment.11
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At present, most HNC patients receive radiation therapy (RT) as a

single modality or part of a multimodality treatment.12,13 Known long-

term RT toxicities are xerostomia, hypothyroidism, swallowing difficulties,

chronic skin changes, neck fibrosis, dental caries, osteoradionecrosis, tris-

mus, and pharyngoesophageal stenosis.14,15 Most HNC patients also

report high pain scores in the first year after diagnosis, especially those

who received RT.16

Our objective was to analyze the long-term side effects of RT

for HNC. We also aimed to find treatment-related and patient-

related factors that have an impact on those late toxicities.

Moreover, we assessed how the side effects were treated. This

knowledge may help to develop more individualized treatment strat-

egies for HNC patients.

2 | MATERIALS AND METHODS

2.1 | Patients

This study is a single-center retrospective chart analysis of all HNC

patients treated between 2010 and 2015 at Turku University Hospi-

tal, Finland. A more detailed description of RT techniques and use of

cisplatin or cetuximab enhanced chemoradiotherapy (CRT) is given by

Nissi et al.17 In September 2020, a list of survivors was collected from

the Finnish Population Register Centre. Data on all patients who sur-

vived for more than a year was collected from patient files between

September and December 2020. This study was approved by the local

Clinical Research Centre (record number: T06/049/20), and study

permission was granted.

2.2 | HPV status

HPV status was determined by p16 immunohistochemistry. The

tumor was regarded as p16 positive if more than 70% of the tumor

cells were strongly immunopositive.

2.3 | Smoking

Participants were divided into groups of never smoker, early quitter

(cessation 1 year or earlier before diagnosis of HNC), recent quitter

(cessation less than 1 year before or after diagnosis of HNC), and cur-

rent smoker.18

2.4 | Heavy alcohol use

Heavy alcohol use was defined as consuming >16 drinks/week

for women and >24 drinks/week for men. In addition, alcohol

use was considered heavy if there was a mention of heavy

alcohol use or alcohol use disorder in the participant's medical

report.

2.5 | Dysphagia, hypothyroidism, and
osteoradionecrosis

All patients were questioned about dysphagia on regular follow-up.

Possible dysphagia was recorded on the patient charts by clinicians.

Hypothyroidism was defined as plasma thyroid-stimulating hormone

(TSH) concentrations above and thyroxine concentrations below the

normal reference range. Osteoradionecrosis was defined as the pres-

ence of mucosal breakdown in the gingiva, or failure of healing in pre-

viously irradiated areas, resulting in bone exposure and necrosis of

the overlying bone. The diagnosis of osteoradionecrosis was clinical,

but radiology was often used for confirmation and evaluation of the

extent of bone involvement.

2.6 | Statistical methods

IBM SPSS Statistics version 27 was used in the statistical analyses.

Crosstabs, Chi-Square test and Fisher's exact test were used to assess

whether there was a difference in RT side effect incidence between

smoking, gender, alcohol consumption, primary tumor site, cancer

stage, p16, surgery modality, neck RT, and chemotherapy drug groups.

One-way ANOVA was used to assess how age at diagnosis impacted

RT side effect incidence. Mann–Whitney U test and Kruskal–Wallis

test were used to assess whether the radiation dose or fraction were

different in groups of hypothyroidism, dysphagia, dietary change, dys-

phagia treatment, osteoradionecrosis, and osteoradionecrosis treat-

ment. Radiation dose and fraction were skewed, but age at diagnosis

was normally distributed according to the histograms. The trend in

median TSH levels between time points was tested with linear regres-

sion. A p value of less than .05 was considered statistically significant.

3 | RESULTS

3.1 | Study population

The total number of HNC patients within our study period was

688, of whom 307 received RT (44.6%). The RT modality was

intensity-modulated radiotherapy (IMRT). All patients who survived

for over a year after RT were included in this study (n = 233, 75.9%).

Of the participants, 39 received RT and 194 chemoRT. An overview

of participants is presented in Table 1.

3.2 | Long-term side effects of treatment

3.2.1 | Dysphagia

Of the patients, 106 (45%) reported dysphagia that continued for

more than a year after RT; 101 of them had changed their diet as a

result. Common dietary changes included avoiding hard and crunchy

foods, moistening and mechanically mincing all food, or only
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consuming pureed foods. All dysphagia patients received nutritional

therapy and counseling. Of all dysphagia patients, 22 (21%) had

undergone esophageal upper sphincter dilatations. The number of

dilatations needed per patient varied between one and 14 (median

1, interquartile range IQR 3, mean 2.54). Time between dilatations

varied from 1 month to 3 years (median 3 months, IQR 3 months,

mean 3.45 months). Twenty-four patients had become permanently

dependent on a percutaneous gastrostomy tube (PEG); 20 of them

were able to swallow some purees and liquids, 3 could only swallow

small amounts of liquids, and 1 was not able to swallow at all.

For comparison, we analyzed only surgically treated stage III–IV

patients who had not received RT, and who survived at least 1 year

after the operation (n = 8). The main reason not to combine (chemo)

radiation after surgery among patients with advanced stage disease

was comorbidity burden. The primary tumor subsites in these patients

were oral cavity (n = 7) and larynx (n = 1). There was no acute or late

treatment-related dysphagia. One oral cavity cancer patient, who had

been treated only surgically, suffered from dysphagia related to

Parkinson's disease prior to the HNC diagnosis and was therefore

excluded from further analyses.

3.2.2 | Hypothyroidism

There were 67 cases (29%) of hypothyroidism diagnosed after

HNC treatment. The median time between the end of RT and

starting thyroxine medication was 2.5 years (IQR 2.9 years), the

TABLE 1 Overview of participants

Sample characteristic % (n)

Follow-up length

Survivor group 5 years of regular

examinations by a head

and neck surgeon

63.9 (149)

Group of participants who

died before September

2020

Median 30.34 months

(IQR 30.11 months,

mean 37.10 months)

36.1 (84)

Combined total Median 5 years (IQR

1.12 years), mean

4.31 years

100 (233)

Age at diagnosis (mean ± SD) 61.4 ± 10.1

Gender Female 26.6 (62)

Male 73.4 (171)

Primary tumor site Oral cavity 39.5 (92)

Oropharynx 26.2 (61)

Nasopharynx or nasal

cavity

5.6 (13)

Hypopharynx 1.7 (4)

Larynx 21.0 (49)

Parotid gland 0.9 (2)

Paranasal sinuses 0.4 (1)

Multiple head and neck

primary tumors

0.4 (1)

Neck metastasis 4.3 (10)

Stagea I 10.7 (25)

II 21.0 (49)

III 22.3 (52)

IVa + IVb 38.6 (90)

Information missing

(unknown primary)

7.3 (17)

Human papillomavirus (p16)

status

Positive 9.9 (23)

Negative 6.4 (15)

Information missing 83.6 (195)

Treatment modality Definitive radiation

therapy (RT)

9.0 (21)

Definitive RT,

concomitant

chemotherapy

41.6 (97)

Preoperative RT 1.3 (3)

Postoperative RT 6.4 (15)

Preoperative RT

+ chemotherapy

16.7 (39)

Postoperative RT

+ chemotherapy

23.2 (54)

Palliative RT

± chemotherapy

1.8 (4)

Radiation therapy of the neck No 6.0 (14)

Ipsilateral 5.2 (12)

Bilateral 88.8 (207)

(Continues)

TABLE 1 (Continued)

Sample characteristic % (n)

Chemotherapy drug Cisplatin 86.0 (166)

Cetuximab 8.3 (16)

Paclitaxel 0.5 (1)

Information missing 5.2 (10)

Smoking Current smoker 32.2 (75)

Earlier quitter (cessation

1 year or earlier before

diagnosis of head and

neck cancer)

22.7 (53)

Recent quitter (cessation

less than 1 year earlier

or after diagnosis of

head and neck cancer)

21.5 (50)

Never smoker 22.3 (52)

Information missing 1.3 (3)

Heavy alcohol useb Never 58.4 (136)

Before 10.7 (25)

Yes 19.3 (45)

Information missing 11.6 (27)

aStage was classified according to International Union Against Cancer

(UICC) TNM Classification of Malignant Tumors, 7th Edition.
bSee Materials and Methods for definition of heavy alcohol use.
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earliest time being 15 days and the latest 9.1 years after the end

of RT. Additionally, 18 participants had already been treated for

hypothyroidism before the RT. In all the patients, TSH values

trended upwards after treatment (β = 0.22 for trend in median

TSH levels between time points, 95% CI 0.11–0.33, p = .001)

Figure 1A,B.

3.2.3 | Osteoradionecrosis

Of the participants, 29 (12%) were diagnosed with osteoradionecrosis.

Thirteen of them were treated by a dental specialist in local anes-

thesia, whereas 10 underwent a larger operation under general

anesthesia. In addition to surgical interventions, 6 participants

were treated with hyperbaric oxygen. Three patients received

parenteral antibiotics and nine were treated only with oral antibi-

otics. Two patients with very minor osteoradionecrosis received

no treatment interventions but were followed up by a dental spe-

cialist until the necrotized area had healed (Figure 2A,B).

3.3 | Patient- and treatment-related risk factors
for long-term side effects of treatment

3.3.1 | Age

Hypothyroidism was more common in younger patients (p = .01);

those diagnosed with hypothyroidism after HNC treatment had a

mean age of 58.4 years (SD 9.8). The mean age of the other

participants was 62.2 (SD 9.8). Age did not have any statistically

significant impact on the incidence of dysphagia, dietary

change, dysphagia treatment modality, osteoradionecrosis, or its

treatment.

3.3.2 | Gender

Hypothyroidism was more common in females (p < .001), being diag-

nosed in 52.8% of females (n = 28) after HNC treatment but only in

23.5% (n = 38) of males. Gender did not have a statistically significant

impact on the incidence of dysphagia, dietary change, dysphagia treat-

ment modality, osteoradionecrosis, or its treatment. The mean age of

females and males was similar, 61.7 (SD 11.3) and 61.5 years (SD 9.5)

respectively (p = .889).

3.3.3 | Cancer stage

In this RT-treated cohort, 60.9% of patients had stage III–IV disease

(see Table 1). Nevertheless, a higher stage did not have a statistically

significant impact on the incidence of hypothyroidism, dysphagia, die-

tary change, dysphagia treatment modality, osteoradionecrosis, or its

treatment.

3.3.4 | RT of the neck

RT of the neck increased the risk of dysphagia (p < .001). Of the par-

ticipants who did not receive neck radiation (n = 14), none reported

persisting dysphagia or a need for dietary changes. Both ipsilateral

and bilateral RT-treated patients reported persisting dysphagia, 66%

(n = 12) and 47% (n = 207), respectively (p = .241). Neck RT did not

have a statistically significant impact on the incidence of hypothyroid-

ism, dysphagia treatment modality, osteoradionecrosis, or its

treatment.

3.3.5 | Definitive and elective neck radiation

A total of 219 participants received neck RT. Of them, 63.4%

received definitive RT to metastatic areas of the neck (median dose

65 Gy, IQR 3 Gy), whereas 36.6% received only elective neck RT

(median dose 50 Gy, IQR 0 Gy). There were no statistically signifi-

cant differences between definitive and elective neck RT groups

with regard to dysphagia, hypothyroidism, or osteoradionecrosis

(Table 2).

3.3.6 | Primary tumor site

Osteoradionecrosis was more common in the oral cavity tumor group

(20.7%, n = 92) compared to a group of all other primary tumor sites

(7.2%, n = 141) (p = .003). The primary tumor site did not have a sta-

tistically significant impact on the incidence of hypothyroidism, dys-

phagia, dietary change, or dysphagia treatment modality.

3.3.7 | Surgery as a part of treatment

Of the 233 patients in our RT-treated cohort, a total of 39.9%

(n = 93) received no surgical treatment. In addition to RT, 65 partici-

pants (27.9%) received planned neck dissection and planned surgery

for the primary tumor, 22 (9.4%) received planned surgery for the pri-

mary tumor, and 46 (19.7%) were treated with planned neck dissec-

tion. Moreover, seven patients (3.0%) underwent salvage surgery on

the primary tumor.

Surgical treatment modalities as a part of treatment did not

increase the incidence of dysphagia (p = .247), hypothyroidism

(p = .673), or osteoradionecrosis (p = .563).

3.3.8 | Radiation dose and radiation fraction impact

Radiation dose (median 63.7 Gy, IQR 7.0 Gy) or radiation fraction

(median 2.0 Gy, IQR 0.2 Gy) did not have a statistically significant

impact on the incidence of hypothyroidism, dysphagia, dietary

change, dysphagia treatment modality, osteoradionecrosis, or its

treatment.
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F IGURE 1 Plasma thyroid stimulating hormone levels: (A) a follow-up of all patients. TSH = plasma thyroid stimulating hormone level before
the end of radiation therapy (RT). TSH1 = plasma thyroid stimulating hormone level after RT. TSH2–TSH10 = plasma thyroid stimulating
hormone follow-up levels. Mean time between TSH1 and TSH: 389 days (n = 167). Mean time between other follow-up time-points (TSH2 and
TSH1, TSH3 and TSH2, … TSH10 and TSH9): 297 days. The longest thyroid stimulating hormone follow-up period (TSH to TSH10) was 8 years.
The trend in median TSH levels between time points was significant (β = 0.22, 95% CI 0.11–0.33, p = .001). (B) Plasma thyroid stimulating
hormone levels; a comparison between patients not treated with thyroxine and patients who started thyroxine medication. Group 1: No
thyroxine medication was prescribed. Group 2: Thyroxine medication was prescribed. Median time between the end of radiation therapy (RT) and
starting thyroxine medication was 2.5 years (IQR 2.9 years), the earliest time point being 15 days and the latest 9.1 years after the end of RT. The
trend in median TSH levels between time points was significant in group 1 (β = 0.20, 95% CI 0.10–0.30, p = .001) and group 2 (β = 0.53, 95% CI
0.04–1.01, p = .037)
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3.3.9 | Chemoradiotherapy

Chemotherapy itself, the drug used (cisplatin vs. cetuximab) or the

number of cycles did not have a statistically significant impact on the

incidence of hypothyroidism, dysphagia, dietary change, dysphagia

treatment modality, osteoradionecrosis, or its treatment.

3.3.10 | Alcohol consumption, smoking, and p16

In the group of heavy alcohol users, hypothyroidism was less common

(19.0%) compared to the group of participants with no history of

heavy alcohol use (31.1%), and to the group with a history of heavy

alcohol use before the HNC diagnosis (48.0%) (p = .045). Alcohol con-

sumption did not have a statistically significant impact on the inci-

dence of dysphagia, dietary change, osteoradionecrosis or its

treatment. For smoking and p16, there was too much missing data

and/or the late toxicity subgroups were too small for reliable analyses.

3.4 | Residual and recurrent tumors

Eight participants (3.4%) were diagnosed with a residual tumor,

35 (15.0%) with a local recurrent tumor, and nine (3.9%) with both

residual and local recurrent tumors. Neck recurrence was found in

11 patients (4.7%), a distant metastasis in 22 patients (9.4%), and both

neck recurrence and distant metastasis in four (1.7%) patients.

3.5 | Secondary malignancies

There were 24 second primary tumors (10.3%). The most common site

for the second primary tumor was the lung (9). Other sites were colo-

rectal (4), tongue (3), tonsil (2), urinary bladder (2), trachea (1), lip (1),

adrenal gland (1), and kidney (1).

4 | DISCUSSION

This study is a retrospective chart analysis of the long-term side

effects of RT for HNC. Our cohort included all HNC patients who

received RT between 2010 and 2015 in our center and who survived

at least 1 year after the RT (n = 233). Median follow-up was 5 years.

We found a rather high incidence of dysphagia, hypothyroidism, and

osteoradionecrosis. We also found that age, gender, tumor subsite,

and neck RT affect susceptibility to long-term side effects.

In line with previous literature, we found that nearly half of HNC

patients report persistent dysphagia.19,20,21,22 Dysphagia is less com-

mon in patients treated only surgically than in those who have

received (chemo)RT.19 Irradiation causes soft tissue deformities such

as upper sphincter stricture, mucosal injuries, damage to connective

tissue, and xerostomia, all of which impair bolus movement during

swallowing.23 Dysphagia has been shown to greatly affect QOL.24

Especially PEG dependency impairs QOL.6 Greco et al. demonstrated

F IGURE 2 (A) Photograph of a patient with mandibular
osteoradionecrosis. The patient was symptom-free. The necrotic area
was treated surgically under local anesthesia and oral antibiotics were
prescribed. (B) Improvement was visible 3 months later

TABLE 2 Dysphagia incidence and its treatment within treatment modality groups

Dysphagia
incidence (n = 106)

PEG tube
dependence (n = 24)

Esophageal
dilatations (n = 22)

Nutritional
therapy only (n = 60)

Only surgery, stage III–IV (n = 7) 0 — — —

Only primary tumor radiated (n = 15) 13.3% 0 6.7% 6.7%

Neck radiated, elective dose (median 50 Gy, n = 79) 46.8% 10.1% 11.4% 25.3%

Neck radiated, definitive dose (median 65 Gy, n = 139) 48.2% 11.5% 8.6% 28.1%

p .004 .420 .769 .123
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that behavioral swallowing interventions improve the swallowing

function in HNC patients who have dysphagia secondary to RT.25

Moreover, esophageal dilatations performed <1 year after RT have

been shown to improve the subjective swallowing function.26 Esopha-

geal strictures secondary to RT have a high long-term recurrence rate

of up to 33%.27 A recent systematic review summarized that esopha-

geal dilatations in HNC patients have a pooled success rate of 72.9%

and an overall complication rate of 10.6%, and thus the use of dilata-

tions is generally supported.28

Baudelet et al. found that the severity of dysphagia was higher in

patients with a higher T classification, and that older patients had

higher dysphagia scores.29 They also found that dysphagia does not

appear to be stable over time; however, in line with our findings, dys-

phagia remains highly prevalent at very late follow-up of 5–8 years. In

our data, no correlation between age or cancer stage and dysphagia

was found. A significant treatment-related factor behind dysphagia

cases in our data was neck RT. Gharzai et al. have suggested that late

progressive dysphagia correlates with a higher ipsilateral hypoglossal

nerve dose to 1 cc, with no significant differences in ipsilateral mean

or contralateral doses.30 Contrary to our results, there is also evidence

that ipsilateral irradiation would reduce dysphagia.31,32 On the other

hand, Chin et al. found that dysphagia scores were not significantly

different in unilateral and bilateral IMRT groups.33 A recent review

stated that ipsilateral RT is usually appropriate for a tonsil-confined

tumor with a minimal burden of nodal disease. Ipsilateral RT was not

recommended for other patient groups. The conclusion was that fur-

ther research is needed on the optimal selection of patients for ipsilat-

eral RT.34 Several researchers consider current bilateral elective neck

irradiation strategies to be overtreatment and show growing interest

in a unilateral nodal irradiation in selected HNC patients.35

The incidence of radiation-induced hypothyroidism in HNC

patients at 3-year follow-up has varied from 25.8% to

56.6%.36,37,38,39,40 Our result (29%) is in line with these findings.

Known risk factors for radiation-induced hypothyroidism are female

sex, younger age, small thyroid size, previous neck surgery, and higher

radiation dose.41 In our data, the impact of female sex and younger

age in hypothyroidism was visible, but a higher radiation dose did not

correlate with a higher incidence of hypothyroidism. Individual thyroid

gland doses were not available for analyses. Nevertheless, IMRT limits

the thyroid gland dose effectively.41

We found that TSH levels rise after radiation (Figure 1A,B). How-

ever, TSH distribution and reference limits shift to higher concentra-

tions with age,42 and thus we concluded that this finding is not of

further significance.

De Felice et al. summarized that the incidence of mandibular

osteoradionecrosis (MORN) secondary to IMRT for HNC ranges

from 0% to 14%, which is also true in our data (12%).43 They also

stated that MORN is influenced by both RT-related parameters

(such as total dose, fractionation scheme, type of energy, treat-

ment field size) and patient-related factors (old age, smoking, poor

oral hygiene, general health). Aarup-Kristensen et al. found that

surgery to the mandible, pre-RT tooth extraction, smoking, and

treatment dose were associated with the development of

osteoradionecrosis.44 In line with our findings, oral cavity cancer

patients are shown to be at higher risk of developing MORN.45,46

In our data, only a small number of patients were diagnosed with

osteoradionecrosis (n = 29), which might explain why we could

not find other significant correlations.

A meta-analysis by Haussmann et al. found that classic high-grade

toxicities (xerostomia, dysphagia, or subcutaneous, bone, and skin tox-

icity) appear not to be worsened by the addition of chemotherapy

given concurrently with hyperfractionated RT.47 Our data suggest

similar conclusions. Haussmann et al. also discussed that many

chemotherapy-specific side effects like hematological adverse events,

nausea and vomiting were not often reported, as they hardly occur in

non-chemotherapy treatment modality groups. The typically smaller

than standard 2 Gy fraction size applied in hyperfractionated regimens

may in fact protect late reacting tissues such as peripheral nerves and

vasculature.

Many de-intensification strategies have been investigated. In

the field of surgery, transoral robotic surgery (TORS) has been

shown to have less intraoperative and postoperative complications,

with no difference in survival rate, compared to open surgery for

HNC.48 There is also firm evidence that IMRT reduces the risk of

xerostomia compared to conventional two-dimensional and/or

three-dimensional radiotherapy in curative-intent management of

HNC.49 In addition, IMRT has shown superior outcomes compared

to conventional radiotherapy in early-stage glottic cancer.50,51

Nonetheless, in our IMRT-treated patients, side effects were com-

mon. Moreover, both p16 positive and negative HNC recur in high-

risk RT, and thus biomarkers predicting radioresistance should be

characterized before embarking on de-escalated CRT protocols.17

However, molecular imaging-guided RT, adaptive therapy, and pro-

ton beam therapy could potentially decrease the long-term compli-

cations of RT.52,53,54

There are some limitations to this study. For analyses of risk fac-

tors for osteoradionecrosis, our sample was small. There was also a

lack of systematic information on weight changes secondary to dys-

phagia. Moreover, p16 information was missing in most cases.

More research and prospective, randomized studies are needed

to assess which interventions will minimize the long-term side effects

of HNC treatment.

5 | CONCLUSION

Late toxicities of RT for HNC are common. The most frequent

persisting complications are dysphagia and hypothyroidism. Hypothy-

roidism is more common in females and younger patients. RT of the

neck increases the risk of dysphagia. Neither a combination of chemo-

therapy, nor definitive neck radiation to high-risk target volume for

metastatic areas compared to elective neck radiation, seem to

increase the risk of late toxicities of RT. Surgical interventions did not

increase the incidence of dysphagia, hypothyroidism, or osteoradio-

necrosis in our data. Oral cavity cancer patients are more likely to

develop osteoradionecrosis.
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