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Head and neck cancer (HNC) patients may experience toxicities as a result of their

lence of toxicities at long-term follow-up of HNC survivors is less clear. As part of a
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moderate or severe late toxicity. Overall, the most frequent late toxicities at any
grade were dry mouth (67%), soft tissue fibrosis (52%), dysphagia (51%), and voice
alterations (39%). Fistulae, neck and face edema, and osteonecrosis of the jaws were
present in very few survivors. Our study shows that the majority of HNC survivors
experience moderate or severe late toxicities, but that the problems are concentrated
in a small group of specific toxicities. Understanding the problems experienced in the
long term can help better inform newly diagnosed patients as well as inform survivor-

ship follow-up initiatives.
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What's New?

Cancer treatments frequently have toxic effects on the body, and these toxicities may cause long-
term health issues. Here, the authors report the results of a large, international study to evaluate
long-term toxicities of treatment for head and neck cancer (HNC). People with HNC who survived
at least five years past diagnosis were assessed for 33 different toxicities. The majority (68%) had
at least one moderate to severe symptom arising from their cancer treatment. The most common
were dry mouth, soft tissue fibrosis, difficulty swallowing, and voice alterations. Awareness of
these symptoms could help direct preventative and mitigating measures.

1 | INTRODUCTION

According to Global Cancer Observatory data from 2022, head and
neck cancer (HNC) were the sixth most commonly diagnosed cancers
worldwide, with approximately 946,000 new diagnoses and 482,000
deaths in that year.! Incidence within the sub-sites varies, with oral
cavity/lip and larynx being among the most frequent sites and salivary
glands among the least frequent.? HNC incidence is expected to
increase in the coming decades, due in part to changing lifestyle fac-
tors such as tobacco and alcohol consumption in some countries,>*
but in particular due to an increase in human papilloma virus (HPV)
prevalence, which is an increasing cause of oropharyngeal cancer.*®
While there is evidence of improved survival in the past decade,®’
examples of five-year relative survival proportions range from about
90% for lip cancer to about 25% for hypopharyngeal cancer.?
Treatment recommendations for HNC vary in accordance with
the sub-site, stage, and involvement of lymph nodes and usually
include surgery, radiotherapy (RT), and chemotherapy (CT), either
alone or in combination.® Early stage tumors can be treated with sur-
gery or RT, while advanced disease likely requires definitive chemora-
diotherapy (CRT) or surgery with adjuvant RT alone or in combination
with CT. The short-term effects of treatment are well known.” As
examples, 25% of 137 HNC patients (primarily oropharynx and larynx
cancer) in Scotland were found to have trismus at 6 months post
RT,° 22% of 238 HNC patients (primarily larynx and oropharynx can-
cer) treated with RT or CRT in the Netherlands had grade 2-4 swal-
lowing dysfunction at 6 months post-treatment (according to the
RTOG/EORTC Late Radiation Morbidity Scoring Criteria),** 72% of
212 HNC patients within 12 weeks of treatment conclusion had dry

mouth at a grade 2 severity (according to the Common Terminology
for Adverse Events [CTCAE]) and 72% had dysphagia at a grade 2 or
32 as well, these patients are known to suffer from hearing loss'®
and considerable pain.**

However, the prevalence of toxicities among survivors who are
five years or more past their diagnosis is not as well known. This is
demonstrated by a recent review of studies using the CTCAE to
assess toxicities in the long term?®; three articles were identified,
comprising 66,%¢ 242,%7 and 7898 survivors of nasopharyngeal can-
cer, and the toxicities assessed were limited to a small selection of
endpoints. A lack of a clear understanding of the challenges faced by
this survivor group hinders the ability to provide effective support
options as well as limits the ability to offer newly diagnosed patients a
clear vision of what long-term survivorship entails. This knowledge
gap prompted a study on the toxicities present in long-term HNC sur-
vivors known as the EORTC 1629 study (European Organisation for
Research and Treatment of Cancer).

2 | METHODS

The EORTC 1629 study is a multi-national, cross-sectional study initi-
ated by the EORTC Quality of Life Group (QLG) and the EORTC Head
and Neck Cancer Group (HNCG). At the meetings of both groups,
potential study collaborators were informed about the project and the
possibility to enroll long-term survivors, defined as being at least
5 years post-diagnosis. No restrictions were made on the type of
treatment or the type of medical profession other than an assurance

that it would be possible to enroll at least 10 survivors.
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Study collaborators reviewed their records and contacted survi-
vors fulfilling the inclusion criteria, which were: at least 18 years
old at the time of the survey, a confirmed carcinoma of the larynx,
lip, oral cavity, salivary glands, oropharynx, hypopharynx, naso-
pharynx, nasal cavity, paranasal sinuses, or unknown primary in the
head and neck area, and the diagnosis more than 5 years in the
past. Exclusion criteria were thyroid or eye tumors, skin cancer, or
lymphoma. Survivors were contacted by telephone, letter, or dur-
ing routine visits and were informed about the study. Survivors
who agreed to participate were invited to a clinical visit, where a
clinician examined them for 33 toxicities using version 5 of the
CTCAE." If a study collaborator was not a medical doctor (e.g., if
they were an oncological dentist), instructional training on the tox-
icity examination was carried out via video call with a medical
oncologist before any survivors were enrolled. The clinician docu-
mented the survivor's disease and treatment history in a case
report form, which included the patient's sex, age, years of educa-
tion, smoking status, diagnosis and treatment details, Karnofsky
index, and Charlson Comorbidity Index.?°

The 33 specific late toxicities to be assessed in the study were
selected through discussions with the collaborating clinicians at the
semi-annual meetings for the QLG and HNCG as well as email corre-
spondence. A contact clinician in the HNCG was established, and he
assisted in the coordination of toxicity selection. Clinicians were free
to suggest any toxicity they felt was important to investigate. Total
agreement to add a toxicity was not required. The toxicities included
were dry mouth, soft tissue fibrosis (neck fibrosis), dysphagia, voice
alteration, hearing impairment, hypothyroidism, aspiration, neck pain,
tinnitus, peripheral sensory neuropathy, trismus, oral pain, pharyngo-
laryngeal pain, peripheral motor neuropathy, neck edema, face edema,
brachial plexopathy, injury to carotid artery, osteonecrosis, myelitis,
oral cavity fistula, and pharyngeal fistula as well as 11 cranial neuropa-
thies (disorders of the olfactory nerve, optic nerve, oculomotor nerve,
trochlear nerve, trigeminal nerve, abducens nerve, facial nerve, acous-
tic nerve, glossopharyngeal nerve, accessory nerve, and hypoglossal
nerve).

The toxicity evaluation and the case report form were completed
on paper and then sent to the coordinating center in Mainz, Germany,
where the data were entered into an electronic, web-based data cap-

ture system called Computer-Based Health Evaluation System (CHES)
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created by a company based in Austria.?* Sites also had the option to
directly enter their data into CHES by requesting a login and password
to CHES from the coordinator in Mainz.

The survivor characteristics are reported as frequencies and
percentages except for age, which is reported as the mean and
range in years. The frequency of patients with no toxicities, only
one or more grade 1 toxicities, and those with at least one grade
2 or more is reported, as is the median number of toxicities in the
latter two groups. As well, the median number of toxicities experi-
enced among all patients with at least one toxicity at any severity
is reported. For each toxicity, the relative frequency is reported by
severity. All analyses were done with Statistical Analysis Software
(SAS), version 9.4.

3 | RESULTS

3.1 | Characteristics of the survivors
Between October 2019 and October 2021, 1117 survivors were
enrolled, of whom three were excluded because of an ineligible diag-
nosis or being less than five years post-diagnosis (Figure 1). A further
20 ultimately did not complete a toxicity assessment, so that 1094
survivors were included for analysis. In all, 26 sites in 11 countries
enrolled survivors, with the highest enroliment in Italy, Belgium,
Germany, Norway, and Brazil. The majority (71%) of the survivors
were men, and the mean age was 65 years (median 66 years)
(Table 1). Most of the survivors were former smokers (58%), and 42%
were from Central/Western Europe. Squamous cell carcinoma (88%)
was the most common histology. The largest sub-site groups were
cancer of the oropharynx (35%), oral cavity (21%), and larynx (19%). A
little more than a third of the patients were diagnosed at UICC stage
IV (39%), and a similar proportion had been treated with surgery and
radiotherapy (38%). Nearly a quarter of survivors (24%) had been
treated with monotherapy. Among survivors who had received RT
(monotherapy or multimodal), 54% had received IMRT and 34% 3D-
conformal.

In our study, most survivors had not developed a second primary
(85%), did not have current evidence of disease (97%), and had high

functioning according to the Karnofsky index (68% had a score of

1117 survivors enrolled

1114 survivors included

A,

20 did not complete
toxicity assessments

3 excluded:
e 2 because their diagnosis was less then 4.5 years in the past
e 1 because the diagnosis was chondroplastic osteosarcoma

4

FIGURE 1 Flow of survivors
enrolled in the EORTC 1629 study.

1094 survivors with toxicity data included in the analysis
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TABLE 1 Characteristics of the 1094 survivors at inclusion in the TABLE 1 (Continued)
study.
n %
n % CRT 311 284

Totals 1094 100 RT + CT and ND 109 10.0

Sex Surgery and RT + CT 415 37.9
Male 779 = Missing 1 0.1
Female 315 28.8 Karnofsky index

Age (years) 90 or 100 740 67.6
Mean (range) 65 (23-93) 70 or 80 311 28.4

Geographic area 50 or 60 35 3.2
Northern Europe 251 22.9 Less than 50 3 0.3
Central /Western Europe 458 41.9 Missing 5 0.5
Southern Europe 238 218 Charlson comorbidity index
Israel 9 0.8 0 693 63.3
Japan 30 27 1 206 18.8
Brazil 108 9.9 2 92 8.4

Smoking status >3 103 9.4
Never smoker 317 29.0 Current evidence of disease
Former smoker 637 58.2 Yes 32 29
Current smoker 139 12.7 No 1060 96.9
Missing 1 01 Missing 2 0.2

Total years of education Second primary
<10 378 34.6 Yes 159 14.5
10 163 14.9 No 928 84.8
>10 542 . Missing 7 0.6
Missing 11 10 Time since diagnosis (years)

Tumor subsite 5-6 243 22.2
Oropharynx 378 34.6 7-8 381 34.8
Oral cavity 231 211 9-10 215 19.7
Larynx 206 18.8 >10 255 23.3
Nasopharynx 84 7.7 X i

Note: Oropharynx includes base of tongue and tonsil. In the RT + CT and
Hypopharynx 48 44 ND group: there are 33 (30%) with no CT. In the Surgery and RT + CT:
Salivary glands 59 5.4 there are 229 (55%) with no CT.
Nasal cavity and sinuses 37 34 A.bbrev.latlons: CT,.chemotherapy; CRT, chemo—radlotherapy; ND, neck
dissection; RT, radiotherapy; UICC, Union for International Cancer
Unknown primary 51 4.7 Control.

Histology
Squamous cell 960 87.8
Other 124 11.3 90 or 100) at the time of clinical examination. The time since diagnosis
Missing 10 0.9 ranged from 5 to 36 years. The median time since diagnosis was

UICC stage 8 years.
| 216 19.7
1l 173 15.8
" 247 226 3.2 | Toxicity frequency
\Y 426 38.9

L Across all toxicities, 69 (6%) of the HNC survivors had no evidence of
Missing 32 29
any of the toxicities assessed, while 1025 survivors had a median
Treatment . L. . . .
of five toxicities (range 1-19). Two hundred and eighty-five survivors
Surgery 124 11.3 . A .
(26%) had one or more grade 1 toxicities but no toxicities at a higher
RT 134 12.2

grade. Among the 285 survivors with only one or more grade 1 toxic-

ities, 85 had only one toxicity, and the median number of toxicities
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was 2 (range 1-9). Seven hundred and forty survivors (68%) had at
least one toxicity at grade 2, 3, or 4, with a median of 2 toxicities
(range 1-17) at a grade 2 or higher. Six survivors had one grade 4 tox-
icity: one related to a carotid artery injury that had been taken care of
according to clinical guidelines, one related to soft tissue fibrosis, two
related to optic nerve damage, and two to aspiration. The
two patients with severe aspiration had had laryngeal closure with tra-
cheostomies that were required to mitigate this.

The top five toxicities in terms of frequency among all 1094 survi-
vors were dry mouth (n = 732, 67%), soft tissue fibrosis (n = 564,
52%), dysphagia (n = 557, 51%), and voice alterations (n = 422, 39%);
hearing impairment was the fifth most common (n = 338, 31%), but
178 survivors had missing values here, so it is possible the percentage
was higher (Figure 2). If only survivors with at least one toxicity at
grade 2 or higher were considered (n = 740), these five toxicities
were still among the most frequent (dry mouth: n = 261, 24%; soft
tissue fibrosis: n = 186, 17%; dysphagia: n = 266, 24%; voice alter-
ation: n = 164, 15%; hearing impairment: n = 168, 15%), but hypo-
thyroidism (n = 268, 24%) was also notable. Hearing impairment and
hypothyroidism had respectively 16% and 6% missings, so it is possi-
ble both were higher. Among the 528 survivors who had received
both RT and CT treatment, 97 (18%) had grade 2 or grade 3 hearing
impairment, which was more than the proportion of survivors who
had had RT but no CT (n = 386, 10%); however, 20 of the 123 survi-
vors (16%) with neither RT nor CT also had moderate to severe prob-
lems with hearing. For hypothyroidism, there were 266 survivors with
grade 2 severity and 1 with grade 3. When looked at by age and sex,
females had a greater proportion of grade 2 or 3 hypothyroidism than
men across three age groups ([males aged <60: 47/197 (24%); aged
61-75: 90/456 (20%); aged >75: 25/126 (20%)] [females aged <60:
30/99 (30%); aged 61-75: 64/169 (38%); aged >75: 11/47 (23%)]).

100%

90%

Aspiration can have immediate consequences for a patient, and in
our survival sample was a problem at any grade in 309 survivors
(28%), whereby 14 (1%) had grade 3 or 4. We observed that among
the 124 patients who only received surgery, 10% had grade 1 aspira-
tion, none had grade 2, and 1 survivor had grade 3, whereas 5% of the
134 survivors treated with RT, 9% of the 311 survivors treated with
CRT, 16% of the 109 survivors treated with RT + CT and neck dissec-
tion, and 7% of the 415 survivors treated with surgery and RT + CT
had grade 2/3 aspiration (one of the RT + CT and neck dissection had
a grade 4).

Among the five least frequent toxicities observed at any grade
were 50 survivors with osteonecrosis (5%) (47 of whom had had mul-
timodal treatment), 34 survivors with a carotid artery injury (3%),
19 survivors with an oral cavity fistula (2%), eight survivors with a
pharyngeal fistula (1%), and 5 with myelitis (<1%) (Figure 3). Neck and
face edema at any severity was observed in 79 (7%) and 69 (6%) of all
survivors, respectively. Considering the pain toxicities, neck pain was
more frequent in the 1094 survivors (n = 302; 28%) than oral pain
(n = 174; 16%) and pharyngeal pain (n = 140; 12%). Peripheral sen-
sory neuropathy was observed more often than peripheral motor neu-
ropathy (n = 192; 18% versus n = 94; 9%), but both had about 1%
with grade 3. Survivors who had had CT had a greater proportion of
moderate to severe problems with peripheral sensory neuropathy
(13%) compared to those without CT (6%). Of the 46 patients who
experienced moderate to severe motor neuropathy, only 11 also had
moderate to severe accessory nerve disorder.

Two-hundred and three (19%) survivors had at least one cranial
neuropathy of any severity, and 128 (12%) had at least one with a
grade 2 or more. Of the 203 with at least one cranial neuropathy,
62 (31%) had an accessory nerve disorder, 59 (29%) an acoustic nerve
disorder, 54 (27%) an olfactory nerve disorder, 51 (25%) a

71% 72%
74% 81% 81% 82%
21% 21%
18% 8% 7% 11%
9%
m m [ 3% | % m 6%
% 1%
glhe gl 2 Tz 3
3 = 2 Z3T =] 3
= o c o = o o c
5 2 @ 53 3 2 @
=1 S o v L9
B w = =
~ O (0]
= a w
= o
2

Not present Missing

339
80% :
47% 48%
70% 60%
9 67%
60% 53%
50%
43%
40% 27%
30% 35%
0
24% %
0% 16% e
10% 23k 13% o 12% 7% 2a%
s T % 7 8%
0
= & o > = T
2 < - =<
3 oS S T < 3 T 3
ES g5 = g s BB e
o A o = 5 3 >
= @ @, g 35 =
=y o o R S,
- =3
I
3
B Grade 3+ M Grade 2 Grade 1
FIGURE 2

Terminology Criteria for Adverse Events (CTCAE; Version 5).

Severity distribution of investigated toxicities (1 of 2). Total n for each toxicity is 1094. Grades are according to the Common
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FIGURE 3
Terminology Criteria for Adverse Events (CTCAE; Version 5).

glossopharyngeal nerve disorder, and 44 (22%) a hypoglossal nerve
disorder. The remainder of the cranial neuropathies were less fre-
quent, in particular disorders of the trochlear nerve and abducens

nerve, of which none were reported.

4 | DISCUSSION

To our knowledge, this is the largest study on the prevalence of late
toxicities in long-term survivors of head and neck cancer to date. Our
findings provide evidence that long after treatment, when most indi-
viduals are cured of their cancer, most survivors experience some sort
of late toxicity. In particular, dry mouth, soft tissue fibrosis, dysphagia,
voice alteration, hearing impairment, and hypothyroidism are highly
prevalent, whereas other problems such as fistula, edema, myelitis,
and osteonecrosis of the jaws were seldom observed. We found that
68% had at least one moderate (grade 2) or severe (grade 3 or higher)
late toxicity that might affect their functioning in daily life. Of particu-
lar note is aspiration, which is a dangerous toxicity that can be fatal®?;
it is therefore concerning that 7% of the survivors in our study had
moderate or severe problems with this. The 43% of survivors in our
study with grade 1 dry mouth may not have had to alter their eating
habits, but adequate salivary production is also important for wound
tooth
showing how interdependent some toxicities are.

in the oral and

23,24

healing cavity, facilitating speech,
mineralization,

Published results on late toxicity occurrence among long-term
survivors are rare, as indicated by a literature review identifying only
three studies that used the CTCAE as the assessment instrument.*®

The studies that are available generally base conclusions on a

Severity distribution of investigated toxicities (2 of 2). Total n for each toxicity is 1094. Grades are according to the Common

considerably smaller number of survivors.'”?° In a Belgian study of
152 HNC survivors diagnosed 5 years in the past, similar results to
ours were found; at any severity, 72% had dry mouth, 65% had soft
tissue fibrosis, and 40% had dysphagia using the Late Effects of Nor-
mal Tissue (LENT)—Subjective Objective, Management and Analytic
(SOMA) toxicity classification system.?® All patients had had RT either
alone or with surgery or CT. Our results of 24% having dysphagia at
CTCAE grade 2 or higher are also similar to the 21% found in
239 HNC survivors at 5 years post diagnosis in Norway.2® Our finding
that 24% had moderate to severe hypothyroidism shows a consider-
ably larger proportion than a recent review on prevalence in a range
of populations, including non-cancer populations, with up to 5.3% in
Europe depending on the specific population and definition of the
condition used.?” While very few survivors had a grade 4 toxicity,
the implications for these individuals is considerable. Carotid artery
injury is a life-threatening condition that requires immediate surgical
intervention. Unfortunately, optic nerve damage and soft tissue fibro-
sis cannot be regenerated, and the patient will need time to adjust.
Severe fibrosis leading to impaired feeding may be managed by surgi-
cal blocking.

However, as expected due to the disease site, a considerably
higher proportion of survivors with moderate to severe toxicity
(CTCAE grade >2) were reported by Tsai et al. in a Taiwanese group
of 242 long-term nasopharyngeal survivors treated between 1998
and 2007 who had received RT.1” Hearing loss was reported for 51%,
dysphagia for 41%, dry mouth for 56%, and neck fibrosis for 27%. The
older RT technology during part of that time (only 41% had intensity
modulating radiotherapy [IMRT]) could be an explanation for this in
addition to the extensive treatment these patients received. Although
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nasopharyngeal cancer is a HNC, these patients are not directly com-
parable to our study of mixed HNCs. The explanation for the consid-
erably higher proportion of hearing loss in the study by Tsai et al. is
likely the extent of RT the patients received, which may have included
the inner ear. Cisplatin has known ototoxic effects,2® which also could
be an explanation, as cisplatin has a prominent role in treating
advanced, non-metastatic HNC,® and 66% of the patients reported by
Tsai had had CT. Our hearing impairment results contain 16% missing
data, introducing uncertainty in the true extent of this problem in our
study. Hearing was asked about in two sections: one for participants
in a monitoring program for hearing impairment and one for partici-
pants not enrolled in such a program, and this caused confusion. Our
finding that peripheral sensory neuropathy was more common in sur-
vivors who had received chemotherapy was not surprising. Cisplatin is
the most frequently used agent in curative concomitant chemora-
diotherapy for HNC??®° and can induce peripheral neuropathy.
Unfortunately, there is no preventive treatment available.?® There
was not a notable overlap between moderate/severe peripheral motor
neuropathy and moderate/severe accessory nerve disorder. Injury to
the accessory nerve is a known complication after neck surgery that
sometimes cannot be avoided if the tumor grows close to or around
the nerve. However, there is a high awareness among the surgeons
regarding this complication.?

A Chinese study from 2014 including 789 nasopharyngeal cancer
patients and survivors after IMRT is a notable exception to the
small samples reported in the literature, but the follow-up time
was very variable and ranged from 4 to 106 months, and the limi-
tations of comparing to a sample of nasopharynx cancer survivors

persist.'®

The Chinese authors reported a slightly smaller propor-
tion of patients (56%) with one or more moderate or severe toxic-
ities than our study.

Our results show that long-term survivors of HNC have a contin-
ued need for supportive care in managing the effects of treatment. As
an example, the high prevalence of dry mouth has ongoing implica-
tions for oral health, requiring meticulous oral hygiene in order to
avoid severe dental issues®? as well as the functional limitations for
sleep quality and swallowing.®3 More than half the survivors in our
study had mild dysphagia or worse, showing a need for ongoing sup-
port specifically for this. The additional effect of aging over time could
contribute to worsening dysphagia®* in this already vulnerable popula-
tion. The most frequent toxicities identified in our study have implica-
tions beyond immediate consequences, including associations with
increased sticky saliva, decreased sleep quality, physical functioning,®®
reducing quality of life. Survivorship care should include monitoring
these problems and referral for supportive intervention where

possible.*®

5 | LIMITATIONS

Our study likely suffers from healthy survivor bias in that survivors
who are doing well may be more likely to have agreed to participate,

in particular because the study required a clinical visit. Therefore, it is
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possible that the toxicity burden in HNC survivors who are five or
more years post-diagnosis may be higher than our findings show.
Alternatively, it is also possible that survivors experiencing prob-
lems were more motivated to attend a clinical visit than those who
were having no problems. We lack information on the human pap-
illoma virus status of these patients, the presence of which is a
known positive prognostic indicator.>” However, given the inclu-
sion criterion that the survivors were at least 5 years post-
diagnosis, we think it unlikely that many survivors would have had
this information in their medical record. The long-term implications
of HPV-related disease will be an important aspect to consider for
future studies. Unfortunately, we were not able to collect data on
non-responders due to data protection regulations in some coun-
tries and therefore cannot comment on characteristics that non-

responders might share.

6 | STRENGTHS

Among the few studies in the literature that examine toxicities among
HNC long-term survivors, the range of toxicities assessed is quite nar-
row; the publications cited in the previous paragraph often only
reported the toxicities specified, whereas our study had a wide range
of toxicities, which we consider a strength in our work in addition to
the large multi-national sample of HNC survivors. Our results con-
cerning the toxicities that were not present for most survivors are also
valuable, as supportive care resources are limited and should be
directed to benefit the greatest number of survivors. Understanding
what the more frequent problems are for long-term survivors can be
useful to inform newly diagnosed patients about what problems may
be anticipated in the long-term and can contribute to establishing
long-term follow-up routines to assess the toxicities that are more

likely to occur.
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