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ABSTRACT

Objective: To investigate swallowing function outcome in patients with head and neck cancer who received
altered fractionation radiotherapy.

Patients and Methods: Forty nine patients with bulky T2 tumours or American Joint Committee on Cancer
stage I11/1V disease were treated with accelerated radiotherapy with concomitant boost to 72 Gy-80 Gy or
hyperfractionated accelerated radiotherapy to 76.8 Gy. The pre- and post-radiotherapy swallowing dysfunction
were scored with a physician-rated scale of grade O (normal) to 4 (severe impairment). The Wilcoxon signed
rank test was used to compare pre- and post-radiotherapy scores in patients who did not have local failure or a
second head and neck primary.

Results: At a median follow-up of 15.7 months (range, 3.7 to 66.0 months), 9 patients had devel oped permanent grade
3/4 swallowing dysfunction. This was associated with local failure in 8 patients. The 1-year actuarial permanent
grade 3/4 swallowing dysfunction-free survival was 93% for the whole patient series. Of 26 patients (53%) who did
not develop local failure or a second head and neck primary, the worst late swallowing dysfunction scores (mean,
0.81; median, 1) were significantly higher than the pre-radiotherapy scores (mean, 0.23; median, 0; p = 0.0016).
Conclusions: Permanent severe swallowing dysfunction was uncommon during early follow-up in local failure-
free patients who received curative altered fractionation radiotherapy for locoregionally advanced head and
neck carcinoma.
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INTRODUCTION

The majority of patients with head and neck carcinoma
present with locoregionally advanced disease,* which is
associated with a 5-year survival of 50% or lower, de-
spite treatment with surgical resection and postopera-
tive radiotherapy (RT) or chemoradiotherapy.?® Surgical
resection of locoregionally advanced tumours typically
results in significant impairment of swallowing and
speech function.*® Substantial progress has been made
in the last few decades in organ-preservation therapy
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using definitive RT with or without chemotherapy.”®
Although concurrent chemoradiotherapy has been
shown to result in increased survival compared with RT
alonein several studies,” many patients with suboptimal
medical condition are treated with RT alone because of
anticipated poor tolerance to concurrent chemoradio-

therapy.

Randomised studies have shown that some accelerated
and hyperfractionated RT schedules result in better
locoregional control when compared with standard
fractionation RT.*>2 However, there are more severe
acute reactions and possibly an increased incidence of
severe functional radiation injury in patients treated
with altered fractionation when compared with those
treated with standard fractionation. Most of the infor-
mation on swallowing functional outcome after altered
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fractionation RT is derived from studies involving
the use of concurrent chemotherapy.***¢ Although some
studies have shown that prolonged and debilitating
swallowing dysfunction frequently occurs after aggres-
sive concurrent chemotherapy and altered fractionated
RT,®% little information is available on the functional
outcome of patients with advanced head and neck car-
cinoma who are treated with altered fractionation RT
alone.t"2 We conducted a retrospective study to inves-
tigate changes in swallowing function after concomi-
tant boost or hyperfractionated accelerated RT for
locoregionally advanced head and neck carcinoma.

PATIENTSAND METHODS

The study was undertaken at the Prince of Wales
Hospital, Hong Kong between April 1997 and October
2002. Subjectsincluded 50 consecutive patients treated
with concomitant boost RT or hyperfractionated accel-
erated RT with curative intent for a newly-diagnosed
head and neck carcinoma or metastatic cervical node(s)
from a presumed occult head and neck primary. One
patient was excluded from analysis because he received
neoadjuvant chemotherapy before RT, leaving a total
of 49 patients. All patients had a bulky T2 tumour, or
stage I11/1V disease without distant metastasis, accord-
ing to the 1997 American Joint Committee on Cancer
staging classification.®

Patient records accessed included clinical history, phys-
ical examination, head and neck computed tomography
(CT) and/or magnetic resonance imaging scanning, and
neck ultrasonography (USG) findings. Patientswith oro-
pharyngeal, hypopharyngeal and laryngeal carcinomas
underwent examination under anaesthesia, including
laryngoscopy, bronchoscopy, and oesophagoscopy. Bi-
opsies were obtained from the primary tumour and any
synchronous tumour. Fine needle aspiration of suspi-
cious neck lymph nodes was performed for cytology.
Investigations for distant metastasis included a chest
radiograph and ultrasonogram of the abdomen. In
selected patients, a bone scan and CT of the thorax and
abdomen had also been completed.

Treatment decisions were made at a weekly multi-
disciplinary Head and Neck Tumour Meeting. Patients
were considered to be potentially curable with con-
comitant boost or hyperfractionated accelerated RT,
but were expected to have poor tolerance to concurrent
chemoradiotherapy because of a creatinine clearance
of <70 mL/min or intercurrent medical conditions.
Informed consent was obtained prior to treatment.
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Radiotherapy

All patients were treated with 6 mV photons. The pa-
tients were immobilised in a cast and remote wax com-
pensators were used to improve dose homogeneity. The
clinical target volume included the primary tumour and
bilateral cervical nodal sitesin the jugular chains, sub-
mandibular areas, and posterior triangles. For patients
with a presumed occult head and neck primary, the
nasopharynx, oropharynx, hypopharynx and larynx were
included in the target volume. Shielding was used to
spare the oral tongue, buccal mucosa, and sublingual
and minor salivary glands in the oral cavity.

The first phase of treatment was delivered with a two-
dimensional (2D) plan, consisting of lateral opposed
faciocervical fields for the primary tumour site and
bilateral upper cervical nodal sites. After field reduc-
tion off the spina cord, bilateral 6-9 MeV electron fields
were used to treat the posterior cervical strips. In pa-
tients with a nasal or paranasal sinus tumour, a plan
with an anterior mixed photon/electron beam and
lateral opposed photon fields was used to irradiate the
primary site. In all patients, an anterior photon field
with a median shield was used to treat the lower cer-
vical lymphatic chain. A 2D plan was used for the first
phase to allow treatment to commence as soon as
possible. A final boost to the gross disease with 1.0-
1.5 cm margins was delivered with a 2D plan in 26 pa-
tients (53%) during the early part of the study period of
interest. In the remaining 23 patients (47%), the final
boost was given with athree-dimensional conformal RT
(BDCRT) plan, based on the pretreatment CT scan, to
improve tumour coverage and sparing of normal tissue.

For 2D plans, the radiation dose was prescribed at the
mid-plane for lateral opposed fields, and at the 90%
isodose level for anterior cervical fields. For 3DCRT
plans, the dose was prescribed at the isodose level that
encompassed the target volume, so that the variation of
dose within the planning target volume was within
10% of the prescribed dose. The dose to the spinal cord,
brainstem, and optic chiasm was limited to 46 Gy,
54 Gy, and 54 Gy, respectively.

Thirty four patients (69%) were treated by accelerated
RT with aconcomitant boost.® Microscopic disease was
treated with 54 Gy at 1.8 Gy/fraction, 5 days/week. The
gross disease was boosted with a second daily dose of
1.5 Gy, 5 fractions/week, to 18 Gy during the last 12
days of the large field treatment. The interfraction in-
terval was at least 6 hours. The basic total dose to the
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gross disease was 72 Gy/42 fractions/6 weeks. In 3
patients, cervical nodes remained palpable after 72 Gy,
and the residual nodes were boosted with electrons for
an additional 8 Gy at 2 Gy twice daily over 2 days.

Inthe early study period, 15 patients (30%) with alaryn-
geal or hypopharyngeal carcinoma were treated with
the hyperfractionated accelerated RT regimen re-
ported by the University of Florida,® in an attempt to
minimiselate laryngeal toxicity by using small fractions.
Two 1.2 Gy fractions per day, 5 days/week, were given
at least 6 hours apart. Microscopic disease was treated
with a dose of 52.8 to 55.2 Gy. The gross disease,
with 1.0-1.5 cm margins, was irradiated to a total of
76.8 Gy only, in view of the possible increase in severe
late toxicity with higher doses reported previously.?
From October 2000, patients with alaryngeal or hypo-
pharyngea primary were also treated with the concomi-
tant boost regimen, to reduce the number of fractions
and linear accelerator time, since the Radiation Therapy
Oncology Group (RTOG) study*® had shown that there
was no significant increase in late toxicity with this
schedule.

Patients were assessed weekly during RT, and every
1 to 2 weeks after completion of treatment until acute
reactions had subsided. Acute RT toxicities were graded
according to RTOG/European Organisation for the
Research and Treatment of Cancer (EORTC) acute
radiation morbidity scoring criteria.

Follow-up

At 6 weeks post-RT, patients were examined by fibre-
optic endoscopy, CT or magnetic resonance imaging
of the head and neck, and USG of the neck with fine
needle aspiration cytology of suspicious nodes. When
clinically indicated, patients were examined under an-
aesthesia and biopsies were obtained to rule out residual
tumour. Patients were then seen for follow-up every
4to 8 weeksin thefirst year, every 8 to 12 weeksin the
second year, every 12 to 16 weeksin the third year, and
every 24 to 36 weeks thereafter. Imaging and directed
biopsies were performed for any suspected local failure
or second primary. If confirmed, the patient would be
assessed for salvage surgery. Late RT toxicities were
graded according to the RTOG/EORTC late radiation
morbidity scoring criteria. Patients with clinically sig-
nificant swallowing problems were referred to a speech
therapist for assessment, which included videofluoro-
scopy, and for advice on dietary changes and swallow-
ing manoeuvres to improve swallowing function.
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Table 1. Swallowing dysfunction scale.

Swallowing dysfunction grade

Grade 0. No change over baseline.

Grade 1. Mild difficulty swallowing solids.

Grade 2. Significant difficulty swallowing solids, often requires soft
diet.

Grade 3. Tolerates fluids only; or frequent choking.

Grade 4. Requires nasogastric tube or gastrostomy feeding; or
aspiration pneumonia.

Scoring of Swallowing Dysfunction

Medical records were reviewed retrospectively to re-
trieve information on symptoms of difficulty in swal-
lowing and choking, food consistency tolerated, use of
feeding tubes and occurrence of aspiration pneumonia
before and after RT. The diagnosis of aspiration pneu-
moniawas made on typical clinical and chest radiograph
findings.?® Table 1 shows the swallowing dysfunction
scale used in assessment before RT and during follow-
up. The scale was modified after the RTOG late radi-
ation morbidity scoring criteria for the pharynx but,
besides symptoms due to fibrosis, included swallowing
dysfunction related to xerostomia, neurological func-
tional impairment and poor glottic closure, use of feed-
ing tube and aspiration pneumonia. Late swallowing
dysfunction was defined as dysfunction that remained
or developed more than 12 weeks after the completion
of RT.

Statistical Analysis

Grade 3/4 swallowing dysfunction was considered per-
manent if it persisted until patient death, or in surviving
patients lasted for 6 months or more without subsequent
improvement. The Kaplan-Meier method was used to
calculate survival . Overall survival was measured from
the date of histological diagnosisto the date of death or
last follow-up. Local progression-free survival was
defined as the time from histological diagnosisto local
failure. For patients with residual local disease after
RT, the date of local failure was taken as the date of
completion of RT. Permanent grade 3/4 swallowing
dysfunction-free survival was calculated from the start
of RT to the onset of permanent grade 3/4 dysfunction,
with censoring at the last follow-up or at the time of
onset of symptoms of local failure or a second head and
neck cancer. The Wilcoxon signed rank test was used
to compare pre- and post-RT dysfunction scores.

RESULTS

The age range of the patient group was 43 to 83 years,
with the median age 66 years. Clinical characteristics of
patients included in the study are reported in Table 2.
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Table 2. Demographic and clinical characteristics of patients
(n = 49).

Characteristic No. of patients (%)
Sex
Men 45 (92)
Women 4 (8)
Karnofsky performance score
90 27 (55)
60-80 22 (45)
Primary site
Larynx 17 (35)
Oropharynx 12 (24)
Hypopharynx 11 (22)
Oral cavity 3 (6)
Nasal cavity/paranasal sinus 2 (4)
Metastatic cervical lymph node of 4 (8)
presumed head and neck primary
Histology
Sqguamous cell carcinoma 42 (86)
Undifferentiated carcinoma 3 (6)
Other 4 (8)
T stage
0 4 (8)
1 3 (6)
2 15 (31)
3 16 (33)
4 11 (22)
N stage
0 19 (39)
1 3 (6)
2 283 (47)
3 4 (8)
Overall Stage
I 5 (10)
1l 13 (26)
\% 31 (63)
Bone or cartilage involvement by primary tumour
Absent 38 (76)
Present 6 (12)
Uncertain or no data 10
Fixation*
Absent 43 (88
Present 6 (12)
Radiotherapy schedule
Concomitant boost 34 (69)
Hyperfractionated accelerated 15 (30)

* Tumour fixation to the carotid artery, prevertebral fascia or base of skull.

The median follow-up period was 15.7 months (range,
3.7 to 66.0 months). The 1-year actuarial overall sur-
vival and local progression-free survival was 75% and
58%, respectively. One patient devel oped a carcinoma
of the tongue, the only patient who had a second head
and neck primary. Nine patients (18%) underwent local
salvage surgery. Grade 3 RTOG/EORTC late radiation
toxicity occurred in the salivary gland (1 patient), phar-
ynx (1 patient), and subcutaneous tissue (1 patient). No
patients had grade 4 late toxicity. There were no deaths
during RT or within 8 weeks of its completion.

Nine patients (18%) developed permanent grade 3/4
swallowing dysfunction at a median time of 1.7 months
(range, 1.4 to 11.7 months) after RT (Table 3). Six of
these had local failure prior to the onset of severe dys-
function and in two others, local failure was diagnosed
within 4 months of the onset of severe dysfunction.
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Figure 1. Permanent grade 3/4 swallowing dysfunction-free
survival (n = 49).

Table 3. Primary site and locoregional disease status of patients who developed permanent grade 3/4 swallowing dysfunction (n = 9).

Patient Primary site Feeding Occurrence of Local failure before or after onset
no. tube-dependent? aspiration pneumonia? of permanent grade 3/4
swallowing dysfunction?
1 Hypopharynx No, but tolerated No Before
fluids only
2 Larynx Yes No 4 months after
3 Hypopharynx Yes Yes 3.5 months after
4 Oropharynx Yes No Before
5 Hypopharynx Yes Yes Before
6 Oropharynx Yes Yes Before
7 Hypopharynx Yes Yes Before
8 Hypopharynx No, but tolerated No No locoregional failure
fluids only at last follow-up
9 Oropharynx Yes Yes Before
210 J HK Coll Radiol 2005;8:207-213



Table 4. Comparison of pre-radiotherapy (RT) and worst late
swallowing dysfunction scores for a group of patients who were
free from local failure or second head and neck primary at follow-
up (n = 26).

Pre-RT score

Mean 0.23

Median 0
Worst late dysfunction score

Mean 0.81

Median 1

Comparison between pre-RT and worst late
dysfunction score (Wilcoxon signed rank test)

p = 0.0016

The 1-year actuarial permanent grade 3/4 swallowing
dysfunction-free survival was 93% (Figure 1).

Table 4 summarises the pre-RT and worst late swal-
lowing dysfunction scores for patients who did not
develop alocal failure or second head and neck pri-
mary (n = 26). The worst late dysfunction scores were
significantly higher than the pre-RT scores (Wilcoxon
signed rank test, p = 0.0016).

DISCUSSION

Swallowing functional outcome is a major consider-
ation in organ-preservation treatment for head and neck
cancer.?® Qur retrospective study used a simple scale
to score swallowing dysfunction. Grade 3 or 4 dysfunc-
tion included clinically significant problems that were
likely to be noted and therefore identified in a retro-
spective study.

The effect of RT alone on swallowing outcome was
considered, ignoring dysfunction due to local failure
and second head and neck cancer. Using this approach,
the 1-year actuarial permanent grade 3/4 swallowing
dysfunction-free survival was 93% for the whole series.
Among the 26 patients who were free from local failure
or second head and neck primary, there was significant
worsening of swallowing function after RT compared
with pre-RT function, but only 1 had permanent grade
3/4 dysfunction. The deteriorationin swallowing in this
subset of patients was thus attributable to the effects of
RT alone. The mechanisms of RT-induced impairment
of swallowing include xerostomia,?% oedema and
fibrosis of the pharyngeal musculature,**! and impaired
laryngeal elevation, poor tongue base contact with the
posterior pharyngeal wall, and inadequate true vocal
cord closure during swallowing.®2%

Few studies have addressed predictive factors for
severe swallowing dysfunction after altered fractionation
RT for head and neck cancer,**° and there are only scant
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data on the effect of T-stage or tumour size on swallow-
ing function.*** K nowledge of predictive factors of
poor swallowing outcome would be useful in pretreat-
ment patient counselling and in selection of patients for
rehabilitation. However, in this small, heterogeneous,
retrospective series, those factors remained elusive.

It has been postulated that injury to the pharyngeal
constrictors and larynx (dysphagia/aspiration-related
structures [DARS]) is a cause of dysphagia and as-
piration after chemoradiotherapy for head and neck
cancer.®* Compared with 3DCRT, more sparing of
DARS was achieved from intensity-modulated RT
(IMRT).*® With the wider use of IMRT for head and
neck carcinoma, swallowing functional outcomes after
RT for head and neck carcinomamay be improved.

Eight of the 9 patients who suffered severe swallowing
dysfunction (permanent tube feeding placement and
aspiration pneumonia) had associated local failure. It
would be difficult to differentiate the effects of the
local failure and RT on swallowing function.

In locoregionally advanced head and neck cancer,
altered fractionation RT and concurrent chemoradio-
therapy have been shown to improve local control and
overall survival, compared with conventional RT."®
However swallowing function outcome may be jeop-
ardised with more intense treatment despite better
tumour control. Table 5 summarises the swallowing
function outcome of several selected series using vari-
ous treatment modalities for advanced head and
neck cancer. It is difficult to compare the results from
different series because of differences in patient
selection, tumour volume, treatment and swallowing
assessment methods. Neverthel ess, these findings sug-
gest that post-treatment swallowing function after con-
ventional or atered fractionation RT aloneis satisfactory
but that it is suboptimal after intense concurrent
chemoradiotherapy.

The limitations of the current study are acknowledged.
Retrospective analysis did not allow for the use of a
validated swallowing function scale.**" Videofluoro-
scopy was not mandatory and so asymptomatic swal-
lowing problems and silent aspiration, which may
be associated with a higher risk of pneumonia,? - may
have been missed in some cases. The follow-up period
was also relatively short and the long-term functional
outcome not clear. Nevertheless, the early follow-up
data indicated that permanent severe swallowing
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Table 5. Selected studies of swallowing dysfunction in patients with locally advanced head and neck cancer who underwent conventional
fractionation radiotherapy (RT), altered fractionation RT, or chemoradiotherapy.

Author Method of Treatment Post-treatment swallowing Comments
evaluation dysfunction
Moore et al*® PSSHN 60-75 Gy (CF) or Eating in public score 75-91 Scores decreased with higher
74-79 Gy (BID) Normalcy of diet score 60-94 T-stage
Harrison et al?? PSSHN External RT (45-54 Gy, CF)  Mean eating in public score 90 -
+ brachytherapy boost Mean normalcy of diet score 68
Present study Scale in 72-80 Gy (CB) or 1-year actuarial permanent grade Permanent severe swallowing
Table 1 76.8 Gy (BID) 3/4 swallowing dysfunction-free dysfunction was uncommon
survival 93%. on early follow-up among
patients without local failure or
second head and neck
primary after altered
fractionation RT
Allal et al'® PSSHN 69.9 Gy (CB) £ concurrent Mean eating in public score 84 -
chemotherapy, mainly PF Mean normalcy of diet score 79
Allal et al'” PSSHN 69.9 Gy (CB) + concurrent ~ Mean eating in public score 89 Trend to a lower normalcy of
chemotherapy, mainly PF Mean normalcy of diet score 86 diet score with grade 2/3
xerostomia
List et al*! PSSHN 75 Gy (BID) + concurrent 82% of patients alive at 12 months Normalcy of diet score
FHC had a normalcy of diet score < 50 deteriorated at 12 months
after treatment compared with
pretreatment score
Nguyen et al?® Modified 66-72 Gy (CF) + Severe dysphagia (in 25 of 55 patients) -
barium swallow  concurrent PF Silent aspiration (12 patients)
Eisbruch et al” VF/ 70 Gy (CF) + Aspiration in 62% of patients, typically Aspiration rate increased over
oesophagogram  concurrent gemcitabine silent pretreatment rate (14%)

Abbreviations: BID = twice-a-day fractionation; CB = concomitant boost; CF = conventional fractionation; FHC = fluorouracil, hydroxyurea and cisplatin; PF =
cisplatin and 5-fluorouracil; PSSHN = Performance Status Scale for Head and Neck Cancer Patients; VF = videofluoroscopy.

dysfunction was uncommon after altered fractionation
RT alone for locoregionally advanced head and neck
carcinomawhen the local tumour was controlled. With
the possibility of achieving swallowing-optimised IMRT
plans to spare DARS without compromising target
doses, prospective studies using validated swallowing
performance scales are required to demonstrate any
functional outcome benefit. Such studies would also
elucidate predictive factors of poor outcome when RT
is used, with or without additional chemotherapy.
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