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Abstract

Objective: Prophylactic percutaneous endoscopic gastrostomy may be considered before chemo-

radiotherapy for patients with locally advanced head and neck squamous cell carcinoma, because

severe mucositis is a common complication. We evaluated the mucosal findings and necessity of

prophylactic percutaneous endoscopic gastrostomy in patients with head and neck squamous cell

carcinoma receiving cetuximab and radiotherapy.

Methods: Fourteen consecutive patients with locally advanced head and neck squamous cell carcin-

oma receiving cetuximab and radiotherapy were analyzed.

Results: Patients’ backgrounds were as follows: male/female, 8/6; median age, 64.5 years (range,

35–83 years); performance status, 0/1, 9/5. Primary tumor sites included the oropharynx, hypophar-

ynx and larynx in four, seven and three patients, respectively. Patients completed a median of eight

cetuximab cycles. All patients received three-dimensional conformal radiotherapy (median dose,

70 Gy). Thirteen patients were treatedwith elective neck irradiation at the ipsilateral (n = 3) or bilateral

(n = 10) nodes. Grade ≥3 mucositis/stomatitis (clinical examination) occurred in 85.7% patients

(n = 12). The median irradiation dose was 33 Gy at the Grade 3 mucositis onset. Eight patients

showedmucositis with distinctive features, a wide range of white-coated lesions with a clear border;

hypopharyngeal atresia was observed in two patients. Prophylactic percutaneous endoscopic

gastrostomy was performed in 11 patients, and 11 patients (78.6%) actually required nutritional

support because of Grade ≥3 mucositis/stomatitis (functional/symptomatic).

Conclusions: Prophylactic percutaneous endoscopic gastrostomy is recommended because most

patients receiving cetuximab and radiotherapy for locally advanced head and neck squamous cell

carcinoma have Grade ≥3 mucositis with distinctive features.
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Introduction

Head and neck cancers primarily involve the oral cavity, pharynx and
larynx; more than 90% of such cancers are histologically squamous
cell carcinomas (1). Most patients with head and neck squamous
cell carcinoma (HNSCC) present with locally or regionally advanced
disease (2). A number of treatment options are available for patients
with locally advanced HNSCC, including concurrently administered
chemoradiotherapy with or without surgery and the combination of
the epidermal growth factor receptor (EGFR)-targeting immuno-
globulin G1 monoclonal antibody cetuximab and radiotherapy
(3,4). The use of cetuximab in combination with radiotherapy
(BioRT) was implemented after the finding that EGFR is overex-
pressed in most cases of HNSCC (5,6), and the observation from
in vivomodels that this combination enhanced tumor regression com-
pared with radiation or cetuximab alone (7). A large Phase III trial
conducted by Bonner et al. (8,9) revealed that the addition of cetuxi-
mab to radiotherapy significantly improved the overall survival,
progression-free survival and locoregional control compared with
radiotherapy alone in patients with locally advanced HNSCC. The
combination of cetuximab and radiotherapy has been approved for
clinical use in the treatment of patients with HNSCC in the USA,
Europe and Japan.

Because severe mucositis is a common complication induced by the
chemoradiotherapy treatment of patients with HNSCC, prophylactic
percutaneous endoscopic gastrostomy (PEG) may be considered at the
initiation of chemoradiotherapy (10–12). The Bonner trial demon-
strated that the incidence of adverse events commonly associated
with radiotherapy of the head and neck, including mucositis, xerosto-
mia and dysphagia, did not differ significantly between a cetuximab
plus radiotherapy arm and a radiotherapy arm alone (8). However, lit-
tle is known about the mucosal findings associated with cetuximab
plus radiotherapy. Furthermore, the need for PEG for nutritional sup-
port remains unknown. The purpose of this study was to review the
mucositis induced by BioRT and assess the need for prophylactic
PEG for additional nutritional support in patients with HNSCC trea-
ted with radiotherapy and cetuximab.

Patients and methods

Patients

Patients with Stage III or IV (Union for International Cancer Control
Tumor, Node, Metastasis classification, seventh Edition) pathologic-
ally proven SCCof the oropharynx, hypopharynx or larynx confirmed
by usingmagnetic resonance imaging or computed tomographywere eli-
gible for this study. Criteria for eligibility also included medical suit-
ability for definitive radiotherapy, performance status (ECOG) of at
least one as well as normal hematopoietic, hepatic and renal function.
Patients were ineligible if they underwent palliative BioRT for recur-
rent disease. This study was approved by the institutional review com-
mittee of the Shizuoka Cancer Center (Shizuoka, Japan), and met the
standards set forth in the Declaration of Helsinki. Written informed
consent was obtained from all patients.

Percutaneous endoscopic gastrostomy

The decision to perform PEG for nutritional support was made by
each physician. We used the direct method, a modified version of
the introducer method (Direct Ideal PEG kit; Olympus Corp.,
Tokyo, Japan) (13). After the stomach is secured to the anterior ab-
dominal wall, the skin incision is dilated by passing a dilator

percutaneously into the stomach over a guidewire, which is the same
as the procedure performed in the introducer method. After the dilator
is removed, the PEG tube is inserted by using an obturator (14).

Treatment of BioRT

All patients received a 7-week course of cetuximab concurrent with
conventionally fractionated radiotherapy (2 Gy per fraction, five frac-
tions per week). Cetuximab was administered at an initial dose of
400 mg/m2 (over 120 min) with subsequent weekly doses of
250 mg/m2 (over 60 min) as an intravenous infusion for 7 weeks.
For radiation planning, all patients received three-dimensional con-
formal radiotherapy (3D-CRT) in the supine position with a thermo-
plastic mask fixing the head. The gross tumor volume (GTV) 1 was
defined as the gross extent of the primary tumor shown by using im-
aging studies and physical examination as well as all grossly involved
regional lymph nodes. The clinical target volume 1 (CTV1) was de-
fined as the GTV plus a margin as a potential microscopic spread,
while the planning target volume 1 (PTV1) was calculated as the add-
ition of a 5 mm set-up margin to the CTV1. The total prescribed dose
to the PTV1 was 70 Gy in 35 fractions for all patients. In the 3D-CRT
protocol performed in our department, dynamic wedges or the field-in-
field technique is applied to improve the dose homogeneity within the
PTV and ensure adequate dose coverage for the PTV, while limiting
the dose maximum to the treated volume to <110% of the prescription
dose. The coverage for the elective nodal regions of the neck (CTV2) is
dependent on the primary disease site as well as the extent of disease,
and the PTV2 was calculated as the addition of a 5 mm set-up margin
to the CTV2. Ten patients were treated with elective bilateral neck ir-
radiation of 40 Gy in 20 fractions, and three patients received ipsilateral
neck irradiation. The remaining patient with a glottic tumor (T3N0M0)
was treated only for the primary tumor without elective neck ir-
radiation. The mean irradiation dose of larynx in all patients was
65.1 Gy, with minimum dose of 32.1 Gy and maximum dose of
72.6 Gy, which was almost same as that of hypopharynx.

Evaluation

All clinical datawere retrospectively obtained frommedical records. Pa-
tients were evaluated by a dentist before starting radiotherapy, and any
required dental treatment was performed. The mucosa of the lips, right
and left buccal mucosa, left and right lateral tongue border, buccal
floor, ventral tongue, oropharynx and hypopharynx were evaluated
every week according to the National Cancer Institute Common Tox-
icity Criteria for Adverse Events (CTCAE) version 3.0 mucositis scale
by medical oncologists, radiation oncologists, head and neck surgeons
or dentists who used a laryngoscope. Photographic images of represen-
tative mucosal findings were taken at least once a week per patient. The
toxicities were surveyed until 2 months after the termination of BioRT.

Results

Patient characteristics

Sixteen patients were treated with radiotherapy in combination with
cetuximab for head and neck cancer at the Shizuoka Cancer Center
between December 2012 and September 2013. Of these, two patients
who underwent palliative BioRTwere excluded from the study. There-
fore, the subjects of our study comprised 14 patients with locally ad-
vanced HNSCC. The baseline characteristics are summarized in
Table 1. Docetaxel, cisplatin and 5-fluorouracil (TPF) induction
chemotherapy was administered before BioRT in six patients. The pa-
tients completed a median of eight cetuximab cycles. Thirteen patients
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had appropriate eating and swallowing abilities before the initiation of
BioRT. In one patient, nutrition had to be administered through a
transnasal feeding tube from the induction chemotherapy because
oral intake was not possible owing to a bulky primary tumor. How-
ever, the transnasal feeding tube was removed and the PEG tube was
inserted before BioRT was initiated.

Mucosal findings

Mucositis severity was assessed considering not only the functional
disorder and symptomatic aspects but also the clinical examination ac-
cording to the CTCAE v3.0 scale. Clinical examination revealed that
11 patients (78.6%) developedGrade 3mucositis during BioRT, while
one patient (7.1%) developed Grade 4 mucositis after completing
BioRT. One patient with a glottic tumor (T3N0M0) who was treated
without elective neck irradiation did not develop severe mucositis
Grade ≥3. Overall, the rate of Grade ≥3 mucositis was 86% (Table 2).
Grade ≥3 mucositis manifested ∼21.5 days (14–35 days) after the ini-
tiation of BioRT, with a median radiation dose of 33 Gy (20–48 Gy).
Eight patients had mucositis with distinctive features, including a wide
range of white-coated lesions with a clear border as shown in Fig. 1C.
Furthermore, complete hypopharyngeal atresia was observed in two
of these patients whose atresia were surgically treated directly under
endoscopic assistance (endoscopic laryngopharyngeal surgery; ELPS).

Use of PEG and nutritional intervention

Prophylactic PEG for nutritional support was performed in 11 pa-
tients before BioRT was initiated according to each physician’s

decision. Of these, 10 patients who developed Grade 3 mucositis
that interfered with sufficient oral intake needed PEG support.
Prophylactic PEG was not performed in three patients, although
whole-neck irradiation was planned for all three. Of these, one patient
needed nutritional intervention owing to severe mucositis during
BioRT, and a central vein catheter was inserted for total parenteral nu-
trition. However, the patient developed a catheter site infection. Over-
all, 11 patients (78.6%) developed Grade 3 mucositis (functional/
symptomatic) that required nutritional intervention. The median
onset of nutritional support was 23.0 days (0–31 days) (Table 3).
Of these, one patient was unable to obtain sufficient nutrition via
oral consumption before BioRTwas performed, owing to primary dis-
ease. Her nutrition was dependent on the PEG support because of
Grade 3 mucositis throughout the treatment regardless of a good
tumor response to BioRT. Of the 11 patients who needed nutritional
support, five were able to adequately eat or hydrate orally without
PEG within 7 months after the completion of radiotherapy. The me-
dian PEG-dependent time after the completion of radiotherapy is 4.3
months in these five patients. Two patients died during PEG-
dependent time, and remaining four patients are still unable to ad-
equately eat or hydrate orally and are dependent on PEG even after
1 year.

Case 1

A 58-year-old woman, a current smoker and non-drinker, com-
plained of hoarseness. The primary tumor invaded the paralaryn-
geal space with immobility of left vocal cord, and it extended to
the right side via the anterior commissure (Fig. 1A), suggesting la-
ryngeal cancer (T3N0M0). BioRT was chosen as a larynx-
preserving therapy. Prophylactic PEG was not performed. She com-
pleted a course of BioRT with a total irradiation dose of 70 Gy over
50 days, with elective bilateral neck irradiation of 40 Gy and boost
irradiation of 30 Gy (Fig. 1B). Although she had no severe com-
plaints of oral or pharyngeal pain and she was able to obtain suf-
ficient nutrition via oral intake during and after treatment,
the laryngoscope revealed diffuse white-coated lesions with clear
borders around the pyriform sinus (Fig. 1C). The mucosal lesion

Table 1. Patient characteristics

Characteristic Number of patients

Sex
Male 8
Female 6

Age (years) [median (range)] 64.5 (35–83)
PS (ECOG)
0 9
1 5

Primary site
Oropharynx 4
Hypopharynx 7
Larynx 3

T-stage
T1 2
T2 4
T3 6
T4a 2

N-stage
N0 3
N1 2
N2a 0
N2b 4
N2c 5

M-stage
0 14

Induction TPF chemotherapy before BioRT
− 8
+ 6

Administration of cetuximab (times)
[median (range)] 8 (6–8)

PS, performance status; ECOG, Eastern Cooperative Oncology Group; TPF,
docetaxel, cisplatin and 5-fluorouracil; BioRT, cetuximab plus radiation.

Table 2. Summary of amucositis/stomatitis

Grade
1

Grade
2

Grade
3

Grade
4

Grade
≥3 (%)

Mucositis/stomatitis
(clinical
examination)

1 1 11 1 86

The onset of Grade ≥3 mucositis/stomatitis (days) [median (range)] 21.5
(14–35)

Radiation dose at the onset of Grade ≥3 mucositis/stomatitis (Gy) [median
dose (range)] 33 (20–48)

Mucositis/stomatitis
(functional/
symptomatic)

1 2 11 0 79

The onset of nutritional support (days) [median (range)] 23.0 (b0–31)

CTCAE, National Cancer Institute Common Toxicity Criteria for Adverse
Events; BioRT, cetuximab plus radiation; PEG, percutaneous endoscopic
gastrostomy.

aCTCAE v3.0.
bOne patient was unable to obtain sufficient nutrition via oral intake before

BioRT owing to primary disease. Her nutrition was dependent upon PEG
support because of mucositis throughout the treatment.
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occurred 25 days after the initiation of irradiation, and it was not
present 1 month after the BioRT was terminated. There were no
treatment breaks or delays due to toxicity.

Case 2

A 69-year-old woman, who was a non-smoker and non-drinker, was
diagnosed with hypopharyngeal cancer (T2N2cM0). She first received
induction chemotherapy with TPF followed by concurrent BioRT.
After prophylactic PEG was performed, she was treated with whole-
neck irradiation during BioRT. The mean dose of larynx was
70.0 Gy. Diffuse, white-coated lesions around the pyriform sinus oc-
curred, and nutritional support via the PEG tube was commenced 21
days after initiation of irradiation. Three months after the completion
of radiation, a laryngoscope revealed complete obstruction of the
lower hypopharynx despite the disappearance of the mucosal lesion
(Fig. 2A). Videofluoroscopic examination of swallowing demon-
strated that liquids did not pass through the esophagus at all despite
repeated swallowing, and there were residual liquids in the pyriform
sinuses (Fig. 2B). Although she then underwent ELPS, she was unable
to obtain sufficient nutrition via oral intake, and shewas dependent on
PEG for more than 1 year.

Discussion

The Bonner trial demonstrated that the incidences of severe adverse
events in the cetuximab plus radiotherapy arm were similar to those
in the radiotherapy alone arm with the exception of an acneiform
rash and infusion-related events (8). Indeed, the rate of Grade ≥3 mu-
cositis in the cetuximab plus radiotherapy armwas 56%, whereas that
in the radiotherapy alone arm was 52%, suggesting that cetuximab
did not exacerbate mucositis associated with radiotherapy of the
head and neck. However, our experience reveals that the combination
of cetuximab with radiotherapy caused an unexpectedly high inci-
dence of Grade ≥3 mucositis from the aspect of both functional/
symptomatic and clinical examination.

Pharyngeal mucosa commonly represented distinctive features
such as thick and white-coated lesions covering awide area of the pyri-
form sinus. Interestingly, the margin between the involved and non-
involved mucosal lesions was clear. Diffuse white-coated lesions
were also frequently observed in the oral cavity (data not shown).
These remarkable mucosal findings seem to be quite different from
that observed in chemoradiotherapy, and its onset seems to be earlier
after the initiation of BioRT than chemoradiotherapy. Even though
the diffusewhite-coated lesions had an appearance similar to those ob-
served in severe mucositis, the patient describe in Case 1 was asymp-
tomatic throughout the treatment period. On the other hand, in some
cases, prolonged stricture of the lower hypopharynx leads to complete
hypopharyngeal atresia, as was observed in the patient described in
Case 2. Overall, all except one patient treated with elective neck irradi-
ation developed Grade ≥3 mucositis as assessed via clinical examin-
ation, and most of them needed nutritional intervention.

Our findings suggest that mucosal complications should not be ig-
nored but recorded when treating patients with BioRT, because they

Figure 1. A case of laryngeal cancer (T3N0M0) in a 58-year-old woman. (A) Primary tumor before treatment. (B) Radiation field (elective bilateral neck irradiation of

40 Gy and boost irradiation of 30 Gy). (C) Mucosal finding around the pyriform sinus at Day 50 (70 Gy).

Table 3. Summary of nutritional intervention

Prophylactic PEG − +

Able to obtain adequate nutrition via oral intake 2 1
Unable to obtain adequate nutrition via oral intake 1 10

PEG, percutaneous endoscopic gastrostomy.
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may significantly impair patients’ oral intake and quality of life, espe-
cially if the irradiation field covers the pharyngeal cavity. Although so
far there are no special methods to reduce radiotherapy-induced mu-
cositis, we recommend the following points in the management of mu-
cositis. First, prophylactic PEG is recommended before treatment with
radiotherapy in combination with cetuximab. Second, physicians
should continue to carefully monitor patients’ oral and pharyngeal
cavities by using a laryngoscope during and after BioRT. Because
the median onset of Grade ≥3 mucositis is as early as 20 days after
the initiation of BioRT, patients developing mucositis should be mon-
itored closely throughout the treatment. Photographic documentation
may be recommended depending on the mucosal reaction or infection
severity as necessary. Furthermore, according to our post-treatment
follow-up, four patients are still dependent on PEG due to swallowing
dysfunction or hypopharyngeal atresia even after 1 year. Therefore,
we raise dysphagia as one of the most important late complications in-
duced by BioRT. Long-term follow-up and swallowing rehabilitation
may also be recommended to improve swallowing function.

The continuation of treatment with BioRT should depend on the
grade of observed radiation-associated mucositis. However, treatment
interruption sometimes results in subsequent decreases in the treat-
ment efficacy (15–17). Of the 14 patients we treated, 11 patients
(78.6%) successfully completed a course of planned BioRT without
radiation splitting, or treatment interruptions, despite a high rate of
Grade ≥3 mucositis. Therefore, cetuximab and irradiation can con-
tinue to be administered to patients with up to Grade 3 mucositis.
However, it is appropriate to consider briefly interrupting the treat-
ment, if patients with severe mucositis are known to harbor an infec-
tion. Taken together, these results show that the decision of treatment
continuation should be made on the basis of mucosal findings and
patients’ symptoms as well as the presence or absence of infection.

The concurrent use of chemotherapy also significantly enhances
acute treatment-related toxicity and serious long-term morbidity in-
duced by radiation (18–20). However, it is still unclear whether the
severity or duration of mucositis induced by BioRT is comparable
with that induced by chemoradiotherapy. Furthermore, the precise
pathophysiological mechanism of thick and white-coated lesions in
the pharynx remains unknown. It is likely that the concurrent admin-
istration of cetuximab and radiotherapy results in mucosal altera-
tions through the interaction between the effects of radiation on the
mucosa and EGFR inhibition caused by cetuximab. This interaction

may manifest as a highly exacerbated inflammatory response in the
oral and pharyngeal mucosa, as is proposed in skin reactions (21).
It is quite difficult to define factors influencing mucosal reaction,
such as smoking status and alcohol consumption, nutritional status,
induction chemotherapy and radiation technique, in the small sample
size of this study. Regarding radiation planning, all patients received
3D-CRT. Recently, intensity-modulated radiation therapy (IMRT)
has emerged as a promising treatment for HNSCC. The advantage
of IMRT is its highly conformal dose distribution to the primary
tumor and involved lymph nodes with sufficiently low exposure to
organs at risk. However, when confronted with laryngeal and hypo-
pharyngeal cancers, the normal structures such as the pharyngeal
constrictor muscles, supra-glottic larynx and glottis larynx are fre-
quently overlapped with primary target, and the sparing of these
structures is difficult in the IMRT technique. It is noteworthy that
not just patients treated with elective bilateral neck irradiation, but
also all three patients who received unilateral neck radiation, devel-
oped Grade ≥G3 mucositis. Furthermore, the mean irradiation dose
in larynx of our patients was 65.1 Gy, which was almost identical
dose distribution when compared with chemoradiotherapy. These
findings suggest that severe mucositis is induced by BioRT regardless
of radiation technique. In addition, of eight patients who did not re-
ceive TPF induction chemotherapy before BioRT, six patients (75%)
developed Grade ≥3 mucositis/stomatitis (clinical examination), irre-
spective of 5-fluorouracil use. The correlation between mucositis and
skin reaction seems to be also interesting. However, only five patients
(35.7%) developed Grade 3 dermatitis radiation and no patient did
Grade ≥3 skin rash during BioRT, while ∼80% developed Grade 3
mucositis. Even though a patient has severe mucositis, the skin tox-
icity is not always severe. Although our sample size is too small to
draw a conclusion, our findings may suggest that there is no signifi-
cant correlation between mucositis and skin reaction, and the reac-
tion in mucosa may be distinct from that in skin. Taken together,
the rate of PEG requirement and mucosal changes might be less
due to radiation technique, target volumes and 5-fluorouracil use
prior to BioRT, more specific to BioRT. The identification of risk fac-
tors for mucositis may provide physicians with valuable pretreatment
information regarding which patients may need more intense moni-
toring for mucosal reactions. A systematic way of preventing and
managing radiation mucositis should also be established in the
future.

Figure 2. A case of hypopharyngeal cancer (T2N2cM0) at 3 months after the completion of radiation in a 69-year-old woman. (A) Endoscopic observation of the

esophageal orifice observed from the oral side. (B) Videofluoroscopic examination of swallowing.
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In conclusion, this is the first report to evaluate mucosal findings
associated with cetuximab plus radiotherapy and nutritional support
in patients with locally advanced HNSCC treated with BioRT, al-
though the current study has the limitation of being a retrospective
case series at a single center. Our study findings suggest that extreme
care should be taken for patients with mucositis and that prophylactic
PEG may be required as a nutritional intervention for these patients.
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