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Use of cetuximab in combination with pulsed reduced
dose-rate radiotherapy in a patient with recurrence
of nasopharyngeal carcinoma in the neck
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Abstract. Reirradiation is a major therapeutic modality for
patients with locally recurrent head and neck carcinoma. Due
to normal tissue tolerances, reirradiation using conventional
techniques has a narrow therapeutic ratio in the regional
recurrence of nasopharyngeal carcinoma (NPC). Pulsed
reduced dose-rate radiotherapy (PRDR), which delivers a
series of 0.2 Gy pulses separated by 3 min intervals, is a new
reirradiation technique. Head and neck carcinoma cells have
high levels of epidermal growth factor receptor expression
and cetuximab shows a clear benefit to locally advanced head
and neck carcinoma. We report a 56-year-old male with a
recurrent lesion of NPC in the neck following initial radical
radiochemotherapy. The patient was retreated with PRDR and
concurrent cetuximab. The total dose of PRDR was 70 Gy,
using 35 daily fractions of 2.0 Gy. The recurrent lesion of
this patient had a complete response with no apparent
radiation-induced normal tissue complications. This is the
first study concerning PRDR combined with cetuximab for
the treatment of recurrent head and neck carcinoma following
radiotherapy. The outcome of this patient reveals that treat-
ment with PRDR and concurrent cetuximab is a promising
therapeutic option for patients with recurrent head and neck
carcinoma following radiotherapy.

Introduction

Nasopharyngeal carcinoma (NPC) is the most common type
of head and neck cancer among the Southeastern Asian popu-
lation. Radiotherapy is an important treatment approach for
NPC (1). The recurrence of NPC following radiotherapy is a
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major modality of failure in patients with NPC. Approximately
20% of patients with NPC present with local failure following
initial radiotherapy (2). Recurrence leads to a poor prognosis
in patients with NPC since the sensitivity to radiotherapy is
reduced in the recurrent tumor. Palliative therapeutic modali-
ties include reirradiation, radioactive seed implantation,
chemotherapy and surgical debulking for locally recurrent
NPC. Reirradiation has gained wide acceptance and offers
a chance of long-term tumor control for patients with local
recurrence of NPC (3). However, the tolerance and toxicity
of normal tissues experienced during reirradiation compared
with the initial radiotherapy is a serious challenge.

A new technique of reirradiation, pulsed reduced dose-rate
radiotherapy (PRDR), was developed for the local failure
of tumors following radiotherapy. PRDR delivers a series
of 0.2 Gy pulses separated by 3 min intervals. It has a high
local control rate and is well-tolerated in patients with local
recurrence of breast cancer or glioblastoma (4,5). Epidermal
growth factor receptor (EGFR) is usually overexpressed in
NPC (6). The overexpression of EGFR in squamous cell carci-
noma of the head and neck is associated with a lower local
control following radiotherapy (7). Cetuximab, an anti-EGFR
monoclonal antibody, modulates apoptosis and enhances the
effects of radiation and chemotherapy (8,9). Therefore, in
the present study a patient with a second neck recurrence of
NPC received combined treatment of PRDR and cetuximab
following two courses of radiotherapy and several cycles of
chemotherapy.

Case report

A 56-year-old Asian male experienced a firm neck mass in
September 2003. A computed tomography (CT) scan revealed
an enhanced mass in the nasopharynx and several bilateral
enhanced lymph nodes in the neck. A flexible fiberoptic
nasopharyngoscope examination was performed and biopsies
from the lesion of the nasopharynx were obtained. The
biopsies were identified as poorly differentiated squamous cell
carcinoma (Type II according to the WHO). Following a CT
scan of the head/neck and thorax and ultrasound examination
of the abdomen, the cancer of the patient was classified as
stage T2N2MO, based on clinical and radiological evaluation
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Figure 1. CT scan showing a large recurrent enhancing mass in the left neck
of a patient with NPC following initial radiochemotherapy. CT, computed
tomography; NPC, nasopharyngeal carcinoma.

and according to the TNM staging criteria (AJCC 2002) (10).

The patient received radical conventional external-beam
radiotherapy (EBRT) with 8 MV X-rays and 6-12 MeV
electrons from a linear accelerator. Facial-cervical, preau-
ricular and cervical tangent fields were applied. A total dose
of 70 Gy was administered to the gross tumor targets and
metastatic lymph node and =50 Gy to the bilateral cervical
lymphatics. EBRT was delivered with a daily fraction of 2 Gy,
five fractions per week. The patient was then followed up
according to standard medical protocol. Endoscope and CT
examinations revealed the disappearance of the gross tumor
and metastatic lymph nodes at the first follow-up 1 month after
radiation. A lymph node 1.5 cm in diameter was found on the
right upper neck of the patient in October 2004. The patient
refused to undergo a PET/CT or MRI scan or a biopsy of the
Iymph node. The patient also declined to treat this lymph node,
which grew slowly. A contrast-enhanced CT scan revealed
multiple bilateral metastatic lymph nodes in the neck of the
patient in November 2009 and the greatest dimension of the
mass in the right upper neck was 6 cm. Three-dimensional
conformal radiotherapy (3D-CRT) was performed to treat the
recurrent metastatic lymph nodes in the neck. The dosage of
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Figure 2. Radiation-induced acute skin toxicity of the left neck skin. (A) Prior
to PRDR. (B) At the time of completed PRDR radiotherapy. PRDR, pulsed
reduced dose-rate radiotherapy.

clinic target volume (CTV) was 60 Gy. The reliquus meta-
static lymph nodes in the right neck were surgically resected
following reirradiation therapy. Adjuvant chemotherapy was
initiated within 2 weeks of surgery for 4 cycles. The chemo-
therapy regimen consisted of paclitaxel, 135 mg/m? on day 1,
and cisplatin, 30 mg/m?*day on days 1-3 of a 21-day treatment
cycle.

In May 2010, a 1.5x2 cm mass in the left upper neck was
found by the patient. A contrast-enhanced CT scan of the neck
revealed that the mass was a recurrent metastatic lymph node.
No other metastastic lesion was found following a CT scan of
the head/neck and thorax and ultrasound examination of the
abdomen. The patient declined to undergo surgical manage-
ment and received chemotherapy with cisplatin (90 mg/m?* on
day 1) plus fluorouracil (500 mg/m?*/day for 5 days) for 2 cycles.
The mass increased slowly in size and paclitaxel (135 mg/m?
on day 1) and cisplatin (30 mg/m*/day on day 1-3) were used
for 2 cycles. The lesion progressed and the greatest dimension
of the mass was 5.5 cm (Fig. 1). The clinical consensus was
to proceed with PRDR and concurrent cetuximab following
an evaluation of the medical oncology and the choice of the
patient. PRDR was performed using 3D-CRT and each frac-
tion was delivered with 0.2 Gy pulses separated by 3 min
intervals, creating a dose-rate of 0.0667 Gy/min (7,8,18). The
patient received a total dose of 70 Gy using 35 daily frac-
tions of 2.0 Gy from 15 October 2010 to 2 December 2010.
Cetuximab was administered at an initial dose of 400 mg/m?
and was subsequently administered at a weekly dose of
250 mg/m? concurrently with radiotherapy (11).

The side effects of reirradiation and cetuximab were
well-tolerated by the patient. At the third week of radio-
therapy, papulo-pustular skin lesions developed in the face
of the patient. The patient experienced grade 1 skin toxicity
in response to cetuximab and grade 2 pharyngeal mucositis
during radiotherapy. Notably, the patient experienced only
grade 1 acute skin toxicity induced by irradiation in the
reirradiated field and no significant late toxicity (Fig. 2). In
February 2011, a contrast-enhanced CT scan of the neck of
the patient revealed the complete response of the recurrent
lymph node in the left neck following treatment with PRDR
plus cetuximab (Fig. 3).
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Figure 3. CT images with contrast (2 months following the completion of
PRDR radiation with concurrent cetuximab). The recurrent lesion regressed.
CT, computed tomography; PRDR, pulsed reduced dose-rate radiotherapy.

Discussion

Curative approaches to recurrent NPC include surgery with or
without radiotherapy and definitive radiation-based therapy.
Recurrent disease is often not resectable, or patients decline
surgical resection due to concerns about quality of life.
Reirradiation is an important approach for the treatment of
patients with recurrent head and neck carcinoma. However,
reirradiation is difficult due to normal tissue tolerances.
Normal tissues that receive reirradiation may experience more
severe acute and late radiation complications compared with
the initial course. It is difficult to achieve the correct balance
between tumor control and the severe toxicity of normal tissue.
Reirradiation using conventional techniques often has modest
palliative and survival benefits.

A new irradiation technique, PRDR, was developed to treat
recurrent malignant lesions. It appears to be a highly effective
modality on irradiated recurrences and a low toxicity method to
reirradiate normal tissues. Due to the different repair capacities
of normal tissues and tumor cells, below standard dose-rates
are preferable to protect normal tissue, while PRDR produced
almost identical toxicity to cancer cells as conventional radio-
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therapy. The mechanism by which PRDR kills tumor cells
may be low dose hyperradiosensitivity (LDHRS). LDHRS,
which is increased radiosensitivity to doses <0.3-0.5 Gy, has
been demonstrated in numerous tumor cells (12,13). On the
other hand, the reduced dose-rate and a fixed time interval
reduce toxicity and improve the sublethal damage repair of
normal tissue. It allows normal tissues to repair during each
sub-fraction and is an effective method with low toxicity to
treat recurrent breast cancer and glioblastoma (4,5).

As squamous cell carcinoma of the head and neck
commonly has a high level of EGFR expression, treatment
with cetuximab shows the clearest benefit to locally advanced
head and neck cancer compared with radiotherapy alone when
it is combined with radiotherapy (14). We treated a patient with
recurrent NPC with PRDR and concurrent cetuximab. The
treatment of the recurrent neck lesion in this patient achieved
complete regional control and low toxicity to normal tissue
around the lesion. The combination of radiation and concur-
rent cetuximab has been reported to enhance skin toxicity
compared with radiotherapy alone in patients with head and
neck cancer (15,16). However, only CTC grade 1 radioderma-
titis occurred in this patient. Certain studies have reported a
lack of cetuximab-induced skin rash in the previously radiated
field. The mechanism of this phenomenon is uncertain (17,18).
It may be related to microvascular injury which reduces the
delivery of cetuximab, a reduced number of EGFR-expressing
cells or a reduced receptor sensitivity following radiation.

In conclusion, the treatment of PRDR with concurrent
cetuximab is well-tolerated and is a promising therapeutic
option for patients with recurrent head and neck carcinoma
following radiotherapy, although the mechanism by which it
functions remains unclear.
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