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Summary

Purpose: To observe the efficacy and side effects of cetuxi-
mab combined with radical radiotherapy in the treatment of
sinonasal squamous cell carcinoma (SCC), and to investigate
the underlying mechanism of cetuximab.

Methods: 62 patients with locally advanced sinonasal SCC
diagnosed in our hospital from January 2013 to January
2014 were envolled. Cetuximab and radical radiotherapy
were simultaneously given to patients in the combination
group, while only radical radiotherapy was given to patients
in the radiotherapy group. Cetuximab was administered
weekly until the end of radiotherapy. Patients intolerant to
cetuximab or withdrawn the informed consent were excluded.
On first administration, cetuximab was given i.v. at a dose of
400 mg/m2 for more than 120 min, with maximum drop rate
of 5 mL/min. Afterwards, cetuximab was given i.v. per week
at a dose of 250 mg/m? for more than 60 min.

Results: (1) The objective response rate (ORR) and disease

Introduction

Sinonasal malignancies (SNM) are relatively
rare diseases, accounting for only 11.9% of head
and neck neoplasms. Among them, SCC is frequent-
ly found in the maxillary sinus, which is the most
common type of SNM that accounts for 70-80%,
followed by sinus carcinoma and nasal carcinoma
[1,2]. Early symptoms of SNM are difficult to be ob-
served, which is an obstacle in the early disease di-
agnosis and treatment. As the nasal cavity and par-
anasal sinuses are adjacent to the oral cavity, orbit

control rate (DCR) in the combination group was 77.42%
and 93.54%, respectively, while the ORR and DCR in the
radiotherapy group were only 45.61% and 70.97%, respec-
tively (p<0.05). (2) The progression free survival (PFS) and
the median overall survival (OS) in the combination group
were 19.5 and 26.6 months, respectively, while in the radio-
therapy group were only 13.8 and 18.9 months, respectively
(p<0.05). (3) The incidence of rash in the combination group
was significantly higher than that of the radiotherapy group
(p<0.05). However, there were no significant differences in
other adverse reactions between the two groups.

Conclusions: Combination of cetuximab with radical ra-
diotherapy is safe and effective for advanced local sinonasal
SCC and improves the survival rate and the prognosis of
patients with sinonasal SCC.

Key words: cetuximab, chemotherapy, radiotherapy, sinona-
sal squamous cell carcinoma

and skull base, multiple important organs and tis-
sues may be involved with tumor expansion. So far,
single therapy cannot efficiently achieve curative
effect of SNM [3-5]. Therefore, it is of great signifi-
cance to explore combination treatments of SNM.

In recent years, the role of molecular targeted
therapies in various cancers has gradually been
recognized. The advantages of target therapy, such
as high effectiveness, low toxicity and selective tar-
geting drugs, have brought encouraging survival
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benefits to patients with malignant tumors. Stud-
ies have suggested that epidermal growth factor
receptor (EGFR) is one of the most studied targets.
EGFR, a member of the family of growth factor
receptors with tyrosine kinase activity, can inhibit
cell apoptosis, promote cell proliferation and an-
giogenesis. Upregulated EGFR has been proved to
be related to poor prognosis of cancers. More than
90% of patients with head and neck SCC express
positive EGFR [6-8].

Cetuximab was initially applied in the treat-
ment of advanced colorectal cancer with good re-
sults. Extensive clinical studies of cetuximab in
head and neck carcinomas have been carried out.
In addition, cetuximab was also demonstrated to
exert effectiveness in non-small cell lung cancer,
pancreatic cancer, gastric cancer, breast cancer,
skin cancer, glioma and other malignant tumors
[9-11]. Robert et al. [12] evaluated the efficacy of ra-
diotherapy combined with cetuximab in 16 patients
with advanced head and neck SCC. All evaluable pa-
tients achieved complete remission (CR) or partial
remission (PR), of which 13 cases were in CR and
2 in PR. Cetuximab was first approved by EMEA in
April 20006 for the treatment of advanced local head
and neck SCC combined with radiotherapy, which
was the well-known Bonner trial [13]. These results
showed that cetuximab could significantly prolong
the survival of patients with locally advanced head
and neck cancer. Meanwhile, cetuximab improved
the larynx preservation rate without any influence
on the completion time of radiotherapy.

In this paper, 62 patients with head and neck
SCC treated in our hospital from January 2013 to

January 2014 were studied. Moreover, evaluated
and analyzed were the short-term efficacy, PFS and
OS of cetuximab combined with radiotherapy for
patients with advanced local sinonasal SCC. Our
study provided a basis for further exploring the
clinical value of cetuximab in the treatment of ad-
vanced local sinonasal SCC.

Methods

Research subjects

Sixty-two patients with locally advanced sinonasal
SCC diagnosed in our hospital from January 2013 to
January 2014 were enrolled. All patients were patho-
logically confirmed as SCC. Before treatment, general
physical examination, including nasopharynx, head and
neck MRI, chest X-ray, abdominal B-ultrasound, whole
body bone emission computed tomography (ECT) and
chest and abdominal CT examination were performed
to confirm the diagnosis and staging of sinonasal SCC.
The disease stage of the enrolled patients was III or IV,
and their life expectancy was at least 12 months. Before
the following experiments, we performed general blood/
pathological examinations on patients. The results indi-
cated that patient Karnofsky Performance Scores (KPS)
was over 70, neutrophils count was over 1.5x10%L, plate-
let count was over 100x10%L and hemoglobin was over
90 g/L. All patients had no evidence of distant metas-
tasis. Sixty-two patients were then randomly assigned
into either the combination group or radiotherapy group,
with 31 cases in each group. There were 24 males and 7
females in the combination group, with an average age
of 45.64+4.57 years. Among patients in the combination
group, there were 19 cases of stage III and 12 cases of
stage IV. In the radiotherapy group, there were 21 males

Table 1. Comparison of patient general characteristics in the two groups

Characteristics Combination group Radiotherapy group p value

Age (years) 0.554
>60 6 9
<60 25 22

Gender 0.570
Male 24 21
Female 7 10

KPS score 0.731
70/80 6 4
90 25 27

Tumor type 1.000
Maxillary sinus carcinoma 19 18
Ethmoid carcinoma 12 13

Stage 0.185
III 19 22
v 12 9
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and 10 females, with an average age of 46.95+5.67 years.
Among patients in the radiotherapy group, there were 22
cases of stage III and 9 cases of stage IV. No significant
differences in gender and age were observed between the
two groups (p>0.05). Results of routine blood tests, liver
and kidney function of all patients were normal so that
the therapeutic effects could be evaluated. The specific
situations are shown in Table 1.

Cetuximab treatment

Patients in the combination group were treated
weekly with cetuximab until the end of radiotherapy.
Patients who were intolerant to cetuximab or withdrawn
the informed consent were excluded. Cetuximab dose
was calculated according to the body surface area of
the subjects. The first administration dose of cetuximab
was 400 mg/m? infusion for more than 120 min, with a
maximum drop rate of 5 mL/min. Afterwards, cetuximab
was infused weekly at a dose of 250 mg/m? for more
than 60 min. All cardiac signs were monitored by elec-
trocardiograph during the cetuximab administration.
Antihistamines and corticosteroids were used before
cetuximab treatment to reduce the risk of anaphylaxis.
On the first stage of combination treatment, cetuximab
infusion was carried out in the morning, while radio-
therapy was delivered in the afternoon. For the second
stage, cetuximab infusion was performed 1 hr after the
completion of radiotherapy in the morning.

Radiotherapy

Simultaneous intensity-modulated radiotherapy
(IMRT) was carried out 1 week after the initial treat-
ment of cetuximab. All patients received the same ra-
diotherapy schedule with two stages. For the first stage,
radiation with 1.8 Gy/day was delivered to the face-neck
field and the lower neck field 5 times a week. The first
stage of radiation lasted for 3.6 weeks, with an overall
radiation dose of 32.4 Gy. For the second stage, radiation
with 1.8 Gy was delivered in the lower neck field in the
morning twice a day. Radiation in the lower neck field
was carried out 5 times a week and lasted for a total
of 2.4 weeks. Simultaneous IMRT was also carried out
in the second stage in the primary lesion and positive
lymph nodes at a dose of 1.5 Gy. The total irradiation of
IMRT was 18 Gy.

Assessment criteria

Imaging review was performed immediately af-
ter the last treatment. Three months later, the imag-
ing examination was performed again to evaluate the

treatment efficacy. Response Evaluation Criteria in Solid
Tumors (RECIST) were used to objectively evaluate the
efficacy of the radiotherapy alone or the combination
treatment, including complete remission (CR), partial
remission (PR), stable disease (SD) and progressive dis-
ease (PD). During treatment, the blood routine tests were
performed weekly. Liver and kidney function, blood elec-
trolyte and electrocardiogram were performed every 2
weeks. Weight loss, skin and mucosa condition and other
side effects were recorded in detail. The toxicity was
assessed using the National Cancer Institute-Common
Toxicity Criteria (NCI-CTC version 3.0).

Follow-up

All patients were followed up every 3 months for
2 years after the end of treatment, and then every half
year for another 2 years. Relevant examinations were
performed in the follow-ups, including physical exami-
nation, liver and kidney function examination, chest CT,
upper and lower abdominal CT, head and neck CT or MR,
bone ECT, etc. The PFS and 3-year OS survival rates were
analyzed.

Statistics

SPSS17.0 software package (Chicago, IL, USA) was
used to analyze the data. All quantitative measurement
data were expressed as mean + standard deviation. The
t-test was used for comparison between groups, and chi-
square test was used to compare the percent data. Mul-
tivariate analysis was performed using multiple linear
regression and binomial logistic regression and a p<0.05
was considered as statistically significant.

Results

Comparison of short-term efficacy between the two
groups

All patients in the combination group were
treated with cetuximab for 7 weeks. After combi-
nation treatment, 8 cases achieved CR and 16 PR.
The ORR and DCR in the combination group was
77.42% and 93.54%, respectively, while 4 cases
achieved CR and 10 PR in the radiotherapy group.
The ORR and DCR was 45.61% and 70.97%, respec-
tively. The ORR and DCR in the combination group
were significantly higher than those in the radio-
therapy group, and the differences were statisti-
cally significant (p<0.05; Table 2).

Table 2. Comparison of short-term efficacy between the two groups

Group CR PR SD PD ORR (%) DCR (%)
Combination group 8 16 5 2 7742 93.54
Radiotherapy group 4 10 8 9 45.16 70.97
p value 0.018 0.043

For abbreviations see text
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Comparison of the prognosis of the two groups of
patients

Patients in the combination group and the ra-
diotherapy group were followed up for 1.74+1.29
years and 1.45+1.35 years, respectively. The differ-
ences in the follow-up time and survival rate be-
tween the two groups were statistically significant
(p<0.05). The PFS and the median OS in the combi-
nation group were 19.5 months (95% CI, 17.5-20.5)
and 26.6 months (95% CI, 21.4-28.6), respectively,
while in the radiotherapy group, the PFS and the
median OS were 13.8 months (95% CI, 11.2-14.8)
and 18.9 months (95% CI, 16.2-19.19), respectively.
The differences in the PFS and OS between the two
groups were highly significant (x2=20.832, p=0.000,
x2=11.137,p=0.001). The 3-year OS rate in the com-
bination group and the radiotherapy group was
35.48 and 9.68%, respectively (p<0.05; Figure 1).
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Correlation between the primary tumor site and the
efficacy of cetuximab combined with radiotherapy

Among the 31 patients in the combination
group, there were 19 cases of maxillary sinus SCC
and 12 cases of ethmoid sinus SCC. The ORR of the
two groups was 78.94 and 75.00%, respectively, and
the DCR of the two groups was 94.73 and 91.67%,
respectively. No significant differences in ORR
and DCR between the two groups were observed
(x2=0.66, p=0.395 and x2=0.115, p=0.705; Table 3).
The median PFS in the two groups was 20 months
(95% CI, 16.1-21.9) and 18.9 months (95% CI, 15.8-
20.2), and the median OS was 26 months (95% CI,
21.1-26.9) and 27.8 months (95% CI, 20.5-33.5),
respectively. No significant differences between
the median PFS and OS in the two groups were
observed (x2=2.002, p=0.157 and x?=0.022, p=0.882;
Figure 2).
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Figure 1. Progression-free survival (PFS) and overal survival (OS) for patients with sinonasal SCC treated with cetuxi-
mab combined with radical radiotherapy. A: PFS of the two groups; the difference was statistically significant (p=0.000).
B: OS of the two groups; the difference was statistically significant (p=0.001).
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Figure 2. Progression-free (PFS) survival and overall survival (OS) for patients with maxillary sinus SCC and ethmoid
sinus SCC treated with cetuximab combined with radical radiotherapy. A: PFS of patients with maxillary sinus SCC and
ethmoid sinus cancer; the difference was not statistically significant (p=0.157). B: OS of maxillary sinus SCC and ethmoid
sinus SCGC; the difference was not statistically significant (p=0.882).
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Table 3. Comparison of the short-term efficacy of cetuximab in the treatment of maxillary sinus SCC and ethmoid sinus

SCC
Tumor type n CR PR SD PD ORR (%) DCR (%)
Maxillary sinus carcinoma 19 11 3 1 78.94 94.73
Ethmoid carcinoma 12 5 2 1 75.00 91.67
p value 1.000 1.000
For abbreviations see text

Table 4. Adverse reactions in both groups
G Leukemia Erythra  Gastrointestinal reactions Neurotoxicity —Liver/kidney function injury

rou
P n (%) n (%) n (%) n (%) n (%)

Combination group 8 (25.81) 17 (54.84) 10 (32.206) 5(16.13) 4 (12.90)
Radiotherapy group 6 (19.35) 3 (9.68) 8 (25.81) 6 (19.35) 3 (9.68)

p value 0.762 0.000 0.780 1.000 1.000

Adverse reactions

As shown in Table 4, the main adverse reac-
tions in the combination group and radiotherapy
group were leukopenia (25.81 and 19.35%, respec-
tively), skin rash (54.84 and 9.68%), liver and kid-
ney dysfunction (12.9% and 9.68%), gastrointesti-
nal reactions (32.26 and 25.81%) and neurotoxicity
(16.13 and 19.35%). The incidence of rash increased
significantly in the combination group compared
with that of the radiotherapy group. However, there
were no statistical differences in the incidences of
other adverse reactions. The results showed that
the combination of cetuximab and radiotherapy can
increase significantly the incidence of rash, without
any influence on other adverse reactions.

Discussion

EGFR is overexpressed in many malignant tu-
mors. The expression rate of EGFR in the head and
neck SCC is up to 90%. Upregulation and activa-
tion of EGFR are related with decreased disease-
free survival (DFS) and OS rate, which is predictor
of poor prognosis in the head and neck SCC [14-
16]. EGFR activation is divided into three steps.
The first step is the homodimers and heterodimers
formed by the binding of EGFR with its correspond-
ing ligand. The second step is the phosphorylation
of 6 specific receptors facilitated by the formation
of EGFR dimers. The phosphorylation then trans-
fers various external signals into cells via the Ras-
Raf-MAPK pathway and PI3K-PKC-IKK pathway.
Finally, the transcription level of the genes in the
nucleus is increased to promote the cell prolifera-

tion, thus increasing the expression level of EGFR
[17,18].

Cetuximab is a relatively novel recombinant
human/mouse chimeric IgG1 monoclonal antibody.
As the first target drug approved for treating head
and neck SCC, cetuximab is targeted against chi-
meric EGFR monoclonal antibodies by specifically
binding with its extracellular domain to inhibit
the EGFR signaling pathway. Cetuximab exerts its
antitumor activity by inhibiting the proliferation
of tumor cells, promoting apoptosis of tumor cells
and blocking tumor angiogenesis, thus enhancing
the therapeutic effect of chemoradiotherapy [19-
23]. Cetuximab can also reduce the release of met-
alloproteinases and vascular endothelial growth
factor (VEGF), thus activating the body’s immune
function by inhibiting tumor angiogenesis and
metastasis [24,25]. Meanwhile, cetuximab exerts a
synergistic antitumor effect through the reversal of
tumor cell resistance and blockage of DNA repair
[20]. It can further kill tumor cells by inducing anti-
body-dependent cell-mediated cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC) [27].

Huang et al. [28] have shown that cetuximab
can enhance the sensitivity of the head and neck
SCC to radiotherapy. In their study, they found that
after the establishment of human head and neck
SCC xenografts in a nude mice model, the combi-
nation treatment of cetuximab with radiotherapy
could completely clear the tumor tissues in a vol-
ume of 20 mm?3 and 100 mm?3 within 55-100 days.
The effect of the combination treatment was sig-
nificantly better than that of single radiotherapy.
Curran et al. [29] also showed that in patients with
advanced head and neck SCC, the tumor control
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rate and OS rate of patients treated with cetuximab
and radiotherapy were significantly better than
those of the single radiotherapy (p<0.05).

In this study, the short-term efficacy after the
combination treatment was evaluated. Eight cases
achieved CR and 16 PR in the combination group.
The ORR and DCR in the combination group were
77.42 and 93.54%, respectively, which were signifi-
cantly higher than those of the radiotherapy group.
The PFS and the median OS in the combination
group was 19.5 months (95% CI, 17.5-20.5) and 26.6
months (95% CI, 21.4-28.6), respectively, which
were also significantly higher than those of the ra-
diotherapy group. It was further demonstrated that
cetuximab combined with radiotherapy could im-
prove the prognosis of patients with sinonasal SCC.
Our study also revealed a great efficacy of cetuxi-
mab for different primary sites of the sinonasal SCC.

In this study, the main adverse reactions of
patients with sinonasal SCC were rash, gastroin-
testinal reactions, leukopenia and neurotoxicity.
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