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Abstract

Introduction The esophageal squamous cell carcinoma
(ESCC) is the predominant pathological type and accounts
for more than 80 % of esophageal cancer in China. The
successful use of anti-epidermal growth factor receptor
(EGFR) treatment in head and neck squamous cell carci-
noma provides the rationale for introducing anti-EGFR
targeting treatment in ESCC. One of our prospective phase
II clinical trials analyzed the efficacy of nimotuzumab, an
anti-EGFR agent, combined with chemotherapy (paclitaxel
and cisplatin) to treat unresectable ESCC.

Materials and methods We analyzed the correlation of
the clinical response with EGFR expression by immuno-
histochemical staining (IHC).

Results Totally 55 tumor samples were analyzed. 18/55
(32.7 %) cases were with high EGFR expression while the
other 37/55 (67.3 %) cases were with low to moderate
EGEFR expression. The expression of EGFR was not related
to gender, age, tumor location, tumor differentiation and
clinical stage of disease. The objective response rate (ORR)
in high EGFR expression group was 55.6 % (10/18) while
that in low to moderate EGFR expression group was
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54.1 % (20/37) (P = 0.57). Both the progression-free
survival (PFS) and overall survival (OS) in high EGFR
expression group were much shorter than those in low to
moderate EGFR expression group (PFS: 5.8 £ 0.5 vs.
11.0 & 2.8 months, P = 0.007; OS: 9.7 £05 vs.
21.5 £ 1.5 months, P = 0.03).

Conclusions The results showed that over-expression of
EGFR was related to poor survival of ESCC. The over-
expression of EGFR by IHC might not be an ideal pre-
dictive biomarker of nimotuzumab treatment. Other EGFR
pathway-associated molecules should be analyzed in fur-
ther studies.

Keywords Epidermal growth factor receptor -
Esophageal squamous cell carcinoma - Nimotuzumab

Introduction

Esophageal cancer is composed of tumors of three distinct
anatomic areas and two distinct histological subtypes:
squamous cell carcinoma and adenocarcinoma. Though the
adenocarcinoma is common in western countries, the
majority of esophageal cancer in Asia, especially in China,
is squamous cell carcinoma which accounts for more than
80 % of the disease [1].

Previous research had revealed that the epidermal
growth factor receptor (EGFR) is over-expressed in eso-
phageal cancer. Both the protein over-expression and gene
amplification of EGFR had been reported to be associated
with poor prognosis in esophageal squamous cell carci-
noma (ESCC) [2]. In preclinical studies, cetuximab could
decrease EGFR pathway signaling via reduced phospho-
rylation of EGFR and AKT in esophageal and gastric
cancer cell lines [3]. Combination of chemotherapy and
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cetuximab resulted in synergistic inhibition of cell prolif-
eration and enhanced apoptosis [4]. A Meta study including
nine studies and 802 patients showed that over-expression
of EGFR was significantly correlated with the lymph
node status, tumor differentiation grade, and poor overall
survival (OS) with a pooled HR of 1.60 [5].

The success of anti-EGFR targeting treatment in non-
small cell lung cancer, colorectal cancer, and head and
neck cancer encouraged pilot studies of introducing anti-
EGEFR target agents in treatment of esophageal cancer. The
phase I EXTREME study demonstrated that combination
of cetuximab and platinum/5-fluorouracil significantly
improved OS in squamous cell carcinoma of the head and
neck compared with chemotherapy alone [6]. Therefore, it
provides the rationale for introducing anti-EGFR targeting
treatment in ESCC. A number of phase 1 and 2 studies had
explored the toxicities and safety of anti-EGFR agents such
as cetuximab, panitumumab, and gefitinib in esophageal
cancer. A randomized phase 2 study by Richards et al.
analyzed the combination treatment of cetuximab and
docetaxel plus oxaliplatin to treat advanced gastroe-
sophageal cancer patients. The objective response rate
(ORR) was 36.0 % and the progression-free survival (PES)
and OS were 4.3 and 8.5 months, respectively [7]. Then,
they compared cetuximab with chemotherapy (docetaxel
plus oxaliplatin) vs. chemotherapy alone in advanced
adenocarcinoma of the gastroesophageal junction and
stomach cancer in 150 patients. Though there were no
statistical significant improvement, their results showed
that the combination of cetuximab and chemotherapy was
tolerable and with prolonged median PFS (5.1 vs.
4.7 months), and prolonged OS (9.4 vs. 8.5 months) [8].
However, a phase 2/3 multicenter randomized trial,
SCOPE 1, reported that an addition of cetuximab to
chemoradiotherapy (CRT) had more frequent toxicities, but
no survival benefits (OS 22.1 vs. 25.4 months, P = 0.035)
[9]. The REAL3 study compared chemotherapy (epiru-
bicin, oxaliplatin, and capecitabine) with or without
another anti-EGFR agent panitumumab and found that the
combination was associated with worse OS (8.8 wvs.
11.3 months; P = 0.01) [10]. Thus, more studies should be
done to explore the clinical impacts of anti-EGFR treat-
ment in esophageal cancer and potential biomarker to
select patients who could benefit from such treatment.

In China, a humanized anti-EGFR monoclonal antibody,
nimotuzumab, had been studied in several clinical trials.
Nimotuzumab alone or combined with chemotherapy or
radiotherapy was well tolerated. Liang et al. analyzed the
efficacy of a combination treatment of nimotuzumab with
radiotherapy in local advanced esophageal cancer. This
phase IT study enrolled 52 patients and the 3-year OS rate was
26.2 %. Nimotuzumab-related skin rash was observed in

only four patients (7.7 %), but did not require treatment.
Other radiotherapy associated Grade 3 toxicities including
esophagitis and gastrointestinal, dermatological and hema-
tological toxicities were observed in 21.4 % patients [11]. In
another phase I study, 19 patients with local advanced eso-
phageal cancer received chemotherapy (Cisplatin and 5-FU)
and nimotuzumab. The ORR was 42.1 % and disease control
rate was 68.4 %. The combination was well tolerated and the
main adverse events were chemotherapy-associated leu-
copenia, vomiting, and asthenia [12].

In this study, we analyzed the expression of EGFR in
tumor tissue of patients with ESCC by immunohisto-
chemical staining (IHC) and its relationship with a com-
bination treatment of nimotuzumab and chemotherapy in a
prospective phase II study.

Materials and methods
Patients and treatment

Patients enrolled in this study were from a prospective
phase II clinical trial of “Nimotuzumab plus paclitaxel and
cisplatin as 1st line treatment for esophageal squamous cell
cancer: a single center prospective clinical trial”
(NCTO01336049) conducted by the Peking University
Cancer Hospital. The ethic committee of the Peking
University Cancer Hospital had approved this trial and the
written informed consent was signed voluntarily by the
subjects before enrollment.

Patients must have histological confirmed esophageal
squamous cell carcinoma with unresectable local advanced
or metastatic tumor. Measurable disease according to the
RECIST 1.0 criteria was required. Prior palliative
chemotherapy and radiotherapy were excluded except for
the non-target lesion radiation and adjuvant chemotherapy
with an interval of at least 6 months. The age of patients
should range from 18 to 75 and both genders were eligible.
Patients should have no history of paclitaxel (except for
adjuvant treatment) and the total dose of cisplatin should be
less than 300 mg/m® in previous treatments. Patients
should have normal marrow, renal, and liver function,
performance status of a Karnofsky score >80, and a life
expectancy of >3 months.

Patients were given cisplatin 30 mg/m?® on day 1 and
day 2, paclitaxel 175 mg/m® on day 1, cycled every
21 days for at least 2 cycles. Nimotuzumab was given
200 mg weekly. CT scan was conducted before treatment,
every two cycles after treatment, and every 6 months
during the follow-up (The ultrasonic check of abdomen
instead of CT scan was allowed during follow-up if there
were not metastatic tumors in abdomen).

@ Springer



594

Clin Transl Oncol (2016) 18:592-598

Immunohistochemical analysis

The tissues of tumor were collected by gastroscopic biopsy or
surgical removed mass. The immunohistochemical staining
procedure was performed according to the standard staining
protocol. The tumor tissue was incubated overnight at 4 °C in
a moist chamber with rabbit monoclonal antibody anti-EGFR
(Zhongshan Jingiao Biotechnology Co. Ltd., China; 1:100
dilution). A negative control was obtained by replacing the
primary antibody with a normal goat serum. Known EGFR-
expressing slides provided by Zhongshan Jinqiao Biotech-
nology Co. Ltd., China were used as positive controls.

Statistical analysis

This trial is a single arm study. All patients were classified into
two arms according to their EGFR status of tumor tissues.
Tumors in surgical removed samples or gastroscopic biopsy
samples were considered to be low EGFR expression when
there was no staining or membrane staining of EGFR in <10 %
tumor cells was observed. Moderate complete and/or incom-
plete membrane staining in >10 %, but <50 % tumor cells was
considered as moderate EGFR expression cases, while strong
complete and/or incomplete membrane staining in >50 %
tumor cells was considered as high EGFR expression cases.
Response to the treatment was evaluated by the investi-
gators according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.0. The Chi-square test and fish-
er’s exact test (in case of sample size less than 5) were used to
evaluate difference between groups in all tests performed,
with the resultant P value representing a two-sided test of
statistical significance. Kaplan—-Meier survival curves for
different strata were plotted for OS and PFS. The differences
were tested by the log-rank test. All statistical tests were
performed with SPSS 17.0 software (SPSS, Inc., Chicago, IL)
and a P value of <0.05 was considered statistically significant.

Results
Clinical characteristics

The clinical and pathological characteristics of patients
with ESCC are summarized in Table 1. Totally 55 patients
with unresectable local advanced or metastatic tumor were
enrolled. There were 45 men and 10 women. The median
age was 60.7 years old (range 42—76 years). In accordance
with the World Health Organization criteria, one case
(1.8 %) was well-differentiated tumor, 24 (43.6 %) were
moderately differentiated tumor, and 29 (52.7 %) were
poorly differentiated tumor. 35 of 55 tumors (63.6 %) were
of the lower thoracic esophagus, 14 of 55 (25.5 %) were of
the middle thoracic esophagus, and the other 6 (10.9 %)
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Table 1 The patient characteristics and EGFR expression

n  EGFR Status P value
High (%) Low to moderate (%)
Gender
Male 45 16 (35.6) 29 (64.4) 0.47*
Female 10  2(20.0) 8 (80.0)
Age
Over 60 25 11 (44.0) 14 (56.0) 0.10
Under 60 30 7(23.3) 23(76.7)
ECOG performance status
0 41 12(29.3) 29 (70.7) 0.27
1 14 6429 8(57.1)
Location of primary tumor
Cervical 1 0( 1 (100) 0.12*
Upper thoracic 5 1(20.0) 4 (80.0)
Middle thoracic 14 8 (57.1) 6 (42.9)
Lower thoracic 35 9 (25.7) 26 (74.3)
Differentiation
Poor 29  11(37.9) 18(62.1) 0.81*
Moderate 24 7(29.2) 17 (70.8)
Well 1 0( 1 (100)
Unknown 1 0(0) 1 (100)
Stage
Local advanced 31 9(29.0) 22 (71.0) 0.35
Metastatic 24 9 (374) 15 (62.5)

The EGFR expression was not associated with age, gender, perfor-
mance status scale, location of primary tumor, differentiation of
tumor cells, and clinical stage

* Fisher’s exact test

were of the upper thoracic or cervical esophagus. 31 of 55
(56.4 %) patients were with local advanced disease while
the other 24 (43.6 %) patients were with metastatic disease.

Expression of EGFR in tumors

In all the 55 patients, 18 (32.7 %) cases were of low EGFR
expression. 19 (34.5 %) cases were of moderate EGFR
expression. 18 (32.7 %) cases were of high EGFR
expression. The EGFR expression had no statistical cor-
relation with younger age (under 60), gender, performance
status scale, location of primary tumor, differentiation of
tumor cell, and clinical stage (Table 1).

Correlation of EGFR expression with nimotuzumab
treatment

54 patients received at least two cycles of the combination
treatment of nimotuzumab and paclitaxel plus cisplatin
chemotherapy. Only one patient quitted after one cycle of
treatment due to progression of disease. The average was
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Table 2 The objective EGFR status Response ORR P value
response rate of combination
treatment of nimotuzumab and CR PR (%) SD (%) PD (%)
paclitaxel plus cisplatin in
different EGFR status groups Low or moderate 0 (0.0) 20 (54.1) 15 (40.5) 2(54) 54.1 %
High 0 (0.0) 10 (55.6) 8 (44.4) 0 (0.0) 55.6 % 0.57%*
Total 0 30 23 2

The ORR of combination treatment (paclitaxel, cisplatin and nimotuzumab) had no statistical difference in

different EGFR status arms
* Fisher’s exact test

3.3 cycles (range 1-6 cycles). No complete response was
observed. 30/55 (54.5 %) cases were of partial response.
23/55 (41.8 %) cases were of stable diseases. The other
2/55 (3.63 %) cases were of progression disease. The ORR
rate was 55.6 % (10/18) in high EGFR expression group
compared with that of 54.1 % (20/37) in low to moderate
EGFR expression group. There was no statistical difference
between two groups (P = 0.57) (Table 2).

Patients were followed every 6 months and the last
follow-up date was July 2014. The median follow-up time
was 24 months. The PFS was only 5.8 £ 0.5 months
(95 % CI 4.9-6.7 months) in high EGFR expression group
while that in low to moderate EGFR expression group was
11.0 & 2.8 months (95 % CI 5.5-16.6 months). There was
significant difference (P = 0.007). Furthermore, the 1-year
survival rate in low to moderate EGFR expression group
was 74.8 % while that in high EGFR expression group was
only 44.4 %. The median OS in high EGFR expression
group was 9.7 £ 0.5 months (95 % CI 8.7-10.7 months)
and much shorter than that of 21.5 + 1.5 months (95 % CI
18.6-24.5 months) in low to moderate EGFR expression
group (P = 0.03). It implied that the EGFR high expres-
sion was associated with poor prognosis of ESCC (Fig. 1).

Adverse events

All patients tolerated the combination treatment well and
there were no serious adverse events. Different from
cetuximab, there was no grade 3 or 4 acneiform rash. The
most common grade 3 and 4 adverse events were
leukopenia 21.8 % (12/55), anorexia 9.1 % (5/55), vomit-
ing 7.3 % (4/55), neuropathy 5.5 % (3/55), arthralgia 1.8 %
(1/55), and fatigue 1.8 % (1/55). The dose of paclitaxel
reduced in 17 patients while dose of cisplatin reduced in 2
patients due to grade 3 or 4 toxicities (Table 3).

Discussion
The successful use of anti-EGFR targeting treatment in

colorectal cancer, non-small cell lung cancer, and head and
neck squamous cell cancer had promoted a number of pilot

studies of introducing this treatment in esophageal cancer.
Most phase 1 and phase 2 studies of small cases suggested
that such treatment alone or combining with standard
chemotherapy or radiotherapy was well tolerated with
limited toxicities in esophageal cancer [7, 8]. However,
results of two following multicenter randomized clinical
trials, SCOPE1 and REAL3, showed that an addition of
anti-EGFR agents cetuximab or panitumumab to standard
treatments failed to bring survival benefits, but with serious
toxicities [9, 10].

Several things should be taken into consideration. First,
the incidence of esophageal adenocarcinoma is much
higher in western countries. In SCOPELI study, more than
25 % patients (25 % in control arm and 26 % in cetuximab
arm) were with esophageal adenocarcinoma while 545/553
(99 %) patients were adenocarcinoma in REAL3 study [9,
10]. Therefore, findings of these clinical trials should be
reviewed in ESCC.

Second, the combination of cetuximab with CRT in
SCOPE!1 study or panitumumab with chemotherapy in
REAL3 study had higher 3-4 grade non-hematological
toxicities. It was reported that there were 22 % dermato-
logical toxicities (rash, hand—foot syndrome, acne, etc.)
and 24 % metabolic/laboratory abnormal in CRT plus
cetuximab arm in SCOPEI study. However, in our study,
there were no grade 3—-4 dermatological toxicities and
metabolic abnormal. The most common grade 3—4 adverse
events were leukopenia 21.8 % (12/55), anorexia 9.1 % (5/
55), vomiting 7.3 % (4/55) and neuropathy 5.5 % (3/55),
which were similar to those reported in SCOPE1 study. It is
might be the different anti-EGFR agents nimotuzumab
used in our study. Nimotuzumab has a tenfold lower
affinity to the EGF receptor compared with cetuximab. It
required bivalent binding for stable attachment to the cel-
lular surface. These characteristics of nimotuzumab made
it to selectively bind tumor cells with moderate to high
EGEFR expression levels. Clinical studies had demonstrated
that nimotuzumab was very well tolerated and the most
frequent adverse reactions were grade 1-2 infusion reac-
tions and skin rashes [13, 14]. It alone or combining with
radiotherapy or chemotherapy all showed anti-tumor
activities, but limited toxicities in cancers such as glioma
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Fig. 1 The survival of ESCC
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[15], oral cancer [16], pancreatic cancer [17, 18] and also
esophageal cancer [11, 12, 19].

Different from colorectal cancer and lung cancer, there
is not certain biomarkers reported to associated with the
efficacy of anti-EGFR treatment in esophageal cancer.
Clinical data confirmed that the efficacy of cetuximab and
panitumumab was confined to patients with wild-type

@ Springer

KRAS and BRAF in colorectal cancer [20]. However, in
esophageal cancer, the mutation of KRAS and BRAF was
rare [21, 22]. Bettstetter et al. analyzed the RAS and RAF
mutation in 117 resected esophageal adenocarcinoma
samples. The KRAS mutations were detected in 3 %
tumors and no NRAS or BRAF mutations were detected
[21]. Shigaki et al. reported that the KRAS mutation was
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Table 3 The grade 3—4 adverse events of combination treatment of
nimotuzumab and paclitaxel plus cisplatin chemotherapy (n = 55)

Adverse events Grade 3 (%) Grade 4 (%)

Leukopenia 10 (18.2) 2 (3.6)
Anorexia 50.1) 0
Vomiting 4 (7.3) 0
Neuropathy 3(5.9) 0
Fatigue 1(1.8) 0
Arthralgia 1(1.8) 0

Toxicity was graded according to the National Cancer Institute
Common Toxicity Criteria, version 3.0

only 0.5 % (1 of 203) and RAF was absent (0 of 203) in
esophageal squamous cell carcinoma [22]. Due to the rare
mutation rates, the status of KRAS and BRAF might not be
of great value to predict clinical outcome of anti-EGFR
treatment in esophageal cancer.

The mutation of EGFR in the tyrosine kinase domain
had been confirmed as a predictor of good response to
tyrosine kinase inhibitors (TKI) treatment in non-small cell
lung cancer [23]. However, mutations in the EGFR kinase
domain were also rare in esophageal cancers. Puhringer-
Oppermann et al. reported that only 1 of 105 samples of
esophageal cancer with silent mutation in exon 19 of EGFR
[24]. Sunpaweravong et al. reported that no mutation in the
tyrosine kinase domain of EGFR was detected in 48 ESCC
patients though EGFR protein was over-expressed in 46 %
patients [25]. Maeng et al. analyzed 87 ESCC tissue
specimens using OncoMap 4.0 (a mass-spectrometry-based
assay) and found only 1 EGFR mutation [26]. Furthermore,
clinical trials showed that TKI inhibitor erlotinib had tol-
erable toxicities, but limited response in both squamous
cell and adenocarcinoma of esophagus [27, 28]. Thus, the
EGFR mutation was no likely to be an effective predictor
of anti-EGFR treatment.

The over-expression of EGFR in esophageal cancer had
been reported in 30-80 % of tumors, and correlated with
worse prognosis [25, 29]. In our study, 19 (34.5 %) cases
were of moderate EGFR expression and 18 (32.7 %) cases
were of high EGFR expression. High EGFR expression
group had poor PFS (5.8 & 0.5 vs. 11.0 & 2.8 months,
P =0.007) and OS (9.7 £ 0.5 vs. 21.5 £ 1.5 months,
P = 0.03) compared with low to moderate EGFR group.
These results were similar to those published data. Ramos-
Suzarte reported that nimotuzumab with radiotherapy
resulted in an objective response rate of 47.8 % and over-
expression of EGFR was associated with good clinical
response [30]. But other studies showed that the EGFR
expression did not correlate to survival and -clinical

responses. In a phase II study, combination of cetuximab
and CRT was used to treat 29 ESCC patients. But the PFS
in EGFR-expressing tumor and EGFR-negative tumor had
no difference (P = 0.133) [31]. In another study, Liang
et al. analyzed the EGFR expression status in tumors of
patients with ESCC who were given nimotuzumab and
radiotherapy. The results showed the 2-year OS rate was
prolonged in EGFR (++4+4) group, but without statistic
difference (P = 0.4) [11]. In our study, the ORR rate was
55.6 % (10/18) and 54.1 % (20/37) in high EGFR
expression and low to moderate EGFR expression groups,
respectively, with no statistical difference (P = 0.57). Both
the PFS and OS in high EGFR expression group were
shorter than those in low to moderate EGFR expression
group. It implied that the expression of EGFR might not be
an ideal biomarker of nimotuzumab treatment.

Some investigations had analyzed other biomarkers in
esophageal cancer and their relation with anti-EGFR
treatment. Maeng et al. detected 20 hotspot mutations in 80
tumors of ESCC patients. They found that the most fre-
quent mutation was PIK3CA mutation in 11.5 % tissue
samples [26]. Lee et al. analyzed the EGFR polymorphism
of CA repeat length at the 5'-regulatory sequence in intron
1 in 148 esophageal cancer patients. Their results showed
that the homozygous short allele (<20 CA) of the EGFR
gene had a shorter survival time than those with the
homozygous long allele (HR of death: 1.88) [32]. Further
studies should be done to explore the correlation of such
biomarkers with the efficacy of anti-EGFR treatment in
ESCC.

In conclusion, the over-expression of EGFR was asso-
ciated with poor survival of ESCC patients who received
combination treatment of nimotuzumab and paclitaxel plus
cisplatin. The over-expression of EGFR by IHC was more
like a prognostic biomarker of disease than a predictive
biomarker of nimotuzumab treatment. Other EGFR path-
way-associated molecules should be analyzed in future
studies.
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