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Abstract

Objective The aim of this study was to evaluate the safety and efficacy of combined nimotuzumab and neoadjuvant chemo-
radiotherapy followed by surgery in locally advanced esophageal cancer.

Methods Patients with clinically resectable, locally advanced esophageal cancer treated with neoadjuvant chemoradio-
therapy plus nimotuzumab were eligible for study participation. Radiotherapy was administered in 1.8 Gy once daily for
5 days per week up to a total dose of 41.4 Gy. Weekly nimotuzumab (200 mg/week) was administered following paclitaxel
and carboplatin on the same day for 5 weeks. The primary end-point was the pathological complete response (pCR) rate and
the secondary end-point was the safety, progression-free survival (PFS) and overall survival (OS).

Results A total of 64 patients with a median age of 58 years were enrolled in this study. pCR was observed in 51.6% patients.
Grade 3 acute toxicities were observed in 6 patients (9.4%), shown as bone marrow suppression. 7 patients experienced
grade 1 transient skin rash during nimotuzumab treatment. The median PFS time and OS time were 64.6 and 68.2 months.
Conclusions Combined nimotuzumab and neoadjuvant chemoradiotherapy for clinically resectable, locally advanced esopha-
geal cancer showed a significant anticancer effect with tolerable toxicities.
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Introduction

Esophageal squamous cell carcinoma is one of the common-
est malignant tumors of digestive system in China. Recently,
preoperative neoadjuvant chemoradiotherapy is a hot treat-
ment choice for locally advanced esophageal squamous cell
carcinoma. Clinical evidences showed that neoadjuvant
chemoradiotherapy combined with surgery can significantly
increase the local and distant control and achieve better sur-
vival, compared with surgery alone. More and more atten-
tion has been paid to neoadjuvant chemoradiotherapy and
this treatment modality has incorporated into the recom-
mendations of the guidelines.
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Cisplatin combined with 5-Fu has been the standard
regimen for neoadjuvant chemotherapy in esophageal can-
cer. However, in recent years, many scholars have tried to
optimize the neoadjuvant chemotherapy regimen, trying to
apply paclitaxel combined with carboplatin in neoadjuvant
chemoradiotherapy for esophageal squamous cell carcinoma
patients. According to a meta-analysis published in 2015 [1],
paclitaxel plus platinum regimen could significantly improve
overall survival, compared with platinum plus 5-fluoroura-
cil regimen for locoregional esophageal cancer, especially
for squamous cell carcinoma. The result of CROSS study
[2], in which paclitaxel and carboplatin was used, indicated
the significant survival benefit of neoadjuvant chemoradio-
therapy. The hazard ratio (HR) was only 0.42 for squamous
cell carcinoma.

Epidermal growth factor receptor (EGFR, also named
as ERBB1) is reported to be closely associated with tumor
cell growth, proliferation, tumor invasion and apoptosis [3].
Precious studies indicated that EGFR was overexpressed
in esophageal squamous cell carcinoma and could be a
promising treatment target [4, 5]. However, most targeted
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therapies based on EGFR showed no efficacy in non-selected
esophageal cancer patients [6—8]. Nimotuzumab is an IgG
humanized monoclonal antibody directed against EGFR
and thereby blocking the binding of EGF and finally inhib-
iting the EGFR signaling pathway [9]. In a vitro study [10],
nimotuzumab could increase the radiosensitivity of esopha-
geal cancer cell by up-regulating the expression IGFBP-3
and activating the EGFR pathway. Several clinical phase
I-II studies indicated that nimotuzumab combined with
radical radiotherapy or chemoradiotherapy enhanced the
antitumor effect in patients with esophageal cancer and sig-
nificantly prolonged the survival time [11, 12]. In a recent
randomized phase II study [13], 109 patients with locally
advanced esophageal cancer received chemoradiotherapy
with or without nimotuzumab. 93% of patients in this study
were squamous cell carcinoma. Addition of nimotuzumab
to chemoradiotherapy significantly increased the endoscopic
pathological complete response (epCR) rate and improved
the survival. However, there is no study investigating the
role of nimotuzumab in neoadjuvant setting in esophageal
squamous cell carcinoma. The present study was designed
to confirm the tolerability and efficacy of nimotuzumab in
combination with paclitaxel- and carboplatin-based chemo-
radiotherapy in esophageal squamous cell carcinoma.

Methods
Patient eligibility

The eligibility criteria of this study were as follows: newly
confirmed to have histologically or cytologically proven
esophageal squamous cell carcinoma; age 20-70 years;
Eastern Cooperative Oncology Group (ECOG) performance
status < 1; a life expectancy of 3 months or more; stages
II and III (based on UICC-TNM classification [14]); ade-
quate hepatic function [total serum bilirubin< 1.5 mg d/L;
aspartate transaminase (AST) and alanine transaminase
(ALT) < 2.5 fold the upper limit of the normal range];
adequate renal function (creatinine < 1.2 mg/dL, creati-
nine clearance > 30 mL/min); adequate bone marrow func-
tion (white blood cell count >4000 cells/ml, neutrophile
count >2000 cells/ml, hemoglobin > 10 g/dL, platelet
count > 100,000 cells/ml); patients are willing to receive
chemoradiotherapy and followed by surgical resection.
Patients with any following characteristics were excluded:
suffering from co-existing primary malignant; a concomi-
tant serious illness such as uncontrolled bacterial or viral
infection,heart failure, pulmonary embolism and uncon-
trolled diabetes mellitus. This study was approved by the
Institutional Review Board of Ningbo Yinzhou people’s
hospital. All patients signed informed consent before treat-
ment. Before treatment, all patients received chest CT scan,
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esophageography, esophageoscope and Endoscopic ultra-
sonography. The extent of the disease was determined by
AJCC 6th TNM staging system.

A total of 70 patients diagnosed with esophageal squa-
mous cell carcinoma, between January 2010 and December
2016, were enrolled in the present study. After the neoadju-
vant chemoradiotherapy, 64 patients underwent radical tran-
sthoracic esophagectomy and regional lymphadenectomy.
Two patients refused surgery and four patients were found
with tumor that could not be resected after neoadjuvant ther-
apy. They were treated with definitive chemoradiotherapy
and excluded from this further analysis.

Radiotherapy

Patients lied down of a wide aperture CT simulator couch in
a supine position. A lightweight thermoplastic body mask
was used to cover the lower neck, supraclavicular, chest and
upper abdomen. Intravenous contrast CT with 5-mm inter-
val was performed. Intensity-modulated radiation therapy
(IMRT) plans were designed by Philips Radiation Oncology
Systems (Pinnacle version 8.0).

The gross tumor volume (GTV) was delineated according
to CT scans, endoscopy and esophageal barium radiography,
plus enlarged lymph nodes in the mediastinum. The clinical
target volume (CTV) was contoured as GTV plus an area
bounded by a margin of 3 cm in superior and inferior direc-
tions, 1 cm in horizontal directions. The plan target volume
(PTV) was defined as the GTV plus 5-10 mm to account
for the daily setup variation and respiratory movement.
IMRT was administered in 1.8 Gy once daily for 5 days per
week up to a total dose of 41.4 Gy. Lung, heart and spinal
cord were contoured as the surrounding organs at risk. The
dose limitation was as follows: the lung mean dose was of
below 16.0 Gy, V,,(volume receiving above 20 Gy) <30%,
V4 (volume receiving above 30 Gy) <20% and V5 (volume
receiving above 5 Gy) < 60%, respectively. The V,, of the
heart was below 40%. The maximum spinal cord dose was
of 45.0 Gy. The PTV encompassed at least 95% isodose line.
The dose volume histogram (DVH) was obtained for PTV,
spinal cord, lung and heart.

Chemoradiotherapy plus nimotuzumab treatment

All patients were treated with paclitaxel and carboplatin
weekly for 5 weeks. Patients received paclitaxel at 60 mg/
m? intravenously (1 h) with standard premedications. Stand-
ard premedications consisted of dexamethasone, diphenhy-
dramine, and cimetidine. Carboplatin was administered at
a fixed dose of area under the plasma concentration time
curve (AUC) 2 mg/ml/min. Thoracic IMRT started on
the same day. Chemotherapy was suspended if > grade 3
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hematotoxicity, esophagitis or pneumonitis were observed
or patients’ willingness.

According to a phase II clinical trial [12], a 200 mg/
week of nimotuzumab was the safe and effective dose on the
basis of serum levels, tumor response and patients’ survival.
Therefore, weekly nimotuzumab (200 mg/week), diluted in
250 mL 0.9% sodium chloride, was administered by intra-
venous infusion over 1 h for 5 weeks. Nimotuzumab was
given after an interval of 30 min following paclitaxel and
carboplatin on the same day.

Adverse events and therapeutic effect evaluation

Acute toxic effects were scored weekly, using the National
Cancer Institute’s Common Terminology Criteria for
Adverse Events (CTCAE), version 3.0. Chemotherapy
was suspended if > grade 3 hematotoxicity, esophagitis or
pneumonitis was observed. Clinical treatment response was
assessed according to Response Evaluation Criteria in Solid
Tumor RECIST criteria (RECIST), version 1.1, combined
with esophageal endoscopy. The CR (complete remission),
PR (partial remission), SD (stable disease) and PD (progres-
sive disease) were evaluated 4 weeks after chemoradiother-
apy. CR is the disappearance of primary tumor with short
axis of regional metastatic lymph nodes measuring < 10 mm.
A decrease in the sum of target disease of >30% repre-
sents PR. SD lies between partial response and progressive
disease.

Surgery and pathological workup

Radical transthoracic esophagectomy and regional lymphad-
enectomy were performed after a period of 4-8 weeks fol-
lowing the completion of chemoradiotherapy. Pathological
evaluation to neoadjuvant chemoradiotherapy was carried
out according to the examination of primary esophageal
resected specimen and removed regional lymph nodes.

Statistical analysis

The primary endpoint of this study was pCR rate. According
to the historical data, the average pCR rate was 30% and the
standard deviation was 20%. The pCR rate of interest was
set as 40% (a=0.05, type II error #=0.10). Based on this
statistical hypothesis, at least 35 assessable patients were
planned to be enrolled in the study. The second endpoint
was survival time and toxicities. Progression-free survival
(PFS) was defined as the duration from the date of first day
of chemoradiotherapy to the disease progression. Overall
survival (OS) was calculated as the time from the date of
first day of chemoradiotherapy to death or censoring. Sur-
vival curves were estimated by the univariate Kaplan—Meier
method. All statistical calculations were performed with

SPSS 13.0 for Windows (Chicago, IL). p <0.05 were con-
sidered as statistically significant.

Results
Patients’ characteristics

Finally, 64 patients were enrolled in this study. The baseline
clinical characteristics are shown in Table 1. The age dis-
tribution ranged from 42 to 69 years. The median age was
58 years. 52 cases were males and 12 cases were females.
The ratio of men to women is 4.33:1. Most patients (47/64,
73.4%) had a history of smoking. Before chemoradiotherapy,
endoscopic ultrasonography revealed that 53 cases invaded
the adventitia and 11 cases invaded the muscularis propria.
According to the AJCC 6th staging system, 39 patients were
N, and 25 were N,, before treatment.

Table 1 Patients characteristics

Characteristics Number of patients %
All cases 64
Age (years)
Range 42-69
Median 58
Gender
Male 52 81.3
Female 12 18.7
Smoking
Ever 47 734
Never 17 26.6
Tumor length
<5cm 26 40.6
>5cm 38 59.4
T stage by EUS
T, 11 17.2
T, 53 82.8
N stage
N, 19 29.7
N, 45 70.3
Cycles of chemotherapy
<3 31 48.4
>3 33 51.6
Clinical response
PR 10 15.6
SD 54 84.4
Pathological evaluation
pCR 33 51.6
No pCR 31 48.5

EUS endoscopic ultrasonography, PR partial response, SD stable dis-
ease, pCR pathological complete response
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Patients received 222 cycles of weekly chemotherapy,
with a median 4 cycles (range 2—6 courses). All patients
completed radiotherapy without interruption. All patients
were administered with five cycles of nimotuzumab. The
efficacy of chemoradiotherapy according to chest CT and
esophageal barium radiography was classified as PR in 10
cases (15.6%) and no change (SD) in 54 cases (84.4%).

Pathological evaluation

The median interval between chemoradiotherapy and sur-
gery was 6 weeks (range 4-8 weeks). A total of 1344 lymph
nodes were dissected, with a median number of 20 lymph
nodes per patient. After careful examination by two expe-
rienced pathologists, pathological CR and no pCR were
recorded in 33 (51.6%) and 31 (48.5%) patients, respectively.
In patients who had no pCR resection, 7 down-staging was
observed in 16 patients (53.3%). N down-staging was found
in 38 patients (59.4%).

Adverse events

In general, the treatment-related toxicities were manageable
and acceptable (Shown in Table 2). No patients died as a
result of treatment-related side effects. The most common
type of non-hematotoxicity was radiation-induced esophagi-
tis. Chemotherapy was suspended in 21 patients because
of intolerable esophagitis. However, all patients completed
the nimotuzumab, especially in patients who had severe
esophagitis. Grade 3 acute toxicities were observed in six
patients (9.4%), shown as bone marrow suppression. Seven
patients experienced grade 1 transient skin rash during
nimotuzumab treatment. It was cured by intravenous injec-
tion of dexamethasone. Full dose of thoracic radiotherapy
was completed in all patients. A grade 1/2 radiation-induced
pneumonitis was observed in 19 patients. There was no

Table 2 Acute toxicities during neoadjuvant chemoradiotherapy

Adverse event Grade 1 Grade2 Grade3 Grade4
Hematotoxicity
Leukopenia 23 12 3 0
Neutropenia 23 14 1 0
Anemia 35 9 1 0
Thrombocytopenia 20 9 1 0
Non-hematotoxicity
Skin rash 7 0 0 0
Nausea/vomiting 10 3 0 0
Anorexia 13 0 0 0
Diarrhea 4 0 0 0
Radiation esophagitis 37 18 2 0
Radiation pneumonitis 14 5 0 0

@ Springer

difference in incidence of acute toxicities, grade 3 acute
toxicities between patients treated with different cycles of
chemotherapy (<3 vs>3).

After surgery, patients were hospitalized for a median
of 10 days (range 7-71 days). Post-operation complication
occurred in 7.8% (5/64) patients, including surgical incision
infection (3/64) and pneumonitis (2/64). No patients devel-
oped anastomotic leak and bleeding. No patient died during
the perioperative period.

Survival

The median follow-up time was 22 months. 22 patients
experienced treatment failure. Eighteen patients developed
regional lymph node metastasis. Three patients had anasto-
motic recurrence. 15 patients experienced lung metastasis.
Liver, brain, bone and pleura metastasis were observed in
2,3, 5 and 3 patients, respectively. Three patients developed
second malignancies. 23 patients died during follow-up. One
patient died of esophageal fistula 1 month after operation.
Three patients died because of incurable infection.

The 3-year PFS and OS were 68.4% and 65.8%. The
median PFS time and OS time were 64.6 and 68.2 months
(Show in Fig. 1). Pathological response was associated with
better PFS (pCR vs No pCR: 64.6 m vs 29.2 m, p=0.036)
and OS (pCR vs No pCR: 68.2 m vs 30.8 m, p=0.027). The
survival curve is shown in Fig. 2. Oppositely, chemotherapy
cycle, pretreatment tumor length and therapeutic effect eval-
uation were not related with prognosis (p > 0.05).

The median PFS time and OS time in patients who did
not receive surgery (six patients, excluded from study) were
16.4 and 26.6 months. Four patients experienced treatment
failure and three patients died of disease progression.

Discussion

The present study was conducted to evaluate the efficacy
and safety of neoadjuvant radiotherapy with paclitaxel,
carboplatin and nimotuzumab in patients with resectable
esophageal squamous cell carcinoma. The result showed
that this treatment modality were tolerable and effective.
No patients died during neoadjuvant treatment. All patients
completed the preplanned concurrent chemoradiotherapy.
Five cycles of nimotuzumab were achieved in all patients.
Most patients received more than 4 cycles of weekly pacli-
taxel and carboplatin. A pCR in both the primary tumor and
lymph nodes was observed in 51.6%. The pCR rate in our
study was higher than the CROSS trial [15] and in line with
the recent NEOCRTEC5010 [16]. The median PFS time and
OS time were 64.6 and 68.2 months. These promising results
make it necessary for further investigation of this treatment
protocol in randomized clinical trials.
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Fig. 2 Pathological response was associated with better PFS (pCR vs No pCR: 64.6 m vs 29.2 m, p=0.036) and OS (pCR vs No pCR: 68.2 m vs

30.8 m, p=0.027)

Over the past decade, more and more studies have inves-
tigated the benefit and toxicity of nimotuzumab for esopha-
geal cancer (Shown in Table 3). The first clinical trial of
nimotuzumab in esophageal cancer was conducted by Zhao
et al. [17], initiated in 2012. 11 locally advanced esopha-
geal cancer patients received weekly nimotuzumab concur-
rently with chemoradiotherapy. The main treatment-related
side effects were esophagitis, leucocytopenia and neutro-
cytopenia. These side effects were common in concurrent
chemoradiotherapy and may not be associated with nimo-
tuzumab. One-year progression-free survival and overall

survival rate were 100% and 67%, respectively. The result
was supported by the subsequent phase I-II clinical trials
[11, 12, 18, 19]. Even in patients with metastatic esopha-
geal cancer, the objective response rate was 42.1% [20]. In
most trials, 200-mg nimotuzumab was a commonly used
dose and had been proven safe and tolerable. Wang et al.
[21] tried to increase the dose of nimotuzumab from 200 mg/
week to 1200 mg/week and found that high dose of nimo-
tuzumab showed limited toxicities. The toxicities did not
significantly differ between high-dose group and low-dose
group. Furthermore, patients in high-dose group had better
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prognosis, compared with patients in low-dose group (5-year
OS rate 66.7% vs 31.5%, p=0.039). Guo et al. [22] con-
ducted a phase I trial to investigate the efficacy and toxic-
ity of nimotuzumab combined with radiotherapy in elderly
patients (> 70 years) with esophageal cancer. Only grade 1-2
radiation-induced esophagitis were reported in all patients.
The overall objective response rate was 68.8%. As a mono-
clonal antibody against EGFR, the expression of EGFR is
related to the therapeutic effect as expectation. However, Jia
et al. [23] analyzed the relationship of EGFR expression and
clinical response of combination treatment of nimotuzumab
and chemotherapy in esophageal squamous cell carcinoma
in a phase I trial. The expression of EGFR was detected by
immunohistochemistry in 55 tumor samples. The objective
response rate was 55.6% in high-EGFR expression group
and 54.1% in low-EGFR group. Both the median PFS time
and OS time was much longer in low-EGFR group than that
in high-EGFR group. Between 2009 and 2011, de Castro
Junior et al. [13] randomized 107 patients with esophageal
cancer between chemoradiotherapy and nimotuzumab ver-
sus chemoradiotherapy alone. The endoscopic complete
response (eCR) rate was 62.3% in nimotuzumab group and
37.0% in control group p=0.002). With a median follow-
up of 14.7 months, a significant survival advantage was
observed in nimotuzumab group (Median overall survival
time: 15.9 months vs 11.5 months, p=0.03).

So far, most of the studies on nimotuzumab mainly
focused on locally advanced or metastatic esophageal cancer.
Between 2011 and 2013, Lu et al. [24] conducted a phase II
study to investigate the benefit of chemotherapy plus nimo-
tuzumab as the first-line treatment for pathologically con-
firmed unresectable locally advanced or metastatic esopha-
geal cancer. A total of 59 patients were enrolled in this study.
After treatment, seven patients received radical surgery.
Although the pCR rate was not reported in this literature,
the median duration of disease control time was 23.0 months
and median OS time was not reached by the time of last
follow-up. In this study, neoadjuvant chemoradiotherapy
with nimotuzumab is well tolerated, with potentially prom-
ising efficacy. Although the efficacy of chemoradiotherapy
according to chest CT and esophageal barium radiogra-
phy was classified as PR in 10 cases (15.6%) and SD in 54
cases (84.4%), the pCR rate was 51.6%. The pCR rate was
higher than that in CROSS study [2] and NEOCRTECS5010
[16]. After a median follow-up of 22 months, the 3-year
PFS and OS were 68.4% and 65.8%. The median PFS time
and OS time were 64.6 and 68.2 months. A survival benefit
was demonstrated for patients who had high pathological
response, which is in line with recent meta-analysis based
on 17 studies [25].

Skin toxicity was regarded as a common side effect in
patients who received anti-EGFR monoclonal antibody.
According to a recent meta-analysis [26], there was no

significant difference between chemoradiotherapy with
nimotuzumab and without nimotuzumab. Patients with
esophageal cancer underwent chemoradiotherapy plus
nimotuzumab demonstrated a grade >3 skin rash in 1.5%
[19] and grade >3 dermatological toxicity in 9.5% [12].
In our study, seven patients with grade one skin rash were
reported and no grade > 3 skin rash occurred. There were
no hand—foot syndrome, dry skin, oral mucositis and alo-
pecia occurred in this study, which is consistent with other
findings [13, 18]. Furthermore, patients with skin rash
were not related with better therapeutic effect or longer
survival time, contrary to the results of other EGFR anti-
bodies [27, 28].

We have to admit that there are several limitations in this
study. The sample size in the present study was relatively
small. Second, this study was conducted at a single insti-
tute study, and did not have control patients who received
chemoradiotherapy without nimotuzumab. Therefore, a
well-designed multicenter randomized trial is needed to
confirm the results of this study in the future. Due to geo-
graphical factors, only patients with esophageal squamous
cell carcinoma were enrolled in this study. It is unknown
whether nimotuzumab is also suitable for esophageal adeno-
carcinoma. Pathology reports were reviewed and individu-
ally searched by two experienced pathologist; however, the
PCR rate might be overestimated because not all resected
specimens were detected slice by slice.

In summary, concurrent paclitaxel- and carboplatin-plus-
nimotuzumab-based neoadjuvant chemoradiotherapy could
achieve a promising pathological response and better overall
survival. Further clinical investigation is warranted to evalu-
ate the efficacy of this regimen for esophageal cancer.
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