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Abstract: Nimotuzumab (h-R3) is a humanized monoclonal antibody that is safe to use against
epidermal growth factor receptor (EGFR). However, the available information is insufficient about
the dose effect of monoclonal antibody against epidermal growth factor receptor for the treatment
of esophageal squamous cell carcinoma (ESCC). We retrospectively recruited 66 patients with
ESCC who were treated with h-R3 and chemoradiotherapy/radiotherapy. Patients who received
more than 1,200 mg of h-R3 were classified as the high-dose group, and the remaining patients were
classified as the low-dose group. The endpoint for efficacy was the overall survival. Differences in
survival between the groups were analyzed using the log-rank test. The Cox proportional hazards
model was used in multivariate analysis to identify independent prognostic factors. The low-dose
and high-dose groups comprised 55 and eleven patients, respectively. The median follow-up time in
the final analysis was 46 months. The high-dose group showed no increased incidence of toxicities
compared to the low-dose group. The 1-, 2-, and 5-year overall survival rates in the low-dose and
high-dose groups were 66.9%, 50.0%, 31.5% and 90.0%, 80.0%, 66.7%, respectively (P=0.04).
Multivariate analyses showed that the high-dose group had better survival than the low-dose group
(hazard ratio 0.28, 95% confidence interval 0.09-0.94, P=0.039). Taken together, high-dose h-R3
showed limited toxicity and improved survival in patients with ESCC.

Keywords: esophageal squamous cell carcinoma, epidermal growth factor receptor, monoclonal
antibody, nimotuzumab

Introduction

Approximately, 455,800 new esophageal cancer cases and 400,200 related deaths were
recorded in 2012 worldwide. The highest incidence rates were observed in Eastern Asia
and in Eastern and Southern Africa.! The low survival rate of patients with esophageal
squamous cell carcinoma (ESCC), with a 5-year survival rate of only 20%—40%, has
encouraged many studies to investigate targeted therapy.>*

The overexpression of epidermal growth factor receptor (EGFR), detected in 50%—70%
of esophageal cancer cases, correlates with poor prognosis.*” Thus, EGFR antagonists have
been widely investigated in experimental and clinical trials; in particular, certain EGFR
antagonists such as cetuximab and gefitinib have been investigated in the REAL3 and
COG trials.* ' According to the reports of several phase I1I clinical trials in which regimen
combining cetuximab and conventional chemoradiotherapy was investigated, unsatisfac-
tory efficacy performance and frequently recorded grade 3 or 4 toxicity events, notably
rashes and diarrhea induced by cetuximab, are major concerns to resolve before applying
this monoclonal antibody into real-life clinical management of esophageal cancer.®!!

Phase I/IT clinical trials have shown that nimotuzumab (h-R3) as a humanized
monoclonal antibody effectively targets the EGFR with limited side effects in epithelial

submit your manuscript
Dove

http:

OncoTargets and Therapy 2016:9 117-122 117
© 2016 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S89592
mailto:kuaile_z@sina.com
mailto:guoliang.jiang@sphic.org.cn

Wang et al

Dove

cancers.'>"? In two phase I dose-escalation trials, h-R3 admin-
istered at a weekly dose of 400 or 800 mg resulted in minor
grade III/IV acute toxicity and no cumulative toxicity after
maintenance doses was observed.'*!* This monoclonal anti-
body has been proven effective for the treatment of advanced
head and neck squamous cell carcinoma, high-grade glioma,
and late-stage gastric cancer.'®!”

Unlike other monoclonal antibodies, the administration
of which follows a rather rigid pattern, h-R3 treatment can
be initiated and maintained with flexible strategies. There
are study reports indicating the possibility that patients with
esophageal cancer might benefit from h-R3. Ramos-Suzarte
et al'® reported improved survival in patients with esophageal
cancer who received six cycles of 200 mg weekly h-R3. Liang
et al” reported mild efficacy for the same regimen in patients
with ESCC. Besides, in phase II trials of diffuse pontine
gliomas, 150 mg/m? of h-R3 was used in the first 12 weeks
and every other week thereafter until the tumor progressed
for up to 2 years; a 96% response rate was recorded.? So far,
whether different dosages of h-R3 are associated with differ-
ent efficacy profile has not yet been investigated. Therefore,
in this study, we verified its potential dose effect by retro-
spectively comparing the overall survival (OS) of patients
with ESCC treated by high-dose vs low-dose h-R3.

Materials and methods

Eligibility and study design

Patients showing histological evidence of invasive squamous
cell carcinoma of the esophagus were recruited for this study.
Ethical approval was granted from the ethics committee of
Fudan University Shanghai Cancer Center. As this was a
retrospective analysis, written and informed patient consent
was not obtained. The patients consented to receive radiation
or chemoradiation and at least one dose of h-R3 per week,
had not received other targeted agencies prior to the study,
had a white blood cell count of at least 4x10°/L, and had a
platelet count of at least 10x10°/L. The endpoint for efficacy
was the OS. Observations began at the commencement of
irradiation or chemoradiation and ended when a patient died
or at the last follow-up. Based on the routine clinical dose
of h-R3, ie, 200 mg/week for six circles, which equals to
1,200 mg in total, we assigned the patients who received
more than 1,200 mg to the high-dose group and others to
the low-dose group.

Statistical analysis

The Kaplan—Meier model was used to estimate the OS
and local control rates. Survival differences between
the subgroups were compared using the log-rank test.

The Pearson’s j* test or Fisher’s exact test was used to
detect significant differences between the two groups. The
Cox proportional hazards model was used for multivariate
analysis to identify independent prognostic factors. All sta-
tistical analyses were performed using SPSS (version 19.0,
IBM Corporation, Armonk, NY, USA). A two-sided P-value
<<0.05 was considered to be significant.

Results

General characteristics of patients

A total of 66 patients recruited in another retrospective study
were enrolled in this study between December 2008 and
September 2011. In total, 55 patients received =1,200 mg
of h-R3 (low-dose group), whereas eleven patients received
more than 1,200 mg of h-R3 (high-dose group).?! The median
follow-up time in the final analysis was 46 months, with a
minimum of 40 months and a maximum follow-up time for
survivors of 67 months. All patient characteristics are listed
in Table 1. The median age of the patients was 61 years in the
low-dose group and 59 years in the high-dose group. Approxi-
mately 83.6% and 72.7% of the patients were males in the
low-dose and high-dose groups, respectively. Approximately
36 (65.5%) patients in the low-dose group and seven (63.6%)
patients in the high-dose group had known distant metastases.
Approximately 76.4% of the patients in the low-dose group
and 90.9% of'those in the high-dose group received concurrent
chemoradiotherapy. No patients in the low-dose group were
prescribed with 400 mg/week, and no patients were medicated
with 100 mg/week in the high-dose group. The median num-
bers of h-R3 cycles for the low-dose and high-dose groups were
six and seven, respectively. All patients were irradiated with
three-dimensional conformal radiation therapy or intensity-
modulated radiation therapy with a 6-MV X-ray beam.?!

Toxicity

The data reported in this study concern the grade 3 or 4
toxicities reported for the 66 patients who received h-R3
and radiation or chemoradiation (Table 2). Toxicity was
scored and recorded weekly in accordance with the National
Cancer Institute’s Common Toxicity Criteria for Adverse
Events (NCI-CTCAE, version 3.0). We did not observe
difference in the incidence of toxicities between the two
groups. No lethal toxicity was observed in all 66 patients.
The most common toxicity was leucopenia recorded in at
25% and 45% of subjects in the low-dose and high-dose
groups, respectively. Esophagitis, pneumonitis/bronchitis,
nausea/vomiting, thrombocytopenia, and anemia were under
10% for both groups. Notably, no patient had skin rash, which
is common in cetuximab treatments.
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Table | Clinical characteristics

Variable Low-dose group (n=55 [%]) High-dose group (n=11 [%]) P-value
Age (years)
Median 6l 59
Range 45-88 48-73 0.278
Sex
Male 46 (83.6) 8 (72.7) 0.406
Female 9 (16.4) 3(27.3)
Patients status
Treatment-naive™®
TXNO-1MO0 19 (34.5) 4 (36.4)
TxNxMla-b 19 (34.5) 5(45.4) 0.819
Relapse 17 (31.0) 2 (18.2)
Chemotherapy
Irradiation alone + h-R3 13 (23.6) 1 (9.1) 0.433
Chemoradiotherapy + h-R3 42 (76.4) 10 (90.9)
Radiation dose (Gy)
=60 15 (27.3) 3(27.3) |
>60 40 (72.7) 8 (72.7)
h-R3 weekly dose (mg)
100 6 (10.9) 0 (0)
200 49 (89.1) 5 (45.5) 0
400 0 (10) 6 (54.5)
h-R3 total cycles
Median 6 7 0
Range 2-6 5-9

Notes: Based on the routine clinical dose of h-R3, ie, 200 mg/week for six circles, which equals to 1,200 mg in total, we assigned the patients who received more than
1,200 mg to the high-dose group and others to the low-dose group. Low-dose group total nimotuzumab (h-R3) dose =1,200 mg, high-dose group total h-R3 dose >1,200 mg.

*Union for International Cancer Control 6th 2002.

Survival

Approximately 36 (65.5%) patients in the low-dose group and
three (27.3%) in the high-dose group have died during the
follow-up. The 1-, 2-, and 5-year OS rates for the low-dose
and high-dose groups were 66.9%, 50.0%, 31.5% and 90.0%,
80.0%, 66.7%, respectively (P=0.04, Figure 1). The median
OS for the low-dose group was 22.1 months, whereas that
of the high-dose group was not reached at the end of study.
The Cox proportional hazards regression model was used to
identify independent prognostic factor for OS. As shown in
Table 3, h-R3 dose >1,200 mg (HR 0.28, 95% confidence

interval 0.09-0.94, P=0.039) and irradiation dose >60 Gy
(HR 0.39, 95% confidence interval 0.19-0.78, P=0.08) were
independent prognostic factor for OS.

Discussion

We analyzed the dose effect of h-R3 on the survival of
ESCC patients in this study. Patients who were prescribed
with more than 1,200 mg of h-R3 showed an improved OS
rate compared with those who received =1,200 mg of h-R3.
Univariate and multivariate analyses for OS exhibited the
dose as an independent prognostic factor.

Table 2 Frequencies of treatment-related grade 3 or 4 adverse events under low-dose and high-dose nimotuzumab in accordance with

the National Cancer Institute Common Toxicity Criteria 3.0

Adverse events Low-dose group, (n=55) High-dose group, (n=11) P-value
Esophagitis 2 (4%) 1 (9%) 0.43
Pneumonitis/bronchitis 5 (9%) 0 (0%) 0.58
Skin reaction in radiation fields 1 (2%) 0 (0%) |
Nausea/vomiting 1 (2%) 0 (0%) |
Leucopenia 14 (25%) 5 (45%) 0.27
Thrombocytopenia 5 (9%) 0 (0%) 0.58
Anemia 5 (9%) 1 (9%) |
Fatigue 0 (0%) 0 (0%) -
Fever/chill 0 (0%) 0 (0%) -
Skin rash 0 (0%) 0 (0%) -

Notes: If a patient experienced more than one adverse event within a special adverse event category, the patient was counted once according to the highest toxicity grade
in that category. Low-dose group total nimotuzumab (h-R3) dose =1,200 mg, high-dose group total h-R3 dose >1,200 mg.
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Figure | Kaplan—Meier curves for comparisons of overall survival rate between
low- and high-dose groups.

Note: Low-dose group total nimotuzumab (h-R3) dose =1,200 mg, high-dose
group total h-R3 dose >1,200 mg.

The EGFR inhibitors, such as h-R3 and cetuximab
(C225), are demonstrated as effective in treating esophageal
carcinoma in animal experiments but not in large prospective
clinical trials (eg, REAL3 and COG).>?* The reason for this
scenario is still under research. The randomized EVEREST
study prescribed the patients who get = grade 1 skin reactions
(result from the fundamental treatment) with standard-dose
(250 mg/m?/week) or dose-escalated (500 mg/m*week)
cetuximab in metastatic colorectal cancer. Dose escalation,
compared with standard dosing, showed some evidence
for improved response rate and disease control rate but
no indication of benefit in OS in patients with = grade 2
skin reactions. So in the subgroup that get = grade 1 skin

reactions, the higher dose of cetuximab, the better benefit
from the treatment.?

Recent clinical trials lack data on the dose effect of h-R3
on OS. The prevalent dose for h-R3 was 200 mg with six
cycles without maintenance. Several scholars believe that
the low dose was the main reason. A key goal of early-phase
cancer clinical trials is to determine the best drug dose to be
administered in subsequent, outcome-oriented clinical trials.
However, phase I trials for h-R3 did not reach the maximum
tolerable dose with 400 mg or 800 mg weekly, which led to
the inconsistent use of h-R3 in phase II/I1I trials.'*!> h-R3 has
shown considerably lower toxicity than cetuximab (C225) in
experimental and clinical trials.?*?* Nimotuzumab not only
inhibits EGFR stimulation but also requires higher ligand
concentrations than cetuximab.?* Bivalent binding is required
for stable attachment of nimotuzumab, which selectively
binds to cells that express moderate to high levels of EGFR.*
Cetuximab attaches to receptors even if the EGFR density
is low, such as in normal tissues. By contrast, nimotuzumab
monovalent interaction is transient; hence, healthy tissues are
spared, and severe toxicities are avoided.'** Many clinical
trials under this situation have administered the weekly dose
of h-R3 and prolonged the treatment duration.

Jin et al?® reported that adding h-R3 to chemoradiotherapy
in locally advanced rectal cancer at a dose of 400 mg for
six cycles significantly increased efficacy. Patients in a ran-
domized, double blind trial for high-grade glioma received
6-weekly doses of 200 mg of nimotuzumab or placebo
together with irradiation as induction therapy. Maintenance

Table 3 Analysis of prognostic predictors in 66 patients with esophageal squamous cell carcinoma treated with h-R3

Variable Median overall survival Log-rank P-value Multivariate
(months) Hazard ratio (95% CI) P-value
Sex
Male 22.1 (11.2-33.0) 0.016* 0.33 (0.10-1.11) 0.07
Female NR
Patients status
Treatment-naive 35.1 (22.1-48.1) 0.115 0.93 (0.45-1.93) 0.85
Relapse 20.0 (6.5-25.4)
Chemotherapy
Radiation + h-R3 26.0 (0-70.3) 0.866 1.14 (0.51-2.58) 0.74
Chemoradiation + h-R3 26.8 (16.3-37.3)
Total dose of h-R3 (mg)
=1,200 22.1 (10.6-33.6) 0.042%* 0.28 (0.09-0.94) 0.039*
>1,200 NR
Irradiation dose (Gy)
=60 9.7 (1.7-17.7) 0.045%* 0.39 (0.19-0.78) 0.008*
>60 29.3 (18.6—41.2)

Note: *Indicates P-value <0.05 (two-sided).
Abbreviations: Cl, confidence interval; NR, not reached.
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treatment was given for 1 year with subsequent doses
administered every 3 weeks. The median cumulative dose
was 3,200 mg of nimotuzumab administered over a median
number of 16 doses and an excellent safety profile with
significant survival benefit combined with irradiation was
observed.'®

No prospective clinical trial has used h-R3 concurrently with
chemoradiotherapy as a standard therapy for non-resectable
locally advanced ESCC. Even the result for SCOPE1 or RTOG
0436 is negative when C225 is added to chemoradiotherapy
in ESCC. The overlapping toxicities, which preclude the
delivery of effective standard treatment, can affect the result.
Our results showed that high-dose h-R3 (>1,200 mg), with
limited toxicity, improved OS in patients with ESCC.

High-dose nimotuzumab improved the survival of
esophageal cancer patients who underwent radiotherapy.
However, this study is limited by the small sample size. In
addition, EGFR expression was not tested in patients. A large
trial sample is needed to determine the best and appropriate
weekly doses of h-R3.
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