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Abstract

Objective: To evaluate the efficacy and safety of nimotuzumab combined with gem-
citabine and cisplatin as second-line chemotherapy for advanced non-small-cell
lung cancer (NSCLC) and to investigate the association of the status of KRAS gene
mutation and epidermal growth factor receptor (EGFR) genotype with clinical
outcome.
Methods: Twenty-eight patients with advanced NSCLC were enrolled in this single
center, uncontrolled pilot clinical study.All the patients developed drug resistance or
disease progression after first-line chemotherapy of either a docetaxel + cisplatin
regimen or a vinorelbine + cisplatin regimen and then received nimotuzumab com-
bined with gemcitabine and cisplatin as second-line chemotherapy. Eight cases were
stage IIIB and 20 were stage IV.An i.v.dosage regimen of 200 mg of nimotuzumab was
given as a single dose, injected into the patient at days 1, 8 and 15; i.v. gemcitabine was
injected at a dose of 1000 mg/m2 at days 1 and 8 and cisplatin (25 mg/m2 i.v.) at days 1,
2 and 3. Each patient received four or more therapeutic cycles. The efficacy and toxic
reactions were evaluated, as well as time to progression and overall survival.
Results: In total, 28 patients with advanced NSCLC received 101 therapeutic cycles.
The mean cycle number was 3.6. Median time to progression was 4.9 (2.5–6.5)
months; median overall survival and 1-year survival rate were 9.8 months and
48.5%, respectively. There was one case of complete response, six cases of partial
response, 11 cases of stable disease and 10 cases of progressive disease. Response rate
was 25%, and clinical benefit rate was 64.3%. Major toxic reactions were bone
marrow suppression and gastrointestinal reaction. Only one patient developed
grade I acneiform eruption.
Conclusion: Nimotuzumab combined with gemcitabine and cisplatin as second-
line chemotherapy for advanced NSCLC was active and well-tolerated in this setting.
Patients with EGFR amplification and KRAS gene wild type had a better prognosis.
Prospective, randomized, controlled, large-scale clinical studies are needed to
confirm the results.

Non-small-cell lung cancer (NSCLC) is the leading cause of
cancer-related mortality and the incidence increases year by
year.1–4 The majority of patients are at middle or late stage at
the time of presentation, that is stage IIIB (locally advanced

stage) or stage IV (metastatic).5–8 Through years of numer-
ous clinical studies, the administration of platinum-based
combination chemotherapy regimens, which standard
chemotherapy for advanced NSCLC, have been constantly
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improved. However, many studies indicated that the efficacy
has reached a plateau.9–17 The emergence of molecular-
targeted drugs brought new hope for treatment of NSCLC.
Besides the application of small molecule tyrosine kinase
receptor antagonists like Iressa and Tarceva, depending on
a patient’s epidermal growth factor receptor (EGFR) gene
mutation determination, cetuximab, a human–mouse chi-
meric anti-EGFR monoclonal antibody, may be combined
with chemotherapy for an increased response rate (RR)
in advanced NSCLC, prolonging survival.18–23 However,
acneiform eruption associated with cetuximab significantly
impairs patient’s life quality. Some patients have even had to
stop therapy due to intolerance.24–27

Nimotuzumab is a human anti-EGFR monoclonal anti-
body.28 It was reported that nimotuzumab combined with
radiotherapy and chemotherapy achieved a certain efficacy
and was well tolerated in the treatment of advanced nasopha-
ryngeal carcinoma and head/neck squamous cell carcinoma,
with low incidence of rash.29,30 This study analyzed the clinical
data from 28 advanced NSCLC patients treated in the First
Department of Internal Medicine, Tianjin Medical University
Cancer Institute and Hospital between February 2009 and
June 2010. All the patients were resistant to first-line chemo-
therapy and received nimotuzumab combined with gemcit-
abine and cisplatin as second-line chemotherapy, so as to
explore new drug treatment of advanced NSCLC and find a
therapeutic regimen with high efficacy and low toxicity.

Materials and methods

Case selection

For the 28 patients enrolled in this study, their pathological
sections were reviewed by more than two senior pathologists
and histopathological type was determined in accordance
with the World Health Organization (WHO) criteria of
2009. Patients provided written informed consent before
entry into the study, then the tumors samples were obtained
and EGFR and KRAS status were assessed. Imaging con-
firmed stage IIIB or IV, and all patients had evaluable lesions
with a diameter �1.5 cm. These patients had not received
any chemotherapy, radiotherapy or other antitumor therapy
within the previous month; hepatic and renal functions
were basically normal; systemic functional status score
(ECOG) were 0–2 points; peripheral white blood cell �4.0 ¥
109, platelet �100 ¥ 109; expected survival >3 months. All the
patients developed tumor progression after two cycles of
first-line chemotherapy.

EGFR protein analysis

Serum EGFR protein levels were measured by commercial
Human EGFR ELISA Kit (Uscn Life Science & Technology

Company, Missouri, TX, USA) according to the manufac-
turer’s recommended protocol. Each sample was assayed in
triplicate. The level of EGFR protein was calculated according
to standard substance provided by manufacture.

EGFR expression fluorescence in situ
hybridization (FISH) analysis

Gene copy number per cell was investigated by FISH using the
LSI EGFR Spectrum Orange/CEP 7 Spectrum Green probe
(Vysis, Abbott Laboratories, IL, USA), according to published
protocol. Sections were incubated at 56°C overnight, deparaf-
finized by xylene and dehydrated in 100% ethanol.After incu-
bation in pretreatment buffer at 80°C for 10 min, the sections
were digested with proteinase K (0.25 mg/mL in 2 ¥ saline-
sodium citrate buffer (SSC), pH 7.0) at 37°C for 15 min,
rinsed in 2 ¥ SSC (pH 7.0) at room temperature for 5 min,
and dehydrated using ethanol in a series of increasing
concentrations (70%, 85%, 100%). The EGFR/CEP 7 probe
set was applied to each slide, and the hybridization area
was covered with a glass cover slip and sealed with rubber
cement. The slides were incubated at 73°C for 5 min for
co-denaturation of chromosomal and probe DNA and were
then placed in a humidified chamber at 37°C overnight.
Posthybridization washes were performed in 2 ¥ SSC/0.3%
NP40 (pH 7.0–7.5) at 73°C three times. After the samples
were dehydrated in ethanol, DAPI (4′, 6′-diamidino-2-
phenylindole) was applied for chromatin counterstaining.

For result analysis, patients were classified into six FISH
strata with ascending number of copies of the EGFR gene per
cell according to the frequency of tumor cells with the specific
number of copies of the EGFR gene and chromosome 7 cen-
tromere: (i) disomy (�2 copies in >90% of cells); (ii) low
trisomy (�2copies in �40% of cells,3 copies in 10–40% of the
cells,�4 copies in <10% of cells); (iii) high trisomy (�2 copies
in �40% of cells, 3 copies in �40‰f cells, �4 copies in <10%
of cells); (iv) low polysomy (�4copies in 10–40% of cells); (v)
high polysomy (�4copies in �40‰f cells); and (vi) gene
amplification (defined by the presence of tight EGFR gene
clusters and a ratio of EGFR gene to chromosome of �2 or
�15copies of EGFR per cell in �10% of analyzed cells).30

K-RAS gene mutation detected by
polymerase chain reaction–restriction
fragment length polymorphism (PCR-RFLP)

Plasma KRAS gene mutation was detected by PCR-RFLP in
20 NSCLC patients. It was performed according to the manu-
facturer’s recommended protocol.

Clinical data

A total of 28 NSCLC patients were enrolled, 19 men and nine
women; the median age was 51 years (32–66). According to
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the WHO pathological classification of 2009, there were 15
cases of squamous carcinoma, 11 cases of adenocarcinoma,
one case of mixed subtype of adenocarcinoma (signet ring
cell adenocarcinoma) and one case of large cell carcinoma
(clear cell carcinoma). There were eight stage IIIB patients
and 20 stage IV patients (Table 1).

Treatment

Nimotuzumab 200 mg i.v. injection was administered on
days 1, 8 and 15; cisplatin 25 mg/m2 i.v. injection, on days 1–3;
and gemcitabine 1000 mg/m2 i.v. injection, on days 1 and 8;
one cycle consisted of 21–28 days. During chemotherapy,
prophylactic antiemetic treatment with serotonin receptor
antagonist was routinely applied.After chemotherapy, granu-
locyte colony stimulating factor (G-CSF) was administered
once bone marrow suppression (grade II or above) was
observed. In cases that had an adverse reaction (grade III or
above), dosage of chemotherapy drugs was reduced by
15–30% in the next cycle. (Table 2).

Efficacy and toxicity assessment

Imaging examinations (computed tomography, magnetic
resonance imaging and positron emission tomography-
computed tomography) were performed at the end of every
two cycles of chemotherapy. Efficacy was assessed according
to RECIST standard and classified into complete response
(CR), partial response (PR), stable disease (SD) and progres-

sive disease (PD). RR was defined as CR+PR. Clinical benefit
rate (CBR) was defined as CR+PR+SD. Time to progression
(TTP) was defined as time from initiation of treatment
to tumor relapse or progression. Overall survival (OS) was
defined as the period from the treatment start date to the date
of patient death, last follow up, or observation end. Toxic
reactions were classified into grades 0-IV according to WHO
standard.

Statistical analysis

SPSS version 11.0 software was used (SPSS Inc, Chicago, IL,
USA) for statistical analyses. Group analyses were done by
age, sex, performance status, tumor location, histological
subtype, EGFR expression, tumor length and width. Survival
time was calculated from the date of the first treatment until
the date of death (with an overall two-sided type I error at a
significance level of 95% and statistical power of 80% to
detect differences). TTP and OS data were estimated with the
Kaplan–Meier method.

Role of the funding source

The sponsor of this study had no role in the study design, data
collection, data analysis, or data interpretation. The corre-
sponding authors had full access to all data in the study, and
had the final responsibility to submit for publication.

Results

EGFR analyses and KRAS mutation detection

In our study, we detected the EGFR protein level (with
ELISA), EGFR gene copy number (with FISH) and KRAS
mutation in patients whose specimens (tissue or blood or
both) were available. EGFR protein level was measured in 20
patients and the range was between 4.6 and 623.5 fmol/L. F
for analyzing the copy number of EGFR amplification 15
patients’ tissue specimens were available. The FISH positive
rate was 80.0% (12/15). EGFR FISH positive patients had sur-
vival benefit after treatment with nimotuzumab in combina-
tion with chemotherapy, and the TTP ranged from 3.8
months to 6.5 months (Table 3). KRAS mutation was ana-
lyzed in 20 patients’ tissue or blood specimens and the muta-
tion rate was 15.0% (3/20). One patient was resistant to
nimotuzumab plus chemotherapy and another two patients
showed stable disease.

Table 1 Clinical data of 28 patients with advanced non-small cell lung
cancer

Number 28
Median age (years) 51 (32–66)
Sex (male/female) 2.1/1 (19/9)
Stage

I 0
II 0
IIIA 0
IIIB 8
IV 20

Pathology
Squamous carcinoma 15
Adenocarcinoma 11
Mixed subtype adenocarcinoma 1
Large cell carcinoma 1

Table 2 Nimotuzumab, gemcitabine, cisplatin (NGC) regimen for 3 weeks cycle

NGC regimen Dose Usage Delivery time

Nimotuzumab 200 mg Dissolved in 500 mL normal saline, i.v. drip over 4 hours Days 1, 8, 15
Gemcitabine 1000 mg/m2 Dissolved in 100 mL normal saline, i.v. drip for 30 min Days 1, 8
Cisplatin 25 mg/m2 Dissolved in 250 mL normal saline, i.v. drip over 30 min Days 1–3
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Short-term efficacy and survival

Twenty-eight patients received 101 cycles of chemotherapy in
total (average cycle number: 3.6). Median OS (MST) and
1-year survival rate (SR) were 9.8 months and 48.5%, respec-
tively. Median TTP was 4.9 (2.5–6.5) months; there was one
case of CR, six cases of PR, 11 cases of SD and 10 cases of PD.
PR was 25% and CBR was 64.3% (Figs 1, 2).

Toxic reactions

The major toxic reactions were bone marrow suppression
and gastrointestinal reaction. Bone marrow suppression
mainly resulted in neutropenia and thrombocytopenia,
which were reversible. Gastrointestinal reactions mostly

manifested as grade I/II nausea and vomiting. Only one
patient developed grade I acneiform eruption. The incidence
of rash was 3.6% (Table 4).

Discussion

NSCLC accounts for approximately 85% of all lung cancers.
Since most of these patients are at stage IIIB or IV at diagno-
sis, chemotherapy combined with nutritional supportive
treatment is extremely important. However, the median sur-
vival of newly diagnosed patients receiving conventional che-
motherapy is only 8–12 months. The relative 1-year survival
rate is only 30–50%.31,32 Efficiency and survival with second-
line chemotherapy is even more disappointing.33 Therefore, it
is urgent to find a more effective treatment. In recent years,
targeted therapy, combined or sequential with chemotherapy,
has been developed for treatment of advanced NSCLC, and
has proved to prolong patient’s survival in IPASS and FLEX
studies.34,35

EGFR, as the first member of ErbB family and highly
expressed in 40–80% patients with NSCLC, has received
particular attention recently.36 As the first EGFR antagonist,
cetuximab was used to treat advanced NSCLC in many
clinical trials. Preliminary results showed cetuximab had
a synergistic effect with cytotoxic drugs.37 In multicenter,
randomized, controlled studies using cetuximab combined
with platinum-based chemotherapy, cetuximab group
showed better efficacy than the chemotherapy-only group in
terms of RR.38–41 In 2008 at the American Society of Clinical
Oncology annual meeting, a phase III study (FLEX) was
reported which compared cetuximab combined with chemo-
therapy with chemotherapy alone as first-line treatment
of advanced NSCLC for EGFR immunohistochemically-

Table 3 EGFR status and responses of the patients

Case TTP (m) OS (m)
EGFR high copy
number

1 4.2 10.0 Amp
2 5.1 13.7 Amp
3 2.5 5.8 Non-amp
4 4.0 8.1 Amp
5 5.0 20.0 Amp
6 4.6 12.3 Amp
7 2.8 6.2 Non-amp
8 5.6 14.8 Amp
9 6.0 16.5 Amp

10 3.2 15.2 Non-amp
11 6.5 22.6 Amp
12 5.8 21.8 Amp
13 5.6 18.5 Amp
14 3.8 9.4 Amp
15 6.3 19.6 Amp

Amp, amplification; EGFR, epidermal growth factor receptor; m, months;
non-Amp,non-amplification;OS,overall survival; TTP, time toprogression.

Figure 1 Kaplan–Meier curve with a median time to progression of 4.9
(2.5–6.5) months.

Figure 2 Overall survival curve with a median overall survival of 9.8
(4.8–22.6) months and 1-year survival rate of 48.5%.
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positive patients. The results showed that patient survival
was prolonged in the cetuximab combined with cisplatin/
vinorelbine group, compared with the control group (NVB/
Cis; 11.3 vs. 10.1) and the 1-year survival rate was increased
(47% vs. 42%). The difference between the two groups had
statistical significance (P = 0.044, hazard ratio 0.87), suggest-
ing that cetuximab combined with chemotherapy reduced
the risk of death by 13%. At present, few studies focus on
cetuximab in combination with chemotherapy as second-line
or further-line therapy for patients who have failed a plati-
num based doublet regimen. Kim et al. reported a study on
cetuximab combined with docetaxel as second-line therapy
for advanced NSCLC patients. The result showed that the
response rate was 20% and the median OS was 7.5 months,
which is higher than the standard second-line chemotherapy
with docetaxel or pemetrexed.

However, in patients with advanced NSCLC additionally
receiving human–mouse chimeric cetuximab, the side-effect
rash (mainly acneiform rash) cannot be ignored. Some
patients have even stopped the drug due to intolerable
severe rash.26,27 During administration of cetuximab, the
incidence of grade III–IV rash is 11–22% and the occur-
rence shows dose-dependency.42–44 Several clinical trials have
been carried out trying to determine the correlation
between rash and efficacy of chemotherapy; however, results
have been inconclusive.21,26,27,45

Nimotuzumab is a human-derived anti-EGFR monoclonal
antibody with high selectivity and a long half-life. Preclinical
studies demonstrate that it could competitively inhibit endog-
enous ligands from binding to EGRF and block EGFR-
mediated downstream signaling pathways, inhibiting tumor
proliferation, promoting tumor apoptosis, preventing tumor
angiogenesis and enhancing chemotherapy sensitivity.46,47 In
treatments of head and neck tumors, nimotuzumab has
shown high efficacy and very low incidence of rash.48,49 When
applied in lung cancer, it has always been always combined
with radiotherapy as reported in the literature. It was well tol-
erated by patients and enhanced radiotherapy sensitivity to
some extent.Almost no rash was observed.50

In our study, 28 patients received nimotuzumab combined
with chemotherapy. A total of 101 cycles of chemotherapy
were administered, with a mean cycle number of 3.6. There
was one case of CR, six cases of PR, 11 cases of SD and 10 cases
of PD. RR was 25%; CBR was 64%, higher than the standard
second-line chemotherapy with docetaxel or pemetrexed.
The possible reasons may be: (i) 12 out of 15 patients had
EGFR amplification and 17 out of 20 patients had KRAS wild
type, which might contribute to patients’ survival benefit; or
(ii) the combination of nimotuzumab and gemcitabine may
be a potential second-line therapy regimen and deserves to
future study.

In our study, 28 patients received nimotuzumab plus che-
motherapy as second-line therapy, MST and 1-year survival
rate were 9.8 months and 48.5%, respectively. Median TTP
was 4.9 (2.5–6.5) months, higher than the data of historial
control. This may be because the FISH positive rate was
80.0% (12/15). EGFR FISH positive patients had survival
benefit after treatment with nimotuzumab in combination
with chemotherapy, and the TTP was 3.8 months to 6.5
months (Table 3), which is higher than for patients without
EGFR gene amplification.

KRAS mutation has become an important contraindica-
tion for advanced colon cancer to use cetuximab. However, to
date, no effective predictive biomarkers for cetuximab were
identified in advanced NSCLC. Most recently, Byrne et al.
evaluated the effect of K-RAS mutation and EGFR genotype
on the response to cetuximab in combination with chemo-
therapy in FLEX trial. The results showed that there was no
correlation between KRAS mutation, EGFR mutation and
amplification (FISH positive) with progression-free survival
or OS. In Our study, KRAS mutation was analyzed in 20
patients’ tissue or blood specimens and the mutation rate was
15.0% (3/20). One patient was resistant to nimotuzumab plus
chemotherapy and another two patients showed stable
disease.

Concerning toxic reactions, only one of the 28 enrolled
patients developed grade I acneiform eruption during the
first cycle, which did not recur after the beginning of the

Table 4 Adverse reactions of 28 patients with advanced non-small cell lung cancer treated to nimotuzumab, gemcitabine, cisplatin regimen as second-
line therapy

Symptoms 0 I II III IV Incidence rate (%) Incidence rate of III, IV grade (%)

Emesis and vomiting 10 12 5 1 0 64.28 3.57
Fever 26 2 0 0 0 7.14 0.00
Rash 27 1 0 0 0 3.57 0.00
Fatigue 9 10 6 3 0 67.86 10.71
Anemia 25 2 1 0 0 10.71 0.00
Leukopenia 12 6 9 1 0 57.14 3.57
Thrombocytopenia 9 7 11 1 0 67.86 3.57
Elevated transaminase 23 3 2 0 0 17.86 0.00
Renal dysfunction 25 2 1 0 0 10.71 0.00
Alopecia 24 2 2 0 0 14.29 0.00
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second cycle. Tolerance is significantly increased compared
with cetuximab.

In conclusion, the results of this study show that nimotu-
zumab combined with gemcitabine-based chemotherapy
is safe and tolerable. The mostly common toxicity is mild
to moderate skin rash. For patients with advanced NSCLC,
especially needing multiline treatment, nimotuzumab com-
bined with gemcitabine and cisplatin as second-line chemo-
therapy was active and well tolerated in this setting Patients
with EGFR amplification and KRAS gene wild type had
better prognosis.
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Med Chir Soc Med Nat Iasi 2011; 115: 116–26.

2 Montesinos J, Bare M, Dalmau E et al. The changing pattern
of non-small cell lung cancer between the 90 and 2000
decades. Open Respir Med J 2011; 5: 24–30.

3 Wu M, Wang Y, An T et al. Analysis of prognostic factors in
541 female patients with advanced non-small cell lung cancer.
Zhongguo Fei Ai Za Zhi 2011; 14: 245–50. (In Chinese.)

4 Dai L, Fang J, Nie J et al. Analysis of prognostic factors of 80
advanced NSCLC patients treated with gefitinib for more than
6 months. Zhongguo Fei Ai Za Zhi 2010; 13: 1050–5. (In
Chinese.)

5 Hou G, Zhang L, Chu X, Wang J. Clinical analysis of lung
cancer patients younger than 30 years]. Zhongguo Fei Ai Za
Zhi 2011; 14: 456–8. (In Chinese.)

6 Yin J, Lu C, Gu J et al. Common GeneticVariants in Cell Cycle
Pathway Are Associated with Survival in Stage III-IV Non-
Small Cell Lung Cancer. Carcinogenesis 2011; 28: 112–115.

7 Jacobsen J, Jackson V, Dahlin C et al. Components of early
outpatient palliative care consultation in patients with
metastatic nonsmall cell lung cancer. J Palliat Med 2011; 14:
459–64.

8 Veronesi G, Maisonneuve P, Pelosi G et al. Screening-detected
lung cancers: is systematic nodal dissection always essential? J
Thorac Oncol 2011; 6: 525–30.

9 Stolz A, Pafko P, Lischke R et al. Time trend in the surgical
therapy of lung cancer. Bratisl Lek Listy 2011; 112: 174–6.

10 Temel JS, Greer JA, Admane S et al. Longitudinal perceptions
of prognosis and goals of therapy in patients with metastatic

non-small-cell lung cancer: results of a randomized study of
early palliative care. J Clin Oncol 2011; 29: 2319–26.

11 Smith J. Erlotinib: small-molecule targeted therapy in the
treatment of non-small-cell lung cancer. Clin Ther 2005; 27:
1513–34.

12 Mountzios G, Syrigos KN. A benefit-risk assessment of
erlotinib in non-small-cell lung cancer and pancreatic
cancer. Drug Saf 2011; 34: 175–86.

13 Cappuzzo F, Ciuleanu T, Stelmakh L et al.; SATURN
Investigators. Erlotinib as maintenance treatment in advanced
non-small-cell lung cancer: a multicentre, randomised,
placebo-controlled phase 3 study. Lancet Oncol 2010; 11:
521–9.

14 Gridelli C, Rossi A, Maione P et al. The role of maintenance
treatment in advanced non-small-cell lung cancer: reality or
early second line? Clin Lung Cancer 2010; 11: 374–82.

15 Thatcher N, Heighway J. Maintenance and consolidation
therapy in patients with unresectable stage III/IV non-small
cell lung cancer. Oncologist 2010; 15: 1034–42.

16 West H, Harpole D, Travis W. Histologic considerations
for individualized systemic therapy approaches for the
management of non-small cell lung cancer. Chest 2009; 136:
1112–18.

17 Pallis AG, Serfass L, Dziadziusko R et al. Targeted therapies in
the treatment of advanced/metastatic NSCLC. Eur J Cancer
2009; 45: 2473–87.

18 Moody TW, Berna MJ, Mantey S et al. Neuromedin B
receptors regulate EGF receptor tyrosine phosphorylation in
lung cancer cells. Eur J Pharmacol 2010; 637: 38–45.

19 Weber B, Winterdahl M, Memon A et al. Erlotinib
accumulation in brain metastases from non-small cell lung
cancer: visualization by positron emission tomography in a
patient harboring a mutation in the epidermal growth factor
receptor. J Thorac Oncol 2011; 6: 1287–9.

20 Chen X, Li W, Hu X et al. Effect of gefitinib challenge to initial
treatment with non-small cell lung cancer. Biomed
Pharmacother 2011. doi: 10.1016/j.biopha.2011.04.017.

21 Blumenschein GR Jr, Paulus R, Curran WJ et al. Phase II study
of cetuximab in combination with chemoradiation in patients
with stage IIIA/B non-small-cell lung cancer: RTOG 0324.
J Clin Oncol 2011; 29: 2312–18.

22 Ibrahim EM, Abouelkhair KM, Al-Masri OA, Chaudry NC,
Kazkaz GA. Cetuximab-based therapy is effective in
chemotherapy-naïve patients with advanced and metastatic
non-small-cell lung cancer: a meta-analysis of randomized
controlled trials. Lung 2011; 189: 193–8.

23 Steins MB, Reinmuth N, Bischoff H, Kindermann M, Thomas
M. Targeting the epidermal growth factor receptor in
non-small cell lung cancer. Onkologie 2010; 33: 704–9.

24 Santin AD, Sill MW, McMeekin DS et al. Phase II trial of cetux-
imab in the treatment of persistent or recurrent squamous or
non-squamous cell carcinoma of the cervix: a Gynecologic
Oncology Group study. Gynecol Oncol 2011; 122: 495–500.

25 Orditura M, DeVita F, Galizia G et al. Correlation between
efficacy and skin rash occurrence following treatment with the

H. Wang et al. Nimotuzumab for NSCLC

Thoracic Cancer 3 (2012) 72–78 © 2011 Tianjin Lung Cancer Institute and Blackwell Publishing Asia Pty. Ltd 77



epidermal growth factor receptor inhibitor cetuximab: a single
institution retrospective analysis. Oncol Rep 2009; 21: 1023–8.

26 Perez-Soler R. Rash as a surrogate marker for efficacy of
epidermal growth factor receptor inhibitors in lung cancer.
Clin Lung Cancer 2006; 8 (Suppl 1): S7–14.

27 Pérez-Soler R. Can rash associated with HER1/EGFR
inhibition be used as a marker of treatment outcome?
Oncology (Huntingt) 2003; 17 (11 Suppl 12): 23–8.

28 Vera DR, Eigner S, Beran M et al. Preclinical evaluation of
(177) lu-nimotuzumab: a potential tool for radioimmuno-
therapy of epidermal growth factor receptor-overexpressing
tumors. Cancer Biother Radiopharm 2011; 26: 287–97.

29 Basavaraj C, Sierra P, Shivu J, Melarkode R, Montero E, Nair
P. Nimotuzumab with chemoradiation confers a survival
advantage in treatment-naïve head and neck tumors over
expressing EGFR. Cancer Biol Ther 2010; 10: 673–81.

30 Zeng X, Zhao DC, Zhou WX et al. Evaluation of HER2 gene
expression status in breast cancer by flurescence in-situ
hybridization. Zhonghua Bing Li Xue Za Zhi 2005; 34: 701–5.
(In Chinese.)

31 Dai Y, Jiang W, Yuan J, Wei R. A randomized study on the
effects of paclitaxel liposme and cisplatin induction
chemotherapy followed concurrent chemoradiotherapy and
sequential radiotherapy on locally advanced non-small cell
lung cancer patients. Zhongguo Fei Ai Za Zhi 2011; 14: 137–40.

32 Zhou Q, Shi Y, Chen J et al. Long-term survival of
personalized surgical treatment of locally advanced non-small
cell lung cancer based on molecular staging. Zhongguo Fei Ai
Za Zhi 2011; 14: 86–106.

33 Jiang J, Li L, Wang X, Tian J, Wang Q, Lin Q. A meta-analysis of
pemetrexed plus platinum chemotherapy versus gemcitabine
plus platinum chemotherapy for advanced non-small cell lung
cancer. Zhongguo Fei Ai Za Zhi 2011; 14: 43–8.

34 Fukuoka M, Wu YL, Thongprasert S et al. Biomarker analyses
and final overall survival results from a phase III, randomized,
open-label, first-line study of gefitinib versus
carboplatin/paclitaxel in clinically selected patients with
advanced non-small-cell lung cancer in Asia (IPASS). J Clin
Oncol 2011; 29: 2866–74.

35 Pirker R, Pereira JR, Szczesna A et al. Cetuximab plus
chemotherapy in patients with advanced non-small-cell lung
cancer (FLEX): an open-label randomised phase III trial.
Lancet 2009; 373: 1525–31.

36 Gridelli C, Maione P, Ferrara ML et al. Cetuximab and other
anti-epidermal growth factor receptor monoclonal antibodies
in the treatment of non-small cell lung cancer. Oncologist
2009; 14: 601–11.

37 Raben D, Helfrich B, Chan DC et al. The effects of cetuximab
alone and in combination with radiation therapy and/or
chemotherapy in lung cancer. Clin Cancer Res 2005; 11:
795–805.

38 Thienelt CD, Bunn PA, Hanna N et al. Multi-center phase I/II
study of cetuximab with paclitaxel and carboplatin in
untreated patients with stage IV non-small cell lung-cancer.
J Clin Oncol 2005; 23: 8786–93.

39 Robert F, Blumenschein G, Herbst RS et al. Phase I/IIa study
of cetuximab with gemcitabine plus carboplatin inpatients
with chemotherapy-naïve advanced non-small-cell lung
cancer. J Clin Oncol 2005; 23: 9089–96.

40 Borghaei H, Langer CJ, Millenson M et al. Phase II study of
paclitaxel, carboplatin, and cetuximab as first line treatment,
for patients with advanced non-small cell lung cancer
(NSCLC): results of OPN-017. J Thorac Oncol 2008; 3:
1286–92.

41 Belani CP, Schreeder MT, Steis RG et al. Cetuximab in
combination with cerboplatin and docetaxel for patients with
metastatic or advanced-stade nonsmall cell lung cancer:
amulticenter phase 2 study. Cancer 2008; 113: 2512–17.

42 Butts CA, Bodkin D, Middleman EL et al. Randomized phase
II study of gemcitabine plus cisplatin, with or without
cetuximab, as first-line therapy for patients with advanced or
metastatic non small-cell lung cancer. J Clin Oncol 2007; 25:
5777–84.

43 Spigel DR, Greco FA, Thompson DS et al. Phase II study of
cetuximab, docetaxel, and gemcitabine in patients with
previously untreated anvanced non-small-cell lung cancer.
Clin Lung Cancer 2001; 1: 198–203.

44 Rossi A, Bria E, Maione P et al. The role of cetuximab and
other epidermal growth factor receptor monoclonal
antibodies in the treatment of advanced non-small cell lung
cancer. Rev Recent Clin Trials 2008; 3: 217–27.

45 Govindan R, Bogart J, Stinchcombe T et al. Randomized
phase II study of pemetrexed, carboplatin, and thoracic
radiation with or without cetuximab in patients with locally
advanced unresectable non-small-cell lung cancer: Cancer
and Leukemia Group B Trial 30407. J Clin Oncol 2011; 29:
3120–5.

46 Boland W, Bebb G. The emerging role of nimotuzumab in the
treatment of non-small cell lung cancer. Biologics 2010; 4:
289–98.

47 Bebb G, Smith C, Rorke S et al. Phase I clinical trial of the
anti-EGFR monoclonal antibody nimotuzumab with
concurrent external thoracic radiotherapy in Canadian
patients diagnosed with stage IIb, III or IV non-small cell lung
cancer unsuitable for radical therapy. Cancer Chemother
Pharmacol 2011; 67: 837–45.

48 Rodriguez MO, Rivero TC, Bahi R et al. Nimotuzumab plus
radiotherapy for unresectable squamous-cell carcinoma of the
hand and neck. Cancer Biol Ther 2010; 9: 343–9.

49 Huang XD, Yi JL, Gao L et al. Multi-center phase II clinical
trial of humanized anti-epidermal factor receptor monoclonal
antibody h-R3 combined with radiotherapy for locoregionally
advanced nasopharyngeal carcinoma. Zhonghua Zhong Liu Za
Zhi 2007; 29: 197–201.

50 Akashi Y, Okamoto I, Iwasa T et al. Enhancement of the
antitumor activity of ionizing radiation by nimotuzumab, a
humanized monoclonal antibody to the epidermal growth
factor receptor, in non-small cell lung cancer cell lines of
differing epidermal growth factor receptor status. Br J Cancer
2008; 98: 749–55.

Nimotuzumab for NSCLC H. Wang et al.

78 Thoracic Cancer 3 (2012) 72–78 © 2011 Tianjin Lung Cancer Institute and Blackwell Publishing Asia Pty. Ltd


