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Nimotuzumab prolongs survival in patients with malignant
gliomas: A phase I/II clinical study of concomitant
radiochemotherapy with or without nimotuzumab
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Abstract. The present study aimed to determine whether
nimotuzumab enhances the effect of radiochemotherapy in
malignant gliomas. Patients (n=41) with malignant gliomas
were divided into 20 cases (treatment group) in which nimo-
tuzumab plus radiochemotherapy were offered and 21 cases
(control group) in which placebo and radiochemotherapy were
administered to the patients. The response to treatment was
evaluated according to the Response Evaluation Criteria in
Solid Tumors, the Kaplan-Meier method was used to calcu-
late the mean and median survival times and 1-year survival
rate, and the log-rank test and the Chi-square test were used
to analyze the difference in the survival and response rate
between the treatment and control groups. The mean survival
times of the treatment and control groups were 14.3 and
10.4 months and the median survival times of the treatment
and control groups were 16.5 and 10.5 months, respectively.
The 1-year survival rates of the treatment and control groups
were 81.3 and 69.1%, respectively, with no significant differ-
ence (P>0.05). The objective response rates of the treatment
and control groups were 70.0 and 52.4%, respectively, with no
significant difference (P>0.05). In conclusion, there was a trend
towards improved treatment efficacy of radiochemotherapy
combined with nimotuzumab against malignant gliomas. This
study demonstrated that the use of nimotuzumab combined
with radiotherapy and concomitant temozolomide chemo-
therapy is effective for malignant gliomas.

Introduction

Gliomas account for half of all primary intracranial tumors (1).
High-grade gliomas are those gliomas of grades III-IV, also
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known as malignant gliomas with poor prognosis. Glioblastoma
multiforme is the most malignant of the astrocytic tumors,
which belong to the grade IV gliomas. The goal of therapy in
malignant gliomas is dependent on available techniques and on
the nature of the malignant glioma itself, and the final objective
of malignant glioma therapy is cytoreduction. Multimodality
therapy including surgery, radiotherapy and chemotherapy
can treat malignant gliomas, but rarely cures them. Surgery
can establish a diagnosis and remove the tumor, improving the
symptoms, but the role of surgical resection in treatment of
malignant gliomas remains controversial even after 75 years of
experience (2). There is evidence that surgical reduction of the
tumor to minimal residual amounts is associated with prolonged
survival. In one Brain Tumor Cooperative Group study, CT scans
from brain tumor patients were studied several times over the
course of their illness and compared to their ultimate outcomes
(3). There was a marked inverse correlation between postop-
erative tumor size and survival. This was especially notable
in patients with minimal or no residual enhancing tumor. The
beneficial effect of surgery was less marked where the aim was
de-bulking as opposed to leaving a minimal amount of residual
tumor. A trend toward longer survival was observed in patients
whose tumors were reduced by 75% or more. A similar result
was reported in a study carried out by MRI (4). Retrospective
reviews have indicated that surgery increases survival time in
malignant glioma patients (5). Radiation Therapy Oncology
Group data have indicated that surgical resection was associ-
ated with statistically significantly longer survival and median
survival time (6).

Radiotherapy is a key treatment for malignant gliomas.
The Brain Tumor Study Group first reported in controlled
studies that whole-brain radiation therapy increases the
survival time of patients over those following surgery alone
(7). Other data showed that patients receiving 55-60 Gy
survive for significantly longer than those receiving 50 Gy
or less (8). Andersen et al reported that postoperative radio-
therapy improved the 6-month and 1-year survival rates of
glioblastoma patients (9). Kristiansen et al studied 118 patients
with supratentorial astrocytoma of grades III-IV and revealed
that postoperative radiotherapy prolonged the median survival
time to 10.8 months vs. 5.2 months in the control group (10).
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Laperriere et al reviewed systemic trials of postoperative
radiotherapy on malignant gliomas and carried out a meta-
analysis. Their results revealed that six randomized trials
detected a significant survival benefit favoring post-operative
radiotherapy compared with no radiotherapy (11).

Temozolomide (TMZ) is an oral preparation used in newly
diagnosed grade III and IV gliomas as adjuvant and concomi-
tant therapy to surgery and radiotherapy. It has the advantages of
being administered orally and exhibiting effective blood-brain
barrier (BBB) penetration, and may have low toxicity (12).
Watkins ef al reported that among glioblastoma patients, TMZ
provided a statistically significant survival improvement over no
chemotherapy (median survival 12.7 vs. 7.5 months; P=0.0058)
(13). Stupp et al reported the overall survival was 27.2%
(95% CI, 22.2-32.5) at 2 years, 16.0% (12.0-20.6) at 3 years,
12.1% (8.5-16.4) at 4 years, and 9.8% (6.4-14.0) at 5 years with
TMZ plus radiotherapy, versus 10.9% (7.6-14.8), 4.4% (2.4-1.2),
3.0% (1.4-5.7), and 1.9% (0.6-4.4) with radiotherapy alone
(HR 0.6; 95% CI, 0.5-0.7, P<0.0001) (14).

Nimotuzumab is a humanized monoclonal antibody that
inhibits tumor cells and enhances chemoradiosensitivity, and
has already been used in combination with radiotherapy in
unresectable head and neck cancer patients (15,16). A trend
towards survival benefit for nimotuzumab-treated subjects
has been identified. Malignant gliomas are resistant to radio-
therapy and chemotherapy, and since the majority of patients
with malignant gliomas experience local recurrence, the prog-
nosis of patients with this tumor remains dismal. Therefore,
we designed randomly controlled trials to investigate the effect
of nimotuzumab on sensitization to the effect of radiochemo-
therapy on malignant gliomas.

Materials and methods

Patient selection. Between June 2008 and February 2011,
41 patients with malignant gliomas confirmed by pathological
diagnosis according to the World Health Organization criteria
(17) who had not received prior treatment were eligible to take
part in the study. They were divided into the nimotuzumab +
radiochemotherapy (treatment group; 20 cases) and placebo
+ radiochemotherapy (control group; 21 cases) groups. All
patients provided written informed consent. The protocols
were approved by the Institutional Research Review Board
at Xiangya Hospital of South Central University, Changsha,
China. Eligibility criteria comprised the following: age =18
years; Karnofsky performance status (KPS) score =60%;
grade III-IV glioma confirmed by histopathology; predictive
survival time =6 months; normal function of major organs;
bone marrow function: hemoglobin =10g/I, white blood cell
count 24x10%1, platelet count =100x10%1, normal renal func-
tion (serum creatinine, 1.2 mg/dl); existing lesions measurable
by MRI; and no allergic reaction to biological agents. Clinical
data of the patients are shown in Table I.

Nimotuzumab treatment. In the radiotherapy period, the
patients in the treatment group received 200 mg intravenous
nimotuzumab by drip, once per week, continuing for six weeks.
Nimotuzumab (200 mg) was dissolved in 250 ml physiological
saline. Infusion time was >60 minutes. Diphenhydramine
(20 mg) was injected intramuscularly and dexamethasone
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(10 mg) was infused intravenously to patients prior to nimo-
tuzumab infusion for the first time. In the absence of an
allergic reaction, diphenhydramine and dexamethasone were
not administered in subsequent doses. In the control group,
patients were administered placebo instead of nimotuzumab.

Chemotherapy. TMZ was used in conjunction with radio-
therapy (RT) and was administered in two phases. During RT,
a daily dose of 75 mg/m? was administered. On completion of
RT, there was a 28-day treatment break, followed by a second
phase of up to six 28-day cycles of maintained (adjuvant)
TMZ treatment. Dosage was 150 mg/m? once daily for 5 days
followed by 23 days without treatment. At the start of cycle 2,
the dose was escalated to 200 mg/m?/day if haematological
toxicity was within prescribed limits.

Radiotherapy. All patients were treated with intensity modu-
lated radiotherapy (IMRT) or three-dimensional conformal
radiotherapy (3D-CRT). Each patient was positioned and
immobilized with an individualized thermoplastic mask with
treatment-planning CT. Slices of 0.3 cm were obtained through
the regions of interest. Gross tumor volume (GTV), clinical
tumor volume (CTV), and planning tumor volume (PTV) were
defined based on the treatment-planning CT, with registration
to MRI when possible, in accordance with the International
Commission on Radiation Units and Measurements 62 report
(1999), according to pre- and postoperative MRI. Gross tumor
volume (GTV) or gross tumor volume tumor bed (GTVtb)
were delineated on contrasted MRI images. GTV or GTVtb
with a 2.5-3.0 cm margin were defined as clinical tumor
volume (CTV). CTV with 0.3-0.5 cm margins were defined as
planning tumor volume (PTV); GTV or GTVtb with a 0.5-cm
margin were defined as planning GTV (PGTV) or planning
GTVtb (PGTVtb); 3D-CRT or IMRT were delivered as
Dy =46-50 Gy/26-28 fractions to PTV or D; = 54-66 Gy/26-30
fractions to PGTV or PGT Vtb; dose was in part determined by
critical structure tolerance.

Evaluation response. All patients were surgically treated
with exploratory craniotomy, tumorectomy and/or biopsy,
and the extent of surgical resection was evaluated by preop-
erative MRI, the patient surgical record and the results of
the last three-day postoperative MRI. Based on this, patients
were allocated total resection, subtotal resection or biopsy
procedures. Total resection represented the complete removal
of the visible tumor, subtotal resection involved a 50-99%
volume reduction and a biopsy indicated a <50% resection.
Objective response rates of the treatment group and control
group were evaluated using the Response Evaluation Criteria
in Solid Tumors (18). Complete response (CR) was defined as
disappearance of all target lesions. Partial response (PR) was
defined as a decrease of at least 30% in the sum of diameters
of target lesions, taking as reference the baseline sum diam-
eters. Progressive disease (PD) was defined as an increase of
at least 20% in the sum of diameters of target lesions, taking
as reference the smallest sum on study. Stable disease (SD)
was defined as neither sufficient shrinkage to qualify for PR
nor sufficient increase to qualify for PD, taking as reference
the smallest sum diameters while on study. Surgical resection
extent and response rate were determined by comparing the
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Table I. Clinical data of patients in the treatment group and control group.
Characteristics Treatment Control Z P-value
n (%) n (%)
Total 20 (100) 21 (100)
Gender
Male 14 (70) 12 (57.1) -0.111 0912
Female 6 (30) 9 (42.9)
Age
<40 years 7(35) 9(42.9) -0.146 0.990
40-60 years 12 (60) 11 (52.4)
>60 years 1 (1) 1 @47
Lesion location
Temporal lobe 3(15) 5(23.8) 0.227 0.821
Parietal lobe 5(25) 6 (28.6)
Frontal lobe 5(25) 4(19.0)
Occipital lobe 4 (20) 3(14.3)
Brain stem 2 (10) 3(14.3)
Two or more than two locations 1 (%) 0 (0
Lesion side
Left 6 (30) 10 (47.6) -0.776 0.438
Right 12 (60) 8 (38.1)
Both sides 2 (10) 3(14.3)
Extent of surgical resection
Total resection 4 (20) 6 (28.6) -0.495 0.621
Subtotal resection 13 (65) 12 (57.1)
Biopsy 3 (15) 3(14.3)
Interval between surgery and radiotherapy
<1 month 10 (50) 8 (38) -0.483 0.629
>1 month 10 (50) 13 (62)
Histological grade
I 9 (45) 8 (38.1) -0.814 0415
v 4 (20) 3(14.3)
- 7 (35) 10 (47.6)
Modality of radiotherapy
3D-CRT 2 (10) 4 (19 -0.809 0418
IMRT 18 (90) 17 (81)
Dose of radiotherapy
<54 Gy 3(15) 6 (28.6) -0.637 0.524
54-60 Gy 10 (50) 9 (42.8)
>60 Gy 7 (35) 6 (28.6)

3D-CRT, three-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy. “Indicates patients whose histological grade
could not be accurately classified.

disease lesion of the enhancing tumor on gadolinium-enhanced
T1-weighted MR images at points preoperative and postopera-
tive (within 3 days following surgery) or after completion of
the radiotherapy. Response rate included complete response
and partial response. Enhanced disease lesion in gadolinium-
enhanced T1-weighted MR images was regarded as the basis
of tumor residual and tumor recurrence. The follow-up period
began on completion of radiotherapy. The MRI was scanned

every three months following radiotherapy to evaluate tumor
relapse.

Statistical analysis. SPSS 13.0 was used to carry out the
statistical analysis. The mean and median survival times and
1-year survival rate were calculated using the Kaplan-Meier
method. Mean and median survival times and 1-year survival
rate between the treatment group and control group were
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Figure 1. The survival curves of the treatment and control groups.

Figure 2. MRI from a case with grade III glioma in the control group. The
lesion was located in the right temporal lobe and hippocampus and intruded
suprasellar cistern with slight enhancement. The tumor size was 5x4 cm and
the surrounding peritumor edema was mild. (A) Contrasted T1 image prior
to surgery. (B) Contrasted T1 image following surgery shows residual lesion.
(C) Contrasted T1 image following postoperative radiotherapy shows CR.
(D) Contrasted T1 image three months after radiotherapy shows no recurrent
lesion.

compared using the log-rank method. The Wilcoxon rank
sum test was used to apply the equilibrium analysis of the
two groups' data. The difference in objective response rate
between the treatment and control groups was evaluated
using the Pearson Chi-square test. A p-value <0.05 was
considered to indicate statistical significance in all statistical
analyses.

Results

Survival in the treatment and control groups. Mean survival
times of the treatment and control groups were 14.3 and
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Table II. Objective response rate of patients in treatment and
control groups.

Group CR PR SD PD RR (%)
Treatment 3 11 4 2 70.0
Control 2 9 7 3 52.4

%*=1.336; P=0.248. CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; RR, response rate.

Figure 3. MRI from a case with grade III-IV glioma in the treatment group.
The lesion was located in the right frontal lobe with mild enhancement.
Tumor size was 4x4 cm and the surrounding peritumor edema was not
obvious. (A) Contrasted T1 image prior to surgery. (B) Contrasted T1 image
following surgery shows total resection. (C) Contrasted T1 image following
postoperative radiotherapy shows SD. (D) Contrasted T1 image one year fol-
lowing postoperative radiotherapy shows pseudoprogress.

10.4 months, respectively. Median survival times of the
treatment and control groups were 16.5 and 10.5 months,
respectively. The l-year survival rates of the treatment and
control groups were 81.3 and 69.1%, respectively. Mean and
median survival times of the treatment group were longer than
those of control group, and the 1-year survival rate of the treat-
ment group was higher than that of the control group. There
was no significant differences between the treatment and
control groups (P=0.094, Fig. 1). The gadolinium-enhanced
T1-weighted MR images of representative patients are shown
in Fig. 2-5.

Objective response rate of patients in the treatment and
control groups. Objective response rates of the treatment and
control groups were 70.0 and 52.4%, respectively, and the
difference between the treatment group and control group was
not statistically significant (P=0.248, Table II).
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Figure 4. MRI from a case with grade III-IV glioma in the control group.
The lesion was located in the left parietal lobe with mid-range enhancement.
Tumor size was 6x5 cm and surrounding peri-tumor edema was marked. (A)
Contrasted T1 image prior to surgery. (B) Contrasted T1 image following
surgery shows total resection. (C) Contrasted T1 image following radio-
therapy shows SD. (D) Contrasted T1 image 10 months after postoperative
radiotherapy shows recurrent lesion.

Discussion

Malignant gliomas are aggressive and incurable brain tumors,
and the aim of treatment is to increase survival while improving
quality of life. Median survival is approximately one year for
patients with grade IV tumors and 2-3 years for those with
grade III tumors. More than 80% of high-grade gliomas recur
within 2-3 cm of the margin of the original tumor following
surgery (19). Recurrence can be defined clinically or radio-
logically, based on patients presenting with certain progressive
symptoms (20).

The benefit of radiotherapy for malignant gliomas has
been demonstrated. A postoperative 6-week course of external
beam radiotherapy using linear accelerators is recommended
as standard treatment (11). A systematic review of radiotherapy
showed a 3-4-month survival advantage for postoperative
radiotherapy compared with supportive care or chemotherapy
(21). However, the outcome of simple postoperative radio-
therapy in malignant gliomas is poor.

TMZ has been used for malignant gliomas. It has the
advantage of being administered orally, has marked BBB
penetration and may have low toxicity. TMZ (8-carbamoyl-
3-methylimidazo[5,1-d]-1,2,3,5-tetrazin-4 (3H)-1) is an oral
prodrug,i.e., it is converted within the body into an active agent.
In the case of TMZ, the substance produced is monomethyl
triazenoimidazole carboxamide (MTIC). The effect of MTIC is
believed to be the methylation of DNA in a manner that prevents
the proliferation of tumor cells (12). It has been suggested that
patients with reduced MGMT activity may derive particular
benefit from TMZ, as their DNA is less capable of repairing
the cytotoxic damage inflicted by the drug, thus preserving its
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Figure 5. MRI from a case with grade IV glioma in the treatment group. The
lesion was located in the body of the lateral cerebral ventricle. Tumor size
was 5x4cm with uneven enhancement. Surrounding peri-tumor edema was
not marked. (A) Contrasted T1 image prior to surgery (B) Contrasted T1
image following surgery shows total resection. (C) Contrasted T1 image fol-
lowing postoperative radiotherapy shows SD. (D) Contrasted T1 image seven
months after postoperative radiotherapy shows no recurrent lesion.

effect (22-24). Surgery followed by RT with concomitant TMZ
as a standard regimen has been used for malignant gliomas.
Nimotuzumab is a humanized anti-epidermal growth
factor receptor (EGFR) monoclonal antibody (mAb) obtained
by complementarity determining region grafting of a murine
mAb to a human framework. Nimotuzumab binds to
domain III of the extracellular region of the EGFR. Studies
have shown that nimotuzumab mediates anti-tumor effects
due to its capacity to inhibit proliferation, survival and angio-
genesis and to induce apoptosis to cause antibody-dependent
cell-mediated cytotoxicity and complement-dependent cyto-
toxicity (25). Malignant gliomas have been found to overexpress
EGFR and to amplify the EGFR gene (26-28). EGFR has been
associated with high malignant degree and poor outcomes in
malignant gliomas. The BBB prevents certain chemotherapy
drugs and large molecular substances from penetrating the
brain tissue, and surgery, radiotherapy and the tumor itself
disrupt BBB integrity (29-31). Radioimmunoscintigraphy with
99mTc-labelled nimotuzumab exhibits a high sensitivity,
specificity and accuracy in in vivo detection of gliomas in
patients (32). In a clinical trial involving high-grade gliomas
treated with nimotuzumab combined with radiotherapy, radio-
immunoscintigraphy with 99mTc-labelled nimotuzumab
showed patients achieving CR according to standard imaging
methods and no murine anti-EGFR antibody uptake, whereas
patients showing PR, SD or PD exhibited positive uptake of
the murine anti-EGFR antibody in the known tumor areas
(33). The above study indicated that nimotuzumab was capable
of penetrating the BBB when it was disrupted by surgery,
radiotherapy and/or the tumor itself, and of combining with
EGFR to a certain extent and inhibiting its biological function.
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EGFR expression has been correlated with alterations in cell
cycle progression (34), promotion of cell proliferation,
enhancement of angiogenesis (35,36), promotion of DNA
radiation damage repair and decrease in apoptosis of tumor
cells (37). When human cancer cells are exposed to ionizing
radiation, the epidermal growth factor receptor (EGFR) is
activated. This in turn mediates a cytoprotective response that
reduces the sensitivity of the cells to ionizing radiation (38-40).

Our study revealed that the mean and median survival
times of the patients with malignant gliomas were longer in
those patients treated with nimotuzumab-combined radio-
chemotherapy. However, mean and median survival time and
the one-year survival rate exhibited no significant difference
between the treatment and control groups. The objective
response rate between the treatment and control groups also
exhibited no significant difference. We postulate that the
sample size enrolled in our study was too small to detect
any statistically significant difference in median survival
time or objective response rate between the treatment and
control groups. Although the patient numbers were small,
there was a trend towards survival benefit with nimotuzumab
and radiochemotherapy.

‘We hypothesize that the mechanism by which nimotuzumab
enhances sensitivity of malignant gliomas to radiotherapy is the
inhibition of proliferation and induction of apoptosis in malignant
glioma cells. Diaz et al reported that exposure to nimotuzumab
can inhibit proliferation and induce apoptosis in US7MG brain
tumors, and observed enhancement of radiosensitivity of these
tumors (41). Furthermore, certain studies have shown that
anti-EGFR mAb inhibits angiogensis, downregulates vascular
endothelial growth factor (VEGF) expression and enhances the
radiosensitivity of tumor cells (35,42.,43). Anti-EGFR mAb also
mediates radiosensitivity through DNA repair pathways. Anti-
EGFR mADb triggered a specific physical interaction between
internalized EGFR and DNA protein kinase (DNA-PK) in
the cytosol, significantly reduced the level of DNA-PK in the
nucleus and raised the level of DNA-PK in the cytosol. DNA-PK
in the nucleus repairs double-strand DNA breakage, therefore
it is proposed that anti-EGFR mAb-induced reduction of the
DNA-PK in the nucleus sensitized the tumors to radiotherapy
(44.,45). The capacity of anti-EGFR mAb to modulate tumor
cell-cycle phase distribution may play an important role in
enhancement of radiosensitivity. Anti-EGFR mAb may enhance
radiosensitivity by inducing accumulation of cells in the more
radiosensitive cell cycle G1 and G2/M phases and reducing the
size of the radioresistant S-phase fraction (46-48).
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