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Observation of the clinical outcomes in Temozolomide 
and radiotherapy Combination against the metastatic 

brain tumors 

INTRODUCTION 

Metastatic brain tumors, a group of common 
intracerebral tumors, are often featured by the 
high prevalence, mainly in the population aged 
between 20 and 50 years old (1). Metastatic brain 
tumors originate from a variety of primary               
tumors, including gastrointestinal tumors, non-
small cell lung cancer, and breast cancer. As             
reported by the latest survey, the death of about 
25% of cancers (2). Previously, surgical treatment 
was considered as the first option in clinical 
treatment. With the development of medical 
techniques, radiotherapy has become an ideal 
option in the treatment of metastatic brain           

tumors, with a high remission rate (3, 4).  
Temozolomide (TMZ) is a kind of regular 

chemotherapeutics for the treatment of the             
intracerebral tumors in recent years in small 
molecular weight with a wide anti-tumor                  
spectrum, and the ability to penetrate the                
blood-brain barrier. Thus, after oral                       
administration of TMZ, the blood concentration 
of TMZ attains to 30% to 40% rapidly, with the 
bioavailability of about 100%.  

Moreover, TMZ is concentrated mainly in the 
site of tumors, showing potent efficacy and high 
selectivity, but little adverse effect (5, 6). While 
there are controversies among the studies              
assessing radiotherapy along with TMZ, its            
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ABSTRACT 

Background: To observe the efficacy of temozolomide in combination with 
radiotherapy against metastatic brain tumors. Materials and Methods: This 
study was a prospective, observational, open-label study, conducted in 
clinical practice implanted for metastatic brain tumor patients. A total of 106 
patients with metastatic brain tumors were enrolled in this study, and 
according to the sequence of admission, they were randomized into the 
experiment group (temozolomide + radiotherapy) and the control group 
(radiotherapy). During the 24 months of follow-up, we compared the clinical 
efficacy, recurrence time, survival time and quality, and the adverse reactions 
of the patients between two groups. Results: Short-term remission after 
treatment was higher in the experimental group compared to control 
(P<0.05). During the 24-month follow-up, we found that patients in the 
experiment group had longer recurrence time and survival time than their 
counterparts in the control group (P < 0.05). After treatment, the scores of 
the life quality of patients in the experiment group were better than those in 
the control group (P<0.05). Also, there was a lower rate of the incidence of 
the adverse reactions in the experiment group (P<0.05). Conclusion: For 
metastatic brain tumors, temozolomide in combination with radiotherapy 
works better as a safe and reliable strategy in prolonging the survival time, 
increasing life quality while reducing the adverse reactions. The strength of 
this study was evaluating the quality of life as an important outcome of the 
chemotherapy+radiotherapy regimen. 
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efficiency is not fully investigated, and there is 
little data on its possible adverse effects; we            
investigated the efficacy of the combination of 
TMZ and radiotherapy for treatment of                    
metastatic brain tumors, and detailed               
information is reported as follows.  
 
 

MATERIALS AND METHODS 
 

General material 
This study was a prospective, observational, 

open-label study, conducted in clinical practice 
implanted for metastatic brain tumor patients. A 
total of 106 patients with metastatic brain            
tumors were enrolled in this study based on the 
simply available sampling. The inclusion criteria 
were the confirmed diagnosis of primary tumors 
by CT or MRI. Patients had primary tumors of 
gastrointestinal tumors, non-small cell lung             
cancer, and breast cancer. Exclusion criteria 
were the patient's disagreement to continue the 
study and not referring to the follow-ups.  Before 
the implementation of this study, patients or 
their families signed the informed consent, and 
the study was approved by the ethics committee 
of the Sunshine Union Hospital of Shandong 
Province based on the Helsinki statement.                
According to the sequence of admission, they 
were randomized into the experiment group 
(temozolomide + radiotherapy) and the control 
group (radiotherapy) by random numbers       
method. In the experiment group, there were 36 
males and 17 females, aged between 30 and 74 
years old, with an average of (52.8±5.6) years 
old; 23 patients were diagnosed as breast               
cancer, 17 as colorectal cancer and 13 as lung 
cancer.  

In the control group, there were 34 males and 
19 females, aged from 30 to 74 years old, with 
an average of (52.9±5.5) years old; 24 patients 
were diagnosed as breast cancer, 16 as                  
gastrointestinal cancer, and 13 as non-small cell 
lung cancer. No statistical significance in                  
differences between the general data was shown 
in the comparison of the general data (P>0.05).  

 
Methods 

Patients in the control group only took the 

738 

radiotherapy: Anterior posterior-posterior              
anterior whole-brain radiation was performed 
(Elekta radiotherapy device; Sweden), with a 
radiation dose of 4000 cGy being delivered in 20 
fractions at 200 cGy per fraction, five days per 
week over 4 weeks. For those in the experiment 
group, they would additionally take the TMZ 
capsules (Jiangsu Tasly Diyi Pharmaceutical Co., 
Ltd; Lot No.: 130621) on the second day after 
radiotherapy via oral administration at 75 mg/
(m2·d), twice per day over 4 weeks.  

During radiation, changes in the condition of 
patients were monitored closely, including the 
symptoms of nausea, vomiting, and an increase 
in blood pressure, or edema. Furthermore,              
additional attention should be paid towards the 
increase in the intracerebral pressure and the 
progression in condition. Mannitol and glycerin 
fructose were advised for patients, and the 
symptomatic measures were immediately taken 
for the adverse reactions and efficacy.                      
Antiemetics were taken according to the medical 
advice before the TMZ administration to                      
mitigate the gastrointestinal reaction.  

Patients were advised to take the                          
high-protein, high-vitamin but digestible food, 
and, if necessary, the biologicals to improve the 
immunity. During radiation or administration of 
TMZ, patients might suffer from hair loss, skin 
itch, or the increased scurf, and accordingly, they 
were advised to wear the hat when they went 
outside. Stimulus shampoo was strongly                  
prohibited, and so did the scrubbing the itchy 
site. Different strategies were taken to overcome 
the fear of the patients or their family, to help 
them establish confidence and cooperate with 
the treatment. 

 

Observation index and criteria for efficacy 
evaluation 
Short-term efficacy 

Complete remission (CR): Tumor                            
disappearance for over 4 weeks, and no               
emergence of the new lesion after treatment;  

Partial remission (PR): Tumor shrinkage by 
over 50% for 4 weeks or longer, and no                 
emergence of new lesions after treatment; 

Stable disease (SD): Tumor shrinkage by less 
than 50% for 4 weeks or longer, and no        
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emergence of new lesions after treatment; 
Progression in disease (PD): Tumor                 

enlargement by 25% or more, or the emergence 
of new lesions. 

Total remission rate = (CR + PR) / total cases 
× 100%. 

 
Long-term efficacy 

A 24-month follow-up was performed after 
treatment to observe the changes in the                  
recurrence time and survival time of patients in 
two groups. Survival quality of patients before 
and after treatment was evaluated by using the 
Karnofaky methods, and a higher score                    
represented the better survival quality. 
Karnofsky is a performance quality level                 
assessment tool rating from zero to one                   
hundred. Observing the incidence of adverse   
reactions of patients in two groups. 

 
Statistical analysis 

SPSS 19.0 software was adopted for the                
statistical analysis of this study. Chi-square test 
was carried out for the enumeration data, while 
t-test for the comparison of the measurement 
data in the form of mean ± standard deviation. 
P<4.49 suggested the statistical significance of the 
difference.  

 
 

RESULTS 
 

Comparison of the remission after treatment 
between two groups 

Statistical significance was shown in the           
difference when comparing the remission rates 
between two groups (P<0.05; table 1). 

Comparison of the long-term efficacy between 
two groups 

During the 24-month follow-up after                   
treatment, we found that patients in the              
experiment group had longer recurrence time 
and survival time than those in the control 
group, and the differences had statistical                 
significance (P < 0.05; table 2).  

Comparison of the survival quality scores           
between two groups 

Before the treatment, no statistical                       
significance was identified in the comparison of 
the life quality scores between two groups (P > 
0.05); but after treatment, life quality was               
somehow ameliorated in comparison with the 
condition of patients, and the amelioration in the 
experiment group was much better than that in 
the control group (P < 0.05; table 3). 

Comparison of the adverse reactions between 
two groups 

Statistical significance was found in the              
difference in the incidence rate of adverse               
reactions between two groups (P < 0.05; table 
4).  Item 

Experiment 
group (n=53) 

Control 
group (n=53) 

c2 P 

CR 12(22.64) 8(15.09) 0.73 0.402 

PR 37(69.81) 32(60.38) 0.75 0.373 

SD 3(5.66) 8(15.09) 1.92 0.174 

PD 1(1.89) 5(9.44) 3.93 0.046 

Total 
remission rate 

49(92.45) 40(75.47) 3.97 0.043 

Table 1. Comparison of the short-term remission after             
treatment between two groups [n (%)]. 

Group n Recurrence time Survival time 

Experiment group 53 3.1±0.5 14.9±0.7 

Control group 53 9.1±0.3 10.6±0.5 

t   7.712 34.82 

P   0.000 0.000 

Table 2. Comparison of the long-term efficacy between two 
groups (Means ± standard deviation, months). 

Group n 
Before 

treatment 
After  

treatment 
t P 

Experiment 
group 

53 68.4±4.3 83.4±2.3 21.457 0.000 

Control group 53 69.3±4.6 74.2±3.1 6.145 0.000 

t     0.925 15.64   

P     0.358 0.000   

Table 2. Comparison of the long-term efficacy between two 
groups (Means ± standard deviation, months). 
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DISCUSSION 

Metastatic brain tumors are a common                  
condition frequently seen in clinical practice and 
usually treated by conventional anti-tumor 
drugs or surgical treatment previously.                  
However, due to the difficulty of                           
chemotherapeutics in passing through the blood
-brain-barriers into the central nervous system, 
they are less prominent in efficacy, but with the 
higher possibility to induce the adverse                  
reactions (7). Moreover, the surgical treatment 
also has a variety of limitations, and the               
stringent requirement for the surgical                  
indications are restricting the application scope 
in clinical practice (8).  

Currently, with the rapid development in 
medical techniques, radiotherapy has become 
one of the most frequent methods for the                
treatment of metastatic brain tumors. As         
reported, radiotherapy for the treatment of  
metastatic brain tumors prolongs the survival 
time of patients from 1 month to 3 to 6 months 
(9). However, for whole-brain radiotherapy, the 
limitation in the dose of radiotherapy curbs the 
efficacy of tumors (10). Thus, single radiotherapy 
is not an ideal choice for the treatment of             
metastatic brain tumors.  

TMZ, a novel anti-tumor drug, is a kind of            
fat-soluble small-molecular alkylating agent 
with high specificity and the ability to pass 
through the blood-brain barrier. It was firstly 
applied in treatment of the malignant tumors, 
including malignant brain glioma and                    
astrocytoma (11). Mechanistically, TMZ interferes 
with the DNA replication of tumor cells by  
methylation, thereby inhibiting the proliferation 
of tumor cells (12). Also, through oral                  
administration, TMZ can be delivered directly to 
the central nervous system to increase blood 
concentration. Besides, TMZ is found to mitigate 
the clinical symptoms efficiently with fewer         

adverse reactions, which is conducive to the             
improvement of surgical tolerance in the                
treatment of metastatic brain tumors (13).                  
Nevertheless, a study by Gamboa-Vignolle et al. 
(14) found no statistical significance in differences 
of the progression-free survival (PFS) or the              
total survival rate between the combined                
treatment group and the single radiotherapy, 
while the incidence rate of the adverse reactions 
in the combined treatment group was even              
higher than that in the single radiotherapy group 
(HR=2.03, 95% CI: 1.5 – 2.64). Christodoulou et 
al. (15) indicated that the combined treatment of 
WBRT and TMZ performed well in the treatment 
of the metastatic brain tumors when comparing 
to the single treatment of TMZ (RR=1.34, 
P<4.445), and the subgroup analysis also revealed 
that the objective response rate (ORR) of the 
NSCLC patients, instead of the breast cancer            
patients (RR=1.03, P=0.86), was significantly 
higher than that in the control group (RR=1.38, 
P<0.001).  

The results of this study showed that the              
difference in the remission rates of patients in 
two groups had statistical significance,                    
coinciding with the conclusion reported by                 
literature (16). During the 24-month follow-up, 
the recurrence time and survival time of patients 
in the experiment group were all longer than 
those in the control group, which is also                   
consistent with the results of previous literature 
(17). Combined treatment of the TMZ and                    
radiotherapy can prolong the recurrence time 
and survival time of patients, and gain the ideal 
long-term efficacy. Moreover, consistent with the 
results of the literature (18), amelioration of the 
survival quality of patients in the experiment 
group is much better, with fewer adverse                 
reactions. Our study was limited due to being 
conducted in one center that had not a high  
number of metastatic brain tumor cases. So we 
suggest further researches with a higher sample 

Zhang et al. / Temozolomide and radiotherapy against brain cancer 

Int. J. Radiat. Res., Vol. 19  No. 3, July 2021 740 

Group n Headache Vomiting and nausea Bone marrow suppression Total incidence rate 

Experiment group 53 2(3.77) 1(1.89) 1(1.89) 4(7.55) 

Control group 53 6(11.32) 4(7.55) 3(5.66) 13(24.53) 

c2         4.93 

P         0.024 

Table 4. Comparison of the incidence of adverse reactions between two groups [n (%)]. 
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size. 
In conclusion, the strength of this study was 

evaluating the quality of life as an important 
outcome of the chemotherapy + radiotherapy 
regimen. Previous researches have just focused 
on the clinical outcomes and medical efficiency 
of this protocol. While our results of remission, 
Partial remission, Progression in disease, and 
Stable disease rate were consistent with the 
study of Hegi et al. (18) and Yu et al. (17); our           
results revealed its benefits to the total aspects 
of life pointed by the quality of life.  
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