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Abstract 

Malignant primary and metastatic brain tumors are group of malignancies radiologically difficult to distinguish between 
one another. Meanwhile, the treatment regimens between the two entities are very different. The right regimen can 
maintain patient’s survival. MRI is the modality of choice for diagnosing brain tumors; although, malignant primary 
brain tumors and solitary metastases appear similar on conventional MRI. The difference in the pathophysiology of 
peritumoral edema in malignant primary and metastatic brain tumors has the potential for differentiation of the two 
entities. In malignant primary brain tumors, tumor cell infiltration occurs in the edema area, meaning that the 
peritumoral edema is narrower than that of the metastases. This study analyzed the ratio of peritumoral edema volume 
to tumor (EP/T volume ratio) in malignant primary and metastatic brain tumors by means of MRI examination with a 
cross-sectional design, using MRI data on FLAIR and T1WI sequences with contrast in malignant brain tumor of patients 
that have been pathologically proven. Then, volume contouring was performed on peritumoral edema (EP) and tumor 
(T), and comparation was done to obtain the EP/T volume ratio. The ratio of EP/T volume data in both groups was 
analyzed using the Mann–Whitney test with the SPSS 22 software. The results of statistical analysis revealed that the 
EP/T volume ratio of the malignant primary brain tumor group was smaller with a median value (max-min) of 1.1 (5.65-
0.17) and in the metastatic group, 2.3 (64.03-0.09). There was a significant difference in the EP/T volume ratio between 

the two groups, which the brain metastatic tumor group have a double ratio of EP/T with a value of p=0.008 (p<0.05). 

Keywords:  MRI of brain tumor; Ratio of peritumoral edema and tumor; Malignant primary brain tumor and 
metastases 

1. Introduction

Brain tumors are a group of malignancies that can generally be classified into primary and secondary brain tumors. 
Primary brain tumors grow from cells normally in the brain. Secondary brain tumors are tumors originating from the 
spread or metastasis of malignancy in other organs [1]. The optimal treatment regimens for primary brain tumors and 
metastatic brain tumors are very different; therefore, differentiating the two entities is very important [2]. Brain 
magnetic resonance imaging (MRI) examination with contrast is the neuroimaging gold standard in suspected brain 
tumors [3]. However, in some cases, especially when the lesion is solitary and no other malignancy is found, 
conventional MRI examination alone is difficult when it comes to distinguishing primary from metastatic brain tumors 
[4]. 
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Peritumoral edema can be an important indicator of tumor malignancy when radiologists are evaluating radiological 
images. Peritumoral edema in malignant brain tumors is mainly due to vasogenic and cytotoxic factors. The 
pathophysiological differences between malignant primary and metastatic brain tumors allow for a significant 
difference in the ratio of peritumoral edema volume to tumor (EP/T volume ratio) that is present in malignant primary 
and metastatic brain tumors. The volume ratio can be used as a valuable marker for imaging brain tumors using 
conventional MRI sequences, such as post-contrast T1WI and FLAIR [5]. 

The pathophysiological differences in the formation of peritumoral edema between malignant primary brain tumors 
and metastases underlie the authors’ intention to write this paper. This study was conducted by analyzing the images 
produced by conventional MRI imaging through assessing the difference in the EP/T volume ratio of malignant primary 
and metastatic brain tumors. 

2. Research methods 

2.1. Sample population 

The study population comprised patients with malignant primary and metastatic brain tumors who had their MRI 
examination results and pathology examination results of brain tissue or other organs indicating malignancy. 

The inclusion criteria of this study were malignant brain tumor patients who had their MRI results and had their 
pathology examined (without immune histo chemical examination). Meanwhile, the exclusion criteria were patients 
with brain tumors who had their MRI examination results but not their pathological results; patients with malignant 
primary brain tumors with extra axial location or outside of the brain parenchyma; and patients with secondary brain 
tumors that were direct invasion from their primary tumor.  

2.2. Research methods 

This cross-sectional retrospective observational study has been reviewed and approved by the ethics committee of dr. 
Saiful Anwar Malang Hospital No. 400/069 / K.3 / 302/2020. The study was conducted from March to June 2020. Data 
were taken retrospectively from the medical records of patients with malignant brain tumors who had MRI 
examinations and pathology examinations. 

We made use retrospective data from the MRI examination at the radiology installation of dr. Saiful Anwar Malang 
Hospital and Persada Hospital in Malang which were by non-researchers. In this data, the measurement of the 
peritumoral edema volume in the T2 FLAIR sequence and the tumor volume in the T1WI with contrast sequence was 
carried out using the IntelliSpace Portal Philips software on the CT viewer menu in three dimensions (3D).  

2.3. Statistics analysis 

All data obtained from the research results were stored in computer files. The comparison of the EP/T volume ratio 
between malignant primary and metastatic brain tumors using MRI examination was analyzed using non-parametric 
test (Mann–Whitney test) due to the abnormal distribution of the data. Statistical analysis in this study employed the 
SPSS 22 computer software. 

2.4. Research result 

This study spanned from March to June of 2020 with a total sample size of 61 meeting the research criteria. 

Table 1 Sample Characteristics based on Gender and Age. 

Demographic Characteristics Malignant primary 
brain tumor (n = 11) 

Metastatic brain tumor 

(n = 50) 

p-value 

1. Age (years) mean±SD 51.18±19.31 45.54±8.97 0.777 

2. Gender  

0.124 Male  4 (6.6%) 8 (13.1%) 

Female 7 (11.5%) 42 (68.9%) 
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The study sample consisted of 11 samples of malignant primary brain tumors and 50 samples of metastatic brain 
tumors. Most of the research subjects were female, accounting for 80.3% with the remaining 19.7% were male (table 
1). 

The age range of patients in the group of patients with malignant primary brain tumors was between the ages of 35–80 
years, mostly comprising 44-year-olds. Meanwhile, the age range in the metastatic group was 35–70 years with many 
of which were 50-year-olds. 

Table 2 Sample Characteristics Based on Tumor Origin. 

Characteristic Frequency Percentage (%) 

Malignant primary brain tumor 11 18.0 

Metastatic Tumors, with primary 
tumor origin 

50 82.0 

 Lung cancer 23 37.7 

Breast cancer 21 34.5 

Lymphoma 1 1.6 

Cervix cancer 1 1.6 

Ovarium cancer 2 3.3 

Unknown 2 3.3 

 

Patients with malignant primary brain tumors in this study had biopsy from their brain tissue with results showing 7 
samples of glioblastoma (WHO grade IV), 3 samples of anaplastic astrocytoma (WHO grade III), and 1 anaplastic 
oligodendroglioma (WHO grade III). Patients with metastatic brain tumors in this study were confirmed by brain tissue 
biopsy (1 sample), CSF fluid biopsy (9 samples), and the remaining 40 samples were patients with multiple 
intraparenchymal brain lesions and had primary tumors in other organs that were confirmed by pathological 
examination. In the metastatic group, the various origins of tumor were identified, i.e. lung, breast, ovary, cervix, 
lymphoma, and 2 samples had unidentifiable primary tumor from which it originated (Table 2). 

The location of the 11 lesions of the malignant primary brain tumor group is on supratentorial region of the brain 
(100%); whereas, 41 (67.2%) lesions of the metastatic brain tumor group were on the supratentorial region, 8 (13.1%) 
lesions were on infratentorial region, and 1 lesion (1.6%) was on the brainstem (figure 1). 

 

 

Figure 1 Distribution of Tumor Locations 
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The Kruskal–Wallis statistical test was carried out to determine whether the the location of the lesion effect the 
peritumoral edema, because the tumoral edema data were not normally distributed, and a significance value of 0.673 
was obtained (p>0.05). This means, statistically, the location of the lesion in the brain has no effect on the volume of 
peritumoral edema. 

The proportion of tumor cystic lesions in the malignant primary and metastatic brain tumor groups has different 
percentages (Figure 2). 

 

Figure 2 Proportion of Cystic Lesions in Malignant Primary and Metastatic Brain Tumors. 

Kruskal–Wallis statistical test was performed and the significance value was 0.119 (p>0.05), which means that, 
statistically, the proportion of cystic lesions in the tumor did not affect the volume of peritumoral edema.  

Contouring of FLAIR and T1WI MRI images with contrast sequences was performed on 61 patient samples from both 
groups. In the FLAIR sequence, the contouring area that looks hyperintense is the tumor area and its peritumoral edema; 
in the T1WI with contrast sequence contouring, the hyperintense area represent the tumor area. 

 

  Figure 3 Contouring on MRI 

Contouring of the FLAIR sequence in patients with malignant primary brain tumors (A) and in metastatic brain tumors 
(B). Contouring of T1WI sequences in patients with malignant primary brain tumors (C) and in metastatic brain tumors 
(D).  
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Based on the data obtained, it is known that the EP/T volume ratio data in the group of patients with malignant primary 
brain tumors has a smaller value with the median (max-N. min) of 1.1 (5.65-0.17) compared to the metastatic group 
that has a median value (max-min) of 2.3 (64.03-0.09). There was a significant difference in the EP/T volume ratio 
between the two groups, which the brain metastatic tumor group have a double ratio of EP/T with a value of p = 0.008 

(p < 0.05). 

Table 3 Data Analysis 

Variable 

Mean ± SD Median (Max - Min) 

p Malignant 
primary 
brain tumor 

Metastatic 
brain tumor 

Malignant 
primary 
brain tumor 

Metastatic 
brain tumor 

Volume of 
peritumoral 
edema (cc) 

86.69 ± 73.25 40.24 ± 62.64 
108.8 

(196.7-4.76) 

7.60 

(208.4-0.19) 
0.012 

Volume of 
tumor (cc) 

73.53 ± 43.71 11.51 ± 18.82 
93.1 

(132.7-3.44) 

3.09 

(81.2-0.17) 
0.000 

EP/T volume 
ratio 

1.46 ± 1.54 5.42 ± 10.29 
1.1  
(5.65-0.17) 

2.32 

(64.03-0.09) 
0.008 

 

Peritumoral edema volume data for the malignant primary brain tumor group shows higher median value (max- min) 
of 108.8 (196.7-4.76), while in the metastatic group, it is 7.6 (208.4-0.19) cc with p value = 0.012 (p < 0.05). Moreover, 
the median value (max-min) of tumor volume for the malignant primary brain tumor group was relatively much greater 
with figure showing 93.1 (132.7-3.44) cc compared to the tumor volume for the metastatic group displaying median 
value (max-min) equal to 3.09 (81.2-0.17) cc with p value = 0.000 (p < 0.05). 

To see the suitability between the diagnosis made through MRI examination and the pathology as gold-standard 
diagnosis in this study, we made a 2 x 2 suitability table, which was then tested for statistical differences. Through the 
McNemar’s test, a significance value of 0.035 (p < 0.05) was obtained, indicating that there is a significant difference 
between diagnosis through MRI examination and diagnosis by pathology. 

Table 4 Cross-tabulation of MRI diagnosis with final diagnosis. 

 Final Diagnosis 

Primary malignant brain tumor Metastasis brain tumor 

MRI 
Diagnosis 

Primary malignant brain tumor 8 12 

Metastasis brain tumor 3 38 

3. Discussion 

In malignant brain tumors, both primary and metastatic are always followed by severe peritumoral edema. However, 
measurement of the ratio of peritumoral edema volume to the tumor has not been widely used for distinguishing the 
two types of malignant tumors [5]. 

Through conventional sequence MRI examination, the features of malignant primary and metastatic brain tumors can 
be very similar. In distinguishing the two entities, it is often difficult, even with the combination of several advance 
sequences such as MR spectroscopy, diffusion, and perfusion [6]. In this study, there was a significant difference in the 
EP/T volume ratio between the two groups. Based on the theory, in malignant primary brain tumors, peritumoral edema 
occurs in the form of vasogenic edema accompanied by infiltration of tumor cells in the edema area. In addition, 
malignant primary brain tumors also involve cytotoxic edema, which is the effect of glial changes in brain tissue and 
causes astrocytic swelling [7]. The rapid mass growth in malignant primary brain tumors requires angiogenesis to 
support its growth, resulting in increased activity of vascular endothelial growth factor (VEGF). An increase in VEGF 
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activity causes disruption of the blood brain barrier and causes peritumoral vasogenic edema. However, due to the 
presence of hypercellularity in the intracellular space and cytotoxic edema, the extracellular fluid levels are reduced, 
causing vasogenic edema that is less extensive than the size of the lesion in malignant primary brain tumors [8]. In 
contrast, metastatic brain tumors multiply to form localized masses in the brain [9]. The occurrence of metastatic brain 
tumors always has high VEGF levels which causes extensive vasogenic edema because metastatic brain tumors does not 
involve tumor cell infiltration in the edema area [10]. 

The statistical results in this study show that in malignant primary brain tumors, the EP/T volume ratio is smaller than 
the metastatic group. In primary brain tumors, the median value (max-min) of EP/T volume ratio is 1.1 (5.65-0.17) and 
in the metastatic group, it is 2.32 (64.03-0.09) with p value = 0.008 (p < 0.05). This is in accordance with the theory and 
hypothesis stating that metastatic tumors in the brain have a wider area of edema and are often disproportionate to the 
size of the tumor [5]. This research is expected to increase the diagnostic value for the imaging of malignant brain 
tumors through conventional sequence MRI, even though more-extensive research should be done to find the cut-off 
ratio between the two groups. 

The components that constitute the EP/T volume ratio in this study are peritumoral edema volume and tumor volume. 
In this study, it was found that the volume of peritumoral edema in the malignant primary brain tumor group was 
greater than the volume of peritumoral edema in the metastatic group, which are consecutively 108.8 (196.7-4.76) cc 
and 7.60 (208.4-0.19) cc with p value = 0.012 (p < 0.05). Also, the median value (max-min) of tumor volume in the 
malignant primary brain tumor group was relatively much greater with a value showing 93.1 (132.7-3.44) cc compared 
to the median value of tumor volume in the metastatic group of 3.09 (81.2-0.17) cc with p value = 0.000 (p < 0.05). 

Factors possibly influencing the formation of peritumoral edema volume are the location of the tumor and the 
proportion of cystic lesions in the tumor. In a study by Zhou et al in 2016, it was found that peritumoral edema was 
smaller in the cerebellum and in lesions with a large cystic component. However, in this study, there was no correlation 
of the location of the lesion and the proportion of cystic lesions to the volume of peritumoral edema [5]. This difference 
may have been due to the diversity of the different sizes and the unequal distribution of lesion locations among the 
study samples. 

This study also assessed the suitability between the radiological diagnosis made from the MRI examination and the final 
diagnosis by pathology as the gold standard. Through the McNemar’s test, a significance value of 0.035 (p < 0.05) was 
obtained, indicating that there is a significant difference between diagnosis through MRI examination and final 
diagnosis. 

According to the suitability test, 46 samples (75%) had the same diagnosis, be it through MRI examination or the final 
diagnosis. Meanwhile, 15 samples (25%) from 4 patients had an MRI diagnosis that was different from the final 
diagnosis. A total of 12 samples (which came from 1 patient) were diagnosed with brain infection on the MRI 
examination. However, it turned out that the patient's pathology revealed metastatic tumors in the brain. In addition, 
as many as 3 samples (which came from 3 patients) were diagnosed with metastatic brain tumors from the MRI 
examination, while in reality, the patients actually suffered from malignant primary brain tumors. Since the therapeutic 
protocols are very different in these two entities [2,11), further research for adding diagnostic value to MRI 
examinations is really crucial.  

3.1. Research Limitations 

This study employed retrospective data, so it was difficult to make the scanning protocol uniform, especially in the 
FLAIR and T1WI with contrast sequences. In addition, in this study, there are no data regarding the history of 
medications consumed by the patients which might affect the formation of peritumoral edema.  

4. Conclusion 

This study found that the malignant primary brain tumor group has a greater tumor volume and a significantly smaller 
peritumoral edema volume than the metastatic tumor group. Therefore, the volume ratio of peritumoral edema to 
tumor in the malignant primary brain tumors is significantly smaller than that of metastatic tumors. 

The measurement for the volume of both tumor and peritumoral edema in this study was carried out in three 
dimensions by means of the Philips IntelliSpace Portal software on the CT viewer menu.  
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