
5www.onk.ns.ac.rs/Archive • Volume 29 • Issue 1 • January 2023 • https://doi.org/10.2298/AOO210828007B

Articles

Arch Oncol 2023; 29(1):5-10 
 
Published Online
June 16th, 2022
https://doi.org/10.2298/AOO210828007B
 
1  Center for radiology, Clinical Center of 

Vojvodina, Hajduk Veljkova 1, 21000 
Novi Sad

 
2  Faculty of Medicine, University Novi 

Sad, Hajduk Veljkova 3, 21000 Novi Sad

3  Oncology Institute of Vojvodina, Put dr 
Goldmana 4, 21204 Sramska Kamenica 

Correspondence to:  
Alma Brakus 
alma.brakus@kcv.rs
alma.brakus@gmail.com
 
Received 2021-08-28 
Received in revised form 2022-03-14 
Accepted 2022-05-20

INTRODUCTION
Pretreatment distinction between a high-grade glioma (HGG) such as glio-
blastoma (GBM) and intracranial secondary deposits (ISD) is frequently 
encountered dilemma in neurosurgical practice (1, 2). But, precise 
distinction is needed in order to define further diagnostic algorithm and 
to plan surgical resection or radiotherapy. A solitary brain metastasis 
may be the first manifestation of disease in a patient without a known 
primary malignancy.I In this case, dedicated diagnostic algorithm is 
required (2). Precise plan for surgical resection or radiotherapy permits 
minimizing injury of healthy tissue (3–6). In case of glioblastoma, due to 
its tendency to infiltrate the adjacent white matter (WM),a greater extent 
of resection is needed. Besides that, patients with metastatic disease are 
at increased risk of perioperative complications, or surgery could be even 
precluded (4). 
Despite their different histological structure, the distinction between 
primary and secondary tumors based on conventional morphologic mag-
netic resonance imaging (MRI) may present a challenge. Imaging features 
are not specific and frequently overlap: both tumors present as a solitary 
or multiple space-occupying lesion(s), inhomogeneous due to areas of 
cystic degeneration or necrosis. Both neoplasms induce the neoangio-
genesis - proliferation of the blood vessels without a blood-brain barrier 
resulting in irregular, peripheral contrast enhancement (2-7). 
This limitation of morphological MRI was the initial point for this study. 
With the development of stronger diffusion gradients, recent applications 
of diffusion-weighted imaging in whole-body imaging have attracted 

considerable attention. DTI is a noninvasive imaging technique which 
reveals microstructural tissue properties by measuring water molecule 
movement. Within one voxel, DTI quantifies the magnitude and the prefer-
ential direction of the diffusion (8-9).  A variety of difusion-derived feature 
maps, such as fractional anisotropy (FA) and mean difusivity (MD) can 
be extracted from DTI images.
FA and MD values have been indicated as an alternative discriminator 
between HGG  and ISD in several studies and meta-analyses (10-33).  
FA values are negatively correlated with the extent of tumor infiltration 
(11, 12). This finding indicates that the reduced FA within the peritumoral 
tissue can be attributed to increased extracellular water but also to axo-
nal disorientation caused by infiltration of the tumor beyond the margin 
detectable on T2w sequences. Conversely, ADC values are increased 
in the peritumoral edematous region and negatively correlated with the 
degree of gliomatous infiltration (13- 15).
Systematic review with meta-analysis conducted by Sternberg et al. (10) 
found that DTI is more sensitive for neoplastic infiltration of peritumoral 
WM compared to other imaging modalities: MR perfusion, MR spectros-
copy or conventional MRI. In addition, this research demonstrated that 
decreased fractional anisotropy in peritumoral tissue, compared with the 
corresponding contralateral brain region is an indicator of neoplastic inva-
sion beyond the tumor borders on T2w images (10). The other analysis 
of the DTI maps assessed a significant increase of FA and a significant 
decrease of MD in the region surrounding glioma in comparison with brain 
metastases (11,12).
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SUMMARY
Background: Pretreatment differentiation between glioblastoma and metastasis is a frequently encountered dilemma 
in neurosurgical practice. Distinction is required for precise planning of resection or radiotherapy, and also for defining 
further diagnostic procedures. Morphology and spectroscopy imaging features are not specific and frequently overlap. 
This limitation of magnetic resonance imaging and magnetic resonance spectroscopy was the reason to initiate this 
study. The aim of the present study was to determine whether the dataset of diffusion tensor imaging metrics contains 
information which may be used for the distinction between primary and secondary intra-axial neoplasms. Methods: 
Two diffusion tensor imaging parameters were measured in 81 patients with an expansive, ring-enhancing, intra-axial 
lesion on standard magnetic resonance imaging (1.5 T system). All tumors were histologically verified glioblastoma or 
secondary deposit. For qualitative analysis, two regions of interest were defined: intratumoral and immediate peritu-
moral region (locations 1 and 2, respectively). Fractional anisotropy and mean difusivity values of both groups were 
compared. Additional test was performed to determine if there was a significant difference in mean values between 
two locations. Results: A statistically significant difference was found in fractional anisotropy values among two loca-
tions, with decreasing values in the direction of neoplastic infiltration, although such difference was not observed in 
fractional anisotropy values in the group with secondary tumors. Mean difusivity values did not appear helpful in dif-
ferentiation between these two entities. In both groups there was no significant difference in mean difusivity values, 
neither in intratumoral nor in peritumoral location. Conclusion: The results of our study justify associating the diffusion 
tensor imaging technique to conventional morphologic magnetic resonance imaging as an additional diagnostic tool 
for the distinction between primary and secondary intra-axial lesions. Quantitative analysis of diffusion tensor imaging 
metric, in particular measurement of fractional anisotropy in peritumoral edema facilitates accurate diagnosis. 
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However, some other researches (16-33) used DTI with varying results. In 
the present study, we collected the data from the patients examined in our 
institution and analyzed it. Lastly, we compared our results with findings 
of other similar studies.
Different types of interaction between neoplasm and its environment 
result in distinct diffusion properties: a metastasis induces vasogenic 
edema and increased water content reduces density but preserves fiber 
orientation. Glioblastomas also induce vasogenic edema, In addition, 
another factor that contributes to the reduction of anisotropy is distortion 
of surrounding axons caused by glioma infiltration (34, 35).
Fractional anisotropy (FA) is a DTI derived parameter that quantifies the 
fraction of diffusion that is anisotropic. Thus, FA value is a scalar, unit-
less metric scaled between 0 and 1. Value zero is assigned to random, 
isotropic diffusion with equal diffusion coefficients in all directions - as in 
cerebrospinal fluid or gray matter (GM). Higher FA value indicates there 
is a preferential direction of water molecule motion, as it is within axonal 
bundles. Value 1 describes a theoretical case where all molecules diffuse 
along the same axis (5, 17, 28, 33). 
Mean diffusivity (MD) is a calculated averaged diffusion. Therefore, MD 
is a non-specific parameter sensitive to the diffusion magnitude. MD can 
be affected by increased extracellular water, but also by any process that 
affects water motion barriers within the intra- and extracellular space such 
as increased tissue cellularity, demyelination or rarefaction of neuropil 
(20, 21, 28, 34–37).
The purpose of this study was to determine whether the dataset of DTI 
metrics contains information that may be used for the distinction between 
primary and secondary intra-axial neoplasms. FA and MD values were 
measured and compared. We also tested  differences of means between 
intratumoral and  peritumoral locations.

METHODS
 In this prospective study, standard contrast MRI and diffusion tensor 
imaging (DTI) examinations were performed in 84 adult patients with 
expansive, ring-enhancing, intra-axial lesion. At the time of the initial 

presentation, all patients were untreated. The study protocol and data 
collection were approved by the Ethics Committee for Medical Research 
of the Medical Faculty in Novi Sad. Moreover, written informed consent 
was obtained from all examinees, in accordance with the Declaration of 
Helsinki for the use of MR images for research purposes.
MRI exams were carried out on a 1.5-T MRI system (GE Healthcare 
Signa HDxt scanner 1.5T), with a head coil, included axial and sagittal 
T2-weighted (W) sequences, and axial fluid-attenuated inversion recovery 
(FLAIR) DWI, SWI and T1 sequences. After standard protocol including 
contrast-enhanced T1-weighted (W) spin-echo (SE) imaging (TR/TE, 
600/12; 256 × 256 matrix size; 3 mm slice thickness) and DTI Single 
Shot Echo Planar sequence DTI acquisitions were applied with b-values 
1000 s/mm2 in 25 gradient directions (TR/TE 6.200/103; 256 × 256 
matrix size; 3 mm slice thickness). 
All examinations were reviewed and analysed by a neuroradiologist. The 
DTI datasets were transferred to a workstation and processed using 
Functool LX software. Diffusion parameter maps were generated, includ-
ing the mean diffusivity (MD) map, fractional anisotropy (FA) map, and 
color-coded FA-derived map. ADC maps were co-registered with FA, to 
properly place the region of interest (ROI). The size of ROI ranged from 
20 to 30 mm2.
Each lesion was subdivided into two regions for quantitative analysis: 
enhancing region and immediate peritumoral region in the white matter 
(IPR) (location 1 and 2, respectively). ROI of location 1 was placed in the 
enhancing portion of tumor, excluding areas of colliquative necrosis and 
hemorrhagic parts. IPR (location 2) was defined as the area that was not 
enhancing on contrast-enhanced T1-weighted images, within 1 cm of the 
enhancing portion of the tumor, that correlates to a zone of hyperintensity 
on T2-weighted and FLAIR images (Figures 1 and 2).
In the first part of the study, FA and MD values were measured and the 
mean values of each parameter were compared. In the second part of the 
study, differences of the mean values of fractional anisotropy (FA) and MD 
values between locations 1 and 2 were tested, in each group of patients.

STATISTICAL ANALYSIS
Statistical analysis of the data was performed with software package 
SPSS version 20. Variables were presented as mean ± standard deviation 
(±SD), median, range, number of cases (n), frequencies, and percentage 
(%). Shapiro-Wilk test was used to check whether data were normally 
distributed. Data that violated the normality assumptions were compared 
using Mann-Whitney test. The null hypothesis significance test was 
used to determine if there was a significant difference in DTI parameters 
between two tumor groups. Independent sample t-test was used for 
comparison of mean values, at a significance level of p< 0.05 (within 
the 95% confidence interval). Histograms and boxplots were used for 
graphic assessment.
After the exam, specimens were obtained by CT-assisted stereotactic 
biopsy. According to the pathohistological findings, patients were divided 
into two groups: GBM or ISD.

RESULTS
Our study included 85 patients with ring-enhancing tumefactive lesions on 
MRI imaging. Four patients were excluded out from the analyses due to 

Histologic diagnosis N (%)

ISD 38 (46.91)

GBM 43 (53.09)

ISD- intracranial secondary deposit, GBM - glioblastoma

Table 1: The frequency of pathological diagnoses

Gender
ISD GBM Total

N (%)

Male 1.2 2.3 1.9

Female 1.4 1.1 0.9

Age
ISD GBM Total

Years

Range 41-85 37-75 37-85

Mean ±SD 62.6 ± 11.5 59.4 ± 10.97 60.8 ± 11.02

ISD- intracranial secondary deposit, GBM - glioblastoma

Table 2: Frequency of pathological diagnoses concerning gender and age 
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inconclusive or inappropriate patohistology findings. Patohistology proved 
diagnosis of high grade glioma in 43 (64.4%) patients; metastatic lesion 
was verified in 38 (44.6%) patients (Table 1). The majority of patients 
were in the 6th decade (32/81, 39.5%). GBM patients were of mean age 
59.4± 13.89 (median ± SD). Patients with secondary deposits were of 
average age (62.6 ± 11.5 years). Distribution concerning gender and age 
is represented in Table 2.
Assesing normality of the measured data with Shapiro-Wilk test observed 
normal distribution in all datasets except for a small deviation of the MD 
values in location 2, which violated the normal or Gaussian distribution. 
For this reason, the distribution of this variable was additionally tested with 
Mann -Whitney U- test, that confirmed variable was normally distributed. 
The range and mean values of each measured parameter with its standard 
deviation were shown in Table 3.
In the first part of the study, means between two groups of neoplasms 
were compared. Statistically significant difference between FA means 
was found on location 2. FA values were higher in the peritumoral region 
of glioblastomas in comparison with peritumoral region of brain metas-
tases (t =2.476, p=0.016). Conversely, in other cases the null hypoth-
esis was not rejected: there was no statistically significant difference 
in peritumoral MD values between groups on location 2 (t =1.627, 
p=0.108). On intratumoral location, difference between FA and MD 
values was negligible in both groups (t=1.284, p= 0.203 and t = 0.9, 
p=0.371, respectively) (Table 3). 
In the second part of the study, inter-location differences were tested: 
mean values of both parameters in location 1 and location 2 were 
compared.    
Inter-location difference between MD means exceeded the level of sta-
tistical significance in both groups (t = 2.042, p=0.045 and  t = 4.1, 
p<0.01). A significant reduction of FA value in the intratumoral location, 
in comparison to peritumoral location was observed in the group with a 
primary tumor (t= 2.869, p= 0.005).
Contrary to the above mentioned, no significant difference was found for 
FA values within secondary deposits in tumoral and peritumoral region 
(t= 0.369, p= 0.714).

DISCUSSION
There has been growing interest in MR techniques that bring quantified 
data related to structural tissue properties. Signal intensity is relatively 
quantified and image analysis is based  on the interpretation of signal 
changes. For this reason, many studies analyzed the sensitivity of DTI, 
but there was a diversity of survey results (7, 10-46). 
Our findings are concordant with the majority of the published studies: 
alterations of diffusion tensor metrics reflect changes in fiber integrity or 
in water content, thus indicating neoplastic micro-infiltration or edema 
(5-13,16-25). Changes in FA values, compared to a mirrored region in the 
contralateral normal-appearing white matter, were noticed within six days 
after the implementation of glioma cells in rats (39). 
Concluding remark of the meta-analysis that summarized data from 
nine studies confirmed an increased MD and a decreased FA value in 
peritumoral tissue, compared to corresponding contralateral region (10). 
In addition, this analysis pointed out inconsistency in the selection of the 

peritumoral region. Undoubtedly, standardized methods both for acquisi-
tion as well as post-processing are required.  
In our study, a statistically significant increase of FA values was noticed 
in the region surrounding high-grade gliomas, compared to brain 
metastases. Results collected from our patients were consistent with 

FA  (10-3 mm2/s) MD (10-3 mm2/s)

ISD GBM ISD GBM

Location 1
Range 0.57- 2.34 0.54 -2.92 0.72-2.99 0.68 -1.98

means±SD 1.29 ±0.39 1.45± 0.61 1.26 ±.0.44 1.128± 0.34

Location 2
Range 0.83 -2.35 0.84 -3.06 0.5-1.41 0.56 - 1.49

means±SD 1.25± 0.46 1.59 ± 0.56 0.92± 0.20 1.00 ±0.27

SD- standard deviation

Table 3: Values of fractional anisotropy (FA) and mean diffusivity (MD) in intracranial secondary deposit (ISD) and glioblastoma (GBM) 
cases, in intratumoral (location 1) and  peritumoral (location 2) locations

Figure 1. Technique of ROIs placements. Upper row: axial T2w FLAIR, postcontrast T1w image, ADC map co-registered with 
FA map, respectively. Lower row: FA, MD and color-coded map ROI of location 1 (respectivey) were placed in the enhancing 
portion of tumor (circle 1), excluding areas of necrosis and hemorrhage. Location 2 was positioned in immediate peritumoral 
region (circle 2). IPR (location 2) was defined as the area that is not enhancing on contrast-enhanced T1-weighted images, 
within 1 cm adjacent to the enhancing portion. Within two selected locations, mean values of fractional anisotropy (blue 
circles) and mean diffusivity (white circles) were measured

Figure 2. Upper row: CT without and with contrast (T2w and T1w images), respectively. Lower row: magnetic resonance 
spectroscopy, ASL, FA color coded, and FA map, respectively. The intra-axial lesion with a peritumoral cyst, elevated 
choline/creatine ratio, and reduced N-acetylaspartate and elevated lactate levels. Peritumoral edematous region in ASL map 
was characterized by moderate to low signal indicating its hypovascularisation. FA color-coded and FA map demarcated 
central zone with reduced anisotropy, surrounded by an incomplete ring of elevated FA values (ASL – arterial spin labeling;  
FA – fractional anisotropy)
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meta-analysis of Sternberg and Lipton (10) and several other studies (7, 
13-16, 25, 27, 43-45). On the contrary, El-Serougy et al. included broad 
peritumoral area, observing higher FA values around metastatic brain 
tumors (37, 38). 
However, some studies did not find significant differences in the peritu-
moral edematous region, questioning the discriminative ability of these 
metrics (42, 46). 
In our study, no significant difference was found between MD means 
both in the peri-tumoral and intratumoral area- indicating the limited 
usage of this parameter for discerning gliomas from brain metastases.  
This was consistent with several previous researches (15, 22, 42).  The 
discriminative power of this parameter would possibly be stronger if 3T 
MRI device was used.
Inter-location differences of both parameters were present in both types of 
neoplasms, with one exception: in patients with a secondary deposit the 
difference in FA values was not observed in the (peripheral?) enhancing 
part of the tumor and non-enhancing peritumoral region. These results 
were concordant with research that registered centripetally growing 
gradient of ADC values– from tumoral lesion to peritumoral region (13). 
Region of tissue immediately surrounding the tumor exhibited lower rates 
of diffusivity (ADC) (7, 13, 18, 19, 32). Also, some studies confirmed a 
difference in ADC values or MD values of vasogenic and interstitial edema 
(13, 15, 23). 
In the intra-tumoral area, no significant change in FA or MD was detected 
between gliomas and metastases, that was consistent with previous 
studes (36-43). This observation may be related to the presence of 
microcystic degeneration within the glioblastomas and varying degrees of 
necrosis or hemorrhage in the two tumor types. On the other hand, Bette 
et al. found that glioblastoma shows significantly higher FA values in the 
contrast-enhancing tumor part than brain metastases (29). 
These diferences in published results reflect a diversity of factors that 
determine the values of DTI parameters. Alteration of metrics can be 

attributed not only to increased extracellular water and infiltration of 
WM tracts, but also to myelination, axon diameter, and intravoxel axonal 
coherence of fiber orientation. Secondly, a considerable heterogeneity of 
FA was observed even between specific WM tracts (43). 
Measurement error can occur within the voxel containingof two tracts 
directed in perpendicular planes. This is the case when displacement 
probability is incorrectly calculated as - equal for all directions (44). 
There are some properties of primary neoplasms that increase anisotropy 
i.e. high cellularity correlate inversely with ADC and reduced diffusion rate 
reflects with decreased MD values. In the solid part of the tumor, high-
grade gliomas may present higher cellular density in comparison with 
metastases. This cellularity originates from neoplastic cell proliferation or 
reactive gliosis induced by gliomas (9, 18, 25).
Unlike metastasis, glioblastoma cells produce tumor-specific products 
that change the content of the extracellular matrix. Serving as substrates 
for adhesion and subsequent migration of cells through the extracellular 
space, these molecules are accumulated in a directed way, leading to a 
high anisotropy of extracellular matrix (34).
The rapid growth of the tumor exerts pressure over the region that 
changes the average shape of cells from spherical to oblate spheroidal, 
effectively increasing anisotropy (20, 25).
In metastatic lesions, surrounding brain parenchyma shows reactive 
astrocytosis, proliferation of microglia and vascular proliferation, all of 
which might be the source of broad range of measured values (45, 46).
Metastasis express more vascular endothelial growth factor that con-
tributes to vascular permeability (34, 42). Vasogenic edema involves 
an increased water component and reduces axonal density, therefore 
diffusivity is enhanced and MD increased.
Ischemia also decreases the rate of diffusion.  Furthermore, two effects 
related to MR equipment (eddy currents and non-linear gradients) can 
affect the measured diffusion coefficients within that voxel (44).
We believe that significant variabilities in published studies can be atrib-
uted to the plurality of factors mentioned above.
Our study has some limitations. The first one was related to reproducibility 
in the selection of ROIs, due to its manual placement. To overcome this 
potential bias, ROIs were selected on FA and MD maps that have been 
superimposed on T1w contrast series (Figures 1 and 2). Several studies 
suggested advantage of a larger, more inclusive, ROI (8, 21, 36, 37, 39). 
However, we feel that variations in the ROI drawing schemes were small. 
The second limitation related to the potential spatial mismatch between 
the ROI determined for measurements, and the location of the specimen 
taken at biopsy. This issue could be relevant in heterogeneous lesions 
with zones of different histologic tumor grade. The third limitation was 
heterogeneity among metastases, but analysis with a subdivided sample 
did not find the significant difference, hence justifying collecting metas-
tasis in one group (28, 43). Despite the above-mentioned shortcomings, 
significant reproducibility was reached.

CONCLUSION
The results of our study justify the use of the DTI technique as an addi-
tional diagnostic tool for the purpose of distinction between primary and 
secondary intraaxial lesions. Quantitative analysis of DTI metric, measure-
ment of FA in peritumoral edema in particular improves interpretation of 

Figure 3. Upper row: T2w and T1w postcontrast series delineate expansive cystic 
lesion in the right cerebral crus. Lower row: Fractional anisotropy map. Color-coded FA 
map showing a central zone of reduced anisotropy values, embedded within a circle 
of displaced fibers 
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conventional morphologic MRI and further extraction of valuable informa-
tions from DTI dataset is possible.

Declaration of Interests
Authors declare no conflicts of interest.

REFERENCES

 1 Min Z, Niu C, Zhang Q, Zhang M, Qian Y. Optimal Factors of Diffusion Tensor 

Imaging Predicting Corticospinal Tract Injury in Patients with Brain Tumors. 

2017;18(5):844–51. 

 2 Zhao J, Yang ZY, Luo BN, Yang JY, Chu JP. Quantitative evaluation of diffusion and 

dynamic contrast-enhanced MR in tumor parenchyma and peritumoral area for 

distinction of brain tumors. PLoS One [Internet]. 2015;10(9):1–15. Available from: 

http://dx.doi.org/10.1371/journal.pone.0138573

 3 Neska-matuszewska M, Bladowska J, Marek S, Zimny A. Differentiation of glioblas-

toma multiforme , metastases and primary central nervous system lymphomas 

using multiparametric perfusion and diffusion MR imaging of a tumor core and a 

peritumoral zone — Searching for a practical approach. 2018;1–18.

 4 Pope WB, Brandal G. Conventional and advanced magnetic resonance imaging in 

patients with high-grade glioma. Q J Nucl Med Mol Imaging. 2018;62(3):239–53. 

 5 Munoz-Bendix C, Rapp M, Mijderwijk HJ, von Sass C, Dibué-Adjei M, Cornelius JF, 

et al. Risk factors for in-brain local progression in elderly patients after resection of 

cerebral metastases. Sci Rep. 2019;9(1):1–9.

 6 Jin Y, Randall JW, Elhalawani H, Al Feghali KA, Elliott AM, Anderson BM, et al. 

Detection of glioblastoma subclinical recurrence using serial diffusion tensor imag-

ing. Cancers (Basel). 2020;12(3):1–11. 

 7 Lee EJ, Ahn KJ, Lee EK, Lee YS, Kim DB. Potential role of advanced MRI techniques 

for the peritumoural region in differentiating glioblastoma multiforme and solitary 

metastatic lesions. Clin Radiol [Internet]. 2013;68(12):e689–97. http://dx.doi.

org/10.1016/j.crad.2013.06.021

 8 Jolapara M, Kesavadas C, Radhakrishnan V V, Thomas B, Gupta AK, Bodhey N, et 

al. Role of diffusion tensor imaging in differentiating subtypes of meningiomas Place 

de l ’ imagerie du tenseur de diffusion pour la différenciation des. J Neuroradiol 

[Internet]. 2010;37(5):277–83. http://dx.doi.org/10.1016/j.neurad.2010.03.001

 9 Chen L, Liu M, Bao J, Xia Y, Zhang J, Zhang L, et al. The correlation between 

apparent diffusion coefficient and tumor cellularity in patients: A meta-analysis. 

PLoS One. 2013;8(11). 

10 Sternberg E.J, Lipton M.L. B. Utility of Diffusion Tensor Imaging in Evaluation of 

the Peritumoral Region in Patients with Primary and Metastatic. Am J Neuroradiol. 

2014;35:439–44.

11 Jiang R, Du F, He C, Gu M, Ke Z, Li J. The Value of Diffusion Tensor Imaging in 

Differentiating High-Grade Gliomas from Brain Metastases : A Systematic Review 

and Meta-Analysis. 2014;9(11):1–8. 

12 Jiang L, Xiao C, Xu Q, Sun J, Chen H, Chen Y, et al. Analysis of DTI-Derived Tensor 

Metrics in Differential Diagnosis between Low-grade and High-grade Gliomas. 

2017;9(August):1–8. 

13 Lemercier P, Maya SP, Patrie JT, Flors L, Leiva-Salinas C. Gradient of apparent diffu-

sion coefficient values in peritumoral edema helps in differentiation of glioblastoma 

from solitary metastatic lesions. Am J Roentgenol. 2014;203(1):163–9. 

14 Holly KS, Fitz-gerald JS, Barker BJ, Murcia D, Daggett R, Ledbetter C, et al. 

Differentiation of High-Grade Glioma and Intracranial Metastasis Using Volumetric 

Diffusion Tensor Imaging Tractography. World Neurosurg [Internet]. 2018;1–11.  

https://doi.org/10.1016/j.wneu.2018.07.230

15 Lu S, Ahn D, Johnson G, Law M, Zagzag D, Grossman RI. Radiology Diffusion-

Tensor MR Imaging of Intracranial Neoplasia and Associated Peritumoral Edema : 

Introduction of the Tumor Infiltration Index 1. 2004;(4):221–8. 

16 Byrnes TJD, Barrick TR, Bell BA, Clark CA. Diffusion tensor imaging dis-

criminates between glioblastoma and cerebral metastases in vivo. 2011;(March 

2010):54–60  

17 Chiang IC, Lu C, Lin W, Sheu F. Distinction between high-grade gliomas and 

solitary metastases using peritumoral 3-T magnetic resonance spectroscopy, 

diffusion , and perfusion imagings. 2004;619–27. 

18 Surov A, Meyer HJ, Wienke A. Correlation between minimum apparent diffusion 

coefficient (ADCmin) and tumor cellularity: A meta-analysis. Anticancer Res 

37(7). 2017;3810(September 2016):3807–10. 

19 Server, Andres & Andreassen, Bettina & Maehlen, J & Josefsen, Roger 

& Schellhorn, Till & Kumar, T & Langberg, C.W. & Nakstad, P.H.. (2009). 

Quantitative Apparent Diffusion Coefficients in the Characterization of Brain 

Tumors and Associated Peritumoral Edema. Acta radiologica (Stockholm, 

Sweden : 1987). 50. 682-9. 10.1080/02841850902933123.   

20 Holly KS, Barker BJ, Murcia D, Bennett R, Kalakoti P, Clusmann H. High-grade 

Gliomas Exhibit Higher Peritumoral Fractional Anisotropy and Lower Mean 

Diffusivity than Intracranial Metastases. 2017;4(April):1–10. 

21 Bauer AH, Erly W, Moser FG, Maya M, Nael K. Differentiation of solitary brain 

metastasis from glioblastoma multiforme : a predictive multiparametric approach 

using combined MR diffusion and perfusion. 2015;

22 Wang S, Kim S, Chawla S, Wolf RL, Knipp DE, Vossough A, et al. Differentiation 

between Glioblastomas , Solitary Brain Metastases , and Primary Cerebral 

Lymphomas Using Diffusion Tensor and Dynamic. 2011; 

23 Pavlisa G, Rados M, Pavlisa G, Pavic L, Potocki K, Mayer D. The differences 

of water diffusion between brain tissue infiltrated by tumor and peritumoral 

vasogenic edema. J Clin Imaging [Internet]. 2009;33(2):96–101. http://dx.doi.

org/10.1016/j.clinimag.2008.06.035

24 Stefanie B, Alexsandar T, Benedikt H, Jens TB, Florian G, Bernhard R, et al. 

Analysis of Fractional Anisotropy Facilitates Differentiation of Glioblastoma and 

Brain Metastases in a Clinical Setting. Eur J Radiol [Internet]. 2016; Available 

from: http://dx.doi.org/10.1016/j.ejrad.2016.10.002

25 Deng Z, Yan Y, Zhong D, Yang G, Tang W, Lü F, et al. Quantitative analysis of 

glioma cell invasion by diffusion tensor imaging. J Clin Neurosci [Internet]. 

2010;17(12):1530–6. http://dx.doi.org/10.1016/j.jocn.2010.03.060

26 Tsuchiya K, Fujikawa A, Nakajima M, Honya K. Differentiation between 

solitary brain metastasis and high- grade glioma by diffusion tensor imaging. 

2005;78(July 2004):533–7.

27 Papageorgiou TS, Chourmouzi D, Drevelengas A, Kouskouras K, Siountas A. 

Physica Medica Diffusion Tensor Imaging in brain tumors : A study on gliomas 

and metastases. Phys Medica [Internet]. 2015;1–7. Available from: http://dx.doi.

org/10.1016/j.ejmp.2015.03.010

28 Hoefnagels FW, De Witt Hamer P, Sanz-Arigita E, Idema S, Kuijer JP, Pouwels 

PJ, Barkhof F, Vandertop WP. Differentiation of edema and glioma infiltration: 

proposal of a DTI-based probability map. J Neurooncol. 2014 Oct;120(1):187-

98. doi: 10.1007/s11060-014-1544-9. Epub 2014 Jul 31. PMID: 25079117.

29 Bette S, Huber T, Wiestler B, Boeckh-Behrens T, Gempt J, Ringel F, et al. Analysis 

of fractional anisotropy facilitates differentiation of glioblastoma and brain metas-

tases in a clinical setting. Eur J Radiol (2016) 85(12):2182–7. doi:10.1016/j.

ejrad.2016.10.002

http://www.onk.ns.ac.rs/Archive
https://doi.org/10.2298/AOO210828007B


10

Articles

www.onk.ns.ac.rs/Archive • Volume 29 • Issue 1 • January 2023 • https://doi.org/10.2298/AOO210828007B

30 Gonçalves FG, Chawla S, Mohan S. Emerging MRI Techniques to Redefine 

Treatment Response in Patients With Glioblastoma. J Magn Reson Imaging. 

2020;1–20. 

31 Server AS, Kulle B, Mehlen J, Josefsen R, Schellhorn T, Kumar T, et al. Quantitative 

Apparent Diffusion Coefficients in the Characterization of Brain Tumors and 

Associated Peritumoral Edema. Acta Radioligica. 2009;50:682(0407). 

32 Oh J, Cha S, Aiken AH, Han ET, Crane JC, Stainsby JA, et al. Quantitative 

Apparent Diffusion Coefficients and T2 Relaxation Times in Characterizing Contrast 

Enhancing Brain Tumors and Regions of Peritumoral Edema. 2005;708:701–8. 

33 Sinha S, Bastin ME, Whittle IR, Wardlaw JM. Diffusion Tensor MR Imaging of High-

Grade Cerebral Gliomas. 2002;(April):520–7. 

34 Varga I, Hutóczki G, Petrás M, Scholtz B, Mikó E, Kenyeres A, et al. Expression of 

invasion-related extracellular matrix molecules in human glioblastoma versus intra-

cerebral lung adenocarcinoma metastasis. Zentralbl Neurochir. 2010;71(4):173–80. 

35 Pekmezci M, Perry A. Neuropathology of brain metastases. Surg Neurol Int. 

2013;4(SUPPL4):245–55. 

36 Nilsson M, Englund E, Szczepankiewicz F, Westen D Van, Sundgren PC. Imaging 

brain tumour microstructure. Neuroimage 2018;182 :232-250. Available from: 

https://doi.org/10.1016/j.neuroimage.2018.04.075

37 El-Serougy LG, Razek AAKA, Mousa AE, Eldawoody HAF, El-Morsy AE-ME.

Differentiation between high-grade gliomas and metastatic brain tumors using dif-

fusion tensor imaging metrics. Egypt J Radiol Nucl Med (2015) 46(4):1099–104. 

doi:10.1016/j.ejrnm.2015.08.005

38 El-serougy L, Abdel A, Abdel K, Ezzat A, Eldawoody H, El-morsy A. Assessment 

of diffusion tensor imaging metrics in differentiating low-grade from high-grade 

gliomas. 2016;1–8. 

39 Lope-piedrafita S, Garcia-martin ML, Galons J, Gillies RJ, Trouard TP. Longitudinal 

diffusion tensor imaging in a rat brain glioma model. 2008;(May):799–808. 

40 Byrnes TJD, Barrick TR, Bell BA, Clark CA. Diffusion tensor imaging discriminates 

between glioblastoma and cerebral metastases in vivo. 2011;(March 2010):54–60  

41 Malayeri AA, Hospital W, Khouli R El, Jacobs MA. Principles and Applications of 

Diffusion-weighted Imaging in Cancer Detection, Staging and treatment follow-up. 

Radiogr. 2011;31(6)(October):1773–1791

42 Wang W, Steward CE, Desmond PM. Diffusion Tensor Imaging in Glioblastoma 

Multiforme and Brain Metastases : The Role of p , q , L , and Fractional AnisotropyA 

merican Journal of Neuroradiology Jan 2009, 30 (1) 203-208; DOI: 10.3174/ajnr.

A1303

43 Hoefnagels FW, De Witt Hamer P, Sanz-Arigita E, Idema S, Kuijer JP, Pouwels PJ, 

Barkhof F, Vandertop WP. Differentiation of edema and glioma infiltration: pro-

posal of a DTI-based probability map. J Neurooncol. 2014 Oct;120(1):187-98. doi: 

10.1007/s11060-014-1544-9. Epub 2014 Jul 31. PMID: 25079117.

44 Alger JR. The diffusion tensor imaging toolbox. J Neurosci. 2012;32(22):7418–28. 

45 Stadlbauer A, Nimsky C, Buslei R, Salomonowitz E, Hammen T, Buchfelder 

M, et al. Diffusion tensor imaging and optimized fiber tracking in glioma 

patients : Histopathologic evaluation of tumor-invaded white matter structures. 

2007;34:949–56.

46 Kinoshita, Manabu & Goto, Tetsu & Okita, Yoshiko & Kagawa, Naoki & Haruhiko, 

Kishima & Hashimoto, Naoya & Yoshimine, Toshiki. (2009). Diffusion tensor-based 

tumor infiltration index cannot discriminate vasogenic edema from tumor-infiltrated 

edema. Journal of neuro-oncology. 96. 409-15. 10.1007/s11060-009-9979-0.

http://www.onk.ns.ac.rs/Archive
https://doi.org/10.2298/AOO210828007B

