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ABSTRACT

Article type:

Background: Early diagnosis of brain tumors has significant effect on the
treatment process. Brain metastatic tumors are usually diagnosed following the
neurological symptoms in patients or incidentally after Computerized
Tomography (CT) scan and Magnetic Resonance Imaging (MRI) requests of the
brain.
Objectives: Implementation of a new method for being informed about the
origin of brain tumors by using MRI before surgery.
Materials and Methods: In this study, 25 patients with brain metastatic tumors
were randomly selected and imaged with T2Weighted multi echo sequences and
GRE EPI (DWI) in addition to taking routine sequence of brain. Software
output such as variables including signal intensity, Apparent Diffusion
Coefficient (ADC) value. In order to analyze the data and correlations between
variables in this study, statistical t-test method and Graph pad prism software:
version 5.4 has been used. p<0.05 was considered as the level of significance.
Results: Significant difference between ADC values at the center of metastatic
tumors with different origin was found. ADC value of 0.5613±0.02580 (×10−3
mm/s) indicates brain metastatic tumors with lung origin, ADC value of
1.009±0.03820 (×10−3 mm/s) tumors with liver and breast origin, and ADC
value of 1.556±0.03500 (×10−3 mm/s) tumors with colon and prostate origin.
Conclusion: According to our results, DWI MRI as an imaging biomarker can
determine the origin of the brain metastatic tumors, so that we can help patients
and physicians in terms of time, financial and choice of the best treatment
method.
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Introduction

T

he incidence of Central Nervous
System (CNS) metastasis has been
estimated to be approximately 3.8 per
10,000 persons annually (1). Metastasis is a
process in which malignant cells are broken

and separated from a primary tumor, entered
to the bloodstream or the lymphatic system,
and disseminated in the body and different
organs, and also known as an important factor
in many causes of death in neoplastic
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malignant lesions. Cancer in the breast, lungs
and ovaries and the other organ can cause
metastatic lesions in the brain (2).
Approximately 10-20% of brain metastatic
tumors are single, and the others are multiple.
Breast and kidney cancer often causes single
metastasis and cancer of the lung, and
melanoma (skin cancer) causes multiple
metastases in the brain area. Among all the
primary tumors that cause metastasis in the
brain, small cell carcinoma of the lung has the
shortest period of time from diagnosis of the
primary cancer to the involvement of brain
area (3 months) and also the shortest period
of time from metastasis to death (3 months)
(3). Lung cancer is the most common cause of
brain metastasis in men and women.
Metastatic lesions of the brain are often
diagnosed before, during or shortly after
primary lung tumors (average of 6 to 9
months). Breast cancer is the second most
common cause of metastasis in women and
metastasis occurs a few years (average 2 to
2.5 years) after primary breast cancer and
most often in young ages before menopause
(3,4). Metastatic melanoma is the second
most common cause of metastasis in men
usually occurs some years after the initial
melanomas; the incidence of metastatic
melanoma is high when the blood vessels
tend to be bleeding. Colon cancer is the third
most common cause of brain metastasis in
men and women that occurs short years after
the primary tumor (3,5). Kidney cancer can
cause lesions in the brain in the years shortly
after the tumor, and this metastatic tumor
often contains blood vessels (3,4). Diffusion
Weighted Imaging (DWI) can early show
many abnormalities in the central nervous
system including metastatic tumors and also
the minor changes of brain areas that are not
visible on conventional imaging (6-9). In
20

addition, DWI can reveal microstructure of
tissues on the basis, giving information about
random movement of water molecules, which
is restricted in some directions due to tissue
damages (4,5,7). Regarding to the fact that
metastatic tumors have different origins,
determining their origin is one of the
important and valuable points to diagnose and
treat the patients. The selection of treatment
methods such as radiation, chemotherapy and
surgery is dependent on this valuable
technical information achieved by imaging or
other methods (7,10). Regarding to the
complexities of this imaging method and lack
of sufficient knowledge among the
specialized physicians and imaging centers
about its extensive applications including the
investigation of metastatic tumors origin and
also the response to treatment before and after
treatment methods, it is essential to conduct
further studies in this field (9-11). An inverse
relationship between cellular origin and ADC
parameter in previous studies increases the
likelihood of ADC to be useful in determining
the origin of the tumors. Therefore, regarding
to the evidence, the main purpose of this
study was to investigate the origin of brain
solid metastatic tumors using diffusion and
conventional MRI parameters.
Materials and Methods
The study was performed from 2012 to
2014 on 25 patients with brain metastatic
tumor referring to an academic hospital
affiliated to Shahid Beheshti University of
Medical Sciences, Tehran, Iran. This project
in the Ethics Committee of Shahid Beheshti
University of Medical Science was adopted.
Patients’ participation in the project was
voluntary, and the study method and
objectives were explained to all the patients
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and written informed consent was received
from them.
Patients, who have to be under surgery,
radiotherapy or chemotherapy based on the
diagnosis of a specialist, were subjected to
MRI test with predetermined and optimized
sequences in a few days before, in order to
determine the origin of metastatic tumors. In
this study, only intra-axial tumors were
quantitatively analyzed. MRI experiments
were performed by MRI 1.5 Tesla (Siemens

Avanto model, Germany). For MRI tests of
the brain area, the brain coil quadrature was
used, and to prevent random movements of
the patient, special holder pads were used.
Using MRI software, an initial analysis of the
images, and the final analysis was performed
by SPIN software. Firstly, MRI tests were
performed on the patients with brain tumors,
which include routine sequences (Table 1)
and the desired sequences of this study, the
DWI(Table2).

Table 1. Parameters of routine sequences performed before given protocols
Parameter
/Sequence

Plane

TR(ms)

TE(ms)

NEX

Matrix Size

FOV(cm)

RFOV

Slice
thickness(mm)

Number
of Slices

T2W-FSE
TIW-FSE
FLAIR
T2W-FSE
TIW-FSE

Axial
Axial
Axial
Coronet
Sagittal

3700
410
8000
3700
410

113
9
90
113
9

1
1
2
1
1

320×256
320×256
320×256
320×256
320×256

26
24
24
23
24

FOV 80 %
FOV 80 %
FOV 80 %
FOV 80 %
FOV 90 %

5
5
5
4
4

18
18
18
20
16

Table 2. Parameters of DWI and T2W sequences
Parameter
Plane
TR(ms)
TE(ms)
NEX
/Sequence
GRE-EPI
Axial
3100
113
4
(DWI)
T2W Multi
Axial
3000
352-22
1
Echo

Matrix Size

FOV (cm)

RFOV

128×128

26

320×256

24

Next, images were processed. Initial
processing of images was performed by MRI
device. Then, the processed raw images were
entered to SPIN software and the final
processing and analysis was performed on
images in SPIN software. Finally, the outputs
of SPIN software were analyzed in
comparison with the results of sampling
reported by pathologist. After importing the
whole image of a cut in Mean Curve window,
we selected all the images and draw one or
more Region of Interest (ROI) on one or more
images with the best contrast to show the
tumor. After drawing ROI and measuring
signal intensity, images with JPG and
DICOM format were saved. There was no
need to draw a curve about diffusion and

FOV 100 %

Slice
thickness(mm)
5

Number
of Slices
18

FOV 80 %

4

8

ADC images; and it would be done only by
drawing one or more ROI on the images with
better contrast of tumor. The patient was
placed on the bed as supine, then his head
was placed in eight channels coil for imaging
the brain, and then some routine sequences of
brain imaging including axial images T2
Weighted-TSE with parameters TR/TE:
5600/98 millisecond, slice thickness: 5mm
and
axial
Fluid-Attenuated
Inversion
Recovery (FLAIR) with parameters TR/TE:
10000/103 millisecond, slice thickness: 5mm
and V3-D T2 weighted with uniform matrix,
and slice thickness: 1mm and Field of View
(FOV): 250*250mm were performed, and
then images of DWI, DWI with multi
directional diffusion weighted echo planar
21
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sequence are prepared in accordance with the
following parameters: b-value 1000: TR/TE:
8000/80 millisecond, number of slices: 60,
non-linear gradient direction. Images were
assessed by the radiologist and MRI scanning
physicist, then the intensity of the signal
obtained through SPIN software were
analyzed with the results from pathology
(primary tumor center and tumor type)
previously specified by pathologist. Finally,
neurosurgical
treatment
design
was
investigated to determine the efficacy of this
imaging method in the preoperative
evaluation of the tumors. After completion of
the brain routine sequences, required
sequences for research were conducted. First,
T1 Weighted and T2 Weighted Multi echo
sequence and then, sequence of DiffusionWeighted Imaging (DWI) or Gradient-Echo Echo-Planar Imaging (GRE EPI) was
performed (Tables 1 and 2).
In order to analyze the data and
correlations between variables in this study,
statistical t-test method and Graph pad prism
software: version 5.4 has been used. For
convenience, the analysis of signal intensity
and ADC data were analyzed separately.

tumors with lung origin, and lung 2 origins
represent the signal intensity around the
metastatic tumors with lung origin. Diagram 1
presents the figure corresponded to the signal
intensity of metastatic tumors originating
from lung, liver-breast and colon-prostate.
Stars indicate semantic relationship between
data.

Diagram 1: Signal intensity of metastatic tumors originating from
lung, colon-prostate and breast-liver *** p < 0.001.

Diagram 2 shows the curve of signal
intensity at the center area around the tumor
in different groups at once.

Results
Software Outputs (signal intensity)
In analyzing the data for signal intensity
using the software graph pad prism and t-test,
there has been observed a significant
relationship between the signal intensity of
the tumor center and around it and also the
signal intensity of metastatic tumors with
origin of the lung, liver- breast and colonprostate. To separate the signal intensity of
the tumor center from the area around the
tumor, the numbers 1 and 2 has been used
respectively. For example, lung1 represents
the signal intensity of the center of metastatic
22

Diagram 2: Signal intensity at the tumor center and the area
around the tumor in different groups (lung1 represents the signal
intensity at the tumor center and lung 2 represents the signal
intensity at the area around the tumor).

As it can be seen, there is no significant
difference between signal intensity around the
tumor in different groups and they are within
a numerical range. But there is a significant
difference between signal intensity in the
center of tumor and the area around and also
signal intensity at the center of tumor in
different groups. Generally, signal intensity of
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899.3±33.87 indicates brain metastatic tumors
with lung origin, signal intensity of
621.3±24.53 tumors with liver and breast
origin, and signal intensity of 416.1±23.51
tumors with colon and prostate origin (Table
3).
Table 3. The results of signal intensity data analysis
Tumor origin
Signal intensity at tumor center
Lung
899.3±33.87
Liver-Breast
621.3±24.53
Colon- Prostate
416.1±23.51

Software outputs (ADC-VALUE)
In analyzing the data for ADC parameter
using the software graph pad prism and t-test,
p<0.05, there has been no significant
relationship between ADC value at the tumor
center and around the tumor. The ADC values
of metastatic tumors with lung, liver- breast
and colon-prostate origin have been shown to
have significant difference. Diagram 3 shows
the figure corresponded to ADC of metastatic
tumors originating from lung, liver-breast and
colon-prostate. To separate ADC at the tumor
center from the area around the tumor, the
numbers 1 and 2 has been used respectively.
Stars indicate significant relationship between
data.

Diagram 3: ADC values at the tumor center and the area around the
tumor in different groups (1 represents ADC values at the tumor
center and 2 represents ADC values at the area around the tumor),
*** p < 0.02.

As it can be seen, there is no significant As
As it can be seen, there is no significant
difference between ADC values around the
tumor in different groups and they are within
a numerical range.
Generally, tumor center ADC value of
0.5613±0.02580 (×10−3 mm/s) indicates brain
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metastatic tumors with lung origin, ADC
value of 1.009±0.03820 (×10−3 mm/s) tumors
with liver and breast origin, and ADC value
of 1.556±0.03500 (×10−3 mm/s) tumors with
colon and prostate origin. Table 4 shows
statistical analysis performed by prism.
Table 4. Results of statistical test performed using
prism software.
Tumor origin
ADC values at the center of tumor
(×10−3 mm/s)
Lung
0.5613±0.02580
Liver-Breast
1.009±0.03820
Colon- Prostate
1.556±0.03500

Discussion
Accordingly, in this study, brain intra-axial
tumors were investigated by the help of this
software and significant results were
obtained. The results indicated that useful
findings on the origin of a metastatic tumor
can be achieved by the help of MRI, using
some optimized sequences sensitive to the
record of molecular diffusion, and also
employing advanced software analysis. Also
it opened new doors to answer the questions
about the origin of a metastatic tumor that
imaging and scanning of body organs are
performed to answer them.
In this study, by using the capabilities of
SPIN software and using two sequences
sensitive to the change of content and water
diffusion of a tissue, some features and
variables were investigated among which
relaxation time feature T2 and ADC are
respectively obtained from the analysis of T2
Multi echo and DWI sequences (7,8). There is
no significant difference between ADC values
at the area around the tumor in different
groups, and they are almost in a numerical
range (9). Svolos P, et al. and Guo AC, et al.
through diffusional experiments on patients
with brain tumors concluded that the ADC
may be helpful in the detection of astrocytes
tumors malignity, although there are some
23
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overlap between the ADC of astrocytoma
tumor (grade II) and glioblastoma tumor.
They also showed that astrocytoma with lowgrade (grade II), has ADC value more than
other tumors. And ADC is related to the
tumor cellular origin both in astrocytes and in
meningioma (11,12). This study suggested
that low grade tumor has ADC value more
than high grade tumors. The results of our
research showed that metastatic tumors with
lung origin have ADC lower than metastatic
tumors with liver-breast origin, and metastatic
tumors with lung liver-breast origin have
ADC lower than metastatic tumors with
colon-prostate origin (6,13,14). By the other
words, metastatic tumors with lung origin
generate tumors with more severity and
damage in brain. As it was mentioned in the
introduction, lung cancer is the most common
cause of brain metastasis in men and women,
and among all the primary tumors that cause
metastasis in the brain, small cell lung
carcinoma has the shortest period of time
from diagnosis of the primary cancer to the
involvement of brain area (3 months) and also
the shortest period of time from metastasis to
death (3 months). Bergh off and colleagues in
2013, through diffusional experiments on the
patients with metastatic tumors and its
relationship with survival times, concluded
that metastatic tumors have a density greater,
lower, or equal to brain tissue and in tumors
with greater signal intensity in DW images
have worse (shorter) survival time than other
tumors (14). High signal intensity in DW
images is dependent on the excessive
discharge of interstitial reticulum which in
this study the numerical values of ADC
parameter and also the origin of the tumor
and type of the tumor are not implied; but the
results obtained in our studies indicate a
particular connection between the origin of
24

the tumor and its type, and statistical results
also confirm it (11).
In analyzing of ADC parameter there has
been no significant relationship between ADC
value at the tumor center and around the
tumor and also no significant difference
between ADC values around the tumor in
different groups. But ADC values at the
center of tumor in different groups of
metastatic tumors with lung, liver-breast and
colon-prostate origin have shown significant
difference. It can be said in brief that, the
more the tumor is malignant, the lower ADC
it has. As it is observed in the curve related to
the ADC parameter, all groups have higher
ADC than around area, but metastatic tumor
with lung origin has lower ADC than the area
around which is probably due to the high
mass effect of this tumor and its malignity
(5,8,15). The studies performed on the sample
by Chen L, et al. and also the researches
performed on patients concluded that, the
signal intensity in DW images indicates the
histology of metastasis (9). It also showed
that adenocarcinoma of well differentiated
type have a tendency to create image with
low signal intensity (hypo intense), while the
small and large cell neuroendocrine
carcinoma shows image with high signal
intensity. In this study, signal has not been
measured quantitatively, and one of the main
deficiencies of the research is that, it is not
clear signal intensity has been investigated in
which sequence; because the sensitivity of
sequence to the lesion can be increased by
choosing different b-value in DW images and
then obtain different signal intensity (14,16).
Therefore, certain TE, TR and T2 Weighted
sequences have been used in our studies to
measure signal intensity. SPIN advanced
software has been also used for quantitative
measurements of signal intensity. The
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interesting thing in signal intensity curve is
that, malignant tumors have greater signal
intensity. Tung GA, et al. through DW
experiments on the patients with brain tumor
showed that the limitation of water molecules
diffusion is not specific to the patients with
brain abscess, and it is observed in other
patients with brain tumors (10). The
researcher's experience also showed that rimenhancing brain masses illustrate the increase
in the signal intensity in diffusion images and
decrease in the signal intensity in ADC Map.
The signal intensity on DW sequences has
been visually compared, while this signal
intensity can be changed by varying the
parameter. On the other hand, signal intensity
on DW sequences is affected by diffusion
phenomenon (the random movement of water
molecules). But in the T2W sequence, signal
intensity is affected both by diffusion
phenomenon and T2 relaxation time
(11,13,15). Thus, it is more accurate
quantitatively. One of the issues that must be
investigated further is that, ADC curve of the
central tumor area with lung origin is lower
than the area around. While in other groups,
ADC value of central area is higher than the
around and is graphically located at a higher
level. Studies in this area suggest that
metastatic tumors originating from lung
damage most of blood-brain barrier and also
create more cellular damage which in turn
could lower the numerical value of ADC in
this group of tumors (11,12,15,16). This type
of tumor also causes mass effects and greater
edema in the tumor center, which is one
reason for the low ADC values.
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and CT scan test from other parts of the body
in order to determine the origin of the brain
metastatic tumors and biopsy too, so that we
can help patients and physicians in terms of
time, financial and choice of the most
appropriate therapy method.
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