REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 22 (2 OI 7) 201-208

w REPORTS OF PRACTICAL

. . : ) “* ONCOLOGY AND
Available online at www.sciencedirect.com RADIOTHERAPY

ScienceDirect

journal homepage: http://www.elsevier.com/locate/rpor i

Original research article

CT- and MRI-based gross target volume @CM1
comparison in vestibular schwannomas

Bhudevi Soubhagya N. Kulkarni®*, Harjot Bajwa®,
Mukka Chandrashekhar®, Sunil Dutt Sharma®, Rohith Singareddy®?,
Dileep Gudipudi®, Shabbir Ahmad®, Alok Kumar?,
N.V.N. Madusudan Sresty?, Alluri Krishnam Raju®

@ Basavatarakam Indo American Cancer Hospital and Research Center, Hyderabad 500035, Telangana, India
b jawaharlal Nehru Technological University Hyderabad, Kukatpally, Hyderabad 500 085, Telangana, India
¢ Radiological Physics & Advisory Division, Bhabha Atomic Research Centre, CTCRS, Anushaktinagar, Mumbai

400094, India

d Clearmedi Healthcare Put. Ltd., Kolkata Area, India

ARTICLE INFO

Article history:

Received 28 June 2016
Received in revised form

31 December 2016

Accepted 6 February 2017
Available online 22 April 2017

Keywords:

Vestibular schwannomas (VS)
Computed tomography (CT)
T1 weighted and T2 weighted

Magnetic resonance imaging (MRI)

ABSTRACT

Aim: This study represents an enumeration and comparison of gross target volumes (GTV)
as delineated independently on contrast-enhanced computed tomography (CT) and T1 and
T2 weighted magnetic resonance imaging (MRI) in vestibular schwannomas (VS).
Background: Multiple imaging in radiotherapy improves target localization.
Methods and materials: 42 patients of VS were considered for this prospective study with
one patient showing bilateral tumor. The GTV was delineated separately on CT and MRIL
Difference in volumes were estimated individually for all the 43 lesions and similarity was
studied between CT and T1 and T2 weighted MRI.
Results: The male to female ratio for VS was found to be 1:1.3. The tumor was right sided
in 34.9% and left sided in 65.1%. Tumor volumes (TV) on CT image sets were ranging from
0.251cc to 27.27 cc. The TV for CT, MRI T1 and T2 weighted were 5.15+5.2cc, 5.8+6.23cc,
and 5.9 £6.13 cc, respectively. Compared to MRI, CT underestimated the volumes. The mean
dice coefficient between CT versus T1 and CT versus T2 was estimated to be 68.85+18.3 and
66.68 +20.3, respectively. The percentage of volume difference between CT and MRI (%VD:
mean + SD for T1; 28.84 +15.0, T2; 35.74 + 16.3) and volume error (%VE: T1; 18.77 +10.1, T2;
23.17 £ 13.93) were found to be significant, taking the CT volumes as the baseline.
Conclusions: MRI with multiple sequences should be incorporated for tumor volume delin-
eation and they provide a clear boundary between the tumor and normal tissue with critical
structures nearby.

© 2017 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All rights reserved.
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1. Background

Stereotactic radiosurgery (SRS) and stereotactic radiotherapy
(SRT) were introduced as an alternate treatment modality to
surgery for patients who are not fit for surgical procedures
and to avoid post surgical complications.’® The main aim
of SRS and SRT is to reduce the dose to surrounding normal
tissue and nearby critical structures while ensuring a very
high prescribed dose to the target volume either through sin-
gle fraction or by hypo-fractionation treatment schemes.>'°
The primary imaging modality utilized in the process of
radiotherapy treatment planning is computed tomography
(CT) which provides a valuable electron density information
essential for dose calculations. Accuracy in target volume
delineation plays a crucial role in radiotherapy planning of
intracranial tumors. The intracranial target volume is defined
as the gross tumor volume (GTV) on CT images. However, the
CT alone does not offer sufficient information because of its
intrinsic limitations in distinguishing between normal soft tis-
sues and tumor tissues. Hence, different imaging modalities
need to be utilized for broader understanding of the situa-
tion and to distinguish the boundary between the GTV and
normal tissue for delineation of the tumor. Thus, a proper
multimodality' '~ imaging technique should be adopted to
extract information required for the correct delineation of
GTV. Magnetic resonance imaging (MRI)**' seems to be a good
choice for the delineation of GTV in skull based tumors in
the brain due to its superiority in distinguishing soft tissue
contrast.

Tumors that originate in the cerebello pontine (CP) angle
of the intracranial region are called cerebello pontine angle
tumors.’~?0 About 10% of brain tumors either originate from
or involve the CP angle. About 80% of CP angle tumors are cases
of vestibular schwannomas (VS)?'?> and the remaining ones
are non-acoustic tumors like meningiomas and epidermoids.
The vestibular schwannomas are also known as acoustic neu-
romas (AN). The VS are benign tumors that arise due to the
uncontrolled growth of Schwann cells which myelinate (insu-
lating sheath) around the vestibular portion of the eighth
cranial nerve.

2. Aim

The purpose of this study was to compare the differences in
target volume when the GTV is contoured separately on CT
and sequencely acquired MRI images by the method of blind
view. This study was undertaken to justify the importance of
the multimodality imaging technique in the case of vestibular
schwannomas.

3. Methods and materials

160 patients with brain tumor were treated by SRS and SRT
using 6 MV X-rays from Varian Novalis Tx (Varian Medical
System, USA) medical electron linear accelerator at our
institution from 2010 to 2015. 43 out of the 160 patients were
proven cases of vestibular schwannomas and hence these
patients were selected for this study. The brain mask was used

for immobilization and contrast-enhanced CT images were
acquired with a cast in situ. T1- and T2-weighted MRI images
of these patients were also acquired. The Brain LAB iplan
(AG, Feldkirchen, Germany) radiotherapy treatment planning
system (TPS) was used to obtain the dose distributions.

3.1. Patient set up

A noninvasive immobilization setup for the brain is provided
by the Brain LAB (AG, Feldkirchen, Germany). The system con-
sists of a two-part mask, one fitted to the back and the other to
the front side of the brain with additional mouth bite to main-
tain the head position. The Brain LAB localizer box was also
used during the scan so that stereotactic coordinates can be
generated in the Brain LAB iPlan TPS. A complete description
of the Brain LAB immobilization and localizer box is available
elsewhere.?®

3.2. CT imaging

The CT was used as a primary imaging modality in this study.
For acquiring the CT images, the patients were immobilized
using Brain LAB stereotactic head immobilization mask and
CT localizer on the flat couch of the 16 slice Philips Brilliance
CT scanner [Big Bore Oncology unit with 85 cm bore and 60 cm
field of view (FOV)]. Axial cuts were taken from the vertex to
the base of the skull with a matrix size of 512 x 512. Con-
trast enhanced CT images were also acquired. The images
were reconstructed with 2mm slice thickness. The images so
acquired were transferred to the Brain LAB iPlan TPS worksta-
tion through the DICOM system.

3.3. MR imaging

The MRI was used as a floating imaging modality in this study.
MRI scans were taken with the standard head coil (1.5 T, Gen-
eral Electric Medical System sigma HD). The images from the
vertex to the base of the skull were obtained with a spin-echo
(SE) sequence. The conventional turbo spin-echo T2-weighted
plain and post-gadolinium contrast T1-weighted spin-spin
echo axial MR images were obtained using a 254 x 254 matrix,
31.25Hz/pixel bandwidth and 250mm FOV. The MR images
were transferred to the Brain LAB iPlan TPS workstation
through the DICOM system.

3.4. Image registration

Nowadays, all the commercially available TPS have the mul-
timodality image registration facility. Using this option of our
Brain LAB iPlan TPS, the CT images were fused with the MRI
images. The Brain LAB iPlan TPS uses a powerful, automated
and accurate registration method.?” The image registration is
a two-step method with coarse and fine adjustments. It is a
mutual information similarity based rigid registration tech-
nique which increases the efficiency of matching with less
time. So, for all the 43 cases of VS, CT images were registered
with MRIL
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Fig. 1 - Gross tumor volume (GTV) of a left vestibular schwannoma patient contoured on (a) CT image, (b) T1-weighted MR

image, and (c) T2-weighted MR image.

3.5. GTV delineation

A single radiation oncologist (RO) performed target delineation
independently on the CT images as well as on T1- and T2-
weighted MR images as shown in Fig. 1. The RO contoured the
target volume, brainstem, right cochlea and left cochlea on
CT, T1- and T2-weighted image sets independently by hiding
another image sets to avoid biasing. ICRU-5078 guidelines were
followed during the contouring process. One of the patients
identified with bilateral occurrence of VS was treated as an
independent case in this study. The GTVs were first contoured
on contrast enhanced CT images and then on T1- and T2-
weighted MR image sets separately and, finally, all the images
were connected to each other. Following steps were taken for
delineation of GTV on CT and MRI images: The gross target
volume was marked on T1-weighted MR images (named as
GTVt1-mri) and T2-weighted MR images (named as GTVro-mri)-
The CT images were adjusted suitably (by varying the window
level, window widths and gray scale) to bring clarity in visual-
ization of all the organs and tissues so that best possible GTV
can be delineated. The final GTV was expanded to them in all
tumors in CT + T1-MRI and CT + T2-MRI and a union of all the
three tumor contours were clubbed as CT +T1-MRI+T2-MRI
images to obtain the three different volumes. A comparison
of CT volume and MRI volumes were done for all the target
volumes.

3.6. Statistical analysis

To evaluate the effectiveness of the segmentation procedure
on the two modalities we used the similarity measures usu-
ally utilized in image processing between a true value and
a measured value. To find out the percentage of overlap of
target volumes contoured separately on two image sets, Dice
Similarity Coefficient (DSC)?°-*! was used, which is defined as

Ver N Ve

%DSC =
[VCTWMRI] /2

x 100 (1)

where Ver and Vugr are the target volumes contoured on CT
and MRI images respectively.

The percentage of volume difference (%VD) between the CT
and MRI segmented target volumes were estimated using the
following relation

Ver — Ve

%VD =
[VCT+VMRI] /2

x 100 2)

The raw data required for evaluating %DSC and %VD was
entered in to a statistical excel sheet and statistical analy-
sis was performed to evaluate a mean, standard deviation
and statistical significance. The statistical significance was
less than 0.05 (p<0.05). The correlation between CT and
MRI segmented volumes were compared by using Pearson’s
coefficients. The percentage volume error (VE) was estimated
using the following equation

Ver — Vg

VE =
Ver

x 100 3)

In addition, the volume conformity index (VCI) was also calcu-
lated by taking ratio of common volume between CT and MRI
to the CT volume.

4, Results

160 patients of various brain tumor cases were treated on
Varian Novalis Tx medical electron linear accelerator of our
institute from 2010 to 2105. Table 1 presents the details of the
43 patients included in this study. The mean age of male and
female patients with vestibular schawnnomas was 36.28 and
41.5 years, respectively. The left sided to right sided VS tumor
ratio was 65.1% and 34.9%, respectively. Table 2 summarizes
the incidence of VS according to the age group and size of the
GTV.

Table 3 presents summary of gross tumor volume, brain-
stem, right cochlea and left cochlea recorded from contours on
CT and T1- and T2-weighted MR image sets. The mean, max-
imum, and minimum values of GTV as well as its standard
deviation are also indicated in this table.

Table 4 shows the mean values of VD, VE and DSC estimated
for T1- and T2-weighted MR images as well as for T1+T2 MR
images. The DSCs assessed for T1- and T2-weighed MR images
are 68.9% and 66.7%, respectively. Thus, the tumor volumes
obtained from T1-weighted MR images have a relatively high
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Table 1 - Summary of vestibular schawnnoma patients included in this study.

N

—=43 Right-VS Left-VS Mean age (yrs) Std Median age Minimum age  Maximum age
Female 7 17 36.28 10.98 36 16 54
Male 8 11 41.53 15.84 38 19 62

Table 2 - Groups of vestibular schawnnoma patients with respect to age and gross tumor volume (cc).

Age in years GTVin cc
<=20 21-30 31-40 41-50 51-60 61-70 <3cc 3cc-5cc 5cc-10cc >10cc
No of patients 4 11 10 9 6 3 19 10 10 4
Percentage 9.3 25.6 23.3 20.9 14.0 7.0 44.2 23.6 23.6 8.6
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Fig. 2 - Plot showing dice coefficient (DSC) on the primary axis of ordinate for the T1- and T2-weighted MR images and the
difference in volume between the CT and MR images on the secondary axis of the ordinate versus the tumor volume on CT.

conformity (i.e. overlapping) with the tumor volume obtained
from the CT images in comparison to overlapping of tumor
volumes from T2-weighted MR image with the tumor volume
from CT images. The minimum and maximum DSC values
were in the range of 48.3%-90.4% for T1-weighted MR images
and 34.61%-87.94% for T2-weighted MR images, respectively.
A relation between the absolute volume difference in cc and
dice coefficients against the tumor volume was evaluated as
shown in Fig. 2.

The correlation between the volumes of GTV, brainstem,
right cochlea and left cochlea recorded from CT images and
T1-weighted MR images as well as CT images and T2-weighted
MR images are shown in Fig. 3. These data have also been
summarized in Table 3. The difference in r values between
CT estimated versus T1-MR estimated and the CT estimated

L]
35 . "
55 Scatter diagram

Q 5 10 15 20 25 30

CT

versus T2-MR estimated are not very significant and the
volumes obtained from these images are positively corre-
lated. However, the tumor volumes recorded from T1- and
T2-weighted MR images are higher than the tumor volumes
recorded from CT images with p value <0.0001.

Fig. 4 shows Bland-Altman plot between difference in
GTVs of CT and T1-weighted MR images [GTVri-mr1 — GTVcr]
and average GTV of CT and T1-weighed MR images
[(GTVT1 —Mmri+GTVer)/2] as well as difference in GTVs
of CT and T2-weighted MR images [GTVrimri— GTVcr]
and average GTV of CT and T2-weighted MR images
[(GTVr1 — mr1 + GTVcr)/2]. This plot was generated to assess
the agreement between the GTVs recorded from CT and MR
images. It is observed that the volumes recorded from the
T1-weighted MR images are larger than the volumes recorded

m . o

Scatter diagram

T2

Fig. 3 — Scatter diagram of GTVs recorded from (a) CT images and T1-weighted MR images, and (b) CT images and
T2-weighted MR images demonstrating the correlation between the CT recorded and MR recorded GTVs.
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p-value

95% CI
0.945-0.985

Pearson’s r

N

43

Pair test

Median  Maximum

Minimum

Mean

N
43

Variable
GTV_CT

<0.0001

0.971

GTV_CT, T1
GTV_CT, T2
GTV_'T1, T2

27.266
36.231
35.101
25.12

3

3.484
4.196
4.53

5.152 5.253 0.251

5.876
5.637

<0.0001
<0.0001

0.949-0.986

0.973

43

0.385

6.166
5.976
3.461

43

GTV_T1

0.991-0.998
0.811-0.941
0.922-0.977

0.995

43

0.378

43

GTV_ T2

Brain Stem: CT, Brain Stem: T1

Brain Stem: CT
Brain Stem: T1
Brain Stem: T2
Rt Cochlea: CT

<0.0001
<0.0001

0.894
0.957
0.85

18.66
18.48

18

14.36

19.157
20.253
19.265
0.152

43
43
43
43

43

Brain Stem: CT, Brain Stem: T2

15.99
13.88

0.

4.473
4.48

Brain Stem: T1, Brain Stem: T2
Rt Cochlea: CT, Rt Cochlea:T1

<0.0001
0.0116

0.739-0.917
0.091-0.612
0.5-0.824

43

28.93

0.381

43

0.142 0.277
0.152

04

0.057

<0.0001
<0.0001
<0.0001
<0.0001
0.0012

0.696
0.597

43
43

Rt Cochlea: CT, Rt Cochlea: T2

0.235

0.147 0.051 0.052

0.239

43
43

Rt Cochlea: T1

0.36-10.761
0.583-0.858
0.614-0.871

Rt Cochlea: T1, Rt Cochlea: T2
Lt Cochlea: CT, Lt Cochlea: T1

0.506
0.246
0.199
0.514

0.205

0.083

0.111

Rt Cochlea: T2

0.752
0.772
0.478

43
43

0.163
0.127
0.19

0.045 0.082

0.152

43
43

Lt Cochlea: CT

Lt Cochlea: CT, Lt Cochlea: T2

0.042 0.067

0.101

0.135

Lt Cochlea: T1

0.207-0.680

43

Lt Cochlea: T1, Lt Cochlea: T2

0.089

0.221

43

Lt Cochlea: T2

Table 4 - Mean percentage values of volume difference
(%VD), percentage of volume error (%VE) and dice
similarity coefficient (DSC) estimated for T1- and

T2-weighted MR images as well as T1+ T2 MR images.
Data of CT image was taken as reference for calculating
%VD, %VE and %DSC.

Image %VD %VE %DSC
T1 28.84 (+15.02) 18.77 (+10.1) 68.9 (+18.3)
T2 35.74 (£16.3) 23.17 (£13.9) 66.7 (£20.3)
T1+T2 35.72 (+£18.3) 54.87 (+48.1) -

from the CT images. The mean difference between GTVcr and
GTVr1-Mr1 is 0.72 cc while the mean difference between GTV¢r
and GTVTZ-MRI is 0.5 cc.

Fig. 5 shows variation in volume conformity index with
respect to GTV volume (cc) recorded from the CT image. The
VCI of T1-and T2-weighted MR images are shown in this curve.
The mean VCI of T1-MR and T2-MR images are found to be 0.8
and 0.72, respectively.

5. Discussion

MRI provides superior information on anatomy and the
pathology in clinical evaluation of the tumor size and bound-
ary between the normal tissue and tumor tissue. There is an
increasing demand in radiotherapy to segment tumor vol-
umes with different imaging modality and compare them
by similarity overlap coefficients.> What is the best way to
obtain the tissue and target volumes comparable to true vol-
umes is still the topic of investigation. It is indeed difficult
to estimate the tumor volume accurately from the CT images
and till the date there exists no absolute technique. Practi-
cally, there is a change in volume of tissues whether it is alive
or dead. The segmentation of volume depends on a number
of parameters including reproducibility of patient positioning
on multiple imaging modalities, inherent noise, registration
technique and the calculation algorithm used for estimating
volumes by treatment planning systems.? In addition, there
is inter and intra observer variability in contouring and delin-
eation of tumor. Thus, the estimated volume is a combination
of all these errors which are inherent and not very easy to be
calculated separately.

A number of studies have been conducted®*—’ on the
tumor volume comparison for CT in conjunction with MRI for
brain lesions like inter observer variations, impact of image
registration of MR pre-operative and post-operative images on
treatment planning CT scans.

In our study on the 43 cases, the relative numbers of female
and male patients was 55.8% and 44.2%, respectively, showing
a clear dominance of female patients which is in agreement
with the observations of Ozgen et al.**° and van de Langer-
berg et al.*! However, our data indicates a relatively higher
incidence of left sided VS over right sided VS. In our analy-
sis of age, the number of relatively young patients is 25.6%
which is larger than the number of other age groups. Out of 43
cases treated at our institution, the percentage of post oper-
ative radiotherapy, radical radiotherapy and recurrence cases
were 25.6, 69.8 and 4.6, respectively. In Bland-Altman plot we
observed the two high outliers with the volumes of 20.18 cc
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Fig. 4 - Bland-Altman plot between (a) difference in GTVs of CT
CT and T1-MR images [(GTVT1-mr1 + GTVcr)/2], and (b) difference

ALl
Difference versus Average

between MRI T2 and CT

e Mean
95%Cl

15 20 3’0 3'5
{2+cn/2
and T1-MR images [GTVrt1-mri — GTVcr] and average GTV of
in GTVs of CT and T2-MR images [GTVr1-mr1 — GTVcr] and

average GTV of CT and T2-MR images [(GTVrti-mr1 + GTVcr)/2]. The data in these figures are in cc.

and 27.27 cc. These two cases are the recurrence cases. Fur-
ther, 11 cases with post surgical volume showed above 95% CI
limit.

The appearance of VS tumor on CT is iso-intense and
the introduction of contrast enhances the visibility of the
lesion. But there is a lack of knowledge on how to distin-
guish the boundary between the tumor and brain tissue from
such images. The VS appears hypo-intense on T1-weighted
MR image and hyper-intense on T2-weighted MR images.?® A
lot of works have been reported to deal with the adequacy
treatment modalities for managing VS including surgery and
radiotherapy. Many of these works have reported the increase
in tumor volume of VS on yearly basis.

Rykaczewski et al.*> have done meta analysis on treat-
ment of VS treated by gamma knife. They compared treatment
results of two set of VS patients one set treated dur-
ing 1998-2007 and the other during 2007-2011. Their study
includes 3233 VS patients having mean tumor volume of 3.9 cc
and the control rate of 92.73%. Apicella et al.*3 presented a
thorough review of the literature and concluded that SRS is
suitable for small size lesions.

Miller et al.** also carried out a similar work for the VS
patients and presented data on the size of tumor volume.
The average tumor volume of the 43 VS patients included in
our study is in very good agreement with the average tumor
volume of Miller et al.

Datta et al.*> carried out work on post operative radio-
therapy of brain tumors where they compared the GTV and

clinical target volume (CTV) on CT and MRI image sets. The
MRI volumes were significantly larger than CT estimated vol-
umes in their study. MR is considered to be a superior imaging
modality to CT as far as soft tissue contrast is concerned in
brain imaging. However, our results indicate that the over-
lap between GTV-CT and GTV-MR is between 70% and 90%
for the lesions with GTV larger than 5cc and the overlap
between GTV-CT and GTV-MR is between 60% and 70% for the
lesions smaller than 5cc. When the VS tumors are of larger
dimensions, they try to compress the brain stem. Hence, it
becomes more important to obtain both T1- and T2-weighted
MR images along with CT images so that an optimum target
volume can be estimated with the help of three image sets.
A number of reports are available which provide compar-
ison between treatment modalities for VS including surgery
versus radiation.*® The advantage of SRS and fractionated SRT
is very low toxicity to the trigeminal nerve with hearing preser-
vation. It is reported that five-year tumor local control is in the
range of 94%-96%.” The existing literature also provides infor-
mation about the diagnosis of VS and tumor growth rate on
yearly basis. There is an increase in the use of MRI for diagnos-
tic purposes since no radiation is involved in detecting the VS
tumor. Many tumors were detected accidentally with patients
having no complaints. As MRI is costly, time-consuming and
considered arduous for many patients but in some particu-
lar cases. like VS. there is very high specificity and sensitivity
about 90%-95% associated with the MR imaging. It is there-
fore MRI that is considered to be the gold standard for brain

1.2 1
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1 ;
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Fig. 5 - A schematic diagram of volume conformity index for T1 and T2 with respect to CT.
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lesions, especially in VS and hence it proves to be indispensi-
ble in SRS and fractionated SRT for VS. However, MRI imaging
is not free from drawbacks. In our study, CT and MR images
of the patients were taken using dedicated CT and MR scan-
ners. There is always a chance of errors with the setting up of
patients on two independent scanners. We accounted for and
reported the data of the brainstem and right and left cochlea
volume along with the GTV in Table 3. For brainstem, T1 esti-
mated volume is higher than CT and T2 estimated volumes.
In the case of right and left cochlea, T2 estimated volumes are
higher than the CT and T1 estimated volumes.

6. Conclusions

We have presented a comprehensive comparison between
the tumor volumes predicted by the CT image set and the
MRI image sets. These results will be useful in estimating an
accurate volume of VS for the pre- and post-treatment follow
ups of the target volumes for the patients. The CT underesti-
mates the tumor volume and T2-weighted MR overestimates
the tumor volume in comparison to tumor volume estimated
by T1-weighted MR. So it is recommended to use T1- and
T2-weighted MR images along with CT images for the final
estimation of tumor volume. To deliver precise and accurate
dose to tumor tissue and to spare the normal tissue, it is
essential to find a clear boundary between them. This is pos-
sible only when a flattering inter MRI modality like T1 and
T2 is used in combination with the complementing imaging
modality like computed tomography.
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