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OBJECTIVE

This study is a comparison of contoured diagnostic images derived from computed tomography (CT)
and magnetic resonance imaging (MRI) by both a radiation oncologist (RO) and a radiologist (R) using
volumetric modulated arc therapy (VMAT) and intensity modulated radiation therapy (IMRT) tech-
niques.

METHODS

CT and MRI sections of 16 patients were contoured by the RO and the R. Planning target volume
(PTV) criteria assessed were conformity index (CI), homogeneity index (HI), volume covered by 98%
isodose line (V 98%) and maximum dose (D__ ). In critical organs, 40 Gy organ area volume (V, ),
65 Gy organ area volume (V,,), and D__ criteria were evaluated. Paired samples t-test was used for
statistical analysis.

mean

RESULTS
PTV and critical organs were compared. MRI PTV and bladder volume drawn by R were lower. Com-
parison of CT images revealed IMRT plans were superior in terms of D__and CI, while V, and D__
values for rectum and bladder were lower in MRI-based VMAT plans. In MRI plans, IMRT was superior
in terms of PTV,D_ ,CL, V ,andD__

with both planning techniques.

for critical organs; however, critical organs were well preserved

CONCLUSION

There was some difference between contouring of the R and the RO, which was reflected in the treat-
ment plans.
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Introduction

It is well established that high-dose radical radiation
therapy (RT) for localized prostate cancer improves
disease control.[1-3] It is of the utmost importance

that the RT planning process accurately defines gross
tumor volume and organs at risk for successful patient
management. Many centers register magnetic reso-
nance imaging (MRI) to computed tomography (CT)
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data sets to take advantage of the superior soft-tissue
contrast of MRI and electron density information of
CT.[4] Changes in anatomical and tumor definition as
aresult of using MRI data compared with CT have been
reported for prostate patients.[5-9] Studies comparing
CT- versus MRI-derived volume found that in general,
prostrate volume delineated on CT was approximately
1.3 times larger than MRI-derived volume.[10] This
advantage of MRI is based on better soft-tissue visu-
alization and availability of multiplanar image acquisi-
tion. As a consequence, MRI in addition to CT has been
recommended for RT planning for the prostate.[9,11]
Successful RT depends on high geometric and do-
simetric accuracy and precision. Intensity modulated
radiation therapy (IMRT) has become the standard
technique to deliver external beam RT treatment to the
prostate due to its greater ability to deliver higher-dose
treatment to the planning target volume (PTV) while
reducing dose delivered to surrounding critical organs
and healthy tissue.[12,13] A novel form of IMRT called
volumetric modulated arc therapy (VMAT) is delivered
using a cone beam that rotates around the patient.[14]
The aim of this study was to determine difference be-
tween organs and target volumes drawn using CT and
MRI, and to evaluate interobserver variability between
radiation oncologist (RO) and radiologist (R). A further
goal of this research was to examine how differences in
target volume calculated and affected RT planning.

Materials and Methods

This study was approved by the Ethical Commit-
tee of Marmara University School of Medicine with
09.2015.314 protocol number. Sixteen patients with early
stage prostate cancer treated in our clinic were included.

All patients were diagnosed with low-risk prostate
cancer. Patients had empty rectum, drank 1 L of water,
and waited half an hour to achieve full bladder prior to
acquiring images. CT and MRI scans of cross-sectional
area of 3.75 cm were taken at the same position for all
patients. After these images were transferred to treat-
ment planning system (Eclipse version11; Varian Med-
ical Systems, Palo Alto, CA, USA), they were matched
3-dimensionally. After image pairing, prostate, rectum
and bladder were independently contoured by the RO
and the R. PTV was created in prostate volume with
0.5 cm posterior wall and 1 cm margin in all directions.

For each patient, in addition to VMAT (2 full arc
area) technique used in our clinic, 7-field (51° interval)
IMRT plans were created (Figure 1a,b). Six MV pho-
ton energy was used. Calculations for both planning

Fig. 1. (a) VMAT 2 full arc field display. (b) IMRT 7-field
display.

techniques were made using same optimization crite-
ria and analytical anisotropic algorithm. Calculation
grid of 0.25 cm was selected. Total of 78 Gy doses in
39 fractions of 2 Gy were to be delivered to PTV in all
plans and all plans were normalized in such a way that
at least 95% of PTV would receive entire defined dose.
Dosimetry of VMAT and IMRT plans were assessed
with respect to PTV and critical organs. For PTV, vol-
ume covered by 98% isodose line (V 98%) and maximum
dose (D__ ), conformity index (CI), and homogeneity in-
dex (HI) criteria were analyzed, and for critical organs,
40 Gy organ volume (V, ), 65 Gy area organ volume
(V,), and average dose (D__ ) criteria were examined.
For CI, the following equation was used: CI=TV?,
/ TV x PIV. TVPIV represents volume of PTV within
prescription isodose line, TV denotes volume of PTV
(prostate volume), and PIV denotes volume encom-
passed by prescription isodose line. Optimal CI value is
1. CI greater than 1 indicates that volume of 98% isodose
line is greater than PTV 98%. HI value was obtained us-
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Table 1 Mean volume value of contours generated by radiation oncologist and radiologist on computed tomography and
magnetic resonance images
cT MRI p
R RO R RO CT./CT,, CT./MRI, CT./MRI,,
PTV (cc) 125+28.9 135422 98.6+25.5 113.5+20.1 0.09 0 <0.0001
SV (cc) 12.5+4.8 15.2+5 14.7+9 15.7+6 0.01 0.2 0.6
Rectum (cc) 62.2+28.2 62.6+22.3 60+41 64.8+43.8 0.9 0.78 0.78
Bladder (cc) 283+173 286+166 459+207 425+188 0.4 <0.0001 0.002

Volumes are shown with mean+SD. CT: Computed tomography; MRI: Magnetic resonance imaging; PTV: Planning target volume; R: Radiologist; RO: Radiation

oncologist; SV: Seminal vesicle.

Table2a Summary of dosimetric comparison of volumetric modulated arc therapy and intensity modulated radiation
therapy plans on computed tomography images with contours drawn by radiation oncologist and radiologist

CcT p
R RO
VMAT IMRT VMAT IMRT R e/ Rumar RO,,../RO,ir  Riurr/ROuer

PTV

Vo (%) 98+0.79 97.7+2.1 96.44+1.4 97.84+1.1 06  <0.0001* 0.07 0.7

o (%0) 104.9+0.79 104+£1.1 105.6+0.79 103.3+0.6 0.02* <0.0001* 0.06 0.01

@ 0.9+0.2 0.96+0.04 0.93+0.01 0.95+0.02 0.03* 0.04* 0.07 0.4

HI 0.06+0.02 0.06+0.02 0.07+0.02 0.07+0.03 0.8 0.82 0.26 0.11
Rectum

V,, (%) 22.5+8.9 23.4+7.2 20.8+5.3 224453 0.4 0.09 0.02* 0.03*

V., (%) 11.5£5.6 11.6+5.4 9.8+3.6 10.914.2 0.3 0.07 0.04* 0.04*

D,....(Gy) 258445453 24464524  2508+452.5 2572.8+387 0.5 0.33 0.3 0.5
Bladder

V,, (%) 20.5+8.9 18.5+9.6 23.2+10.9 21.6+£9.8 0.3 0.17 0.04* 0.04*

V,, (%) 9.2+3.9 10.7+4.7 12.14£5.3 12.3£5.9 0.07 0.6 0.01* 0.004*

D (Gy) 1990+713.6 2074+821 2365.6+911.8 2107.8+999.4 0.49 0.17 0.8 0.06

mean

Cl: Conformity index; CT: Computed tomography, D__ : Maximum dose; D___ : Average dose; HI: Homogeneity index; IMRT: Intensity modulated radiation thera-
py; PTV: Planning target volume; R: Radiologist; RO: Radiation oncologist; VMAT: Volumetric modulated arc therapy; V, : Volume irradiated to 40 Gy; V: Volume
irradiated to 65 Gy; V,,,: planning target volume covered by the 98% isodose line. Mean values of the 16 patients in each group are shown =1 SD.

ing following equality: HI = (D_ -D_ )/D_.D__is 1%
of PTV dose, Dmin is 99% of PTV dose, and D__is the
prescribed dose. HI value should be 0 for ideal treatment.
To evaluate critical organ doses, 40 Gy organ area volume
(V,,)» 65 Gy organ area volume (V,), and average organ
dose (D__ ) values in the bladder and rectum were used.

Dosimetric differences obtained were assessed us-
ing paired samples t-test and values below p<0.05 were
considered statistically significant.

Results

The target volume and volume for critical organs ob-
tained from the contours independently drawn on
CT and MRI images by 2 different radiology special-
ists were compared. In the comparison of CT images,

seminal vesicle drawn by the RO was larger (p=0.01).
In comparison of MRI images, contours of PTV and
bladder volume of RO were greater. When volumes
drawn were compared in terms of technique, it was
determined that drawings of both specialists had larg-
er PTV and bladder volume on CT images (p=0.004,
p<0.001, respectively) (Table 1). Statistically significant
difference in bladder volume was likely due to length of
time elapsed before MRI was performed.

Dosimetric comparisons were first made between
the 2 specialists and then between imaging techniques.
Comparison of IMRT and VMAT plans, critical or-
gans, and target tissues for each patient using contours
drawn on CT images is presented in Table 2a.

Both the R and the RO had better contour results in
IMRT plans than VMAT plans accordingto D___and CL
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Table 2b Summary dosimetric comparison of volumetric modulated arc therapy and intensity modulated radiation
therapy plans on magnetic resonance images with contours drawn by radiation oncologist and radiologist
MR p
R RO
VMAT IMRT VMAT IMRT R/ Rymar RO,ei/ROuuar  Runar/ROpmer

PTV

Vg, (%) 97.6x1.7 97.4+2.1 97.7+1.1 97.3£1.5 0.8 0.3 0.7 0.7

o (%0) 104.4£1 103+1 105.4+0.9 103+0.9 0.001*  0.001* 0.75 0.05

Cl 0.95+0.05 0.96%0.06 0.94+0.01 0.95%0.02 0.02* 0.03* 0.53 0.29

HI 0.07+0.03 0.05+0.02 0.07+0.02 0.07+0.03 0.2 0.67 0.09 0.98
Rectum

V,, (%) 20.6+7.3 17.4£6.6 17.5£7.1 17.7£6.7 0.13 0.22 0.036* 0.04*

V, (%) 8.2+3.6 8.1£3.5 7.1£4.7 7.91£4.5 0.89 0.39 0.78 0.84

D, ... (GY) 2135+528 1987+420 2982+3180 2147+467 0.23 0.29 0.07* 0.02*
Bladder

V,, (%) 15£17 13.8£16.6 14.6£12.9 16.4£14.4 0.29 0.79 0.02* 0.04*

Vs (%) 7.2+10.9 7.5+£10.4 74174 9.1+8.8 0.37 0.88 0.36 0.21

D ean (Gy) 15451309 1418+1257 1592+1089 1676x1163 0.18 0.7 0.026* 0.04*

ClI: Conformity index; CT: Computed tomography, D

max”

mean®

: Maximum dose; D___: Average dose; HI: Homogeneity index; IMRT: Intensity modulated radiation thera-

py; PTV: Planning target volume; R: Radiologist; RO: Radiation oncologist; VMAT: Volumetric modulated arc therapy; V, : Volume irradiated to 40 Gy; V: Volume

irradiated to 65 Gy; V,,,: planning target volume covered by the 98% isodose line. Mean values of the 16 patients in each group are shown +1 SD.

Table3a Summary of dosimetric comparison of volumetric modulated arc therapy and intensity modulated radiation
therapy plans on computed tomography and magnetic resonance images with contours drawn by radiologist

R p
VMAT IMRT
CcT MRI CcT MRI BT, ../MRI,, . BT,,../MRI .

PTV

Voo, (%) 98+0.79 97.6+1.7 97.7+2.1 97.4+2.1 04 0.4

D, (%) 104.9+0.79 104.4+1 104+1.1 10441 0.1 0.2

@ 0.9+0.2 0.95+0.05 0.96+0.04 0.94+0.06 0.3 0.19

HI 0.06+0.02 0.07+0.03 0.06+0.02 0.05+0.02 0.38 0.11
Rectum

V,, (%) 24.5+8.9 20.6+7.3 23.4+7.2 17.4+6.6 0.008* 0.006*

V,, (%) 11.5£5.6 8.2+3.6 11.6+£5.4 8.1+3.5 0.02* 0.01*

D, o (GY) 2584+545.3 2135+528 2446+524 19871420 0.007 * 0.001 *
Bladder

V,, (%) 19+8.9 15+17 20.5+9.6 13.8£16.6 0.03* 0.001*

V. (%) 9.2+3.9 7.2+10.9 10.7+4.7 7.5+£10.4 0.04* 0.003*

(Gy) 1990+713.6 1545+1309 20744821 141841257 0.001* 0.006*

mean

CT: Computed tomography; D

max” mean®

: Maximum dose; D___: Average dose; HI: Homogeneity index; IMRT: Intensity modulated radiation therapy; PTV: Planning target

volume; R: Radiologist; VMAT: Volumetric modulated arc therapy; V, : Volume irradiated to 40 Gy; V,,: Volume irradiated to 65 Gy; V., : planning target volume
covered by the 98% isodose line. Mean values of the 16 patients in each group are shown +1 SD.

When critical organs were evaluated, doses of vV,
and V, were lower when VMAT technique was used.
IMRT plans were superior according to D__and CI in
the contours plotted on MRI images, while the VMAT
plans were superior to the V, and V, doses for rec-
tum and bladder (Table 2b). When comparing the plans

based on volumes defined by the R, no difference was
found in target volume contour plotted on MRI using
either technique, but better protection of critical organs
was observed in MRI volumes (Table 3a).

Similar results were obtained in the volume-based
plan comparison of the RO (Table 3b).
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Table3b Summary of dosimetric comparison of volumetric modulated arc therapy and intensity modulated radiation thera-
py plans on computed tomography and magnetic resonance images with contours drawn by radiation oncologist
RO p
VMAT IMRT
cT MRI cT MRI MR, /CT e MR, /CT 0
PTV
V., (%) 97.84£1.1 97.7+1.1 97.44£1.4 97.3£1.5 0.76 03
(%) 105.6+0.79 105.4£0.9 103.3+0.6 103£0.9 04 036
Cl 0.95%0.01 0.94+0.01 0.93+0.02 0.95%0.02 0.3 0.13
HI 0.07+0.02 0.07+0.02 0.07+0.03 0.07+0.03 0.5 0.93
Rectum
V,, (%) 20.8+£5.3 17.5£7.1 224453 17.7£6.7 0.04* 0.01*
V, (%) 9.8+3.6 7.1£4.7 10.91+4.2 7.9£4.5 0.009* 0.002*
nean (GY) 2508+452.5 2982+3180 2572.8+387 2147+467 0.007* <0.0001*
Bladder
V,, (%) 23.2+£10.9 14.6£12.9 21.6+£9.8 16.4+£14.4 0.007* 0.002*
Vs (%) 12.1£5.3 7.4%7.4 12.3£5.9 9.1£8.8 0.009* 0.005*
(Gy) 2365.6+£911.8 1592+1089 2107.8£999 1676+1163 0.004* 0.0001*

mean

CT: Computed tomography; D : Maximum dose; D_ . : Average dose; HI: Homogeneity index; IMRT: Intensity modulated radiation therapy; PTV: Planning target
volume; R: Radiologist; VMAT: Volumetric modulated arc therapy; V, : Volume irradiated to 40 Gy; V,,: Volume irradiated to 65 Gy; V., : planning target volume
covered by the 98% isodose line. Mean values of the 16 patients in each group are shown +1 SD.

Discussion

Correct targeting of target tissue in RT is very im-
portant, both for tumor control and the protection
of nearby healthy tissue. It is more likely that desired
high doses can be delivered while reducing risk of
complications during and after treatment with smaller,
precise targets. Many studies have indicated that use
of MRI in conjunction with CT to clinically identify
the prostate and seminal vesicle is the gold standard.
Villers et al. compared delineations of CT alone and
CT with MRI in combination of 3 ROs and clinical
target volume (CTV) plotted on CT were larger than
CTV volumes plotted on CT with MRI.[15] In our
study, when we compared volumes of the RO on CT
and MRI, prostate volume was clearer and volume was
smaller because MRI images provided more detail of
the soft tissue.

We were careful to ensure that MRI and CT im-
ages were taken at the same position and within the
same cross-sectional area in order to ensure that the
images were recorded with the least possible amount
of error. Hanvey et al. also emphasized the necessity
of same MRI and CT position.[16] CT and MRI im-
ages taken at RT position were noted to have signifi-
cantly smaller volume in the prostate seminal vesicle
and bone structure recordings than MRI in diagnostic
position (p=0.001).

It has been proven in many studies that advanced

RT techniques in prostate radiotherapy are superior to
conventional RT techniques in terms of target confor-
mity and critical organ protection.[17,18] There have
been many studies comparing advanced techniques.
Fontenot et al. compared single-field VMAT technique
and 7 to 9-field IMRT technique and no significant dif-
ference was found in terms of target conformity, target
homogeneity, or critical organs (p>0.005).[19] In our
study, it was observed that IMRT plans were superior to
VMAT plans in terms of target conformation and target
homogeneity. Both techniques yielded similar results
for critical organs; however R had lower average con-
tour volume, which yields better critical organ doses.

Chow et al. compared IMRT and VMAT plans in
prostate patient suffering from weight loss and phan-
tom and reported that VMAT results were superior
and preferable to IMRT plans.[20] Elith et al. com-
pared 5-field IMRT with single-field and double-field
VMAT plans. It was determined that IMRT plans pro-
duced better results in terms of target homogeneity and
VMAT plans were better in terms of target conforma-
tion and critical organ doses.[21]

There was a difference in the PTV volumes plotted
by R and RO, and this difference was reflected in the
treatment plans made; meanwhile both specialists had
smaller PTV volumes based on MRI. Doses to critical
organs were low. While IMRT plans are advantageous
for the target dose conformation, critical organs were
well preserved with both techniques. Both planning
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techniques were clinically relevant and results were
consistent with the literature.
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