. Polish Journal of Medical Physics and Engineering March 2019
‘. scien d O The Journal of Polish Society of Medical Physics Vol 25, Issue 1
ISSN 1898-0309, doi: 10.2478/pjmpe-2019-0006

Scientific Paper

Evaluation of various common prostate IMRT techniques based on
estimated tumor control and normal tissue complication probabilities
in correlation with patients anatomical parameters derived

from the CT scans

Amin BANAEI', Bijan HASHEMI™?, Mohsen BAKHSHANDEH?, Bahram MoOFID®

'Department of Medical Physics, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

Department of Radiology Technology, Faculty of Allied Medical Sciences, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

% Department of Radiation Oncology, Faculty of Medical Sciences, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

®E-mail address. bhashemi @modares.ac.ir

(received 21 July 2018; revised 9 December 201&@ted 15 January 2019)

Abstract

Background: The relationship between the proststBT techniques and patients anatomical parametassbieen
rarely investigated.

Objective: to evaluate various prostate IMRT tegbmis based on tumor control and normal tissue doatjan
probability (TCP and NTCP) values and also theedation of such techniques with patients anatonpeahmeters.
Methods: Four IMRT techniques (9, 7 and 5 fieldd aiso automatic) were planned on the CT scans3gfr6state
cancer patients. The sum of distances betweenrtfam® at risk (OARs) and target tissue and alsio &verage joint
volumes were measured and assumed as anatomieahgtars. Selected dosimetric and radiobiologicahpaters
(TCP and NTCP) values were compared among variecisniques and the correlation with the above anatdm
parameters were assessed using Pearsons’ comelatio

Results: High correlations were found between thsirdetric/radiobiological parameters of OARs witte tjoint
volumes and with the distances between the OARstanget tissue in all the techniques. The TCP andptication
free tumor control probability ¢ values were decreased with increasing the jahime and decreasing the distances
between the OARs and target tissue (as poly-nonfimaitions). The NTCP values were increased witheasing the
joint volumes and decreasing the distances (3-@egmdy-nominal functions). For the low percent joirolumes
(<20%) and high distances (>7 cm), The TCP, NTCB Bn showed no statistical differences between various
techniques (P-value>0.07). However, 9 and 7 fiddbniques indicated better radiobiological res{iftsalue<0.05) in
almost other ranges (>20% joint volumes and <7 istadces).

Conclusion: Based on our results, it would be fgidssio compare radiobiological effects of variowsnenon IMRT
techniques and choose the best one regardingitmfsaanatomical parameters derived from the CTissca

Key words: prostate cancer; intensity-modulated radiothereggiobiology; TCP; NTCP; anatomical parameters.

Background comparison with newer radiotherapy techniques, ke
volumetric modulated radiotherapy, tomotherapy emensity
modulated arc therapy [8-10].

Although the preference of IMRT techniques on
conventional and conformal techniques has beenrtegpan
previous studies, comparison at various IMRT teghes has
not adequately been investigated especially based o
radiobiological factors. There are several studwgstigating
the effect of beam orientation and numbers in IMRT-13].
However, in such studies, usually an algorithm oftveare
with the ability of beam angle optimization has mheesed or
proposed. Furthermore, these studies have not aechpa
different available or common techniques. This rhaydue to

Prostate cancer is one of the most common canose@men
[1]. Radiotherapy as one of the treatment methadsahspecial
place in the treatment of this cancer at variousges.
Radiotherapy is used for the patients at varioagest with
different doses and therapeutic goals [2]. Intensibdulated
radiotherapy (IMRT), as a one of most usable teqes [3], is
used to deliver prescribed dose to the targetdissud spare
OARs from irradiation. The preference of IMRT on
conventional and conformal techniques has beeneprdi
previous studies [4-7]. In addition, IMRT has iratied similar
or just a little worse radiobiological and dosinetresults in
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various anatomical specifications of patients. Tiode of
anatomical parameters for the assessment of IMBdtrtrent
planning has also rarely been investigated [14,15].

Several anatomical parameters can be measureagthtbe
CT and MRI scans of patients. The volumes of ptesta
planning target volume (PTV), OARs, joint volumestkeen
the PTV with OARs, distances between the femur sieatt
distances between the OARs and target, can bedegas
such parameters. Investigating the correlation eetwsuch
parameters and the IMRT dosimetric/radiobiologicasults
may be useful in comparing various common IMRT teghes
and choosing the best appropriate one meetingréagnient
goals. However, most of the anatomical parameteys b
themselves, cannot determine the differences betwbe
IMRT techniques, because they just reflect theifipatons of
either one of the OARs or the target tissue. Toieaghthe
radiotherapy goal, there is a need for the parameteat
account both of the OARs and target tissue speatifios.
Therefore, the joint volumes and distances betwherOARS
and target tissue were the anatomical parametedidates we
chose for evaluating various IMRT techniques infedédnt
patients. The joint volumes must receive the tapgescribed
dose. On the other hand, such volumes must be dsiarm
any irradiation. Therefore, variation of this amatcal
parameter may have high influence on dosimetric and
radiobiological results of IMRT planning. In adoit,
increasing the distance between the centers of Caldgarget
tissue helps us to prevent OARs from high doseoregiand
also reduce the joint volume of PTV and OARs. Assemt
the effects of dosimetric and radiobiological réswif various
IMRT techniques in correlation with these parametgas not
previously been investigated.

We aimed to evaluate and find the radiobiologaféécts of
various IMRT techniques, including 9, 7 and, 5d&eks well
as automatic beam angle determination techniquib@marget
and OARs (rectum and bladder), using the Relatiggaty
model [16] for prostate cancer patients with vasianatomical
parameters of our interest. In other word, finditige
relationship between such anatomical parameters
radiobiological results of various prostate IMRTchaiques
was the goal of our study.

Methods

The CT (Matrix size: 512 x 512; Slice thicknessto35 mm)
and T2w-MRI (1.5 Tesla with fast spin echo pulsgussce
with TE: 100 ms and TR: 3000 ms) images were tdikan 63
patients with prostate cancer at T2a to T3b stagéisthe
patients were instructed ahead to have an emptymealong
with the comfortably full bladder and were placedsupine
position for both of the imaging procedures. ThelNMRd CT
images of every patient were merged to determigeigely the
radiation-sensitive organs based on their bonyrtarés.

The patients’ radiotherapy plans were designedt ®itlipse
software (version 11, manufactured by Varian Caafion,
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US). The gross tumor volume was the same as timécalli
tumor volume, including prostate and seminal vesiclA
margin of 1 cm thickness was chosen around the twalame

in all directions, except the posterior which wasg ém

indicating the PTV. The prescription was to deligeiotal dose
of 70.2 Gy in 26 fractions (hypofractionated rablietpy) to
the PTV uniformly and prevent the dose reached
surrounding normal structures at the lowest posdélel. Four
IMRT methods including 9-fields (briefly 9F with gy

angles of 0, 30, 60, 105, 140, 220, 270, 300, 32d)elds

(briefly 7F with gantry angles of 0, 50, 110, 1585, 250,
310) and 5-fields (briefly 5F with gantry angles®f75, 135,
225, 285) and also the automatic beam selectiorhadet
(beam angle optimization or briefly BAO) were uséthe

Number and angle of the fields in the BAO methodkrev
determined by the treatment planning software. murihe
course of radiation therapy, the radiation fieldzesiwas
adjusted to cover the target by multileaf collimat¢gMLC)

system. The MLC system was a Varian's 80L model,
containing 40 pairs of lead leaves.

All plans were interactively optimized based onr ou
institutional planning protocol derived from a piamis study
by Pollaket al. [17] in which more than or equal to 98% of
PTV volume received 70.2 Gy and no more than 2%hef
PTV received 75 Gy or higher doses. Furthermoe ytiiumes
of bladder and rectum that received 50 Gy or loweare
chosen in a way to be less than 25% and 17% reggkgctin
addition, the volumes of bladder and rectum thateined
31 Gy or lower were less than 50% and 35% respagtiand
the maximum dose of 40 Gy was considered for femeads.

The dose volume histograms (DVHs) of OARs and GaV
the IMRT plans of each patient were entered in Bi@Suite
software [18]. The TCP and NTCP were calculated tfar
CTV and OARs respectively using the relative séyiahodel
[16] using radiobiological model parameters frora #tudy by
Deb and Fielding [6]. The,Rvas calculated from the TCP and
overall NTCP.

In addition to the radiobiological parameters, tmsimetric

to

and parameters including the homogeneity index (HI)tfa target

tissue calculated based on the ICRU (Internati@uahmission
on Radiation Units) report 83 [19], the mean dd>aé¢an), the
volume that received a minimum dose of 50 Gy (V&®)l the
volume which received a minimum dose of 60 Gy (V&)
both of the bladder and rectum were calculatediimstudy.

The joint volumes percentage and distances (cémnter)
between OARs with target tissue were consideredthas
patients anatomical parameters. The Pearsons atorel
coefficients were calculated between the OARs desinl
radiobiological parameters with anatomical paransete

The sum of distances between the center of peosiad
rectum/bladder and also the average percentageoiof j
volumes between the PTV and bladder/rectum werulzed
for each patient. Radiobiological results were carad among
various IMRT techniques, for different ranges oé tanato-
mical parameters using repeated measurement isttistst.
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Results techniques Kigure 1b). However, for the patients, with more
than 40% of joint volumes, both of the 9 and 7 déel
techniques, resulted significant lower NTCP valu@®-
value<0.03).

Regarding the distances between the OARs and gbeost
central position, for the distances ranged frora 3 tm for the
rectum Figurelc) and 2 to 3.5cm for the bladder
(Figure 1d), the 9 and 7 fields techniques showed significant
lower NTCP values (P-value<0.05). But for highestainces
there was no statistical differences between theRTM
techniques (P-value>0.1).

Regarding the average joint volume between the ©ARI
PTV, there was no significant differences (P-valud?2)
among the overall NTCP of various IMRT techniques the
patients with joint volumes ranged from 5% to 20%
(Figure 2a). However, for patients with higher average joint
volumes, the 9 and 7 fields techniques had sigmtidower
values (P-value<0.04).

Regarding the sum of the distances between tretgienand
OARs central positions, the overall NTCP for bothhe 9 and
7 fields technique had lower values (P-value<0id5all the
ranges (4.9 to 11 cm). Furthermore, the BAO tealmsq
showed lower NTCP values (P-value=0.042) in conspari
with 5 fields techniqueHigur e 2b).

Tablel shows the means and standard deviations of the
dosimetric and radiobiological parameters obtairfied the
patients. Table2 shows the calculated Pearsons correlation
coefficients between the anatomical parameters th#ghOARS
dosimetric and radiobiological parameters for vasidMRT
techniques. The OARs radiobiological/dosimetric apaeters
have high to very high inverse correlations witk tlistances
between the OAR and prostate central positionsh Higect
correlations were also noted between the OARs béalio
logical/dosimetric parameters with the joint volupercentage

of the OARs and PTVWFigures1 and2 show the relationship
between the anatomical parameters with the NTCRARS
and overall NTCP in all the patients for all the RW
techniques. In which, vertical lines represent thages of
anatomical parameters.

Regarding the rectum joint volume with PTV, foreth
patients with joint volumes ranged from O to 20ceet, the 5
fields technique indicated significant higher NT@&ues (P-
value<0.04). In higher ranges, both of the 5 fiedalsl BAO
techniques showed higher NTCP values (P-value<0Titg 9
and 7 fields did not show any statistical differesic(p-
value>0.1) in all of the rangeBi@ure 1a).

Regarding to the patients bladder joint volumeth WiTV, in
the ranges of 0 to 40%, there was no statistidédréinces (P-
value>0.06) between the NTCP values of various IMRT

Table 1. The means and standard deviations of dosimetric and radiobiological parametersresulted from various IMRT techniques.

IMRT Bladder Rectum Target Tissue Overall

: Mean Dose NTCP Mean Dose NTCP . NTCP P.(%)

9fields 27.86+5.3837.59+6.7238.17+4.21 1.96+1.77 18.91+6.27 28.52+6.28 35.92+4.77 2.48+1.97 0.129+0.02496.02+2.444.44+3.12 88.81+16.71
7 fields  27.91+5.6738.09+6.3138.22+4.37 2.01+1.80 19.47+7.3429.51+7.17 37.89+4.672.51+1.93 0.138+0.02795.96+2.294.51+3.15 88.67+16.64
5 fields  27.66+5.4336.43+5.94 39.77+4.52 2.26+2.27 20.23+6.66 29.99+7.2435.97+4.622.88+2.19 0.186+0.02995.25+2.735.13+3.73 87.39+16.78
BAO"  27.56%7.07 35.18+7.1538.91+5.49 2.24+2.67 19.65+8.2128.30+9.4836.37+5.712.66+2.17 0.159+0.03995.57+2.794.89+3.99 87.93+16.99

Table 2. The calculated Pearson correlation coefficients between the anatomical parameters with the OARs dosimetric (V50, V60, Dmean)
and radiobiological (NTCP) parametersfor various IMRT techniques.

IMRT Correlations between the joint volume of the bladder and PTV with: Correlations between the joint volume of rectum and PTV with:
techniques V50 V60 Dmean NTCP V50 V60 Dmean NTCP
9F 0.93 0.96 0.86 0.84 0.89 0.93 0.81 0.78
7F 0.90 0.95 0.82 0.78 0.93 0.97 0.85 0.81
5F 0.91 0.94 0.85 0.82 0.91 0.96 0.83 0.80
BAO 0.88 0.92 0.88 0.77 0.88 0.91 0.84 0.77
Correlations between the distance of the bladder to prostate with: Correlations between the distance of the rectum to prostate with:
V50 V60 Dmean NTCP V50 V60 Dmean NTCP
9F -0.89 -0.92 -0.91 -0.83 -0.85 -0.89 -0.81 -0.77
7F -0.84 -0.88 -0.82 -0.77 -0.83 -0.84 -0.79 -0.74
5F -0.87 -0.92 -0.81 -0.82 -0.86 -0.87 -0.79 -0.75
BAO -0.80 -0.86 -0.76 -0.75 -0.78 -0.82 -0.77 -0.73
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Figure 1. The relationship between the NTCP values and anatomical parameters of OARsfor all the patients. (a): The relationship between
the NTCP of rectum and joint volumes of rectum with PTV; (b): The relationship between the NTCP of bladder and joint volumes of
bladder with PTV; (c): The relationship between the NTCP of rectum and its distance from the prostate centre; (d): The relationship
between the NTCP of bladder and its distance from the prostate centre. *R? values for fitting 3-degree polynomial curves represented for
relationship between NTCP values and anatomical parametersfor each IMRT techniquein thefigures.

105 4 105
¢ (a) - " 1(b)
E 100 4 £ 100
= L] -
E o H & e
- g o > o il
£ 90 s b
5 £ w0
© 851 « oF g . " oF
~ 7F 5= . 7F
£8s0 | " i EE
= + SF L8 2 80 + SF
£ 15 BAO . 1 BAO
: 70 Puly. (9F) R* - 0.971 ~a = 75 1 R 209377 —— Poly. (9F)
'4,3, Poly. (7F) R: = 0.9486 g R* =09221 Poly. (7F)
% 65 1 ——Poly. (5F) R? =‘0. N a R*=093 ~—Poly.(5F)
£ o Poly. (BAO) R*=(9303 g 65 4 . ’
S T v T T r T T T r ) R =0.8979 Poly. (BAO)
© 0 5 10 15 20 25 30 35 40 45 S50 55 60 0 . . . . . i
Averaged joint volume between the PTV and OARs (%) 4 5 6 7 8 9 10 11 12
Distance between the OARs and prostate (cm)

Figure 2. The relationship between the Overall NTCP values and anatomical parameters for all the patients. (a): The relationship between
the overall NTCP and average joint volumes of OARs with PTV; (b): The relationship between the overall NTCP and sum of the distances
between the prostate and OARs central positions. *R? values for fitting 3-degree polynomial curves represented for relationship between
NTCP values and anatomical parametersfor each IMRT techniquein thefigures.
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Figure 3. The relationship between the anatomical parameters with TCP and P, valuesin all the patients. (a): The relationship between the
TCP and average joint volumes of OARs with PTV; (b): The relationship between the P, and averaged joint volumes of OARs with PTV;
(c): The relationship between the TCP and sum of the distances between the OARs and prostate central positions; (d): The relationship
between the P, and sum of the distances between the OARs and prostate central positions. *R? values for fitting 3-degree polynomial curves
represented for each relationship between the anatomical parameterswith TCP and P, valuesfor each of IMRT technique in the figures.

Figure3 shows the relationship between the anatomical Dijscussion

parameters with TCP and.Rn the patients with average joint
volumes ranged from 5% to 20% there was no sigmitic
differences (P-value>0.07) among various IMRT téghes
regarding to their TCP and. Ralues Figure 3a and3b). For
the other ranges (20% to 55%), the 9 and 7 fieleieviound to
have significant higher TCP and ¥alues (P-value<0.05).

Regarding the sum of the distances between the ORI
prostate central positions, statistical analyssastd that in the
range of 5cm to 7cm, the 9 and 7 fields have sicanit higher
TCP values (P-value<0.04). However, the 5 fieldd MO
techniques had the same results at this rangéelmange of
7cm to 9cm, the 5 fields IMRT technique had digant
lower values compared with other techniques (Pesu05).
All of the IMRT techniques indicated no significatifferences
(P-value>0.14) for the patients with OARs to prasuistances
higher than 9 cmKigure 3c). The R showed similar behavior
as the TCP with the variation of the OARs to prasta
distances, except that there was no statisticaffgrdnces (P-
value>0.06) between the IMRT techniques for théeps with
distances higher than 7 ciigure 3d).
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We evaluated and compared the radiobiological tesilfour
various IMRT techniques in different ranges of anatal
parameters. In the previous studies [4-10], corspariof
IMRT radiotherapy techniques with other methodsehbeen
investigated from the perspective of radiobiolofieffects.
Nevertheless, different IMRT techniques have notenbe
conclusively compared. There were also severaliesutbr
investigating beam orientation and numbers effacttMRT
[11-13]. However, they usually did not compare eafiént
available or common techniques to show which teplmihave
more satisfying results, maybe because of diffeggtients
anatomical specifications.

We evaluated various anatomical parameters of tatms
cancer patients. We did not found any high coriahst
between these anatomical parameters and radioalbg
dosimetric parameters, except two of them includiisjances
and joint volumes between the target tissue and ©ARese
two parameters included the target and OARs spadtifins
together in one parameter. The anatomical parametarmne of
the target or OARs have not the ability to affdee IMRT
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dosimetric/radiobiological results. For examplethe patients
with smaller OARs volumes, it is possible that A€V has
large volume, so the OARs will have higher dose€IR$ due
to higher joint volumes. It is also possible thia¢ tPTV has
small volume, therefore dosimetric and radiobiatadi
parameters of OARs will be lower. Other studies ubite
effect of anatomical parameters in IMRT, mentiotteese two
parameters [14,15], but they did not compare IMBdhhiques
with each other and they did not report the appadpriMRT
techniques regarding to these anatomical parameters

We showed that in small joint volume fractions dathe
distances between the OARs and target tissue, there no
statistically differences between various IMRT teiclues.
Actually, we found critical points for the assessethtomical
parameters. 3 and 3.5 cm are the critical distaheéseen the
center of prostate with rectum and bladder respelgti that in
patients with lower distances than these criticdligs, 9 and 7
fields techniques indicated statistically lower NI Galues.
Furthermore, these two IMRT techniques (9 and lddjehad
lower NTCP values in joint volumes higher than 8@ and
40% for rectum and bladder respectively. We shotird in
distances higher than the 7cm between the cent®@A&s and
prostate (sum of distances) there are no any titatis

differences in P parameter. Furthermore, in average joint

volumes smaller than the 20%, there were not affgrdnces

in TCP and P between various IMRT techniques. In smaller

distances or higher joint volumes, usually the @ &nfields

showed better results in OARs and also in targsué. It was
interesting that the 7 fields technique had goadlte as the 9
fields one. Therefore, it is a good idea to use Théelds

technique instead of the 9 fields because of Igpasitioning

errors and irradiation times.

The priorities of OAR sparing and target tissuadriation
are important factors in IMRT planning. Regardirg dur
results, if for one, the OARs sparing has higheiorjiy
compared to tumor control, the NTCP-anatomical peters

curves could be useful. With knowing the anatomical

parameters, one can find the NTCP differences hetwbe
IMRT techniques. In another hand, if tumor contrak higher
priority, the TCP-anatomical parameters curvesdifidrences
between the IMRT techniques, could be useful. ThedpPsus
anatomical parameters curves will be appropriatenwthe
OARs sparing and tumor control had the same pigsrit
Regarding to Pearson correlation -coefficients Itedu
between the OARs anatomical and dosimetric/radiogical
parameters, radiobiological findings approved tlsimetric
results. However, the correlation coefficients tesw the
anatomical-radiobiological parameters, usually hkxdver

values Table2). We also reported the polynomial (degree 3)

R? coefficients for data in the radiobiological-aratoal
parameter curves. The exponential and linear aieffis were
also evaluated (although their results were noseared), but
polynomial curves showed better fittings.

Pol J Med Phys Eng 2019;25(1):35-41

With considering our results, one can find that whigere is a
significant difference between the IMRT techniquegarding
to patient anatomical parameters. Furthermore,efifiect of
changing the IMRT techniques in OARs and targesuts
radiobiological results could be found in our résulThese
results would be very helpful for choosing apprafi
technique and it could be useful for constructingurfe
automatic prostate IMRT planning algorithms.

It should be noted that the femur heads NTCP galuere
very low, therefore we did not report the resulfs this
structure assuring no remarkable bone damage iofalhe
techniques. In addition, previous results suppart olaim
[6,8].

We used OARs and target tissue dose limitatiorsedban
the previous study by Pollaé al. [17], for IMRT inverse
planning procedure. We used this limitations beeabsy are
stricter in comparison with other protocols [20,2Hnd
regarding to the previous study by the Mavroidisal. [4],
stricter limitations leaded to better dosimetric dan
radiobiological results regarding to radiotherapglg.

Conclusion

We found high correlations between the dosimetric/
radiobiological parameters of OARs with the jointumes and
with the distances between the OARs and targetdissall the
techniques. In all of the IMRT techniques, the T&Rl R

values were decreased with increasing the joinurmel and
decreasing with the distances between the OARSstamybt
tissue (as poly-nominal functions). The NTCP valwesre
increased with increasing the joint volumes andebsing the
distances as 3-degree poly-nominal functions.

3 and 3.5 cm are the critical distances betweenc#ntral
positions of prostate with rectum and bladder retpely, that
in patients with lower distances than these clitiedues, 9 and
7 fields techniques indicated statistically loweF@QP values.
Furthermore, these two IMRT techniques (9 and lddjehad
lower NTCP values in joint volumes higher than 8@ and
40% for the rectum and bladder respectively. Thé® &Qd P
of various IMRT techniques showed no statisticdledences
in low percentage of joint volumes (<20%) and hiistances
(>7 cm). Based on our results, it would be possibleompare
radiobiological effects of various common IMRT tedjues
and choose the best one regarding to patients raieb
parameters derived from the CT scans.
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