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ABSTRACT KEYWORDS
The present study is designed to evaluate the feasibility of beam intensity Intensity modulated
modul ation on treatment planning of the mid esophagus to reduce normal radiotherapy (IMRT);
lung doses, by comparing different intensity modulated radiotherapy (IMRT) Esophageal cancer;
techniques. For this purpose, four mid esophageal cancer cases are se- Optimum orientation
lected randomly. Eight IMRT plans are generated for each case with the of beams;
same dose-volume constraints but with different beam numbers and ar- Normal tissue sparing;
rangements. Local optimization using regular structures drawn automati- Organ at risks.

cally around the planning target volume (PTV) with marginsfrom0.5-1.5cm
are performed. IMRT plans are evaluated with respect to PTV , , homoge-
neity index (HI), and conformity index (Cl) and dose optimizationtoirradi-
ate normal structures, with statistical comparison made between the types
of plans using the One Way ANOVA test. The obtained results of IMRT
using seven beam plans show the best coverage for PTV with tolerable
dosesfor theorgan at risks (OARS) but the beam orientationisvery critical
for the seven beams plans. | ncreasing beam numbersfrom 7Bsto 13Bsdo
not show significant differences in the PTV coverage whereas increasing
the mean lung doses. The PTV coverage (PTV,,) is up to 97.9% for all
plans, with P < 0.05. The mean heart dose (MHD) doesnot exceed 36.26 +
0.99 Gy with P < 0.05. Spinal cord does not exceed 44.85+2.02 Gy with P >
0.05. For lung doses, all plansare accepted except 3Bsplanwhich has21.3
+ 4.13 Gy which lead to the plan evaluation depends on CI and HI. IMRT
improved the homogeneity indicesfrom 0.10+ 0.03 to 0.13 + 0.03 for 13Bs
and 7Bs(R), respectively (P < 0.05), conformity indices are improved as
number of beams reduced from 13Bsto 7Bswith addingring (1.37 £ 0.01
and 1.02 £ 0.10, respectively, with P < 0.05). In conclusion, the dose—vol-
ume of exposed normal lung can be reduced with 13Bs and 7Bs(R) IMRT
plans, but, the best conformity is achieved by 7Bs(R) without effect on
OARs. © 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thegod of radiotherapy for esophageal cancer is
to ensure appropriate coverage of thetargeted struc-
tureswhileminimizingirradiation of norma tissues One
study found higher rates of postoperative pulmonary
complications, such aspneumoniaand acuterespira-
tory distresssyndrome, when higher lung volumesre-
ceived low doses of lung radiation preoperatively: the
pulmonary complication rate was 35% when the vol -
umeof lungreceiving€” 10 Gy (V) wase”40 and 8%
when 'V  was <40% (P=0.014).1" In that study, the
treatment plan used conventional radiotherapy tech-
niques, usudly two-dimens ond techniquesusingsmu-
laionfilms. Three-dimensiond conforma radiotherapy
(3DCRT) technigques have been shown to improvetu-
mor targeting and to reduceirradiation of surrounding
normal tissues, especiadly thelung?.

Conformal radiotherapy techniques offer the po-
tential to deliver higher doses of radiation to esoph-
ageal tumors?, and thismay improvelocal tumor con-
trol. However, concernsregarding late normal tissue
damagetothelung parenchymaand spind cordremain
aconcern. Intensity modulated radiotherapy (IMRT)
alowscomplex dosedistributionsto be produced, and
can reducethe doseto radiosensitive organs closeto
thetumort™. The predicted benefit of IMRT for esoph-
aged carcinoma, wherethe PTV iscylindrica, isrela
tively small compared to other tumor siteswherethe
PTV isconcave®.

Further improvement on dose conformity and nor-
mal tissuesparing can beaccomplished by usng IMRT.®
WithIMRT, thepossiblegainsover SDCRT could come
from reduced toxicity and ddlivery of ahigher doseto
target volumes. Useof IMRT for specific diseasesites,
including the prostate and the head and neck, hasbeen
investigated extensively and hasbecome part of stan-
dard practiceat many ingtitutions®. However, very few
studies have assessed whether IMRT issuitable or &f-
fectivefor treating esophageal cancer, partly because
of theconcernthat IMRT may spread radiation at low
dosesto large volumes of normal lung tissue, which
could bedetrimental to radiosensitive structures. Only
three reports have been published so far on the use of
IMRT for esophageal cancer™. Intwo earlier stud-
ied”8, Nutting et al. showed 9Bs-IMRT planswere
equivaent compared with3DCRT plansregarding plan-

ningtarget volume (PTV), dosehomogeneity and mean
lung dose (MLD). However, 4Bs-IMRTplanswith the
same beam orientation asthe ADCRT plansincreased
PTV dose homogeneity and reduced the mean lung
dose. A morerecent report from Wu et al.® found that
IMRT could be an effectivetool to reducevolume of
lungirradiated above 25 Gy for mid-thoracic esoph-
ageal cancers. Apparently, moreextensive studiesare
needed to explorethe potentiad gainsof IMRT withre-
spect to dosimetricimprovements, beforeembarking
onaclinicd trid.

Inthe present work, apilot study investigating the
feasibility of using IMRT for cases of mid thoracic
esophageal cancersiscompleted, whichtypicaly in-
volveshigher lung volumebeingirradiated than cervica
esophageal cancers. We determined whether IMRT
could reducedoseddivered to norma lung by different
IMRT techniques. Eight typesof IMRT beam arrange-
ments were made to assess optimal beam angles.
Throughthisstudy, the establish IMRT trestment strat-
egiesfor esophagus cancers, and obtain preliminary
resultsfor designing futureclinical triasisintended.

MATERIALSAND METHODS

For the present study, four mid esophageal cancer
cases are sel ected randomly, which typically involves
higher lung and heart volume beingirradiated than cer-
vical esophagedal cancers. Celiac nodesand low abdo-
men organ at risks, such askidney and stomach, are
usudly not involvedintheradiaionfield for middletho-
racic esophageal cancer, which differsfromthat of dis-
tal esophagea cancer. Therefore, thetarget volume of
middle esophageal cancer ismuch moreregular than
those of cervica and distal esophageal cancer.

All of the patients had tumorsinvolving the upper
and cervica esophagus. Through trestment smulation
session, CT imagesof the entirethorax were obtained
using 3mmdicespacing, including theentirelung, spi-
nal cord and heart. Images are obtained with the pa-
tient inthe supine position. Patientsfixed with thermo-
plastic sheets (Radon & Sinmad) thermoplastic mate-
rial. Theplanning target volumes (PTV) and organs at
risk (OARs) are delineated by radiation oncologist on
the CT dlicesusing contouring optioninthe Xio, 4.7,
treatment planning system (Xio, TPS). TheElektaXio,
Version 4.70treatment planning isdepending on aper-
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TABLE 1: Thegantry anglesfor each plan category

Number of beams

Gantry angles

3Bs 0°, 120°, 240°
5Bs 0°, 72° 144°, 216° , 288°
7Bs 0°, 52° 103°, 154°, 206°, 257°, 308°
9Bs 0°, 40°, 80°, 120°, 160°, 200°, 240°, 280°, 320°
13Bs 0°, 28° 55°,83°, 111°, 139°, 167°, 195°, 223°, 251°, 279°, 307°, 335°
7Bs(30) 30°, 82°,134°, 186° , 238°, 290°, 342°
7Bs(60) 60°, 112°, 164°, 216°, 268°, 320°,372°
7Bs(R) 0°, 52° 103°, 154°, 206°, 257°, 308°
TABLE 2: IMRT averageconstraintstomid esophageal cancer
Structure Type Rank Objective Dose (Gy) Volume (%) Weight Power
PTV Target 1 Maximum 53 0 300 26
Minimum 51 100 300 2.8
Spinal cord OAR 2 Maximum 35 0 100 20
Heart OAR 4 Dose volume 38 25 100 20
Right lung OAR 3 Dose volume 35 5 100 20
Dose volume 8 15 100 20
Dose volume 6 30 100 20
Left lung OAR 3 Dose volume 35 5 100 20
Dose volume 8 15 100 20
Dose volume 6 30 100 20
R1 OAR 6 Maximum 47 0 100 2.3
R2 OAR 7 Maximum 41 0 100 2.3
R3 OAR 8 Maximum 35 0 100 23

turebasedinverse planning. The aperturebased inverse
planning (or direct apertureinverseplanning “DAO”)
with standard superposition dgorithmisused for dose
calculations. For each patient two different treatment
volumesaredefined, clinical tumor volume esophagus
(GTV +Margin). Themarginsare expanded based on
theingtitutiona protocol for IMRT, i.e., 1L.cmaongthe
transversedirection, 1 cmaongthecranial cauda di-
rection, 1 cmanteriorly, and 0.5 cm posteriorly. GTV
=primarylesonandinvolved LN; CTV =GTV + sub-
clinical disease(regiona LN and sub-mucosal). The
planning target volume(PTV) is(CTV +Margin) 4cm
proxima/distal and 1 cmradial (did not modify CTVs
for thepresent study). Eight treatment planswith differ-
ent beams number (Bs): 3Bs, 5Bs, 7Bs, 9Bs, 13Bs
7Bs(30), 7Bs(60) and 7BS(R), are generated for each
case. Theeffect of beam directionsand local optimiza
tion are studied with the 7Bs plans, where the started
anglesarechanged from Oo to 300 and 600, aswell as,
threerings are drawn around the PTV with margins
0.5, 1and 1.5 cm, respectively, asautomatic margins
fromthe PTV [7Bs, 7Bs(30), 7Bs(60) and 7Bs(R)].

TABLE 1 summarizesthe number of beamsand gantry
anglesfor each plan category. Thetarget doseis50.4
Gy deliveredin 28 fractions. TheIMRT plansaregen-
erated using equi spaced beams, 6 MV photon energy
of ElektaPreciselinear accelerator.

Thetreatment planning parametersused to ensure
coverage of the PTV are presented in TABLE 2. A
structurecalled ‘normal tissue’ is created to include all
of thetissuesenclosed by theexternal contour (patient
skin) minusthe expanded PTV. The planning objec-
tivesfor thisstructurearegenerdly prioritizedinthe
followingorder: PTV, lung, spind cord, heart and rings.
Thefull inverseplanning processof theMRT plansfor
the 7Bsiscarried 25 times, during which the priority,
ranking order and treatment planning dose congtraints
for each organ are adjusted to obtain planswith results
congruent with theplanning goals. Thetreatment-plan-
ning software usesasuperposition based inverse plan-
ning agorithm to generate optimal beam modulation
sati sfying the physicist specified dose objectivesand
constraints. Thegoa of optimization wasto minimize
theoverdl cost of objectivefunction (i.e., thefunction
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of the difference between the desired and cal cul ated
dosesfor thetarget and all specified critical organs).
After theinverse planning, theleaf motion required for
theaccel erator (ElektaPreciselinear accel erator, with
motorized ML Cs) wasgenerated for each IMRT plan
by usingthediding-window technique.14 Thefind dose
distributionineach planisnormaized to 95% coverage
of the PTV receiving the prescribed dose (50.4 Gy in
28fractions).

Theplansareevauated and compared to each other
accordingtothefollowing parameters:

|sodosedistribution.

Homogeneity index (HI) of PTV.

Conformity index (Cl) of PTV.

ThePTV,,.

Lungdose.

Maximum doseto spina cord.

Mean heart dose.
Statistical sgnificance of each comparisonwasas-
sessed using aOne Way ANOVA test.

Noahk~owdpRE

RESULTSAND DISCUSSION

The present study addressed whether different
IMRT techniquesfor esophageal cancer can be used
to achievehigher PTV coverageand reduce OAR spe-
cidly thevolumeof lungirradiated even a low doses of
5t030Gy. Thisgod isachieved with dl typesof IMRT
plans, which alsoreducedV Gy(%) and MLD.

PTV isodosedistributions

Theisodoselinesaredisplayed on an absolutedose
scaleand theisodose level s of 50.4 Gy (95% of pre-
scribed dose) are observed (imagesnot shown). The
isodosedidributionson axia imagesfor differentIMRT
plansintheisocenter of PTV for oneof thecasesare
under study. Treatment plansare produced using odd
of equispaced non-opposed coplanar beams starting
with adirect anterior beam with adding ring providethe
optimal IMRT dosedistribution. Theeffect of thering
on the high dose outside the PTV is studied for the
sevenfied’s plans. From the isodose line points of view
thefewer beams plans (3Bsand 5Bs) cannot accepted
wherealarge normal tissueisincludedin high dose
regions, including isodose lines 95 and 90%, respec-
tively, of the prescribed dose. For the other plans of
higher treatment beamsfrom 7Bsof different arrange-

ment to the 13Bs, the high isodoseline of 100 and 95%
iscompatiblewith the PTV. Thebest compatibility of
95%isodosewith PTV isperformed when dose opti-
mized using ringisintroduced tothe planning optimiza-
tion.

The mean dose to the PTV for the four cases of
mid esophageal cancer and thestandard division (SD)
arelistedin TABLE 3.

Thehomogeneity indices(HI) of PTV

Thehomogeneity index isdefined as. HI = (D2% -
D98%)/D50%, where D2% (maximum dose), D98%
(minimum dose), and D50% (mean dose), correspond
to the dose delivered to 2, 98 and 50% of the PTV,
respectively. HI values greater than 1.5 indicate that
the maximum and minimum doses exceeding the
ICRU83™ guidelinefor plan acceptanceand, thus, a
greater degree of dose heterogeneity inthe PTV. HI of
zerorepresentstheided planhomogeneity indicesmean
is0.09for 7Bsand 7Bs(30) with P < 0.05which rep-
resent the best homogenous plans (TABLE 3). The
improvementsinHI aresaigticadly sgnificant; themag-
nitudes of thedifferencesare small and withintheac-
ceptablerange. Figure 1 showstherel ation between
the numbers of beamsand mean homogeneity indices
(HI) for different IMRT plansinthe PTV for thefour
Cases.

Conformity indices(Cl) of PTV

Conformity index is defined as. Cl = (V
PTV ), Where V

98% /

a9 1S the volume enclosed by the

0.16
0.14 1
0.12 1

0.10 1
0.08

MNean HI

0.06 -
0.04
0.02

0.00 -
3Bs  5Bs 7Bs OBs 13Bs TBs(30)7Bs(i0) "Bs(R)

Number of beams

Figurel: Therelation between the number of beamsand
mean HI.
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TABLE 3: Themean resultsfor different IMRT plansof themid thor acic esophageal cancer patients(mean + SD)

Structure and

Parameters 3Bs 5Bs 7Bs 9Bs 13Bs 7Bs(30) 7Bs(60) 7Bs(R) P-Value
PTV
D% (Gy)£SD 55.16+1.48
DZ% 54.75+0.64  55.27+1.66 54.53+0.84 53.18+1.32 54.83+1.20 54.6+1.99 52.35+0.75 55.22+1.79 0.988
(éo) ) 52.29+0.41  52.82+0.97 52.47+0.85 52.67+0.80 52.37+0.57 52.27+0.62 49.71+0.57 52.42+0.85 0.961
DQZ% 49.77+0.07  49.92+0.05 49.87+0.51 49.64+0.66 49.49+0.32 49.65+0.69 0.10+0.02 48.46+0.37 0.005
(Gy)=SD 1.30+0.18
(Pg;ggisg”D 99.90+0.31 100.90+0.26 100.10+0.42 99.90+0.30 99.40+0.43 99.70+0.50 99.90+0.35 97.90+0.54 0.002
Mean HI+=SD  0.10+0. 01 0.10+0.03 0.09+0.01  0.11+0.02  0.10+0.03  0.09+0.03  0.10+0.02  0.13+0.03  0.003
Mean CI£SD  1.72+0. 20 1.31+0.21 1.26£0.16  1.32£0.27 1.37+0.10 1.41+0.10 1.30+0.18 1.02+0.10  0.003
k/luflg (Gy) 13.76+0.83  13.17+0.88 12.49+0.58 12.02+0.57 11.75+0.53 12.48+0.54 12.41+0.44 14.9440.53 0.000
v (%)y 83.10+26.22 88.80+27.55 86.20+29.43 82.70+68.07 84.50+38.95 81.80+35.29 85.10+59.50 95.50+33.36 0'001
Vsey (%) 50.20+28.39  49.00+10.21 45.70+8.39 40.50+£7.46 37.00+11.83 45.30+3.21 42.90+10.16 76..90+4.90 0.008
VlOGy(O/O) 21.30+4.13  19.40+3.41 17.00+1.81 16.20+1.73 15.20+1.22 17.60+2.48 17.00+£1.82 17.00+0.42 0'041
2067 9.40+3.92 6.90+2.33 7.80+£2.36  7.60+1.74  7.90+2.67 7.80+2.19 8.40+3.84 5.20+1.01 ’
Vape(%) 0.050
Spinal cord
Max dose 4485+2.04 44.30+£2.76 43.42+2.18 43.22+2.82 44.27+1.22 43.19+1.70 43.98+1.95 41.76+£1.67 0.544
(Gy)
Heart
Mean heart 32.78+5.42  3248+0.50 33.78+1.46 35.87+2.09 36.26+0.99 35.42+0.65 35.37+£2.55 27.94+4.13 0.007
dose (Gy)
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13Bs TBs(30) 7Bs(60) TBs(R)
Number of beams

Figure?2: Therelation between the number of beamsand

mean Cl.

98% of prescribed dosecloud. Clisusualy €’ 1. Larger
vauesindicategresater volumesof the prescription dose
delivered outsdethePTV (i.e., lessdose conformity of
the PTV). A conformity index of onerepresentsthe
ideal situation that thetarget volumecoincidesexactly
with thetreatment volume. From the obtained results,
the planwith threeequispaced coplanar intensity modu-
lated beam 3Bscould not meet therequirement of dose
conformity. Thismight bedueto thefact that thebeam
directionsarenot optimized, theconformity isimproved
asthenumber of intensity modul ated beamsincreased,
but theimprovement ismargina when beam number is
over five. Asexpected, the high dose conformity of the

S 3Bs  5Bs 7Bs O9Bs 13Bs TBs(30)7Bs(i0) "Bs(R)
Number of beams

Figure3: Therelation between the number of beamsand
mean PTV, .

target volumesin IMRT plansaregeneraly improved
by using ring to 7Bsand it givestheideal conformity
than 9Bs and 13Bs. Figure 2 shows the relation be-
tween thenumber of beamsand conformity indices(Cl)
for different IMRT plansinthePTV for thefour cases.

Theimprovement in Cl withthe 7Bs(R) plansis
Satigtically significant, So decressethe number of beams
to 7Bswith adding ring is better than increasing the
number of beams (TABLE 3) wherethevolume cov-
ered by 98% of the prescribed doseis about 157% of
thePTV .

ThePTV

95%
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Figure4: Therelation between the number of beamsand

mean V Gy(%).
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Number of keains
Figure5: Therelation between the number of beamsand

MeanV

10Gy(%)'

The planning target volume (PTV) isdefined by
ICRU report 50 as ageometrical concept!*!, used to
select appropriate beam sizesand beam arrangements.
Clinicdly, aplanisnormally acceptableif the 95%is0-
dose surface coversthe PTV. Thegoal of thestudy is
toinvestigatethevalidity of usngthe PTV coveragefor
plan evaluation, PTV95 = 100% for the prescribed
dose. Thetargets’ dose coverage in all plans is 97.9%,

thiscomefromthehigh conformity. Usingring, itispos-

S

2

4 r 0/
Mean ‘ZUGV( Yo)

3Bs 5Bs Bs 9Bs 13Bs TBs@0)TBs(60) "Bs(R)

Number of beams
Figure6: Therelation between the number of beamsand
MeanV,,. (%).

20G

14

r
3

Mean V

IBs

5B; 7Bs  9Bs 13Bs TBs(30) TBs(é0) "Bs(R)
Number of beams

Figure7: Therelation between number of beamsand Mean

V., ..(%).

30 Gy

sibleto reducethe number of IMB required to produce
this benefit from 13Bsto 7Bs beamswithout | oss of
target coverageor dosehomogeneity (TABLE 3). Small,
statistically significant differencesin mean PTV dose
are noted between the different techniques. Figure3
showstherelation between the number of beamsand
PTV, coveragefor different IMRT plansinthe PTV
for thefour cases. Theplanisaccepted when PTV _ is
covered with 98% of the prescribed dosefor 7Bs(R).

OARs*“dose optimization”
Lungdoses

V, Gy(%) isdefined asthevolume of lung receiving
5Gy, whereasin mid thoraci c esophageal cancer, which
typically involveshigher lung and heart volumebeing
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Figure8: Therelation between the number of beamsand

MLD.

irradiated than cervical esophaged cancers. Theresults
obtained in Figure 4 show that for low dose regions
thereisno sgnificantimprovement withincressing treat-
ment beams, whereintroducing ring into doseoptimi-
zationwith 7Bsplansresultedinincreasing V Gy(%).
V 106,(%0) of thelung, and this can be understood by
analyzing theother parameter V,,, . (%), V(%) of
lung doses and so the dose for other critical organs
specidly themean heart dose. Global view of thelung
doseresultsshow that increasing trestment beamslead
to decreasing the lung dose as presented in Figure 5
and Figure6. Although plan optimizationusingringin-
creaselow dosefor lung, the high doseregionsisde-
creased (Figure 7) which resulted indlight increasein
themean lung dose (Figure8). The Pvauefor thelung
dose parameter using OneWay ANOVA test were P<
0.05which considered significant (TABLE 3).

Doseto spinal cord

Inthemid esophageal cancer wherespina cordis
far off thetarget volume, dl thetreatment planshavean
acceptable and tolerable dosesfor spina cord. Figure
9 showsthat theintroducing thering to plan optimiza-
tion reduced the dosefor spina cord so the physicist
should usethelocd optimizationto control thehighdose
outsdethePTV. Theloca optimizationismandatoryin
case of thereislarge distance between the PTV and
the critical structure. In addition, Figure 9 showsthe
relation between the number of beamsand maximum
doseto spinal cord for different IMRT plansfor the
four cases. All of the planshad amaximum spinal cord
doseof d”44.9 Gy except for7Bs(R) IMRT plan, which

== Regular Peper

Mean SC dose (Gy)
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Figure9: Therelation between the number of beamsand
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Figure10: Therelation between thenumber of beamsand

mean heart dose.

3Bs iBs "TBs

have amaximum dose of 41.7 Gy, and representsthe
best plan to meet the SC requirement. The comparison
for al planswith maximum doseto spinal cord andits
significant valuearepresented in TABLE 3. All doses
areobtained at 0.2% of spinal cord volume.

Mean heart dose

Theeffects of different IMRT planson the heart
areasoexplored. Statistica differencesarefound be-
tween thedifferent IMRT plans on evaluation of the
assigned endpointsfor thisstructure. Theresultsob-
tained show that using ring for IMRT dose optimization
resulted in redistribution doseinsidethe patient, thisis
present in thehigh doseregionreductionfor lung (Fig-
ure7), spinal cord (Figure9), and heart (Figure 10).
Figure 10 shows the rel ation between the number of
beams and mean heart dosefor different IMRT plans
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for thefour cases. The comparison for all planswith
mean heart dose (MHD) and itssignificant valueare
presented in TABLE 3.

CONCLUSION

The comparisons between different IMRT tech-
niques demongtrated that 7B(R) reducesthemeanlung
dose, and improves PTV homogeneity with best con-
formity. Moreover, dose-volume of exposed normal
lung can bereduced with 13Bsand 7BSR) IMRT plans,
but, the best conformity isachieved by 7BS(R) without
effect on OARSs.
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