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Abstract

Introduction : Radiotherapy uses high-energy radiation to shturkors and kill cancer cells. The radiation may be
delivered by a machine outside the body (exterealab radiation therapy), or it may come from radizacmaterial
placed in the body near cancer cells (brachy thgrayany types of external-beam radiation therageydelivered using
a machine called a linear accelerator (also calddNAC). The process of commissioning a linac &tinical use
includes comprehensive measurements of dosimegriangeters that are necessary to validate the temétplanning
systems used to select optimal radiation modality meatment technique for individual patientsthe present study,
clinically pertinent data for both the availableopin and electron energies were investigaldthods: For making
measurements in water, a three dimensional radidittd analyzer RFA-300 (Scanditronix Wellhoferdafor absolute
dosimetry and other measurements like relative uiugctors, wedge factors etc., a DOSEL electrom{&eanditronix
Wellhofer) in a white polystyrene were employdResults: The percentage depth dose data, wedge factorgutout
factors and cross beam profiles have been measm@edompared with the other studies for photon Iseand isodose
plots, virtual source to surface distance, uniféyrmdex for electron beam€onclusion: All these measured data were
utilized as input to the ECLIPSE treatment plannsygtem for further clinical use. The charactestsof the electron
beams are found to follow the trends experimentaligerved by others, generally found to be diffefeom the others
theoretically predicted and depend on the mod#i@imachine.
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Introduction

The Radiotherapy linear accelerator (LINAC)
customizes high energy x-rays to conform to a tusnor
shape and destroy cancer cells while sparing
surrounding normal tissue. It features severaltiiil
safety measures to ensure that it will not deliger
higher dose than prescribed and is routinely chexdke
the medical physicist to ensure it is working pntype
[1]. The Clinac-DHX dual photon energy medical hne
accelerator manufactured by Varian Associates (Palo
Alto, CA) produces five electron beams of nominal
energies 6, 9, 12, 16 and 20 MeV along with dual
photon energies 6 and 18 MV. Since commissioning
beam data are treated as a reference and ultimatety

by treatment planning systems, it is vitally imamtt
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that the collected data are of the highest quidityvoid
dosimetric and patient treatment errors that may
subsequently lead to a poor radiation outcome. Beam
data commissioning should be performed with
appropriate knowledge and proper tools and shoald b
independent of the person collecting the data [2].

High-energy photon beams from different accelegtor
of the same nominal energy may have different
dosimetric characteristics due to differences imgda
and flattening filter materials, accelerator guided
collimator designs. Clinically pertinent data fath the
available photon energies were measured [3-5].

There are five electron cones made of aluminiunt wit

six inserts (low melting alloy) supplied by the
manufacturer, which define electron field sizes $fx
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4,6 x 6, 10 x 10, 15 x 15, 20 x 20 and 25 x 2% am [6-8]. The work has been done to study the
isocenter (SAD=100 cm). The electron cone is httdc characteristics of the photon and electron beamafior

to the machine head using a detachable collimaggr t the energies and for all field sizes. The charéties
There would be a gap of 5 cm from the distal enthef include central axis depth dose, beam profile, ased
cone to the isocenter. The electron beam charattsri plots, virtual source to surface distance, unifoymi
are not similar for all linear accelerators of theme index and penumbra at nominal source to surface

manufacturer and even for the same type of machines distance (SSD) of 100 cm.

Materials and Methods

The measurements in water was executed in a threendional radiation field analyzer RFA-300 (Scamufiix
Wellhofer), using either solid state detectors & tigpe ionization chamber were utilized. For abssldosimetry and
other measurements like relative output factorgjgeefactors etc., a DOSE1 electrometer (Scandirdrfellhofer) in a
white polystyrene phantom were employed.

The central axis percentage depth doses were neehatrl00 cm SSD for field sizes from 3x3 to 40x4®. Isodose
curves were plotted for the available field sizps@35x35 crhfor open portals and up to the width of 15 cmtfar set

of four wedge filters. Isodose plots were drawmgsbnization chamber in the RFA system at the @dtw water level
distance of 100 cm. Relative output factors for @dksible field sizes were measured using a FCB&r@er type
ionization chamber in a white polystyrene phantdrd,g, relative to the 10x10 chfield. Similarly, wedge factors for
the four set of physical wedges and for the EDWhioth the energies were found out by making measemés for the
wedged field and open field atg of 1.5 cm and 3.3 cm respectively, and takingrétion of these measurements. Field
flatness and symmetry of the 6 and 18 MV photormizeavere found out by measuring inplane, cross pirkein
diagonal plane beam profiles for the depthgficand 10 cm.

The correction factor for perspex tray attenuatias measured by using FC65-G farmer type ionizatttamber in a
white polystyrene phantom at 10 cm depth by taking ratio of meter reading with out and with traiock
transmission factor was found out by the ratioudlyfblocked for a field size of 3x3 chmeter reading to the blocking
tray alone. Similarly MLC transmission factors fouout by closing both A and B bank of MLC's.

For electron dosimetry, a water proof high-dopédgipe silicon diode (Scanditronix Wellhofer AB EFEBwas used to
measure both Percentage depth dose (PDD) and Bedite PBP). The diode centre was aligned to the radiation field
centre. The thickness of the silicon chip was OrB and the diameter of the active area was 2 mm.nbhngnal source
to surface distance of 100 cm was kept at 0.5 nifecteze point of measurement) of the diode. Thenence diode was
mounted in the corner of the electron applicatagn& gain of the field analyzer unit was adjustedthe level of
maximum stability and the speed of the detectoranment was kept at its minimum to avoid any backhsl&lectron
depth dose measurements were measured for sixsfigdd ranging from 4x4 to 25x25 éfior the six available energies
at SSD=100 cm. Beam profiles along the central mease measured in water at the depth of dose mawimith a
penumbral margin 5 cm on both sides for all thédfi®zes and electron energies. Field flathess smimetry was
measured for all standard applicators at SSD=100Athmeasurements were obtained with the detesiways moving
form deeper to shallow depth. Isodose curves atbagcentral axis were generated by the Omni Preepicsoftware
using the PDD and Beam profile data’s. The bearfilpsomeasured at six depthsoR Ry, Rsg Rso, R, and Rused as a
input parameters to generate isodose curves acgotalihe Bently beam model [9].

The characteristic parameters of the electron basmdefined by AAPM Task Group 25’s 1990 report §@ ICRU
Report # 35[1].

1. Range parameters

Rigo = Depth of maximum dose.

Rgo = Depth of 90% dose beyond the dose maximum

Rso = Depth of 85% dose beyond the dose maximum

Rp = Depth at which the tangent at the 50% dmmat intercepts the extrapolated photon dosewknas the

practical range.
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2. Dose along the central axis
The following parameters were first defined by Brehand Svenss&and later adopted by ICRU

G = normalized dose gradient, the meastithe steepness of the absorbed dose disbibuti
DJDp, = ratio of the surface to maximum dose, surfimse is measured at 0.5mm.
D,/Dy, = ratio of the extrapolated photon dose to thsedmaximum, the photon backgroundd€defined as an

extrapolation of the tail of the absorbed das#ribution back to the practical range.

3. Energy parameters

E, = mean beam energy at the surface.

Ep, o = most probable beam energy at the surface.

E, = single energy value of the electpeam at the surface assuming that the total edesgyin layers traversed

by the beam is small

Range parameters are measured from the centraliepib dose curves and the dosimetric parametees degived from
the isodose plots. Employing the inverse squarentethod, distances of the virtual source posifiéresn the isocenter
were found out for all the available electron apgtiors and fields sizes.

Results and discussion

Photon beams:For 6 MV and 18 MV photons, the ionization ratiosres found to be 0.6685 and 0.7810 respectively.
The PDD data is presented in Table 1 for 10x16 fietd size for 6 MV photons. Comparative PDD détam other
studies for 6 MV photon beams [12-16] is also pné=g in these tables. There is no significant ckasfgPDDs when
compared with the similar machines from the sameufaturer. The relative output factors have beleows in
Table.2.

Table-1: Percentage depth dose values for 6 MV X-y& from various accelerators, SSD -100 cm, fieldza — 10 x

10 cnf
Machine
Depth(cm) Mevatron® Philips® Leung® Clinac’ Present
in water VI SL-25 2500 BJR -17 Study
15 100.0 100.0 100.0 100.0 100.0 100.0
2.0 99.0 99.4 99.0 98.0 98.1 99.1
3.0 95.5 95.5 95.0 94.1 94.0 65.3
4.0 91.5 91.5 91.0 90.4 90.8 91.2
5.0 87.5 87.0 86.5 86.8 87.3 86.8
6.0 83.0 83.0 82.5 82.5 83.5 82.7
7.0 79.0 79.2 78.5 78.4 79.2 78.5
8.0 75.0 75.5 74.5 74.5 75.2 74.6
9.0 72.5 71.7 70.8 70.7 71.3 70.7
10.0 68.5 68.1 67.0 67.0 67.7 67.1
11.0 65.5 64.6 63.5 63.7 64.2 63.6
12.0 61.5 61.2 60.0 60.5 60.9 60.3
13.0 58.0 58.0 57.0 57.4 57.8 57.1
14.0 55.0 55.0 54.0 54.4 54.8 54.0
15.0 525 52.2 51.3 51.6 52.0 51.1
16.0 49.0 49.3 48.5 48.8 49.4 48.2
17.0 46.5 46.7 46.0 46.2 46.8 45.5
18.0 44.0 44.2 43.5 43.6 44.4 43.1
19.0 42.0 41.9 41.3 41.2 42.1 40.6
20.0 40.0 39.7 39.0 38.8 40.0 38.6
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Table-2: Relative output factors for 6 and 18 MV Xrays.

Field Size cni Beam type

6 MV 18 MV

3x3 0.882 0832
4x4 0.918 0897
5x5 0.943 0928
6X6 0.957 0947
8x8 0.977 0982
10x10 1.000 1000
12x12 1.006 1029
15x15 1.027 1054
18x18 1.035 1070
20x20 1.037 1080
25x25 1.058 1093
30x30 1.064 1110
35x35 1.068 1121

Wedge factors for 18 MV beam were found to be aesily higher than those of 6 MV photons. Wedgglem
measured for field sizes of 4x4 to 15x15%craried from the nominal values of 130, and 45° by + 3 and for a 60
wedge the maximum variation was found to befo7a 4x4 crhfield of 6 MV photons [17,18].

The cross beam profile for the field size of 6x6°cli®x10 cm, 15x15 cr, 20x20 cM is shown in Fig.1. for 6 MV X-
rays. The isodose plots are shown in Fig. 2 foffitid size of 10 x 10 cfn

120
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40

Relative Dose [26]

20

-10 0 10
Off-axis distance (Crossline) [cm]

Fig.-1: Cross beam profiles for the field size of»& cnt,
10x10 cnf, 15x15 cm, 20x20 crd for 6 MV X-rays.
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Fig- 2: Isodose plots of 6 MV photon beams for adld size of 10 x 10 cfn
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Fig-3: Percentage depth dose curve for a 20 MeV eleon beam for various field sizes.

Electron beams: The percentage depth dose curve for a 20 MeV eletteam for the field sizes ranging from 4x4°cm
to 25x25 crh are shown in Fig.3. Derived quantitative depthedparameters are shown in Table 3. The central axis
depth dose distribution shows a noticeable depereden the field size, especially for the field sizemaller than the
practical range of that energy. At lower energhesdepth dose change was less with decreasingsfizddthan at higher
energies. In a narrow beam geometry, most of thiglémt electrons are scattered out of the cential @and the dose
fall's rapidly with depth, as the field size is irased, more electrons are scattered from the ewfgé® irradiated
volume toward the central axis and the depth doseases gradually with field size, until the fididhensions become
comparable to the maximum range of electrons wimigiractice is represented by Rp.

The range parameters depend on the field sizesambwidths smaller than 15x15 Tamd beam energies higher than 12
MeV, except Ry and Rp. For large field sizes, the range parameter all independent of the field size and increwith
increasing beam energy. The R10 and Rp parametis@easing function of the beam energy and dodepend on
the field size. The flatness and symmetry profilese evaluated based on International Electroteaht@ommission
(IEC) specifications [6]. The value of dose gradiéna good measure of the quality of the beanteftdg and
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collimator system. A lower limit of G = 2.3 has beguggested for electron beams with mean ener&y36f MeV [23,
24]. This criterion was met for all the beam enesgirom 10x10 chand above field sizes. For 4x4 tfield size the
value was less for 16 and 20 MeV electron energies 6x6 cr field size the value was less only for 20 MeV &ien
energy. For 20 MeV electron energy the value of ®und to be little less than that of other eresgFor smaller beam
width G depends on both beam energy and field Jilze.smaller value of G at higher energies mayttriibated due to
the loss of electronic equilibrium, since the ranfithese electrons is larger than the field size.

Nominal beam energy supplied by the manufacturey fmand to be more consistently near to the masivadsle energy
at the surface (Epo), which was derived from thrgyeaenergy relationship. Table 3 contains the watiexived from the
range parameters for mean energy at the surtagg for the single value of the electron beamhat surface (B
assuming that the mean energy loss in layers sadeby the beam is small, and the most probablegera the
phantom surface (Epo). The values of the effectougrce to isocenter distances are shown in Table 4.

Table-3: Characteristic parameters of the Varian Cinac-DHX electron beams ¢ + 0.2 MeV:  + 0.05 cm :°© +
0.1cm:%+0.1:°+1%)

Cone | Nominal _
Cm? Energy E2 Ret® | R1I0C | RO | R85 | R50° | R10® | Rp° | Ds® | G°
MeV MeV cm cm Cm cm cm cm cm %
6 5.8 1.4 1.4 1..9 2.0 2.5 3.1 3.1 7518 2\5
9 8.4 2.1 2.0 2.8 2.9 3.6 4.4 4.5 829 2|7
ax4 12 11.4 2.8 2.3 3.5 3.8 4.9 6.0 6.2 889 2l4
16 14.2 3.6 2.1 4.1 45 6.1 7.9 8.1 91/9 20
20 17.0 4.3 1.6 4.6 5.1 7.3 10.1 10l0 93|12 1.8
6 57 1.4 1.4 1.9 2.0 2.5 3.0 3.1 751 2\5
9 8.5 2.1 2.2 2.9 3.0 3.6 4.4 4.4 80.0 2\8
6x6 12 11.8 3.0 2.8 4.0 4.2 5.1 6.1 6.1 861 3.0
16 15.3 3.8 2.6 4.9 5.2 6.6 8.0 8.1 91,2 2.6
20 18.9 4.8 1.9 5.4 6.0 8.1 10.3 10{3 933 2.2
6 5.6 1.4 1.3 1.8 1.9 2.4 3.0 3.0 762 2\6
9 8.6 2.1 2.2 2.9 3.0 3.7 4.4 4.5 80.5 2\7
10x10 12 11.7 2.9 2.9 3.9 4.1 5.0 6.0 6.0 86/2 3.0
16 15.4 3.9 3.0 51 5.4 6.6 8.0 8.1 912 2.7
20 19.3 49 2.0 5.8 6.4 8.3 10.3 101 92/8 2.7
6 5.6 1.3 1.4 1.8 1.9 2.4 2.9 3.0 764 2\6
9 8.5 2.1 2.1 2.8 2.9 3.6 4.4 4.5 81,2 2.7
15x15 12 11.7 2.9 2.9 4.0 4.2 5.0 6.1 6.1 86.3 2.9
16 15.5 3.9 3.0 51 5.4 6.6 8.0 8.0 90,8 2.9
20 19.5 4.9 2.3 6.0 6.5 8.4 10.3 10|13 92/0 2.5
6 5.6 1.4 1.4 1.9 2.0 2.4 3.0 2.9 770 2.8
9 8.6 2.1 2.2 2.9 3.0 3.7 4.5 4.5 81,3 2.8
20x20 12 11.9 3.0 2.9 4.0 4.2 5.1 6.2 6.1 874 3.0
16 15.5 3.9 2.8 51 5.4 6.7 8.1 8.0 9116 2.8
20 19.5 4.9 2.4 6.0 6.5 8.4 10.4 1013 92(1 2.6
6 57 1.4 1.4 1.9 2.0 2.5 3.0 3.0 7.3 2|7
9 8.7 2.1 2.2 2.9 3.0 3.7 4.5 4.5 816 2.7
25x25 12 11.9 3.0 2.9 4.1 4.3 5.1 6.1 6.2 872 2.9
16 15.7 4.0 3.0 5.2 5.5 6.8 8.1 8.1 90/8 2.9
20 19.7 5.0 2.7 6.1 6.6 8.5 10.5 1013 91(2 2.6
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Table- 4: Effective position of the virtual sourcefrom the mechanical isocenter of electron beamsdm Varian
Clinac-DHX linear accelerator

Virtual source to surface distance
Energy cm
MeV 4x4 6X6 10x10 15x15 20x20 25x25
6 46.29 64.81 82.59 85.79 90.02 90.84
9 60.59 76.15 85.49 87.39 90.45 91.54
12 74.69 79.87 84.83 88.23 90.25 91.56
16 81.06 82.30 83.38 88.67 90.39 92.35
20 82.24 82.99 82.67 87.53 90.62 92.60

Isodose curves generated for 6 MeV beam energy5ot5 cni cone was shown in Fig. 4. At the central axisdhere
is flattened and curvature near the field bordeos.lower energy beams all the isodose shows soquension, for the
higher energies only the lower isodose bulge out.

The higher isodose level tends to show lateral ttistisn which becomes worse with decreasing figlkk. Individual
spread of the isodose curves varies depending thygoisodose levels, energy, field size and colliomat

Off-auis distance (Crossing) [cm]

LI I P o kil
M O @ & & W O K &G DO W
20
bt
= § & o 50
7} \-_»
“i 70
t 90

Fig-4: Isodose curves for a 6 MeV electron beam fa
15x15 cr field size drawn parallel to the beam axis.

An acceptable lower limit of 0.7 for the uniformitydex has been suggested for the therapeutiaafebeams with field
sizes larger than 10x10 éMn

The values obtained fulfill the criterion in thiase of Clinac DHX beams. For field sizes 4x4 amd 6x6 crithe value
was found to be between 0.4 and 0.6.

The results are presented in Table 5. Generallfoumity index increase with increase in field siZghe measured
penumbra values are shown in Table 6.

The results show that the measured penumbra issalimdependent of energy and shown as increasemgl twith field
size to some extent. The values are in the ran@9ab 1.1 cm [20].
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Table-5: Flatness and symmetry for the Varian Clina-DHX electron beams (°< 2% ; °<1 cm)

Cone Nominal energy Symmetry? Flatnes®
MeV % cm
6 100.2 0.79
9 100.2 0.78
ax4 12 100.4 0.63
16 100.8 0.44
20 100.1 0.28
6 100.5 0.84
9 100.3 0.89
6x6 12 100.4 0.87
16 100.5 0.55
20 100.8 0.31
6 101.2 0.83
9 100.6 0.81
10x10 12 101.2 0.91
16 101.2 0.71
20 101.7 0.36
6 100.6 0.82
9 100.5 0.76
15x15 12 100.4 0.92
16 100.6 0.66
20 100.6 0.36
6 100.5 0.73
9 100.5 0.78
20x20 12 100.6 0.75
16 100.6 0.52
20 100.8 0.35
6 100.5 0.74
9 100.8 0.89
25x25 12 101.2 0.82
16 100.6 0.57
20 101.4 0.49

The characteristic parameters derived from the RDDes are then compared to corresponding valuestlier Varian
acceleratorf21, 22]. The field size dependence of depth da@sameters observed by other investigators §2&]also
been compared with our results.

The flatness and symmetry evaluated based of IEECifspation were met by each electron beam for eggiicator size.

The values of relative surface dose are with inréimgje of surface doses reported for other theaapglerators.

These values are however, higher then those peefdibeoretically for broad mono-energetic, moneational beams.

This may be because of the energy and angularépfabe primary electrons incident on the phansumiace.
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Table-6: Uniformity index and penumbra for the Clinac-DHX electron beams (* + 0.05 , ® + 1mm)

Cone Nominal energy Ugorso Psorz0
MeV cm
6 0.37 1.09
9 0.39 1.05
4x4 12 0.42 0.98
16 0.43 0.94
20 0.43 0.91
6 0.47 1.10
9 0.51 1.04
6x6 12 0.52 1.03
16 0.54 1.02
20 0.56 1.02
6 0.66 1.16
9 0.69 1.09
10x10 12 0.68 1.09
16 0.69 111
20 0.68 111
6 0.75 1.10
9 0.79 1.00
15x15 12 0.77 1.05
16 0.79 111
20 0.79 111
6 0.80 1.18
9 0.84 1.13
20x20 12 0.85 1.11
16 0.85 1.08
20 0.84 1.09

Summary: Clinically pertinent data for the photon and elentbeams from the Clinac— DHX were measured and
compared with similar beams available on othersuriihe central axis depth dose data are compatalhee averaged
data of BJR supplement 17 for 6 and 18 MV X-raysshpps because of the use of the same materiaéitatget and
flattening filter in these accelerators. Wedge asglo not match with the specified angles, espgdialthe case of
larger angle wedges, perhaps due to the beam sigtmeéhish changes with the increasing field fronddt@ trump to
outer horns.

These results may be helpful in bringing home tbmtpthat the beams even from the same type of mashmay be
quite different and individualized measurements tnngscarried out for each of the available enerffiesh each such

unit. All these measured data were utilized astibpthe ECLIPSE treatment planning system fordirécal use.

The characteristics of the electron beams are faandllow the trends experimentally observed blgens, generally
found to be different from the others theoreticaligdicted and depend on the model of the machine.

The uniformity index, penumbra, flatness and symynate well within the limits except for smalleelfil sizes. Thus the
electron beam characteristics may vary from mactumaachine and must be ascertained individually.
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