, UniversitatsSpital
@ Zirich

Routine verification of RapidArc ® plans using Epiga"™
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Epigd™ is a program thaallows to converta dosimetricimage acquired bgn EPID into a
dosemap and to compare the dosemap with a reference dose distribution. It is possible to
utilize Epiga for a verification of static as well as intensity modulated fields, including
RapidArc® fields. This textattemptsto provide an overview of applied principles, describe

the workflow, and discuss obtainessults.

MATERIAL AND METHODS
Principle

The conversion of @osimetricimage into a dosemap is only possiblaifesponse of the
imager to a beam is knowithe EPID6 sesponseshows very good linearity, buxhibits
rather strong energy dependence, which eaasdifference in responsegomary and MLC
transmitted radiatiorEpiqga overcomes this limitation by the calibration process that takes the
energy dependencef the detectolinto account.For the purpose ofcalibration a set of
integrated images foopen and transmissionfields of different field size is acquired and
consequentlyimported into Epiga togethewith the output factor tablédmeasured by a
convenional detectosuch agonization chambegrto establish basic algorithm configuration
data

Based on the knowledge of jawposition and the trajectory of MLC leafs (fan IMRT
field), a calibration factor can be determined for every pixel of an EPIvdighting the
contribution of primary and transmitted radiation andapplyingan interpolatioramong the
data ofthe calibration datasethe pixel based calibratiorelates the readout of a pixel to a
dose at the depth ofinax in waterequivalent homog®us medium. By applying the
conversion to all pixels of the EPIB,planar dosdistribution at the gaxin wateris obtained.

A detailed description of th@ LAaSimageto-dose algorithm can be found in [1].

The imageto-dose conversion algorithnGLAaS) is often confused with portal dosaage

prediction algorithms (PIP). As described in the previous paragraphs, Gh&asS derives

cal i bration f act oranpiicalymedsitdd Datasefhp obkxamdd slosal s i n g
map is compared against @oslistribution calculated by clinically used dose algorithm
(typically AAA). It is therefore amndependent method of verificationtbé dose distribution
calculated by a treatment planning systeand verification of the delivery device
performance The MDIP estimates a response of the imager forth@®reticalincidental

fluence. In other words, the algorithm predicts a pattern that will be created on the imager and

a user has then a possibility to compare it with the real one. This method ¢hecks
reproducibility in delivery of the incidental fluenaaeaning it verifies the technical accuracy

RapidAr€ is a registered trade mark on Varian Medical Systems, Inc.
Epiga" is a trade mark of EPIdos s.r.0
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of the delivery (which is usually very good) and not the dose distriddtsa calculation
algorithmitself.

Workflow
Measurement preparation

To verify a field using Epiga one needs to obtaindosimetricimage ofthe field. Based on
yearly experience with Epiga, we find the following workflow as the most optimal for our
needs:

We make a copy of a plan tha¢eds to be verified and remove all existing reference points,

so that the plands irradiation wil/ not be
Chart, we add manually a 10x10 field (with 50 MU)his additional field is used to
compensate fodaily variation of the linac monitor chambéXior to this thedClear 3D Dose
Distributionbfunctionwi t h 6 Do not c¢ | e ameeddtblbs éppliedp brdeo n e n a
not t o | o s.eAftef theelOxd G féeld 8 Bdsled, plan needs to be schedWlex
recommend to schedule more than one fraction so that the plan irradiation can easily be
repeated if necessary. For all the fields, dmtegrated imageneeds to be added using the
6Show Sequence I mage Schedulingd option.

Reference dose distributiorpreparation - Verification plan

060Create Verification pl and \erfficaionplaB aré dogpese f un
from the original plan, but the original patient CT is replaced with a user defined phantom.

For the needs of Epiga, it ishemogeneous water equivalent cube that needs to be located in
respect to the i socenter i n such a way th
verification.

Figure 1: Linac ready for the acquisition of verification images

In our department, we place the active layer of the imager into the isocenter, which
corresponds to the EPID position of [0, O, (figure 1). As Epiga converts the
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dosimetric/integrated image into the dose at the depthgftthe SSD needs to be 10@ax

After dose calculation is done for the verification plan (with MUs copied from the original
plan), the reference dose distribution is obtained by exportingrptinsa distribution at the
depth of ¢hax

When Epiga is used for the verification of static or IMRT fields, this procedure is in fact
equivalent to theentrance dose verification; e.g. field by field verification. In case of
RapidArc, the situation is more complex:

The arm of EPID is rigidly connected to a gantry, therefore during the RapidArc irradiation,
EPID follows the gantry moiew aoRapidAmn field ppeanmt t h e
as a statigantryIMRT field (with the addition of dose rate modulation). When creating a
verification plan in Eclipse, user has an option to set the gantry position to a givervaue.

value must be zero dke beamincidenceis always perpendicular to theager. When this

option is selected for a RapidArc field, it becomes a static field (the gantry motion is frozen)
with an identical dynamic MLC pattern (and the dose rate modulation) as the original
RapidArc field. We efer to the dose distribution obtained for such a field acdiapsed

RapidArc dose distribution. It is then the collapsed RapidArc dose distribution that is verified

by Epiga.

Measurement

When te plan is approved and scheduled in Time plannes,pbssible to proceed with the
irradiation. During the irradiation, the EPID needs to be placed into the position in which it
was calibrategwhich is typically the isocenter positiohhe couch is completely retracted in
the longitudinal direction in ost to avoid a collision witlthe arm Acquired images are
automatically stored in Aria database when the plan is closéldTC application

Evaluation of the results
In order to evalate a single field, four filesneed to be loaded into Epiqa:

1) integrded image ok verified field,

2) integrated image of 80x10 field

3) RT plan file containing the plan geometry information,
4) referenceplanardose distribution for comparison.

Export of all four files is fully supported inside Aria environment. The integrated images can
be exported usingitherPatient Viewing modul®e r | mport / Export wor ksp:
application RT plan and the reference planar dose distribution cardmeted from Eclipse.

The integrated image of a 10x10 field serigsliminate eventual daily output fluctuat®aof

a linear accelerator. The RT plan file contailesailed description of MLC leaf motion that is
necessary to determine the calibratiaactbérs for pixels. To obtain the reference dose
distribution, a verification plan is created in Ecligsedescribed above
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Figure 2: Example of Epiga results for RapidArc plan

RESULTS AND DISCUSSION

Using EPID for themodulated beam deliverplan evaluation has several important
advantages. Probably the most important one is that it offers the high resolution verification

size of a square pixel is 0.39 m(War i ands P'% madel laS MOstich iis
comparabled the resolution achieved with film dosimetrgfilms are usually digitized with

150 dpi (i.e. 0.17 mm). For comparison,hte standard calculation grid of AA&lgorithmis

2.0 mm(more than8smalleri n compari son wi)and tvoEnfddt popudar r e s o |
2D ionization chamber arrays have the resolution of 7.00(f8r smalle) and 10.00 mm

(25x smalle) (Figure3).

Figure 3: Comparison of resolution. The original image (left) has its resolution 25 times reduced (middle).
The image with reduced resolution was interpolated to the resolution of the original image (right).
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Thanks to its resolutiorRortal Visiondosimetric images able to capture thevermodulation

T the status in which realosemodulation ishigherthan its virtual representation calculated

by a treatment planning systemur@nt technology employed for delivery of IMRT and
RapidArc fields can yield dose distributions with very sharp dose pehlch cannot be
sufficiently described by treatment planning system due to the limitedutiesoof the
calculation grid This canbe potentially dangerous, as the smearing effect of the coarse
calculation gridmay introducea systematic error into the calculated dose distribution. To
keep the consistency between the calculated and delivered dose distribution, amount of field
modulatbn needs to be evaluated and kept ailetl by applying suitable measures during
plan optimization process.

Another practical advantage of EPID based verificaiats availability and the simplicity of
use.An EPID is present in a treatment ro@ndit only needs to be placed intodefined
position, which can be done remotely from a control ro®here isneither phantom ar
additional connectiorof devices necessaryrhe level of the automation of the procedure
allowed us to integrate tteequisition of integrated imagesto our clinical routine. Our Time
planner contains short time slots for patient plan verification and the acquisition of integrated
images is done by the personnel megpble for patient irradiation.

The main limitation of usindepiqa is that itworks only in calibratedgeometies (multiple
calibration positions are possihble} cannotdepict errors connected to tteecuracy of
pati ent 0 sit caeot evgduata infldence of inhomogeneit@sthe presence of a
treatment couchThis, however, are not serious restrictions for the tool that serves for a
routine plan verification.

Collapsed RapidArc plan

As mentioned before, when used for verification of RapidArc fieidss the collapsed
RapidArc dose distribution that is verified, which has entirely different character than the
patient dose distributioriF{gure4).

The dose distribution of a collagd plan is usually very well delimited. Its area is comparable
with the fieldsize of a RapidArc field and the accumulated dose (in comparison to the patient
dose distribution) is relatively high as all the control points contribute roughly to the same
place of EPID.

6.3

Figure 4: Coronal view of patient dose distribution(skull irradiation) (left) and its collapsed
dose distribution (right).
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The patient dose distribution at any of the threeqyad planes is spread over larger area
(this is especially true for the transversal plane), meaning that the densitforofation
embeddedn the dose distribution is lower. Meanwhile in case of the collapsed plan, the beam
axis enters perpendicularly tbe collapsedplane for ALL control points, for the sagital and
coronalplanethe angle of incidence differs and causes a varying sensitivity of these planes to
control points. The transversal plane is oriented parallel to the rotational plane of a RapidAr
field and has therefore equal sensitivity. Nevertheless, it intersects only with a portion of the
modulated field, which in theory can lead to a situation that a potential problem escapes
detection. From this point of view, any patient plane verificatioa RapidArc field is limited

As already indicated, the virtual plane of the collapsed distribution has equal sensitivity to all
contr ol points and it Amonitorso the entire
concerns arise from the fatttat contributions from all control points get integrated on top of

one another and an error in the delivery of one control point can get hidden in the background

of the others control points and/or get compensated by an inverse error in another control
point.

Due to these concernatheoreticalstudy thatevaluateghe sensitivity ofthe collapsed plans
was done

For several qualitatively different clinical RA plans with (prostate, oesophagus, skull) the
patient and the collapsed dose distribution leen calculated in Eclipse using AAA 8.2.23
with calculation grid of 2.5 mm.

The plans were exported from Eclipse and their leaf positions and dose rate have been altered
on the level of control points.
2TIxcp

Using the script, thdunctionf = sin( ' ) where cp = 1177 is the index of a given

control point, has been superimposed on everydesitionfrom A as well as B bank. At the

initial position, gantry at 180 degrees, there is no change in the MLC aperture. As the gantry
moves counter clockwise dog delivery, the MLC aperture is gradually shifting in the
positive direction, reaching the maximal offset of 1 mm at 90 degree gantry angle. After this
point, the introduced offset is gradually decreasintj O mm for the gantry at O degrees. The
sameoccurs for the remaining half of the arc with the opposite phase. The MLC aperture is
shifting from its original position in the negative directigigure5).

+1mm :/—\
180 90 o\z'io/té'de
-Tmm-

Figure 5: MLC leaf shift function used in the study

Apart from changing MLC leaf positions, the differential output delivered between two
consecutive control points has been randomly altered. If the total output delivered during
RapidArc treatment is normalized to 1, then the average contribution per camgtel point
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is 1/177 (0.0056). The set of random changes of differential output has been generated as
normal distribution with the mean of 0 and the sigma 10% of 0.0056.

The modified plans have been imported back to the TPS and the patient and the collapsed
dosedistributionhave been recalculated.

Patient dose distribution of the original and the modified plan has been compared in coronal,
transversal, and sagital plaimeterms of local dose chang@slaive to maximum dose in the
evaluated plane)The original and modified collapsed plan dose distribstioave been
compared in the same fashidfar the comparisqronly the doses above 5% of the maximum
dose in the plae wereconsidered.

The frequency histograms of dose difference maps comparing the original and modified plan
(figures 6, 7, 8) demonstrated that theecurrence of changestine collapsed dose distribution

is similar to the one inthe patient dose sliribution. For the prostate and oesophagus
RapidArc plan, the collapsed distribution reacted most sensitively to the introduced changes.
In case of the skull plan, the induced changes in two patient planes were more pronounced
than in the collapsed plank general, the amount of changes in all four investigated planes
was comparable.

It should be noted that this investigation was done for one plan modification and the
behaviour of collapsed dose distribution would have to be investigated for a vdriety o
modifications in order to draw a general conclusion.

In case of patient distribution, a direct link can be mbetsveen the information about the
dose and an anatomic location. This possibility is in case of the collapsed distribution limited

andthereul t needs to be intex.preted as fian i ndi

ﬁ 0.3
"
»

Figure 6: Planar dose changes for a PROSTATE planupper left: coronal plane, upper right: collapsed
plane, lower left: sagital plane, lower right: transversal plane, ridpt: histogram of dose change$ relative
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frequency of dose changes (percentage of maximum dose in the investigated plab&)e curvesi patient
planes, red curve- collapsed plane
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Figure 7: Planar dose changes for a SKULLplan.
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Figure 8: Planar dose changes for an OESOPHAGUS plan.
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Clinical results and mmparison with a 2D array

Epiga was used to evalua?2®é clinical RapidArc plansgn total To evaluate the agreement
between the measured collapsed pthose distributionand its calculated referencéne
gamma analysiwith 3% dose difference and 3 mm distance to@ygeat criteria was used.

The choice of the gamma critemas selected bad on the knowledge of similar response of
the patient and collapsed dose distributioth®introduced changes (see above).

The results vary between 93.1 % and 99.0 %, with the mean of 96.8 % (1 SD = T19%).
sameset oftreatment plansvas also verified using thetandem 2Dchamberarray Seven29
(PTW) and dedicated octagonghantom Octavius (PTW), with the horizontally amwl
vertically oriented 2D arrayhe gamma analysis with the same criteria has been used.

100.0%

99.0% +

98.0% A

97.0% A

960% t---

95.0% A

94.0% +

93.0% A
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t t t t t t t t t
0.0 910 920 930 4.0 950 960 970 950 990 1000

EPIQA (GAI: DD 3 %, DTA 3 mm)

Figure 9: Plot of Epiga versus 2Darray results of verification of clinical RapidArc plans.

The collapsed plan based verification shows to be more sensitive ¢h2D trray based
verification. Only n 4 out of % investigated patientigns the gamma score of the 2D array
verification was worse than the gamma score of the collapsed dose distr{Bigioe9). In

these casedh¢ low score was cldgra result of the imperfection of the detecdtastrong

angular depndence for oblique irradiatianthat was further enhanced by proportionally

higher dose contribution from the directiastdique to the verified plané&igure10 shows
reference dose distribution and the gamma map (3 % DD, 3 mm DTA) for the verification of
horizontal and vertical plane of a RapidArc plan. In this case, a RapidArc with an avoidance
se¢e or on patient s | eafrtr asyibdse uwnadse rveesrtiifmaetdi.o nT h
creates a track of failed points for the contribution from control points with an oblique
incidence upon the 2@rray. Verified dose distribution passes at alhgs for vertically

oriented 2DBarray, where the oblique contribution was small.
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Figure 10 A cl i ni cal exampl e odrrayaerifichtiend 6 r esul t of

One should also consider how many planes need to be verified, when planar patient dose
distribution is verified When planar dose distribution is verified for an isocentric plane, the
significance of individual control points of a RapidArc field is notform. A standard
RapidArc plan has 177 control points, therefore if similar dose contribution is assumed for
simplicity, in the proximity of the isocentrum, one control point contributes 1/177 of dose to
this volume and even large errors in one controhfpill not havea significant influence on

the final dose accumulated in this volume. Howewsr,the distance from the isocentrum
increasesthe control points aligned parallel with the plane gain gradually on significance. If
an error occurs in one of these control points, it will have an impact on larger area. As
demonstrated above, this is a very unfortunate effect for 2D arrays that Boffer
underestimation of a response for oblique irradiati@oilapsed plans verified by Epiga have

in the first approximation intrinsicallgame sensitivity to all control points of a RapidArc
plan.

Efficiency

The following table tries to summarize dietsteps necessary to perform the verification of a
RapidArc plan using Epiga and time required for their execution:

Generation ofheverification plan 1 min
Calculation of dose distrittion for the verification plan 17 min
Export of RT and RD BDTOM files 1 min
Irradiation of the verification plan

(RA field + 10x10 field)including detector setup 3 min
Export of RI DICOM files 1 min
Import of RT, RD, and RI files and evaluation in Epiga 2 min
Total QA time per plan 25 min
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