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Reducing thetreatment timefor IMRT patientsishighly desirable. The objective of
thiswork wasto evaluate the new clinical Siemens KonRad inversetreatment plan-
ning system (TPS) and compare it to the CM S XiO TPS with special emphasison
the segmentation efficiency. For head and neck, liver and prostate cancer patients,
step-and-shoot IMRT plans were designed using both CMS XiO and Siemens
KonRad TPS. Number, direction and energy of beams used were the same in the
plansfrom both systemsfor each treatment site. The planswere optimized to achieve
the same clinical objectives concerning dose to the target volume and to the rel-
evant organs-at-risk (OARS). The number of intensity levelswere minimized until
the clinical objectives could not be achieved anymore. Dose-volume histograms
(DVHs), mean and maximum doseswere compared, aswell asthe number of beam
segments and monitor units (MUs). The beams of each plan were delivered indi-
vidually on aMapCheck device to verify the agreement between calculations and
measurements to be less than 3%-3 mm distance-to-agreement. Plans optimized
with KonRad resulted in fewer segments and lower number of MUs and therefore
reduced delivery time on average by 28% or 3.6 min, while achieving similar dose
distributions. CM S XiO plans exhibited aslightly steeper dose fall-off outside the
target volumes; however the difference was not clinicaly significant. DVHs to
OARs were comparable. All calculated dose distributions passed the 3%-3 mm
verification check.
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. INTRODUCTION

Intensity modul ated radiation therapy (IMRT) deliversincreasingly conformal radiation fieldsto
tumorswith sharp dose-gradientsaround thetarget volumewhile allowing better sparing of healthy
tissue. In the static or step-and-shoot IMRT approach each IMRT field is composed of several
overlaying segmentswith different weights and shapes, designed by the segmentation algorithm
of thetreatment planning system. Thefiel ds of each segment are shaped by the multi-lesaf collima:
tor (MLC) and delivered sequentially. The ML C leaves stay stationary whilethebeamisturned on,
and only move to reshape between the segments, whilethe beam isturned off. Ascompared to 3D
conformal radiation therapy, thetreatment timeto deliver asimilar doseistypically longer. Because
thefield iscomposed of smaller segmentsthetotal number of monitor units(MUs) islarger, and
moreimportantly thetimefor moving the ML C leaves and subsequent need for record and verify
cyclesadd asignificant overhead to thetotal treatment time. Therefore, reducing the number of
beam segmentsand MUsisaprerequisitefor shortening thedelivery time of step-and-shoot IMRT
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plans. Considering that cancer patients may have difficultieslying on thetreatment couch for long
periods of time during the radiation delivery, shortening the IMRT treatment timeishighly desir-
able. It decreasestherisk that patientsinvoluntarily move during theradiation therapy delivery. It
also minimizestherisk of decreased tumor cell killing potentially associated with fraction delivery
timesin the range of 15-45 min.(*4 Several |eaf sequencing algorithms have been discussed and
compared intheliterature.>14 Recently SiemensMedical Solutionsreleased anew version of its
KonRad IMRT (Siemens Medical Solutions, Concord, CA) treatment planning system,® and
received 510k approval for itsclinical usein the U.S. from the Food and Drugs Administration
(FDA). The objective of thiswork wasto evaluatethe clinical KonRad treatment planning system,
with emphasis on the efficiency of the sequencing algorithm. The agreement between cal cul ated
and measured dose distributions was another objective of thiswork. The CMS XiO treatment
planning system (CMSInc., St. Louis, MO) was chosen asabaseline of all comparisonsfor this
evauation.

[l. METHODS

Six cancer patients, including two head and neck (H& N), oneliver and three prostate cases, were
selected for thisstudy. For thefirst H& N case (HN 1), adose of 70 Gy in 35 fractionswas prescribed
to the primary planning target volume (PTV ). Additionally three other PTVsweretreated with
prescription dosesof 65.8 Gy (PTV 5 5), 63 Gy (PTV g,), and 57.8 Gy (PTV g, o), respectively. The
treatment prescription also included limitations on the mean or maximum dosesto the optic chiasm
(Do <45Gy), braingem (D, ,, <50Gy), ord cavity (D,,.,,<40Gy), mandible(D,,.,, <55 Gy), Ieftand
right parotid (D, ., < 26 Gy and < 30 Gy, respectively), esophagus (D, < 60 Gy). For thesecond
H&N case (HN2) three PTV swere defined with prescription doses of 62.4 Gy (PTV, ,), 57.6 Gy
(PTVg, o) and53.4Gy (PTV, ), respectively.

For theliver case(L1), asngle PTV wasdelineated and received adose of 50.4 Gy in 28fractions.
Organsat risk (OARs) included in the radiation prescription were thelungs (V ,, < 10 %), heart
(Dnax< 20 Gy), liver, small bowel and kidneys. For thelast three organs, dose-volume histogram
constraintswereincluded in the prescription. For al three prostate cases (PR1, PR2, and PR3), the
PTV received 77.4 Gy in 43 fractions. OARSs for the prostate cases were rectum, bladder, and
femoral heads.

Theclinical IMRT treatment planswere designed with the established XiO treatment planning
system (Version 4.33.02). These planswere used asabaseline for acomparison with plans gener-
ated by the new KonRad system (Version 2.2). All planswere designed as step-and-shoot IMRT
plansfor delivery on aSiemensPrimusA ccelerator witha58leaf MLC.

On both systems, plans were optimized to achieve the same clinical objectives concerning
target dose, target coverage and sparing OARs. Beam energy, aswell as number and direction of
beams (five beamsfor the prostate and liver cases, seven beamsfor theH& N cases) wereidentical.

The cost or objective function F utilized by both treatment planning systems is based on
physical constraints, namely dose and dose volume constraints — as opposed to biological con-
straints such astumor control probability (TCP), normal tissue complication probability (NTCP), or
equivalent uniform dose (EUD). The cost function hasthe general form:

F=>F @

K
k=1
with K the number of objectivesand F, the subcost for an objective k. KonRad and XiO both utilize
dose objectivesfor targets and OARs. The subcost function for a maximum dose constraint has
theform:
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M
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whereD,isthedesired or goal dose, D, themaximum dose, V, istheimportanceweight, M, isthe
number of voxelsin the structure for objective k, m, isthe linear penalty, and A is the penalty
power. Similarly the objectivefor aminimum dose constraint hastheform:

My
Fo=—<Y g,(D) with C)

M T
g.(D,)=0 for D, >D,,, ™
(D) =m (D; -Dy) for Dy>D; >D,,, ®
g.(D,)=m (D, -D,)+(D, -D, )" for D, <D, ©

where D, isagain thedesired or goal dosg, D, ;,,theminimum dose, w, theimportanceweight, m_
the linear penalty and A the penalty power. In addition to minimum and maximum dose con-
straints both treatment planning systems allow the use of dose volume constraints based on the
work of Bortfeld et al (19

Although the general form of the objectivefunctionissimilar in both systems, theimplementa-
tion differs in some details. KonRad uses only a quadratic penalty; the linear penalty is not
implemented. Thereforethe parametersm, m_, and D, are not used, and the penalty powers A and
A aresetto 2. In XiO the penalty powers A and A are user sel ectable with values between 2 and 5.
Thedesireddose D for OARs, and /2 (D, + D,,,) for target volumes. Both systemsrequirethe
use of acombination of minimum and maximum dose constraintsfor target volumes, and maximum
dose constraints or dose volume constraintsfor OARSs.

For the final dose calculation in XiO the superposition agorithm? was used. To ensure a
correct cal culation of the scatter dose, the manufacturer suggestsusing 2 mm voxel spacing for the
optimization and dose cal cul ation. The optimizer minimizesthe cost function F using aconjugate
gradient optimization algorithm, which is a specia type of gradient descent optimization algo-
rithm. (1819 The optimization process ends, after auser defined number of iterationsis exceeded or
when the cost function converges to the solution. The convergence criterion requires the differ-
enceinthe cost function for two consecutive iterationsto fall below auser selectable threshold.
The segmentation of the fluence map into an ML C sequenceisonly started after the optimization
isfinished. The segmentation algorithm uses the sliding window technique with the number of
intensity levelsbeing selectable by the user. Inthelast stage, the beam weightsare re-optimized.
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KonRad employsapencil beam algorithm with three decomposed pencil beam kernelsfor the
dose cal culation.2 Tongue and grove effects are accounted for, following the methods described
by Webb et al () The optimal voxel spacing according to the manufacturer is 13 timesthe | eaf
width. For the Siemens58 leaf ML C with aleaf sizeof 1 cm, adosegrid size of 4 mm wasemployed.
The objective function isminimized using ascaled gradient projection algorithm until the differ-
encein the objective function between two consecutive stepsislessthan 0.1 % or until afinite
number (99) of iterations have been performed.

Whilethereare many similarities between the XiO and KonRad TPSin the optimization process,
there areimportant differencesaswell. Specifically, after optimization constraints or sequencer
settings have been changed, KonRad starts the optimization process based on the last iteration
prior to the change, whereas XiO resets the fluence map and starts from the beginning. Another
important difference is the capability of KonRad to apply the sequencing algorithm for each
iteration of the optimization. XiO, on the other hand, only performsthe beam segmentation during
thefinal stage of the optimization. Furthermore, KonRad can use amedian filter to smooth the
fluence map, which reduces the number of beam segments.(?? All K onRad plansdiscussed inthis
work usea2D median filter with asize of 3 x 3 pixelsto remove pesksin the fluence map.

It should be noted that the clinically prescribed objectives do not have the same numerical
values as the corresponding parameters for the objectives in the cost function of the treatment
system. Theclinical objectiveswere used asaguideline, but during thedesign of thetreatment plans
theparametersD, ., D, o, andV,, andinthecase of XiO the power penatiesA and A, weretuned
individually for each organ and for each of the six plansto obtain the best treatment plan.

Both systems allow the user to choose the number of intensity levelsfor the discretization of
the fluence map needed for the beam segmentation. The number of intensity levelswas manually
minimized by optimizing and reviewing the plansusing different valuesfor that parameter. Theplan
with the fewest intensity levels and therefore the fewest numbers of segments, which meet all
clinical objectives, was selected for further evaluation in this study. The minimization was per-
formed independently for all 6 plans. Dose-volume histograms (DV Hs) for clinical target volume
(CTV), planning target volume (PTV) and the relevant OARsaswel | asdosimetricindices, equiva
lent uniform dose (EUD), mean dose and maximum dose, were cal culated and compared. The
KonRad and XiO TPSsdo not provide meansto calculate EUD, thereforeit was cal culated with
external MatL ab programsonly after the planswerefinished and exported.

Both treatment planning systems allow for the design of verification plans by applying the
optimized ML C sequence onto aphantom. A MapCheck device (Sun Nuclear, Melbourne, FL) was
used for that purpose. The MapCheck device consists of a 2-dimensional array of 445 photo
diodes housed between two layers of acrylic. Each diode hasan activeareaof 0.8 x 0.8 mm. The
diodesare distributed over asquare areaof 22 x 22 cm. The detector spacing is7 mmintheinner
region of the detector and 14 mm in the outer. The deviceincludes a2 g/cm? layer of acrylic for
build-up and 2 g/cm? for backscatter. Additionally 2 g/cm? of solid water were placed ontop of the
detector. Therefore, the measurements for dose verification were all done at an effective water
equivaent depth of 4 cm, both for 6 and 18 MV photon beams. The dosedistribution at 4 cm depth
was cal cul ated by the TPSfor each field of the six plansand exported to the MapCheck software.
Theverification planswere generated and the beamsfrom each plan were delivered individually on
the MapCheck device using aSiemens Primuslinear accel erator. The maximum available doserate
of 300 MU/minfor 6 MV and 500 MU/min for 18 MV photon beamswas used. The MapCheck
software was used to analyze and compare delivered and cal cul ated dose distributions.

[1l. RESULTS

Fig. 1 comparesthe dose distribution obtained from the two systemsfor the head and neck cases
HN1 and HN2. The dose distributions are shown as a color wash overlaid on the transverse CT
dicethrough theisocenter. Theresultsfrom KonRad are shown in theleft column, theresultsfrom
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XiOinthemiddle column, while dose difference maps are shown in the right column. The beam
directions are indicated in yellow. The top row shows the case HN1. The contours of PTV .,
PTV 5.6 PTV g5, and PTV ., careshowninred, green, blue, and cyan, respectively. The dose distri-
butionsfrom both TPS are similar with minor differences. Qualitatively both plansachievesimilar
coverage of the PTVs. The XiO plan appearsto be slightly more conformal. On the other hand the
dose distribution generated by the KonRad plan yields lower doses to unspecified tissue and
OARslocated away fromthe PTV's. Qualitatively such resultsweresimilar inthesecond H& N case
(second row), intheliver case (Fig. 2) and inthethree prostate cases (Fig. 3). Thedosedifference
maps of cases LI, and PR1-3 demonstrate that although the integral dose distribution is very
similar, the relative beam weights of the five fields can be different depending on the treatment
planning system.

A comparison of the DV Hsyieldsamore quantitative result than the qualitative comparison of
thedosedistributionitself. Fig. 4 showsthe DVHsfor the PTV for casesHN1, HN2, L1 and PR1 for
both TPS. The DV Hsfor cases PR2 and PR3 would ook similar to PR1. TheKonRad resultsare
displayed as solid lines, the XiO results as dashed lines. The prostate case PR1isshownin blue,
theliver caseL| in green. For the head and neck case HN1the DVH for PTV_ isshowninred, for
caseHN2the DVH for PTV,, ,isshowninlight blue. The XiO and KonRad plansachieved similar
PTV coverage, exceeding the prescribed requirements on the dose coverage in each case. In all
three cases, adightly sharper dosefall-off of the XiO planswas noticed.

Table 1 showsthe prescription dose, meandose D, ., the dose received by 98% of thevolume
Dy, theequivalent uniform dose EUD and maximumdose D, tothe PTV sfor the XiO and KonRad

max
plans. For the prostate and the liver casesthevaluesfor D, ., D, ahd EUD are very similar

KonRad i Difference

Fic. 1. Beam arrangement and dose distribution for cases HN1 (top row) and HN2 (bottom row) from the KonRad
(left column) and XiO (middle column) systems. The beam directions are indicated as yellow lines on a transverse
CT dlice through the isocenter. For HN1 the contours of PTV.,, PTV . o, PTV ., and PTV, , are shown in red,
green, blue, and cyan. For case HN2 the contours of PTV, ,, PTV. ., and PTV,, are shown in red, green, and
blue. The dose distribution for the two plans is shown as a color wash overlay. The right column shows dose
difference maps. The color wash ranges from +5 Gy in dark red to -5 Gy in dark blue, where positive humbers
indicate a higher dose vaue in the XiO plan.
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KonRad Difference

Fic. 2. Beam arrangement and dose distribution of the liver case from the KonRad (left) and XiO (middle) systems.
The beam directions are indicated as yellow lines on a transverse CT slice through the isocenter. The contours of
the PTV is shown in red, the contours of liver, kidneys and spinal cord in green, blue, and cyan, respectively. The
dose distribution for the two plans is shown as a color wash overlay. The right panel shows the dose difference
between the two plans

Difference

Fic. 3. Beam arrangement and dose distribution of the prostate cases PR1, PR2 and PR3 from the KonRad (left
column) and XiO (middle column) systems as well as the dose difference between the two plans (right column).
The beam directions are indicated as yellow lines on a transverse CT slice through the isocenter. The contours of
the PTVs are shown in red, the left and right femoral heads in green and blue, and the rectum in cyan. The dose
distribution for the two plans is shown as a color wash overlay. The right column shows the difference of the dose
distributions. The color wash for the dose difference ranges from +5 Gy in dark red to -5 Gy in dark blue, where
positive numbers indicate a higher dose value in the XiO plan.
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between the two systems, the differences being less than 1.0 Gy. The head and neck cases with
different PTVsposed alarger challengefor both treatment planning systems. Still the mean doses
tothe PTVsdiffered by 1.1 Gy at most, with KonRad generating the higher values. Thisisalso
reflected inthe higher valuesfor D, of theKonRad plans.

For theliver and prostate plans, aswell asfor the PTV swith the two highest prescription doses
inthe head and neck examples, the EUD isamost ashighasD, ., and both values are exceeding
the prescription dose. Thisagainillustratesthat the plansfrom both systemsachieve similar and
good coverage. For casesHN1 and HN2, neither system could achieve as good coveragefor the
PTVswith thelower prescription doses compared to the primary PTV which was deemed more
important by the physician. Thisis most obviously reflected in the EUD valuesfor PTV ; and
PTV, gfor HN1 and PTV, , for HN2, which are below the prescription doses. In these two
examples no plan could be found which would have provided better coverage of these targets
without compromising the primary PTV coverage.

Whereasthe PTV coveragewasvery similar, the DVHsfor OARsdiffered between the plans
generated by thetwo systems. The upper panel of Fig. 5 shows DV Hsfor theleft and right parotid,
the mandible and the brainstem for patient HN 1. The KonRad plan resulted in abetter sparing of
the mandible and the brainstem, whereasthe XiO plans achieved abetter sparing of theleft parotid.
Theasmaller partia volume of theright parotid received dosesabove 25 Gy using the XiO plan, but
alarger partial volume received doses between 10 and 15 Gy. For patient HN2 the DVHsfor the
relevant OARs are shown in the bottom part of Fig. 5. In this case the KonRad plan showed
improved sparing of all OARs.

Fig. 6 showsasimilar comparison of liver, kidney, and small bowel DV Hsfor the patient with
liver cancer. The DVHsfor both kidneysand for the small bowel only show minor differences, but
the XiO plan achieved adlightly better sparing of theliver.

The DV Hs of left and right femoral heads, of the bladder and of the rectum for the prostate
patients PR1, PR2 and PR3 areshown Fig. 7. The DV Hsfrom the XiO plan are shown dashed, the
ones from KonRad as solid lines. Concerning the femoral heads, KonRad achieved a superior
sparing. The DV Hsfor rectum and bladder are clinically equiva ent for both systems. For example
for case PR1 the mean doseto the bladder is52.9 Gy for both the XiO and the KonRad plan. The
mean dose of therectumis52.7 Gy for the XiO plan compared to 52.9 Gy for the KonRad plan.

100 - J
80} 1
=
& 60 —=—'PRI-xD .
E PR1 - KonRad
= ——— L %0
=40t LI - KonRad -
—==="HN1 - 360
HNT - KonRad
2071 HINZ - %0 1
HMZ - KonRad
O 1 1
0 20 40
Dose (Gy)

Fic. 4. Comparison of the DVH for the PTV from the KonRad (solid) and XiO (dashed) systems. The prostate
example PR1 is shown in blue, the head and neck cases HN1 and HN2 in red and light blue, and the liver case in
green. Besides a dlightly steeper dose fall-off of the XiO plans, the DVHs are similar.
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TasLe 1. Comparison of the RT plans generated by the KonRad and XiO treatment planning systems and
dosimetric outcome for the PTV. The three prostate and the liver cases had one PTV each, whereas in the head
and neck examples several PTVs with different prescription doses were defined.

Case ID TPS Prescribed Dose  Mean Dose D98 EUD Maximum Dose
Tumor Ste (Gy) (Gy) (Gy) (Gy) (Gy)
HN1 KonRad 70.0 71.7 67.2 70.5 77.9
Head& Neck 65.8 66.5 59.7 62.2 72.9
63.0 64.6 56.4 53.4 76.1
57.8 59.3 52.4 25.1 74.9
XiOo 70.0 71.0 67.0 70.7 75.7
65.8 66.2 63.1 65.6 70.9
63.0 63.5 50.5 29.0 715
57.8 60.3 55.8 43.4 72.9
HN2 KonRad 62.4 64.7 60.1 62.4 75.5
Head& Neck 57.6 60.9 57.0 60.1 66.3
53.4 56.1 51.3 48.87 67.3
XiO 62.4 63.9 61.0 63.7 68.7
57.6 60.1 57.0 59.9 64.9
53.4 55.5 51.3 54.7 66.7
LIl KonRad 50.4 52.5 48.6 51.8 56.1
Liver XiO 50.4 52.5 47.2 51.5 56.5
PR1 KonRad 77.4 79.7 4.7 77.2 84.5
Prostate XiO 77.4 79.0 75.3 78.4 83.9
PR2 KonRad 77.4 79.4 76.2 79.0 82.9
Prostate XiO 77.4 80.4 7.1 80.0 83.5
PR3 KonRad 77.4 80.0 76.9 79.7 83.5
Prostate XiO 77.4 81.0 7.7 80.6 84.5

Theresults of the beam wei ght and beam segmentation optimization are shownin Table 2. The
plans optimized using KonRad resulted in areduced number of MUs (between 18% and 35%).
With the exception of the first head and neck case (HN1), KonRad required fewer number of
intensity levelsthan XiO. In all cases, the number of beam segmentswas reduced between 10%
and 50% for the KonRad plans. The reduction of both the number of MUs and the number of
segmentsled to shorter delivery times. Thetime savingsof the KonRad plansranged from 1.5 min
for thethird prostate caseto over 5 minutesfor case HN1. On averagethetime savingwas 3.5 min
or 28.6%. Table 3 shows the average number of MUs per segment, the number of MUs for the
longest and shortest segments, aswell asthe size of the smallest and largest segment for the six
plans. The most significant difference between the two systems was that the XiO plans consis-
tently included segmentswith very small field sizes(< 1.5cm?).

Thetwelve plansgenerated by thetwo treatment planning systemswereall deliverable. For the
QA of the IMRT treatment plans, acoronal dose distribution at adepth of 4 cm was measured for
each field separately. With an acceptance criteriaof 3% dose difference, 3 mm distance-to-agree-
ment and a10% threshold per datapoint, the passing ratefor all fieldsof all plansalwaysexceeded
90%. The passing ratefor the KonRad planswas on average 3.1 percent points better than for the
corresponding XiO plan. Table 4 summarizestheresults of the MapCheck analysis. Fig. 8 shows
theresult for the APfield of the KonRad plan for the prostate case. On the left side the overlaid
calculated and measured isodose lines are shown, and on the right side a profile of the dose
distribution along the center of thefield isshown, with the measured data points (circles) and the
calculation (solid line).
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Fic. 5. Comparison of DVHs for the relevant OARs of the cases HN1 (top) and HN2 (bottom). XiO plans are
shown as dashed and KonRad as solid curves.
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Fic. 6. Comparison of DVHs for four OARs (liver, right and left kidneys, and small bowel) of the liver patient. XiO
plans are shown as dashed and KonRad as solid curves.

Journal of Applied Clinical Medical Physics, Vol. 9, No. 3, Summer 2008



131 Reitz and Miften: Comparison of KonRad and XiO 131

T
PR1: OARs

== =Rt Fem Head [0
=Rt Fem Head (k)
== =Racturm (i0)
— Rectum {KonRad)
= = = Bladder (i)
Bladder (KonRad) i
Lt Fem Head ($i0)
Lt Fem Head (k)

Vaolume (%)

0 20 o 60 80
Dose (Gy)

PR2: OARs

===}t Fem Head (X0 B
Rt Fem Head (KonRad)

= = =Rectum {xi0) B
= Racturn (KonRad)

— =~ Bladder (xi0) b
Bladder (onRad)

L1 Fam Hazd {(i0)

Lt Fem Head (KonRad)

Walume (%)

Dose (Gy)

PR3: OARs

—=—=—PRt Fem Head (40)
———Rt Fem Head (KonRad) b
= ==Rectum (X0}
= Rectum (KonRad) 1
— = = Bladder {xi0}

Bladder (KonRad)

Lt Fem Head (ic)

Lt Fem Head {KonRad)

Volume (%)

0 10 20 30 40 50 60 70 80
Dose (Gy)

Fic. 7. Comparison of DVHs for four OARs (right and left femoral head, rectum, and bladder) of the prostate
examples PR1 (top), PR2 (middle) and PR3 (bottom). XiO plans are shown as dashed and KonRad as solid curves.
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TaBLE 2. Comparison of the segmentation results and treatment times for KonRad and XiO treatment plans.

Tumor Ste TPS MU/fx Total Segments Intensity Levels Duration(sec)
HN1 KonRad 788 117 10 966
XiO 1032 128 8 1283
HN2 KonRad 727 85 6 823
XiO 883 106 7 1008
LIl KonRad 311 52 10 475
XiO 436 69 11 607
PR1 KonRad 348 49 10 453
XiO 535 82 12 724
PR2 KonRad 339 37 10 301
XiO 486 76 12 593
PR3 KonRad 314 45 10 361
XiO 427 55 9 452

TasLE 3. Detailed comparison of the segmentation results between the KonRad and the XiO systems for the six

cases.
Tumor Ste TPS MU/Segment Shortest Longest Smallest Largest
Segment (MU)  Segment(MU)  Segment(cm?) Segment (cm?)
HN1 KonRad 6.7 4.0 24.0 2.0 15.1
Xio 8.1 5.0 23.0 1.2 14.1
HN2 KonRad 8.6 6.8 10.4 2.0 13.1
Xio 8.3 5.6 21.4 1.1 12.8
Li1 KonRad 6.0 5.0 15.0 1.6 9.3
Xio 6.3 5.0 13.0 1.0 8.8
PR1 KonRad 7.1 5.0 29.0 2.4 11.0
Xio 6.5 5.0 15.0 1.0 10.7
PR2 KonRad 9.2 5.4 33.8 2.4 7.9
Xio 6.4 4.9 13.5 1.0 7.9
PR3 KonRad 7.0 5.2 24.5 2.0 8.5
Xio 7.8 5.7 18.0 15 9.2

e

LU NETREEN

o 11

g R T
o i i

we W

Fic. 8. Dose verification of the AP field for the prostate case. The left panel shows the dose distribution (isodose
lines) calculated by the KonRad TPS together with the ones measured with the MapCheck device. The right panel
shows the vertical profile of the dose distribution. The measured dose points are shown as yellow circles, the
calculated dose profile as a solid line. For this field 202 out of 205 points passed the 3%/3mm acceptance criteria.
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TaBLE 4. Results of the dose verification of the twelve plans on the Sun Nuclear MapCheck device. The
acceptance criteria demanded a dose difference less than 3% within 3 mm. With passing rates well above 90%, all
plans were clinically acceptable.

Tumor Ste TPS Dose Points pass Dose Points failed Passing Rate
HN1 KonRad 1721 46 97.4%
XiO 1400 137 91.1%
HN2 KonRad 1772 83 95.5%
XiO 1883 187 91.0%
LIl KonRad 591 34 94.6%
XiO 539 42 92.8%
PR1 KonRad 895 6 99.3%
XiO 859 26 97.1%
PR2 KonRad 606 2 99.7%
XiO 649 16 97.6%
PR3 KonRad 670 3 99.6%
XiO 771 17 97.8%

V. DISCUSSION

For all six cases both the plans from KonRad and from XiO were determined to be clinically
acceptable. The plans from the two different systems generated equivalent dose distributions.
Especialy the PTV coveragewasvery similar, whichisreflected in smilar valuesfor themean dose
for the PTV. However differences concerning the PTV coverage between the two systemswere
noticed, although none of them wasjudged to be clinically significant: the DVHsfor the PTV s of
the XiO plans displayed a sharper dose fall-off and the maximum dose to the PTV was dlightly
higher using the KonRad plans. Thiswas not caused by the reduced numbers of intensity levels
in KonRad. Evenincreasing this parameter during optimization did not improve the dosefall-off or
reduce the maximum dose. Potentially the smoothing of thefluence map withamedian filter aswell
as the dightly larger voxel size within KonRad are possible explanations. However, since the
differencewasnot clinically important, we did not explore thistopic any further.

Both systems achieve good target coverage for the primary target, however for the two more
complicated head and neck cases HN1 and HN2 with multiple distinct targets of different prescrip-
tion doses, neither system was ableto achieve good coveragefor thelower priority targets (PTV o,
andPTV, .for HN1; PTV, ,for HN2), whichisreflected inthelow EUD values, compared to the
mean dose and prescription dose. It should be pointed out, that the EUD valueswere not available
during the design of the treatment plan, because it can not be calculated by KonRad and XiO.
Therefore, the quality of the coverage wasjudged based onthe DVH, D, and D.

Thedosedistribution outside the target volume of both systemsdifferedin details; however by
dight adjustmentsto the optimization constraintsthe differenceswere minimized. Generdly, it was
observed that KonRad achieved superior sparing of OARslocated several cm away fromthe PTV.
Thefemoral heads of the prostate patient are the prime examplefor thisobservation. On the other
hand, for OARin close proximity to thetumor, XiOisableto achieveabetter sparing, asillustrated
by the DV H of theliver inthe case of the patient treated for liver cancer (caseLl), wherethe PTV is
embedded intheliver.

Inall six exampl esthe segmentation using KonRad was more efficient, resulting in fewer seg-
ments, fewer MUs and therefore shorter delivery times by up to 5 min, while achieving similar
coverage of the PTV and aclinically equivalent sparing of the OARs. Unlike KonRad, XiO alows
the user to manually change or remove segments after the optimization. Segmentswith small field
sizesand small number of MUs could in principle be removed this way. However, because this
method islabor intensive and because theintention of thiswork wasto eval uate theimplemented
segmentation algorithm, such modifications were not included in our analysis. It was already

Journal of Applied Clinical Medical Physics, Vol. 9, No. 3, Summer 2008



134 Reitz and Miften: Comparison of KonRad and XiO 134

reported@: 24 that the segmentation al gorithm®® implemented in KonRad, is one of the most
efficient methods concerning the number of MUs. However, concerning the number of beam
segments no such observation was made previously. Furthermore, segmentation algorithmsin
both systemsrely on similar techniques. Therefore, the smaller numbers of beam segmentsusing
KonRad must probably be attributed in some extend to the smoothing of the fluence map before
convertingitintoaMLC leaf sequence.

The two systems employ different dose calculation engines. The pencil beam agorithm of
KonRad isfaster than the XiO superposition algorithm. This advantage is enhanced by thelarger
voxel size needed with KonRad for a Siemens 58 leave ML C, reducing the computing time even
further. The dose calculation for the verification plans on a MapCheck device for both systems
showsclinically fully satisfactory agreement between the cal cul ated and the observed dose distri-
butions. However it hasto be noted that thismethod of eval uating the quality of thedose cal culation
islimited, because the MapCheck device basically represents a homogenous block of acrylic.
Therefore, using the MapCheck system for the dose verification does not simulate an environment
whereinhomogeneity correctionswould play animportant role.

V. CONCLUSION

Treatment plans generated using the new Siemens KonRad treatment planning system were
dosimetrically equivaent to plans generated with the established XiO system. The sequencing
algorithm of KonRad was more efficient, reducing the number of beam segments and therefore
delivery time on average by morethan 25%. The dose verification with the MapCheck devicedid
not reveal any significant difference in the quality of the plans concerning accuracy of the dose
calculation or deliverability of thefields.
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