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Study of IMFAST™ Segmentation Algorithm with
CORVUS TPS for Intensity Modulated Radiation Therapy
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The IMRT planning depends on the algorithm of each planning system and MLC performance of each
Linac system. Yonsel Cancer Center introduced an IMRT System at the beginning of February, 2002.
The system consists of CORVUS (Nomos, U.S.A.) treatment planning system, LANTIS, PRIMEVIEW and
PRIMART (Siemens, U.S.A) linac system. The optimization of CORVUS planning system with PRIMART
1s an important task to make a desirable quality treatment plan. Our Step & Shoot IMRT system uses
Finite Size Pencil Beams (FSPB) dose model, simulated annealing optimization algorithm and IMFAST
segmentation algorithm. We constructed treatment plans for four different patient cases with two basic
beamlet sizes, 1.0X1.0 em® and 05X1.0 cmz, and four intensity steps, 5%, 10%, 20%, 33%. Each case's
plan was evaluated with the dose volume histograms of target volumes and delivery efficiencies. The
patient case of small target volume is sensitive at the change of intensity map’s segmentation and it
highlighted an effective treatment plan at marrow intensity step and small basic projection beamlet.
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INTRODUCTION

The

revolutionized the implementation of conformal treat-

intensity modulated radiation therapy has

ment. It can serve excellent tumor coverage and pre-
serve critical organs.l) Our clinic center has the ex-
perience of Radiation therapy since 1937 and we
introduced IMRT system to achieve more effective
radiation treatment at the beginning of 2002. The
adopted system was the “segmental’ or “step &
shoot” MLC treatment technique that has been wide
ly used to deliver IMRT treatment designed by dose
installed CORVUS
(NOMOS, U.S.A.) treatment planning system uses

optimization algorithm.*® The
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Finite Size Pencil Beams (FSPB) dose model, sim-
ulated annealing method” for dose optimization algo-
rithm and IMFASTTM,S) a leaf segmentation algo-
rithm developed by Siemens. PRIMART (Siemens,
U.S.A) linac is designed only for 6MV x-ray IMRT.

The stop & shoot MLC technique offers simplicity
in both treatment dosimetry and accelerator control,
and therefore has an obvious practical appeal to the
radiation therapy community. Despite these benefits,
however, the technique still have some practical is-
sues that require long treatment delivery time” at
large volume routine clinical implementation. A good
resolution gives smooth intensity map and better
conformality but poor delivery efficiency. Actually,
the intensity resolution is represented by two re-
solutions : the number of intensity steps, i.e. intensity
level resolution, and the spatial resolution of the
intensity map.

The purpose of this study is to investigate the
facts affecting the quality and efficiency6> of the
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IMFAST generated segmentation technique.

MATERIALS AND METHODS

The MLC of PRIMART (Siemens)

with 29 pairs of opposed leaves. The inner 27 pairs

is designed

of leaves individually projects a beam width of 10
mm and the outer most pairs produce a width of 65
mm providing a field size of 40 cm long.” Fig. 1
shows the MLC of PRIMART.

The CORVUS has prescription mode to order a
treatment plan. It is consisted of Planning Goals &
Optimization, Immobilizer & Localizer and Treatment
Machine & Delivery Options (Fig. 2).¥ Here, we only
considered beamlet size and intensity step on the

intensity map. The combination of MLCs and jaws

Fig. 1. PRIMART MLC.

Fig. 2. Treatment machine & delivery options on CORVUS
window.

can make the minimum field of 3 mm (MLCs)Xx10
mm (jaws). We used PRIMART 6 MV MLC (1.0x
1.0 cm®) and PRIMART 6 MV MLC (05x1.0 cm?
for Treatment Machine mode,” and 5%, 109%, 20%
and 33% lLeaf Transmission sets that modulate the
beam intensity on the field.

We sampled four different patient cases to check the
general property of segmentation algorithm. Treatment
region, target volume, and goal dose of target for each
case are shown in Table 1.

We constructed IMRT planning with the following
conditions. First, we made a standard treatment plan
with 1.0X1.0 cm® beamlet at SAD 100 cm and 20%
intensity step. Second, we made additional four
treatment plans which combined under considerations
of delivery cost with different beamlets and intensity
steps, (1.0X1.0 em’, 5%), (1.0X1.0 cm®, 10%), (0.5x
1.0 cmz, 2096), and (0.5X%1.0 cm®, 33%) for each case.
Plans were normalized at 95% target volume and

100% goal dose and compared.

Fig. 3. An example of planned intensity map at gantry O
degree. The right is 1.0X1.0 cm’ beamlet and the left 0.5X
1.0 cm?

Table 1. Patient Cases

Case TX. region Target vol. {(cc)  Goal dose (Gy)
1 Chest 525 45
2 Head 99.5 68
3 Head 172.9 60
4 Abdomen 4899 54
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RESULTS
1. Dos Volume Histogram of Target

Fig. 4 to 7 show the Integral and differential
DVH? of PTV for four patient cases. Case 1 has
relatively small target volume among the four patient
cases. We applied six fields. The planning of 0.5%1.0
cm® beamlet and 20% intensity step shows the best
performance for the comformality of target and the
dose homogeneity (Fig. 4).

Case 2 was planned with 9 fields and shows

similar result with case 1 (Fig. 5).
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Fig. 4. Integral & differential DVH of case 1. Target Vol. is
53 cc.
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Case 3 has larger target volume than case 1 and

2. 9 fields were set for planning. There was in-
significant difference between the DVHs of plans. 1.0
x10 cm’ beamlet and 10% intensity step option
gave enhanced plan than the others. The dose vol-
ume histogram of target at case 4 is showed in Fig.
7. This case has the biggest target volume among
the all patient cases sampled and the number of por-
tal designed was six. There was no dramatic dif-
ference between the each plan for maximum, mini-
mum, mean and standard deviation of target dose
conformality. 1.0X1.0 cm® beamlet at 10% intensity

step shows reasonable performance.
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Fig. 5. Integral & differential DVH of case 2. Target Vol. is
99 cc.
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Fig. 6. Integral & differential DVH of case 3. Target Vol. is
173 cc.

2. Treatment Delivery Efficiency

We normalized the total MU and the segment
number of each plan to 1.0X1.0 cm’ spatial resolution
and 20% intensity step for comparison. The treat-
ment delivery of each standard plan is showed in
Table 2. Generally, the treatment delivery time takes
about 20 min at 100 segments on PRIMART linac
with the IM-MAXX ™, IMRT Field Sequencer treat-
ment option.

Fig. 8 shows the comparison of treatment delivery
with total monitor unit and number of segment for
various segmentation options. The lower part plot of

Fig. 8 shows the comparison of number of segment.

Integral DVH

~—120

D95 : i D100

Volurn(X

100

80 -

40 |

20 t
%

L A 1 i : 1 - L i
040 325 45 475 50 525 55 575 60 625 65
Total Dose(Gy)

Differential DVH

*
5 . E— 1.0x1.0 20% :S.0.2.406y =
3 ®fF- 1.0x1.0 10% : S.D, 2.02Cy i3
-------- 1.0x1.0 5% :S.0.2.17 Gy §
7 F--- 0.5x1.033% :5.0.2.3306y
—— 0.5x1.0 20% {5.0.2.10 Gy
6 |- E
s | Goal Dose © 34 Gy
+L
3
2k
+F
35 40 45 50 55 =]

80 6
Total Dose(Gy)

Fig. 7. Integral & differential DVH of case 4. Target Vol. is
490 cc.

Table 2. Selection of Intensity Modulation Option

Basic beamlet size

Intensity step

1.0X1.0 om? 0.5%1.0 cn?
5% 0 X
10% 0 X
20% o) 0
3% X 0

The cases with same beamlet size option’s revealed
almost equal total monitor unit values. However, 0.5
X1.0 cm® beamlet size options had two or three
times greater monitor units than 1.0%X1.0 cm’.

Fine spatial resolution and narrow intensity step

cause segment number to increase. The option of 0.5
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Table 3. Treatment Delivery at Each Standard Plan

Standard Treatment Plan
( 1.0x1.0 cm?, 20% intensity step)

Case Total MU Segments Fields
1 1287 48 6
2 1688 113 9
3 1412 80 9
4 1350 65 6
Delivery efficiency
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Fig. 8. Comparison of Treatment Delivery Efficiency.

X1.0 cm® beamlet and 20% intensity step shows 2 or

3 times of segment number of the 1.0X1.0 cm® and

20% option.
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DISCUSSIONS AND CONCLUSION

We have evaluated the performance of IMFAST™
segmentation algorithm which is widely used for
IMRT implementation at Siemens linac. Although the
comparison of target DVH with the different inten-
sity map’s spatial resolution and intensity step
doesn’t demonstrate a dramatic change, the case of
small target volume has desirable overall quality at
higher intensity resolution option with reasonable
cost of treatment delivery. The total monitor unit
only depends on the basic field size of intensity map.
The number of Segment depends on the both, the

intensity step and the field size of intensity map.

RERERENCES

1. Purdy JA:Intensity modulated radiation therapy. Int
J Radiat Oncol Biol Phys 35:845-6 (1996)

2. Potter LD, Chang SX, Cullip TJ, Siochi AC:A
quality and efficiency analysis of the IMFAST seg-

mentation algorithm in head and neck “step &
shoot” IMRT treatments. Med Phys 29:275-283
(2002)

3. Chang SX, Cullip TJ, Deschesne KM: Intensity

modulation delivery techniques: “Step & shoot” MLC
auto-sequence versus the use of a modulator. Med
Phys 27:948-959 (2000)

4. CORVUS Beam Utilities 1.0 User Manual. NOMOS
Corp., Sewickley, PA 15143.

5. Hill RW, Curran BH, Strait JP, Carol MP: Delivery
of intensity modulated radiation therapy using com-
puter controlled multileaf with the
CORVUS inverse treatment planning system. Proc
12th Int Conf On Computers in Radiotherapy (1997)

6. Jones L, Hoban P: A comparison of physically and
radiobiogically based optimization for IMRT. Med
Phys 29 (2002)

7. Digital MEVATRON User Manual: Siemens Medical
Systems. Inc Oncology Care System Group 4040
Nelson Avenue, Concord, CA 94520

8 CORVUS 4.0 User Manual. NOMOS Corp, Se
wickley, PA 15143.

9. Smith AR: Radiation Therapy Physics, Springer—
Verlag (1994)

collimators

- 185 -



Se Byeong Lee, et al.: Study of IMFAST™ Segmentation Algorithm with CORVUS TPS for Intensity Modulated Radiation Therapy

A7) 2" JAA X724 CORVUS TPSE o] &3 IMFAST™
Segmentation Algorithm®]

e o SaaE YA F Pt
OIMIY - WA - ZmE- O1F - 0] A - £ - EEY - IS

AN zd SN Age 244 A5AY Nade =4 HHs dngsd A8 7rErie] 28 ue o
A A6l A5e UH ¢ 4 otk 2 QAHE B4 BAHAAEE dsiel 20024 280 A7
AR A8 AlAEe =Yste] £ Fo don =" A&~ CORVUS (Nomos, PI5) ARAH Alx
g3t LANTIS, PRIMEVIEW, PRIMART (Siemens, V=9 A&7l&7]) Alzgoz s o] ot 2w
A2E 9= CORVUS XEAZ7I¢} PRIMART A&E7H47)9 Ads 23 2d& zo} HEd= 9]
Z9% dojr} o] Step & Shoot WA Y A7) %2 WA X &E7)E Finite Size Pencil Beams (FSPB) =&%
a1 simulated annealing methodd] £ #A3 €¢1dZ 2 IMFASTS segmentation ¢ ie}&& AHE-3baL
olth B ATE segmentation LielEo| B RAoZ A 71E beamlet H71(1.0X10 cm’ & 05X1.0
cm?)ed 47419 W A7) @A5%, 10%, 20%, 33%)2) options 479 Aold &z} case°ﬂ tiste] 2-83ka o
Fa] Betr) Aoz e target R E ZHE A9 TPSAHY segmentation?] 2o RZEA target =
AR¥7} Wagon FL beamletd S E intensity steps ZHA 248 HFHo TAEIE HAFYTH

ZAdo] : 471z2d YA A E(IMRT), Finite Size Pencil Beams (FSPB), Step & shoot Dose Volume
Histogram (DVH), multileaf collimator (MLC)

t

_186_



