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Delivery Hardware

» Static MLC

Leaves cannot be moved when the
beam is on. Leaf motion and the
radiation are executed sequentially.

e Dynamic MLC

Leaves can be moved when the beam
is on. Leaf motion and the radiation are

executed simultaneously.

Step and Shoot for SMLC
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Similar to conventional tr eatment,and ead segnent is

consideredas a single field.

Delivery Software

“Step & Shoot” is a nick name of the delivery
method — suitable for static MLC

“Step & Shoot” delivery method can also be
used with dynami ¢ MLC

“Sliding window " is a nick name of the
delivery method — MLC leaves move from one
field side to another

“Sliding window " method can be used with
static MLC, althou gh it is most suita ble for
dynamic MLC

Step and Shoot Using DMLC

Step and Shoot with Dynamic MLC
1.00

0.80

0.60 +

Index

0.40

0.20

0.00 - - 4

6 -4 -2 0 2 4
LeafPostions (cm)

Page 2



Sliding Window Using DMLC

Dynamic MLC
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Varian IMRT Delivery System

» Current version of VARIS

»Supports dynamic sliding window and
step and shoot IMRT delivery

»No R&V verification between each
segment

»Jaw positions fixed to cover maximum
MLC opening for each field — affects
transmission

»MLC controller and MU console are
separated

»< 1.0 minutes/field including beam on
time

Commercial LINAC Based
IMRT Delivery Systems
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Siemens IMRT Delivery System

» Automatic field sequencing system
(Primeview/SIMTEC)

» For both conventional and IMRT delivery
» Automatically deliver all gantry angles

including segments in each IM field
» Supports step and shoot SMLC delivery

»~ 7 sec inter-segment pausing time ( 2 sec
pausing time is just released)

» Jaw follows MLCs to minimize leakage



Elekta IMRT Delivery System

It supports DMLC delivery with step and

shoot technique. Characteri stics of

The status of each control point is verified by

arecord& verify system. M LC SyStemS

The conventional jaws and diaphragm s follow
each segment to minimize the MLC leakage.

2 second “beam pause” is progr ammed for
the transition from one control point to the
next control point .

Multileaf Colli mator Design s

» Each manufacturer has a different
design for their MLC
— Location, leaf width, and leaf end design
—Single focused or double focused
—Restrictions on motion (path, over-travel, interleaf)
—Field size

» These factors have an impact on dose

delivery and must be considered in
treatment planning
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Siemens Double FocusedMLC Varian MLC System
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Modeling Rounded Leaf End

Their results indicate a maximum
underestimate of calculated dose of
12%with no leaf gap reduction. The
discrepancy between measured and
calculated phantom values is reduced to
+5% when a leaf gap reduction of 1.4 mm
is used.

 Others found this gap is energy
dependent.

Cadman P, at. al. Phys. Med. Biol. 47 (2002) 3001-3010

IMRT Field Sizes

* IMRT field sizes could be smaller than
conventional MLC field sizes in order
to realize full intens ity modulation
within the field.

20 cm X 27 cm (40 cm) Siemens
25cm x 40 cm Elekta

Varian:

15 cm X 40 cm witho ut carri age move
40 cm x 40 cm with 3 carriage moves.
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Physic al Leaf Length vs.
Over-travel Distance

e The MLC physics leaf length (project to
iso-center) is 16 cm, 30 cm, 32.5 cm for
Varian, Siemens, and Elekta Machin es,
respectivel y.

* The distance that each individ ual leaf
passes over iso-center is called over-
travel distance, with out leaving a
uncovered region behind the leaf.

* For Siemens and Elekta machines, the
over -travel distances are 10cm and
12.5 cm, respectively .

BEAM

T

tongue
s




Leaf Motion Constraints

I

Interleaf motion (Varian) No Interleaf motion
(Siemens)

I
[ ] Segmentation is

affected by these

Minimum Gap (Elekta) constraints

Intra-leaf leakage
MLC Leakages 0.8%

_ ¢ Intra-leaf |eakage nter -leaf |eakage
—Thickness (1.5%)

* Inter-leaf leakage
— Tong ue & groov e Leaf end Ieakage
(1.5%)

 Leaf-end leakage
— Rounded leaf end

— Flat leaf end Siemens Primus
6MV
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Machin e Specific QA

Radiation Leakage (

(]

Distance (cm)

Hug, MS, et.al. Phys Med Biol 2002; 47: N159-70.

Why A Special Machine QA Machine Specific QA
IS Needed for IMRT ?

IMRT pl deli I fracti f » Machine QA
. plans deliver a large fraction o _ -
total MUs with field segments that have Elohn ChEl eI &

very small MUs. Output for small field size

Linearity for small MU (1-10)
« IMRT plans often produce small, lf/:itcn?i' &dsymmet%
irregular, and off-center fields when elined: penumbra

compared to the con ventional fields. i )
— Multi -leaf Collimato r (MLC)

Position, Speed
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Nasopharyngeal Case
80

60
40

20

# of Segments

i
0.0 2.0 40 6.0 8.0 10.012.014.0
MU/Sey.

Treatmenttechique: 15 ganty angles,

10intensitylevels total # of segmats= 491,

400MU/min.

Beam “Pausing ” Status

* In the step-and-shoot delivery of an
IMRT plan with a Siemens Primus
accelerator, radiation is turned off by

desynchronizing the injector while
the field parameters are being
changed. When the machine is
ready again a trigger pulse is sent to
the injector to start the beam
instantaneously.
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Siemens Linear Accelerators

¢ Suggested References:

1. C. W. Cheng, and I. J. Das, Med. Phys. 29,
226-230 (2002).

2. J. E. Bayouth, and S. M. Morrill, Med. Phys. 30
2545-2552.

3. C.W. Cheng, I. J. Das, and A. M. Ndlovu, Med.
Phys. 29, 1974-1979 (2002).

Suppress Dark Current Radiation

» With the Initial Pulse Forming Network (IPFN)

at >80% of the PFN value, a spurious radiation
associated with dark current at approximately
0.7% of the dose at isocenter for a 10x10 cm2
field is detected during the “PAUSE” state of the
accelerator for 15 MV x rays. When the IPFN is
lowered to ,80% of the PFN value, no dark
current radiation (DCR) is detected.

For 6 MV x rays, no measurable DCR was
detected regardless of the IPFN setting.




DoseLinearity Check

* In theory, radation doseis linea, butbecausef
endeffect, this linearitymay notbestrictly true

 Stepandshod IMRT deliveryintroducesmany
smallMU segnerts, andoff-axialfields

+ Doselinearity should beverified using
IMRT dédivery techniquewith small MUs

Results of Linearity Check

\%
1 13

KD-2, Dmax 100 cm SSD,15x15cm?
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DoseLinearity Check

» Siemend.iancs
- Measure apoint doseusingan ion chamber
for anIM squarefield, conssting of 99, 15x15 cn?
segmentsvith 1MU /seg
- Comparedvith thatof aregulr 15x15field delivered
with 99 MU
- Specialsdt potscanbeadjusiedto achieve betterdose
linearity

Field Symmetry and
Flatnes s Check

» Small MU deliveredto each segnentmayaffect
thefield symmetryand flatness

< Conventionaprdfile measuremat cannot be used
becausef insufficientMUs.

« Theion chamteris placedatfollowing symmetrypoints
(+5,+5), (+5, -5), (-5, +5), and(-5, -5) ina15x 15 cn¥
field delivered in IMRT fashion.




Results of Symmetry and Results of Symmetry and Flatnes s

Flatness
i | / dings
e

(00 | 99 | 0.470¢ -% a7 0 |
00| 99 [ 1 [0475(] 0.96 | m- 0.484¢| 1.34 |
(55)| 99 | 1 [0485:] 3.5 | - g-gggf -
(55| 99 | 1 [0488¢ 3.1 | = mm- 502¢| 521 |
(55| 99 | 1 [0480:] 2.04 | (5.5) 1 10.501 | 4.94 |
G.5)] 99 [ 1 [0483] 278 | 65| 9 | 1 [o408] 4.2 |

KD2, 6MV, 1.5 cmdepth,100cm SSD,15x15cn? KD2, 18MV, 3.2cmdepth 100 cm SSD,15x15¢cn?

MLC Calibration

e Leaf position calibr ation
—Diffe rence radiati on field vs light field Off-setbetween

—Off-set this differen ce in treatment the |Ight f|e|d

planning R
—Gantry angle dependence and off-axis and radiation

distance dependence | | | field
—Closing leaf end calibration

 Leaf speed calib ration

Page 11



Numerically II nSlr(JectM LC

inspect ?a IageOI

MLC positions at close
positions

Leakage
without
aproper
calibration
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Varian’s Linear Accelerators

Suggeste d references:

1. Thomas LoSasso,a) Chen-Shou Chui, and C.
Clifton Ling, Med. Phys. 25, 1919-1927 (1998).

2. Thomas LoSasso, Chen-Shou Chui, and C.
Clifton Ling, Medical Physics, Vol. 28, 2209-
2219 (2001).

3. Ping Xia, Cynthia F. Chuang, and Lynn J.
Verhey, Med. Phys. 29, 412-423 (2002).

Dose error (%)

Nominal leaf gap (cm)

DMLC Delivery

* In the sliding window technique of DMLC
application, the delivered dose is directly
related to the gap between opposed
leaves as they sweep across the field.

* A variation of +0.2mm in gap width for a
1.0 cm nominal gap can result in a dose
variation of +3% for each DMLC field

» The MLC position precision is better than
0.1 mm.

Thomas LoSas so,et. al. Med. Phys. 25, 1919-1927 (1998).

Dose Linearity Check

*VariarisLinac
- Measuredpointdoses of spedal IM field consisting
of 190and95, 15x15cn? segmentsvith 0.1

MU/seg 0.2 MU/seg and1 MU/seg respectiely.

- Programmedwith stop andshootdelivery

- Purposelyprogramned 2 mm shift between
segments$o simulatebeam on andoff

- Comparedwith theresults of regular 15x15 crm?
field with 19, 38 and95 MU respetively
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Results of Linearity Check

95 | 190 -

CL_23m, 6MV, 1.5cmdepth,100cm SSD,15x15cn?

Port Film

Intensity Map

Differ ences in inten sity
patterns from plan to port film
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Results of Symmetry and Flatness

CL_2300,18MV, 3.2cmdepth 100cm SSD,15x15cn?

Stepand ShootDelivery
Using DMLC

Postions of eachsegment

Every 50 ms

Control total MU

Communication delay ~ up to 100ms
betweensegments




Difference (%)

Experiment

0.25 MU/seg
10 MU/seg
40 MU/seg
16.0 MU/seg
25.0 MU/seg
at
100 MU/min
400 MU/min
600 MU/min

100MU/min  400MU/min MU/min

1 MU /segdeliveredwith dose mode
( CI2300,6MV, 100SSD, 1.5cm depth)
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100 MU/min ~ 400MU/min 600 MU/min

Difference (%)

likat

1MU/segdeliveredwith static mode
(CL2300,6MV, 100SD, 1.5 cm depth)

| [ 16Muiseg  25Mulseg
4MU/seg

Difference (%)

i

U 4MU/seg 16MU/seg 25MU/se

0.25MU/seg

1MU/seg

Deliveredwith dosemodeat 400MU/min

(CL230, 6MV,

100 SSD,1.5cm depth)




Communication Delay

Over dose

Thedoss error in eachsegnent:

A =RT/M
(R: doserate, T: time delay, M:MU/segment)

€e.g. R =400MU/min, T=50ms,M=1 MU/seg

Under dose

A=400/60M0.05 = 0.33
A canbesignificantif R islarge and M 8 MU port film 96 MU EDR film Fluen ce Map
issmall.

_ Beam Stabiliti es
Elekta Linear Accelerators

The dose linearity per MU was found to be within
* Suggested References: +2% for exposures larger than 4 MU.

Beam flatness and symmetry also met accepted
1 M. B. Sharpe, B. M. Miller, D. Yan, and J. W quality assurance standards for a minimum

Wong, “Monitor unit settin gs for intensity exposure of 4_MU' ) i ;

modulated beams delivered using a step-and- For the non slitted flight tube the field flatness is

shoot approach ” Med. Phys. 27, 2719-2725 stable after 0.6 s, which corresponds to an

(2000). exposure of approximately 4 MU at a dose rate of
400 MU per minute.

The slitted flight tube took just over 1 s to
stabilize, or approximately 7 MU.
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v SL20b-NS 1/24/99 |
o SL20b-NS 1/31/99

mﬁ%%ﬁﬁﬁmﬁ

Table Attenu ation

* IMRT requires more beam angles
than that of conventional treatment to
achieve high conformity in dose
distributions.

» Carbon fiber tabletop can reduce
beam attenuation but the attenuation

may vary depending on the thickness
of materials.




Confor ming Tabletop

Table Atte nuation

Primus C ( Solid Pannel)

100.0%

98.0%

—
96.0% - F

94.0%

Attenuation

92.0% 1

90.0%
140 150 160 170 180 190

Gantry Angle
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Table attenuation measurement

Near shoulder area

Inferior
Table
Positio n

—=—Superior
Table
Positio n

For head board

Gantry Angle Rotation

Dosimetric Effect of
Leaf Positi on Errors
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Dosimetric Effect of Random Dosi metric Effect of Systemic
Leaf Position Errors Leaf Position Errors

>With random errors up to 2 mm in MLC positions, > For _SyStematiC errorsupto 1 o
the average dose change to the 95% of the GTV was (equivalent to 2 mm changes in MLC
(-0.33 +£0.47)%, to the CTV59 was (-0.26 + 1.71))%. opening), the dose changes to 95% of

the GTV were (-3.16 + 1.05)% for -1mm

» For serial structures, the dose changes to the 0.1 cc shift and (2.54 + 0.77)% for +1mm shift
of the brainstem were (0.61 + 0.88)% and for the spinal D ’

cord (0.22 + 0.91)%, respectively. .
»D95 changes of the CTV59 were (-1.56
»The mean dose changes to the parotid glands were +2.65)% and (1.27 £ 2.54)%.
on average (0.36 + 1.67)% for the left parotid and (1.19
+ 2.21)% for the right parotid.

Dosimetric Effect of Systemic Summary
Leaf Position Errors IMRT QA consists of :

»The dose changes to D0.1cc were (- Treatme nt planning
2.83 +1.18)% and (3.28 + 1.33)% for Delivery method s
the brainstem, and (-3.27 + 2.60)% and q

(3.65 + 2.43)% for the spinal cord. Delivery system s

Machine specific QA
>The mean dose changes of the Patient specifi c QA
parotids overall were (-7.89 + 2.21)% o .
and (8.58 + 2.23)% for the left parotids, Radiation protection
(-7.94 + 2.16)% and (8.67 + 2.13)% for
the right parotids.
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LINAC and MLC QA for IMRT

Dose line arity

Beam symm etry and flatness under
condition of small MUs

Delivery accuracy with very small MUs.

MLC Leaf position accuracy

Off-set between radiation field and light
field

Modeling rounded leaf end

Simplify IMRT plans and avoid the use
of small MUs and small field sizes.
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