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Shrewsbury Radiotherapy Department

2 Linacs (Varian iX and Varian TrueBeam)
Aria 11 with Eclipse Planning system

6 Eclipse Planning Work stations + 2 Somovision
work stations

1 Toshiba wide bore CT scanner
Extended day working — capacity issues



Flattening Filter Free

 Came with the TrueBeam
* Commissioning SABR
* Faster Treatment — SABR Applications




Commissioning TrueBeam (April 2013)

e Shielding requirements for FFF — modify
bunker

* Limited commissioning time
* Limited scientific staff

* Limited knowledge of FFF beams
* Collect beam data and analyse later



Process

* Collect Beam data
— Depth doses/profiles
— MLC data
— Output factors
— Determine absolute dosimetry

* Check data matches Varian gold standard

* Create FFF beam model in Eclipse



Beam Check Program

Heasured: Plot 1 in file ,.\MEASURED DATA\LA1FFF\6F PDD {18x18)cn 188cn SSD.asc
Reference: Plot 5 in file ..\REF DATA\6 FFF\PB50PN.ASC

LA1 5 HY (18 x 18) cn depth dose

Compares measured data to reference
data and performs gamma analysis

Parameters for gamma analysis chosen
by user (usually 3 % / 3 mm)

=58 e 56 166 156 266 258 368 358 46886 456

% Depth /7 nn
Thu Aug 11 12:86:49 2016

Program provides % points with
gamma < 1, plus a graph with plots for  [EEEe=treta ittt
measured data, reference data and — Tt
EINMERCINES

6 FFF reference data taken from Varian
website

2] [:]
-256 -260 -156 -188 -58 ] 1686 156 268 258

Distance /7 nn
Hon Sep 65 16:16:14 2016

Delta Dose: 3.8 %, DTA: 3.8 nn, % Points with Gamnna <= 1: 99,5 %




Beam Check Results

Depth Dose

% Points with Gamma <1

Field Size 3%/3mm 1%/1mm
(cm)

Profiles

Heasured: Plot 1 in file ..\MEASURED DATA\LALFFF\6F TP 4x4 3Bcn.asc
Reference: Plot 4 in file ..\REF DATA\6 FFF\PB50PN_C.ASC

LAL 5 MY {4 x 4) cn at 30.8 cn deep

e
-168 -80 =-68 =-48 -28 ] 20

Distance / nn
Hon Sep 85 18:16:15 2016

Delta Dose: 3.8 %, DTA: 3.8 nn, 7% Points with Gamna <= 1: 72,1 %

Heasured: Plot 1 in file ..\MEASURED DATA\LA1FFF\6F TP 48x48 Scn.asc
Reference: Plot 1 in file ,.\REF DATA\6 FFF\PB50PN_I.ASC

LAL 5 HY (48 x 48) cn at 5.8 cn deep
1 Heasured

Reference
Ganna

]
-300 -260

Distance /7 nn
Hon Sep 85 18:16:15 20816

Delta Dose: 3.8 %, DTA: 3.8 nn, % Points with Ganna <= 1: 92,6 %



Absolute dosimetry

Measured TPR20/10: 6X FFF - 0.632
10X FFF - 0.707

Use standard Farmer chamber. Volume averaging effects
small enough to ighore

Reference dosimetry as standard — must include lon
Recombination!



lon Recombination

2 Voltage technique Fion: 1.014 6FFF, 1.025 10FFF
Relative FS effects <0.2%
PDD dose/pulse changes Fion could be applied

Out of field penumbra Fion dose/pulse changes ~20%
therefore should also consider correction — OAR dose
accuracy



Data Input into Eclipse

Measured Depth Doses - All Curves

Measured Depth Doses -All Curves

100
| 30,
| 40,
| 50,
| 60.

— ¥s 80.
I — Fsl00.

— Fsl20.
| — Fsl50.
| — ra200.

Output Factors

Field size FX [mm]
10.0 20,0 300 60.0 T0.0
10.0 0000 0000 |0.000 0.000 |0.000
200 0000 |0.000 |0.000 0000 |0.000
0.0 0.000 0000 0845 0877 |0.882
400 0000 |0.000 |0.860 0900 |0.906
50.0 0.000 |0.000 |0.869 0915 [0923
60.0 0000 0000 |0&78 0930 |0939
700 0000 (0000 |0.883 0939 |0949
80.0 0000 0000 |0.889 0949 |0.960
90.0 0000 0000 |0892 0955 | 0966
1000 |0.000 (0000 |0.896 0961 |0.973
100 0000 |0.000 [CEEER 0965 |0.977
1200 [0.000 |0.000 0969 |0982
1300 |0.000 |0.000 0972|0985
1400  [0.000 |0.000 0974 [0988
1500 |0.000 |0.000 0977 |0.991
1600  [0.000 |0.000 0979 [0993
1700  |0.000 |0.000 0980 |0994
Measured Profiles, Depth = 200.0 mm 1800 0.000 0.000 0982 0996
100 - ; 1900  |0.000 | 0.000 0.983 |0.998
\ 2000 |0.000 |0.000 0985 |0.999
2100 |0.000 |0.000 0.986 |1.000

4| m

Relative dose [%]

150 250

200
Depth [mm)]

Field size FY [mm]

Measured Profiles - Curves At Depth

Output Factors - Parameter View

Source-phantom distance [mm]
Detector depth from phantom surface [mm]

— Fg400,0 D200

Relative dose [%]

0
Offaxis distance [mm]




Plan Comparison — H+N




Plan Comparison — Prostate

non FFF - Unapproved - Transversal - CT_01/08/16 [@||FFF test - Unapproved - Tran:

K& 771 E& 76.9
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No advantage in speed for non-SABR treatments

] MLC Properties Lo [ ] &1 Ficld Properties Lo = sl

General | Control Points | Leaf Positions | Debug General : Geometry Room Geometry Accessories Calculation
Control Points Reference Image Setup Notes Comment Debug

Meterset Gartry Rtn Dose Rate Gartry Speed
Weight [deg] [MU./min] [deg/s]

sl el 0.0050 175.9 111.305 4.800 0.386
0.0017 178.0 86.743 4.800 0.301 0.0083 173.9 111.305 4,800 0.386
0.0050 175.9 86.743 4.800 0.301 0.0117 1719 111.305 4,800 0.386
0.0083 1739 86.743 4.800 0.301 0.0150 169.3 111.305 4.800 0.386
0.0117 171.9 86.743 4.800 0.301 | 0.0183 167.8 111.305 4.800 0.386
0.0150 169.8 86.743 0.301 0021 165.3 111.305 0.386
0.0183 1678 86 743 = D507 0.0250 163.7 pik208 0.386
0.0217 165.8 86.743 g 70_301 0.0292 161.7 140.870 ! 0.489
0.0250 163.7 86.743 . 0.301 0.0334 159.7 140,870 : 0.489
ww w o owrw dm ow N T
e fa L : L 0.0461 1536 140.870 ) 0.489
0.0377 157.6 109.785 d 0.381 0.0503 1515 140,870 ) 0.489
0.0419 155.6 109.785 - 0.381 0.0545 149 5 140.870 : 0.489
0.0461 1536 109.785 - 0.381 0.0587 1475 140.870 : 0.489
0.0503 1514 109.785 . 0.381 0.0626 145.4 127077 i 0.441
0.0545 149.5 109.785 " 0.381 0.0664 1434 127.077 : 0.441
0.0587 1475 109.785 i 0.381 0.0702 1414 127.077 : 0.441
0.0626 145 4 99 035 i 0.344 0.0740 139.3 127.077 y 0.441
0.0664 1434 99 035 ] 0.344 0.0779 137.3 130.589 . 0.454
0.0702 1414 99,035 _ 0.344 0.0818 1353 130.889 : 0.454
B— e e _ e 0.0857 133.2 130.889 : 0.454

0.0896 131.2 130.889 : 0.454
eling e it : e 0.0933 129.2 120.746 : 0.419
0.0818 135.3 102.006 - 0.354 0.0969 197 1 120 746 , 0419
0.0857 133.2 102.006 : 0.354 0.1005 125 1 120 746 _ 0419
0.0836 131.2 102.006 . 0.354 0.1041 123.1 120.746 g 0.419
0.0933 129.2 94101 . 0.327 0.1077 121.0 120.855 . 0.420
0.0969 127 1 94 101 . 0.327 0.1113 119.0 120,855 : 0.420
n 118N M7 N 19N REE nA2n

Copy Table to Clipboard Copy Table to Clipboard

oK ] [ Cancel Apply ][ Cancel Apply

Index MU/deg

Weight [dea] [MLU/miri] [dea/s]

[ ‘ Meterset ‘ Gantry Rin Dose Rate ‘ Gartry Speed MU/deg  *

[X= == T B 3 T o TR SO U T L T

P PR3 PRI P PRI ORI ORI . . . . o g
Gh o th &= W M S S W o~ ;o W RS

M
-1




Advantage in speed for SABR treatments

E Field Properties = @ E Field Properties ?@

General Geometry Room Geometry Accessories Calculation e Geometry Room Geometry Tt Calculation

Control Paints Reference Image Setup Notes Comment Debug Contraol Points Reference Image Setup Notes Comment Debug

Index ‘ Meterset | Gartry Rtn ‘ Dose Rate ‘ Gantry Speed MU/deg L Meterset ‘ Gantry Rtn Dose Rate ‘ Gantry Speed MU/dsg -

i [deg] LU [deg/5] Weight [deg] MU /min] [dea/s]
19 0.0620 143.4 600.000 1.874 5.336 19 0.0657 1434 1400.000 4.604 5.068

20 00684 141.4 600.000 e Blzt 20 0.0706 1414 1400.000 4578 5.097
21 0.0750 139.3 600.000 1.627 6.145 2 0.0756 1393 1400.000 4578 5.097
22 0.0809 137.3 600.000 1.815 5.508 22 0.0805 1373 1400.000 4585 5.089
23 0.0866 1353 600.000 1815 5.508 23 0.0855 135.3 1400.000 4.585 5.089

24 0.0927 133.2 £00.000 1.815 5508 | 24 0.0904 133.2 1400.000 4 585 5.089

Index ‘

25 0.0986 1312 600.000 g 5.430 ' 25 2.n954 1312 1400.000 5.089
26 0.1044 1292 600.000 1.856 5.389 26 0.4007 120 9 1400.000 - £ 495

[

27 0.1101 1271 600.000 1.856 5.389 Max dose 27 0.1060 127 1 1405000 . 5495
28 0.1159 1251 600.000 1.856 5.389 28 01114 125 1 1400.000 g 5495

29 01217 1231 600.000 1.856 5389 rate FFF 29 01167 1231 1400.000 - 5 495
30 01278 121.0 600.000 1.759 5685 30 01219 1210 1400.000 5 5348

kil 0.1339 119.0 600.000 1.759 5 685 fa Ster k| 0.1271 119.0 1400.000 ) 5348
32 0.1399 M"7.0 600.000 1.759 5.685 32 01323 17.0 1400.000 : 5348
33 01457 114.9 600.000 1.855 5391 33 0.1375 1149 1400.000 ) 5348
4 01507 2.9 600.000 2158 4633 kT | 0.1433 1129 1400.000 I 6.017
35 0.1663 1109 600000 1.910 £.234 35 0.1500 110.9 1400.000 ¥ 6.798
36 0.1626 108.8 600.000 1.691 5913 36 0.1574 108.8 1400.000 : 7.679
ki 0.1698 106.8 600.000 1.497 6.681 kTd 0.1649 106.8 1400.000 1 7
35 0.1781 104.8 600.000 1.286 7778 38 01726 104 .8 1400.000 : 7.936
39 0.1879 102.7 600.000 1.094 9.143 39 0.1803 1027 1400.000 . 7.936
40 0.1994 100.7 600.000 0.929 10.768 40 0.1880 1007 1400.000 : 7.936
41 0.2096 987 600.000 1.0582 9509 M 0.1963 987 1400.000 . 8.540
42 0219 96.6 600.000 1127 8.876 42 0.2052 96.6 1400.000 . 9.132
43 0.2280 946 600.000 1.205 8.301 43 0.2145 94.6 1400.000 y 9535
44 0.2369 92.6 600.000 1.205 8.301 44 0.2233 92.6 1400.000 : 9.105
45 0.2453 90.5 600.000 1.205 8.301 45 0.2309 90.5 1400.000 z 772
46 0.2550 885 600.000 1.169 B.5ET 46 0.2373 88.5 1400.000 : 6.657

a7 0.2636 86.4 600.000 1.248 8.012 47 0.2431 86.4 1400.000 i 5.893
A n 2749 24 A ANN AN 4410 7 Na? A n 2420 24 4 4400 nAN £ NRO

Copy Table to Clipboard Copy Table to Clipboard

l [ Cancel




Verification of FFF plans

ArcCheck — need version compatible for FFF beams.

Pa SNC Patient
File Edit Setup Tools Help
4 Stop  Background: Mo Dose: £33 j Calibration: |&r cCHECE_cf_ 77535002 . cal = Patient Plan: | Mone
Chart: 2107 240° 270° 300° 330° 0% 230 &0° 0% 1207 150° oGy Chart:
CAX Offsat =207 [ caxofer

#mm: 0 = 1ag || Hmd
e 0 = 111 %m0

-7
Edit -3 Rotation:
0.0[deg)
E dit

ArcCHECK -32-28-24-20-16-12 -8 -4 0 4 8 12 1§ 20 24 28 32 B -32-28-24-20-16-12 -8 -4 0 4 8 12 1§ 20 24 28 32
F:A\FFF 201E-10-05 test patient 2000+ MU sA5-0ct-207 B4, bt i) F:“\FFF 201 6-10-05 test patient 2000+ MU s\dose_aC_EXTRACTED.snc

Select| Mone Doze Horm Zoom Profilel [5] Ruler | Clear RS: |[Mane
Analypsiz™

_Compare | 9

[

Good a

agreement with , “
3%/2mm -3 -
99.8% -6

Tatal 503 -3
Calc Shift | -33-30-27-24-21-18-15-12-8 -5 -3 0 3 & S 12 15 18 21 24 27 30 33

Chart:@@&yl ﬂ [Set1 - Set2

]
Fimm])

AbsolleDose VIS CoiSer2 (SetSerzDTA  Sefl Pos Sei2Pos | Dase o
clay cl chy FSEMm [%] mm A #A mm *DTA/Gamma ig using 2D Mode

Y
A 207.25 MA
Morm (353,97 366.20 -6.24 -1.43 0.00 E5/10 [-1E5/10 | Gamma
SEL >10 #Die




Quality Control

Largely duplicates standard photon QC

- Output (vs DR, Linearity etc)

- Beam Quality

- Beam Profiles (Flatness: deviation from
baseline measurement)

- DLG / Sweeping Gap

- ‘Standard’ IMRT / VMAT plans (Arc Check)

- X-Ray : Light Field alighment



Final Stages

* External Audit — We have audited another
centre - in agreement and maybe favour

©

returned?

* Plan of action for breakdown
* Ready for clinical use
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