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Trajectory Log Files

Elekta

« Snapshots of the state of machine during
delivery
— Recorded by machine via internal sensors
— Recorded by third party software

.

« Sampling frequency: from 20 ms to 250 ms
« File location varies

« Parameters of delivery
- MU
— Energy
— Gantry angles
— MLC position
— Jaw position
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nalysis

» Tools
— In-house
— Commercial

+ Type of analysig
— Automatic parametric analysis LR S
« By control point ——
« Parameters:
—MLC, Jaw, gantry, MU, energy etc.
— Reconstructed fluence analysis
— Dose Reconstruction in phantom / patient
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Example of a log file analysis CEr osimetric Impacts
H

Campus: Main

Room Name: 442

MRN: 12345678

Patient Name: Test

Plan Name: 7_C7_T1_QQ

Itis VMAT plan

BeamNumber in RTPlan: 1

BeamName in RTPlan: 01, BeamName in Log: 01
BeamDescription: 08VMAT

Trajectory bin file Date/Time: 2013724182945
Trajectory .txt file Date/Time: 2013724182945

MU Planned in Log: 409, Delivered last MU: 408.9995, MU in RTPlan: 409

RTPLAN folder: 67817_C;

Carriage/Leal # ATz > Percent diference for this leaf(%6): 15,1
CarriagelLeaf #: Aj30 -> Percent difference for this leaf(%): 16.6
Carriage]Leaf #: BJ27 -> Percent difference for this leaf(%): 17.7
CarriagelLeaf #: BJ2g -> Percent difference for this leaf(%): 22.1
Carriage]Leaf #: BJ32 -> Percent difference for this leaf(3%): 19.7

TaW poSTTions 1o error
Gantry Angle no error

Coll. Rtn. no error

Planned MU is within tolerance
Delivered last MU is within tolerance

Avg dose | Gamma | Avg dose Gamma | Avg dose | Gamma
difference | (1%/1mm) | difference | (1%/1mm) | difference | (1%/1mm)

99.4%

0.5 mm 0.1%
_T1_QQ\RTPLAN.DCM

MLC deviation > 0.5 mm 0.1% 100% 0.1% 99.8% 03% 96.2%

for more than 15% of the
02% 995% 02% 97.1% 03% 94.1%

total beam-on time
03% 98.8% 03% 944% 05% 922%

Courtesy of Pengpeng Zhang
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Fluence and Dose Reconstruction MR Linac online QA

somparison  y 2D(1.0% | 20mim /Culofl < 5% [Local > 67% Iv<]
b

LinacView (Standard Imaging, Middleton, W)

 analysis between a machine log file and the
corresponding plan using fluence comparison
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Tyagi N, Yang K, Yan D. Comparing measurement-derived (3DVH) and machine log fle- .
derived dose reconstruction methods for VMAT QA in patient geometries. J Appl Clin Med icom

Phys. 2014 Jul 8;15(4):4645.

Logfile Analysis
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Predictive model for MLC failure g File Analysis Limitati

Days
Wu, B., Zhang, P. Tsiraks, B, Kanchavel, D. and LoSasso, T. (2019),

maintenance model for minimizing reatment csruptions. Med. Phys. 46: 475.
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oce
R2=0.86  Log file analysis depends on the commissioning and the calibration of
2 . — Mechanical system (including MLC, jaw, gantry... etc.)
ien ., . . N

%om el — Dosimetry tuning and output of the machine

& L

3 .

H + Dose Reconstruction

z
B — Accuracy of the beam model
S 00 . . )
2 — Dose calculation algorithm of treatment planning system
b 0.01

N=142 + Data integrity
00 001 0.02 0.0¢ 0.05 0.06
RMS of Actual MLC Errors (mm)

Chuang, K-C., Giles, W. and Adamson, J. (2021), Atool for patient-specific

predicton of deivery i machine parameters using trajectons

log files. Med. Phys., 48: 978-990.
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Systematic MLC Calibration Error on logfile

I
" Tty 1og
MLC Gap
g as
£ Lea error = Plan/ log gap ~ Measured gap (EPID) "
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After MLC calibration with feeler gauge
s 0w s om s ® % ® & ® % ® 85 w15 5 w5 % % W
Lim S8, Zuwan B, Lee D, Greer P, Lovelock DM, Anovel qualy assurance procedure fortrajectory log valdation
using phantom-ess rea-{ime latency corrected EPID mages. 4 App Cin ed Phys. 2021 Mar:22(3) 176-185
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Dynamic MLC and log file discrepancy

throughout the beam delivery.

Real-time patient treatment images from consecutive days. The

image on the right shows an MLC leaf displaced with respect to

the neighboring leaves, and with respect to the image on the
u left from the previous day. This leaf offset was persistent

Neal, 8., Anmed, M. Katfuria, K. Wakins, T Wiesoorya, K. and Siebers, . (2016), A lnically observed discrepancy
between image-based an log-based MLC postlons. M. Phys. 43; 2933:2535,

+ Accurate log file relies on all

. £
sensor at the machine to £
report the accurately £ .
« If one of the sensors f'ails, this F t B37 failed and was replaced
can cause false negative 2 X X X X
Lim S5, Zuan 51, Lee D Grear P8, Lovelock O, Aol sl asurace rocrsfor ety o vt using
; S
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Commissioning and QA

« Parameters

— Most parameters, such as MU, can be — Dynamic MLC log file QA

checked with traditional technique using - Correlation technique

TG-142, MPPG 9a/8a, and TG-51 — Measurement correlation with log
— MLC can be challenging file

— Direct MLC comparison with log file
« MLC difficult

— Initialization of the MLC « EPID with Phantom
— Static MLC log file QA < EPID Phantom-less

* Feeler gauge

« Graph paper/ light field

« High resolution 2-D array
— Film
— EPID

Memorial Sloan Ketre. ing
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Correlation

Validate the log file analysis with measurements

Require significant number of plans

Correlate with the log file to look for anomaly.

|

Challenges
= g pa = — No direct comparison with log file parameters
Octavius 2%/2mm Gamens PassingRate (X) — May not be able to identify the small gap error

— These may be critical for SBRT and SRS
Agnew CE, Inine DM, McGany CK. Corolaton of phantom-based and og fle ptient-

specific QA with complexity scores for VMAT. J Appl Clin Med Phys. 2014 Nov cases
8:15(6):4994. doi: 10.1120/]acmp.v1516.4994. PMID: 25493524; PMCID: PMC5711124.

TrajectoryLag On Treatment 1%t Gomma
Passing Rate () (Median, GF)

w

Z
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EPID with Phantom

—02mm
0.5 mm
0.5 mm
+  Multi-institutions study
. . 0.2mm
+ Require a special phantom
« Direct comparison between measurements and log file in 0.1 mm

both static and dynamic mode

Eckhause, T., AlHallag, H., Rittr, T., DeMarco, J., Farrey, K. Pawlicki, T, Kim, G.Y., Popple, R., Sharma, V.
Perez, M. Park, S., Booth, J.T., Thorwarth, R. and Moran, J.. (2015), Automating linear accelerator quality

assurance. Med. Phys., 42: 6074-6083.
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EPID Phantom-less

(b) R445
*

Gantry Ange Gany Ange

Panel Delay Not C

eay Corre

« EPID scan lag o
— critical for sliding window / VMAT
— Empirical correction

« Residual EPID panel and arm error
— Order of 0.5t0 1.0 mm
— Function of SDD

“f <025 mm uncertainty

Log file position error (mm)
Log file position error (mm)

R

EIES
MLC feat

Lim B et l, A novel qualty assurance procedure for rjectory log validation using phantor-
hys. 2021 Mar

less realime latency
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2021 AAPM Annual Mesting @ Cancer Center

17

18



7/20/2021

Conclusions

. N " N . Memorial Sloan Kettering
» Log file analysis can provide automated and accurate delivery information v Qamiies 8

« Significantly streamline workflow and improve throughput

Thank You

« High quality data can be used to build prediction models
« Calibration and sensor errors can provide false negative

« Proper commissioning and routine QA need to be performed to ensure the fidelity of

the system 2021 AAPM Annual Meeting
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