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Learning Objectives

 \WWhat information could be accessed via
log files

« Scenarios where Log files could be used.

* How log files could be used for error
catching in patient safety

 Limitations of log files
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What log files can give...

Could be directly compared with plan
parameters fraction by fraction

By passing the R&V system to detect any transfer errors
«Control point based machine delivery accuracy
*Integrity check of plan in R&V system

*Site specific imaging shift accuracy

Verify patient name, ID, and plan name

Calculate delivered 4D dose and DVH

*Error catching or beam off flag

A
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When this feature is enabled, as soon as a dynamic MLC treatment finishes, the
controller writes those treatment DynalLog files to the DynaLogs folder subdirectory
within the default FTP root directory on the MLC workstation. For example:

\oncolo

C\Controllsri\exsc\DynaLogs)

Unlike manually-generated DynaLog files, the controller assigns unique file names to
the automatically generated DynaLog files. The Revision B MLC controller names the
files using the following convention:

CYYYYMMDDHHNNSS_< Patient ID>

where the values are as follows:

s A or B for the MLC carriage (leaf bank)
YYYY 4-digit year

MM 2-digit month

DD 2-digit day of the month

HH 24-hour clock time stamp

NN minutes time stamp

38 seconds time stamp

<Patisnt ID> The Patient ID

[UNIVERSITY
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4 <long> Beam on state
1=Clinac beam is on

0 =beam is off

1 B Letter indicating version
2 <Lastname> <Firstname>,<ID> Patient information, up to 25 characters
3 <PlanUID>,<Beam Number> Treat 6.5 or greater
or or
<Plan filename> Standalone®
4 <long> Tolerance
5 <long> Number of leaves in MLC
6 <long> Clinac Scale

0=Varian scale
1=1IEC scale (IEC 60601-2-1 only)

Note: The [EC 61217 scale is not
awvmlable for Dymalog files.

a. The logic for determining the third line is as follows: If the Field Serial number is zero and
the PlanUID is non-zero, it is assumed to be Treat 6.5 or greater. If both the Field Serial
number and the PlanUID are zero, the filename is used. If the filename is an empty string, a
blank line is written.

5 <long> Previous segment dose index or previous segment gantry
angle

6 <long> Next segment dose index or next segment gantry angle

7 <long> Gantry rotation in 10th of a degree

8 <long> Collimator rotation in 10th of a degree

9 <long> Upper Y1 jaw position in mm in the isoplane

] <long> Upper Y2 jaw position in mm in the isoplane

1 <long> Lower X1 jaw position in mum in the isoplane

12 <long> Lower X2 jaw position in mm in the isoplane

13 <long> Carriage expected position in 100th of amm

14 <long> Carriage actual position in 100th of amm

The remaining columns contain the following values for each leaf in the carriage. (nLeaf=0,
1, 2, and so on)

File Content

Each line of the DynaLog file contains the following:

4'nleaf +15 <long> Expected position
4*nleaf + 16 <long> Actual position
4'nleaf + 17 <long> Previous field position
4'nleaf + 18 <long> Next field position

1 <long> Current dose fraction or current gantry rotation

;; Note: For RapidArc and conformal arc plans, dose fraction information is displayed only if

you remove the 7 character preceding the diagliseRapid ArcDymalogFormat command in
the MLC controller startup script. In all other cases, gantry rotation in tenths of n degree is
displayed if you retatn the % character preceding the diagUseRapid ArcDymalogFormat com-
mand.

2 <long> Previous segment number (starting with zero)

W

<long> Beam hold-off state
2=LFIMRT carriage group transitions
1 =MLC beam hold-off signal asserted
0=MLC beam hold-off signal not asserted

Note:
= All dose fractions range from 0 to 25000.

»®  All gantry and collimator angles ave recorded in tenths of degrees, Viarian scale.
»  All jaws are recorded in millimeters in the isoplane.
"

All carriage and leaf positions are recorded i Inmdredths of millimeters, i the leaf
(physical) plane. Zero is at the centerline. Positive means retracted. Negative memns
extended across the centerline.
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What information Is currently unavailable via
TrueBeam Trjectory logfiles

1.1MLC positions, and gantry angles

2. Collimator angles, and x/y jaw positions

3. Output, flathess, and symmetry of the machine
4.4Couch angle , and couch translations

5. Delivered MU, and dose rate
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* Answer: 3 — output/flatness/symmetry
* References.:

Varian medical system, “TrueBeam trajectory log file specifications”, pages
9-10
Jianguo Qian, Lei Xing, Wu Liu, Gary Luxton “Dose verification for

respiratory-gated volumetric modulated arc therapy.” Phys. Med. Biol.
56:4827-4838 (2011)
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E II. RapidArc MLC D

Dynalog based Monte Carlo for
patient specific QA

1.0-1.5 1.5-2.5 .
mm mm mm

3
3

For each plan three Monte Carlo dose calculations w

performed; one using continuous gantry rotation with
LINAC log o as S10 Dyna), one usir
f > generated MLC
to as S10 DV ) > using 176 fixe
h TPS e

241150

Teke et al. Med. Phys. 37 (1) 116-123

FiG. 5. Dose distribution comparison between RapidArc TPS (top left), S10
Dyna (top right), S10 DVA (bottom left), and 176 GA (bottom right) on a
water-equivalent cylinder for plan 4.



MLC leaf position difference map betwee SR
plan and delivery il

Reconstructed MLC leaf position difference map between plan and delivery, using
dynalog files, for a given control point of an IMRT plan. MLC number 27 was
intentionally shifted by 4.5 mm from plan to delivery. This signal could be used to
flag the clinac beam off, and to warn the therapists
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3D dose difference map for a Pelvic patient

Color map shows the magnitude of the %

L08E i One MLC moved by 0.5cm, 1.0cm , and 0.5
cm in three consecutive control points in a
RapidArc plan. Dose difference of 0.5%
could be detetcted

“A technique to detect dosimetric errors as low as 0.5% arising from MLC leaf shifts in RapidArc” K. Wijesooriya, J.
Nawrocki, P.W.Read, J.M. Larner — Oral presentation at 2013 Annual AAPM meeting in Inidanapolis, IN, Medical Physics
40; 2013.
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Millenium MLCs

7.0 120 Multileaf Collimator (MLC) Specifications

All scale references below are per IEC 61217

U IVERSITY
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Performance Specifications

Specification

MLC leaf end position accuracy at all leaf positions relative to the
collimator axis?

+1 mm

MLC leaf end position reproducibility at all leaf positions relative
to the collimator axis*

+0.5 mm

Descriptive Specifications

MLC leaf side position accuracy at all leaf positions relative to the
collimator axis’

MLC leaf side position reproducibility at all leaf positions relative to the
collimator axis*

Number of leaves

Central high resolution leaf width (central 20 cm, leaf width projected
at isocenter)

Outboard leaf width (outer 20 cm, leaf width projected at isocenter)




5

40%

2.
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What is the Millenuim MLC leaf position
accuracy relative to the collimator axis?

1. 5mm
2. 2mm

5. 0.6 mMm
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e Answer: 3 —1mm
« References:

* Varian Medical system, “TrueBeam system
specifications”, page 7
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velocity(mm/s)
MLC leaf position error as a function of leaf velocity for a given for all active leaves are shown here (lower graph with the standard

deviation as error bars). Top plot is merely to show the statistical error for each of the points below. As expected since every leaf has to
start and end with zero velocity the statistical accuracy is highest for those points.

K. Wijesooriya, et al., “RapidArc patient specific mechanical delivery accuracy under extreme mechanical limits
using log files”, Med. Phys.(2012) 39 (4) 1846-1853
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4D delivered dose per fraction

Use trajectory-log/dynalog files to obtain the delivered treatment times
for each control point

For each control point, log files provide:

Tumor motion, as a function of time

Coincidence between RPM and beam origination

Original plan Motion affected plan




Ratio of Total Structure Volume [%]
o
o
i
/

0 20 B0 100

0 ) 60
Relative dose [%]

Motion amplitude of 2.5 cm

Plate

Comparison: Simulation
to Measurement
gafchromic film

6.0 8.0 10.0 120 140 160 18.0 20.0

Original plan Motion affected plan

“A novel technique to evaluate 4D dose delivery to a moving tumor” K. Wijesooriya, E. Aliotta,
P.W.Read, S. Benedict, J.M.Larner, - Oral presentation at 2013 Annual AAPM meeting in
Indianapolis, IN, Medical Physics 40; 2013

A
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Log files to catch errors at the linac

 D. Rangaraj et al, “Catching errors with patient-specific pretreatment
machine log file analysis™ Practical Radiation Oncology 2013
(volume 3 issue 2 Pages 80-90

» Krishni Wijesooriya et al. “ Catching errors with trajectory log files”
2015 Annual AAPM meeting, Anaheim, Ca

« Krishni Wijesooriya et al. “ Site specific image guided radiotherapy
(IGRT) tolerances for patient safety” 2015 Annual AAPM meeting,
Anaheim, Ca

T
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Using log files to monitor Tx

One year period patient all types of Tx fractions treatd at TrueBeam
131 parameters checked at every 20 ms

1287 VMAT fields, and 18282 other fields

282645 control points (177x1287 +18282 x 3)
37 Million parameters (282645 x 131) checked at every 20 ms

Depending on the time one control point takes to deliver, this can
than 100 Million parameters!

lead to more

Couch
angle (deg)

Gantry
angie (degq)

Colfimator
anglefdedq)

Jaw
position
)

A C feaf
posiioninm)

Cunmiative
dose(laLn

Q.00 £0.02
-0 d0-040

Q.00 x0.02
-0.08- 040

Q.00+ .00
-0.02-0.06

Q.00+ Q.00
Q00— 0.00

Q.00 002
-0.26-0.50

Q.00+ Q.09
-009 - 042

a0

1.0 +002
-0 =0

Q.00 £0.04
-0.07 =009

Q.00+ .00
-0.04 -0.00

Q.00+ 0.00
Q.00 — Q.00

Q.02+ 0.0
-0.03 - 004

Q.00+ 04932
-0.99 - 099

AT

1.0 +007
-0.87—0.47

Q.09 £0.15
-0.25-0.32

Q.00+ .00
GO0 — 000

Qo0+ 055

-0.99-0.99

-0.04 + 063
-0.92- 0771

002+ 028
-0.51 - 081

Electron

Qo002
-0.05-0.07

Q.00 £0.02
-0.07 - 0035

Q.00 £0.00
0.000.00

Qo0+ 0.00
Q.00 -0.00

A

009+ Q027
-0.02 - 099

Tahle I Systematic (mean) and random (standard dewiation) errors of delvery, drvded mn to treatment modality and
treatment site. The mean errors quoted here are the mean walues of magimum  differences between plan and delivery

Krishni Wijesooriya et al. “ Catching errors with trajectory log files” 2015 Annual AAPM

meeting, Anaheim, Ca
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Using log files to catch erros: MLCs not according to plan

30% under-dosing of center from plan ;356 out of 1440 cGy)
However due to primary plan dose of 4J00 only 356/ 5940 only a 6% under dosing

| 2

Our code showing the exact same 12 MLCs having a plan vs deﬁvery error of 64.6mm for 7 out of 8l fractions

MLCS - 28, 29, 30, 31, 32, 33, 88, 89, 90, 91, 92, and 93. Field # 5 was also shifted by 67.6mm (14 instances)

L Mosaig tells me someone modified these MLCs after the first fraction. So 6 out of 7fractions a 3cm wide strip at the iso center
got under dosed (TG 50 says for abutting leaf, dose should be <25%)

Krishni Wijesooriya et al. “ Catching errors with trajectory log files” 2015 Annual AAPM
meeting, Anaheim, Ca
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Imaging i1so center not followed throughout Tx day

BEam lat shiftdcm

' Trial: 05BEam lat shiftdcm
5, {

|
T
> o
2 -
A
)

= £ | =

T8
ye View DRR for "05-p1t 1t hip" (CP 1) Bean’s Eye Yiew DRR for "05 sHift" (CP 1)

Beam 05 is at gantry = 183 post. PTV coverage reduced from
98.8% to 74% -total dose

Trial: 1B-1t hip Bl Trial: 05EEam lat shiftdcm
Absolute Rbsolute
3300.0 cby 3300,0 by
1 oy 3150,
2685 cly 2890.0 cby
2700,0 cGy 2700,0 by

Pinnacle showing the PTV TRl e i T e e '

Our code show the couch was laterally
shifted from imaging iso center just for the
field 05 by 3.7cm laterally for one day out of
10 fractions. This was confirmed by Mosaiq
values.

Annual AAPM meeting, Anaheim, Ca

A
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QUASAR ADQ softwareiili . ..

QA SoFTWARE

MACHINE PLANNED DIFFERENCE
Lo FiLE TREATMENT Map

Check every field, every arc,
every fraction, every delivery,
every day... automatically!

¢ Automated comparison of machine log files to planned
treatments

¢ Administrative reports document patient specific QA every
day... automatically

Compatible with Varian Dynalog and TrueBeam Trajectory log
{[ES
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— Automatic DICOM file capture &
analysis

— Automatic Email notification of
failures

— Automatic EPID response
calibration and modeling

— 3D reconstruction dose using
hybrid data from EPID and log file

— For both pretreatment and each
fraction

Courtesy of Jie Shi, Sun Nuclear Corporation

P\Utomated

PerFRACTION™

WorkfloW

Patient Anatomy
Patient Setup
MLC Drift
Gantry Rotation
Linac Output

}
2

failed results

UNIVERSITY
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Independent verification of Log file based QA

* By inserting deliberate errors and assessing the ability of
the method to detect them

« Portal dosimetry (Stell AM, Li J G, Zeidan O A and Dempsey J F 2004 An
extensive log-file analysis of step-and-shoot intensity modulated Med. Phys. 31
1593-602)

« Diode arrays (Li J G, Dempsey J F, Ding L, Liu C and Palta J R 2002 Validation of
dynamic MLC-controller log files using a two-dimensional diode array Med. Phys. 30
799-805)



Limitations of Log files

Posiional efor (mm)

Spring

Pasitional error (mm)

tungsten alloy
round-ended
leaf HALF LEAF

%ouplel

4 $400 o ppgtieiete

Positional erfor (mm)

MLC Calitraticn

Drive screw

Pasitonal error (mm)

E 02
Dec Jan FebMar Axr May Jun Jul Aug Sep Oct Nov  Dec Jan FebMar Apr May Jun Jul Aug Sep Oct Nov

A. Agnew, et al., “Monitoring daily MLC positional errors using trajectory log files and EPID measurements for IMRT and VMAT
deliveries”, Phys. Med. Biol. (2014) 59 N49-N63

A. Mans, et al., “Catching erros with in vivo EPID dosimetry”, Med. Phys.(2010) 37 (6) 2638-2644
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Summary

* Log files provide us rich information on
delivery

* |t does not require any additional detectors
» Useful to get real time access

* Need to make log file parameters more
reliable



Thank You!




Instantaneous dose rate of TrueBeam - VMAT

e Rate (MU/min)
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Comparison of Trilogy and TrueBeam via log files

Cumulative Dose (MU)

1 60 1 50 : ) 100 150 200
Control Point Control Point
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RapidArc Enabled Clinac extreme
mechanical limits

Reference gantry speed — 360°/65s
— (2 - 5.59s)

Leaf speed — maximum 2.4 cm/s
Dose rate max - 600 MU/min

Dose per gantry angle



RapidArc Enabled Clinac creates

2 ; el . e
[ | | a = %% ‘,‘
e ] il il
% | ! T Ml
i ) o -
m ot ’ e am faim an 74 :_‘- ' 3
‘ | MRGERE R SO

e One STT ---- clinac control system gantry angle and
Mu per control point

— Linac log files record planned and delivered Gantry angle as a
function of cumulative MU

« Second STT ----> MLC controller which has MLC
positions as a function of gantry angle

— Machine Dynalog files record planned and delivered gantry
angle, beam on flag, MLC leaf positions for all 120 leaves per
every 50 ms time window

1111}




Planned and delivered average MLC &

i Al | il ’
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Reconstructed delivered gantry speedi"
two arcs

velocity (deg/s)
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Reconstructed maximum leaf velogil #’f
per each leaf Sl

arcl maximum velocity {mm,s)

arcZ maximum velocity (mm/s)

Leaf number



Post Tx evaluation of motion affected dose delivery

» Challenging to deliver radiation to a
moving tumor

 SBRT treatments with a few high dose
fractions does not average motion effects

* Asingle IMRT delivery can have
dosimetric variations up to 18% due to
Interplay eﬂ:eCtS [Jiang SB, Pope C, Jarrah KMA et al. “An experimental

Investigation on intra-fractional organ motion effects in lung IMRT treatments”, Phys. Med. Biol.
48: 1773-1784 (2003)]

« Patients dally breathing variations from
planning scan can also impact dose

Department of Radiation Oncology BIIE 112 AT TH SYSTEM




Current Methods

* 4D planning relies exclusively on initial
ADCT Images, and initial breathing pattern
— does not reflect the actual delivery

* No information on the interplay effects
* Need to contour the ITV In all phases
* No information to adapt the future plan

A
s
UK F{eALTH SYSTEM



Internal Tumor Motion Amplitude
At a Given Control Point
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Method - Reconstruction

« Create the effects of tumor motion > move the active
MLC'’s for a control point by its internal tumor motion
amplitude at the time of delivery in the opposite direction to
tumor motion

— in the 2D plane of the MLC'’s;

— I/S motion and a component of L/R, or A/P motion given the location
of the gantry angle

« This delivered motion affected DICOM RT plan is then
Imported back to TPS

« Actual motion affected 4D dose map and dose volume
histogram (DVH) for the tumor volume is recomputed.

A
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Range of machine parameters evaluated

i
X7

observed accuracy under RapidArc d el
Patient Plan type Range of gantry | Maximum MLC leaf | Dose rate Maximmum leaf | Maximum gantry i
speed (deg's) velocity (cm/s) (MU/min) | position error (mm) postion error {deg)
1 Nominal 48-48 1.7 165439 0.8 0.58
Hi MLC velocity 45-48 2.1 144-371 1.15 0.93
Slow gantry speed | 2.1 -4.8 1.7 386-600 0.84 0.62
2 Nomunal 48-18 1.7 208-319 0.5 0.67
Hi MLC velocity 48-52 20 216-450 0.65 0.68
Slow gantry speed | 2.0-5.1 1.3 474-600 0.35 0.42
3 Nominal 48-48 1.7 212-400 0.78 0.93
Hi MLC velocity 45—-48 21 207-457 1.02 0.90
Slow gantry speed | 2.3-4.7 1.3 600-600 0.32 0.55
4 Nomunal 45-5.0 1.3 194-369 0.77 0.92
Hi MLC velocity 48-50 21 180-349 1.06 0.95
Slow gantry speed | 2.5 -5.0 1.3 600-600 0.53 0.57
3 Nominal 48-54 1.3 382-600 0.46 0.55
Hi MLC velocity 45-54 1.8 398-600 0.94 0.58
Slow gantry speed | 28-54 1.3 600-600 0.35 0.48
4] Nominal 48-54 1.7 202-473 0.55 0.92
Hi MLC velocity 48-54 24 181-458 0.95 0.8
Slow gantry speed | 2.2-54 1.3 600-600 0.41 0.55
7 Nomunal 45-51 1.7 282-492 0.43 0.57
Hi MLC velocity 48-51 24 260-500 0.88 09
Slow gantry speed | 2.7-5.1 1.3 600-600 0.35 0.48
2 Nomunal 45-5.0 1.7 282-492 0.37 0.53
Hi MLC velocity 48-50 24 319-507 1.17 0.63
Slow gantry speed | 2.8-5.0 1.3 600-600 032 0.45
9 Nominal 48-52 1.3 320 =550 0.35 0.6
Hi MLC velocity 45-5.0 1.5 300 - 520 0.45 0.6
Slow gantry speed | 2.5-5.0 1.3 600 -600 032 0.6
10 Nominal 48-50 1.7 290 —-490 | 046 0.6
Hi MLC velocity 48-50 21 300-500 | 0.63 0.5
Slow gantry speed | 2.7-35.0 1.3 600 - 600 0.4 0.6




Reconstructed dose difference map in x z plane for a single control referred above for case (b) on left
hand image and (c) on right hand image. In both cases z axis length corresponds to the thickness of MLC
leaf (5mm), and x axis corresponds to the distance the leaf was intentionally moved (5mm). In the right
hand plot three high dose areas correspond to where the three MLC s were pulled back from original
positions, and two negative dose points correspond to where MLCs were pulled in by 5mm. Even a dose
differnec of 1 — 2 cGy could be detected by this technique.




Motion Affected MLC Pattern for a Given
Control Point (RapidArc)
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Dose volume histogram (4DVH) for a static tumor(squares), and 1D motion affected
tumor (triangles) by a maximum motion amplitude of 2.5cm from a RapidArc plan. Red-
ITV, yellow — cord, and blue - lungs
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Comparison: Simulation to Measurement
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