Chapter 1. Introduction to

DoselLab Pro

This chapter will help you:
¢ Understand DoselLab Probéds main interface

¢ Learnbasic image analyseonceptsapplicable to botldose comparisons and routine
machine QAN DoselLab Pro

¢ Learn thebasicelements of preparingndevaluating doseomparisonsvith DoselLab
Pro

¢ Learn the basitools forperformingmachineQA usingDoselLab Pro
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DoselLab Pro Basic Functionality

DoselLab Pro is a software package that uses image analysis to perform radiation oncology QA.

Images are useful in radiation oncology QA because they can be analyzed qualitatively by
viewing them and quantitatively using mathematical routines on théhdatslomposes thenA

variety of data sets can be analyzed as images in DoselLab Pro. They include radiation dose
distributions calculated by treatment planning systems, measured dose distributions from arrays
(diode and ion chamber), gel measurements, fadiakposed film images, and images captured

with an EPID.

DoselLab Pro uses numerous builimage analysis routingsathave been developed to
perform the tests and meet the standards of the medical physics QA comifwigyn
DoselLab Pro generalfgll into one of two basic categories: dose comparisons or routine
machine QA. Dose comparisons are usually made between images of agpecint
computed treatment plan and the measured delivery of that plan captured by film or a
measurement array. Rtine machine QA is typically performed using single films or EPID
captured images using repeatable linac setups totheestandards dimerican Association of
Physicists in Medicine Task Group 142 (AAPM TI@2)andother standardized guidance for
verifying expected machine performance.

(53 Dose Normalcation B 3 Doselat Starshot Analyss:
Fle Dasbme

Nomakzation

Dose Comparison Example Machine QA Example
Normalization Interface Starshot Interface

Note: In addition to image analysis routines, DoselLab Pro includes tools to save QA results data

in multiple formats and analyze trends in saved data.
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DoselLab

Main

Pro Manual

Interface

DoselLab

Pr o 6 sllowsayoutoopennts neanyfmedulesools, and utilitiesvith one

click. The main interfaces thefirst window seerwhenyou openDoselLabPro. The button menu
hasseveralkategores:

)l
)l

comparisons

1
1

Dose ComparisorisDoselLab Praoolsfor patientspecific treatment QA
Machine QA toolsfor machine QAincluding the versatile single image analysis

Trend Analysig A machine QA deabase viewer and PQI analytics for dose

Utilities T several useful file management and editing tools

Film Dosimetryi tools forimport and calibration of exposed BGmages

The interface also includes a menu bar with user preference anaptielps

{23 Doselab

Preferences

Pro 6.00

Help

Dose Comparisons

Dose Comparison Interface

[ Anonymize Files ]

Trend Analysis

[ Machine QA Database ]

[ PQI Analytics ]

Utilities

Transfer Files

Combine POFs

Rename DICOM Files

l J
l ]
| Combine Images |
l ]
l )

Convert Resolutions

|

’U’

E

(=

[

@ Doselab Pro

Machine QA

“aersion 6.00 (Latest)

Support: (388) 263-8541
International: +1 (832) 390-3555
supportgedoselab.com

(= S|

l Single Image Analysis

- Image editing / analysis
- Btarshot

- Flatness and symmetry
- Winston-Lutz

- MLC strip test
MWKV imaging
- Depth dose

’ Multi-image Winston-Lutz ]

| VMAT / Dynamic MLC |

[ CT/ CBCT

l

Film Dosimetry

l Flatbed Scanners H Vidar Scanners l

[ Calibrate Film

l

[ Apply Calibration

]
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DoselLab Pro Basic Concepts

File Types
The twomostcommonimage format®©oselLab Pramportsare TIF (*.tif) images from
film scanners and DICOM (*.dcm) imagtsatare typicallycaptured from EPID or exported
from treatment planning systeni3oselLab Pro does not imp&NG, GIF, and other types of
images that are used mainly to display pictures and not to store scientific data.

Note: DoselLab Pro also supports tiraport of generic data files in ASCII and binary
formats.

TIF F Images
A TIFF image is a 2D matrix of values commonly used in science because the data is stored
uncompressed. THHmages store data in integers (0, 1, 2, 3, etc.) that go up to 258 ¢(8
65,535 (16bit). TIFF images consist of either a single channel,(intensity or grayscale) or
three separate channels of red, green, and blue (RGB). Each of these aariagls
integer values.

In addition to intensity, TIF images also store tmecorresponding dots per inch (DPI) data.
(See the ASpati al Cali brationd subtopic in t

DoselLab Pro operates only on singlennel TIFF images, because dose is stored by only
one value. However, DoselLab Pro can convert a standard RGBriidge produced by a
film scanner to an intensi{ginglechannelimage.

DICOM Images

DICOM (Digital Imaging and Communication in Medicine) is a standard for medical

imaging. It is generally thenageformat captured by integrated linac EPIDs and exported by
treatment planning systems. DoselLab Pro has routines to import both the dose and the spatial
calibration (if available) from allmajarr e at ment p | BP9miportgd filesyls t e ms 6
identifies which import routindemd oi mse by th
sample.dcr)) so it is important to not change the file extension before importing the file.

Spatial Calibration
The spatial calibration of an imageused to determine the physical size of each pixel. For
scanned films, this calibration is usually represented in DPI. Typical QA films are scanned
near 72 DPI. A film with a DPI of 72 means that one inch is represented by 72 pixels, or each
pixel has a wdth of 0.35 mm, while 1 mm/pixel translates to a DPI of 25.4.

Because many TPSs represent spatial calibration by mm/pixel, DoselLab Pro includes a
resolution converter utility to convert between all common spatial calibration units.

Resolution convertes [

MOBIUS MEDICAL SYSTEMS, LP 1-7
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Optical Density (OD)
00 11 %)

OD is the ability of a material to absorb light. The darker the material, the higher its OD. OD
is a unitless measurement equal to the negative log of the transmittance, which is the amount
of light transmitted through a film)(divided by the amount of light incident on the fillg)

If a section of film is dark enough to block 90% of the photons reaching a scanner, it has an
OD of 1.0, while 99% blockage results in an OD of 2.0.

Sometimes a Net OD is used instead of OD. Net CGbeigotal OD of an area minus the
background OD value (OD of an unexposed area). A film with background OD of 0.3 and a
total OD of 2.4 would therefore have a Net OD of 2.1.

Importing Film Scans
In a single ste@poselLab Pro importscanneddigitized) RGB film images andapplies a
optionalcorrection for scanner/film neaniformities and background valuésxel valuesfor
the resulting intensity (i.egrayscale) imagare stored in units of OD multiplied by 17,500.
This is done to best use the avaiatange of 1&it integers for &..tif file. For example, a
scannedilm pixel with 99%blockage (or OD of 2.0) would have a value of 35,000 for that
pixel. Importedmages areautomatically aved with a *OD.tif extension.

Note: When using DoselLab Pro, it is important to operate film scanners only in their

~

Alinearo (uncorrected) modes.

Film Scanners
Two types of film scanners are commonly used tddagosimetry

1 High-end consumer flatbed scanners (with transparency adapteusually made by
Epson)

1 CCDsheetfed scanners (usually made by Vidar).

Both types of scanners provide excellent spatial calibration accuracy, but all scanners have
errors in optical density output that must be corrected for best performance. Eowatisuin

can be due to light scattering caused by film and scanner light sources with different
brightness levels in some areas compared with others (especially along scanner edges).

We currently recommend the Epson scanners because of their lower cost and ability to have a
2D correction perfor med. However, the Epson
higher than 2.0 isotoptimal. Thisis generally not an issue when using Ko&kR2 and

Gafchromic EBT2 films, as these films require very high doses to achieve OD values higher
than 2.0. Vidar scanners also produce excellent results but at a significantly higher cost.

1-8 MOBIUS MEDICAL SYSTEMS, LP
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Both Kodak EDR2 and Gafchromic EBT2 films prodeseellent results. Kodak XV2 film

is not recommended for patient QA due to its overresponse terevgy photons caused by

higher amounts of silver halide materi@he following table compares each of the

recommended film types:

About onethird the cost of Gafchromic
EBT2 film

Useful for doses up to 700 cGy

Requires the purchase and use of a film
processor to develop the film

Should be scanned or processed at leag
one hour after exposure to allow the bull
of the darkeningeaction to take
place(same as EBT2)

Recommended for clinics with high film
volume (>300 films/year)

More expensive than EDR2 film
Does not require a processor
Near tissueequivalent composition
Useful for doses up to 5,000 cGy

Noisier than Kodak EDR2 fit (~2% noise vs <
0.2%, for Kodak)

Should be scanned in the same orientation (g
to light polarization) and requires a flatbed or
redlight CCD scanner

Should be scanned or processed at least one
hour after exposure to allow the bulk of the
darkening reaun to take place (same as EDF

Should be used for stereotactic body radiatiof
therapy (SBRT) and stereotactic radiosurgery
(SRS) QA due to its excellent performance fo
high doses (>1,000 cGy)

Recommended for most clinics

MOBIUS MEDICAL SYSTEMS, LP
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Types of Measurement Devices
This section summarizes the advantages and disadvantages of different types of dosimetry
measurement devices.

Diode and lon Chamber Arrays

Provide instant readings Low spatial resolution (typically less than

Have calibrations that are valid for up to 6 0.7 cm/pixel)

months Require corrections to be applied to accou

Canbe used for routine QA for beams entering at oblique angles

Can be used for annual linac QA and QA aft¢ Require high initial investment

machine repairs Cannot be used for system commissionin

Incur no cost per QA test due to low spatial resolution

Can be used with DoseLab Pro to analyze ar
recomputed previous patient comparisons

Electronic Portal Imaging Devices (EPIDs)

Provide instant readings Require many complex corrections to be

Can be used for routine QA applied due to higd materials in EPIDs

Usually requiramporting full treatment
plans (MLC patterns and MUs for each
segment) in order to properly calculate
Incur no cost per QA test correction factors

Cannot be used for system commissionin
due to measurement corrections

Provide good spatial resolution (0.04 cm/pixe
when newer EPIDs are used

Cannot be used for measuring composite
dose distributions in @mtoms

Involve extra complexity due to
measurement corrections

Currently lack software to analyze and
recompute previous patient comparisons

1-10 MOBIUS MEDICAL SYSTEMS, LP
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Film

Provide fast film calibrations Require periodic film calibration

Require low initial cost for EBT2 film, Epson | Require filmprocessing (except EBT2 film

scanner, and DoseLab Pro program Require each film to be scanned to obtain

Provide fast workflow from uniformity data

correction to PDF report generation Require film to be purchased for each QA

Include PQI Analytics, which catalogs and
reanalyzes results with different criteria

Provide accurate dosimetry for composite
distributions and sgle beams

Compatible with all phantoms
Can be used for routine QA and commission|

Provide excellent spatial resolution (up to 0.0
cm/pixel)

Can be used for annual linac QA and QA afte
machine repairs

MOBIUS MEDICAL SYSTEMS, LP 1-11

Versior$.0



Chapter 1: Introduction to DoseLab Pro
DoselLab Pro Manual

QA Phantoms

QA phantoms are used to roughly approximate patient geometry using materials that can also
house measurement devicesg@od QA phantom will provide the following:

=

Adequate buildup for measurements

1 Housing for a piece of film and ion chamber

1 Ability to mark the physical location of the film (one or more fiducials)
1

A Solid Water® or Plastic Water® material (Avoid any maisrthat have highet
components.)

1 No square edges that would create errors if the phantom were misaligned by a few
millimeters

Some phantoms allow multiple films to be measured at once. DoselLab Pro supports:

M Phantoms with fiducials
1 Fixedsize filmphantoms
1 Phantoms with no fiducials

Simple setups can provide excellent results. For example, clinical success has been achieved
with a 2 cm slab of Plastic Water® drilled for a 0.13 cc ion chamber, sandwiched between
two 5 cm slabs of Plastic Water®. Caosd measurements of composite dose distributions

can be performed while obtaining an ion chamber measurement at the same time. The only
downside of this phantom is the square edges of the slabs (as these can create errors if the
phantom is misaligned by em a few millimeters). You will also need to place fiducial marks
manually (easily done by marking 8 cm on either side of the crosshair) to have DoselLab Pro
calculate the offset from the expected position during dose comparisons.

Some of theoutine machme QAprocedureslo not require phantoms for film.

1-12 MOBIUS MEDICAL SYSTEMS, LP
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Preparing for Dose Comparisons

Dose Comparisons require two images. They are typically a computed treatmetdgadan
distribution(calculatedmage)and an actual measurementoh e desi gned pl ands
distributionusing film or a measurement arr@ggeasured imageBefore dose comparisons can

be performed, the two images must be reconciled spatially, alddhimages must both be in
knownand compatiblenits of dose

Image Resizing
In order for two mages to be compared pixg}-pixel, they must have the same DPI and be
the same size. To satisfy this requirement, DoselLab Pro automatically reduces the data size
of the image with the higher DPI (typically the measurement) to match the DPI of the other
image. It resizes images using a bilinear algorithm that interpolates data, but does not apply a
curvefit (as would be the case for a bicubic resampling commonly performed on pictures).

The measuremeimhagecan becropped to a usespecified region of iterest (ROl)r to an
automated ROI selection basedfmucial or alignment maikgs Thecalculatedmage is
also cropped to the sameesifter the measured image is optionally rotated and aligned.

Image Positioning
Three types of image positioning areed by DoselLab Pro:

1 Rotation:The measured image should be rotated before it is aligned wihltdated
image. Thixan be automated in DoselLab Pro or performed maryadliicking on two
rotation points. These points are placed on the film at the time of exposure with pin pricks
(Kodak EDRZ2) or permanent markers (Gafchromic EBT2). Even though most phantoms
and useiadded points are horizontal to each other (expected ah@f),you can sethe
expected angle between the two points in

1 Auto alignmentDoselLab Pro performs auto alignmbatween measured aaalculated
imagesby a crossorrelation routine that has subpixel accuracy. While mianua
registration can be performedDoseLab Prpauto alignment is signitly easier and
usually more accurate.

1 Phantoms with fiducials’ou can definete | ocati on of a fiduci al
preferenceselative to your desired RODoselLab Praomparesthe auto alignment
position with the expected value and displing offset.

Film Calibration
When films are exposed to known doses, the correspondingi@fesaregenerated
through DoseLalPrad s f i | andyourgarocreate film calibration cwe. This
calibration curve allowgou to converOD values on other films to dose values. For best
results performa calibration filmwith every measurement session.

DoselLab Pro allows for a calibration using several films exposed to varying uniforsnatose

fast and easgalibrationsby using wedges. Exposirsgwedgecalibrationfilm can be done in

30 seconds (no need to wait for MLC motions to create an exposure pattern). Typically 60°
MOBIUS MEDICAL SYSTEMS, LP 1-13
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wedges (or the highest available angle) are used for these fijeadoate the largest spread

of high and low dose areas on one film.

DoselLab Prautomatically rotates theedgeexposedilm, extractsthe OD vs distance
profile, matches ito a predefineddose vs distance profifer the wedgdgwhich DoseLab
Procan automatically createsing film measurements), and saves the OD vs. dose values as

a *-cal.xlIs (or calibration) file.

Tools

Profile data... arian 21iX, 6 MV, 54 55D-profile.xls
Calibration image... | |EDW 300 MU, 84 55D, 5 cm-OD.tif
Save calibration... | ([EDW 300 MU, 84 SSD, 5 cm-0D-calxls

Scan DFL:| 72 »| MU delivered: 300 ~ Fit|3rd order -

Dose vs. film intensity
300 T

RZ = 0.9996

Calibration film (rotated 0%)

Dose profiles

E

Converted film
Profile data

Dose (cGy)

Dose (cGy)

X

01

0.15
Film OD

0.2

10 15 20
Distance (cm)

Convert films to dose =

Main Film Calibration Window (Showing the relationship between file OD values and

the known dose profile)

Kodak EDR2 and GafchromiEBT2 films have a fairly linear OD vs. dose response. New
calibration films mostly correct for the overall dose normalization and have little effect on
the relative dose distribution for films within the same batch. It is crucial for films to be
scannedhe same amount of time after exposure as the calibration film, because absolute
dose response varies significantly with the gogiosure time for Gafchromic EBT2 film (up
to 15%greater OD at two weeks after exposure) and slightly for Kodak EDR2 film (3%

greater OD atwo weeks after exposure).

1-14
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Some clinics choose to run as few as one calibration film per batch of film as long as the
absolute dose is measured by an ion chamber or calculated with-péattydU verification
program. This is a widelyyblished topic and is a decision that is generally made by the
chief physicist at each institution.

Using the generatedcal.xlIs calibration file, DoseLab Pro can convert any scanned OD film
(*-OD.tif) into units of dose valueand saveéhe result as &-dose.tiffile. If you start with a

RGB film scan and then apply DoseLBioo3 uniformity correction and film calibratiogiou

will end up with & -OD-dose.tiffile.

Dose Conversion Factor
The fidose conversiono is a factor used to
calculatedmagesFor example, by default DoseLab Pro savemse.tifimages as cGy*10,
meaning a dose conversion of 0.1 is needed to convert the TIF valuestbaxsBy. Some
TPS products save dose in Gy, meaning a dose conversion of 100 is needed to convert to
cGy. You should ask your TPS vendor which format they use for exporting images, or use
DoselLab Pr o6AnahSistoolCThaptel)toaafeemine ad/or verify the
expected values in the filémnsferred from the TPS.

MOBIUS MEDICAL SYSTEMS, LP 1-15
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Evaluating Results of Dose Comparisons

After two images arprepared for comparispPoselLab Pro does the following:

1 Quantitatively compares dose distribution with techniqueshgegedical physicists to verify
that the delivered treatment rolags the intended prescription

1 Extracts and displays line profilaad/or contoursiteractively

1 Computes absolute dose difference images, relative dose difference images;tdistance
agreemenimages, gamma index images, and normalized agreement test (&lad3 v

1 Collects and stores patient information and dose comparison data, generates histogram
summaries of these data, and exports them toilesstExcel files, ané&DFfiles for
additionalprocessing

DoseLab Pro presents the differences between the dose distributions, using several different
tools. Each tool highlights different aspects of the dose compasiganyltiple tools should be
used in evaluating the significance of clinical dog&ences.

Reference (Measured) vs. Evaluated (Calculated) Images
One image must be considered the standardimpatationsand usedo assess the
differences between two images. This standard image refdr@ncemage, and the other
image is theevaluatedmage.In DoselLab Pro, thmeasured image is always tfederence
image and thecalculated image ithe evaluaedimage. The distinction between these
images is made for each of the following:

il
T
T
il

Local percent difference
Distance to agreement (B
Gamma calculations

Normalized Agreement Test (NAT) calculations

For example, local percent difference is defined as (measwadulated)/measured.

In addition to aeferencamage areference dosis specified for all comparisons. This dose

is typically the prescription dose or maximum dose in the calculated image. The reference
dose is used in relative percent difference and gamma calculations. For example, the relative
percent difference is defined as (meastiredlculated)/reference dose.

1-16
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Absolute and Percent Differences

Absolute differencesrecomputedas (measured calculated) dose, meaning positive

differences indicate that the measured dose is higher (or hotter) than the TPS predicted, while
negative differences indicate the measwese is lower (or cooler) than the TPS predicted.
Positive differences are displayed as red (hot), and negative differences are blue (cold) in
DoselLab Pro.

Percent differences can bencputedas eithetocal percent differenc@ifference/measured
dose athat pixel) orrelative percent differend@lifference/reference dose). Local percent
differences can be very large in low dose areas, which is why relative percent differences
were established. A pixel with a measured dose of 2 cGy, calculated dos&wfahd
reference dose of 200 cGy hasl@0%local percent differencand-1%relative percent
difference

Absolute or percent difference images are most useful in regions with low dose gradients.

Dose Normalization
You can automatically calculatiee overall dose normalization when two images:

1 Have the same DPI.
1 Havethesame number of pixels.
1 Arealignedwith each other.

The total measured distribution is multiplied by the dose normalization. This separates the
absolute difference of trmomparsonfrom the relative differences in the dose distribution.

Calibrated Gafchromic EBT2 or Kodak EDR2 film should have a dose normalization
between 0.92 and 1.08 for a TPS comparison that is calculated with 5% accuracy. (Extra
margin must be added for filsetup and calibration variation.) If a comparison is not
normalized, its normalization value is set to 1.0.

| Normalization {computedimeasured) 0944\ ‘

200

180

100 I
50

+ (= 95.4% pass gamma (3%/3mm)

Normalization Window
MOBIUS MEDICAL SYSTEMS, LP 1-17
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Contour Lines
Contour line plots are similar to topographic relief maps. Contiguous lines are created to
connect areas i the same dose level.

Overlaid contour lines are generally not an optimal choice for displaying differences between
measured and calculated dose distributions, as their oversimplification can be highly
misleading. While they are useful for documentagaoirposes, other tools should be used to
determine the quality of a comparison.

Contour lineshowever canbe useful as a quick visual tool to determine if the two images
are correctly aligned.

o oo

ﬁ Figure 3: Calculated (thick solid) and measured (thin dashed) Contou

File
e |R& |0

Originally run: Feb 25, 2011

Main Hospital, Patient: Example
p ’ Calculated (thick solid) and measured (thin dashed) contours. Dose normalization: 0.944

Patient ID #: 12345

=
tn

A/P distance (cm)
=

a
M
o

175

File: Calculated.header
Machine: GenericFull #1111

Overlaid Contour Line Example
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Profiles are a simple comparison tool used to display the measuredlenidteddose along
a line. They are useful for evaluating areas with high and low dose gradients. For example,

you can view a gamma or NAT imafpescribed later in this chaptéo)identify areas that
fail the given criteria and then use profiles to determine why those areas do not agree.

RS e

File

Wain Hospital, Patient. Example

Profiles

Originally run: Feb 25, 2011
Dose ization: 0.944

Patient D £ 12345 ot image 220

Measured image

200~

Computed
Measured

File: Calculated header

10
X Distance (cm)

® Horizontal profiles
*) Vertical profies

20

v=113cm
¥ =113 pixels

Export profiles to file...

Overlaid ImagesHorizontal Profiles

Wain Hospital, Patient: Example 2

Profiles

Originally run: Mar 7, 2011
Dose: 0.940

Patient D #: 1234 Computed image 250 T

-8

Dose (cGy)

Measured image

I
Computed I
Measured

|
0 1
0 2
File: Calculated.header

Machine: Test, #:12345

s 12 " 16 1.
¥ Distance (cm)
o X=124cm
) Horizontal profles ¥ =124 pixcels
® Wartical profiles
:

Overlaid ImagesVertical Profiles
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Distance to Agreement (DTA)
The DTA concept was introduced tottee evaluate higiyradient portions of dose
comparisons. DTA is defined as the distance from a pixel in the reference (measurement)
distribution to the nearest pixel in the evaluatsdulated distribution with the same dose.
The DTA for a perfect congrison with an artificial 3 mm shift would be30mm for all
pixels.

Absolute differences are very useful for low dose gradient areas (e.g., planning target
volume, or PTV). However, for high gradient regions a shift of 1 mm can produce up to a
25% dosdlifference.

DTA images are not useful on their own, as they do not represent differencesgrathent
regions well.

E Figure 11: Distance To Agreement Image EE
File  Plot3D
NEE )
Main Hospital, Patient: Example ) ; Originalty run: Feb 25, 2011 |
Patient ID #: 12345 Distance in mm between contour lines Dus%nurmauzatlun: 0.944
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Dose and DTA Criteria

Clinics individually set acceptable deviations in percent difference and DTA calculations.
Typical values are usually 2%/2 mm, 3%/3 mm (very typical), or 5%/3 mm.

Values outside this range are saidiftl.o It is not likely that 100% of pixels pass Hee
criteria, so clinics also set a standard pass rate {&%,0f pixels must pass 3%/3 mm with
a dose normalization betwe¥nandZ to be accepted without further analy8)s.

AAPM TG119 states that it should be possible to achieve a 90% passifay @%&'3 mm
gamma calculations, but also specifies that this value may need to be adjusted based on each
clinics measurement techniques.

Setting dose, DTA, and percent pass criteria is one of the most important roles a chief
physicist has in setting ugn Intensity Modulated Radiotherapy (IMRT) or Intensity
Modulated Arc Therapy (IMAT) QA program.

Gamma Calculations

Difference images are most useful in low dose gradient,aard9DTA images are most
useful in high dose gradient areas. To addressstu®, the gamma value was created by Dr.
Dan Low to integrate relative dose differences and DTA watlr criteria. Gamma values of
1.0 or lessipas® the criteria.

The best way to illustrate gamma calculations is through a simplified example. FRaf the
vector definition, please see Dr. L&narticle listed in the References section at the end of
this chapter. For this example, we will use 3%/3 mm criteria and a reference dose of 200
cGy. A pixel of the measured image has a dose of 100 cGy. Theppaghef thecalculated
image is 90 cGy (+5% relative difference, 0 mm DTA), andlaulatedpixel 2 mm away

has a dose of 96 cGy (+2%, 2 mm). The gamma distribution is obtained by adding the
relative dose difference divided by the dose criterion in giads with the DTA divided by
the DTA criterion. To find the gamma value for one measured pixel, this number must be
computed for all surroundingplculatedpixels. The surrounding pixel with the lowest value
is set as the gamma value of the referencd.pike values for our two surroundipgels

are shown below.

— — =1.67

2 — =094

The gamma value is the lowest value found: 0.94 for these two pixels. The 0.94 value would
be assigned to the measured pixel, &stiie reference image. The measured pixel would
fipas® the gamma evaluation test because it is 1 or less.

DoselLab Pro uses the above algorithm for gamma calculaonscan settte search radius
(how far in thecalculateddistribution to search fohe lowest value) and resolution (how

MOBIUS MEDICAL SYSTEMS, LP 1-21

Versior$.0



Chapter 1: Introduction to DoseLab Pro

DoselLab Pro Manual

much to interpolate the images to look for intermediate pixels that may have lower values) in
the preferences. In general, gamma calculations are more accurate when using a large search
radius and high interpolated résioon.

To evaluate results of the gamma test in pracyiee,shouldook primarily at (1) the percent
of pixels that pass the gamma test and (2) adineensional image of values showing which
areas of the comparison failed and by how much.

Eile  Saveselected image  Plot3D

Wain Hospital, Patient: Example Originally run: May 11, 2010
Patient D #: 12345 Dose normalization: 0.944

Gamma function, using percent difference relative to 245 cGy.

Gamma image
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2D GammaValues Image

Normalized Agreement Test (NAT) Calculations
NAT values and the NAT index were created by Dr. Childress shortly after gamma
calculations were introduced. NAT values can be shown as a 2D image (like gamma values)
The NAT index is a single nuper that represents the overall quality of the comparison
(similar to the pecent of pixels passing gamma).

1 NAT values are calculated by finding which has the smaller difference: the local percent
difference relative tthedose criterion or the DTA relae tothe DTA criterion These
criteria are not combined like they are in gamma calculations. NAT values are multiplied
by the percent dose (greater of calculated or measured dose divided by the reference dose)
because local percent difference can be very large for small dosesN3ih values are
defined as the number of pixels that exceed a specified criteria, pixéisabahave a
value of 0 rather than a range from 0 to 1.0 like gamma values.

1 The NAT index is the average of all NAT values and is renormalized for the avierse
in the comparison. A NAT index of 10 means the average pixel exceeded the criteria by
10% Small NAT indices indicate a better comparison. A NAT index of O indicates all
pixels passed criteria, which is unusual due to the use of local perceendier
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Note: Youcan choose to set NAT valuettor areas outside the PTV that have less

m

easured dose than calculated (as this is not clinically relevant). This option is turned off by

default in DoselLab Pi@ preferences.

Example of NAT Value Calcuation:

Measured dose = 100 cGy, calculated dose = 94 cGy, reference dose = 200 cGy, D]
the measured pixel = 4.2 mm, acceptance criteria = 5%/3 mm. The local percent diff
is 6%, or (65)/5 = 20% over the dose criterion. The DTA is {8)23 = 406 over the DTA
criterion. The NAT value before normalizing by dose would be 20 (the lowest of the {
and the final NAT value would be 20*100/200 = 10.

NAT calculations are more sensitive than gamma calculations in low dose areas, due to their
use oflocal percent difference. Rescaling local percent difference by dose allows areas to fall

without overwhelming the comparison with large values. Thus, the NAT index is able to
account for the magnitude of each p&edeviation fromyour criteria, rather than solely the
number of pixels that passed.

DoselLab Pro can also display areas that had lower dose difference as red, lower DTA

di

fferences as blue, and areas that passed as white, because NAT values do not combine dose
and distance. fiis image is perhaps the most powerful summary of a dose comparison, but it

does require experience to interpret.

Fil

o

Marhine: Tast
Pixelinfa: (X, ¥) Intensity

e Save current image  Plot 3D
%, & &M

Main Hospital, Patient: Example 2 Originally run: Mar 7, 2011
Patient ID #: 1234 NAT image (3% / 3 mm) Dose normalization: 0.940
150

Gamma image

Absolute difference.
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Dose criteria (%)

Hide cold areas below 172 cBy
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Reset to defautt NAT image

NAT indexc: 7.0
Zero NAT percent: 85.2%
Percent passing dose criterie: 61.9%
Percent passing DTA. eriteria: 71 8%
Percent passing sther criteris: 85.2%

File: Calculated.header
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Resolving Bad Comparisons
No defined way exists to perform a root cause analysis of IMRT QA failures. Most failures
are the result of a measurement anomaly.

The first step to resolve an anomaly is generally to repeat the measurement and film
calibration with extra precaution that the film setup exactly matches the geometry of the TPS
calculation. If the relative distsution matches well, but the dose normalization value is off,

the MU selected in the Film Calibration routine may not match the MU delivered to the film.

If a problem still exists, performing individual measurements of each beam (with the film
perpendicudr to the gantry) results in useful information that will allow you to quickly
determine how many beams are failing and the likely cause of their failure. Single beam
analysis removes phantom geometry, minor differences in linear accelerator (linac)
perfomance at different angles, and the confusion of additive effects from the comparison.

IMRT/SBRT/IMAT Commissioning Tests
Proper IMRT/SBRT/IMAT commissioning will result in years of highality patient
specific QA. It is essential to thoroughly test evesynponent of dose calculation to ensure
patient doses are calculated correctly, so that your physicmeswill not be spent
continuously trying to determine causes of poor comparisons.

No defined way exists to commission a new IMRT system, but mailipidance documents
state that highiesolution results (such as film measurements) must be obtained in the initial
phase.

The most common causes of poor IMRT calculations are the following:

9 Not using film or diode scans to model your MLC penumbra

1 Creatng fieldsize dependent beam models with values that do not interpolate well for
small or rectangular fields (This applies only to Philips Pinfiaelam models.)

We recommend that you perform film and ion chamber measurements on at least 5 patient
plans ad 5 test shape plans after the TPS commissioning is validated for conventional
calculations. You should expose both composite films (e.g., a coronal film in a phantom that
measures the combined result of all beams) and at least 15 individual fieldskdviti@
penumbra modeling accuracy. Both Kodak EDR2 and Gafchormic EBT2 films can provide
1%/1 mm accuracy for singleeld measurements.

You should perform singléeld tests for IMAT commissioning even though you will use a
different beam delivery methdd test MLC penumbra and output factor calculatidie
commissioning process vasfor each site, but following these guidelines will result in
viewing results for >15 million pixels, which should give you an excellent idea of the quality
of dose calclations to expect in the future.
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Dose Comparison Clinical Criteria

Clinical criteria can be set only by a qualified medical physicist, and these aiteddferent
for different institutions. Setting criteria is best done by examining previousdoggarisons to
determine what parameter values correlate to comparisons you would find acceptable.

Clinical criteria can be set for each of the following metrics:

1 Dose normalization

1 Percent of pixels passing (gamma values)

1 NAT index

i Offset from expectefosition

1 VanDyk criteria (percent of pixels passing dose or DTA criteria)

DoselLab Pro features Practice Quality Improvement (PQI) Analytics to assist with this process.
Using PQI Analytics makes it possible to load hundreds of previous comparisons and view data
for all of these metricsfou can view dta for all dose comparisonsseparatelata by QA

phantoms, treatment sites, linacs (linear accelerators), treatment techniques, energies, and so
forth. You can recalculaténts data using different criteria in less than 10 seconds per
comparison. When outliers are identifigdu can viewthe comparison in question in Display

Mode, so you can correlate values of these metrics with visual results.

After a qualified physicist spends time deciding on clinically acceptable and clinically achievable
results for his or her institutiothe dose and distance criteria can be establiSheh
acceptable ranges can be set for any of the metrics listed above.
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Routine Machine

QA

Routine machine QA procedurpsrform analysis on an image acquired from a specific,
repeatable setup of the lma he high spatial resolution of film makes it an excellent choice to
perform routine linac QAYou can also performettain tests with higinesolution Electronic

Portal Imaging Devices (EPIDs), which provide instant readings and integration with radord a

verify systems.

Flatness and Symmetry

DoselLab Prextract horizontal and vertical profiles, calculates flathess and symmetry
values,compute coincidence between the light and radiation fiel@asureshe field size,
andcompares ttaseprofiles. Images may be obtained with film or EPID.

Converting film to dose is not typically necessay the dose calibration would be very
nearly linear in the exposure range.

File Database

A\ =) 4y
@ | R WD D

Image information

Machine: GenericFull, #1111 v
Base profiles: Example v
DPI: |72 -
SID (cm): | 100
Energy:| 6 (@MY
oy MeV

Background value: | 1859
Verttical field size (cm): | 10
Horizontal field size (cm): | 10

@ Rectangqular field (autorotation)
“) Circular field (no autorotation)

light field marks

Results (WARNING): -

Point 1 offset: 0.7 mm
Point 2 offset: 0.1 mm
Point 3 offset: 0.9 mm
Point 4 offset: 1.1 mm

m

Top / bottom flatness: 0.9% / 0.9%
Left / right flatness: 2.4% / 1.3%
Vertical symmetry: 0.8%
Horizontal symmetry: 2.3%*

Max vertical difference from base: 0.3
Max horizontal difference from base: 2.4*

Verdiral field size- 9 82 cm (Off -0 18%)
Pixelinfo: (X}, Y) Intensity

120 r

Vertical profile

100 f-------

80 f--nnoe-

Normalized flatness and symmetry image

R

101.9 101.8

Base profile

Measured profile

0

Horizontal profile

105.0 102.7

Base profile
Measured profile

4 2 0 2 4 6 8
Distance (cm)

Flatness and Symmetry interface
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MLC Strip Test

MLC strip test images are radiated by multiple thin strips produced by narrow MLC
openings. The goal is to find MLC positioning errors by determining if any of the strips are
off-centeredYou can also checké slope of each of the strips for consistemrcyaddition,
some clinics prefer to expo#ige middle strip wittprimary jaws to check for MLC skew
(based on the relative slopes of the lines) and centering. For positioning tests, very fine
spatial accuracy and high resolution images are manddMas.tests are typically

performed with EPID images, although film can also be u¢éed.do not have to convert

films to dose unless they are also used to determine MLC leakage values.

File Database

e R0

T T T

600
Slope of lines:
Line 1:-0.04°* 400

Threshold settings MLC Strip Test Image MLC Strip Test Results
Line 2: -0.04°*
Line 3:-0.03° 200

47 | % threshold
—— Analysis settings———— |
Image DPL| 150 v j ‘
Machine: GenericFul, #1111 v/ 3 ‘
Gantry angle: 0° vi |
SID (cm)| 63 Pixel size at isocenter: | ]
0.27 mm |
Tolerance (mm):| 0.4 | |
i = o ‘
Results (WARNING): R i
Total peaks found: 7290 3
Peaks that fail: 29 (0.4%)* | -
Maximum difference from fit: 0.29 mm |
Standard deviation: 0.06 mm
Distances between lines at isocenter: |
Line 1 to 2: 24.89 mm* -
800
Line 4: -0.03°

Line 2 to 3: 24.94 mm
Line 3 to 4: 24.94 mm
Line 4 to 5: 24.90 mm*
Line 5: -0.03° 0 - >
-0.2 -0.15 -0.1 -0.05 0 0.05 01 0.15 0.2
Pixelinfo: (), ) Pixel Value Differences of individual peaks from line of best fit (mm)

MLC Strip Test interface
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Winston -Lutz
WinstontLutz imagesshow aradiopaque object élheisocenter surrounded by a radiation
field, usually collimated by the beam delivery device used in the SRS/SBRT treatment (cone
or MLC). Thecenterof the object isutomaticallycompared to theenterof the radiation
field, and tte difference is the radiation field variance at that gantry, collimator, and couch
angle. If the IGRT system is used to position the radiopaque device, differences could also be
due to IGRT positioning varianc¥ou can break dowrhe positional differencmto x, vy,
and z components using multiple exposures.

DoselLab Pro finds the offset values with an approximate accuracy-thiothef a pixel, but
does not automatically combine X, y, and z components.

WinstontLutz imagesneed only spatial accuracy dose cabration is not necessariewer
models of EPIDs have high enough resolutmeapture Winstoih.utz images, anthe
WinstortLutz Analysis Tookan analyzéhemwith no user input

ESRE=

-
23 Winston-Lutz Analysis Tool

File Database
Fields

Image information

Image DRI 72 >
0° Gantry, 0° Colimator, 0° Couch 0° Gantry, 90° Collimator, 0° Couch

Machine: GenericFull #1111 -

SID (em): | 150

+0.08 mm
A=-0.27 mm

Pixel size at isocenter: 0.235 mm .
Winston-Lutz image i
Fields -]
0° Gantry, 0° Colimator, 45° Couch | A=+0.26; Total A=0.27 mm A=+0.03; Total A=0.28 mm
| 0° Gantry, 270° Colimator, 0° Couch 907 Gantry, 0° Collimator, 0° Couch
Add K
0* Gantry, 0° Colimator, 0° Couch - ‘E\ £ £
0° Gantry, 807 Colimator, 0° Couch _f E
0° Gantry, 270° Collimator, 0° Couch — [=]
90° Gantry, 0° Colimator, 0° Couch ? =
180° Gantry, 0° Colimatar, 0° Couch q I< %
270° Gantry, 0° Collimator, 0° Couch !’ s p
0° Gantry, 0° Colimator, 270° Couch A - e c
O'Guwr;,o'cmm, 31E* Couch i }‘ A=-045; Total A=0.48 mm A=+0.51; Total A=0.51 mm
180° Gantry, 0° Colimator, 0° Couch  270° Gantry, 0° Colimator, 0° Couch
—— Radiation field threshold (red) . IS IS
¥ FE(."; E E
se |o 2 =]
| | | i
<l <l

— Center object threshold {blue)}—— k* A=+0.04; Total A=0.40 mm A=-0.35; Total A=0.41 mm

an | % || Transparent object 0° Gantry, 0° Colimator, 270° Couch 07 Gantry, 0° Colimator, 315° Couch

Q1Y
“ v 1 | £ £
E E
=) 8
Results (WARNING): & =1 =
[i li
Maximum delta: -0.71 mm* - =
AZERTIDEE CxiEy O] oo A=0.58; Total A<0.58 mm  A=0.71; Total A=0.71 mm
ad Maximize...

Pixel info: (4, %) Pixel Walue

Winston-Lutz interface
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Starshot
Starshot images are takenmeasure the variance of the radiation field isocenter throughout
the ranges for the gantry, collimator, and couch rotations. Two values are useful from this

analysis:

1 The minimum diameter of the optimal circle that encompasses all spokes (radiation
exposures at different angles)

1 The offset between a fiducial on the film (usually the isocenter as marked by the room
lasers) and the center of the optimal circle

DoselLab Pro finds both the center and offset values with an approximate accuracy of one
third of a pixelby line-fitting multiple points along each spokeheseémagesneed only
spatial accuracy, so dose calibration is not necessary.

{2 DoseLab Starshot Analysis: C:Users\Stan\Dropbox\Doselableng files\Doselab beta\Examples\Single Image m@ Em—o&_ e

File Database

2 RO 0

Use 27 % threshold
ki 0 v

Machine: GenericFull #1111 -

Type: Not specified v 100

Image DPI:| 72
Pixel search length (default 10): 10

v | Compare optimal center to selected center

Process

Results (All tests pass): - 300

Distance from user-selected center to
optimum center: 0.73 mm

Diameter of circle touching all spokes
400
0.27 mm

File: "Starshot, Easy collimator-OD tif*

500

600

50 100 150 200 250 300 350 400 450 500 550

Starshot interface
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Percent Depth Dose (PDD) Films

You can place piece of film parallel to the radiatidream andhave ittightly surrounded by
slabs ofwaterequivalent materialThis creates a PDD exposure along the length of the film.

The most difficult part of this process is aligning the front edge of the film with the front
edge of the phantom (especially for films that have a jacket, like Kodak EDR2). While the
surface may be a few mm off, this exposure is significantly fastem@audly as accurate) as

setting up a water tank. It provides a good alternative to water tanks for tasks such as testing
PDD after a magnetron or klystron replacement.

To improve accuracy, DoselLab Pro averages the central values of the PDD. Spatiayaccura
is important, but high spatial resolution is not. Depending on the accuracy desired, it may be
helpful to convert the film to dose to remove the-ingarities between OD and dose.

{2 Depth Dose Film Analysi SR

Depth dose image (blue lines indicate profile area)

Mfl
Y

Machine: Test, #12345

Image DPL: 72 -

Profile width (cm):| 2

Background value:| 183

Energy:| & MY

Depth dose plot
Results: - C

Dmax = 1.17 cm
5cm=86.6%
10 cm=674%
15 cm=529%
20 cm=44.0%

Nermalized dose (%)

Pixel info: (X, ¥ Intensity

epth Dose Film interface

Depth (cm)

1-30 MOBIUS MEDICAL SYSTEMS, LP

Versior6.0



DoseLab Pro Manual

VMAT / DMLC  Analysis

Chapter 1: Introduction to DoselLab Pro

VMAT / DMLC analyss is recommended QA to validatensistentiose delivery under

varying conditions of dose output rate, gantry speed, and MLC leaf speed. Using the MLC,

multiple strips are irradiated on an EPID. DosePabnormalizes the strip exposures
relative to an opefield and computes the means and standard deviations of each strip.

Vari anos

File  Preferences  Database

@ (/R8T 0

Analysis settings

t o lthattha meareotashstepcsihotild be sonsistent within-£2%.

Image DPL:|32.4 >

S0 (cmy: | 140

Machine: | Mot Clinical, #123 =~

ROI settings

Normalize ROl results to 1.0

Dose rate and gantry speed -
MLC leaf speed

[ Edichoices.. | [ RefreshRollst |

1
o m

9

Results:

Awerage ratio before normalizing: 1.212
Mean ratio + Standard deviation

1111 MU/min: 0.993 + 0.003

2. 222 MU/min: 1.000 + 0.002

3. 332 MU/min: 1.003 + 0.002

4. 443 MU/min: 1.004 + 0.002

5. 554 MU/min: 1.004 + 0.002

6. 600 MU/min #1: 1.001 £ 0.001

7. 600 MU/min #2- 0.995 + 0.003

Pixelinfo: (X, ) Pixel Value

MLC field image divided by open field image

115

VMAT / DMLC QA interface
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MV and kV Imaging QA
MV and kV imaging QA images determine characteristics of the imaging systems integrated
with the linac.Obtain thenby exposing a specialized phantom to the imaging keeain
capturing the image witanEPID or kV imager DoseLabProcomes with common
phanbms predefined, and allows you to define custom setups for other phantoms. DoseLab
Procomputes scalindiscrepancyspatial resolution, contrast, uniformity, contrast to noise
ratio, and positioning offsets

(23 MV and kV Imaging QA

File Preferences Database

NEEY I

Image infor

Phantom: | Standard Imaging QC-kv1

Evaluated image
Machine: | GenericFull, #1111 g

DP: |65.46 v
SID (cm): | 1s0.0

Magnification (%): = 99.66

© mv

5 2
Energy 20 &

Process

Results (WARNING):

Scaling discrepancy: 0.9 mm*

Spatial resolution (50% MTF): 1.73 Ip/mm
Minimum uniformity: 99.7% (ROI 6)

Contrast (ROls 6 and 11): 7.6%

CNR (ROIs 6 and 11): 46.1

Positioning offsets (X/Y): -1.2*/-1.1 mm* _

<

1 1 I .
100 200 300 900 1000

Pixel info: (364, 300) 5.30E+4

MV and kV Imaging QA interface
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CT Imaging QA
CT imaging QA images determine characteristics o2& BCT systems integrated with
the linac.Obtain thenby exposing a specialized phantom to the CT cone beam and capturing
the image with the integrated EPID. DoselRab comes with common @mtoms predefined
and allows you to define custom setups for other phantoms. DoBebabmputes scaling
discrepancyspatial resolution, contrast, uniformity, contrast to noise ratio, HU values, and
slice width.

CT and CBCT QA interface
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