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Table 10 The Clinical Treatment Planning Process?”

1. Patient Positioning and Immobilization

« Establish patient reference marks/patient coordinate system.

2. Image Acquisition and Input

* Acquire and input CT, MR, and other imaging information into the planning system.

3. Anatomy Definition

« Define and display contours and surfaces for normal and critical structures.

» Geometrically register all input datéal CT, MR, including registration with initial simulation contours, films, patient position, etc.

« Define target contours, generate 3-D target surface using surface expansion, import target information from multiple imaging modalities.

» Generate electron density representation from CT or from assigned bulk density information.

4. Beam/Source Technique
 Determine beam or source arrangements.
» Generate beam’s-eye-view displays.
« Design field shapél blocks, MLC[1
» Determine beam modifiers O compensators, wedges!
» Determine beam or source weighting.
5. Dose Calculations

« Select dose calculation algorithm and methodology, calculation grid and window, etc.

 Perform dose calculations.
* Set relative and absolute dose normalizations.
« Input the dose prescription.
6. Plan Evaluation
» Generate 2-D and 3-D dose displays.
 Perform visual comparisons.
* Use DVH analysis.
* Calculate NTCP/TCP values, and analyze.
» Use automated optimization tools.
7. Plan Implementation

« Aligil registerthe real patient with the plafl often performed at a plan verification simulationl

* Calculate Monitor Units or implant duration.
» Generate hardcopy output.
« Transfer plan into record and verify system.
« Transfer plan to treatment machine.

8. Plan Review

« Perform overall review of all aspects of plan before implementation.
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Table 20 Anatomical Tests?”

Topic

Tests

Structure attributes

Relative electron density definition

Display characteristics
Auto-segmentation parameters
Structure created from contours

Verify typé&l e.g., external surface, internal structure, inhomogeneityCand capabilities
that are dependent on that type.

Verify that correct definition for relative electron density] r.e. density[is used:

0 Assigned bulk density which sets specified r.e. density everywhere inside structure.

0 R.e. densities derived from CT number

Check color, type of rendering, and type of contours to be drawn when displaying structure.
Check parameters for autocontouring and other types of autostructure definition for each structure.
Resolve issues such as:

0 Can non-axial contours be used?

0 Is number of contour points limited?

0 What is the response to sharp corners in contours?

0 What happens with missing contours?

0 Is regular spacing required between contours?

0 Does algorithm handle bifurcated structures?

Structure constructed Resolve issues such as:
by expansion or contraction

from another structure

0 What are the limits of the expansion algorithm?

0 2-D or 3-D expansion? If 3-D, verification must be performed in 3-D. If 2-D,
3-D implications should be understood.

0 Verify algorithm with complex surfaces O e.g., sharp point, square corners, convexities, etc.(]

0 Check bookkeeping issues [ e.g., is expansion updated upon change of source structure?(l

0 Test should include same tests as for creation of

Structure constructed from
non-axial contours

“Capping”0 how end of
structure is based on contours]

structures from axial contours but should be performed separately for all contour orientations.

0 Verify bookkeeping for source of structure definition.

0 Verify that all methods of capping are performed correctly and 3-D implications are understood.
0 Document default capping for different structures.

0 Establish clinical protocols for each 3-D anatomical structure.

Structure definition

0 Verify basic surface generation functionality using simple contours.

0 Run test casél s[for situations in which the exact formulation of the surface mesh

has been calculated by hand.

0 Verify surface generation functionality for extreme case$l e.g., sharply pointed contours,
unclosed contoursl Tests will depend on algorithm.
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Table 30 Contour Tests?"”

Topic

Tests

Manual contour acquisition

Digitization process
0 hardware & softwarel]

Contouring on 2-D images

0 Define standard procedures for contour acquisition.

[ Check and document separation and SSDs to AP and lateral reference points for check of
integrity of digitization.

0 Check laser alignment marks.

0 Digitize standard contours weekly or use other process-related checks to check geometric accuracy.

0 Verify the geometric accuracy of the digitizer over the entire surface of the digitizer.

Verify:
0 The accuracy of the contour display with respect to the image display.

0 The 3-D location of the contour in the coordinate systenfi) sCin which the planning system
calculates dose.

0 The response of the contouring algorithm to extreme situations
O e.g., too many points entered, looped contour, .1 distinct closed contours created[1

0 The identification of each contour and its associated 3-D structure.

Tests may include:

0 Contouring structures on a scanned phantom and comparing contours to the known dimensions
of the phantom’ s structures.

0 Contouring structures on a grayscale phantom constructed in software.
This eliminates any image acquisition and pixel averaging errors.

0 A subset of tests should be performed for each type of image, and for each slice orientation
0 sagittal, coronal, axial, oblique[], since the contouring features and/or use of the contours
may not be independent of these parameters.

Autotracking contours

0 Verify proper response of the tracking algorithm for various situations

O e.g., different grayscale gradients, different image types, markers, contrast, image artifacts(1

0 Tests may involve scanned phantoms or simulated grayscale phantoms as described above.
Partial volume effects probably are most easily sorted out using images which model the effects
of slice thickness changes on the grayscale values.

Bifurcated structures Resolve issues such as:

0 Can the system maintain more than one contour per slice for a particular structure?
0 Does it form the 3-D structure correctly? Check 3-D surfaces visually and check DVHs.

Contours on projection
image$§] DRRs, BEVs[]

in full 3-D displays.

0 Check that points defined on projection images define lines through the 3-D data.
0 Check that contours drawn on projection images are projected correctly when viewed

0 Check intersection of such contours with various axial, sagittal, and coronal slices.

Contours on CT scannograms

Extracting contours
from surface

Same tests as for projection images.

Determine the general limitations and functionality of the implementation:
0 Can contours be cut onto a slice of arbitrary orientation?

0 Are enough points used to accurately define the contour?

0 Does an extracted contour overwrite the original drawn contour?

0 What happens for complex structures which result in multiple independent contours

on a single slice?
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Table 400 Beam Parameters?”

Beam Description

0 machine

0 modality

0 energy

Beam Geometry

0 isocenter location and table position

0 gantry angle

0 table angle

0 collimator angle

Field Definition

[ source-collimator distance

[ source-tray distance

0 source-MLC distance

0 collimator setting&! symmetric or asymmetric(]
0 aperture definition, block shape, MLC settings
0 electron applicators

0 skin collimation

Wedges

0 name

0 typé&l physical, dynamic, autol]

0 angle

[ field size limitations

0 orientations

0 accessory limitation§] blocks, MLC, etc.O
Beam Modifiers

0 photon compensators

0 photon and/or electron bolus

0 various types of intensity modulation
Normalizations

0 beam weight or dose at beam normalization point
0 plan normalization

=" Dowmatric @&

EBPOD W Differencs (¥

DHtrbutian

Fig. 1 Dose distributions and profiles at 4MV in the 10 cmx10 cm field for two effective collimator
distance&l 27 cm and 50 cm[bf RTPs. RTPs is FOCUSI 3D treatment planning systems(]
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Table 50 DVH Tests?”

Topic Tests

Volume region of interest
0 VROIDdentification

Structure identification

Test creation of the voxel VROI description used to create DVHs against structure description.

Test Boolean combinations of object§] VROI and DVH of Normal Tissue-Target(]

and how voxels which belong to multiple structures are handled.

Voxel dose interpolation
Structure volume

Verify accuracy of dose interpolated into each voxel.
Test accuracy of volume determination with irregularly shaped objects, since regular shapes

O particularly rectangular objectsitan be subject to numerous grid-based artifacts.

Histogram bins and limits

DVH calculation

DVH types displayed correctly.

DVH plotting and output
Plan and DVH normalization
Dose and VROI grid effects

Use of DVHs from
different cases

Verify that appropriate histogram bins and limits are used.
Test DVH calculation algorithm with known dose distributions.

Verify that standard] direct(], differential, and cumulative histograms67 are all calculated and

Test DVH plotting and output using known dose distributions.
Verify relationship of plan normalizationl dose[values to DVH results.

Review and understand relationship of dose and VROI grids.

Test correct use of DVHs from different cases with different DVH bin sizes, dose grids, etc.

Table 600 Data Transfer Issues?”

Plan information transfer by hand into a paper chart or record/verify system is prone to significant transcription error rates.

Blocks and compensators are made using information from the planning system. The physical blocks and compensators should be verified
for correct size, shape, and placement in the treatment field. Verification should be performed for simple and complex shapes of modifiers

associated with orthogonal and oblique fields.

MLC shape information is often transferred tal or from[the treatment machine from the planning system. This is clearly a critical quality

assurance issue, and must be carefully verified and routinely checked.

Several QA considerations for automatic transfer of the complete set of plan information from the RTP system to the treatment machine
or to its record/verify system have been discussed in detail in recent papers on a Computer-Controlled Radiotherapy System.
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Table 70 Data Comparison Methods?"

Comparison

Reasons

1-D line comparisons

FDD and TPR tables of differences

2-D isodose lines

Colorwash dose displays

Dose difference displays

DVH analysis

Distance maps

Comparison of depth doses and beam profiles provides a basic check related directly
to the measured data.

Tables of the differences between calculated and measured FDD fractional depth doseld
or TPRI tissue phantom ratiollvalues as a function of field size and depth are useful

for analyzing overall data agreement. Statistics calculated using the difference

table are also useful.

In addition to isodose curves overlaid on axial planes, overlays on sagittal and coronal
planes and 3-D axonometric displays are useful for 3-D dose comparisons.

Colorwash display can aid in visualizing dose differences between calculations and
measurements. Some systems allow interactive colorwash display of dose ranges
on planar or axonometric displays.

Graphical display of dose difference distributions in 1, 2, or 3 dimensions, generated
by subtracting measured and calculated dose distributions, can be useful
for highlighting small differences in the distributions.

Results of the dose comparison throughout the 3-D volume of interest can be summarized
by making a histograni! DVH in 3-D[of the dose difference distribution.

A distance map showing the distance between particular isodose lines in the measured

and calculated distributions is particularly useful in high gradient regions.
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Table 8 Suggested Format for Acceptability Criteria for External Beam Dose Calculations, with Example Criteria®l The cri-
teria shown are based on the collective expectations of the members of the task group and are not to be used as
goals or requirements for any particular situation.?"

Abs. Dose Central Inner Outer Buildup
. Penumbra ;
@normpt Axis Beam 0 nmiO Beam Region
Situation 0oo~ ooo ooo ooo ooo
Homogeoeous phantomg] 05 1 15 2 2 20
Square fields
Rectangular fields 0.5 15 2 2 2 20
Asymmetric fields 1 2 3 2 3 20
Blocked fields 1 2 3 2 5 50
MLC-shaped fields 1 2 3 3 5 20
Wedged fields 2 2 5 3 5 50
External surface variations 0.5 1 3 2 5 20
SSD variations 1 1 1.5 2 2 40
Fkke
Inhomogeneous ohantoms : 3 3 5 5 5 _
Slab inhomogeneities
3-D inhomogeneities 5 5 7 7 7 -

*Percentages are quoted as a percent of the central ray normalization dose. The criteria shown as examples in the table are based on the collective

expectations of the members of the task group and are not to be used as goals or requirements for any particular situation.

**Absolute dose values for the dose at the beam normalization point are relative to a standard beam calibration point. They do not include all the

uncertainties associated with determining the absolute dose under standard calibration conditions.

***Excluding regions of electronic disequilibrium.
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Fig. 4 Dose distributions, profiles and differences at 4 MV in the 10 cmx10 cm wedge field of RTPs
and WPS. RTPs is FOCUSI 3D treatment planning systemsl] WPS is Scanditronix RFA plus.
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Table 10 Physical characteristics of Farmer-type cylindrical chambers.

0000 wall 00 Buildup cap Cavity dimensions Central
Chamber type Thickness Thickness Length Diameter electrode
Material Ogcm™0 Material Ogcm™20 0 mmO 0 mm0O material
PTW 30001 PMMA 0.045 PMMA 0.541 23.0 6.1 1 mm Al
NE 2571 Graphite 0.065 Delrin 0.551 24.0 6.3 1 mm Al
Capintec PR-06C C-552 0.050 Polystyrene 0.537 22.3 6.4 1 mm C-552
Exradin A12 C-552 0.088 C-552 0.493 24.2 6.2 1 mm C-552
[ 0.93
1.00 F tﬁ .
\‘\% 0.92 f—=x—|
099 | S RS S
b \ 9 091 PT—~—, ) l\\ —
0.98 - - - N o x \\:\\Q%
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< o097 | S - —
B Q S o089 f ke
0.96 [ —— PTW 30001(PMMA) \ F ——PTW 30001(PMMA, Al)
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0.94'....1..,..........1....1.. P 0.86:“"1""J""J"“ .J....
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Fig. 1 The beam quality conversion factor, ko, as a func-
tion of TPRzl?) for Farmer-type cylindrical chambers.
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Fig. 2 The beam quality conversion factor, ko, as a func-
tion of Rso for Farmer-type cylindrical chambers.
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Fig. 3 The beam quality conversion factor, ko, as a func-
tion of Rso for plane-parallel chambers.
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Table 2 The beam quality factor, TPRzl?, and the beam quality conversion factor, ko of Farmer-type cylindrical
chambers for ¢°Co, 4, 6, 10, and 18 MV photons.

Photon ooooo kg
beam TPRy 10 Water sleeve PTW 30001 NE 2571 PR-06C Al2
®Co 0.578 o-o 1.0000 1.0000 1.0000 1.0000
1 mm PMMA 1.0000 1.0000 1.0000 1.0000
4 MV 0.623 o-o 0.9962 0.9993 0.9965 1.0011
1 mm PMMA 0.9965 0.9997 0.9963 1.0015
6 0.669 o-d 0.9917 0.9965 0.9976 0.9991
1 mm PMMA 0.9916 0.9963 0.9975 0.9990
10 0.738 o-0 0.9796 0.9855 0.9852 0.9875
1 mm PMMA 0.9799 0.9861 0.9856 0.9879
18 0.779 o-o 0.9682 0.9745 0.9725 0.9753
1 mm PMMA 0.9687 0.9753 0.9732 0.9759

Table 3 Comparison in absorbed-dose to water between the JARP-86 and JARP-01 protocols for photon beams.

Chamber type Water sleeve co 4 MV 6 MV 10 MV 18 MV
PTW 30001 0-0 1.004 1.004 0.999 0.996 0.997
1 mm PMMA 1.005 1.005 1.000 0.997 0.998
NE 2571 0-0o 1.008 1.009 1.004 1.003 1.003
1 mm PMMA 1.008 1.010 1.005 1.004 1.005
Capintec PR-06C 0-0 1.005 1.006 1.000 0.996 0.996
1 mm PMMA 1.006 1.007 1.001 0.997 0.998
Exradin A12 0o-0 1.008 1.009 1.003 0.999 0.999
1 mm PMMA 1.009 1.010 1.003 1.000 1.000

Table 4 The electron beam parameters including dmax, dc, Rso, Water-to-air stopping power ratios at dnax for the
JARP-86 protocol and water-to-air stopping power ratios at dnax and d. for the JARP-01 protocol.

Electron o d, Rso 0 Liptdd I (O Uptha [0 L/pthd 03
beam O cmO O cmO O cmO JARP-86 JARP-01 JARP-01
6 MeV 1.20 1.24 2.23 1.083 1.0730 1.0768
9 2.00 1.98 3.47 1.065 1.0591 1.0593
12 2.56 2.74 4.74 1.045 1.0422 1.0459
16 2.82 3.77 6.45 1.012 1.0159 1.0316
20 1.68 4.63 7.88 0.978 0.9816 1.0219

Table 5 Comparison in absorbed-dose to water at dnax between
the JARP-86 and the JARP-01 protocols for electron

beams.
Chamber type 12 MeV 16 MeV 20 MeV
PTW 30001 1.014 1.023 1.019
NE 2571 1.023 1.031 1.027
Capintec PR-06C 1.013 1.022 1.018
Exradin A12 1.014 1.023 1.020
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Table 6 Comparison of Puai correction factors for plane-parallel chambers in a

60Co beam.

Chamber type

gooad Pwal\DSOCD

JARP-017 TG-51 Ding et al.P Ding et al.?
NACP 1.024 1.018 1.028 1.031
PTW/Markus 1.009 0.997 1.021 1.016
PTW/Roos 1.010 1.003

2The values are obtained from IAEA TRS-398] Ref. 2[1

PReference 16.
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