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Clinical proton Clinical proton txtx: Passive Scattering : Passive Scattering 
vs. Active Scanningvs. Active Scanning

• Fewer neutron production than with passive scattering

• More sensitive to organ motion than scattering (paints layer by layer)

• Not the same as IMPT: Scanning can be used to deliver homogenous or 
heterogeneous dose distributions. With IMPT, heterogeneous proton fields 
combine to create a homogeneous dose distribution
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Setup Uncertainty and Motion: Setup Uncertainty and Motion: 
CAUTIONCAUTION

Remember the distal edge: Small amounts of tumor motion or setup 
uncertainty can drastically change dose distribution

Unique Issues: Gold SeedsUnique Issues: Gold Seeds

Setup Uncertainty and Motion: Setup Uncertainty and Motion: 
CAUTIONCAUTION

Sharp lateral falloff requires planning for edge uncertainty

The desired dose distribution conforms tightly to the medial margin of 
the target. In practice, this is harder to achieve than one might think.

Reality Check of Moving Targets 
in Heterogeneous Media



Assuming a perfectly flat interface and uniform 
density throughout the volume, the dose distribution 
around the target is easy conformed to the correct 
depth via the Bragg peak modulation.

To conform the distal end of the distribution 
to the target, a RC is inserted.  

In the case of a moving target, one might imagine 
that margins as tight as this one would not work. Consequently the RC and beam must 

incorporate the ITV. For a 
homogeneous media, this works well.



However, if the tumor happens to be in 
lung, the dose distribution must be 
modified to account for lack of 
attenuation.

Additional dose is given beyond the tumor in the 
margin area. We have not even considered the 
oblique incidence of the skin surface. 

Additionally, you have a target that moves, and 
other variable density structures that do not –
for example the ribs shown here. The ribs must 
also have a set up margin in the RC. If for some 
reason the ribs or RC are misaligned….

Final distribution and RC



Harvard Prostate Planning StudyHarvard Prostate Planning Study
IMRT

3D protons IMPT

Harvard Prostate Planning StudyHarvard Prostate Planning Study

Novel Techniques: Novel Techniques: ““PatchPatch”” Novel Techniques: Novel Techniques: ““PatchPatch””Novel Techniques: Novel Techniques: ““PatchPatch””



Features Added for Proton PlanningFeatures Added for Proton Planning

GENERAL BEAM PLANNING TOOLS 
1) The isocenter-to-skin distance  
2) Pitch and roll fields   
3) A snout id must be selected from the snouts defined  
4) The aperture limiting circle is displayed for each snout id. 
5) A target volume must be specified for each proton beam.  
6) The default isocenter coordinates is based on the first beam  
7) The air gap from the face of aperture and the skin is specified  
8) One degrader set may be specified for the beam.  
9) Proton beams are un-weighted.  
10) Dose calculation using the smeared and unsmeared RC 
11) The “raw” calculation includes adjustment for error uncertainty  
12) A doubly smeared compensator is calculated 
13) Proton beams plans require heterogeneity correction  
14) An interface which automatically averages up to 50 CT values  
Apertures custom-milled for each proton beam from cylindrical brass  
15) Disable the following photon and electron ports functions 
16) Proton apertures cannot be used in photon or electron machine 
17) The blocked region of all proton apertures is fully attenuating  
18) Proton aperture contour coordinates are defined at isocenter or  
APERTURE DRAWING TOOLS 
19) The size of vertex cross graphical objects may be modified  
20) Any transverse slice may be highlighted in the BEV  
21) A high-resolution (0.5mm point sample spacing) continuous drawing for port entry  
22) A guide radius tool with modifiable radius must be available  
23) The 2-D contour centers of mass of a structure can be displayed  
24) The fabrication tool diameter must be specified  
25) Detect whether or not the contour points form a single closed  
26) The user must see an outline of the milled aperture tool path as calculated  
27) Re-calculate and re-display contour when the tool diameter is modified.   
28) The milled aperture tool path will replace the original tool path as the beam aperture.  
APERTURE FABRICATION  
29) Fabrication files may be created for apertures in frozen beams  
30) Create a fabrication file name. 
31) Interface to external milling machine software 
32) An alphanumeric comment for the fabrication file  
33) The fabrication margin must be specified. 
34) The user must be able to initiate or abort the fabrication process  
35) The fabrication file creation on remote system is tracked 
36) Documentation to explain the binning conventions of structures, apertures, RCs, DRRs, dose  
Range Compensators 
37) The compensator thickness is defined to cause the dose to end at the distal edge of the target.  
38) Range compensators are created for individual proton beams.  
39) One and only one range compensator may be defined for a proton beam which contains an aperture.  
40) Range compensators may be removed from beams and saved  
41) A range compensator may be deleted if it is not in any beams. 
42) The graphics area will show a RC in a BEV with an aperture,DRRs should be removed. 
43) An alphanumeric ID of up to 14 characters specified for RC 
44) An alphanumeric description of up to 24 characters may be specified for range compensators. 
RANGE COMPENSATOR GENERATION PARAMETERS 
45) The target volume for which the range compensator is generated must be specified 
46) The range compensator type: “single-sided” or double-sided 
47) The grid spacing with which the range compensator will be created must be specified 
48) The range compensator boundary margin may be specified 
49) The calculated compensator calculation grid length and width (life-sized) will be displayed 
50) The type of RC modulation “fixed” or “variable”  
51) The RC material must be specified (Physics data tables) 
52) The smearing distance must be specified 
53) The milling tool size must be specified to generate a smearing (fabrication) grid 
54) The type of RC include “calculated” and “uniform 
55) For a “uniform” thickness, a thickness must be specified  
RANGE COMPENSATOR RESULTS and CALCULATED PROTON PLANNING PARAMETERS 
56) Automatically determine maximum range and modulation  

57) The RC thicknesses and proton treatment planning parameters are calculated
57) The error parameters for range and density will be used in error calculations.
58) Isothickness lines (projections) for the range compensator will be displayed in the BEV
59) Select a point in the BEV to sample the range compensator thickness and coordinates
60) Display the raw calculated range (without uncert. ), the calculated range (with uncert.) (g/cm2)
61) The prescribed range must be specified by user and validated to machine
62) The raw , once-smeared modulation , and twice-smeared modulation will be displayed.
63) The prescribed modulation must be specified.
64) Discrete modulation will display valid modulator wheels
65) Continuous modulation machines will validate energy modulation choice
66) Range and modulation parameters for unfrozen beams may be edited at any time.
67) Range compensator generation and calculated thickness parameters are saved with the plan
68) The prescribed range and modulation are saved with the beam.
RANGE COMPENSATOR MODIFICATION
69) An option to remove a constant thickness of material over the entire area of the compensator
RANGE COMPENSATOR FABRICATION
70) Fabrication is available for RC if the beam is frozen
71) The fabrication file name is created
72) External milling software interface
73) A RC fabrication file comment of up to 78 characters
74) The fabrication margin must be specified.
75) The milling tool size will be displayed
76) The fabrication section of the program uses a fabrication grid matrix matching the milling tool
77) The user may initiate or abort the fabrication process
78) The fabrication file creation on remote system is tracked
ISOTHICKNESS DISPLAY MODIFICATION
79) The minimum and maximum RC thickness will be displayed
80) Isothickness lines and colors can be modified
Beam Utilities
81) RCs are not copied for parallel-opposing beams.
82) Aperture projections at isocenter are flipped for parallel-opposing beams
83) Apertures copied require a new id which the user must specify.
84) The status of copied proton beams is unfrozen.
85) The user must be able to see what color has been assigned to each defined proton beam.
Beam Modification
86) If the machine id changes, the aperture and range compensator must be automatically removed
87) Warn if an aperture exists and a snout is selected whose limit circle is smaller than the aperture
88) Warn if an aperture is removed from a beam and a range compensator already exists.
89) If an aperture or range compensator are defined for the beam, freeze the beam geometry
90) DRRs must be automatically recomputed  if the beam-to-patient geometry changes

91) Beam, Aperture, and Range Compensator Freezing and Modification
92) When dose has been successfully calculated for a beam, the beam is frozen
93) Beams, apertures, and RCs become non-editable once they are frozen.
94) The isocenter-to-distal aperture edge distance changes when RC calculates
95) Warn if the user attempts to edit an aperture or range compensator in use by any other beams
96) Shared aperture management – Aautomatic removal
97) Shared aperture management – Warnings
98) When an aperture is frozen, its contour is defined by physical location
99) Shared aperture management – show resultant error.
100) Shared RC management - show resultant error.
101) Shared aperture and RC management – allow create new with new name
Dose Calculation
102) The proton dose calculation requires tables of water-equivalent ratios
103) Proton dose calculations will be performed as a background processes.
104) The broad-beam proton dose algorithms will be available.

112) Stored Beams weights can be recalled
113) All beams may be turned on or off at the same time.
114) Display dose for once-smeared, unsmeared, or double-smeared RC
115) Leaving the page on which doses may be turned off  resets weights,states
Alignment DRRs
116)  “Alignment DRRs” can be created for proton beams with DRR setup parameters
117) If an alignment view is associated with the beam line BEV DRR
118) The number of rays used in the alignment DRRs are defined
119) After the alignment DRR will be calculated as a background process
120) The geometries for which alignment DRRs can be preset by machine
121) Apertures projections in DRR may be set different than BEV
122) It must be possible to plot orientations DRRs from the existing plot interface
123) An alignment DRR is contains the beam description and unique identifyers
124) As with BEV DRRs, alignment DRRs will be saved with the plan
125) A silhouette of structure outlines may be toggled on for screen or hard-copy display of

DRRs.
126) The length and width (cm) of DRRs to be created for each x-ray tube geometry may be set
Patch Beam Targets
127) Contour drawing tools and structure name assignment must be available with beams

displayed
128) Contours created in Isoplan are available in all lists and in PFM
Hard-copy Output
129) The proton beam parameters must be added to the Source Index
130) The aperture ID will be displayed under the heading for the customized port ID.
131) The RC ID will be displayed under the heading of the comp. filter ID.
132) Life-sized color hard-copy output of the isothickness display + aperture and full legend
Graphical Objects
PROTON BEAM
133) Proton beams will be assigned default colors using user-defined defaults
134) The vertical extent of the proton beam object will be equal to the nominal proton range
135) APERTURE
136) In BEVs, a dotted line may be displayed which represents the aperture limit circle
137) The existing customized port graphical display will be used to represent proton apertures.
138) Blocked portions of the beam formed by the aperture will be unshaded
139) Aperture divergence lines will be the same color as the proton beam.
140) Graphical port point locators may be toggled on and off to show the of underlying anatomy.
141) The center of mass structure marks will be the same color as the structure
142) The center of mass structure marks may be toggled on and off.
143) The color of the tool path object will be yellow.
RANGE COMPENSATOR
144) A range compensator graphics object will be displayed similar to compensating filters
145) Compensator graphical object shading must be disabled in the BEV and MPV.
146) RANGE COMPENSATOR CALCULATION and FABRICATION GRIDS
147) The range compensator fabrication grid matrix will consist of single yellow pixels.
148) The range compensator calculation grid matrix will consist of single red pixels.
149) The range compensator fabrication grid a “packed grid” (staggered centers) is displayed
150) The range compensator calculation grid a rectilinear grid (centers form squares)is displayed
ISOTHICKNESS LINES
151) The aperture outline (unshaded) will always be displayed on isothickness displays.
152) Isothickness lines will have a line thickness which is twice the normal line thickness.
153) The isothickness line display must contain a legend
154) The isothickness line display must be labeled as smeared, unsmeared, or double-smeared RC
155) The prescribed range and modulation must be displayed on isothickness line displays.
156) Isothickness lines may be toggled on and off. (Must be viewable during aperture drawing.)
157) The patient orientation icon on DRR hard copy must be computed
158) FIDUCIAL SCALES
159) Fiducial scales are defined at isocenter.
PATIENT CONTOUR ENTRY
160) Graphical contour point locators may be toggled on and off to show the underlying anatomy.
MEASURED BRAGG PEAK DISTRIBUTION
161) The measured Bragg peak distribution may be displayed in SFM.
162) ISODOSE LINES
163) The thickness of lines on the screen can be adjusted to enable conference room viewing.

A snout id must be selected
from the snouts defined

The air gap from the face of 
aperture to the skin is specified

The prescribed range specified 
by user and validated to machine

The fabrication tool 
diameter must be specified

Sample & Average CT Values

“Alignment DRRs” can be created for
beams with DRR setup parameters

Patch Beam Targets
Structure drawing tools must 

be available with beams displayed

Isothickness line display of smeared, 
unsmeared, or double-smeared RC
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Proton Beam TransportProton Beam Transport
Vacuum tubes to guide beam to its destinationVacuum tubes to guide beam to its destination
Maintains beam energy homogeneity and focusingMaintains beam energy homogeneity and focusing

Proton GantryProton Gantry

Isocentric gantry Isocentric gantry 
with better than 1 with better than 1 
mm isocenter mm isocenter 
radiusradius
100 ton weight100 ton weight
Rotation speed Rotation speed 
up to 1 RPMup to 1 RPM

Rapid US expansion of Proton CentersRapid US expansion of Proton Centers Debate of Clinical TrialsDebate of Clinical Trials
Proton Therapy in Clinical Practice: Current 

Clinical Evidence (M. Brada, JOURNAL OF CLINICAL 
ONCOLOGY, 2007)

As is the case for any innovative technology, proton 
therapy requires considerable expertise, effort, and 
investment, and the introduction into clinical practice 
is initially without grade 1 and high-level grade 2 
evidence.

Before rolling out proton therapy into daily practice, it is it is 
necessary to establish its real additional value. This necessary to establish its real additional value. This 
requires wellrequires well--designed phase II trials and adequately designed phase II trials and adequately 
powered phase III trials to provide objective powered phase III trials to provide objective 
information on the efficacy and toxicity compared with information on the efficacy and toxicity compared with 
best conventional therapy.best conventional therapy.



Debate of Clinical TrialsDebate of Clinical Trials
Proton Therapy in Clinical Practice: Current 

Clinical Evidence
The promising sites where  protons may offer the promising sites where  protons may offer the 

potential advantage of more localized treatment are potential advantage of more localized treatment are 
similar to the tumor sites where IMRT is being similar to the tumor sites where IMRT is being 
exploredexplored.

However, prospective outcome data from appropriately prospective outcome data from appropriately 
designed studies in children should be available before designed studies in children should be available before 
protons become an accepted alternative to protons become an accepted alternative to 
conventional therapy in pediatric tumorsconventional therapy in pediatric tumors.

An uncontrolled expansion of clinical units offering as 
yet unproven and expensive proton therapy is unlikely 
to advance the field of radiation oncology or be of 
benefit to cancer patients.

Debate of Clinical TrialsDebate of Clinical Trials
Should positive phase III clinical trial data be required Should positive phase III clinical trial data be required 

before proton beam therapy is more widely adopted? before proton beam therapy is more widely adopted? 
NoNo

Herman Suit et al.

Massachusetts General Hospital, 
Midwest Proton Radiotherapy Institute

Radiotherapy and Oncology (2008)

Debate of Clinical TrialsDebate of Clinical Trials
Should positive phase III clinical trial data be required before

proton beam therapy is more widely adopted? No
Our assessment is that there is no medical rationale for no medical rationale for 

clinical trials of protonsclinical trials of protons as they deliver lower biologically 
effective doses to non-target tissue than do photons for a 
specified dose and dose distribution to the target. 

Were proton therapy less expensive than X-ray therapy, there 
would be no interest in conducting phase III trails. The 
talent, effort and funds required to conduct phase III talent, effort and funds required to conduct phase III 
clinical trials of protons vs. photons would surely be clinical trials of protons vs. photons would surely be 
more productivemore productive in the advancement of radiation oncology 
if employed to investigate real problems, e.g. the most 
effective total dose, dose fractionation, definition of CTV 
and GTV, means for reduction of PTV and the gains and 
risks of combined modality therapy.

Debate of Clinical TrialsDebate of Clinical Trials
Should Randomized Clinical Trials Be Required for Should Randomized Clinical Trials Be Required for 

Proton Radiotherapy? (Proton Radiotherapy? (GoiteinGoitein and Cox, and Cox, JOURNAL OF 
CLINICAL ONCOLOGY, 2008)

In our lives, we have lived to see almost identical 
arguments made regarding new technologies, 
including the introduction of cobalt-60 teletherapy, 
use of treatment simulators, the use of high-energy 
accelerators, the use of computed tomography, and 
so forth. 

We look back now on those arguments and We look back now on those arguments and 
wonder at the poor judgment that was wonder at the poor judgment that was 
evidenced then, and feel sure that history will evidenced then, and feel sure that history will 
judge the current controversy the same.judge the current controversy the same.



Debate of Clinical TrialsDebate of Clinical Trials

Cancer Fight Goes Nuclear, With Heavy Price Tag 

By By ANDREW POLLACKANDREW POLLACK
Published: December 26, 2007Published: December 26, 2007

Debate of Clinical TrialsDebate of Clinical Trials

“If they built one across the street I wouldn’t worry about 
it,” said James D. Cox, chief of radiation oncology at the M. D. 
Anderson Cancer Center in Houston, which opened a $125 
million proton center last year. 

By By ANDREW POLLACKANDREW POLLACK
Published: December 26, 2007Published: December 26, 2007

Proponents say that more than 800,000 Americans —
representing nearly two-thirds of new cancer cases — undergo 
radiation therapy each year. If only 250,000 of them could 
benefit from protons, they would fill more than 100 centers. 

“There are no solid clinical data that protons are betterThere are no solid clinical data that protons are better,” said 
Dr. Theodore S. LawrenceTheodore S. Lawrence, the chairman of radiation oncology at 
the University of Michigan. “If you are going to spend a lot more 
money, you want to make sure the patient can detect an 
improvement, not just a theoretical improvement.”

Debate of Clinical TrialsDebate of Clinical Trials
Whether or not you agree that Clinical Trials are 
Necessary for Protons, consider what Clinical Trials 
would bring to the community;
• Standardization of Prescriptions/Limits

• RBE Question: Is it 1.10, 1.20, or 1.00 
• PTV Prescriptions
• Margin (Distal, Proximal and PTV-aperture)
• OAR margins and Tolerances (RBE)

• Quality Assurance
• RPC Involvement for Dosimetry
• Plan Validation (Rx, Margins)
• Field Verification Methods

• Quality of Life Issues

The Eric Hall dilemmaThe Eric Hall dilemma
Intensity-
modulated 
radiation 
therapy, 
protons, 
and the 
risk of 
second 
cancers.
IJORBP 
2006 May 
1;65(1):1-7  



The Eric Hall dilemmaThe Eric Hall dilemma
Dr. HallDr. Hall’’s Fig. 10 (s Fig. 10 (11) is ) is 

incorrect by a factor incorrect by a factor 
≥≥9 to the detriment of 9 to the detriment of 
scattered vs. scanned scattered vs. scanned 
protons.protons.
The correct factor, the The correct factor, the 
quality factor ratio is at most quality factor ratio is at most 
0.9, rather than 3.5, 0.9, rather than 3.5, 
The estimation of # of The estimation of # of 
protons was high by a factor protons was high by a factor 
of 2.5, etc.)  of 2.5, etc.)  p.qp.q. FS used. FS used

Gottschalk BGottschalk B. . 
Int J Int J RadiatRadiat OncolOncol BiolBiol Phys.Phys. 2006 Dec 2006 Dec 

1;66(5):1594 1;66(5):1594 

The Eric Hall dilemmaThe Eric Hall dilemma
INCORRECTINCORRECT

Experimental data on Experimental data on 
scattered p+ show scattered p+ show 
neutron doses 2 orders of neutron doses 2 orders of 
magnitude lower than magnitude lower than 
shown, i.e., < photonsshown, i.e., < photons
The volume of nonThe volume of non--target target 
tissue treated at or above tissue treated at or above 
30% of the prescribed 30% of the prescribed 
dose is generally reduced dose is generally reduced 
by more than a factor of 2 by more than a factor of 2 
with protons, compared with protons, compared 
to IMRT.)to IMRT.)

H. H. PaganettiPaganetti, T. Bortfeld, T. Delaney , T. Bortfeld, T. Delaney 
IJORBP,IJORBP, Volume 66,Volume 66, Issue 5,Issue 5, Pages Pages 

15941594--15951595

Swiss 2Swiss 2ndnd Cancer study: ResultsCancer study: Results
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