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MY EXPERIENCE: 30 YEARS WORKING WITH PROTONS

15t IBA site to deploy PBS; 3 yrs @ 100x 4pm-7am development/commissioning shifts/yr to 15t TX
Another 3 yrs of refinement and recommissioning to 2" patient (DS+PBS) and another 2 yrs to PBS only




Consideration of a 2"d Proton Delivery System: Compact PBS Solution
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Consideration of a 2"d Proton Delivery System: Compact Solution
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2"d Proton Delivery System: Compact Solution (no vendor selected)




SEQUENCE FOR OUR NEW PROTON FACILITY




MGH PROTOM RADIANCE 330 OVERVIEW
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SEQUENCE FOR OUR NEW PROTON FACILITY

Lots and lots of planning, committees at every stage of the process...




PROTOM SYNCHROTRON SYSTEM: RADIANCE 330
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PROTOM SYNCHROTRON SYSTEM: RADIANCE 330

Figure 2: Shielding recommendations section at gantry for L1, L2




PROTOM SYNCHROTRON SYSTEM: RADIANCE 330

PPS Specifications

sag correction

Customized, indexed patient couch YES (can be removed within 3 min)

carrier/transfer plate “The Patient Positioning Subsystem shall be able to accept current
commercially available proton therapy Couches (such as Q-Fix,
Civco or Elekta). This requirement can be met by having the ability
to dock different transfer plates (couch tops) to the carrier plate of

medPhoton’s CBCT solution. *

Haptic controller An option, still to be investigated
Unload in the case of power failure UPS power




PROTOM SYNCHROTRON SYSTEM: RADIANCE 330




PRE-ACCEPTANCE

Diagram 4: Treatment delivery (all loops marked in red are treated as new)
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TREATMENT RELATED WORKFLOW

Getober 27 2015 to November 2 2019
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ACCEPTANCE

5/2018 — 5/2019 11/2019

Equipment-building interface
Gantry

Patient positioning system

Imaging (2D and CBCT)

Dose delivery

Lasers

Integration

Mock treatments

Safety

Monthly power test, power failure, chilled water failure, HVAC failure

Mechanical isocenter, range of motion, accuracy, speed

Mechanical isocenter, range of motion, sag, backlash, vibrations, accuracy, speed, buzzer

Limits, imaging dose, image quality, HVL, kVp, timer, scaling, FOV, registration and geometric accuracy, imaging and reconstruction time

Proton range: min to max, accuracy, reproducibility, and energy spread

Pencil beam: position, lateral spread, scanned distance, Gp

Nozzle: SAD, range shifters

Beam level: delivery time, field size, dose uniformity, gantry dependence, linearity, dose distribution

Functionality and alignment

Origin alignment, treatment time, gating, test with MGH workflow and OIS, machine modes, hand pendant, log files, overhead displays, start-up time,
continuations and other non-ideal conditions

Superior cranial, H&N, Thoracic, Abdominal small, Abdominal large, CSI, orientation (patient, gantry, couch, imaging, CT ref, beam coordinates)

Shielding, nozzle leakage, door interlock, search zones, E-stop, warning lights, audible beam-on warning, collision mitigation



ACCEPTANCE
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Prioritize procedures, answer questions about the measurement setup, sign forms, be familiar with the analysis framework, help to analyze data in real time, must be AER certified

Be a second set of eyes to check the results. Check on the shift from time to time. Discuss issues coming up in real time with the shift lead. Be at MGH and on call.

Must be familiar with the measurement devices, set up detectors, acquire data and analyze data in real time

Actual shifts were intermittent and averaged closer to 1.5 per day
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COMMISSIONING, VALIDATION & TREATMENT PREP

6/2019 12/2019 — 2/2020




COMMISSIONING

Safety Checks
Radiation safety ...
Patient positioning system

Alignment of axes
Beam to imaging origin alignment .
2D X-ray SYSLRIM «ociiiiiiei ittt

Scanning magnet calibration

Source to axis distance

In-air sigma

Pristine peak measurement — Bragg peak chamber
SOBP measurements

Astroid Range vs. Measured Rang

Output calibration

Entrance dose

Monitor chamber linearity and gantry angle dependence..
Field size

Pauses and continuations (“MUd”)
Other mock and integration tests .........cccveevvieevnieiiiicneennen.
Limitations
Uncertainty estimate




COMMISSIONING

Dose (GyRBE)
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COMMISSIONING

Interlocks

Position

Sigma

Spot Gp
Cumulative Gp
Energy

+1.5mm

+15%

+(1.0% + 0.003 Gp)

+(1.0% + 0.003 Gp)

+ (.25 MeV, not an explicit nozzle interlock but rather beam
will not extract correctly and trigger other nozzle interlocks

MU chamber linearity and gantry dependence

+ 1%

Gantry angle uncertainty

+0.5°

Couch rotation movement accuracy

+0.156°

Couch translation movement accuracy

+0.5mm

Gantry isocenter uncertainty (using couch
PPCA position correction)

1.2 mm diameter

Couch isocentricity uncertainty

1.3 mm diameter

Beam to imaging isocenter alignment
uncertainty

+2 mm

Absolute dose

+ 2% except for the entrance region = 15 mm

Sigma

Oto +21%

Range in room temperature water

+1 mm

Position registration of soft tissue

+1to1.5mm

kVue extension thickness

+ 0.3 mm H20

medPhoton carrier plate thickness

+0.5 to +1 mm (measurement is larger than CT)

Qfix2 couch thickness

Consistent with uncertainties in department boards

Range shifter thickness

+1%

Uncertainties due to relative stopping power, inter-
fraction motion, patient movement between registration
and treatment, and patient weight loss during treatment
are independent of the Lunder Proton machine but
these uncertainties should be considered when making

treatment margins




COMMISSIONING
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VALIDATION




QA EQUIPMENT

The Exradin AT has the same internal dimensions and
collecting volume as the A1SL, yet the larger diameter

is ideal for use in solid phantoms. This chamber is
characterized in TG-51 and TRS-398.
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QA EQUIPMENT

Bragg Peak® Chamber
Type 34070

Type 34080

Waterproof plane-parallel chamber for
dosimetry in proton beams

Bragg Peak® 150
Type 34089

Very large area plane-parallel chamber
for dosimetry in proton beams

\4aterials and measures

Frtrance wendow

tal windew area density 465 merm
Water-equivalent 465 mm
raddius 735

volume depth 2 mm

Technical spe

12 0m el¢

otrode diameters 22

4 cm electrode diametor

o for Z6bra

'0'5‘?'!,'9‘

Technical specs

Application: measurement of depth dose distribution in panicle therapy
Positioning: nozzle maunt (holder aptional) or patient table
Range accuracy: + 0.5 mm

Measuring quantity: pristine and spread-out Bragg peak (SOBP]
Energy range: 33 cm WET

Dosa rate range: 0.5 Gy/min to 16 Gy/min

‘signal to noise ratio: max, 0.2 % with 1 cBy integrated dose
Dose linearity: max. 0.5 % from 10 cGy up 1o & By integral dose
max. 1% from 0.5 Gy/min up to 15 Gy/min dose rate

Collecting electrode: 2.5 cm in diameter

‘Spatial resalution: 2 mm detector spacing [native resclution]
Chamber type: vented lonization chambers

Typical sensitivity: 1476 nC/By

ATERA ASIC: ins 64 independent
Channels: 180
Charge resolution: 0.1 ptcount
Sampling time: min. 10 ms

Readout: parallel and synchronous with no dead time

= Weight: approx. 10 kg

= Dimensions: 43.9 cm [L) x 186 cm [H] x 175 cm [W]

= Power supply: 100-240 V, 50/B0 Hz, power cord with US or Berman pawer plug
included

= Interface to PC: point to point o network Ethemet cannection

Technical Information
MatriXX PT and MatriXX ONE

= 1020 air-vented ionization chambers

m Automated k[t, p] correction of the chamber signal
= Lightweight 10 kg

= 20 ms read-out time without dead time

= Active area of 24.4 x 24.4 cm?

= Pixel spacing 7.6 mm
MatriXX PT

= |deal for Cyclotron PBS beams
= Chamber volume: 32 mm?

= Electrode gap: 2 mm
MatriXX ONE

= |deal for high intensity Synchro-Cyclotron systems
= Chamber volume: 16 mm?

= Electrode gap: 1 mm

Tahen

[ e

A




QA EQUIPMENT

Specifications: Technical specs

Accuracy:
XYZ Beam Center: 0.3 mm (hi-res) m Scintillation screen thickness: 0.4 mm m Dimensions: 360 x 370 x 600 mm
Repeatability: +0.03 mm (typical) = Energy range: 60Co at 25 MV in photons /4 to 25 MeV in electrons/ 230 MeV = Weight: 11 kg

Vector Theta/Phi: 0.3 degree (hi-res) Protons

. . Auxiliaries
Repeatability: £0.1 degree (typical) Active surface area: 300 x 300 mm? [600 x 600 pixels]

] ] Pixel size: 4.65 x 4.85 um? m Calibration plate for Lynx PDR1602
Optical System:

Resolution: 1280 % 960 pixels or Effective spacial resolution: 0.5 mm

640 x 480 pixels Geometric distortion: < 0.3 mm for the central zone of < 280 x 280 mmZ < 0.8

Capture Rate: 1-30 frames/sec mm elsewhere

Cone Angle: 45 degrees
Image acquisition: CCD camera
Usable Cone Area: 140 mm over 360 deg.

Width: 30 - 60 mm Video camera: 1024 x 1024, 12-bit resolution
Lens MTF: Megapixel resolution Sampling time: 7 images / secondes
Camera Interface: USBE 3.0
Dose linearity within +/- 1.5%

Camera Shielding: 2 Spot sigma: Variation < 100 um

Camera top and sides:  12.7 mm thick bismuth and
polymer composite

CCD Lifetime: ~1,500 X-ray beam hours

Camera Module Physical:
H =W D: 27 x19x 67 cm
Weight: 7.8kg (17.2 lbs)

Enclosure Material: Aluminum and Plastic




QA — DAILY (20-30 minutes)

(single device)

M-1 Beam range — 0.5 mm (0O-2)

M-2 Depth-dose Wgo_so — £1.0 mm (0-2)

M-3 Dose constancy — £1.5% (0-2, O-4)

M-4 Entrance dose relative to output — +£1.5% (O-2)

M-5 Spot position — 1.2 mm (0-2)

M-6 Spot size (sigma) — £10% (0-2)

M-7 Field flatness, (max-min)/(max{min) - £2%(0-2)
M-8 Dose due to dark current — undetectable (O-2)

M-9 Dose monitoring accuracy (DCEU) - £0.05 Gp (0-2)
M-10 Delivery of multilayer irradiation — functional (O-6)

M-11 Imaging and laser coincidence at setup position and isocenter — £3 mm

(0-8)
M-12 Patient positioning and imaging coordinate coincidence — =1 mm (0-9)
M-13 Imaging and beam coordinate coincidence — =1 mm (0-10, 0-9)

M-14 Positioning/repositioning (i.e. constancy of registration correction vector
when the phantom is not centered) — +1 mm (0-10)

M-15 Door interlock stops beam — functional (O-11)
M-16 Door closing electric eye — functional (O-11)
M-17 Patient distress buzzer — functional (O-11)
M-18 CCTV and audio monitors — functional (O-11)
M-19 Radiation area monitors — functional (O-11)

M-20 Beam on indicators inside and outside the treatment area — functional
(O-11)

M-21 Collision interlocks — functional (O-11)
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QA — MONTHLY (12-15 hours over 4 weeks, 8-10 hours in one session)




QA — FIELD SPECIFIC (10-20 minutes, 3 irradiations, Gg_geep: Go-shaiow Cx)

Calculated dose distribution MatriXX dose distribution Calculated dose distribution MatrixX dose distribution
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Iso depth: 50 mm :

e MEASUREMENT INFO-eemeeeeneoeneeee e MEASUREMENT INF Oeemeeeeemceaaas
Measurement file name: 360A1c000_50mm.opg Measurement file name: 230A1¢180_50mm.opg
Measurement type : Extended Measurement type : Extended

Measurement depth: 50 mm Measurement depth: 50 mm

Gantry angle: 360 degrees Gantry angle: 230 degrees

MatriXX orientation : 0 degrees MatriXX orientation : 0 degrees
weeeerrsnsnsnnssnanas s ANALY SIS INFOenmemsenmmannsaannna wemmenmeneeec ANALY SIS INFO-eenemeeen-.
Gamma criterion: 3 mm, 3 % of 1.821 Gy, with 10 % Gamma criterion: 3 mm, 3 % of 0.761 Gy, with 10 %
threshold threshold

User dose shift : 0 % User dose shift: 0 %

User X shift: 0 mm User X shift: 0 mm

User Y shift: 0 mm User Y shift: 0 mm

Room: Lunder Room: Lunder




QA - ANNUAL

Dosimetry
Standard output calibration
Range verification
SOBP width

Depth ds
Lateral profile penumbra

verification

Range uniformity
Field symmetry
Field flamess

Spot position

Spot size

Uniformity of spot shape:

Inverse square correction

Menitor chambers:
Linearity
Reproducibility
Minimum/Maximum do

End effect
SOBP faciors
Range shifter factors
Relative output factors
Verification of daily QA equipment

Mechanical (all delivery systems)
Coincidence of proton and x-ray field
Coincidence of proton and light field

CBCT isocentricity
Imaging System functionality
em perormance and dose
CBCT
Standard annual

+2%
+1 mm

+:
£2 mm

+0.5 mm

+ 1%

+;

ImmA).5 mm

+1% and/or + lmm

TRS 398 calibration

Measured at 90% depth dose

‘Width berween proximal and distal 90 %*
depth de

Maximum difference at any depth
80-20% for selected beams at different
depthsSdummy Sand gantry an
Corresponding to depth of 90% do
points off ax

Measured at different gantry angl
(relative to baseline)

Measured at different gantry angles
(relative to line)

Absolute/relative

At different gantry ang

Multiple gantry angles. Gamma:

of pixels passing

From effective source position

Minimum and Maximum are determined
by manufacturer

For PBS: minimum deliverable MU

Compared with ADCL calibrated
equipment
lonization chambers used for daily and

If light field is used for setup

Diameter of a circle
Diameter of a circle
‘Weight limit and posi
manufacrer

s specified by

Diameter of a circle

TG-179 and TG-142
TG-179, TG-142, and MPPG-2a
State regu lati




SYSTEM SUMMARY

Gantry rotation

0° to 360°

180° to 360° and 9° over-travel

Gy

4 to 5 minutes

Same

30.5x 28 cm

27 X 31 cm

6.9 to 31.5 g/cm?2

3.9to 31.5 g/cm? (later 37.5 g/cm?)

Nozzle cover and snout

Burr constraints plus: room walls, optical tracker
volume, and couch joint

8 to 15 mm

3.3 10 6.7 mm

Gantry mounted 2D/2D
Manual anatomic point-based registration
Manual transfer of correction vector

Fixed 2D/2.5D, Couch mounted CBCT
Automatic registration
Automatic transfer of correction vector

400 Ibs

310 Ibs

Yes

No*

Gating capabili

Motion management strategy under evaluation.

ties available on both.

Upgrade later

\\\v\,\n\\‘-‘




PROBLEM TRACKING
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CHALLENGES AND OPPORTUNITIES
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