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Aim: to show experimental feasibility of achieving arbitrary image noise targets with FMpCT.
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* Relative stopping power (RSP) reconstruction:
— Based on registered WEPLs: WEPL = fL RSPdl
— Filtered backprojection along curved proton paths
2 .
. Of iy (JAE kAT)
« WEPL variance in a projection: 0. (A& kAn) = : e s 2 . :
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* RSP variance reconstruction: Var [f(x,,1,)] = finterp,u (Fag) Z V., (FAE)
p n=1

with V, being the variance in a pixel in the projection
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* Northwestern Medicine Chicago Proton Center

 PROTEUS®PLUS IBA Cyclotron

e Full Pencil Beam (PB) scanning capability

 Used fixed beamline room in “research” mode

* 1.3 nA, 8.6 and 6.9 mm FWHM, variable dwell time




Phantoms
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* Water phantom in polystyrene container
e CTP404 module of the Catphan®600 phantom (RSP: 0.883 — 1.79)

» Pediatric (5-year old) head phantom
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Noise prescription

* Unit fluence scans with pencil beam weights set to 1

Constant noise scans with Vp,, noise everywhere the image
(in general pCT noise is not constant for unit fluence)

A ROl imaging task (FMpCT) with V¢, in a quadrant of the image

Vo, Prescriptions:
— Water phantom: 4.6x10*
— CTP404 phantom: 5.9x10*
— Head phantom: 12.0x10*

The exact value of V, is the peak variance at unit fluence for each phantom
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uncorrected

Pencil beam energy correction

C/W =1.0/0.2

* Analysis revealed an intra-PB spatially varying energy
distribution

* Correction based on data without phantom

{a) number of counts (b) avg. WEPL / mm (no phantom) (c) correction Aygp / mm {d) central profiles
- e -
T l'_"| i avg. WEPL

correction

— counts (a.u.)
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s | Fluence delivery

e Toreduce the degrees of freedom in the
optimization, pencil beams Summed fluence  Projection fluence

— had a larger interspace
— were offset by a quarter of the interspace

* With a 360-degree acquisition, summed
fluence was homogeneous.

rotation axis
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s | Fluence delivery

* To reduce the degrees of freedom in the
optimization, pencil beams
— had a larger interspace
— were offset by a quarter of the interspace

e With a 360-degree acquisition, summed
fluence was homogeneous.

* Very sensitive to misalignments: will not
be used in future acquisitions.
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* To reduce the degrees of freedom in the
optimization, pencil beams
— had a larger interspace

— were offset by a quarter of the interspace

e With a 360-degree acquisition, summed
fluence was homogeneous.

* Very sensitive to misalignments: will not
be used in future acquisitions.
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Experimental results: water phantom PR (1

(a) experiment

water/constant water/constant

Example of the effect of differences
between planned and delivered beams
— Misalignment
(rings in fluence and variance)
— Smaller beam size
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wne. | EXperimental results: water phantom

(a) water/unit
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Unit fluence: variance reduced in the
center of the phantom
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Experimental results: water phantom

RSP

variance

10

(a) water/unit {b) water/FMpCT (¢) water/FMpCT plan

C/W =1.0/0.2 C/W =1.0/0.2

C/wW =1.0/0.2

CIW = (5/5) x10~4 CAW = (10/20) x10~%  C/W = (10/20) x 10~%

——— prescription

Unit fluence: variance reduced in the
center of the phantom

Good agreement of FMpCT acquisition
— with noise prescription
— with Monte Carlo plan

Dose reduction outside of ROl 41%

=t
& —— plan 2
: = variance
@ 5
= 10
=
il
>
0 0
50 0 50 50 0 50
300 o
Q
h=l
w -~
‘g - 200 ©
o
a c
<«
- 100
e
: ’ : -0
=50 0 50 -50 0 50 =50 0 50
position / mm position / mm position / mm
July 21, 2020 George Dedes 14




T Experimental results: head phantom

UNIVERSITAT
MUNCHEN

{a) head/unit

{b) head/FMpCT

{c) head/FMpCT plan

* Good agreement also on pediatric head

5 h
2 phantom
. . o
* Dose reduction outside of ROl up to 40%
8
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Experimental results: RSP accuracy

C/wW=1.1/0.8

{a) CTP/unit

B CTP/unit
1.8 @ CTPFMpCT

{b) CTP/FMpCT

C/wW=1.1/0.8
(d) RSP evaluation

«— outside ROI

(c) phantom sketch

polystyrene * CTP404 phantom data for

RSP evaluation

e RSP distributions broaden
outside the ROI

* Errors comparable to previous
study using broad beam [1]

1.6
o 14
= * RSP accuracy not deteriorated
» + + inside the ROI
0.8 l
LDPE polystyrene acrylic Delrin body/epoxy PMP Teflon [1] Dedes et al. (2019), PMB, 64, 16
July 21, 2020 George Dedes 16




LUDWIG-

MAXIMILIANS-
LM u UNIVERSITAT
MUNCHEN

Experimental results: RSP accuracy

uncorrected error in %

corrected error in %

error in %

[l

Insert RSP unit FMpCT unit FMpCT Dedes (2019)
inside ROI

PMP 0.883 0.1840.31 0.794+0.36 0.51 £0.31 1.06 £ 0.35 1.08 = 0.11
Tetlon 1.790 —1.31+£0.18 —1.49+0.21 —1.16 £0.17 —1.32 £0.21 —1.31 £0.05
outside ROI

LDPE 0.979 —0.33+£0.32 0.24 +0.64 —0.12+0.31 0.52 £ 0.65 —0.49 £0.11
polystyrene 1.024 —0.12+£0.30 —0.25+£0.60 0.06+0.29 —0.11 £0.67 —0.04 £0.10
body/epoxy 1.144 —1.394+0.02 —1.66 £0.03 —1.20£0.02 —1.54 +£0.03 —

acrylic 1.160 —0.80£0.27 —0.80£0.57 —0.54+£0.27 —0.63 £0.57 —0.30 £ 0.07
Delrin 1.359 —093+£021 —1.02 4045 =078 £0.21 —0,83 10,45 —1.324021
MAPE-ALL 0.724+0.09 0.8940.18 0.63 £0.09 0.86 :0.18 0.76 £ 0.05
MAPE-ROI 0.74 = 0.18 1.14 £ 0.21 0.84 =0.18 [.L19 £ 0.21 1.20 = 0.06

* FMpCT and full fluence pCT: same RSP accuracy within the uncertainty margin

* RSP accuracy (<1%) comparable to previous study using broad beam

ly 21, 202

[1] Dedes et al. (2019), PMB, 64, 16
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Fluence-modulated proton CT (FMpCT) can deliver image
noise prescriptions in experiments.

Acquisition with pencil beams requires an energy correction.

Despite minor misalignments agreement to Monte Carlo
plans was satisfactory.

No relevant deterioration of RSP accuracy.
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