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Supplementary Figure 1. Single-energy CT (SECT)-based CT-number-to-stopping-power-ratio
(SPR) calibration curve, or Hounsfield look-up table (HLUT), together with the eight non-tissue
implant materials used in this study.

Supplementary Figure 2. Dosimetric measurements with anthropomorphic head and pelvic
phantoms. For the head phantom (A), irradiation was performed using the gantry at an angle of 0°
with the half-head phantom placed on top of the OCTAVIUS® detector. For the pelvic phantom (B),
irradiation was performed using the horizontal beam line with the half-pelvic phantom placed in front
of the OCTAVIUS® detector.
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Technical Dual-source Dual-spiral Fast tube Twin-beam Dual-layer Photon-
features CT voltage detector counting CT
switching
Spectral spectral mode  spectral mode  spectral mode  spectral mode  no special no special
mode preselection, preselection, preselection, preselection, mode, pro- mode, pro-
prospective prospective prospective prospective and and
results results results results retrospective  retrospective
generation generation generation generation results results
generation generation
Acquisition dedicated dedicated dedicated dedicated implicit implicit
mode dual-energy dual-energy dual-energy dual-energy dual-energy multi-energy
Temporal high (quarter ~ low (large high (nearly medium (half  perfect perfect
coherence rotation offset) perfect collimation alignment alignment
angular offset) alignment) offset)
Spatio- full full limited full full full
temporal capabilities capabilities capabilities capabilities capabilities capabilities
resolution (impaired (superior
spatial spatial
resolution) resolution)
Availability yes yes no (no tube yes (tube yes (tube yes (tube
of dose (individual (individual current current current current
modulation tube current tube current modulation) modulation) modulation) modulation)
modulation) modulation)
Spectral very high very high medium low medium high
separation (with (“smearing of
additional tin spectra” due
filtration) to finite kV-
switching
times)
Cross-scatter  between no no between between no
occurrence source— detector rows  detector layers
detector (halves)
systems separated by
the system’s
central
vertical plane
Field-of-view limited (upto  full full full full full
350 mm)
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Time- feasible with feasible with feasible with feasible with no technical no technical
resolved phase phase phase phase limitations limitations
respiratory matching in matching in matching in matching in
imaging post- post- post- post-

processing processing processing processing
Contrast- multi-phase limited to late  multi-phase limited to late  multi-phase multi-phase
enhanced (arterial and or delayed (arterial and or delayed (arterial and (arterial and
imaging Venous) phase Venous) phase Venous) Venous)
Spectral image-based image-based projection- image-based projection- projection-
decompo- material material based material material based material  based material
sition decomposition decomposition decomposition decomposition decomposition decomposition

Supplementary Table 1. Comparison of different dual-energy or spectral CT acquisition techniques
with a focus on particle therapy treatment planning. Note that despite having the potential to provide
spectral data, CT systems with energy-resolving, photon-counting detectors are just starting to

become clinically available but do not yet see widespread use.
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Dual-source Dual-spiral Fast tube Twin-beam Dual-layer Photon-
CT voltage detector counting CT
switching
Theoretical o [4] Béaretal e [27] Taasti
studies (2017) et al (2018)
Phantom e [2] Almeida e [1] Almeida e [21] Ohira e [2] Almeida e [9] Falleret e [14] Lee et
studies et al (2018) et al (2017) et al (2022) et al (2018) al (2020) al (2021)
(phantoms o [4] Baretal e [2] Almeida e [13] Landry
with (2017) et al (2018) etal (2019)
simplified e [5]Baretal e [8] Chacko « [20] Ohira
geometries or (2018) et al (2021) et al (2018)
anthropo- e [7] Bourque o [19]
morphic et al (2014) Mossahebi
phantoms) 4 [10] Hansen  etal (2020)
etal (2015) e [24] Shen et
e [11] al (2018)
Hudobivnik e [33] Zhang
et al (2016) et al (2019)
e [12] o [34] Zhu &
Hinemohr Penfold
et al (2014) (2016)
e [15] Lietal
(2017)
e [17]
Michalak et
al (2017)
e [23] Saito et
al (2017)
o [29]
Wohlfahrt
etal (2018)
Biological e [5] Baretal e [25] Taasti e [25] Taasti e [27] Taasti
tissue sample (2018) et al (2017) et al (2017) et al (2018)
studies o [18] M&hler e [32] Xie et
(homo- et al (2018) al (2018)
geneous or e [25] Taasti
hetero- etal (2017)
geneous
tissue
samples)
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Patient o [6] Béretal o [2] Almeida o [3] Ates et
studies (2021) etal (2018) al (2021)
o [11] o [22] Peters o [16]
Hudobivnik et al (2021) Longarino
etal (2016) e [26] Taasti et al (2022)
e [26] Taasti et al (2018)
etal (2018) e [28]
Wohlfahrt
etal (2017)
* [30]
Wohlfahrt
et al (2018)
e [31]
Wohlfahrt
et al (2019)

Supplementary Table 2. Selected publications of different dual-energy or spectral CT acquisition
techniques currently available with a focus on particle therapy treatment planning. Note: The table is
in alphabetical order and might not be exhaustive.

[1] Almeida et al (2017): Siemens SOMATOM Definition Open AS

[2] Almeida et al (2018): Siemens SOMATOM Force, Siemens SOMATOM Confidence RT Pro, Siemens SOMATOM Definition
Edge

[3] Ates et al (2021): Philips 1Qon Spectral CT

[4] Bér et al (2017): Siemens SOMATOM Definition Flash

[5] Bér et al (2018): Siemens SOMATOM Definition Flash

[6] Bér et al (2021): Siemens SOMATOM Definition Flash

[7]1 Bourque et al (2014): Siemens SOMATOM Definition Flash

[8] Chacko et al (2021): Siemens SOMATOM Confidence RT Pro

[9] Faller et al (2020): Philips 1Qon Spectral CT

[10] Hansen et al (2015): Siemens SOMATOM Definition Flash

[11] Hudobivnik et al (2016): Siemens SOMATOM Force

[12] Hinemohr et al (2014): Siemens SOMATOM Definition Flash

[13] Landry et al (2019): Philips IQon Spectral CT

[14] Lee et al (2021): Energy-differentiation-type 64-channel cadmium telluride (CdTe) radiation line sensor module (C10413,
Hamamatsu, Japan)

[15] Li et al (2015): Siemens SOMATOM Force

[16] Longarino et al (2022): Philips 1Qon Spectral CT

[17] Michalak et al (2017): Siemens SOMATOM Force

[18] M&hler et al (2018): Siemens SOMATOM Definition Flash

[19] Mossahebi et al (2020): Siemens SOMATOM Definition Edge

[20] Ohira et al (2018): Philips 1Qon Spectral CT

[21] Ohira et al (2022): GE Healthcare Revolution HD

[22] Peters et al (2021): Siemens SOMATOM Definition AS

[23] Saito et al (2017): Siemens SOMATOM Definition Flash

[24] Shen et al (2018): GE Healthcare LightSpeed QX/i

[25] Taasti et al (2017): Siemens SOMATOM Definition AS, Siemens SOMATOM Definition Flash, Siemens SOMATOM Force,
Siemens SOMATOM Definition Edge

[26] Taasti et al (2018): Siemens SOMATOM Definition Flash, Philips Brilliance Big Bore
[27] Taasti et al (2018): Siemens research SOMATOM CounT

[28] Wohlfahrt et al (2017): Siemens SOMATOM Definition AS

[29] Wohlfahrt et al (2018): Siemens SOMATOM Definition AS

[30] Wohlfahrt et al (2018): Siemens SOMATOM Definition AS

[31] Wohlfahrt et al (2019): Siemens SOMATOM Definition AS

[32] Xie et al (2018): Siemens SOMATOM Sensation Open

[33] Zhang et al (2019): Philips Brilliance Big Bore

[34] Zhu & Penfold (2016): Philips Brilliance Big Bore
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Feature Spectral CT 7500 IQon Spectral CT
Generator power 120 kw 120 kW

Maximum detector collimation 128 x 0.625 mm 64 x 0.625 mm
Coverage (per rotation) 80 mm 40 mm

Minimum gantry rotation time 0.27 s 0.27s

Maximum scannable range (axial) 2000 mm 2100 mm

Bore size 800 mm 700 mm

Conventional reconstruction time

iDose*: 93% of reference protocols
under 1 minute

iDose*: majority of reference
protocols under 1 minute

Spectral reconstruction time

1-2 minutes for the majority of cases

3-5 minutes for the majority of cases

Spectral temporal resolution

Simultaneous in the same time and
space

Simultaneous in the same time and
space

Spectral kV, stations

100, 120, 140

120, 140

Supplementary Table 3. Comparison of the Philips Spectral CT 7500 [35] and 1Qon Spectral CT

[36] scanners.

Protocol Tube Tube Colli- Rotation Pitch CTDlvol Slice Recon-
voltage current- mation time (s) (mGy) thickness  struction
(kVp) time (mm) and filter
product spacing
(mAs) (mm)
Head 120 300 64 x 0.5 0.8 47.2 15 UB
0.625
Body 120 300 128 x 0.5 0.8 23.2 2.0 B
0.625

Supplementary Table 4. Image acquisition settings and reconstruction parameters for head and

body protocols.
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Phantom LC SC

Protocol Head Body Head Body

iDose* level 0 0 3 6 0 0 3 6
Mean overall 0.728 0.725 0.723 0.724 0.761 0.613 0.579 0.605

relative residual

RMSE 0.0086 0.0084 0.0085 0.0084 0.0089 0.0056 0.0056 0.0057
T 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998
a 1.016 1.011 1.011 1.001 1.015 1.005 1.005 1.005

é -0.012 —-0.006 —-0.006 —-0.006 -0.010 -0.002 -0.001 -0.002

Supplementary Table 5. Accuracy of dual-layer spectral CT (DLCT)-based stopping power ratio
(SPR) predictions across head and body protocols and iDose” levels 0, 3, and 6 for the LC (“long
cylinder”) phantom and SC (“short cylinder”’) phantom.

Phantom LC SC

Protocol Head Body Head Body

iDose* level 0 0 3 6 0 0 3 6
Mean overall 1.514 1.538 1.540 1.537 1.515 1.514 1.523 1.516

relative residual

RMSE 0.0246 0.0255 0.0256 0.0256 0.0240 0.0243 0.0244 0.0243
T 0.9958 0.9956 0.9956 0.9956 0.9959 0.9958 0.9958 0.9958
a 1.009 1.012 1.012 1.012 1.005 1.007 1.008 1.008

6 —-0.009 —0.009 —-0.009 —0.009 —-0.007 —-0.008 —-0.008 —-0.008

Supplementary Table 6. Accuracy of single-energy CT (SECT)-based stopping power ratio (SPR)
predictions across head and body protocols and iDose* levels 0, 3, and 6 for the LC (“long cylinder™)
phantom and SC (“short cylinder””) phantom.
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