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[bookmark: _Hlk191559578]Tissue characterization phantom and positron range distribution profiles
[bookmark: _Hlk188306375]The Gammex 467 Tissue Characterization Phantom (Gammex Inc., United States) was used to determine relevant tissue types for the tissue-dependent and spatially-variant positron range correction (TDSV PRC). Computed tomography (CT) measurements were performed on that phantom using a Discovery MI LightBurst Digital 5-Ring Detector (GE HealthCare, United States) PET/CT system to map different tissues to their corresponding HU values. This phantom consists of a disk and a number of rod inserts. Each rod represents a different tissue type, shown in Table S1. The CT acquisition was performed using a tube voltage of 120 kVp and effective tube current of 152.4 mAs. To minimize potential artifacts, the high-density tissues were evenly distributed throughout the phantom, see Fig. S1.
Table S1: The different tissues with their corresponding density (ρ) in g/cm3, electron density relative to water (ρew) and elemental composition. The elements are the Hydrogen (H), Oxygen (O), Carbon (C), Nitrogen (N), Chlorine (Cl), Calcium (Ca), Phosphorus (P), and Magnesium (Mg).
	
	
	
	Elemental composition (%)

	Tissues
	ρ
	ρew
	H
	O
	C
	N
	Cl
	Ca
	P
	Mg

	Cortical bone
	1.82
	1.69
	2.66%
	39.08%
	30.34%
	0.99%
	0.04%
	26.48%
	
	0.41%

	CB2 - 50%
	1.56
	1.45
	4.03%
	34.13%
	40.34%
	1.52%
	0.07%
	19.62%
	
	0.30%

	CB2 - 30%
	1.33
	1.26
	5.60%
	28.47%
	51.77%
	2.12%
	0.09%
	11.77%
	
	0.18%

	B-200 bone
	1.15
	1.10
	6.94%
	19.82%
	56.62%
	1.81%
	0.11%
	6.39%
	8.31%
	

	Inner bone
	1.14
	1.09
	6.97%
	19.71%
	56.73%
	1.79%
	0.11%
	6.38%
	8.30%
	

	Liver
	1.09
	1.07
	8.40%
	18.50%
	68.41%
	2.25%
	0.14%
	2.26%
	
	0.03%

	Brain
	1.05
	1.04
	9.77%
	16.34%
	72.13%
	1.69%
	0.07%
	0.00%
	
	

	Muscle
	1.05
	1.02
	8.39%
	18.45%
	68.50%
	2.22%
	0.14%
	2.26%
	
	0.03%

	Solid water
	1.02
	0.99
	8.39%
	18.40%
	68.59%
	2.19%
	0.14%
	2.26%
	
	0.03%

	Breast
	0.98
	0.96
	8.97%
	16.45%
	71.36%
	2.14%
	0.13%
	0.93%
	
	0.01%

	Adipose
	0.95
	0.94
	9.44%
	14.86%
	73.50%
	2.07%
	0.13%
	0.00%
	
	

	LN-450 lung
	0.45
	0.43
	7.44%
	20.69%
	58.03%
	1.97%
	0.08%
	
	
	11.22%

	LN-300 lung
	0.29
	0.28
	7.43%
	20.71%
	57.86%
	1.96%
	0.08%
	
	
	11.19%
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Fig. S1: Configuration of tissue characterization phantom.
Monte Carlo simulations in GATE 9.0 (Geant4 Application for Tomographic Emission, Geant4 10.6.2) were performed to obtain the positron range distribution profiles of 68Ga for each tissue type in Table S1 [1, 2]. A 20 × 20 × 20 cm3 uniform cube of the corresponding tissue was defined and at the center a 68Ga positron emitting point source of 1 µm diameter was placed. Positron annihilation, electron ionization, multiple scattering and bremsstrahlung were taken into account during the simulations. Each simulation generated about 17.8 million annihilation events, with emission and annihilation coordinates used to create the positron range distribution profiles.
The positron range distribution profiles of the different tissues, are depicted in Fig. S2. The solid water and the different soft tissues exhibit notably similar shapes and positron range. This similarity suggests that solid water serves as an appropriate surrogate for soft tissues when considering positron range effects. For bone or bone-like tissues, there are differences in shape and positron range, see Fig. S2(b). While solid water, B-200 bone, and inner bone exhibit relatively minor differences, higher-density bone tissues demonstrate more pronounced differences, with cortical bone showing the largest difference. For lung tissues, LN-300 lung exhibited the most pronounced difference in shape and positron range compared to solid water, see Fig. S2(c).
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[bookmark: _Hlk178931826]Fig. S2: Positron range distribution profiles of the different tissues from the Gammex 467 Tissue Characterization Phantom. (a) Solid water and soft tissues. (b) Solid water alongside bone or bone-like tissues. (c) Solid water and lung-like tissues.
Based on the positron range profiles presented in Fig. S2, the tissues selected for this study were solid water (water), LN-300 lung (lung), and cortical bone (bone). LN-300 lung and cortical bone were found to be a suitable representations for lung and bone tissues, respectively, as they showed the greatest deviations in their positron range profiles from water. Additionally, if a water kernel is applied, those two selected tissues are prone to error due to greater overestimation (for cortical bone) or underestimation (for LN-300 lung), as they exhibit large differences in their positron range profiles compared to water. Moreover, the Hounsfield Unit (HU) values of the selected tissues were consistent with those found in the current patient data. This confirms the inclusion of bone, soft tissue, and lung, aligning with existing literature [3-8].
The profiles of the three selected tissues were mapped onto 3D homogeneous kernels. The kernel voxel size was set to match the PET/CT system (2.73 x 2.73 x 2.80 mm3). The kernel size was selected to account for the maximum positron range in the corresponding tissue. This resulted in a kernel size of 7 × 7 × 7 elements for solid water (maximum positron range: 8.8 mm), 25 x 25 x 25 for LN-300 lung (maximum positron range: 32.3 mm), and 5 × 5 × 5 for cortical bone (maximum positron range: 4.5 mm). Each kernel was normalized by dividing each voxel element by the total number of annihilation events.
Comparison of positron range distribution profiles from patient CT data
Four cubic sections of 68.25 x 68.25 x 70.00 mm3 containing tissue boundaries were obtained from the patient CT data. Each section was voxelated and each voxel was classified as lung (HU: -695), water (HU: 3), or bone (HU: 1226) using the nearest neighbor segmentation. Monte Carlo simulations of 68Ga point sources were then performed to obtain the positron range distribution profiles, using same simulation configurations as described in the previous section of the Online Resource. In two simulations, the point source was placed inside tissue with higher density than the boundary tissue, while in the other two simulations, it was placed inside tissue with lower density. The resulting profiles were compared with the TDSV PRC profiles based on the shape and the area under the curve (AUC).
Figure S3 displays the four patient CT data sections along with their corresponding distribution profiles from Monte Carlo simulations and TDSV PRC. Overall, the TDSV PRC profiles showed substantial overlap with the Monte Carlo simulations, with minor discrepancies in the AUC. In Fig. S3(a), the AUC of the TDSV PRC was 6.6% lower than that of the Monte Carlo profile, while in Fig. S3(b), it was 3.5% higher. Fig. S3(c) showed a 1.1% overestimation of the AUC from the TDSV PRC compared to Monte Carlo. Notably, in Fig. S3(d), the AUC of the TDSV PRC profile was 11.9% lower compared to the corresponding profile from Monte Carlo simulations. This underestimation is attributed to the greater complexity of the tissue structure in that specific section.
[image: ]
Fig. S3: Cross-sections of labeled CT data (left) with corresponding distribution profiles derived from Monte Carlo simulations and the TDSV PRC (right). (a) Point source within soft tissue adjacent to bone. (b) Point source within bone next to soft tissue. (c) Point source in soft tissue bordering the lung. (d) Point source located in the lung adjacent to soft tissue. Red dashed lines in the distribution profiles indicate the interfaces where tissue composition changes, while the black arrow shows the direction of the profile. A.U. stands for arbitrary unit.
Monte Carlo simulations to determine the positron range effect of artificial lesions
Before inserting the artificial lesions into the sinogram, their corresponding positron range effect needs to be obtained. This was achieved utilizing Monte Carlo simulations. Specifically, a 20 × 20 × 20 cm³ cube was defined, with tissue properties based on the location of the respective artificial lesion described in Table 1 of the manuscript. At the center of this cube, a homogeneous sphere with a radius of 5.0 mm was created, with tissue properties corresponding to the appropriate artificial lesion type presented in Table 1 of the manuscript. Within this sphere, a spherical 68Ga source with 5.0 mm radius was placed. All other simulation configurations were as described in the first section of the Online Resource.
Quantitative metrics per reconstruction type
Table S2: Summary of noise in the liver and lung as measured by the standard deviation (SD), reported as median (minimum – maximum).
	Reconstructions
	Liver
	Lung

	Non-PRC (6.0 mm)
	1.10 (0.76 - 1.92)
	0.18 (0.11 - 0.34)

	Tissue-independent PRC (6.0 mm)
	1.09 (0.77 - 1.91)
	0.18 (0.11 - 0.34)

	TDSV PRC (6.0 mm)
	1.09 (0.77 - 1.91)
	0.14 (0.07 - 0.28)

	TDSV PRC (4.0 mm)
	1.71 (1.21 - 3.01)
	0.17 (0.09 - 0.35)


Table S3: Summary of maximum standardized uptake value (SUVmax) and contrast-to-noise ratio (CNR) for soft tissue lesions, presented as median (minimum–maximum).
	Reconstructions
	SUVmax
	CNR

	Non-PRC (6.0 mm)
	11.7 (3.8 – 30.9)
	11.1 (1.4 – 57.0)

	Tissue-independent PRC (6.0 mm)
	13.1 (4.7 – 31.8)
	12.3 (1.6 – 64.6)

	TDSV PRC (6.0 mm)
	13.0 (4.7 – 31.8)
	12.4 (1.6 – 64.6)


Table S4: Summary of SUVmax and CNR for bone lesions, provided as median (minimum–maximum).
	Reconstructions
	SUVmax
	CNR

	Non-PRC (6.0 mm)
	6.7 (1.9 – 39.4)
	19.8 (4.1 – 203.1)

	Tissue-independent PRC (6.0 mm)
	7.9 (2.1 – 44.5)
	22.7 (4.6 – 227.8)

	TDSV PRC (6.0 mm)
	7.5 (2.1 – 44.6)
	22.4 (4.2 – 177.4)


Table S5: Summary of SUVmax and CNR for lung lesions, expressed as median (minimum–maximum).
	Reconstructions
	SUVmax
	CNR

	Non-PRC (6.0 mm)
	2.7 (1.4 – 4.1)
	7.8 (2.3 – 20.1)

	Tissue-independent PRC (6.0 mm)
	3.0 (1.4 – 4.4)
	8.5 (2.4 – 23.2)

	TDSV PRC (6.0 mm)
	3.4 (1.5 – 4.8)
	11.9 (3.3 – 32.1)

	TDSV PRC (4.0 mm)
	5.0 (1.8 – 10.5)
	12.1 (3.4 – 37.0)
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