Supplementary Material

1. Expanded Image Acquisition & Dosimetry Methods
1.1	PET/CT Camera Systems & Reconstruction Methods
PET/CT camera systems used to determine PSMA positivity for study eligibility included the Discovery STE (GE Healthcare); Vereos Digital and Gemini TF PET/CT (Philips Medical Systems); and the Biograph Vision, Biograph mCT, Biograph 16, and Biograph 40 (Siemens). Scanner validation and qualification data were collected to ensure normalization of calibrations and accuracy of scanner standardized uptake value (SUV) measurements. Time of flight (if available) and iterative reconstructions were performed and corrections were applied for artifacts including attenuation correction, scatter correction, and corrections for random coincidences as needed.
1.2	Image Acquisition & Region of Interest (ROI) Construction: Planar Images
For normal organ dosimetry, whole-body planar images were collected for all participants at five time points following the first treatment: 0.5-2 h (pre-void), 24 h (±4 h), 48 h (±4 h), 72 h (±4 h), and 140-196 h. To calibrate the gamma camera and standardize the images, an imaging calibration standard containing approximately 37 MBq in 1 mL was placed near the patient’s feet for each image. Three energy windows were collected: a 20% photopeak window centered at 208 keV, a 10% lower scatter window contiguous with the lower end of the photopeak window centered at 178.3 keV, and a 10% upper scatter window contiguous with the upper end of the photopeak window centered at 240.8 keV. Regions of interest (ROI) were constructed manually. An example image of ROIs manually drawn on a planar image for a patient treated with PSMA-targeted radioligand therapy is displayed as Figure 2 in a publication by Yilmaz and colleagues (1). Planar count statistics for each ROI were determined for the photopeak and both scatter energy windows. Scatter correction for ROI counts was applied using a triple energy window technique as described in Medical Internal Radiation Dose (MIRD) Pamphlet 16 (2) using Equation 1, with scatter windows normalized to equal one-half the width of the primary window utilizing Equations 2 and 3. 
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1.3	Image Acquisition & ROI/Volume of Interest (VOI) Construction: SPECT/CT Images
A single abdominal SPECT/CT image was collected at 48 ± 4 hours post injection. Sites performed appropriate corrections (attenuation, scatter, uniformity, etc.) and reconstruction methods to produce semi-quantitative SPECT/CT images (3). To determine calibration factors for normal organ dosimetry, a torso-sized (anterior to posterior depth similar to that of a human torso) phantom (without inserts) containing a known amount of activity in water was imaged for each camera system. ROIs/VOIs were manually constructed on the SPECT/CT images to determine the VOI count statistics in the kidneys and lumbar spine. ROIs/VOIs were constructed on the CT images and the resultant areas and thicknesses were utilized to determine patient-specific organ volumes for the kidneys. 
For tumor dosimetry, a board-certified nuclear medicine physician selected up to 5 tumor lesions per participant. Selection was based on intensity, size, and image reproducibility and was limited to the field of view of the SPECT/CT images. If more than one organ system was affected, representative lesions were selected for each. Both bone and soft tissue metastases were included. Tumor ROIs/VOIs were manually constructed on the SPECT/CT images to determine the VOI count statistics. To compensate for partial volume effects, a second type of phantom was imaged. The second phantom was a torso-sized NEMA phantom with tumor-sized fillable inserts. The activity concentration ratio was approximately 1:10 between the tumor-sized fillable inserts and the background (i.e., the liquid surrounding the inserts) and the exact activity of each insert and of the background were determined. An imaging calibration standard (a known amount of activity sealed within a thin-walled container such as a small syringe or vial) was imaged alongside the phantom. The phantom SPECT/CT images were corrected and reconstructed by the site using exactly the same protocol as the patient SPECT/CT images. ROIs/VOI of the entire phantom were manually constructed, and the SPECT/CT image calibration factor was determined by taking the ratio of the resultant total counts per second to the total phantom activity at the time of the image (3). The calibration factor determined using the calibration source was checked for reasonable correspondence to the calibration factor determined using the total phantom to ensure that the SPECT image acquisition, correction, and reconstruction methods were reasonable. Recovery coefficients were determined by taking the ratio of the activity determined using VOIs constructed on each fillable insert to the assay determination of the activity actually contained in each insert.
1.4	Activity Quantification: Planar Images
Organ/tissue and whole-body activities were determined using the methodology as presented in the MIRD 16 document "Techniques for Quantitative Radiopharmaceutical Biodistribution Data Acquisition and Analysis for Use in Human Radiation Dose Estimates" (2), according to Equations 4-8. Equation 7 was replaced with direct decay correction and scan speed adjustment, in cases of a missing or problematic image reference standard.
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Tumor, organ, and body thicknesses for background subtraction were estimated using CT measurements or estimated from scaled model dimensions (4-5). Transmission factors for tumors, kidneys, and lumbar spine were determined using Equation 9, CT measurements and/or scaled model dimensions of the body thickness at the tumor, kidney, or lumbar spine locations, and the broad-beam attenuation coefficient of the isotope (6). Transmission factors for the whole body were also estimated using Equation 9, patient cross-sectional area determined from the first planar whole-body scan, the total body density found using reference man tissue masses and densities, and the broad-beam attenuation coefficient of the isotope (6). For organs/tissues other than tumors, kidneys, and lumbar spine, attenuation and background corrections were not performed (𝔍 and F assumed to be unity).
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1.5	Activity Quantification: SPECT/CT Images
For the subset of participants with SPECT/CT imaging, activity in the tumors, kidneys, and lumbar spine were determined at the SPECT/CT imaging time using Equation 10. The result of this quantification was used to scale the tumor, kidney, and lumbar time-activity curves determined from the planar imaging according to methodology previously described (7-8, 3).
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To compensate for partial volume effects, camera-specific recovery coefficients were determined from NEMA phantoms with insert activity concentration ratio to background of approximately 10:1. Tumor volume-specific recovery coefficients were derived by fitting the recovery coefficient – volume curves using non-linear regression with sums of exponentials of the form shown in subsequently in Equation 15. Corrections to ROI volumes for partial volume effects were performed using Equation 11.
[image: A math problem with black text

Description automatically generated]
1.6	Red Marrow Activity: Planar Images 
Since non-disease specific marrow uptake was not observed in the planar images in areas associated with marrow, a blood-based method to determine red marrow activity was applied as per the publication “EANM Dosimetry Committee Guidelines for Bone Marrow and Whole-Body Dosimetry” (9), and (10). Activity in the blood was estimated using a heart ROI as previously described (11), wherein the heart ROI activity is the background-subtracted sum of the total counts per second in the right and left atria and ventricles and the blood fraction of administered activity is calculated by dividing by the volume of the MIRD reference phantom heart (560 ml) scaled by the ratio of patient-specific total blood volume divided by a reference adult total blood volume of 5200 ml (11). A patient-specific blood volume was determined based on the work of Nadler (12) as shown in Equation 12, and a patient-specific red marrow volume was determined based on the ratio of red marrow mass to blood mass as described in ICRP 89 (13). Red marrow activity was estimated using the EANM recommended method (9-10) according to Equation 13, where a conservative value of the RMBLR (1.0) was assumed (10,14). 
[image: A white paper with black text

Description automatically generated]
1.7	Red Marrow Activity: SPECT/CT Images 
For the subset of participants with SPECT/CT imaging, red marrow activity was also determined based on a lumbar spine VOI. Activity in the lumbar spine was determined as described in the “Activity Quantification: SPECT/CT Images” section and scaled to represent total body red marrow by assuming that the lumbar spine contained 12.3% of the total marrow (13). A patient-specific red marrow mass was determined based on the ratio of the patient mass to the radiation transport phantom mass using Equation 14 as described in EANM Dosimetry Committee guidelines for bone marrow and whole-body dosimetry (9).
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1.8	Excretory Clearance & Remainder Activity
Urinary excretion after injection and prior to the first imaging time was avoided unless necessary for the participant. If urine was voided, the site collected the entire void, measured the total volume, and an aliquot was assayed such that the total activity excreted in the urine prior to the first image could be determined by multiplication of the assay result in activity concentration by the total void volume. This activity was then subtracted from the injected activity, for use in the determination of the calibration factor using Equation 6.
1.9	Source Organ/Tissue Time-Activity Biokinetic Modeling
Organ and tissue activity data were decay corrected and fit in a least squares sense using non-linear regression with sums of exponentials of the form shown in Equation 15. Tumor data from the first timepoint were omitted from modeling due to low uptake. Organ activity counts were fit to exponential models considering the physical decay constant of the isotope, then time-integrated activity coefficients were determined using Equations 16 and 17. 
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1.10	Organ/Tissue Dosimetry Estimates
The FDA cleared software OLINDA/EXM (15-16) v2.2 was used to estimate the radiation absorbed doses. OLINDA/EXM derives the emission information for the selected nuclide from a tabulated database (17). It then extracts absorbed fractions for all relevant target/source combinations for the selected radiation transport model from the tabulated phantom data (18). The emissions and the absorbed fractions are then used by the code to determine absorbed dose per unit activity (S-values) for all relevant target/source combinations as per the RADAR/MIRD methods for internal dosimetry (15-16, 19). OLINDA/EXM then utilizes these S-values and the time-integrated activity coefficients to produce final organ and tissue dose estimates. The OLINDA/EXM software has a complete series of dosimetry phantoms corresponding to different age “reference" humans (20). The same sex phantom closest in mass to the patient was selected. 
Lacrimal gland dosimetry is not included in OLINDA. Lacrimal gland dosimetry was determined using the standard MIRD/RADAR methodology. Each lacrimal gland was assumed to be a 0.7 g sphere based on anatomical information from 11 references (21-31). S-value for the sphere was determined using non-linear regression of sphere S-values for the isotope obtained from the OLINDA sphere model. The lacrimal glands time course of activity and residence times were determined by the same methodology described for other organs.
For the subset of participants with SPECT/CT imaging, estimated kidney absorbed doses were adjusted for patient-specific kidney mass based on CT measurements of kidney volume and tumor dosimetry was determined using the standard MIRD/RADAR methodology. S-values for the tumors were determined using CT derived tumor volumes, and tumor tissue type as input to the IDAC dosimetry code (32).
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Where:

Agor = Decay corrected activity fraction in the VOI at time point i
I' = Counts per second in the VOI at time point i

€= Calibration Factor (cps’kBq)

Physical decay constant
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Where:
Aoy = Decay corrected activity fraction in the VOI at time point i

Al ceor ror= Recovery coefficient corrected activity fraction in the VOI at time point i
RC = Phantom derived recovery coefficient
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Where:

BV =blood volume in liters
h = patient height in meters
m = patient mass in kg

Apy = [Ag] (RMBLR)mgy Equation 13.

Where:

Ary= Activity in the red marrow

[A8] = Activity concentration in the blood

RMBLR = Red marrow to blood activity concentration ratio
may=mass of the red marrow
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MW, Patient = patient whole body nass|

‘MB) Phantom = mass of bone marrow in the phantom

mass of bone marrow in the patient

Mws Phaniom = phantom whole body mass

Equation 14.
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Where:

fi="Fractional dose model parameter i (determined in the fitting process)
/i = Retention rate model parameter i (determined in the fitting process)
F(t) = Fraction of the total injected activity at time t

t=Time post injection

i=The i exponential term

Equation 16

Equation 17.

Where:
/R =Radiological decay constant
Ta,= isotope half-life (h)
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Where:

Crus (1/2) (Wpw/Wis) Equation 2.

Crus (1/2) (Wepw/Wus) Equation 3.

Csc = Scatter Corrected Counts

Cpw = Raw Counts in Primary Window

Crrs = Raw Counts in Lower Scatter Window

Crus = Raw Counts in Upper Scatter Window

Cx1s = Normalized Counts in Lower Scatter Window
Cxs = Normalized Counts in Upper Scatter Window
Wew = Width of the Primary Window

‘Wis = Width of the Lower Scatter Window

Wuys = Width of the Upper Scatter Window
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