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◉ Topics
o Standardization and error propagation via MIRDsoft.org tools

1. MIRDcalc: TIAC->dosimetry
2. MIRDfit: data points -> TIAC

o Perspectives on organ level dosimetry
o Perspectives on standardization
o Closing remarks

Presentation overview
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◉ The SNMMI MIRD committee initiative to make a suit of free dosimetry-
supporting software tools

◉ Collaborative project
o MIRDcalc grant

• NIBIB - U01, Bolch (UF)/Kesner(MSK)
o MIRDcell grant

• NCI - R01, Howell (Rutgers)
◉ Project hosted on www.MIRDsoft.org

o Software dissemination 
o Community platform

Introduction to MIRDsoft.org 

http://www.mirdsoft.org/
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Introduction to MIRDsoft.org 

◉ Available now
o MIRDcalc v1 – organ-level internal dosimetry
o MIRDcell v3 – cell-level dosimetry

◉ Coming soon
o MIRDfit – biodistribution fitting/statistical analysis
o MIRDct – CT dosimetry
o MIRDmc – voxel & mesh Monte Carlo dosimetry
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MIRDcalc screenshot
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MIRDcalc

o (New) blood model
o Uncertainty propagation
o Tumor dosimetry module
o Output: Organ dose, effective dose, detriment 

weighted dose, risk index 
o Thorough case documentation

• Highly detailed output text files
• Default screen capture
o Command line execution

• Supports batch processing, possibly 3rd party
o And more…

◉ Innovations
o 81 source regions, 48 target regions, 333 
isotopes
o Single screen user interface
o Real time processing
o Graphical quality control checks
o Modern ICRP phantoms

• Well documented
o Spectrum of phantom models (m/f, pediatric to 
adult, 1 kg steps)
o Dynamic source regions

• Rest of body
• Rest of blood 
• Rest of parenchyma
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8

MIRDcalc dosimetry software

◉ MIRDcalc has capacity 
to propagate uncertainty
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◉ Pharmacokinetic modelling used to 
transform raw measurements into 
biodistribution input for dosimetry 
calculations
o Time integrated activity coefficients 

(TIACs – area under the curve) used 
to define sources of radiation

o Uncertainty in time point 
measurements can mathematically 
propagate into uncertainty in TIACs

◉ Existing software
o SAAM-II
o NUKFIT

◉ Existing guidance document
o EANM Procedural Guidelines for 

Uncertainty Analysis

Uncertainty estimation in time-activity curve fitting
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Given calibrated measurements:
1. Select (exponential) modelling equation
2. Curve parameters determined by iterative fitting 

approach
o Least squares approach using non-linear regression to 

minimize objective function

3. Time-integrated activity coefficient derived from 
integration

4. Uncertainties are obtained by Gaussian error 
propagation, taking the variances and covariances 
of the fit parameters into account 

5. Additional statistics can be determined, and used 
in selection of “best model”
o R2,Akaike information criterion, Akaike corresponding 

weights, Weighted residuals
o …

Review of curve fitting procedures
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Review of curve fitting procedures
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MIRDfit interface
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MIRDfit interface
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MIRDfit interface
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MIRDfit interface
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MIRDfit interface
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◉ Within 1% agreement with SAAM-II in testing

MIRDfit performance

[1] Urban et al. J Nucl Med 2021 Aug 1;62(8):1075-1081. doi: 10.2967/jnumed.120.253476 
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Anatomy of a dinner preparation workflow
◉ Several methods have been proposed

Complexity spectrum
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Anatomy of a dosimetry workflow
◉ Several methods have been proposed

Organ level dosimetry

Monte Carlo

Patient specific – derived from patient biodistribution

MIRD formalism

Lookup table.
One size for all
• ICRP 53, ICRP 80, ICRP 106,…

• Regulatory approved package insert for 
one size fits all radiopharmaceutical therapies

Point kernel

Complexity spectrum

Voxel level dosimetry
(in house or commercial software)
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Perspectives on organ level dosimetry

◉ Patient specific
◉ Integrates millions of points of data (image voxels)
◉ Can be accomplished with accessible (free) software
◉ Flexible to accommodate variations in equipment, resources
◉ Relatively easier to standardize
◉ Models systems beyond voxels (blood, bone marrow, whole body, tumor)
◉ Output organ level dose (current standard for contextualizing dosimetry)

Organ level dosimetryLookup table.
One size for all

Voxel level dosimetry
(in house or commercial software)
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◉ Not all dose is equal
o Equipment, expertise, resources, and values differ across the global healthcare community
o Community is best served if we account for these differences

◉ 20th century models of innovation are often siloed. 20th century dosimetry practices have 
failed to establish footing in clinical workflows

◉ 21st century brings new opportunities to standardize dosimetry across the community. 
◉ We have examples of simple, standardized dosimetry protocols working in close fields: Y90 

microspheres
o Accessible
o Treatment has been a gateway for: 

• Innovation in image based dosimetry, 
• Nuclear medical physicists working and billing for dosimetry

o Provides example of simple models evolving (BSA -> partition)

Perspectives on standardization
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◉ RPT-TEC models should be be derived from diverse data from multiple 
regions/centers if it is to be relevant across regions/centers

◉ Can follow trial designs to collect data from multiple centers and process with 
central workflow

Perspectives on standardization
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◉ MIRDsoft tools are created in an effort to create easy to use, easily accessible, 
vetted software for dosimetry community. 
o Inspired by existing tools (Olinda, IDAC, Nukfit, ….)
o Vetted and endorsed by the SNMMI MIRD committee

◉ MIRDcalc and MIRDfit provide (new) option for integrating uncertainty into dosimetry 
calculations
o We have the tools, how best to use them (ie input)

◉ MIRDcalc pamphlet coming soon (final stages of submission)
o Pamphlet + benchmark/software comparison compendium with 1000+ cases

◉ MIRDcalc not currently FDA approved

◉ MIRDsoft.org and/or MIRDsoft.org model can be used for collecting 
dosimetry/adverse event data in the future…

Closing remarks
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Dose contextualizing 

Biodistribution 
summary is a 

common point in 
dosimetry 

calculation and 
protocols

Threshold 
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MIRDcalc phantoms

Visualization of MIRDcalc phantom library

•10-year old (m/f)
•15-year old (m/f)
•Adult (m/f)

◉ Phantom models 
o ICRP reference phantoms (reports 110 and 

143)
• Newborn (m/f)
• 1 year-old (m/f)
• 5 year-old (m/f)

o Additional source regions generated
• Heart contents
• Major blood vessels

o MIRDcalc interpolation feature
• Organ masses interpolated linearly 

relative to whole body mass
• S values interpolated log-log
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MIRDcalc blood model

MIRDcalc blood source options

◉ User can use 
multiple blood 
source regions



M
IR

D
soft.org collaboration

R
PT-TEC

 2022

33

MIRDcalc tumor dosimetry
◉ MIRDcalc tumor dose model

o Spherical tumor model
• Olguin et. al, PMB, 2020

o Model parameters
• Sphere volume (optional uncertainty)
• TIAC (optional uncertainty)
• Tissue composition (bone/soft tissue)

o Dosimetry semi-integrated with organ dosimetry
• Self dose (no cross dose)
• Integrated TIAC accounting
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MIRDcalc validation
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Comparison of organ doses for typical diagnostic FDG reported using different software
(biodistribution from ICRP 128)

Olinda 1.0 Olinda 2.0 IDAC-DOSE 2.1 MIRDcalc v1.0 ICRP 128
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Comparison of effective dose for typical diagnostic FDG reported by different software
(biodistribution from ICRP 128)

Olinda 1.0 Olinda 2.0 IDAC-DOSE 2.1 MIRDcalc v1.0 ICRP 128

◉ Example comparison with other software
o Fluorodeoxyglucose (18F-FDG), ICRP 128 distribution
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