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Introductory perspective

Reaching for the sky – a New Yorker’s perspective
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◉ Building height 
o For much of history, masonry used to support upper floors of building

• Taller building the thicker the wall, less space to use

◉ Wrought iron - introduced mid 1800 wall thickness decreased
o Material iron had inherent problems, soft and brittle

Introductory context



Adam
 Kesner, PhD

M
IR

D
soft.org collaboration

4

◉ 1848 Henry Bessemer process enabled 
conversion of large amounts of iron to steel
o Steel great building material: tensile, strong
o Steel beams can create new building model: 

“steel skeleton”
• Taller structure, large windows

◉ New age - now building could be built to 
almost any height
o Problem – a lot of stairs!

Introductory context

New your city skyline, circa 1876
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◉ 1853 – Otis safety elevator unveiled at New 
York worlds fair
o 1857 first steam powered elevator installed
o 1867 Otis Brothers & Co. incorporated
o 1898 company sold first electric elevators

◉ After that, the sky’s the limit

Introductory context
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◉ 1853 – Otis safety elevator unveiled at New 
York worlds fair
o 1857 first steam powered elevator installed
o 1867 Otis Brothers & Co. incorporated
o 1898 company sold first electric elevators

◉ After that, the sky’s the limit

Introductory context

Lesson – 
It’s easier to reach for the sky when you have a 

safe, vetted, multifaceted infrastructure to 
support the aspiration
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◉ New MIRD initiative to advance the state of the art – www.MIRDsoft.org 
o Expand format of community resources

o Webspace supports 
• Accessibility, education, translation and standardization
• Dosimetry community resource 

SNMMI MIRD committee 

Hardcopy Software

Population-
averaged
Dosimetry

Individualized
Dosimetry

Dx Dosimetry
- Absorbed dose
- Organ-level

Tx Dosimetry
- Bioeffect modeling
- Voxel- → Cell-level+

http://www.mirdsoft.org/
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◉ MIRDsoft.org
o Software distribution
o Online community 
o Scalable innovation 

◉ Funding support

MIRDsoft.org

MIRDcalc is a NIH/NIBIB U01 (Bolch 
/Kesner) grant supported project to make 
free dosimetry tools for the community
• UF and MSK collaboration
• Funded for 5 years
• NM dosimetry, CT dosimetry, 

Curvfitting, Monte Carlo
• All free for community 

MIRDcell is a R01 (Howell) grant 
supported project to build free 
cellular level dosimetry tool for 
the community
• Funded for 5 years
• Free for community 
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◉ Website status: live
◉ Available now

o MIRDcalc v1 – organ-level internal dosimetry
o MIRDcell v4 – cell-level dosimetry
o MIRDy90 – microsphere planning worksheet
o MIRDdcm –  dosimetry report converter
o MIRDfit – biodistribution fitting/statistical analysis 
o MIRDct – CT dosimetry
o MIRDspecs – Isotope information database
o MIRDcalc S value database
o MIRDpvc – partial volume correction tool

◉ Coming soon 
o MIRDrelease – patient release worksheets

MIRDsoft.org

o Digital phantom libraries – opening to large populations
o And more…

Note- software not regulatory approved

new

new

new

new

new
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Current status of personalized dosimetry 
capacity

Where 
we are 

Where we 
want to be 

Intricate models

Standardization/
diffusion

Ideally 
industrially 

driven

Ideally 
community 

driven

Path 
1

Path 2

Path 
3
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MIRDsoft.org
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◉ We have developed a recipe for creating tools
o We identify need in the community for tool
o Most solutions built in Microsoft Excel (with VB code + compiler)

• Easy to install, navigate
• Significant capacity for graphics, usability
• Capable of thorough single screen interfaces
• All calculations transparent to users

o UF develops back end (computational phantoms, dose libraries) 
o MSK develops front end (user interface and user interactions)
o MIRD committee advises and vets
o Ultimately tools are released freely

• With aim to help clinicians, physicists, technologists, industry, patients, 
students, educators

MIRDsoft.org 
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◉ IDEA: accessible, vetted, easy-to-use software solutions can translate 
academic ideas and have a large impact on the field.

◉ SCOPE of MIRDsoft products
o Complex enough to provide utility in reducing tasks to achieve standardized 

model processing
o Simple enough to work as stand-alone solutions

MIRDsoft products

Community software Commercial software

• Gateway software
• Open/Functional/clunky
• Can support standardization
• Sets bar for commercial software to clear
• Can be used to benchmark vendor software

• Develops user experience
• Provides user training/support
• Regulatory cleared
• Can invest in innovation
• Can promote use/sales/billing



Adam
 Kesner, PhD

M
IR

D
soft.org collaboration

16

◉ MIRDcalc project
o Organ-level dosimetry calculation software tool

• Scope: biodistribution-to-dosimetry
• Calculations based on MIRD formalism

o Created to meet needs of community
• Vetted software
• Open source
• Free distribution

o Looking towards future – a platform to innovate
◉ MIRDcalc architecture

o Excel platform
• Easy to install 
• Intuitive, easy to use
• Reviewable/open source (supports QC, education, community development)
• Includes patches with Visual Basic, compiled to .exe

MIRDcalc
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Dose 
calculation Quality control Error 

calculation

Effective dose 
calculations Risk index Formatted 

reporting

Data base with S 
values 

(protected, 
versioned)

MIRDcalc screenshot
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MIRDcalc

o (New) blood models
o Uncertainty propagation
o Integrated tumor dosimetry model
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 digital 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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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 MIRDcalc interpolation feature
• Organ masses interpolated linearly 

relative to whole body mass
• S values interpolated log-log

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

MIRDcalc blood source options

◉ User has 
multiple options 
for modelling 
blood source 
activity
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MIRDcalc uncertainty propagation

TIACσTIAC Dose ± σDose 

◉ Significant interest in 
dosimetric uncertainty 
estimation

◉ MIRDcalc can propagate 
uncertainty in user input into 
dose estimation
o TIAC, mass, global S value

◉ Aligned with 
o EANM guidelines (Gear et 

al, 2018)
o GUM guidelines (2008)

◉ Integrates with MIRDfit, 
which assists in deriving 
uncertainty in curve fits
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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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◉ Introduction of software and features
◉ Supplemental phantom data and practice cases 

 

23

MIRDcalc publications

◉ Benchmark MIRDcalc with existing software
◉ Dose compendium (120 radiopharmaceuticals)

MIRD Pamphlet No. 28, Part 1: MIRDcalc – a 
software tool for medical internal radiation 
dosimetry *

MIRD Pamphlet No. 28, Part 2:  Comparative 
evaluation of MIRDcalc dosimetry software 
across a compendium of diagnostic 
radiopharmaceuticals*
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◉ MIRDfit is a biodistribution fitting software 
o Curvefitting fundamental part of the dosimetry workflow
o Software helps user compute time-integrated activity coefficients (TIACs) (to be used in 

nuclear medicine dosimetry)
o Workflow can be readily integrated with MIRDcalc

◉ Features
o Single-screen interface
o Pre-populated ICRP/MIRDcalc organ regions, tumors

• User regions also possible
o Uncertainty propagations
o Supports multi-model comparisons
o Quality control checks
o Robustly described output

MIRDfit curve fitting tool Module driven by 
Lukas Carter, PhD 
and supported by 
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◉ State of the field: all JNM publications with “dosimetry” in the title and filtered 
for biodistribution studies
o Of 19 articles, 74% utilized regression, 21% utilized the trapezoidal method, and 5.1% did not 

specify 
o For regression analyses: EXM module of OLINDA (21%), QDOSE (14%), Origin Pro (14%), 

Microsoft Excel (7%), and SAAM-II (7%). 
o No publications objectively compared fitting models
o Only 1 publication considered uncertainty

Uncertainty estimation in TAC fitting
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MIRDfit interface

MIRD Pamphlet No. 30: MIRDfit—A Tool for Fitting of 
Biodistribution Time–Activity Data for Internal Dosimetry
Carter et. al.
Journal of Nuclear Medicine, September 2024
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MIRDcell
◉ PI – Roger Howell 

(Rutgers)
◉ Radionuclide Cell-level 

dosimetry and bioeffect 
modeling software
o Sub-cell, single cells, 

multi-cell clusters - 
Sources and Targets

o Β particles: Average E 
or Full E spectrum

o LQ modeling
◉ Available now for 

download

MIRD Pamphlet No 25:  MIRDcell V2, Software 
Tool for Dosimetric Analysis of Biologic Response 
of Multicellular Populations
Varizi et al.  JNM 55: 1-8, 2014

MIRD Pamphlet No 27:  MIRDcell V3, a revised 
software tool for multicellular dosimetry and 
bioeffect modeling
Katugampola et al.  JNM 63, 2022
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MIRDpvc - A Software Tool for PET & SPECT Resolution 
Characterization and Shape-Specific Partial Volume Correction

Module driven by 
Harry Marquis, PhD

◉ The partial volume effect (PVE) is a significant factor 
prohibiting accurate dosimetry of target volumes in 
radiopharmaceutical therapy (RPT)  

◉ The PVE is a phenomenon that results in the loss of 
apparent activity in small objects or regions

◉ Partial volume correction (PVC) methods aim to restore the 
loss in signal due to limited resolution of our imaging 
systems

◉ Why PVC? Improved quantitative accuracy will allow us to 
better understand treatment responses and outcomes from 
RNT – and will facilitate personalized therapies in RNT.
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◉ Theoretical recovery coefficients for spheres:

◉ 3-PL function (empirical model) fit to theoretical RCs:

o Beta, gamma, & “L”, are the fitting parameters → Excellent fit 
to theory allows us to measure RCs and solve for FWHM:

MIRDpvc – The RC Model

Main takeaway point:
Our approach finds the resolution (Gaussian – FWHM mm) that is required 
produce the measured recovery given the known volume and SBR

Presented by De Nijs, Physica 
Medica, 2023

Reformulated  from Gabiña et 
al, PMB, 2023
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MIRDpvc – RECOVER-GM
◉ Extending the model to non-spherical shapes:

o When RCs for ellipsoids are plotted as Vol/SA vs RC, the data 
collapses onto a single curve (for RCs>0.7)

o Through simulations of ellipsoids, and prolate/oblate spheroids we 
were able to extend the model

By Ag2gaeh - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=45585493

^ Geometric 
mean of: 

REcovery COefficient equiValEnt Resolution (RECOVER)
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MIRDpvc – Worksheet overview
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◉ MIRDct has been developed to provide organ model-based CT dosimetry

◉ The software enables quick estimation of organ absorbed dose and whole body effective dose 

◉ MIRDct is intended to support:
o Evaluation of CT dosimetry
o Optimization of CT protocols, techniques, and procedures
o Comparison of CT techniques, procedures, technologies
o Numerical quantification of risk for providers and patients 
o Support for diagnostic reference levels (DRLs)
o Educational use

MIRDct CT dosimetry software
Front end module driven 
by Dr. Ocampo Ramos 
backend supported by UF                
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◉ Key components:
o Realistic anatomical models

• ICRP Publication 145 – Adult mesh-type phantoms
• ICRP Publication 156 – Pediatric mesh-type phantoms
• arms up/down

o New dose coefficient database
• Heavy processing pre-calculated

o Robust model options: 
• 1 cm CT-slice-specific organ dose coefficients, CT manufacturer, model, collimations, kVp, 

bowtie filters, and support for Tube Current Modulation (TCM).
o Single screen graphical user interface
o Uncertainty evaluation: 

• Software identifies and quantitates sources of error and allows users to propagate these into 
the calculational results (optional).

MIRDct CT dosimetry software
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MIRDct – GUI 
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◉ MIRDy90
Yttrium 90 microsphere 
radioembolization

◉ Dosimetry

MIRDy90 Module driven by 
Harry Marquis, PhD

MIRD pamphlet 29 
(JNM 2024)

MIRDy90
Implements 3 models for dose prescription

o BSA 
o Single compartment 
o Partition model (dual, multi compartment)



Adam
 Kesner, PhD

M
IR

D
soft.org collaboration

37

◉ MIRDrelease
o Safe release of patients

• Safety
• Regulations 

o NCRP report 155 patient release 
guidelines

MIRDrelease
MIRDrelease

◉ Single screen patient release worksheet

Module driven by 
Juan Camilo 

Ocampo Ramos, 
PhD and Harry 

Marquis, PhD
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MIRDdcm
◉ Compile (dosimetry) reports to DICOM 

format
o Data -> Single DICOM file
o Software also reverts DICOM-> data

MIRDtools
MIRDdcm

Module driven by 
Harry Marquis, PhD
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MIRDspecs
◉ Reference material for MIRDsoft.org website
◉ 1000+ isotopes

MIRDtools Module driven 
by Lukas 

Carter, PhD
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MIRDcalc S value database

MIRDtools Module driven 
by Lukas 

Carter, PhD
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◉ Grant effort powered by MSK/UF partnership
o Co-PI Wes Bolch, PhD

◉ Bolch lab has significant experience with 
developing computational phantoms

◉ As (significant) part of grant we are creating 
the UF/MSK computational phantom library
o Powers MIRDsoft tools
o Many other uses

Development of computational phantoms
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Changes in phantom technology:  Voxel → Mesh

ICRP Publication 110

ICRP Publication 145

Note - In 2023, ICRP 
will release a 
companion 
document on the 
pediatric mesh-
based reference 
phantom series
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Key advantages of mesh-based over voxel-based phantoms

1. Avoidance of stair-step artifacts 2. Nonuniform scaling of mesh surfaces

3. Ability to model very thin tissue layers 4. Proper accounting of in-vivo organ volumes

Previously, phantom 
modelers assumed that 
ICRP reference masses 
were inclusive of blood 
content – they were not!
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Summary
◉ Phantom development under MIRDsoft initiative will set new standard for digital 

phantoms
◉ UF/MSK (combined with UF/NCI) library is now 732 phantoms in total
◉ Include variety of sizes/shapes/postures
◉ Powers MIRDsoft products
◉ To be distributed on MIRDsoft.org

Development of computational phantoms

150 cm 160 cm 170 cm 180 cm 190 cm 200 cm
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1. MIRDsoft.org platform
Projects hosted on MIRDsoft.org

2. MIRDcalc - organ level dosimetry
3. MIRDfit - curve fitting
4. MIRDcell - cell level dosimetry
5. MIRDpvc - partial volume correction
6. MIRDct - CT dosimetry
7. MIRDy90 - Y90 treatment planning
8. MIRDrelease - patient release
9. MIRDtools 
10. UF/MSK computational phantoms

11. Closing remarks

Presentation overview
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Coming soon MIRDrpt series
A radiopharmaceutical - specific organ level dosimetry 
worksheet developed to perform patient-specific 
dosimetry in RPT 

◉ Single page calculation workflow
o Minimal inputs & user complexity
o Standardized parameters

◉ Effort to support 
o Access
o Standardization
o Transparency

◉ Integrates 
o Single/muti timepoint dosimetry
o Partial volume correction
o Automatic curve fitting
o Tumor dosimetry 
o Bone marrow (BM) dosimetry 
o Absorbed dose, BED (EQD0), EQDx

◉ To be freely distributed at MIRDsoft.org

www.mirdsoft.org

Module driven 
by Gunjan 

Kayal, PhD

http://www.mirdsoft.org/
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◉ Specific aims:

1. Enhancing MIRDcalc and MIRDct to Accommodate Variable Human-Body 
Morphometry

2. Development of a Mouse and Rat Phantom Library for Preclinical Dosimetry
3. Development of Advanced Model-Based Tumor Dosimetry
4. Simplified Bioeffect Modeling Tools for Clinical Dosimetry

47

Future of MIRDsoft - grant renewal
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◉ MIRDsoft.org is a new initiative from the SNMMI MIRD committee to 
support accessible electronic infrastructure for NM community

◉ Projects address gap in idea translation
o Community access tools not profitable, but crucial for education, benchmarking 

standards, innovation
◉ Projects/accomplishments have been true collaborative effort 
◉ Currently available for download:

o MIRDcalc, MIRDcell, MIRDy90, MIRDdcm, MIRDfit, MIRDct, MIRDspecs
◉ More innovations to come

o Efforts currently underway
o Application for funding renewal has been submitted

MIRDsoft presentation summary
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What was the final ingredient to send 
skyscrapers higher and higher?

Net positive value 
proposition – i.e. profitability

Closing remarks on 
skyscrapers
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Closing remarks on being relevant
◉ What if there is a “Bessemer process” for radiopharmaceutical dosimetry?
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Closing remarks on being relevant
◉ What if there is a “Bessemer process” for radiopharmaceutical dosimetry?
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