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Introductory perspective

Reaching for the sky —a New Yorker’s perspective




Introductory context

@ 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
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® Wrought iron - introduced mid 1800 wall thickness decreased
o Material iron had inherent problems, soft and brittle
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Introductory context

® 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
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® New age - now building could be built to
almost any height

o Problem - a lot of stairs!
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Introductory context

® 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
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® After that, the sky's the limit
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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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SNMMI MIRD committee

® New MIRD initiative to advance the state of the art — www.MIRDsoft.org

o Expand format of community resources

Hardcopy N /~  Software
D:bDosbinzjegry Tx Dosimetry
- Absorbed dose - Bioeffect modeling
-Organ-level > —> +< -Voxel- — Cell-level
Pgegrlgggg- Individualized
Dosimetry — _/ - Dosimetry

o Webspace supports
* Accessibility, education, translation and standardization
* Dosimetry community resource
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http://www.mirdsoft.org/

MIRDsoft.org

® MIRDsoft.org
o Software distribution
o Online community
o Scalable innovation

® Funding support

MIRDcalc is a NIH/NIBIB Uozx (Bolch
/Kesner) grant supported project to make
free dosimetry tools for the community

MIRDCalc - A Community Tool for Deriving and

° U F an d M S K COI |a bO rat I on :‘Z[;t‘):mg Patient Organ Doses in Nuclear

icine, Computed Tomography, and Hybrid
Imaging

* Funded for 5 years

* NM dosimetry, CT dosimetry,
Curvfitting, Monte Carlo

* All free for community FLORIDA

MIRD MIRD MIRD MIRD MIRD
gpvc | 7y90  Lispecs ‘@mc  |(2dcm

(~‘]|l]’."‘w
M1 |
MIRD COMM TTEE

MIRDsoft.org

Radiation Dosimetry Community Platform

.‘:

MRD MRD M™MIRD " MRD |MRD
~.calc fit release C ct %CE”

MIRDcell is a Roa (Howell) grant 6
supported project to build free
cellular level dosimetry tool for

the community e

* Funded for 5 years

* Free for community

Memorial Sloan Kettering
Cancer Center.
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MIRDsoft.org

® Website status: live
@® Available now

O

o 0O 0O O O O O

O

MIRDcalc v1 - organ-level internal dosimetry
MIRDcell v4 — cell-level dosimetry

MIRDy90 — microsphere planning worksheet
MIRDdcm - dosimetry report converter

MIRDfit — biodistribution fitting/statistical analysis

MIRDct — CT dosimetry

MIRDspecs — Isotope information database
MIRDcalc S value database

MIRDpvc — partial volume correction tool

® Coming soon
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MIRDrelease — patient release worksheets
Digital phantom libraries — opening to large populations
And more...
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MIRDsoft.org
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Note- software not regulatory approved
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Current status of personalized dosimetry

capaCIty Intricate models

Ideally
> industrially
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MIRDsoft.org

Number of registered users at MIRDsoft.org
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MIRDsoft.org

® 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

UF develops back end (computational phantoms, dose libraries)
MSK develops front end (user interface and user interactions)
MIRD committee advises and vets

Ultimately tools are released freely

o O O O

« With aim to help clinicians, physicists, technologists, industry, patients,

students, educators
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MIRDsoft products

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

>

N
* Gateway software » Develops user experience é
* Open/Functional/clunky * Provides user training/support E
* (Can support standardization * Regulatory cleared

e Sets bar for commercial software to clear  (Caninvestininnovation
* (Can be used to benchmark vendor software e+ Can promote use/sales/billing




MIRDcalc

® MIRDcalc project

o Organ-level dosimetry calculation software tool
* Scope: biodistribution-to-dosimetry MlRD
* Calculations based on MIRD formalism '\c_alc
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 toinstall
* Intuitive, easy to use
* Reviewable/open source (supports QC, education, community development)
* Includes patches with Visual Basic, compiled to .exe
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MIRDcalc screenshot
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MIRDcalc T

® Innovations
o 81 source regions, 48 target regions, 333

isotopes
Single screen user interface
Real time processing
Graphical quality control checks
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

o O O O
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(New) blood models

Uncertainty propagation
Integrated tumor dosimetry model
Output: Organ dose, effective dose,
detriment weighted dose, risk index

Thorough case documentation
* Highly detailed output text files
» Default screen capture
Command line execution
« Supports batch processing, possibly 3™
party
And more...

=
Y
O
[
o
=+
()
=
(o]
Q
2
)
o
o
=
)
(=7
(e}
=]

Qud ‘Jeusayj wepy




MIRDcalc phantoms

@ Phantom models

@)
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ICRP reference phantoms (reports 110
and 143)

* Newborn (m/f) -

* 1 year-old (m/f) 15-year old (m/f)

« 5 year-old (m/f) Adult (m/f)
MIRDcalc interpolation feature

« Organ masses interpolated linearly
relative to whole body mass

« S values interpolated log-log
Additional source regions generated

* Heart contents

* Major blood vessels

10-year old (m/f)

6 reference female phantoms
Adult (ICRP 110)
Pediatric 15, 10, 5, 1 year old, and newborn (ICRP 143)

61 interpolated female phantoms
5-60 kg

ﬁ

5-10 kg interp. 10-19 kg mterp

female female female female female

Newborn female 1ylo female 5ylo female 10 y/o female 15 y/o female
(3.5kg) (10 kg) (19 kg) (32 kg) (53.1 kg)

20-32 kg interp. J 33-56 kg interp. l 57-73 kg interp. l

Adult female
(60.1 kg)

6 reference male phantoms
Adult (ICRP 110)
Pediatric 15, 10, 5, 1 year old, and newborn (ICRP 143)

74 interpolated male phantoms
5-73 kg

M@?

5-10 kg interp. 10-19 kg interp.

male male male male male

Nswbcrn male i) y/o male 5 y/o male 10 y/o male 15 y/o male
(3.5kg) (10kg) (19kg) (32kg) (56.1 kg)

20-32 kg interp. l 33-56 kg interp. l 57-73 kg interp. l

Adult male
(73.4 kg)

Visualization of MIRDcalc phantom library
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MIRDcalc blood model

Blood fraction

mL blood per mL source region]

o . 1.0

| |
Phantom Classic ICRP biood Rest of blood Heart contents & major vessels
source region dynamic source region source region
, B c

Blood-inclusive TIACs D
supplied for some organs
(excluded from this source)
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® User has
multiple options
for modelling
blood source
activity
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MIRDcalc uncertainty propagation
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® Significant interest i
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dosimetric uncertainty e e | b | rapenen
—_— Phantom 2 kg (inter 96 injection accounted for W
. . (K koA Female 51kg (interp) DN f 3 o) 5 ’:; ; “‘_' ‘ ’5: >
tl tl n — — LG mms B ¢ o 7 a
estimatio L —— ST TR
subjectiD [ Luaztest patient | Subject D Lu-177 test patient Input isotopeforgan UID TUH a 20
Target organs i Detriment Weighted & Effective Dose *
Time Abs Dose Uncertainty (0)| MRD <
® MIRDcalc can propagate O = oo (@) [ e o] | oo
(Std. Dev.) Organ name i S e M:
activity il I y EOV OruvgnDose| 13:1E01  6.11E-03
. . . . Organ name coeffcients* : [Adipose tissue 1 1:Eor 237602 | [Ecrrectiecoe | 127E01  6.o7E03
[hours] [hours] [grams| (gl [gras Adrenals I 1yEor 2.08E-02
uncertain y N user in pu INTO Adiposetssve Adipose tisue a756vo | [Bone-endosteotcerofNEREEN NS D e
Adrenals Bone marrow - red (¢ x Bone marrow - red (agtl  232E-01. 153E-02
Bone - cortical volur]| Brain 135 Brain 1 128E01 234E-02 Injected activi 70 [MBq]
H H Breast tissue Breast tissue I 216E01 227E02 Est. dose for injection: 370 MBq
Ose eS ” ' |a Ion Colon - ICRP3: Bronchial basal cells || 0.00Es00 0.00E+00 1000 mCi
Esophagus Colon-ICRP133 |} 203601 117602 Gy Imjedtion
Cartilage region Esophagus I a07E01 197E-02
Esophagus wall Eyelens region Jil  208E-02 12402 8 8 § §
Heart wall Gallbladder wall Eye lens. I 220E01 2.24E-02 SR S
O TlA‘ : lllaSS global S Value @ Kidneys 282 o33 Heart wall Gallbladder wall I 11gE01 201E-02 Tumora —
) ) @ Liver 7.09 o5 Kidneys. Heart wall {] Tumors "
Lungs Liver 2000 o2 Kidneys e =y
. . Mejo blood vessls Lymphatic nodes -t - — Lver S et
Muscle Muscle Lung - ICRPa33 |
@® Aliagned with o B i o
Pancreas Ovaries Muscle 1 120E-01 233E-02 Lywmgh rades ~ 8|
@ Rest of blood o8 o Pancreas Oral mucosa P 16001 2124E02 Onlmucsa
. . @ Restof parenchymi| 5578 19 Skin Ovaries 1 116B01 224E02 Torss k4
Salivary glands Small intestine Pancress | apEor 211E-02 Lymehnodes'— e
o EANM guidelines (Gear et e B o roeyos (SR | .
Thymus Stomach Prostate o.00E+00 000E+00 i o
Thyroid Salivary glands I 13801 227E-02 = >
@ Tumora_300¢c_100| 54 o1 Thyroid Skin I 216E-01 207E-02 bt o o
a @ Tumora_28cc_s0%¢ 08 o1 Small intestine | g66E-02 180E-02 L (oL
I Urinary bladder cont| Urinary bladder wall Spleen E8goEor  F azsEor Piwskarygland [\
Stomach 1 gasE-02 16sE-02 Eone- encosteal . |
. . @ Restof body 67 2 Whole body 521 Testes 0.00E+00 0.00E+00 Aiicme taan Tl 3
o GUM guidelines (2008) b Y pr: (R (- -
rgan model (S vals n Thyroi 1
e . £) Clear > Load Save N il 9 e suke sphs beta  mgamma ~
Waste Tumors_300¢c_2 | s568E-02 arrorbars= SDof toxal dosa D
. . Tumorz_a8ce_so%sT] MMEBsEse0 B 213601 (2]
® Inte rate S Wlth M I RDfIt Tool TRC refineo e s Sstheowtataciity o0 Uinry bodderwall [[Bad6E o azakon Projected EDW 370 MBq njection =
) Total TIAC required to account for Jobs emissions s accounted for 3 li:zms I ayEor 227E-02 EDW: 470E+01 20 225E+00 o)
B *Time integeated activity coeffcients (TIACsinfunies / / [ Whole body target |8 24001 240E-03
. . . .. o tme ey sed st (45)vdedpefve 2) == | g — 7 >
which assists in derivin k . T
g = Internal dosinfdtry [l 2 =3
uncertainty in curve fits S 3

TIACOac Dose * opyee

MIRD COMMITTEE

MEDICAL INTERNAL RADIATION DOSE




Dose per injection (top organs)

MIRDcalc tumor dosimetry

Est. dose forinjection: 370 MBq

10.00 mCi
® MIRDcalc tumor dose model .83 888
el -

o Spherical tumor model

Tumora —_—

- Olguin et. al, PMB, 2020 -
o Model parameters )

« Sphere volume (optional uncertainty) ' E

« TIAC (optional uncertainty) ‘ -

« Tissue composition (bone/soft tissue) ° E
o Dosimetry semi-integrated with organ dosimetry o L

§ || pars=SDoftotal dose

» Self dose (no cross dose)
» Integrated TIAC accounting

j N\|-DW /370 MBqinjection
|1 2 0 7.77E+o00
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MIRDcalc publications

MIRD Pamphlet No. 28, Part 2: Comparative
evaluation of MIRDcalc dosimetry software
across a compendium of diagnostic

MIRD Pamphlet No. 28, Part 1: MIRDcalc —a
software tool for medical internal radiation
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dosimetry * ) _
Y radiopharmaceuticals*
® Introduction of software and features ®  Benchmark MIRDcalc with existing software
@ Supplemental phantom data and practice cases ©  Dose compendium (120 radiopharmaceuticals)
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MIRDfit curve fitting tool i |

UF |
FLORIDA

® MIRD(fit 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
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® Features
o Single-screen interface g

o Pre-populated ICRP/MIRDcalc organ regions, tumors o
* User regions also possible

60
50
40

%IA (effective)

>

(oL

: : g

o Uncertainty propagations . =
o Supports multi-model comparisons » o %
o Quality control checks T e o . o . 7__?
O RObUStIy described Output ® Data e Fitt Tlr:'iﬁh-]\nit‘\a\guess D
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MIRD COMMITTEE o SO'H: m



Uncertainty estimation in TAC fitting

® 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%).
No publications objectively compared fitting models
Only 1 publication considered uncertainty
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A Dosimetry calculation software B TIAC calculation method C Regression software

EXM (OLINDA)
22%

Unspecified
29%

Trapezoidal
21%

Other ‘

5%

IDAC-Dose 2.1
1%

SAAM-II

7%
Other(
7%
QDOSE
14%
Valuez., MIRD -

ll Initiat%"é ! 14% Excel
MIRD COMMITTEE *** Soft i 7%
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MIRDfit interface
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:ﬁlcu,m”“ MIRD MIRD New case || |=| Documentation o
R @
Study setup )| | Biodistribution input @ | | Trapezcudal MIRD Pamphlet No. 30: MIRDfit—A Tool for Fitting of \ Q
Biodistribution Time—Activity Data for Internal Dosimetry g o
o i oo £} Biodistribution toolbox W L. . o e R, Sl Bk S, HryNargs i Les N Jr— )
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software tool for multicellular dosimetry and
bioeffect modeling
Katugampola et al. JNM 63, 2022

Combination of cell regions
Variable packing density
Radiation-dependent bioeffect modeling
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Module driven by

MIRDpvc - A Software Tool for PET & SPECT Resolution Harry Maraus, PhD
Characterization and Shape-Specific Partial Volume Correction

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

better understand treatment responses and outcomes from
RNT — and will facilitate personalized therapies in RNT.
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MIRDpvc — The RC Model

® Theoretical recovery coefficients for spheres:

Rt ) - o (o-) (3) (- %)

Presented by De Nijs, Physica
Medica, 2023

Reformulated from Gabifia et
al, PMB, 2023

® 3-PL function (empirical model) fit to theoretical RCs:
1

Vol Uk
(o
[1+ (SAXFWHMXB) ]

RCout =1-

Beta, gamma, & “L”, are the fitting parameters — Excellent fit

O
to theory allows us to measure RCs and solve for FWHM:

R

3/3[(%)%_1]7

where R is the radius of the sphere

» FWHM =

Main takeaway point:
Our approach finds the resolution (Gaussian — FWHM mm) that is required

produce the measured recovery given the known volume and SBR
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MIRD Pamphlet No. 32: A MIRD Recovery Coefficient
Model for Resolution Characterization and Shape-Specific
Partial-Volume Correction

Harry Marquis', C. Ross Schmidtlein', Robin de Nijs*, Pablo Minguez Gabifia®, Johan Gustafsson*, Gunjan Kayal',
Juan C. Ocampo Ramos', Lukas M. Carter', Dale L. Bailey’, and Adam L. Kesner'
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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)

uoneloge||0o BioyosayiiN

o Through simulations of ellipsoids, and prolate/oblate spheroids we
were able to extend the model
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Figure 6: Simulated RC for spheres, prolate (1,1,4) & (1,1,8), and oblate (4,4,1) & (8,8,1) as a function of
V-SA /FWHM (left) and its inverse (tieht) showine the linear reime.



MIRDpvc — Worksheet overview
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Front end module driven
by Dr. Ocampo Ramos

MIRDct CT dosimetry software &
C ct

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

UNIVERSITY of

FLORIDA

® MIRDct has been developed to provide organ model-based CT dosimetry
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® MIRDct is intended to support:

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

o O O O O
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MIRDct CT dosimetry software

® Key components:
o Realistic anatomical models
* |CRP 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).
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MIRDct - GUI

Input parameters panel
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M | R D Module driven by
y Harry Marquis, PhD

SO'H: tools

MIRDy90

@ MIRDyY90 Implements 3 models for dose prescription

Yttrium 90 microsphere o BSA SIRTeA
radioembolization o  Single compartment & TheraSphere® MIRD pamphlet 29
o Partition model (dual, multi compartment) (JNM 2024)
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MRRD 90, 2 -
Zy90 MIRDy90 - *°Y Microsphere Dosimetry MIRD Pamphlet No. 29: MIRDY90—A " Research
e = Microsphere Dosimetry Tool
Patientname:_Jane Doe. Target region: _ Rightlobe =0 =
MRN: 133123 20230601 _Tumor burden:
DOB: 15/12/1975 Prepdate: 20230201 _Operator: Jim Mortison =
Tnput data iodals =0
205 [oy) Dual g
werstumor) 1570 fec] 0= c
Volume of tumoral iver (total tumorval) 346 [cc] [m—_—
. o e |
A IT/N ratio. = aso W v absorbed dose 58,661 10 T, [
% % frees e /0 et
Desired rt vol absorbed dose (single comp) 150 (Gy) | | [single lcum ungose 1116y &) e
—— Hioyeun
patient height 174 lem] it 012 ves g .
b P IR & >
Acvuy(ota) o
Dual compartment (MIRD] dosimetry )
Summar
] _ e e 3
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e 70 (61 5
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Module driven by
Juan Camilo =
Ocampo Ramos, 1
0000 @ mm—— PhD and Harry

SO tools Marquis, PhD

MIRDrelease
@ MIRDrelease @ Single screen patient release worksheet

MIRDrelease

@)

Safe release of patients
« Safety
* Regulations

NCRP report 155 patient release
guidelines

2 1 E, i

MANAGEMENT OF
RADIONUCLIDE
THERAPY PATIENTS
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Oper: q

(In2)t

E(.0) = Ka(,6) (B/KD = ) Ka((1,0), (B/Ko) e ™ (57)

i=1

E(Y], t) is the effective dose rate (mSv/h) at index distance 7; (meters) from patient at time ¢ post-administration (days),

Kqo(rj, t) is the air kerma rate (Gy/h) at an index distance r; (m) from the patient at time ¢ (days) post-administration,
(E/K,) is the effective dose per air kerma coefficient (Sv/Gy),

Ka(n, 0),_ is the zero-time intercept of the ial i of the tii pendent air kerma rate,

T, is the effective half-life (days) of the non-decay corrected total-body activity for compartment i of a multi-exponential function,
n is the number of exponential compartments required to describe the time-dependent total-body activity.

MIRDrelease patient release calculation worksheet MIRD
Instructions - complete all yellow cells Nl
Treatment

Patient Name: John Q. Patient Institution : AAPM

Patient Number: 222-22-222 Physician: Doc Holiday

Disease/Condition:  Neuroendocrine Tumors Contact phone :  555-5555

Treatment date: 6/1/2024 Patient Releasable Dose Limits (/regulations)
Radionuclide: w177 Adultfamily: 125 mrem
Radiopharmaceutical Lu-177 DOTATATE Child/pregnant woman/public 25  mrem

Physics calculations

Administered activity: Assumed Exposure Factors, E(tj) [units: fraction, 0-1]
7400  [MBq] Family member (1m) 025 Co-Worker (Im) 033
2000  [mCi] Sleeping partner (0.3m) ~ 0.33 Held child (0.3m) 02
Exposure rate at timezero  Total-Body-Activity-Retention [units: days]
mRhat1im mRMat03m amplitude half time [days]
5.66 62.888889 A= F1*exp(In(2)/T, 1 07 Te 01
F2%e TJ+ F2 03 Te 24
Release day’ 0 F3%exp(In(2)/Tes) [} T

(select from dropdown)

Patient Activity vs Time

80 100

Hours post administration

Release i i Days (post

Avoid close contact [less than 1 meter (3 feet) away from] with pregnant women and
1) children until 2 days after the administration of the radionuclide therapy; that is, there 2 Days
are no restrictions on such activity.

2) Do not hold or embrace children for more than 10 minutes a day unil 15 days aferthe 45 pays
of the therapy.

3) Do not retum to work until 3 days aftr the administration of the radionuclide therapy. 3 pays
that is, you may return to work immediatel,
4) Do not sleep n the same bed with your adult sleeping partner unf 7 days aflerthe 7 o

of the therapy

5) Ifyour sleeping partner is pregnant, do not sleep in the same bed with your slesping 4 paye
partner until 16 days after the administration of the radionuclide therapy.
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MIRDtools MIRD \ e ety

SOﬂ tools

MIRDdcm
® Compile (dosimetry) reports to DICOM

format |RD

o Data -> Single DICOM file 'SOft tools”

MIRDdcm

uoljeloge||od 6J0'1}OSGH|V\|

o Software also reverts DICOM-> data PDF & Data to DICOM DICOM to PDF & Data
Data files - PDF/csv/xIsx/zip Retrieve PDF and Data from DICOM
PDF DICOM
storage, i —
s store data et retrieve data CSVIXLSX sroF
/ S viewing 3 P
PACS
—_ —> DICOM tags
T Use tags from existing DICOM file Retrieve Stored Files >
1
v DICOM o
= = MIRD|__, paeo MIRD|- = : 3
S — ——i DICOM —_— — Enter patient information manually
— |(3-dcm FILE (sdcm| - EE3 2
t . :
i ; i o :
€ 0 0): YYYYMMDD -
- MIS =r= stion MIRDdcm 0
=7
O

: - Generate DICOM SO LS Clear All Fields
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MIRDtools MIRD

{Hspecs

MIRDspecs

® Reference material for MIRDsoft.org website
® 1 OOO+ iSOtO peS M;gf? Radionuclide dosimetic data sheets

BETA SPECTRA

MIRD MRD oo e = 1caP, 2008, imei fons. ICRP Publication 107. Ann. ICRP 38
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Soft Radionuclide dosimelric data sheets soft
Mean alpha eneray: 00 [M<V] S > o
«1-00 107 =73 =7 =73 Mean electron energy: 0.9331 [MeV] g
Q.«) (7841h) (153E+6y)  (STABLE) rnq Mean photon energy: 00 MeV] 205
ECBe Ld Air ksgmaurate constant, e 1.653e-21 [Gy m2/Bqs) o4
Air ksmma cosflicient, Kag 1453821 [Gy ma/Basl 203
o (aandjor slectrons), dus: 149513 [Guka/Baal 8o
z
Y-87 Y-8 Y-94 £o
ey s e o
DOSE POINT KERNELS &% o o - I
Dose point kemel source: Graves, et al. Medical Physics. 2019 Nov.; 44(11):5284-6293. Energy [MeV]
Note: Bins are spaced every 0.1 mm unfi a racius of 10 cm, and every 1 mm unfla radivs of 2.m.
Sr-85 Sr-86 Sr-87 Sr-93
484d) (STABLE)  (STABLE) Kﬂ
E = ®  Positron/negatron
| E 107 R e L MIRD
£ o Conversion/Auger electron S i A
B 1o L i =L Radionuclide [mefrc data sheets
S 1os X/gammaray 1t Smsle.
YTTRIUM-90 - =
i SUMMARY SPECTRA (TAZLE]
30w Q
SUMMARY DATA g Spectrasource: ICRP. 2008. Nuclear Decay Data for Bosimefris Calculations. IGRP Publication 107. Ann. ICRP 38
3 102 @ 3
GENERAL 3
CLASSIFICATION 102 107" 00 10" 102 Tl Asn i = Y
T s520130-06 1358203 o A
—— Outerradius fcm] ¥ S
Atomic number (Z): 39 2.37008e-05 Xeroy
Mass number (A]: 90 872999005 xroy (2]
Neutron number [NJ: 51 Py pe S
SUMMARY SPECTRA 2 02400008 s o)
S Specira source: ICRP, 2008. Nuclear Decay Data for Dosimehiic. Calculations. ICRP Publication 107. An. ICRP 38 289800e-04 o =
3). -
ofopic mass: 9.09070401 fams] & 1.802740-03 Yooy
Moss excess: 845150202 [MeV] 1a79970-02 oy o)
’;‘ﬂj G 5%‘22;"3 %‘%/3’) P el ® Conversion slection 1.89014e-03 Xeroy =5
e ; o 9 i“""““ 1.89292¢-03 Keroy
= 10+ o xmy
£ R 178132003 oy (W)
RADIOACTIVE DECAY £ 107 o Augerelection 203171202 Koray.
o
ecay modes: & 2 0w 201430003 oy
Halflfe: 641 1] . 211911008 -
Decay constont: 3.0038¢-06 [1/s] 1018
Daughfers: 2r-50 (100.0%] | 21440n-00 ooy
Radioactive daughters: None -~ o o - e 21696703 X0y
] 21897203 oy
DOSIMETRIC CONSTANTS 218617202 2rsEell Xy
218806e-03 a795e-11 Kooy
Valuer., = 221813003 2369209 xroy
o A " 221828200 o
Initiative - v
A 22622002 xroy
MIRD COMMITTEE 227588203 ooy
MEDICAL INTERNAL RADIATION DOSE T pem
2321508-03 oy




MIRDtools MIRD

{Hspecs

MIRDcalc S value database L
MIRDSOFT
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Home  About  Software «  Resources ~  Community v  FAQ Login or Register

S VALUE DATABASE

MIRDcalc S Value Database

This downloadable ZIP archive contains a comprehensive set of reference S values used in the
MIRDcalc software, supporting organ-level internal dosimetry calculations based on the MIRD
schema. Developed using data and methods aligned with ICRP Task Group 96 publications and
recommendations, as well as radionuclide decay data from /CRP Publication 107, Supplementary
Materiol, the database includes:

« 333 radionuclides with detailed decay spectra
» Reference phantoms for adults and children (ICRP Publications 110 and 143)
« Over 80 source regions and 40+ target regions

« Full energy spectrum integration for beta emitters

« Support for alpha and alpha-recol contributions

« CSVformat for easy integration into research pipelines

Each CSV file is named according to the radionuclide, phantom type, and age/sex group it applies
to

Qud ‘Jeusayj wepy

the s Value (ZIP file, contains 352 CSV files)
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Development of computational phantoms

® Grant effort powered by MSK/UF partnership Memorisl Soan Keteing
o Co-Pl Wes Bolch, PhD
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FLORIDA

@ 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
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Changes in phantom technology: Voxel - Mesh

Brain

Eye and Lens
ET region

Thyroid
Thymus

Lung

Small intestine
Col

lon
Lymphatic node
Blood vessel

Urinary bladder
Prostate

Testis

Brain

Eye and Lens
ET region
Salivary gland
Oesophagus

Thyroid
Thymus

Lung
Breast

Heart

Spleen
Liver

Stomach
Kidney

Small intestine
Colon

Lymphatic node
Blood vessel

Urinary bladder
¥

M[ 1|

MIRD COMMITTEE
MEDICAL INTERNAL RADIATION DOSE

Valuezz.,
Initiative

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
L -
(blue green part) =
ff;,",’;:’;; polrasnvah i i smmm:f - e,
‘ of PM model \ v ‘4 ¢
T E B
il Increase in the 7 +
number of facets *
L

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

Target region
Depth: 60-100 um,
Thickness: 40 um

Previously, phantom
modelers assumed that
ICRP reference masses
were inclusive of blood
content — they were not!

Valuez,
YN initiatide
IRD COMMITTEE

MEDICAL INTERNAL RADIATION DOSE
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Development of computational phantoms

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
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Presentation overview
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A radiopharmaceutical - specific organ level dosim
worksheet developed to perform patient-specific

dosimetry in RPT

@®

valezie MIRD

MIRD COMMITTEE
MEDICAL INTERNAL RADIATION DOSE

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

Effort to support
o  Access

o Standardization
o  Transparency

Integrates

Single/muti timepoint dosimetry
Partial volume correction
Automatic curve fitting

Tumor dosimetry

Bone marrow (BM) dosimetry
Absorbed dose, BED (EQDO), EQDx

O O O O O O

To be freely distributed at MIRDsoft.org

@mm

Initiat
soft _
www.mirdsoft.org

Coming soon MIRDrpt series

Module driven
by Gunjan
Kayal, PhD

MIRDrpt Dosimetry Worksheet - 7/Lu DOTATATE

Patient-Specific Acquisition Data (Input)
n CASE INFORMATION

Results Dashboard & Analysis (Output)
ﬂ TIME-ACTIVITY CURVE (TAC) FITTING

uoljeloge||od 6J0'1J.OS(]H|V\|

Case|D KGaz-101223 Case Now o eom
= Kidneys =BM
Agelyears] a5 #imagetimepoints & & Liver 2500 o o
. 300 ™\
I, Activity 587 GBg #blood timepoints EY # Spleen 20.00 N\
Gender  Male #tumers 5 9
Weight (kg) o x{for EQDx. 2 — | 200 1 15.00 4 AN
primary 5 value phantom: ICAP 15 year old male finterp] = e engn 4 N
s |00 fey * Kidneys 48.2 2.0
F actviry ouanTiFicaTion > "~ - e S
£ o v — 0.00 ; 5 . Spleen 725 23
a) Organ and Tumor Activities 2 o w0 200 300 400 o 100 200 300 4oo |BoneMarrow 72.0 o7
Time(h) fineys Liver Spleen ROB* Tumerz Tumorz Tumory Tumars Tumers T | 800 oD |roB* 6i0 68
3743 13708 21676 24833 503 5.6 20 4778 545 < L ROB® Tuman Tumor (303c0) 6rs  Bs
Tumen2 T (6sce) &
100 100 5 w0 100 umer. 03 13
00
Gog £ + Tumen3 Tumorz 565 0.2
OUmes Tumorg (2 B2 o3
Activity in each VOI (MBa) 400 200 Tumers 725 o7
T2 3.00 23583 7455 BcBz  cogog 2Bioc B3gy 778 1085 1733
T2 560 10501 20439 7Bo0 jBoc jicce  7ide 743 1403 1800 g 2o
L] 96.32 3148 9570 3721 1355 000 104 3 5 Tax s
s 16830 1346 4Bz BB 62y  9B36 ;6 160 330 g4 o o ——h 4
Q 100 200 300 400 a 100 200 300 400
# for single time point (STP): Madsen Method Time (h)
b) Bone Marrow (BM) Activity ¢} Partial Volume Effect - Absorbed doses and biological parameters (Gy)
Choase from the menu Choase from the menu Vol ST RC AD BeD  Eapz |°° T mEew Gamma EAlphz
Spongiosa Image Based [ Sphere-based RC corr % (forcaly) Gy Gy Gy |0 =BED  wEaD:
Kidneys 0Bz 265 279 155
Input  Foreale. Input the PWHM & lozation of tumars: Liver o8By 183 188 104 |0
Valume (L] 70 FIHIM 15 Spleen oBa 465 436 275 |ico
RMBLR (Def 3) Tumors | Location | TBR Bone Marrow NoRC o020 o2 om c)
ooty auran| o7 Tumora | Liver |roB* 086 0y oy ooy [°° c
36 R1* sosamr] 0.0 umorz | Liver Tumora (go3cc) oBy 475 5o5 280 | 5,
Population = Tumorz | Liver Tumora (65c) o7e 1435 1wl o7 ¢ 3_
MBg Tumorg | Liver Tumors (z0cc) o5 447 473 266 |°° [
Tumors | Liver Tumors (18¢c) ogf 5ss 2098 610 o =
T2 6 | co38 Tumors (15ec) o5y 2231 81 mas
T3 963 | o028 x
s 1683 | o.om Therapeuticindex (T1): tumor-to-kidney ratio Projected normal tissue doses over # cycles
For balancing treatment efficacy {tumar dese) and potential tasicity to Total projected GBq
narmal tissue, Tl 2 activity )
THAD) TI(EED) Total AD Tatal BED
18 133
o™ | 18 ™ 243
#%% rad marrow in spongioss 54 EE
T 63 et 25
17
)
[ BioLosicaL RESPONSE PARAMETERS oo |5 e
10
BM___ Kidneys Liver Spleen ROB* Tumors Tumorz Tumory Tumorg Tumors e 3:9 ey
/8 ratio (Gy) 10 25 s gon® .o
w 0.26 o
L) s =] ® 03 . . .
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http://www.mirdsoft.org/

Future of MIRDsoft - grant renewal

® Specific aims:
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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
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MIRDsoft presentation summary

®

®

Value.

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
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Closing remarks on
skyscrapers

What was the final ingredient to sen !
skyscrapers higher and higher?
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Net positive value
proposition —i.e. profitability
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Closing remarks on being relevant

® What if there is a “Bessemer process” for radiopharmaceutical dosimetry?




Closing remarks on being relevant

® What if there is a “Bessemer process” for radiopharmaceutical dosimetry?

EDITORIAL

A Cures Act—Forged Pathway to Patient-Tailored
Radiopharmaceutical Therapy and Call for

Regulatory Transparency

Adam L. Kesner', Nikki Batista”, Pat Zanzonico', and Cathy S. Cutler*

* Deparament of Medical Physics. Memorial Skan Ketiering Cancer Genter, New York. New York: *independent Consubent for Batism
MedTech Consuliing: and 'Collider Accelerator Depuriment, Bakhaven National Laboratory, Upton, New York

Rxm,i‘mm therapy (RPT) offiers molecular-tergeied
treatmeni draiegies and presents an ideal modl for advancing pre
sisionmedicing. As the Beld grums, 2 bng-sdanding question gins
senewed relevanee: What rale will persomalized dessimetry plty
shiping it future? Dovimetryguided patient munagement has
long been recognized a5 & key olective in fempeutic nuclesr
malidne, enshling pat ific optimiza om of radiat

standardized toas for individuslized trestment plaming. We pro-
perie & pragmatic distinction between full Estura dosimetry plsts
Forms and ransparent. mode] cakoulstons, sl we exploe how
cos v lsble under curent

ffiers a vishle mens 10 ensble such caloulstons 10 support individe
ualized care through aswemption-tesed madeling. This is mot 3

ery. The promise of hermonbes—seeing what we trest and using
that information to tailor the frestment of what we see (1)—brgsly
inges om this caputilty. Yet despie decades of lechmical advence-
ment, inchuding the development of dosimetry s liware ok, thew
e in guiding trestrments remsins bergsly limied & research domsing
andhas yel ko become a mutine demnt of clinical ca.
Fnplementing persorslized dosimetry in RPT depends an practic
cal, clinically integraied soflware i cn franslele quenilstive dais
into actionble dedsion apport. A Mhangh fhe intent of Sofware a5 3
Medical Device (SaMD) mgulstion is Laudsble —prokecting petients
and enswing reishility—he cument fmework may be mislignal
with the realistic capacity of soutine RPT. In practice, i{has prockucal
s Food snd Drug Adevinistrtion (FDA )-eleared ool for prespec-
tie planing, even 35 idelines. nereasingly endose desirry-
mangement, il leaves pleming 0 in-house o nncleasd
ouors, limiting stendlsrdizstion; # inposes opsque, conly clesr-
ance patiays it raise bamiers for clinicians nd putents; and #
stends in contras i ™Y radioembalizaion, where smple, anspar-
ent, professionally govemed tools proved mfe and scabbie only
becse ey opersied cutice the current SSMID pathay s where
widespread, iteralive e in routine cre generded reabwodd evie
dence (RWE) Sl strengthened chinical confidence and infrmal
et pradices. bn paralld, fhe US. Congress provided a mandse o
modernize medical device myulsion—via the 21 Century Curss
Act (2) and later codiied in he FDA's 2022 Clinical Decision Sup-
part (CDS) guidmae (3)—groviding = route by which quelifying
dassimetry caleul sors could be transisied Lo e commumity, suppor.
g ntivichus]ined cam anel fhe generaion of RWE—a pathwray il
underrecagized sl umsed.
This gap underscores the need for 2 constmuctive, Feldewide
lford fo enswe Gial RPT has acoess & sfe, salable, and

Fcelved May 5, 2025; revsion accegied Oct. 15, 2025

erfect suhution, bul it could represent a subsintia] improvement
ver the current de farll in which many RPT3 procesd without sy
denimetry guidance

DE FACTO BARRIERS TO DOSIMETRY SOFTWARE IN
RADIGPHARMACEUTICAL THERAPY

Unider current policies, RPT dosimetry software is classified 2
SaMD {4). Rebospective dose estimation (ools have gensrally
been cleared as maleraie-risk class 11 devices Urough the S10k)
premarket natification pethway (5)—clearsnce” being distinct
Fram el “spproval” i segulskry temine ko gy —wheress pro-
speclive inestmentglaming fols are presumed (o Fall ok he
highrisk class 11I category, iriggering fhe most stringent regula-
tory requirements.

Tho bl ooty of rgplation, (puanicg. e i
tive materisl ith the complex-
ity of intemal mu caloulations, sets apert the trmsltian of RPT
deimetry software from salogens als i radistion oncology
(Supplements] Table 1, available sl hitp:/fjommnsoumslson)
Comequently, regulstory pathueys wed in ather Felds are not
direcly wansfersble, and the commonly ued 510(k) patway—
though Jess cosly then clas 11 de move or class 11 premarket
approval—still poses significent hurdles, especially for smaller
compenies and scademic institutions. s requirement o denm-
strale “substantisl equivalence” © an existing mrksted device i
knwn & discinsage imovaion—sn elfect we Il recognioed in e
regulsiory community (5,7). These burdens, together with high
development costs and overlapping requinements soross the 3
donsinn, incentivize simplified “one-size-fsalT" dosing seate-
ghes, &5 seen in recent approvals such 2s Lutsthera and Phuvicks
(bath Movartis) {4,9)

lmplicitly, there & & presumption Gl prospective pestment
plenning requires high-risk sftware and st populstion-besed
desiing—the ame-size-Fis-all protacals designed (o minimize tor.-
cities in the aversge patient. populstions—provides = adequate
lower-risk defsull. This spproach supplants petient-specific ok~
netics and persons] priorities—and the goul of optimizing therapy

CDS Ciassmcamon o RPT Dosmemey + Kesnerctal 1

JNM-270348 = 10622/25

Table 1 - Comparison of FDA-defined regulatory pathways for medical software: CDS, Class Il (510(k)) clearance, and

Class Ill (Premarket Approval).

CHARACTERISTIC

CLINICAL DECISION SUPPORT (CDS)

Cuass 11 510(k) cLEARANCE

REGULATORY
CLASSIFICATION

Supportive, not standalone medical
devices

Moderate-risk medical devices

PRIMARY FOCUS

Assist clinicians with decision-making

Independent diagnostic or treatment
devices

APPROVAL PROCESS Exempt if meeting FDA criteria Requires 510(k) premarket
notification

TIMELINE FOR No formal review timeline—tools meeting | Longer (¥12-18 months)

CLEARANCE CDS exemption criteria can be

implemented without FDA review.

COST TO DEVELOPERS

Lower

Higher

FLEXIBILITY FOR

High, iterative updates allowed

Low, requires regulatory re-approval
for updates*

UPDATES
INNOVATION High, promotes faster integration Moderate, constrained by approval
POTENTIAL process

CLINICAL ADOPTION

Promotes adoption via lower barriers

Slow adoption due to regulatory
hurdles
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