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Presentation overview

@ 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
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Current status of personalized dosimetry
capacity

Detailed/Intricate

Entity driven
¥ (exclusive)

Where
we are

Standardized

Where we
want to be
L
Community
driven
(inclusive)
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Introduction to MIRDsoft.org

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

@ Collaborative project
o MIRDcalc grant
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Initiative

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

y Platfor

* NCI - RO1, Howell (Rutgers)
® Project hosted on www.MIRDsoft.org
o Software dissemination
o Community platform
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http://www.mirdsoft.org/

Introduction to MIRDsoft.org

e A
@® Avallable 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

wn
~—
MIRD SCHEMA ORGAN LEVEL DOSIMETRY SPREADSHEET = - @)
—_— ﬁ
MRDCaic vo-Genesiscet)  Bjodistribution Model INPUT FIRD ' MRD Dosimetry Estimate OUTPUT ©
@)
Element = Ng Isotope = % Sex = & Phantom = Ng Input parameters: @)
= : - Phantom 58 kg (interp) < % injection accounted for 32% Wa —
Ho [} in A Lu-176 | Female 1| | | 57kg (interp) a1 ] - _ N )
ir K Kr W Male 58 kg (interp) 1_ ot n‘pe U-177 nput “,UE uncertainty 2 y 2 O-
= M) mg o . . 59 kg (interp) o Halflife 1.5953E+02 [hours] # organs with nonzero TIACs 7 B 12 O
subjectID Lu-177 test patient SubjectID  Lu-177 test patient Input isotopeforgan UID - MIw a 20
| P P g S
Source organs Target organs Estimated dosimetry (absorbed dose) - 37/50 displayed here | Detriment Weighted & Effective Dose "® ,_|.
o Time o Abs Dose Uncertainty [SO) MIRD [ ; g ~
integrated o Fatient - ?H Calculation Organ D [mGy { MBq] [miGy f MEq) “calc may | MB [mSv | MBg] O
o (5td. Dev.) Organ name organ mass (Std. Dev ¥ =S
activity (optional) RN et ol organ Viass EDWV Detr Woht Dose | g.52E-02 4.95E-03 .
Organ name coefficients*® Eis = : Adipose tissue | g.82E-02 1.83E-02 E Effective Dose 9.57E-02 4.50E-03 D a t a b a S e W I t h S
[hours] [hours] grams] [grams] [grams] Adrenals | g.84E-02 ' 1.58E-02
Adipose tissue Adipose tissue z.07E+04 Bone - endosteal cells | gaiE-oz 3 g.38E-03 Dose perinjection (top organs) | d
Adrenals Bone marrow - red ( 1.10E+03 Eone marrow - red (act! gq.74E-02 1.10E-02 Va U eS prOte Cte /
Bone - cortical volu Brain 1 35E+03 Brain ! g66E-02 1.82E-02 Injected activity: 370 [MBq]
Bone - trabecular vc Breast tissue s s4E+o2 | |Breast tissue 1 g.54E-02 : 1.81E-02 Est. dose forinjection: 370 MBgq - d
______ Brain L | Colon-ICRPa33 3.04E+00 | |Bronchial basal cells :  o.coE+co 0.00E+00 _ . 10.00 mCi Ve rS I O n e
Breast tissue Esophagus 8 86E-02 | |Colon - ICRP133 . o.00E+00 o.0oE+00 ' mGy | injection |
Cartilage Extrathoracic regior 404E-01 | |Esophagus : 8.17E-02 1.43E-02
Esophagus wall Eve lens &.00E-01 Extrathoracic region - 5.25E-02 7.52E-03 8 8 § g
Heart wall Gallbladder wall 8.11E+o0 Eye lens : o.coE+o0 : o.coE+o0 ° = i
@ Kidneys 1.82 033 _Heartwall 2.80E+02 | |Gallbladder wall 1 108E-01 1.64E-02 Tumorz —
(@ Liver 7.08 0.5 Kidneys 3.451E+02 Heart wall 1 B.gbE-oz : 1.61E-02 Tumors H
Lungs Liver 2020 10 2.02E+03 Kidneys :I 4.73E-01 f  122E-0a Sotaan )
Major blood vessels Lymphatic nodes - | 1.47E+02 Liver B 3i1BE-0a ! 6.35E-02 Kidneys =
Muscle Muscle 178E+04 Lung - ICRPa33 : s51E-02 g.50E-03
..... Oral mucosa J Orlmucoss 2 35E+01 | |[Lymphatic nodes-ICRI gssE-o2 @  138E-02 Liver [wiH
Pancreas Ovaries 10gE+01 | [Muscle !l g8iEo02 :  182E-02 Carmk rvacona W
@ Rest of blood 0.238 0.11 Pancreas 1.37E+02 Oral mucosa I 129E-02 1.82E-02 Tongue ®
@ Rest of parenchymr 5578 19 Skin 2.24E+03 | |Ovaries 1 gssE-02 173E-02 Gallbladder wall v
Salivary glands Small intestine 3.46E+00 Pancreas { g.36E-02 1.5qE-02 Ureters
@ 5Spleenp a8 aw 0.005 | Spleen 1.85E+02 Pituitary gland d g.67E-02 1.71E-02 Lymphnodes -.. I ~
Thyrmus tomach 5.77E-0 Prostate oocE+coc °  o.coE+co P & D(r—r) — A(FS ) . S(FT — I'S ) @
Thyroid Salivary glands I  g7bE-02 : 1.78E-02
_ : Adrenals W Ts
@ Tumori_3oocc_ioc 5.4 0.1 Thyroid 178E+01 Skin i 8.97E-02 ! 1.63E-02 :
@ Tumorz_28cc_s0% 0.8 0.1 Tongue 6.o3E+01 | |Small intestine | 767E-02 : 1.33E-02 AASEC ta m
Urinary bladder con Urinary bladder wall 5.93E+01 Spleen N8 47E-01 F 16sE-02 Muscle n -U
Stomach : 7.67E-02 : 1.25E-02 Tonsils 1§ I
Rest of body Whole body 58.1Kg Testes . o.00E+o0 0.00E+00 Salivaryglands 8 Dose Qual ity Error I
Rest of bod 55 BK ' B4E- ; . .
oo fdn? . vl - | N E SE02 XayEoa Bone marrow - red... ¥ calculation control calculation —
Organ model (5 value) uncertainty 20% Thyreid 1 8.88E-o0z 1.63E-02
[selected enor propagated into calcs) @ f} Clear e‘ Load Save ™S TDI"Igl.IE | LAaE-o1 : i 83F-032 alpha beta gamma I-I-I
Waste i ; | |Tumori_3oocc_1co¥S BIEESE+o0 : 2.76E-02 emor bars = SO of total dose ( )
Tumorz_28cc_so¥ST :ITEGE+00 F  z206E-01
Total TIAC entered into table: 72.93 96 theoretical _ 32% Urinary bladderwall | g.48E-o02 : 1.73E-02 Projected EDW [ 370 MBq injection Effective dose . . Formatted [\)
Total TIAC required to account for 100% emissions: 230.15 activity accounted Uterus i g.85E-02 : 1.8cE-02 EDW: 354E+01 20 167E+o0 caIcuIations RISk mdex reportin O
* Time inteqrated activity coskficients [TIACE] in units r - - Whole body target || 1.12F-01 1 1.09E-02 P g I\)
[:L?;I-Iif;l:;ﬂ*;ﬁ:ﬁ;::%::}ih [dis] divided by the @ @ @ _ _ # Uncertainty values ate solely detived from propagating user entered biodistibution uncertainties. ?T"ﬁ‘ N
Lo *  E andEow caleulsted using ICRP 103 radiation and tissue weighting factors. 2Ly
Internal dosimetry spreadsheet [ ) «| »
| Ready  Scroll Lock l \ 222) O - i + 9%
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MIRDcalc
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o 81 source regions, 48 target regions, 333 o (New) blood model

Isotopes o Uncertainty propagation

o Single screen user interface o Tumor dosimetry module

o Real time processing o Output: Organ dose, effective dose, detriment

o Graphical quality control checks weighted dose, risk index

o Modern ICRP phantoms o Thorough case documentation
« Well documented » Highly detailed output text files

o Spectrum of phantom models (m/f, pediatric to ~ ° Default screen capture

adult, 1 kg steps) o Command line execution

o Dynamic source regions » Supports batch processing, possibly 3" party
- Rest of body o And more...

* Rest of blood
* Rest of parenchyma
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® MIRDcalc has capacity
to propagate uncertainty
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MIRDcalc dosimetry software

REREUN YA Gilieat fcut Biodistribution Model INPUT ':‘%E M%[t) Dosimetry Estimate OUTPUT
Element = % Isotope 7= ¢ Sex 7= % | | phantom J= G2 | Inputperameters
= : = . — Ferale . SR R :’hantom 52 kg (interp) < :)ﬁnnje;tlo:'- accountecfl for 35‘: We
T rﬁ Mg 177 ) Male “52kg (interp) ) sotope Lu-azz nput 5 value uncertainty 20 Yy 12
Halflife 1.5953E+02 [hours] # organs withnonzero TIACs  : 8 B 2
Mn Mo N v = : 53 kg (interp) v
subjectiD Lu-177 test patient | Subject ID  Lu-a77 test patient Input isotopeforgan UID - TUH a 20
Source organs Target organs Estimated dosimetry (absorbed dose) - d here | Detriment Weighted & Effective Dose *°
- Time - Abs Dose Uncertainty (SD) | MIRD g
@ integrated 2 Pt Calcutation [[|°"" @ (mGy/MBa]  [mGy/MEq) ~ale  |movIMBdl o) mpg)
< (Std. Dev)) Organ name organ mass Std. Dev S
activity (optional) ortionsl ioel organ Mass EDV Detr WohtDose | 1.31E-01 6.11E-03
Organ name coefficients* Adipose tissue I 12380 2.37E-02 E Effective Dose 1.27E-00  6.07E-03
[hours] [hours] [grams] ([grams [grams Adrenals l 117E-01 2.08E-02
Adipose tissue Adipose tissue Bone - endosteal cells|F  2.24E-02 1.32E-02 Dose per injection (top organs)
Adrenals Bone marrow - red ( Bone marrow - red (ackl  232E-02 153E-02
Bone - cortical volur Brain Brain 1 128E-01 2.34E-02 Injected activity: 370 [MBq]
Bone - trabecular vo Breast tissue Breast tissue 1 116E-01 2.27E-02 Est. dose for injection: 370 MBq
LB _Colon - ICRPaz3 Bronchial basal cells | 0.00E+00 ocoEsoo | | 10.00 mCi
Breast tissue Esophagus Colon - ICRP133 1 103E-01 117E-02 'mGy /injection |
Cartilage Extrathoracic region Esophagus 1 107801 1.97E-02 =
Esophagus wall Eye lens Extrathoracic region -[lf  108E-01 1.24E-02 g 9 § §
Heart wall Gallbladder wall Eye lens 1 22001 2.24E-02 DA
@ Kidneys 2.82 033 _Heartwall 2.47E+0 Gallbladder wall T 11gE-02 2.02E-02 Tumorz —
@ Liver 7.09 0.5 Kidneys g8E+02 | |Heart wall T 114E-01 2.12E-02 Tumora -
Lungs Liver 2000 0.2 2.00E+03 | [Kidneys W8 28E-01 B 186E-01 Spieen -
Major blood vessels Lymphatic nodes - I( 1.35E+0 Liver I 323E-01 | 6.42E-02 xidmys —
Muscle Muscle 1E+0 Lung - ICRP133 1 7.25E-02 1.36E-02
...... Orelmucosa Orlmucosa ... Lymphatic nodes - ICRE  2.20E-01 178E-02 s
Pancreas Ovaries Muscle 1 120E-01 2.33E-02 LY RS
@ Rest of blood 0.238 0.11 Pancreas Oral mucosa I 160E-01 2.14E-02 Onimucmss N
@ Rest of parenchym. 5578 19 Skin Ovaries I 116E-01 2.24E-02 Torsils H
Salivary glands Small intestine Pancreas I 117801 2.11E-02 Lymph nodes -... H
KB Spleen . 18 | o005 Spleen Pituitary gland I 1zE01 2 20E-02 Saiwaryglands M
Thymus Stomach Prostate 0.00E+00 0.00E+00 e
Thyroid Salivary glands ‘F  138E-01 2.27E-02
@ Tumori_3o0cc_100' 5.4 0.1 Thyroid Skin I 116E-01 2.07E-02 ng"_‘ .
@ Tumorz_28cc_50%¢ 0.8 01 Tongue Small intestine I 966E-02 @  180E-02 —
Urinary bladder cont Urinary bladder wall Spleen BN8goE-02 I 173E-02 Piturarygland 'K
Stomach |  ga2sE02 ©  165E-02 Eone- encosteal.. |
@ Rest of body 675 2 Whole body 521Kg Testes :  o.0oE+o0 0.00E+00 Adiposetissue W
Rest of body mass :.q.—rﬁegj Thymus l 119E-o1 2.27E-02 Eyelens hl
Organ model (S value) uncertain 2 Thyroid T 114E-01 2.14E-02
selected error propagated into cpics 7 n Clear 2 Load Save N Tongue E. 132E-02 2.2gE-02 alpha beta ol
Waste Tumori_3oocc_100%5NEESES00 | 568E-02 error bars = SD of total dose
Tumor2_28cc_so%ST|IEISSES00 B 213E-01
Total TIAC entdredl into table: 0.8 36 theoretical activity % Urinary bladder wall |'F 226E-02 @  222E-02 Projected EDW / 370 MBq injection
Total TIAC required to account for emissions:  2B0J15 accounted for 35 Uterus I 11701 | 22702 EDW: 470E+01 20 2.25E+00
* Time integrated activity coefficients (TIACsinjunits : : ’ | Whole body target [N 240E-02 1.40E-02
[homs_] N nme-im_e_guud a_cwitg [dis) divided pythe @ @ _ | . Uncertainty values are solely derived from pr Ng/user entered biodistribution uncertainties 1%
sdministered acthv [disiime) . *  Eand Eowcalculated using ICRP 2¢3 radiatiorand weighting factors. XL
Internal dosimgtry spreadsh ® <]
Ready ] O - ] + 100%
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Uncertainty estimation in time-activity curve fitting

@ Croembiark
L

® PharmaCOkinetiC mOde”ing Used tO Molecular radiotherapy: The NUKFIT software for calculating

the time-integrated activity coefficient

transform raw measurements into P Kietiing® and . Schimme

Klimik fiir Nuklearmedizie, Usiversitidt Ofe, Uile 8WI8F, Germoany

biodistribution input for dosimetry 4. A Kester

Reeearch Group Bioinfermaiics and Systems Biodopy, Insritud fiir Newminfermanik, Universitar Ulfm,
Brapean Joumal of Mucksr Medidne and Moleaubsr imaging (2015) 45 2486 M T4

o Time integrated activity coefficients g doen g 10107/0D5 01841367
(TIACs — area under the curve) used SRR
to defme SOUrces Of radlatlon EANM practical guidance on uncertainty analysis for molecular

O Uncertainty INn time point radiotherapy absorbed dose calculations
measuremgnts can ma_ther_natlcally bomhn L G’ Mencn . o’ bhm Gk’ Exmien hgraen Qhkner ke My«
propagate into uncertainty in TIACs

® Existing software -

O SAAM_ I I A framework is proposed for modelling the uncertainty in the meassurement processcs constituting the dosimetry chain that are

mvohved i intemal absorbed dose calculations. The staring point is the basic model for absorboed dose ina sike of inkerestas e
prosdinet of the cumulated activity and a dose factor In twm, tewe cumulaied activity is given by the anca under a ime-activity curve
O N U KF IT derived from a time soquence of activity values. Each activity value & obtained in terms of & count rake, a calibration factor and a
rocovery ooefficient {a cormection for partial wolume effecs). The methed o deemuine the recovery coefiicient and the dose
tactor, both of which are dependent on the size of the volume of nterest (VOI), are descrbed. Consideration is given to

@ EXI Stl ng g U Id a n Ce d OCU m e nt propagting citimates of the quantities concemod and their associated uncertaintcs through the dosimetry chain to obtain an

] . estimaie of mean abeorbed dose in the YOI and its associated uncerainty. This approach s demonstrated in a clinical example.
o EANM Procedural Guidelines for
Uncertainty Analysis o o e et st . i s e o

worl dhwide amon g indnadoals porsom g clniml] and resexch excellence Introduction

m mclear madione The EANM was founded m 1985

This gmdance document is miended to asist practitionars i providmg _ _ .. _ .
approprizte moclkmr medicine care for ptients. The rules provided inghe INemal dosimetry following the administration of radio

document are not inflecible or mquirements of poctoe and a= oot labelled pharmaceuticals for daenosic and therapoutic
WETE Bl%0 = 15 (SLANGArd eITor helweem Ut and 5 1. 1T Senerhl, (e SpPIICatiol of (e SOl TWire 15

user-friendly and the results are mathematically comect and reproducible. An application of NUKFIT
is presented for three different clinical examples.
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f(x) ux) 4o

n ] ] )_1( N ;i J@ g
2 22 6 25 )
Review of curve fitting procedures : :
s 5 7 - 4
4 10 8 1: 8‘
Given calibrated measurements: o oo 1
— ~QAatdphy)t _ = ot pnys)ty g, — A B %
1. Select (exponential) modelling equation AUC‘!“‘“ e 2
2. Curve parameters determined by iterative fitting =
approach 1
o Least squares approach using non-linear regression to
minimize objective function
3. Time-integrated activity coefficient derived from | HIAC = .93 £ £0.006
iIntegration
4. Uncertamhes are obtained _by Gaussian error e ————
propagation, taking the variances and covariances bo b1 b2
. . D0 1.01 0.00902 0
of the fit parameters into account h1 o.ooﬁ 9?, 0
D2 0 0 1E+16

5. Additional statistics can be determined, and used
INn selection of “best model”

A
U
I
_I
[Tl
O
N
O
o
N

Fit metric comparison legend
o R?Akaike information criterion, Akaike corresponding e %
weights, Weighted residuals R 07 10
AlCc Max Min
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Review of curve fitting procedures

@ Microsoft solver output

Title: ModelS5SFit

Weight SD for Y SD for X's Observations Parameters
Absolute N N 4 3 1 1 N

ANOVA

Source Sum Sq. Degr. Fred. Mean Sq. F calc. Crit. F(.05)
Model 5299.666346 2 2649.833173 11385.93616 199.5
Residual ©.232728617 1 ©.232728617

Total 5299.899675 3

Chi Square Statistics

Chisqg. Calc| Crit. ChiSg.(.@5)Inf. Crit. ChiSq.(.95)Sup. Passed F
©.232728617 ©.00393214 3.841458821 ©.62950794 Ok

R Low. CI(.95) Up. CI(.95) RA2 RA2 adj

©.999978044 ©.9858773 ©.999999966 ©.999956088 ©.99986¢

Parameters Statistics (from linearized Variance-Covariance Matrix)

Par. Value  Std. Err. Z calc. Crit. Z(.95) Low. CI(.95)
b6 48.99751939 1.087438849 48 .63572558 1.959963985
bl ©.396995227 ©.010150499 39.110906° 1.959963985
b2 39.11467473 100000000 3.91147E-07 1.959963985

Parameters Statistics and Wald Test (from Fisher Information Matrix)

Par. Value  Std. Err. Z calc. Crit. Z(.85) Low. CI(.95)
bo 48.99751939 1.008125899 48.60257973 1.959963985
bl ©.396995227 ©.01015934 39.07687147 1.959963985
b2 39.11467473 100000000 3.91147E-07 1.959963985

Chi~2 Joint Confidence Parameters Statistics

Par. Value Low. CI(.95) Up. CI(.95) Passed Prob. Check
bo 48.99751939 46.18124073 51.81379805 (% Ok
bl ©.396995227 ©.368619674 ©.42537078 % Ok
b2 39.11467473 -279548309.2 279548387 .4 1 No

Variance-Covariance Table for Parameters

be bl b2
be 1.014933034 ©.009028016 %
bl ©.009028016 ©.000103033 %)
b2 %) %) 1E+16

Hessian Variance-Covariance Table for Parameters

be bl b2
be 1.016317828 ©.009043782 %)
bl ©.009043782 ©.000103212 %)
b2 %) %) 1E+16

Correlation Table for Parameters

Correlation Table for Parameters

be bl b2
be 1 ©.882848583 %)
bl ©.882848583 1 %)
b2 %) %) 1

Ratio Objects/Parameters Check

1.333333333 No

Observation Statistics (CI based on Z Statistic)

Y Ycalc Low. Regr. Conf. Band (.95) Up. Regr. Conf. Band (.¢

22.59288635 22.55376416 20.39588962 24.71163869 0.12777¢€
10.31188916 10.38159246 9.127913392 11.63527152 -0.3642¢
4.813540079 4.778690652 3.339608914 6.21777239 0.28732:
2.19760085332 2.199651397 ©.583119636 3.816183158 -0.0340¢

Cut Point

Non-Weighted Residuals Statistics
Mean Standard Deviation
8.0008405563 ©.858365072

Collinearity Tests for the Jacobian Matrix
Jacobian Correlation Matrix

bl b2
bl 1

Condition Number for the Correlation Matrix

Value Check

Variable Tolerance VIF Check
bo ©.960349328 1.04128776 Ok

bl (%] 1E+300 No

Durbin Watson Statistic for Autocorrelation of Residuals
Note: DW tests do not apply directly to residuals from regression throug

Durbin Watson Bounds Test

DW DWecritInf(.05) DWcritSup(.85) 4-DWcritSup(.85) 4-DWcrit
Box Pierce Ljung Q' Test for Autocorrelation Of High Order
Autoregressive Order Q' ChiSqgcrit(.85) Check(.05) Passed F
1 3.828275665 5.991464547 Ok ©.050394752

Residuals Runs Test
Res. + Res. - Runs Low Crit. Runs (.85) Up. Crit. Runs (.85)
2 2 4 2 4 No 1

Breush-Pagan Test for Homoscedasticity of Residuals

Breush-Pagan MSS/2 ChiSqcrit(.05) Check(.05) Passed Prob.
©.067579832 3.841458821 Ok ©.794893693

Koenkar-Evans NR2 ChiSqcrit(.05) Check(.05) Passed Prob.
©.164065213 3.841458821 Ok ©.685441021

Error Sum of Squares (RSS or SSE) n p dF Error Me
0.232728617 4 3 1 9.232728617 0.241209772

R R"2 R*2 adj

©.999978044 ©.999956088 ©.999868264

PRESS 1.240506393

MEP ©.310126598
R"2 prediction ©.999765938
SDEC 0.241209772
SDEP 0.556890113

AIC (Akaike Information Criterion)
AICc (Adjusted Akaike Information Criterion)
HQC (Hannan Quinn Criterion) -9.416900842
HQCc (Adjusted Hannan Quinn Criterion)

BIC (SBC-Schwarz Baynesian Criterion) -7.217823318
BICc (SBCc-Adjusted Schwarz Baynesian Criterion)

-5.376706402
65535

Models Comparison using Information Criterion (Replace IC)

IC IC
Min IC 65535 65535 65535
Weight Sum 2 1 1
Probability 9.5 9.5
Evidence Ratio 1 1

Log-Likelihood Section
Log-Likelihood Function -2.759989654

Log-Likelihood Tests for Nested Models (Replace RSS and NPar values)

RSS NPar Test Value dF Crit. Ct
Restricted Model ©.232728617 3 Lagrange Multip]
Unrestricted Model 9.232728617 3 Likelihood Ratic
Ratio 1 Wald Statistic @ %] #NUM!

F Test for Models Comparison (Replace Residual Mean Square and dF)
Residual Sum of Squares #1 dF #1 Residual Sum of Squares #2
©.232728617 1 ©.232728617 1 1 647.7890115

Extra Sum F Test for Significance of Extra Parameters in Nested Models (
Reduced Model Residual Sum Of Squares Reduced Model dF Full Moc
0.232728617 1 9.232728617 1 #DIV/0! #NUM! #DIV/0!
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MIRDfit interface

~—
T “iniea MIRD MIRD £ :
MIED COMMITTEE | it " SOf New case Documentation Q
WG T PR BATALTECH DA :
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Select an element =
Se Si Sm Sn A
Sr Ta Tb Tc
Te Th Ti TI
Tm U Vv w
Xe Y Yb Zn

| Zr I v
Select an isotope = 2
Zr-85 £
Zr-86
Zr-87
Zr-88
- Zr-89
Zr-89m
Zr-93
Zr-95

in toolbox

Faef Sifrer

“elAlt

FERAE 3. 8TE-D1
FilAL” Sral Eir 2 D4 E-02
o
Select on phantom 2= N
~ [

ICRP 00 Newborn female
ICRP 00 Newborn male
ICRP 01 year old female
ICRP 01 year old male
ICRP 05 year old female
ICRP 05 year old male
ICRP 10 year old female
ICRP 10 year old male
ICRP 15 year old female
ICRP 15 year old male

ICRP Adult Female

ICRP Adult Male
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Select a source region 7

Adrenals ~
Alveolar-interstitial (sub lungs)

Blood (classic ICRP)

Bone - cortical surface (sub volume)***

Bone - cortical volume

Bone - trabecular surfaces (sub volumes)
Bone - trabecular volumes

Bone marrow - red (active)***

Bone marrow - yellow (inactive)

Brain

Rreacr ricsnia

[~ %lA entries are:
QO Biological uptake/clearance

@ Effective uptake/clearance

— Format for input variances of %IA data (weighting scheme):
() Standard deviation

@ Relative standard deviation (coefficient of variation)

QO Weight (direct entry)

M Clear time B 1l Clear %IA
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.
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MIRDfit interface

a Trapezoidal fitting toolbox \

~ Nose: (t0tot1) a Trapezoidal fitting toolbox ﬂ Regression toolbox . : ® (phyaie! decey oaly honoes

O %IAD) =0 _ ,
Q %IA(D) = %ID(0) : e TA( Ay @~ rart JA(E) = Age—thi+ .

(O %IA(0) = Organ blood content

O Linear

(O Exponential extrapolation (t1, 12)

(@ Exponential extrapolation (phys to t1)
O Excluded (no extrapolation)
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@ Exponential extrapolation (phys to inf) 5 5 A T "

() Exponential extrapolation (tn-1, tn)

O Linear extrapolation to 10 phys half-lives
O Linear extrapolation (tn-1, tn)

(O Excluded (no extrapolation)
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Nose component: 2.7 %

@
wn

Body component: 63.2% | [ o . s .
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MIRDfit performance

® Within 1% agreement with SAAM-II in testing
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Fit results for ®°mTc-PSMA |1&S

Radiation Dosimetry of **™Tc-PSMA 1&S: A Single-Center

Prospective Study

Seaboles Urbdin', Catherine Mever™, Magnus Dahlbom™, Istvin Farkas', Gibor Sipka', Zsuzsanna Besenyi',

. : 5 Ao P
Johannes Crernin®*®, Jeremie Calais™ ™, and Liszlé Pivies''

Department of Nuclear Medicine, University of Szeged, Szeged, Hungary; “Abmanson Translational Theramastics Diviston,
Deperiment af Molecular and Medical Pharmacology, Untversity of California Lox Angeles, Los Angeles, Californta; Plvmics &
Biodogy in Medicine fnterdeparimental Gradeate Program, David Geffen School of Medicine, University of Califorsia Los Angeles, Los
Anpeles, California; *Jowsson Comprehensive Cancer Center, University of California Lox Angeles, Lox Angeles, Califormia; amd
*ustituie of Urologic Ovcalogy, University of Californta Los Angeles, Lox Angeles, Los Angeles, California

HOToPSMA 145 s a prostate-specific membrane antigen (PSMA)
trocer thal can be used for planar and SPECT/CT w=imnging and -
dioguided surgery. The primary asm of this study was (o estimale the
dosimotry of " Te-PSMA 185 using a hybrid method (sequanial
y-planar imaging and 1 single SPECT/CT) in haalthy volurtisons, Th
sacondary aim was 1o deplet the tracer bliodistibution and tumear-1o-
background ratios (TBRAs) In patients with prostate cancer (PCa).
Mathods: Dosimetry of ™ Te-PSMA 185 was imestigated in 4
hesalttyy voluntesrs, Whola-body planar imageng was acouined at 1, 2,
3, 6, and 24 h and SPECGT/CT at 6 h after tracer injection. Contours of

an::llu-upuullir membrane antigen (PSMA) 15 a transmem-
brane metallopeptidase protein highly overexpressed on the sur-
face of prosate cancer (PCa) cells, thus representing o relevant tar-
get Tor PCa nuclear theranostics (£, In the pasi decade, thousands
of PSMA PET scans have been obtmined worldwade for staging
and restaging PCa, rellecting the rapid and profound clinical adop-
tion by the urosoncologist community, " Te is the most widely
wsed radionuclide for disgnostic imaging; therefore, "™ Te-labeled
PSMA compounds could be a valuable cost-efTective allernative in

B M IRDfit

O SAAM-II

D OLINDA/EXM [1]

B Levenberg-Marquardt [1]

Liver

Spleen

sgions in which access to PSMA PET imaging is limited. ™ Te-
SMA imaging can also enable radioguided surgery (RGS) with
itraoperative  y-detection. PSMA-targeted RGS can help and
uide urologists 1o detect PCa lymph node (LN) metastasis during
argery. Different ™™ Te-PSMA compounds have been developed.
"Te-Musd-y-nal-k{Sub-Kuk) (""™Te PSMA 1&S5) is a nonpa-
anted compound derived from the PSMA 1&T precursor that can
¢ obtained with a rebable Kit-labeling procedure (2). Previous
rork his shown the wtility of ™™ Te-PSMA 1&S for RGS in large
sStrospective coborts with improved treatment outcome (3,4), As
spuired step for further trunslation and approval by regulatory
pencies, the primary obpective of this study was to provide the ra-
ithon dosimetry analysis of ™™ Te-PSMA 1&S in healthy volun-

Rest of body

[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
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Anatomy of a dosimetry workflow

® Several methods have been proposed
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Complexity spectrum

Lookup table. Organ level dosimetry Voxel level dosimetry
One size for all r (in house or commercial software)
» ICRP 53, ICRP 80, ICRP 106,... = MIRD formalism Point kernel Monte Carlo

* Regulatory approved package insert for
one size fits all radiopharmaceutical therapies \ /

f

Patient specific — derived from patient biodistribution
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Perspectives on organ level dosimetry
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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)
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Perspectives on standardization

@ 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

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

® 218t 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)
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Perspectives on standardization

@ 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
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Closing remarks

® 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
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Overview of internal dosimetry protocols

Data Collection Biodistribution Radiation Dose Dose Reporting Dose contextualizing
Summary Calculations }

Maodelling Assumptions Dasimetry

(TIACS) calculation
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MIRDcalc phantoms

@ Phantom models i e
Pediatric 15, 10, 5, 1 year old, and newborn (ICRP 143)
o |ICRP reference phantoms (reports 110 and T T T
5-60 kg

143)
* Newborn {fi)tyear old (m/f)
* 1 year-old {®¥ear old (m/f)
» 5 year-old Adilt (m/f)
o Additional source regions generated
* Heart contents
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5-10 kg interp. 10-19 kg interp. 20-32 kg interp. 33-56 kg interp. 57-73 kg interp.
female female female female female

Newborn female 1 y/o female 5 y/o female 10 y/o female 15 y/o female Adult female
(3.5 kg) (10 kg) (19 kg) (32 kg) (53.1 kg) (60.1 kg)

6 reference male phantoms

« Major blood vessels Pediatric 15, 10,5, 1 year od, and newborn (ICRP 143
o MIRDcalc interpolation feature Porang o nenioms
* Organ masses interpolated linearly ﬂ
relative to whole body mass ~
* S values interpolated log-log 3
I 5-10 kg ;nterp. l 10-19 kgffnterp. l 20-32 kg’fnterp. l 33-56 kglfnterp. l 57-73 kg’fnterp. l )
Newborn male 1 y/o male 5 y/o male 10 y/o male 15 y/o male Adult male
(3.5 kg) (10 kg) (19 kg) (32 kg) (56.1 kg) (73.4 kg)

Valuerz o NI Visualization of MIRDcalcphantom library
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MIRDcalc blood model

Blood fraction
mL blood per mL source region]
0 | T 1.0
T — Classic ICRP blood Rest of biood Heart contents & major vessels
source region dynamic source region source region
C Blood-inclusive TIACs D

supplied for some organs
(excluded from this source)
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® User can use
multiple blood
source regions
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MIRDcalc tumor dosimetry
e oy |
5 e e o
@ MIRDcalc tumor dose model SERREIE
o Spherical tumor model b g
+ Olguin et. al, PMB, 2020 el 2
o Model parameters F m — ]
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»  TIAC (optional uncertainty) =L —
» Tissue composition (bone/soft tissue) | 1 -
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MIRDcalc validation

@ Example comparison with other software
o Fluorodeoxyglucose (18F-FDG), ICRP 128 distribution
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Comparison of organ doses fortypical diagnostic FDG reported using different software Comparison of effective dose fortypical diagnostic FDG reported by different software
(biodistribution from ICRP 128) (biodistribution from ICRP 128)
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