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Computer Specifications

Hardware requirements:

MIRDcell V2.0 must be run on a computer with substantial computational power and with Internet
access. It will freeze on PC’s equipped with Intel Core 2 Duo or lower CPU’s. Tests were conducted
with MIRDcell V2.0 running on the following computer systems:

1. Dell Latitude E5430 laptop PC equipped with an Intel Core i7-3520M CPU @ 2.9 GHz (2 cores/4
threads), and 8GB DDR3 RAM.

2. Dell Inspiron 1764 laptop PC equipped with an Intel Core i5-M430 @ 2.27 GHz (2 cores/4
threads), and 4GB DDR3 RAM.

3. Dell Optiplex 990 desktop PC equipped with an Intel Core i7-2600 CPU @ 3.4 GHz
(4 cores/8 threads), and 16GB DDR3 RAM.

Users are cautioned to use a personal computer with at least these levels of hardware sophistication.
The Optiplex 990 desktop performance was substantially superior.

Software requirements:

MIRDcell V2.0 was tested on the following software environment.

1. Operating system: 64 bit Windows 7, USA and Chinese versions
2. Web browser: Internet Explorer Version 10.0.9200.16736
3. Java: 32 bit Java Platform Version 7 Update 51

4. Java (32-bit) control panel (in Windows control panel):

a. Security tab
i. Add http://mirdcell.njms.rutgers.edu as an Exception site
b. Java Tab — View —Java Runtime Environment Settings
i. Runtime parameter = -Xmx1024MB (be sure to include the dash)

The —XMx1024MB parameter allocates 1GB of RAM for Java. This overrides the default memory
allocation of 128MB. This increase is necessary because MIRDcell V2.0 may freeze when memory
allocation is not sufficient to handle calculations for multicellular clusters that contain a large
number of cells.

No tests have been conducted for 64 bit Java.

SCREEN SHOTS OF THE JAVA (32-bit) CONTROL PANEL SETTINGS ARE ON THE FOLLOWING PAGE:
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|£) Java Wl Panel = P4 |£ | Java Control Panel l —_— ﬁ

General | Update| Java Security | Advanced

General | Update [ Java| Security | Advanced

View and manage Java Runtime versions and settings for Java applications and ¥/| Enable Java content in the browser
let:
it . \ Security Level
| View... | G Very High
A -
|£] Java Runtime Environment Settings XS
User | System __> High (minimum recommended)
Platform Product Location Path m Ena...
L7 1.7.0_51 [http://java... JC:\Program Files{..]-Xmx1024M ) I
Medium

Java applications identified by a certificate from a trusted authority will be allowed
. to run.
Be sure to include

the minus sign! Exception Site List

Applications | d from the sites listed below will be allowed to run after the
= = = riate security prompte.
L Find J L Add J hual http://mirdeell.njms.rutgers.edu/ -
p ) ~ [ Edtsteust. |
OK | Cancel |

I | Restore Security Prompts | [ Manage Certficates... |
| (e iy, . 1

!
S — _OE]*CMLI_ _J ‘ I_- OK I"Cancel ._

Benchmark computation times (t = hr:min:s) for the computers are as follows:

1) Dell Latitude E5430
a. po,Rc=5 pum, sphere 100 um radius, 100% labeling, 4169 cells, t = 00:00:35
b. °Po, Rc =5 um, sphere 200 um radius, 100% labeling, 33401 cells, t = 00:01:30
c. po,Rc=5 pum, sphere 200 um radius, 1% labeling, 33401 cells, t = 00:00:50
d. ™' (avgB), Rc = 5 um, sphere 200 um radius, 1% labeling, 33401 cells, t = 00:01:40
e. Y (full B), Rc = 5 um, sphere 200 um radius, 100% labeling, 33401 cells, t = 00:01:01
2) Dell Optiplex 990
a. “%o,Rc=5 pum, sphere 100 um radius, 100% labeling, 4169 cells, t = 00:00:15
b. ?Po,Rc=5 pum, sphere 200 pum radius, 100% labeling, 33401 cells, t = 00:00:40
c. alpha particle (5 MeV), Rc = 5 um, sphere 1000 um radius, 0.1% labeling,
4187857 cells, t = 00:15:00
d. alpha particle (5 MeV), Rc = 5 um, sphere 1000 um radius, 1% labeling,
4187857 cells, t = 00:30:00
3) Dell Inspiron 1764
a. °pg,Rc=5 pum, sphere 200 um radius, 100% labeling, 33401 cells, t = 00:01:31
b. alpha particle (5 MeV), Rc = 5 um, sphere 1000 pum radius, 0.1% labeling,
4187857 cells, t = 00:44:00

These tests suggest that computations involving up to ~ 10° cells can be achieved in reasonable times on
the hardware and software platforms tested. The computations above in item 2d with 4 x 10° cells result
in just over 1 GB of RAM usage by Java. Users should be aware that computation times depend on many
factors, especially range of radiations emitted, number of cells, and percentage of cells that are labeled.
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Worked Examples
1. Cells in Suspension (no significant cross-dose)

Published data can be used to demonstrate the capacity of MIRDcell V2.0 to simulate the
response of cells with *°l incorporated into DNA in the cell nucleus (1). Briefly, Chinese hamster V79
cells were suspended in culture medium containing various concentrations of '*’l-iododeoxycytidine
(**’1dC) for 18 h, washed, and seeded into culture dishes to measure clonogenic cell survival. The
radii of the cell and cell nucleus were measured to be 5 and 4 um, respectively. Cellular activity was
measured and virtually all of the activity was localized in the cell nucleus. The cellular activity
corresponding to treatment with the highest concentration of **’IdC was approximately 3.2 mBq per
cell. The mean uptake of the radiochemical was linearly dependent on time, whereas the clearance
was exponential with an effective half-time of 12 h. This yields a time integrated activity coefficient
(formerly known as residence time (2)) for the incubation and colony forming periods of 26.3 h. The
plot of surviving fraction as a function of cellular activity was monoexponential. In this example,
assume that the cellular cross-dose is negligible during all stages of the experiment, so only the
cellular self-dose needs to be considered. Use MIRDcell V2.0 to plot a cell survival curve.

a. Click on the source radiation tab. Select I-125 from the drop-down list and click “pB average
energy spectrum”. Note that the Input Data box filled in with the radiation data.

[ Source Radiation | Cell Source/Target | Radiobiological Parameters |  Multicellular Geometry | Output | Information | Credits |

Predefined MIRD Radionuclide Monoenergetic Particle Emitter

Radionuclide

(_) B Full Energy Spectrum r Alpha Particle  J Electron

Yield | Decay Energy (MeV)

User Created Radionuclide Input Data for Calculation

(] Retrieve O\JEH Output File QutPutd-125.RAD for 1125

I-125  50.400d &9

T1/2 = 59.400d Decay Mode: EC

) Create Name: Radiations of each type listed in increasing energy
Mumber of phaton radiations: 50

[ [~} INumber of monoenergetic electron radiations: 19
ICODE Y (int) E(MeV) Mnemonic

START RADIATION RECORDS

2 2.49659E+01 1.36706E-05 X

21.69993E-04 7.62079E-05 X

2 260776E-08 2.78500E-04 X

2 6.81913E-06 2.96000E-04 X ~|

D

Yield | Decay : Energy (MeV) :

| Add Radiation (Click for each to be added)

[ Confirm List of Radiations

[ Save Radionuclide (to your disk)

Reset
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b. Click on the Cell Source/Target tab. Select Nucleus € Nucleus. Click on + to increase radius
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of cell nucleus to 4 um.

f&)ume i ﬁ'(‘.ellSoumeﬂargel r iobi Parameters r i Geometry antput rlniormation rCredils |

Target « Source Target Volume Source Volume

Cell+Cell
Cell«Cell Surface

Hucleus<Cytoplasm
Hucleus<Cell Surface
Cytoplasm«HNucleus
Cytoplasm+«Cell Surface
Cytoplasm«Cytoplasm

Radius of Cell (RC) |5 am |+
Radius of Nucleus (RN) - 4 um o+

Since one has been instructed to assume that the cross-dose is negligible, create geometric
conditions that will satisfy that requirement. Click the Multicellular Geometry tab and then
click the 3-D Cluster tab. Increase distance between cells to 50 um to simulate the
suspension culture. The large distance relative to the range of the short-range conversion
electrons emitted by I will result in a negligible cross-dose. From the drop-down list of
Shapes, select Sphere. Enter a radius that will contain enough cells to enable simulation of
at least two logs of cell kill — the amount observed in the experimental data (1). Start with a
500 um radius. Select Labeling Method to be Uniform Distribution. Enter the Maximum
mean Activity per Cell = 3.2 mBg = 0.0032 Bq. Enter the Time integrated activity coefficient =
26.3 h. Enter Percentage of cells that are Labeled = 100%. Click Compute. Click the Surviving
Fraction Curve tab.

fsunrceﬁadmllon rCeH Source/Target r P s r i Y I/Dulpnl r\nfomallon rcred\ls |
[ 1-DCell Pair | 2D Colony | 3-DCluster |

Cell Geometry (DR Sorvving Fracton Curve | EDDSTG

istance Batwasa Cot . 50 | Surviving Fraction Curve
1=

swe —— M\\

Radius (pm): 500

Number of Cells: 4169

Cell Labeling

Labeling Method: |Uniform Distribution |+ |

Max mean Activity per Cell (All Cells) (Ba):  [0032 |
Time i activity jent(hry: [263 |
Number of Cells Labeled: [4169 |

Percentage of cells that are Labeled (%): lmu—

Surviving Fraction of mixed population of cells

0.001

00 01 02 03 040506 07 08 0.8 10 1.1 1.2 1.3 14 15 16 17 18 19 20
Mean absorbed dose to cells (Gy)

Compute

Select the Vertical Axis: ‘Suwwinq Fraction of mixed population of cells ‘ - ‘

Progress:

Select the Domain: ‘Mean absorbed dose to cells (Gy) ‘v‘
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d. Compare resulting curve of Surviving Fraction mixed population of cells (in this case all cells
are labeled so mixed = labeled) with Figure 5 of Ref. (1). Note that there is a poor
correspondence with the absorbed dose that causes 37% survival (Ds;). This is because the
default values for Radiobiological Parameters were used. Click the Radiobiological
Parameters tab (GUI not shown). Set the radiobiological parameters to the values that were
obtained in Ref. (1): Qeir = 2.3 Gy™, Bset = 0 Gy, Qeross = 2.3 Gy, Beross = 0 Gy Click the
Multicellular Geometry tab. Click Compute. Note that the simulated survival curve now
matches the published survival curve in Figure 5 of Ref. (1).

Source Radiation | Cell SourceTarget | Radiobiological Parameters | Multicellular Geometry | Output | Information | Credits |

1-D Cell Pair | 2-D Colony 37DCIuster|

Cell Geometry (DEERY surviving Fraction Curve | (AEIUGDEEMGIESEGEE] 0

P | Surviving Fraction Curve

Shape: Packing Ratio : 0.00417
==
Radius (um): 500 e e

Number of Cells: 4169

Cell Labeling
Labeling Method: | Uniform Distribution :

Max mean Activity per Cell (All Cells) (Bq): .0032
Time integrated activity coefficient (hr): |26.3
Number of Cells Labeled: 4159

Percentage of cells that are Labeled (%): 100

1

-L\.,..
0.1 =

0.001

Surviving Fraction of mixed population of cells

0.0 010203 040508 07 08 08 10 1.1 12 13 14 15 16 17 18 18 20
Mean absorbed dose to cells (Gy)

Compute

|

Select the Vertical Axis: |Surviving Fraction of mixed population of cells ‘V|

Select the Domain: |Mean absorbed dose to cells (Gy) ‘ V|

2. 3D Multicellular Cluster of Cultured Cells

Consider using MIRDcell V2.0 to predict the response of a multicellular cluster of cells labeled
with the alpha particle emitter, *’°Po. The experimental data of Neti et al. (3) are analyzed as
follows. Modeling is conducted analogous to that described in Howell et al. (4), except that the size
of the cluster is decreased here to reduce computation time. The experimental cluster consists of
cells, labeled with #*°Po, and tightly packed into a pellet at the bottom of a microcentrifuge tube.
Cell clusters, containing various quantities of radioactivity, were maintained in these tubes for to
accumulate decays. The clusters were then dismantled, serial dilutions of the cells were seeded into
culture dishes for the colony forming assay. The surviving fraction of initially seeded cells compared
to controls was calculated and plotted as a function of mean activity per cell. Measurements of the
diameters of the cell and cell nucleus yielded averages of 12 and 8 um, respectively. In this example,
the activity will be assumed to be distributed in the cytoplasm. As in Ref. (4), the cells will be
constrained to a conical volume with a height equal to the diameter of the top surface. Here only a
portion of the cells (68,883 out of 4x10° cells) will be modeled to reduce CPU time and stay within
the 1024 MB memory limit for 32 bit Java. Tests show that the 1024 MB setting in Java can
accommodate up to about 10° cells. As in Ref. (3), a lognormal distribution of activity will be
selected with a shape factor of 2.0.
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a. Click on the source radiation tab. Select Po-210 from the drop-down list and click “B average
energy spectrum”. Note that the Input Data box filled in with the appropriate radiation data.

Source Radiation | Cell Source/Target | Radiobiological Parameters | Multicellular Geometry | Output | Information | Credits |

Predefined MIRD Radionuclide Monoenergetic Particle Emitter

Radionuclide

) B Full Energy Spectrum () Alpha Particle  (_ Electron

Yield | Decay Energy (MeV)

User Created Radionuclide Input Data for Calculation

() Retrieve Open Output File OutPutiPo-210.RAD for Po-210
Po-210  138.376d a5

s

T1/2 = 138.376d Decay Mode: A

(J Create Name: Radiations of each type listed in increasing energy
Number of photon radiations: 70

| | | MNumber of monoenergetic electron radiations: 21
Number of alpha radiations: 2

Yield / Decay : Energy (MeV) : Number of alpha recoil radiations: 2
[ Add Radiation (Click for each to be added) | ICODE Y {int) E(MeV) Mnemonic
START RADIATION RECORDS
| Confirm List of Radiations | 21.54600E-06 2.66221E-05 X
21.19530E-12 7.36209E-05 X |

[ Save Radionuclide (to your disk) |

| Reset |

b. Click on the Cell Source/Target tab. Select Nucleus €< Cytoplasm. Click on + to increase
radius of cell nucleus to 4 um. Click on + to increase radius of cell to 6 um.

Source Radiation Cell Swrueﬂargel roulpul I/ Information r Credits
Target < Source Target Volume Source Volume
Cell«Cell
Cell«Cell Surface
Hucleus+Hucleus

Hucleus+Cell Surface
Cytoplasm-«HNucleus
Cytoplasm-«Cell Surface
Cytoplasm-«Cytoplasm

Radius of Cell (RC) - 6 pm  +
Radius of Nucleus (RN) = 4 pm +

c. Set the Radiobiological Parameters to (3): Oerr = 1.54 Gy, Bsers = 0 Gy, Ocross = 1.54 Gy,
Beross =0 Gy’z.. Click the Multicellular Geometry tab and then click the 3-D colony tab. From
the drop-down list of Shapes, select Cone. Enter a radius of 374 um radius and 748 um
height. Select Labeling Method to be Lognormal Distribution and the Shape Factor = 2.0.
Enter the Maximum mean Activity per Cell = 0.001 Bq. Enter the Time integrated activity
coefficient = 94 h. Enter Percentage of cells that are Labeled = 10%. Click Compute.
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fsanmemdwal\on rCeH Source/Target r iobi s || Multicellular Geometry | Output rlmonnation rcredrls |

1-D Cell Pair | 2-D Colony 3-D Cluster ‘

Cell Geometry DChser  SuniegFacionCune  Actiy DistibuonHistoaram
2 Cells (um): |12 J
s
Radius (uml: [374 | Heignt(um): [748 |

Number of Cells: 63883

Cell Labeling

—
Max mean Activity per Cell (All Cells) (Bq):  |.001
shapeFactor(o): 20 |

Time integrated activity coefficient (hrj: 24 |
Number of Cells Labeled: [6338 |

Percentage of cells that are Labeled (%): |10

Compute

Progress:
B e i Click and Drag to Rotate [ vrisbeed m aie ol
|| O menomsca =

I:‘ Unlabeled & Dead Cel

d. Click the Surviving Fraction Curve tab.

Source Radiation rCeH Source/Target r r il Geometry rOulpnt rlnlonnalmn rcred'rls ‘

1-D Cell Pair | 2-D Colony 3-D Cluster ‘

Cell Geometry (IEEDEWSER Survving Fraction Curve (CHUGDSEBGNNSEO e
Distance Between Cells (um): [12 | Surviving Fraction Curve
s
Radius (pm}): 374 Height (um): (748

Number of Cells: 63883

P

Max mean Activity per Cell (All Cells) (Bay: 001 |
ShapeFactor(al: 20 |

Time i activity coefficient(ar): [94 |
Number of Cells Labeled: [5338
Percentage of cells that are Labeled (%): |10

0.1

0.001

Surviving Fraction of mixed population of cells

0.0001

0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150
Mean absorbed dose to cells (Gy)

Compute

Select the Vertical Axis: | Surviving Fraction of mixed population of cels |+ |

Progress:
Select the Domain: [mean absorbed dose to celis (&y) [+
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e. Select the Domain to be Mean Activity per Labeled Cell.

Source Radiation rCeH Source/Target r P s r [ ¥ roulpnl r\nfomlal\on rCred\ls |

1-D Cell Pair | 2-D Colony 3-D Cluster |

Cell Geometry (DR suvvngFracton Curve |(RCMDSTBMOTRSEGE

Distanco Botween Cats (. 12 | Surviving Fraction Curve

e
Radius (um): |374 Height {um): (748

Number of Cells: 63883

P T

Max mean Activity per Cell (All Cells) (Bgy: 001 |
ShapeFactor o) [20 |

Time i activity fent(hr): 94 |
Number of Cells Labeled: |6383

Percentage of cells that are Labeled (%): |10

01

0.001

0.0001 \,_\/

0000 0001 0002 0003 0004 0005 0006 0007 0008 0008 0010
Mean activity per labeled cell (Bg)

Surviving Fraction of mixed population of cells

Compute

Select the Vertical Axis: ‘Suwiving Fraction of mixed population of cells | - |

Progress:
Select the Domain: [ mean actity per labeiea cel (Ba) [~]

f. Right click on horizontal axis scale. Click on Properties tab. Click on Plot. In Other box, Click
on Range. Unclick Auto-adjust range. Change Maximum range value to 0.0015. Click OK. The
resulting plot is a reasonable match with Figure 3 of Neti et al. (3).

Source Radiation rCe\ISourcefTargel r iobi i S r i Geometry rOulput r\nfonmmon rCred\ts |

1-D Cell Pair | 2-D Colony 3-D Cluster ‘

Distance Between Cells (um}: [12 | Surviving Fraction Curve
s
Radius (um): [374 | Height(um): [748 |

Number of Cells: 63883

T

Max mean Activity per Cell (All Cells) (Ba):  [001 |
shapeFactor (o) (20 |

Time integrated activity coefficient (ar): [34 |
Number of Cells Labeled: |6322

Percentage of cells that are Labeled (%): |10

0.001

Surviving Fraction of mixed population of cells

0.0001

0.00000 0.00025 0.00050 0.00075 0.00100 0.00125 0.001%
Mean activity per labeled cell (Bo)

Compute

Select the Vertical Axis: ‘Suwiving Fraction of mixed population of cells | - |

J Select the Domain: Mean activity per labeled cell (Ba) [~]
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g. Click the Activity Distribution Histogram tab. Right click on horizontal axis scale. Click on
Properties tab. Click on Plot. In Other box, Click on Range. Unclick Auto-adjust range. Change

Maximum range value to 0.025. Click OK. The lognormal distribution is apparent.

Source Radiation r Cell Source/Target r Radiobiological Parameters

1-D Cell Pair | 2-D Colony lDCluster‘

Geometry

Qutput rlnfon'rlzmon rCredi‘ts ‘

Distance Between Cells (um): 12
s

Number of Cells: 53883

Labeling Method: |Log-Normal

Shape Factor (o): |2.0

Time i activity

Radius (pm): |374 Height (um): |748

(hr): [94 J

Number of Cells Labeled: 5338

Percentage of cells that are Labeled (%): |10

Max mean Activity per Cell (All Cells) (Bg): 001

Cell Geometry

Cell Labeling

Compute

Progress:

|

Number of Cells

3400
3200
3000
2800
2600
2400
2200
2000

0.00E00

5.00E-03

1.00E-02

1.50E-02
Initial Activity Per Cell (Bq)

2.00E-02

2,50E-

h. Click the Output Tab. Highlight data in columns of data in left box. Right click and copy.

f Source Radiation rCeH Source/Target r

s [

y | Output | Information | Credits |

« 11

D

OUTPUT
Distance S(C<-C) S{C<—CS) S{N<-N) S{N<—Cy) S(N<-CS) S(Cy<—N) S(Cy<CS) S(Cy<-Cy)

um  GyBes GyBas GyBas GyBas GyBas GyBos GyBus  GyBgs

Shape Factor (o)= 2.0 -|[733 556E-16 5.56E-16 5.56E-16 5.56E-16 5.56E-16 5.56E-16 5.56E-16 5.56E-16 |~

Maximum mean activity per cell (Bg)= .001 T 554E-16 554E-16 554E-16 554E-16 554E-16 554E-16 554E-16 554E-16 | |
Time integrated activity coefficient (hr) = 94 [735 553E-16 5.53E-16 5.53E-16 5.53E-16 553E-16 5.53E-16 5.53E-16 5.53E-16
: [736 551E-16 551E-16 551E-16 551E-16 551E-16 551E-16 551E-16 551E-16
MAC = mean activity per cell I [737 550E-16 550E-16 550E-16 550E-16 550E-16 550E-16 550E-16 550E-16
MDC = mean absorbed dose to cells [738 548E-16 548E-16 548E-16 548E-16 548E-16 548E-16 5.48E-16 5.4BE-16
MALC =mean activity per labeled cell [739 547E-16 547E-16 547E-16 547E-16 547E-16 547E-16 547E-16 547E-16
MDL! ean absorbed dose to labeled cells [740 545E-16 545E-16 545E-16 5.45E-16 545E-16 5.45E-16 5.45E-16 5.45E-16
MDUC = mean absorbed dose to unlabled cells [741 544E-16 544E-16 544E-16 5.44E-16 544E-16 544E-16 544E-16 5.44E-16
(742 542E-16 542E-16 542E-16 542E-16 542E-16 542E-16 542E-16 542E-16
MAC(Bgq) , MDC(Gy) , MALC(Bq) , MDLC(Gy), MDUC(Gy), SF(labeled) ,SF( 742 541E-16 541E-16 541E-16 541E-16 541E-16 541E-16 541E-16 541E-16
1.00E-05 , 143E00 , 1.00E-04 , 296E00 , 126E00, 211E-01, [F44 5.40E-16 540E-16 540E-16 5.40E-16 540E-16 540E-16 540E-16 5.40E-16
2.00E-05 , 287E00 , 2.00E-04 , 5.93E00 , 2.52E00, 9.13E-02, [745 538E-16 5.3BE-16 538E-16 538E-16 538E-16 53B8E-16 538E-16 5.38E-16
3.00E-05 , 430E00 , 3.00E-04 , 8.89E00 , 3.79E00 , 4.82E-02 , [746 537E-16 5.37E-16 5.37E-16 5.37E-16 5.37E-16 5.37E-16 5.37E-16 5.37E-16
4 00E-05 , 573E00 , 400E-04 , 119E01 , 505E00, 2T71E-02, [747 535E-16 5.35E-16 5.35E-16 5.35E-16 5.35E-16 5.35E-16 5.35E-16 5.35E-16
5.00E-05 , 7.16E00 , 5.00E-04 , 1.48E01 , 6.31E00, 1.80E-02 , - [T48 534E-16 534E-16 534F-16 534E-16 534E-16 534E-16 534E-16 534E-16
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i. Paste data into Excel 2010 using its Paste - Text Import Wizard. Repeat procedure for 100%
labeling and 1% labeling and paste into Excel files. Use Excel to plot surviving fraction versus
mean activity per cell (MAC) as shown below. This demonstrates the MIRDcell V2.0 export
capability.
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3. 3D Multicellular Clusters In Vivo. Analyses involving decay chains: **At

MIRDcell V2.0 can also be used to analyze data acquired at the cellular scale in vivo. Chouin et
al. used their novel alpha camera to measure the cellular uptake of ***At in multicellular clusters of
human ovarian cancer cells NIH:OVCAR-3 growing in the peritoneal cavity of mice (5). The Ds; for
these cells is 0.56 Gy (a = 1.79 Gy™) when irradiated with alpha particles. Measurements were made
for several cluster sizes; here the cluster with a radius of 42.8-um will be considered (modeled by a
spheroid containing 123 cells). The cell and cell nuclei had average radii of 6.9 and 5.5 um,
respectively. According to the second to last paragraph of the Results in Chouin et al. (5), “For 6-
MBgq injections, the activity per cell was constant from 1.5 h (~0.027 + 0.010 Bg/cell) to 4 h (~0.034 +
0.012 Bg/cell), then decreased slightly at 8 h (~0.015 + 0.010 Bqg/cell)”. Therefore, the maximum
2At uptake was 0.034 Bq/cell. The following paragraph in Chouin et al. (5) indicates that this
activity delivers about 750 decays per cell. Therefore, the cellular time integrated activity
coefficient, formerly known as the residence time, & can be approximated with & = A/A,. The
cumulated activity A is simply 750 decays = 750 Bq s and A, ~ 0.034 Bq, therefore 3 = 6.1 hours.

211 211
P

a. The modeling process begins by first considering that At decays to its daughter o,
which decays in turn. If it is assumed that the parent and daughter are in equilibrium at all
times, then radiations emitted by both parent and daughter need to be summed. Care must
be taken to correct the *''Po radiation yields for the **’At - 2'Po branching ratio of 0.582.
This can be accomplished by clicking the B Average Energy Spectrum database button and
selecting **At from the list of Predefined Radionuclides on the Source Radiation tab. Copy
the data in the Input Data for Calculation box and paste it into Excel. Repeat the process for
2po. Multiply all ?'Po yields by a factor of 0.582. Paste the corrected **'Po data into a text
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file and then do the same for the *'At data. Be sure to add header and footer data and
format all numbers to match those in single radionuclide files. The resulting text file can be
retrieved using the button in the User Created Radionuclide box. NOTE: After writing this
example, the combined **'At + daughters was made available in MIRDcell V2.0.12 in the
radionuclide choices in the Average B Spectrum category. Nevertheless, the approach used
above can be applied to any decay chain not present in the radionuclide choices.

|| Source iatic rCeII Source/Target r Geometry rDulpnl r Information rcred\ls ‘

Predefined MIRD Radionuclide Monoenergetic Particle Emitter

Radionuclide

)  Full Energy Spectrum As-T7 B ) Alpha Particle  C Electron
AL-211 =

() B Average Energy Spectrum At
At-218
Au-195
Au-195m Yield | Decay Energy (MeV)
Au-198
Au-198m
Au-199
Ba-128 —
o -

User Created Radionuclide Input Data for Calculation

AR211 + 0.58*Po-211
Equilibrium 308
[T1/2 =7 214h Decay Mode: ECA
O Create Name: Radiations listed for A-211 followed by Po-211
Mumber of photon radiations:
‘ ‘ | Number of monoenergetic electron radiations:

Tul»

. . Mumber of alpha radiations:
= TEEETS EELITEE Mumber of alpha recoil radiations:
| Add Radiation (Click for each to be added) | [CODE Y (inf) E(MeV) Mnemanic
START RADIATION RECORDS
‘ Confirm List of Radiations | 2281668E-05 3.24801E-05 X

27 11204E+00 3.84095E-05 X |
‘ Save Radionuclide (to your disk) |

‘ Reset ‘

b. Click the Cell Source/Target tab and select Nucleus < Cell Surface and set the radii of the cell
and cell nucleus to 7 um and 5 um, respectively. Click the Radiobiological Parameters tab
and set O = 1.79 Gy, Bsetr = 0 Gy, Qcross = 1.79 Gy, Beross = 0 Gy, Click the Multicellular
Geometry tab and then click the 3-D colony tab. From the drop-down list of Shapes, select
Sphere. Enter a radius of 43 um. Select Labeling Method to be Uniform Distribution. Enter
the Maximum mean Activity per Cell = 0.034 Bq. Enter the Time integrated activity
coefficient = 6.1 h. Enter Percentage of cells that are Labeled = 100%. Click Compute.
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Source Radiation I/CeII.SollmelTargel r Parameters r

1-D Cell Pair | 2-D Colony ZLDCIusIerl

Cell Geometry D Cusiar | Sunming Fraction Curve | Actiy Distribution Histogram |

Distance Between Cells (pm): |14

Shape: Packing Ratio : 0531
Radius (umj: [43

Number of Cells: 123

Cell Labeling

pom—
Max mean Activity per Cell (All Cells) (Ba): 034 |
Time i activity coefficient (hrf: 51 |
Number of Cells Labeled: [123

Percentage of cells that are Labeled (%): 100

rOIIlDIII rlnfonﬂalwon rcredrls |

Compute

Progress:
| [ESEpTe Click and Drag to Rotate [ vrissees e v el

J [ et s mezd I:l

|:| Unisbeled & Desd Cel

c. Click the Output tab and scroll down to the bottom of the data in the left box. Note that the
mean absorbed dose to the cells is 138 Gy when the mean activity per cell is 0.034 Bg. This
is commensurate with the values of 125-245 Gy reported in Ref. (5).

Source Radiation r/Ce\I.SoumefTargel r s r ¥ r0u|p||l r\nfomlal\on rcredrls |

QUTPUT

Distance §{C<-C) S{C<-CS) S(N<-N) S(N<-Cy) S(N<-CS) S(Cy<-N} S(Cy<-CS} S(Cy<-Cy}
um  GylBg-s GyBgs GyBgs GyBgs GyBgs GyBgs GyBgs GyBgs

[2.92E-02 1.19E02 2.92E-02 1.19E02 o -| (28 195E-03 1.99E-03 1.91E-03 1.94E-03 1.96E-03 194E-03 200E-03 198E-03 |~
2.96E-02 1.20E02 2 96E-02 120E02 o |29 179E-03 1.81E-03 175E-03 178E-03 179E-03 178E-03 183E-03 181E-03 | |
2. 99E-02 1.22E02 2.99E-02 12202 o 30 1.64E-03 1.66E-03 1.61E-03 1.63E-03 165E-03 163E-03 167E-03 1.66E-03
3.03E-02 1.23E02 3.03E-02 1.23E02 o a1 151E-03 153E-03 148E-03 151E-03 152E-03 151E-03 154E-03 1.53E-03
3.06E-02 1.24E02 3.06E-02 12402 o 32 1.40E-03 141E-03 137E-03 139E-03 140E-03 139E-03 142E-03 141E-03
3.09E-02 1.26E02 3.096-02 12602 o 33 1.29E-03 131E-03 127E-03 120E-03 130E-03 120E-03 132E-03 1.31E-03
3.13E-02 1.27E02 3.13E-02 1.27TE02 o 34 1.20E-03 1.21E-03 1.18E-03 1.20E-03 120E-03 120E-03 122E-03 121E-03
3.16E-02 1.29E02 34BE-02 129802 o 35 112603 1.13E-02 1.10E-02 1.ME-03 112E-03 111E-03 113E-03 1.13E-03
3.20E-02 1.30E02 3.206-02 130E02 o 36 1.04E-03 1.05E-03 1.03E-03 1.04E-03 105E-03 1.04E-03 1.06E-03 1.05E-03
3.23E-02 1.31E02 3.23E-02 1.31E02 o 37 9.75E-04 9.82E-04 963E-04 973E-04 977E-04 973E-04 985E-04 09.81E-04
3.26E-02 1.33E02 326E-02 133802 o 38 9.12E-04 917E-04 9.03E-04 9.1ME-D4 914E-04 911E-04 918E-04 9.16E-04 |
3.30E-02 1.34E02 3.30E-02 134E02 o 39 8.54E-04 8.56E-04 8.48E-04 8.54E-04 B56E-04 B54E-04 BSTE-D4 B.56E-04
3.33E-02 1.35E02 3.33E-02 1.35E02 140 7.99E-04 7.99E-04 797E-04 B8.00E-04 BO00E-04 B8O00E-04 799E-04 7.99E-04
337E-02 337602 13702 [ 41 747E-04 T745E-04 T49E-04 T4BE-04 T.47E-04 T4BE-04 T7.45E-04 7.45E-04 (=
34DE-D2< 1 33502) 3.40E-02 138E02 o =| 42  6.97E-04 6.95E-04 T.0IE-04 6.93E-04 G.OGE-04 H.OBE-04 B.O4E04 6.94E-04

E 143 6.50E-04 646E-04 658E-04 650E-04 647E-04 650E-04 646E-04 G47E-04 | |
[l I | ] -
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