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Radiation Exposure Scenarios

Accidents

* Nuclear power
generators

* Medical radiation
therapy

* Industrial radiator

* Lost/stolen medical or
industrial radioactive
sources

Attacks

* Radiological dispersal
device (dirty bomb)

e Attack or sabotage of a
nuclear facility

e Use of nuclear weapon

War Fighters Specific Scenarios

* Increased likelihood of being in
proximity to a weapon or attack

 May receive orders to enter a
contaminated arena for search
and rescue or asset recovery

-~

CHefhobyI1986

AFRRI

[ Uniformed
** Services

University




Radiation Subsyndromes and Treatment

MEDICAL COUNTERMEASURE ADMINISTRATION FOR RADIATION EXPOSURE: SUBSYNDROMES OF

PROPHYLACTIC EXPOSURE FOR WARFIGHTERS & MITIGATOR ADMIN FOR CIVILIANS . ACUTE RADIATION SYNDROME (ARS)
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Radiation Medical Countermeasure Development

Product Development
Under the

Animal Rule
Guidance for Industry

Additional copies are available from:

Office of Communications, Division of Drug Information
Cenrer for Drug Evaluarion and Research

Food and Drug Administration

10001 New Hampshire Ave., Hillandale Bldg., 4* Floor
Silver Spring, MD 20093-0002

Phone: §35-543-3754 or 301-706-3400; Fax- 301-431-0353
Email: dru'mf a)fda.hhs gov
hrip:/Awww. fida gov/Drugs ' Guidance CompiianceResuiaroryInformanion Guidances ‘defruls hom

Non Binding Recommendations:

1. Well understood model of injury

2. *Effect demonstrated in more than 1 species
OR in 1 species that is sufficient to
demonstrate efficacy*

3. Endpoint in animals is linked to endpoint in
humans

4. PK/PD available to predict human dose

*likely referring to compounds not active in

species other than human (or NHP)

Approved mitigators for Acute Radiation Syndrome

Neupogen (IS — approved March 2015
* Nypozi -txid) - approved June 2024

o Zarxio (ISEESE-sndz) - approved October 2024

«  Releuko (IEIEEEN-2yow) - approved April 2025
*  Ennumo (pegfilgrastim-pccg) — approved May 2026

Neulasta (BEERIBSE) — 2pproved November 2015
Udenyca (IESIMIBIESIN-cbqv) — approved November 2022; single-dose

prefilled auto-injector approved March 2023

«  Stimufend (IESIIBIEEEN-fook) - approved September 2023
« Ziextenzo -bmez) — approved February 2024

«  Fylnetra (HESEIBIESEN-pbok) — approved April 2025
« Armlupeg (pegfilgrastim-unne) — approved November 2025

Leukine (sargramostim) — approved March 2018

NPLATE (romiplostim) — approved January 2021

All approvals will be conducted in Animal models
No drugs are currently approved as prophylactics
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Neutron to Gamma Ratios and RBE i~

£
* Neutron/ mixed Field = Detonation e '
(e y bomes =
* Gamma = Fall Out o
» ol IINA 4 1.5
o - 1 - T i i nlm‘:-':e (km)1 o
N e u t ro n S H I g h L E T IVI O re D a m a ge Low LET raddation Figure 5-4. Urban photon absorbed dose from both leakage photons and secondary
| \-1.|'\ s photons from neutron interactions.
* Gamma = Low LET = less damage h
2on# 83
Table 2-1II. Typical Neutron-to-Gamma and Neutron Dose-to-Total Dose Ratios* TP .
Yield (Kt) nlg nn+g Range E
0.1 4.0 0.82 360 meters E»n.ﬁ ”
1.0 3.0 0.75 650 meters -
10.0 1.6 0.62 1040 meters e
100.0 0.47 0.32 1500 meters
1000.0 0.042 0.04 2280 meters R mmrice(km)' 15 20
+ Assumptions: HOB = 60W " meters, where W = yield in kilotons; air density  Depending on numerous factors,
is equal to 0.9, relative to sea level; fission only device; total dose is equal to .
2600 cGy. Neutron to Gamma Ratios are From DTRA-TR-13-045 (R1) - Monte-Carlo Modeling

of the Prompt Radiation Emitted by a Nuclear
Device in the National Capital Region, Revision 1

highly variable
* Neutrons Produce more damage
than Gammas for the same dose

* Inan urban environment
shielding may lead to non- AF RRI

NATO Handbook 1996, UNCLASSIFIED
r -
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Animal Models for Radiation Exposure at AFRRI

TRIGA Reactor Linear Agcelerator

High Level Cobalt-60
W == = S

e X-Ray irradiation, akin to

e Gamma irradiation, Akin nuclear fallout

to nuclear fallout

* Variable Neutron Gamma e Partial body Irradiation in
« Total Body Irradiation in Ratios, akin to nuclear mice (and other species)
detonation

mice (and other species) d GI-ARS
* Produces GI-AR

e Total Body and Partial
body Irradiation in mice
(and other species)

* Produces H-ARS, and GI- AFRRI

e Represents a worst-case
scenario in terms of
damage to the organism

* Produces H-ARS
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%Mortality

Lethality in the Co60 source (TBI)

= Total Body Irradiation (Co60)- mouse

62

Probit analysis of Male C57BL/6 TBI Survival

Probit analysis of Female C57BL/6 TBI Survival

High Level Cobalt-60
w

Sex as a Radiation Dose Modifier TBI Model

@® Female Data
® Male Data

Females vs. Males
DRF 1.03
(95% CI 1.01-1.053)

(o] LD50/30 Males @
99- 99- T'QIGy
: o
LD90/30 8.4 Gy - 71 T [ [0 LD90/30 8.7 Gy o 90 - ! [ ]
LD70/30 8.1 Gy 5 Z0 e LD70/30 8.4 Gy = 70- E
LD50/30 7.9 Gy ‘E 1 T . (N LD50/30 8.1 Gy %’ 1T R SIRTET TP
= 30 = 30 '
= R \
10+ 10+ v
o LD50/30 Females
1 14 8.1Gy
T T T T T 1 @] I @] T T 1 ._I_. I |
Dose (Gy) Dose (Gy) Dose (Gy)
* Males are slightly more  LD90 ~8.5Gy Crpgenene Original Anice
Research Cytogenet Genome Res 2023;163:187-196.
radlosensltlve [ Males 8.43 (95% CI 8.29_8.61) DOI: 10.1159/000531630
 LD50~8 Gy * Females 8.68 (95% Cl 8.55-

 Males 7.86 (95% Cl 7.76-7.97)
* Females 8.10 (95% CI 8.00-

8.19)
. LD70~8.2Gy

8.86)

 Males 8.10 (95% Cl 7.98-8.22)
 Females 8.33 (95% Cl 8.23-

8.45)

For Internal Use/ Not for Distribution

Very Robust model, 10+ years of data

Research: Implications for

Sanchita P. Ghosh

Countermeasure Development

Gregory P. Holmes-Hampton Vidya P. Kumar Kaylee Valenzi

Sex as a Factor in Murine Radiation

Armed Forces Radiobiology Research Institute, Uniformed Services University of the Health Sciences, Bethesda,

AFRRI

MD, USA
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Lethality in the AFRRI TRIGA (TBI)

% Mortality

% Mortality

96% Neutron 4% Gamma (male C57BL/6)
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2

Radiation Dose (Gy)

65% Neutron 35% Gamma (male C57BL/6)

99.94
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70.04
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30.04

10.04

1.0
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(o] o] o
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LD70/30: 5.11 Gy
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4.0

T T T T 1
4.5 5.0 65 6.0 6.5

Radiation Dose (Gy)

Ways to Modulate Neutron

Gamma Ratios

1.

96% Neutron 4% Gamma (female C57BL/6) 2.

% Mortality

% Mortality

99.9
99.0+

90.0

70.0
50.0
30.0

10.0

1.0
0.1

O 0 0 0 O

3.

LD90/30: 3.65 Gy

LD70/30: 3.55 Gy
LD50/30: 3.48 Gy

2

Radiation Dose (Gy)

65% Neutron

99.94
99.0+

90_0_ ...........

700 -eeeenn
500 cceeees
30.0

10.0-

1.0+
0.1 T

35% Gamma (female C57BL/6)

o o0 O o o

..................................... LD90/30: 5.02 Gy

..................................... LD70/30: 4.80 Gy E
..................................... LD50/30: 4.65 Gy 5

% M

4.0 4.5

T T T 1
5.0 55 6.0 6.5

Radiation Dose (Gy)

Shielding
Distance
1.
2.
Power

% Mortality

99.9
99.0

90.0

70.0
50.0
30.0

10.0

1.0
0.1

In exposure room
Core in pool

50% Neutron 50% Gamma (male C57BL/6)

99,9 o
99.0+

90.0

70.0+
50.04
30.04

10.04

LD90/30: 5.67 Gy

LD70/30: 5.43 Gy
LD50/30: 5.26 Gy

1.0
0.1 o— .
4 5 6 7

Radiation Dose (Gy)
MF-022 (female C57BL/6)

LD90/30: 5.54 Gy

LD70/30: 5.36 Gy
LD50/30: 5.24 Gy

4.0

T T T
4.5 5.0 5.5 6.0
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Lethality in the AFRRI TRIGA (TBI)

33% Neutron 67& Gamma (male C57BL/6) 33% Neutron 67% Gamma (female C57BL/6)
99.9 99.9+
99.0 99.0
> 90.0- LD90/30: 7.33 Gy v 900« eeeeemmreeiiee g LD90/30: 6.99 G
T 70.0- LD70/30:6.80 Gy  ®  70.0-- oo LD70/30: 6.72 Gy
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= 300- = 300 > LD90/30: 9.44 G
= 10.0- = 10.0- 8 LD70/30: 8.93 G
o LD50/30: 8.58 C
1.0 1.0 s
0.19 o—o—=o T , 0.1 —e—¢—o—e—¢ T , B
5 6 7 8 4 5 6 7 8
Radiation Dose (Gy) Radiation Dose (Gy)
——*¢ T 1 1
o o o o 7.0 8.0 9.0 10.0 11.0
15% Neutron 85% Gamma (male C57BL/6) 15% Neutron 85% Gamma (female C57BL/6) .
Radiation Dose (Gy)
99.9 o o 99.9 5% Neutron 95% Gamma (female C57BL/6)
99.0 99,0
2 90.0+ LD90/30: 7.58 Gy 2 90.0 LD90/30: 7.62 Gy 99.94
£ = . 99.0
® 70.0- LD70/30:7.39Gy & 7007 LD70/30: 7.39 Gy
5 50.0- LD50/30: 726Gy & 9007 LDS50/30: 7.23 Gy 90,0+ oo D90/30: 9.01 Gy
= 30.0- =  30.0- 2 . ;9.
o "a?. 10.0 - E 70_0_ .............................................. LD?O,‘aU: 8_60 Gy
3 10.0+ E LT X 1T Y o W L TT T LD50/30: 8.33 Gy
1.0 =  30.04
1.0 <
0.1 T — ! 3= 10.04
0A4——¢—<—=% I l 1 5 6 7 8
6.0 6.5 7.0 7.5 8.0 8.5 1.0
Lo Radiation Dose (Gy)
Radiation Dose (Gy) 0.1 I 9

I I |
6.5 7.0 7.5 8.0 8.5 9.0
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Lethality in the AFRRI TRIGA (TBI) ooyt

Gamma Ratios

1. Shielding

2. Distance
1. Inexposure room
2. Corein pool

3. Power
RBE Values Gy Values
§ 25— 10-
- ® RBE LD50-Males = e LD50-Males
g O RBELDSO-Females O g o LD50-Females
T 2.0 3
g S 6-
(Tp]
8 (]
9 1.5+ T 4-
3 <
3 0w 2-
'E 1.0 a
I T T T T T T T 1 0 T T T T
x 25 50 75 100 0 25 50 75 100

Neutron Percentage Neutron Percentage
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Lethality in the AFRRI LINAC (PBI)

A B
=

LINAC - ]
BM2.5-PBI CS7BL/6 Males C57BL/6 Females
- - A LD50/30:14.3 Gy B LD50/30: 14.5Gy
100 (CI: 14.1 - 147 Gy) : (CI: 143 - 14.7Gy)
? 100 : - ]
- m H .
: 2 5 o : Model Credit:
£ s : .
g E g ................. L Dr. Vldya Kumar
& 2 1 :
1
R T S , . Sex as a Radiation Dose Modifier - PBI Model
12 125 13 135 14 145 15 13 135 14 145 15 16 7
Radiation Dose (Gy) Radiation Dose (Gy) LD50/30 Males [ ] [ ] ® F le Dat
emale Data
C wsuvival D) i 99 14'?Gy
C To reduce scatter from the body: 3 1 P 1§2§ o - ' @ Male Data
. [ . %
1mm Pb + 3.6cm PMMA shield 575 o 1356y 9% g . ey > 90 '
" 5 A 1375Gy 88% 3 = '
(at the edge of the field) £ 50 o 146Gy  s52% £ %0 . :;f;fy I 70 '
g ® 14256y 6% ] * 100y 'g GO o
5 % o 145Gy 50% g 254
& v 1475Gy 19% B ¢ =2 30 Females vs. Males
o+—— 0 & . . =2
0 10 20 30 : 2 - P S 104 ' \ DRF 1.01
= Time post-PBI (days) Time post- PBI (days) . LDSD}'?)O Females (95 /0 CI 099'1 05)
a4 . 14.7Gy
’ = ¥
o i i/ J / ' *—@
oy /‘;"g‘) v ) ! J
RS gpr st . Il 12 14 16
Cytogenetic Original Article
and G
Research Cytogenet Genome Res 2023;163:187-196 et bt 1 273
RADIATION RESEARCH 201, 19-34 (2024) e ——
a8 00. s Sex as a Factor in Murine Radiation
©2024 by Radiation R_csc‘!rclv\ Society. o . . .
Al g of et i o, 5 Research: Implications for
Countermeasure Development
Gregory P. Holmes-Hampton Vidya P. Kumar Kaylee Valenzia
. . . . . . Sanchita P.Ghosh
Development of a Multi-Organ Radiation Injury Model with Precise e it et 5

MD, USA

Dosimetry with Focus on GI-ARS
Vidya P. Kumar,' Kefale Wuddie, Alena Tsioplaya, Alia Weaver, Gregory P. Holmes-Hampton, A [ RRI

Sanchita P. Ghosh
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%Mortality

99.99%
99.9%

99.0%-

90.0%-

70.0%
50.0%-
30.0%-

10.0%-
1.0%-
0.1%-

MF-PBI Probit curve
Based on MF-PBI-02 and 03

1D90/30: 12.31

1 D50/30: 11.57 Gy
1D30/30: 11.27 Gy

0.01%
10

T T T T
11 12 13 14

Dose (Gy)

1
15

zman.us wnuiwnj|y

MF-PBI-03
30 day survival

~N-Nel~
Qo a O 1004 —— e e e eceeee---
= - Q_m ]
683 M '
22 cw® ) L0
0 - — 754 - -
3 o 3 . s-
'8.-} g R LR -
'Z [ > S .o ...-u.-.-.-.-.---..—-
o o S 504
09 >
5= g
< X
m o
3 25—
g
0 T T T T T 1

0 5 10 15 20 25 30
Time post radiation (days)

-0 11Gy B 11.25Gy =&« 115Gy

% 11.75Gy == 12 Gy

LD50/30 is estimated to be 11.57 Gy compared to 6.9 Gy in the

MF TBI model. AF RRI

[ Uniformed
** Services
University




Conclusions

* We have established several models relating to real scenarios
e TBI Gamma — Fall Out
e TBI Mixed Field — Detonation
e PBI X-ray — Fall out with Shielding
* PBI Mixed field — Detonation with Shielding
* Areal exposure is likely to be non homogenous, with sufficient shielding from an urban environment it is possible to
induce GI-ARS
* We have established lethality curves in all these models
* We have tested Medical Countermeasures in all of these models to identify candidates to improve survivability
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Questions?

Thank you
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