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Air Force Lt. Col. Justin G. Peacock, MD, Ph.D.

Lt Col Justin Peacock serves as Associate Dean for Research at the Uniformed
Services University School of Medicine. A nuclear radiologist, he focuses on
molecular imaging and therapy research and the responsible integration of
artificial intelligence (Al) in medical education—particularly how to teach Al-
enabled tools and how Al can improve educational practice.

Lt Col Peacock earned a BS in Biochemistry (Honors) from Brigham Young
University, a PhD in Molecular Biophysics and Biochemistry from Yale
University (2010), and an MD from the Mayo Clinic Alix School of Medicine
(2014). He completed a transitional year internship, diagnostic radiology
residency, and nuclear medicine fellowship with the San Antonio Uniformed
Services Health Education Consortium (SAUSHEC).

Across the National Capital Consortium and SAUSHEC, Lt Col Peacock has held
education and operational leadership roles, including Nuclear Medicine
Fellowship Program Director, Diagnostic Radiology Residency Assistant
Program Director (Quality Improvement/Patient Safety), Associate Air Force
Program Director, and Armed Forces Radiobiology Research Institute (AFRRI)
Military Medical Operations Department Head and Educational Director. He
has authored 45 peer-reviewed manuscripts, launched the AFRRI Virtual MEIR
3-and 5-day courses, served as a Dean’s Fellow, and developed the USU
Faculty Development Al curriculum. He also serves on national and
international radiology and nuclear medicine committees.
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Disclosures/Disclaimers

Dr. Justin Peacock has no relevant financial or non-financial relationships to disclose relating to
the content of this activity.

The opinions and assertions expressed herein are those of the author and do not necessarily
reflect the official policy or position of the Uniformed Services University or the Department of
War.

This continuing education activity is managed and accredited by the Defense Health Agency, J-7,
Continuing Education Program Office (DHA, J-7, CEPO). DHA, J-7, CEPO and all accrediting
organizations do not support or endorse any product or service mentioned in this activity.

DHA, J-7, CEPO staff, as well as activity planners and reviewers have no relevant financial or non-
financial relationships to disclose.

Commercial support was not received for this activity.

The author will discuss off-label uses of medications and medications in current development.
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Learning Objectives

At the conclusion of this activity, participants will be able to:

1.

|ldentify the key sighs and symptoms of acute radiation syndrome aiding in
prompt patient triage and initial management.

Describe the protocols for medical response to radiation exposure, including
immediate and supportive care measures.

Evaluate the effectiveness of current radiation prophylaxis and post-exposure
treatments in mitigating the health impacts of radiation.
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Polling Question

How comfortable do you feel responding to a

potential radiation emergency?

Not at all comfortable
Slightly comfortable
Moderately comfortable
. Comfortable

Very Comfortable

mooOw»F
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Chernobyl, Ukraine (1986)

®* Chernobyl nuclear plant
explosion

* 50-185 million Ci released
* Many with long-term effects

(Taylor, A. 2019)
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Fukushima, Japan (2011)

* Tsumani-induced power loss

* Hydrogen gas explosions due to
lack of cooling

* Deaths from disaster,
evacuation and one from
radiation

(Wikipedia contributors, n.d.)

UNCLASSIFIED | 8



UNCLASSIFIED

Acute Radiation

Syndrome (ARS)
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Acute Radiation Syndrome (ARS)

SHORT DOSE
TIME FRAME

Rapid exposure

EXTERNAL DOSE

Penetrating radiation

O/ WHOLE BODY or
O > 70% OF THE BODY

Widespread coverage

UNCLASSIFIED (Co-created with Nano Banana Pro, 2025) 10
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ARS Phases

> Time Course
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ARS Subsyndromes

o~

DOSE: 0.7 - 5 Gy

b

Gl - gastrointestinal
BP - blood pressure
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Hematopoietic Subsyndrome

Normal Marrow Irradiated Marrow
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(Armed Forces Radloblology Resealrch Institute, n.d.)
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Gastrointestinal Subsyndrome

Normal Gl Mucosa Irradiated Gl Mucosa
A O o e B
’ A . - ¥ .- (3 i Y ’ " ’

(Armed Forces Radiobiology Research Institute, n.d.)
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Polling Question

Knowing about ARS, how would you go about triaging radiological-
injured patients?
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ARS Triage
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Provider Protection

Class C (left)

e Consider for initial decontamination
o  Protects from airborne
radioactive material
o  Protects from skin
contamination
e Air-purifying respirator
e Face shield

Class D (right)
e Standard isolation personal
protective equipment (PPE)
e Utilize after initial decontamination
e Exposure-only concerns

(Radiation Emergency Medical Management, n.d.) UNCLASSIFIED
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Triage Considerations

LIFE-THREATENING

INJURIES (ABCs) TIMETO EMES*S&

EXTERNAL
CONTAMINATION *
SURVEY

4> COMBINED
< INJURIES

WYL
SHRAPNEL .‘.'%-

INTERNAL
CONTAMINATION

(=)

LYMPHOCYTE
i DEPLETION if\

STATISTICS Se
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Don’t delay life-saving care for decontamination!

UNCLASSIFIED (Co-created with DALL-E, 2025) 19
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Combined Injury

® SHAM

V Wound

08.5Gy

A 8.5 Gy + wound
A A 9.75 Gy

% 9.75 Gy + wound

Survival (%)

& 10 16 20 26 30
Time postirradiation (days)

UNCLASSIFIED (Kiang et al, 2010) 20
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Internal Contamination

(Centers for Disease Control and
Prevention, 2024)

)
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Time to Emesis
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(Demidenko et al, 2009) 22
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External Contamination Survey

Radiation Emergency Medical Management, n.d.
( gency & ) UNCLASSIFIED 23
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PROVIDER RADIATION SAFETY:
HANDLING RADIOACTIVE SHRAPNEL

SAFE REMOVAL
, Radiation
Safety
% % ~| Officer
Most significant radiation Remove shrapnel with Dispose in containers per
risk for providers metal tongs/forceps Radiation Safety Officer

Following these steps minimizes exposure and ensures safe handling of radioactive materials.

UNCLASSIFIED (CO'Created with Nano Banana Pro, 2025) 24



Lymphocytes and neutrophils (x 1000)

Hemoglobin (g)

Hemoglobin (g)

Lymphocyte Depletion Kinetics
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Patterns of early lymphocyte
response in relation to dose.
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(Radiation Emergency Medical
Management, n.d.)
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Radiation Emergency Triage Categories

Minimal

@ Radiation exposure without injury
&> Worried well

Expectant
A High dose (> 20 Gy)

Delayed

@ Evidence of radiation injury (ARS)
@ Time to emesis < 4 hours
M Lymphocyte drop

UNCLASSIFIED (Co-created with Nano Banana Pro, 2025) 26
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Triage by Resource Availability

| |
Triage Category and Myeloid Cytokine Recommendation Category” with
Combined Injury (Radiation Exposure = 2 Gy and Trauma/Burn*)
s Moderate Trauma Severe Trauma Moderate Trauma Severe Trauma

(gray)

>10 Gy Expectant? Expectant? Expectant? Expectant®
=6Gy - 10 Gy Delayed? Expectant? Expectant3 Expectant?®

Resource Availability at Medical Venue: Resource Availability at Medical Venue:
“Normal or Good” “Fair or Poor”
(Radiation Emergency Medical Management, n.d.) 27
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Initial Radiation

Injury Management

UNCLASSIFIED
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Radiological Response Resources

* Armed Forces Radiobiology Research Insititute (AFRRI)
= Medical Radiobiology Advisory Team (MRAT)

= https://afrri.usuhs.edu/

* Radiation Emergency Assistance Center/Training Site (REAC/TS)

= Nhttps://orise.orau.gov/reacts/index.htmi

®* Radiation Emergency Medical Management (REMM)

= https://remm.hhs.gov/

* Radiation Injury Treatment Network (RITN)

= https://ritn.net/

UNCLASSIFIED 29
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Contaminated or

Exposed?
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Polling Question

For each of the following scenarios, would patients primarily be
contaminated or exposed?

A. Contaminated
B. Exposed

UNCLASSIFIED
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|ON “* DANGER RADIATION ‘& DANGER RADIA
- w

(Centers for Disease Control and Prevention, 2024)
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First, consider the source
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YES

| Management Algorithms

Contamination Pathway

External

Admit to C Area

Remove Clothing (Contain)
Assess & Treat
Medical Condition
Determine Radiation Type
(o B. 1)

ID Contaminant

Rad Survey and Document
(Priorities: 1) Wounds,
2) Body Orifices, 3) Intact Skin)

Collect Samples
(Nasal/Mouth Swabs)

Decontamination
Priorities: 1) Wounds,
2) Body Orrifices, 3) Intact Skin

Decontaminated
to Acceptable
Levels*

Whole Body Survey

Contamination

Admit to
Emergency Department

|

Internal

NO
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Exposure Pathway

External
Exposure

Evaluate for ARS &
Local Radiation Injury

ID Radionuclide

Contamination

Collect Samples & Count
(Nasal/Mouth Swabs)

!

ID Contaminant I
Assess Intake* I

|

-

Minimize Uptake
& Facilitate Excretion

!

Bioassay Samples
(Start 24 Hour Urine
&lor Fecal Collections)

!

Dose Assessment
(Repeat as needed: Whole Body
Count, Bioassays, Countermeasures)

i Persistent Vomiting?
Document Time to Emesis
CBC with differential every 8 hours
for 24 hours minimum (as needed)

Whole Body
External Exposure
Dose Assessment

Local External
Exposure

Examine for Epilation,
Erythema, Blistering,
Desquamation®

Dose
Assessment
Document with
Color Photos

Dosimetry

Consider
Cytogenetic
Biodosimetry

Medical Evaluation
& Treatment

Transfer/Discharge

(Oak Ridge
Associated
Universities, 2020)

33



UNCLASSIFIED

Removing a patient’s
clothing and washing

their skin and hair
removes >90% of
contamination.

UNCLASSIFIED
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Nasal/Oral Sample Collection

UNCLASSIFIED

(Co-created with Nano Banana Pro, 2025)
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Prioritized Decontamination

Cleanse wounds first then
borifices, thenintact skin

(Centers for Disease Control and Prevention, 2024) UNCLASSIFIED



UNCLASSIFIED

Biodosimetry
2, LOW RESOURCES, iy HIGH RESOURCES,
0 RAPID ASSESSMENT p l (_)) MEDIUM-TERM .
(Hours) t N % N4 ASSESSMENT (Days) L/{ A‘}\
* Time to emesis (< 4 hours, likely ARS) » NM imaging and dosimetry techniques

for internal contamination

LOW RESOURCES, . [Yg= + HIGH RESOURCES,
24-48 HOUR B £, MEDIUMTO LONG-TERM
ASSESSMENT 1 g .J ASSESSMENT

(Days) —— (Weeks/Months)

» CBC with differential (48 hour lymphocyte * Dicentric Chromosome Assay (DCA)

depletion by 50%, > 4Gy dose) * FISH analysis of chromosome abnormalities
* Electron Paramagnetic Resonance (EPR)

UNCLASSIFIED (Co-created with Nano Banana Pro, 2025) 37
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Medical Radiation

Injury Management

UNCLASSIFIED 38
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Supportive Measures

IV FLUIDS &
ELECTROLYTES

¢ Anti-nausea e |V Fluids and
medication Electrolytes for
hydration
{ F
- N

ANTIMICROBIAL
PROPHYLAXIS

BLOOD
PRODUCTS

e |rradiated e Neutropenic
¢ Leukocyte- PSYCHOLOGICAL patients
reduced O, SUPPORT
\. y, s Psychological support \. J/

and counseling

UNCLASSIFIED (Co-created with Nano Banana Pro, 2025) 39
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Transfusion Guidance

Criteria for Substitution Therapy for Hematopoietic Type Acute Radiation Syndrome

Patient's individual condition Threshold value Substitution therapy
Close monitoring possible, no other Irradiated and leukoreduced
o _ Platelets: 10,000/pL
complication, no bleeding platelet concentrates
Close monitoring not possible, increased risk of Irradiated and leukoreduced
) _ Platelets: 20,000/pL
manifest bleeding platelet concentrates
Additional trauma, survery, mass transfusion, Irradiated and leukoreduced
Platelets: 50,000/pL
cerebral edema platelet concentrates

. _ Irradiated and leukoreduced
Anemia Hemoglobin: 10 g/dL
packed red cells

(Radiation Emergency Medical Management, n.d.)
UNCLASSIFIED
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Internal Contamination Countermeasures

Radioisotope  Primary Target Medical Treatment How it Works

e : Potassium lodide Blocks uptake: Saturates the thyroid with "good"”
131 =
Radioiodine (*') 3 Thyroid (K1) iodine so it can't absorb the radioactive version.

Competitive Inhibition: Floods the body with

Raduzg.;rsc:'?tlum ~, Bone St rgr?tli(:ummsg Its stable minerals to reduce the “bone-seeking"
isotope's absorption.
: . Dilution & Flush: Increases the turnover of
Tritium (3H) 0 W‘:}glterody g:ﬂ:,gfli body water to accelerate the natural excretion
of radioactive water.
Muscle / lon Exchange: Traps cesium in the intestines,
Cesium (137Cs) SRt TIealle Prussian Blue preventing it from being reabsorbed and
moving it out through waste.
: 2 Chemical Binding: Acts like a “claw” that grabs
Transuranics #4 Lungs / Chelation heavy metal atoms in the blood so the kidneys

(Pu, Am, Cm) Liver [ Bone (DTPA/EDTA) e s

UNCLASSIFIED (CO'Created with Nano Banana Pro, 2025) 41
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Potassium lodide (KI)

Indication: Protection against radioiodine
exposures.
Administration: Oral tablet (130 mg or 65 mg)
& solution (65 mg/mL)
Timing:
O Ideally 24 hours before exposure, but
up to 4 hours post exposure. Then every
24 hours.
Dosing;:
O Adult: 130 mg
O  Children: Varies based on age
Prioritization:
O  Pregnant women, neonates and young
children

B ccoais,ats b R B
(Potassium lodide Tablets, U.S.P.)
™ (Pronownced pos TASS-¢-um EYE-oh-gyed)
I 0 SA bt s oo
I 14 tablets per package
B T R T T S O

INDICATIONS: THYROID BLOCKING IN A RADIATION EMERGENCY ONLY.
FULL STRENGTH TABLETS RECOMMENDED FOR ADULTS AND CHILDREN

| 1o0/mL :
|} (Fluid 0z (30 mL) Rxonly 9

(Food and Drug Administration, 2024)
UNCLASSIFIED
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Cytokine Countermeasures

gg =1 - v v

e FDA-approved cytokines o [ oo
: : 95 1 | Sxspmive '
e Filgramostim (Neupogen®) o | FAeRattue| /
. . /
e PEGylated filgramostim A
2 70 ;
(Neulasta®) g la/'3
= 50
e Sargramostim (Leukine®) : F’E
o 30 H K
e Predominantly promote / .
. i / 1 Smes.,
neutrophils " / S e R
5 — ' / A
e Leukine promotes many cell .
) 1 T T T T 1) + T T T T
Ilneages 5 6 7 8 9 10 1 12 13 14
Dose (Gy)

(MacVittie et al, 2015) 43
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Filgramostim (Neupogen®)

Indication: Myelosuppressive acute radiation doses (= 2 Gy)
Administration: Subcutaneous injection (300 mcg and 480 mcg vials)
Timing;:

= Begin as soon as suspected or confirmed exposure to = 2 Gy

= Daily injections until absolute neutrophil count (ANC) greater than
1000/mm3 for three consecutive daily complete blood counts (CBCs)

Dosing;:
=  Adults: 10 mcg/kg (can start with 5 mcg/kg depending on supply)
= Children: 5 mcg/kg

UNCLASSIFIED 44
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PEGylated filgramostim (Neulasta®)

* |ndication: Myelosuppressive acute radiation doses (= 2Gy)

* Administration: Subcutaneous injection (0.6 mL syringe)

* Timing:
= Begin as soon as suspected or confirmed exposure to = 2 Gy
= Two doses, one week apart

* Dosing:
= Adults and children weighing > 45 kg: 6 mg per dose

= Children: Variable based on weight

UNCLASSIFIED
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Sargramostim (Leukine®)

* Indication: Myelosuppressive acute radiation doses (= 2 Gy)
* Administration: Subcutaneous injection (250 mcg vials)
* Timing;:
=  Begin as soon as suspected or confirmed exposure to = 2Gy

= Daily injections until ANC greater than 1000/mma3 for three consecutive daily
CBCs

* Dosing:
= Adults and children weighing = 40 kg: 7mcg/kg
= Children weighing 15-40 kg: 10 mcg/kg

= Children weighing <15 kg: 12 mcg/kg

UNCLASSIFIED 46
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Platelet Radiation Countermeasures

* FDA-approved thrombopoietin (TPO) receptor activator
= Romiplostim (Nplate®)
= Promotes megakaryocytes and platelets

* Additional platelet promoters are in development, including recombinant TPO,
TPO activators, and IL-11.

Duration of
Irradiation  Drug dose Injection time post- Group Percent Platelet Nadir thrombocytopenia
Drug dose (ng/kg) irradiation (days) size (n=) mortality (x10%/L) (days)
Vehicle ~LD70/60 Vehicle 1 40% 67.5 12.5 3.8
Nplate 6.8Gy 5 1 40* 275 36.3 13
Nplate + PEGfilgrastim 5and 0.3 1 (both drugs), 40* 12.5 315 1.1
8 (only PEGfilgrastim)
(MacVittie et al, 2015) 47
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Romiplostim (Nplate®)

* |ndication: Myelosuppressive acute radiation doses (= 2 Gy)
* Administration: Subcutaneous injection (125, 250, or 500 mcg vials)
* Timing:
= Begin as soon as suspected or confirmed exposure to = 2Gy
= Single dose
* Dosing:

= Adults and children (including neonates): 10 mcg/kg

UNCLASSIFIED 48
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Stem Cell Transplant

Allogeneic and syngeneic stem cell transplants have been attempted in several
cases of high radiation exposure.

In a review of 29 historical bone marrow transplant cases
= Three patients survived longer than one year

Many died from Gl subsyndrome conditions, traumatic injuries, or graft vs
host disease

Engraftment may occur around the same time as the patient’s own bone
marrow reconstitutes

(Densow et al, 1997)
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Stromal Cell Therapy
100
.'_5 - 81%
"l
-
9 50-
S
o
& 251 o Plasma-Lyte 23%
m PLX-R18
0 T T T T T 1
0 10 20 30

Time post-irradiation (days)

(Kumar et al, 2022)
UNCLASSIFIED
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e rhll-:12 (HemaMax®)

e Pro-inflammatory cytokine
e Improves hematopoiesis
e Improves Gl function

e Improves survival

UNCLASSIFIED

IL-12 Countermeasures

100+
90+
80+
70-

50+
40 -
30
20+
10+

Percent survival

58%**

56%*

36%

31%
-+ Vehicle Control (n=36)

# rHull-12 175 ng/kg (n=36)
& G-CSF 18x10 pg/kg/day(n=26)
¥ rHull-12175ng/kg + G-CSF 18x10 pg/kg/day(n=26)

0

UNCLASSIFIED

10 20 30 40 50 60
Days after Irradiation

(Gluzman- Poltorak et al, 2014)
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Genistein (BIO300%®)

* Phytoestrogen that binds ERs

100
* Protects progenitor cells from 90 LI
radiation damage 80

= |ncreases cell cycle checkpoints 70
and DNA repair enzymes (inhibits 60
NF-kB) 50

= Reduces inflammatory cytokines 40

(anti-oxidant) 30
. . . . 20
= Captopril combination increases

10 ——BI0300 Oral Powder, po, 6d

radioprotection ——Veh-300 Oral Powder, po, 6 d

* Mitigates radiation-induced 0 d ﬁm;"post_ir::diaﬁonz?d) % 30

pneumonitis/fibrosis

% Survival

(Singh & Seed, 2020) (Image courtesy of Dr. Singh) 52
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OrbeShield® for GI-ARS

100 &
e L =

801

60

% Survival

40

20 ~®- Placebo - 3 unscheduled euthanasia (Days 26, 29 and 37)
- BDP -1 unscheduled euthanasia (Day 47)

L) L] ! L) | L] I T L] Ll T Ll L] L] | L]

0 3 6 9 121518212427 3033363942454851545760
Study Day

(Measey et al, 2016) 53
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Prophylactic Medications in Development

®* Piperazine derivatives

®* Chlorobenzylsulfones (example Ex-
RAD)

* Aminothiols (example amifostine)

* Enalapril

(Singh & Seed, 2021) (Co-created with Nano Banana Pro, 2025) 54
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Combination Therapies

* ARS is complicated, impacting many

1.0F
systems. . P=0.0135
= I.—.
* Combination therapies likely o 08 :
address the multi-system effects. £ 06} |
< |
* rhG-CSF (Neutrogin®) and human ?_ 0.4l U s e
TPOR agonist RP (Romiplat®) A :
demonstrate improved survival in 0.2F- - - 7.25 Gy - -
lethal dose mice models (right). . — 725Gy +GRP
0 5 10 15 20

Days after irradiation

(Hirouchi et al, 2015)

55
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Long-Term Effects of Radiation Exposure

(Post-ARS/Injury)
f'g’ | STOCHASTIC EFFECTS (! P4 | DETERMINISTIC EFFECTS
(More radiation, greater statistical likelihood) (More radiation, greater severity)
. R Cancer €& Cataract (Most Common)
o @ Infertility

» {§ Atherosclerotic Disease
* £% Pulmonary Pneumonitis/Fibrosis

CONCLUSION: Patients surviving ARS/radiation injury require
ongoing patient care for these long-term risks.

UNCLASSIFIED (Co-created with Nano Banana Pro, 2025)
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Polling Question

Now, how comfortable do you feel responding to a potential
radiation emergency?

Not at all comfortable
Slightly comfortable
Moderately comfortable
. Comfortable

mooOwxE

Very comfortable

UNCLASSIFIED 57
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Key Takeaways

Healthcare provider exposures are usually low after major nuclear events.
Don’t delay ABCs for decontamination—treat the life-threatening injuries first.
ARS is predictable in its phases and dose-dependent in its timing and severity.

Triage and treat according to resources—consider simple over more advanced
measures when resources are limited.

Patients exposed to radiation need supportive care (e.g., fluids, antimicrobial
agents) and possible bone marrow support (e.g., G-CSF/GM-CSF), similar to
oncology patients.

UNCLASSIFIED 58
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