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Space Radiation (SR)
Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure
Integrated Risk Assessment

g HRP Integrated Research Plan (IRP) - Revision D

Task Name 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029
1]2[3[4[1]2]3[4[1]2[3]4[1]2[3]4[1]2[3]4[1]2]3[4[1[2]3]4[1]2]34[1]2]34 1]2[3]4[1]2[3]4[1]2[3]4[1]2][3[4[1]2[3][4[1[2]3]4[1]2]3]41]2][3]4[1]2[3]4|1]2][3]4[1]2]3][4[1]2]3]4
ISS and other vehicles . ' ' ' o ' ' ' ' ' N L ; ; ' ; ; ' : ; '
a | j b | | e d | j e | f. g . | | . | | . | | .
Aa: 6 Crew Capability; Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2;'Ag: End of US Commitment to ISS 1 1 : 1 1 : 1 1 :
3 E 3 3 E E 1SS as Mars analog 3 3 3 3 3 E 3 3 E 3 3 E
! . LT T ! ! . ! ! . ‘ ! .
Space Radiation (SR) ! : : ! : : ! : : ! ! : ! ! : ! ! : : ! :
Risk of Degenerative Tissue or Other Health 1 : 1 1 : : 1 : 1 1 1 1 1 1 : 1 1 . 1 1 .
Effects from Radiation Exposure ; ' : ; ' ' ; ' : ; ; : ; ; ' ; ; ' : ; '
Integration/Evaluation of Research Results ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Degen PEL #1 Update Recommendation | . . . . . | . . | | . | . . | . . . . .
Integration of Research Results ! ! ! ! ! ! DA&M ! ! ! ! ! ! ! ! ! ! ! ! ! !
' ' ' ' ' ' 11: Evidence from Gaps 1-3 ' ' ' ' ' ' ' ' ' ' '
. ' . . 1 . . . . . ' . . ' . . '
Independent Review of degenerative tissue research . . . . . . . . . | . . . . . . . . . . .
results including NSCOR, NRA and DOE Low Dose . . . . . . . Final Report . . . . . . . . . . .
PEL # 1 Recommendation 3 E 3 3 E E 3 E DA‘&M 3 3 3 3 3 E 3 3 E 3 3 E
| . | | . . | . | | | | | . | | . | | .
| . | | . . | . 4 | | | | | . | | . | | .
. . . Is there sufficient data to support update of degenerative PEL? ¢ : Yes — 14: Recommend PEL #1 update . . . . . | | .
Heart Risk Projection Model V.1 . . . . . . DA&M: Model updates/Final V&V and documentation | . . . . . . . . .
! Aa: Beta Model; Ab: V1.0 - Full model description fac—t— @ : ~4 > 15: Baseline Heart Risk Projection Model V.1 ! ! ! ! ! ! ! !
| . | | . .oa b 5 | | | | | . | | . | | .
' ! ! Is there sufficient data to support development of heart risk model? ' ' ' ' ' ! ' ' ! ! ' !
I ' I ' ' [ Yes — Aa, Ab, 15: Proceed with development of heart risk projection model ' ' ' ' ' ' ' '
Cataract Risk Projection Model V.1 . . . . . . | DA&M: Model updates/Final V&V and documentation | . . | . . . . .
' ! ! ' ! ' A Beta release of cataract model 75: Delivery to Ops ' ' ! ' ' ! ! ' !
| . | | . . | . . 5 | | | | . | | . | | .
. | . . | Is there sufficient evidence to enable projection of cataract risk and inform PEL update? . | . . | . . |
Yes: — 15: pro&j:eed with c:ataract risk jprojection rjnodel and T‘4 PEL reccj)mmendatiojn
Degen PEL #2 Update Recommendation ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Integration of Research Results . . . . . . . . . . . t1a: Evidence from Degen Gap 4, 7; 11b: Evidence from Degen Gap 1, 3 . . .
' ' ' ' ' ' ' ' ' ' ' ' ' O ' ' ' ' ' '
| . | | . . | . | | | | | 1a | . | | .
Independent Review of degenerative tissue research ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
results including NSCOR, NRA and DOE Low Dose ' ' ' ' : : ! : ' ! ! ' ! ' : Final Report . ! .
PEL #2 recommendation . . . . . . . . . . . . | . . | DA&M . | | .
. . . . . . . . . . . 11: Information from Degen7 on space flight synergies 14: PEL Update #2 recommendation |
| . | | . . | . | | | | | | . | 114 . | | .
! ! ! ! ! ! ! ! ! ! " Is there sufficient data to support update of degenerative PEL? . Yes — 14: Recommend PEL #2 update
Heart Risk Projection Model V.2 " DA&M: Model updates/Final V&V and docu
! ' ! ! ' ' I ' ! I I I I 15 Heart Risk Projection Model V.2: delivery to Ops d '
. | . . | | . | . . . . Is there sufficient data to support Version 2 of Heart Risk Model? :  Yes — 15: proceed
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HRP Integrated Research Plan (IRP) - Revision D
1 Space Radiation (SR)
3 4 Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure :
Task Name 2009 [ 2010 [ 2011 [ 2012 [ 2013 [ 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 |
1]2[3]a[1]2[3]a[1]2[3]a[1]2[3][4[1]2[3]4[1]2][3]4[1]2[3]4[1]2[3]4[1[2[3][4[1]2[3][4[1]2[3]4[1]2][3[4[1[2[3[4[1[2[3[4[1[2[3]4[1[2[3[4]1[2]3[4[1[2]3[4]1[2[3][4[1[2]3[4[1][2]3[4]1
ISS and other vehicles A N N N /S N S I O S e e R
a . b . ¢ d . . e | fl g . | . . . | . . | .
Aa: 6 Crew Capability; Ab: Shuttie Retired; Ac: EFT1; Ad: MPCV CDR; ‘Ae: EM1; Af: EM2; Ag: End of US Commitment to ISS . : : . : : :
. . . . . . ISS as Mars analog | . . . . . . . . . . . .
: : D« pE ! ! : : ! : : ! !
Space Radiation (SR) E 3 3 E 3 3 3 E 3 3 E 3 3 3 E 3 3 E 3 3 3
Risk of Degenerative Tissue or Other Health
Effects from Radiation Exposure ! 1 1 . 1 1 1 . 1 1 . 1 1 1 . 1 1 . 1 : :
Degen — 1: How can tissue specific risk models be
developed for the major degenerative tissue risks, . i . . i | . . i | . i | . . | i . | i .
including heart, circulatory, endocrine, digestive,
lens and other tissue systems in order to estimate ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
GCR and SPE risks for degenerative diseases? . | . . | i . . | i . | i . . i | . i | .
Epidemiological study of cataract incidence and . . | . | | | . | | . | | | . | | . | | |
progression - NASCA (NASA study of cataract in > A NASCA SMO Report Cross-Sectional Study 1 ! : 1 1 : 1 ! ! : 1 ! : 1 1 !
astronauts) 8 : ! ! : ! ! ! : ! ! : ! ! ! : ! ! : ! ! !
Ground Based efforts to develop and validate . Provide Evidence from research on mechanisms, progression rates latency in support of reviews . . . . . . . . . |
research models for mechanisitc studies for major [ 3 ‘ ‘ T )
degenerative tissues. (Phase I) : ; ; G:NRARO1research 1 . : ; ; : ; ; ; : ; ; : ; ; ;
. . . . . | | . DA&M | . | | | . | | . . | |
' ' ' ' ' 12a: Receive Final Report 12b: Information update to R/A Project ' ' ' ' ' ' ' '
. . . . . | | . 2a 2b | . | | | . | | . . | |
. | . Is there sufficient evidence to enable development of cataract risk projection model and inform PEL update? . | | . | | .
Proceed with cataract risk projection model and PEL recommendation 12 Yes ; No | continue research (Phase Il) | . | . . | . . .
Ground Based efforts to develop and validate . . . . . | . . . Provide Evidence from research on mechanisms, progression rates latency in support of reviews .
research models for mechanisitc studies for major ' ; : ' ; ; : ' & 11 ) ' ; ; :
degenerative tissues. (Phase Il) : ; ; : ; ; ; : ; ; : G: NRARO1 research L ; ; : ; ; ;
. . . . . | . . . | . . | | . i DA&M . | | |
| . . | . . . | . Receive Final Report: External Review of degenerative tissue research Information update to R/A Project |
. . . . . | . . | | . | | | . | 2 2 . | | |
. | | . . . . . . . . . . |PEL#2 recommendation 12 Yes . .
' ' ' ' ' ' ! | . . Is there sufficient data to support update of degenerative PEL > . . . .
. . . . . | . . . | . . | . continue research | No | .
Ground Based efforts to develop and validate . : : . : 1 1 . 1 1 . 1 1 1 : 1 1 : .G . 1
research models for mechanisitc studies for major ' ; ; : 1 1 1 : 1 ! : : Task to be determined after decision point
degenerative tissues. (Phase Ill) ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
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HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)

Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure

2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027

2016

[ 2010 | 2011 [ 2012 [ 2013 | 2014 | 2015
1]2[3[4[1]2[3]4[1]2[3[4[1]2[3[4[1]2[3[4[1]2[3[4[1]2[3[4[1]2[3[4[1]2[3]4]1]2[3]4[1]2[3]4[1[2[3]4[1]2[3]4[1]2]3[4[1]2]34[1]2]3]4[1]2]3[4[1]2[3[4[1]2[3]4]

2009

NEN

10

n in support of PEL updates

iol

' No — Stop

€

Ae: EM1;

ISS as Mars analog

DA&M
ort from external review 4 p--4"~ 12b: Informati
Does evidence suggest that degenerative risks are probable’

Ac:EFT1; Ad: MPCV CDR;
1

12a: Receive rep

Increase research portfolio on degenerative effects «— Yes

pability;

36 Crew Ca|
==

a
Aa:

Task Name

degenerative tissues risks in the heart, circulatory,
Preliminary studies to establish possibility of
differences in mechanisms for stroke and CHD
between protons and HZE nuclei and gamma-rays
(low level of research)
Additional studies to establish possibility of
differences in mechanisms for stroke and CHD

endocrine, digestive, lens and other tissue
systems? What surrogate endpoints do they

Degen — 2: What are the mechanisms of
suggest?

Risk of Degenerative Tissue or Other Health
Effects from Radiation Exposure

ISS and other vehicles
Space Radiation (SR)

between protons and HZE nuclei and gamma-rays
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HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)
Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure

Task Name 2009 [ 2010 [ 2011 | 2012 | 2013 [ 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 |
1]2[3[a[1]2[3]a[1]2[3]4[1]2]3]4[1]2]3][4[1][2]3[4]1]2]3[4]1]2[3[4[1]2[3[4[1]2][3]4[1]2][3]4[1]2][3]4[1]2[3]4[1]2[3]4[1]2[3[4[1]2]3[4[1]2[3]4[1]2][3[4[1]2]3]4]

ISS and other vehicles } : ! : ! | : } L } } } } ! } ! } 5 !
a | . b | . cd ] . | e | fl g | | | | | | . |

Aa: 6 :Crew Capa:bility; ADb: $hu!tle Reti:red; Ac: El::T1; Ad: MPCV CDR;EAe: EM1; iAf: EM2; A:g: End of :US Commit:ment to IS$

. . . . . . ISS as Mars analog | . . . . . . . . . .

! : bo<ld ro ! ! ! ! ! : !

Space Radiation (SR) 3 E 3 E 3 3 E 3 E 3 3 3 3 3 3 3 3 E 3
Risk of Degenerative Tissue or Other Health
Effects from Radiation Exposure 1 ! 1 . 1 1 . 1 . 1 1 1 1 1 1 1 1 . :
Degen - 3: What are the progression rates and 1 . 1 . 1 1 . 1 . 1 1 1 1 1 1 1 1 : 1
latency periods for degenerative risks, and how do 1 . 1 . : : . : . : : 1 1 1 1 1 1 . 1
progression rates depend on age, gender, radiation ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
type, or other physiological or environmental | . i . . | . | . i | i | . i . i . .
factors? : : ! : ! : : : : ! : ! : ! ! ! ! : !

Low Level Ground based research effort (thru 2017) . . | . . G: NRA RO1 research; . | . | . . | . | . .

. | . | [ - T . : ]: 11: Provide Evidence, . . . . . . | .

| . | . | | 17 | . | | | | | | | | . |

| . | . . | . | DA&M | | | | . | | | . |

! ! ! ! 12a: Receive report from external review 12b: Information supporting Cataract Risk Projection Model development ! ! !

| . | . | | . i 2a  2b | i | i | | | i . |

| . | . . Is there sufficient data to support development of cataract projection model? | . | | | . .

. | . | . . | . No | ’ Yes — Proceed with Cataract Risk Projection Model Development . . | .

| . | . | | . | Continue research | | | | | | | . |

Increased Ground Based Research at NSRL, LLU . . . . . . . . . . 11: Provide Evidence; 12a: PEL updates; 12b: Info. Of devel. Of heart risk model V2 .

1 : 1 : ! 1 : G:NSCOR | . . . . i e ) \ % .

| . | . | | . | . | | | | . 1, 2a | | 2b |
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HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)
Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure

Task Name

2009 | 2010 [ 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

[ 2025 | 2026 | 2027 |

1|2\3\4|1|2\3\4|1|2\3|4|1|2|3|4|1|2|3\4|1|2\3\4l1|2\3\4|1|2|3\4|1|2\3\4|1|2\3\4|1|2\3|4l1|2|3\4|1|2|3\4|1|2\3\4|1|2\3\4|1|2|3|4|1|2\3\4|1|2\3\4|1|2\3|4l

ISS and other vehicles

Space Radiation (SR)

Risk of Degenerative Tissue or Other Health
Effects from Radiation Exposure

Degen — 4: How does individual susceptibility
including hereditary pre-disposition alter
degenerative tissue risks? Does individual
susceptibility modify possible threshold doses for
these risks in a significant way?

Ground Based Research to identify individual
susceptibility factors that alter degenerative risk
(Phase

Ground Based Research to identify individual
susceptibility factors that alter degenerative risk
(Phase Il)

A 1 A I . L A . . A . A A
AW

a . . b . c d . . . e . f. g .

Aa: 6 Crew Capability; Ab: Shuttle Retired;, Ac: EFT1; Ad: MPCV CDR; ‘Ae: EM1; Af: EM2; Ag: End of US Commitment to ISS

ISS as Mars analog

G: NhA RO1 R’fesearch

Provid%e Evidence 1

DA&M

Does ewdence suggest |nd|V|duaI sensmwty is major factor’>

Stop < No ¢

Increase research emphaS|s on |nd|V|duaI suscept|bll|ty

12: Info. Of devel. Of heart risk model V2 C

G: NRA R01 Research

10
2
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Space Radiation (SR)
Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure

HRP Integrated Research Plan (IRP) - Revision D

[ 2022 [ 2023 | 2024 [ 2025 | 2026 | 2027 | 2028 | 2029 | 2030 |

[ 2012 [ 2013 | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

2009 [ 2010 | 2011
1]2[34[1]2[3[4[1]2[3]4]1]2[3]4[1]2[3[4[1]2[3]4[1]2]3[4[1]2[3]4[1]2]3[4[1]2[3]4[1]2[3]4[1]2[3]4]1]2[3]4[1]2]3[4[1]2[3]4[1]2]3[4[1]2[3]4[1]2[3]4[1]2[3]4[1]2[3]4[1]2[3[4]1]2[3]4]

M2; Ag: End of

;Af:E

1

e

El

T1; Ad: MPCV CDR; Ae:
ISS as Mars analog

c d
;Ac:Eﬁ

rex

ADb: Shuttle Reti

apability;

&

6 Crew

a
Aa

G: NSCOR research

Receive data from Gap2; 12b: PEL#1 updates and model development

. 12a:

Is there sufficient data to enable develo|

n

pment of a heart risk projection model?

INo
Continue research

 Yes — Proceed with heart

I No

Is there sufficient data to support Version 2 of Heart Risk Mod

10

1 2: PEL#2 updates and model development 2
a: Inputs from independent review; 1 2b: Inputs from Degen 2,3,4

“““ T

Task Name

ISS and other vehicles

molecular, cellular, or animal results to predict
degenerative tissue risks in astronauts? How can
human epidemiology data best support these

Low Level Ground based research effort (thru 2016)

Degen — 5: What quantitative procedures or
procedures or models?

Risk of Degenerative Tissue or Other Health
theoretical models are needed to extrapolate

Effects from Radiation Exposure

Space Radiation (SR)

Ground Based Research NSRL

For NASA Internal Use Only
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Space Radiation (SR)
Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure

HRP Integrated Research Plan (IRP) - Revision D

[ 2022 [ 2023 | 2024 [ 2025 | 2026 | 2027 | 2028 | 2029 | 2030 |

112[3]4]1]2[3]4]1]2]3]4]1]2]3[4[1]2[3]4[1]2[3]4[1]2[3[4[1]2[3]4[1]2[3]41]2[3]4]1]2[3]4[1]2]3]4]1]2]3]4[1]2[3]4[1]2[3]4[1]2[3[4[1]2[3[4[1]2[3]4[1]2[3]4[1]2]3]4]1]2]3]4]1]2]3]4]

[ 2012 [ 2013 | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

2009 [ 2010 | 2011

ST TeTeeTTTemTemeeeoreeareeioeeioeeooriisioisiiioiioiiiiiiiiiiiiiigiiiieeiooeoo J....
2
53
£
“““““““““““““““““““““““““““““““““““““““““““““““““ | )
8
~ 2
33 _ o
€0 =
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ R T
T -
= c w o
[=I (6}
) 0= o
M sEG° 85T © 1}
““““““““““““““““““““““““““““““““““““““““““““ ER - T S I A
< o2 s L w o
a c 8 = o
_ o0 O @
14 Tz = 5
““““““““““““““““““““““““““““““““““““““““ o g-% 2 .=
o S = £ % 3
+ z o (&)
8 o w O© g @ ®
L . 8 g & 5 2
““““““““““““““““““““““““““““““““““““““ seS_ |, ... P T % .8 _________.
88 5 2 2
%q% W 5 S
2. © 5 3
oZ S w 5
““““““““““““““““““““““““““““““““““““ 23 k% 5
Sy e - 4 [} c
3 2 s 5 % 2
[ = b 3 K]
mf 2 8 g S . ..3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ P S (S - SO - S
o = —_
s 1 3 g @
0 « 1) ° =] 3
- = 9 @ o o
9] 8 O m = =
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww N« I © T & T
2 6 < g = 3
2 £ e s
= o
c = o
““““ &
= 3 7]
E £ B
£ ©
S 2
T SRR e S
17
@ 2 A 15
5 8
B - T
Fi ol
. o
g
< c
- S
S 3
sl B | B
“ 2
o =
- wwwwawww wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
w
P {2
s o
5 5
- e o'
53
> =
O (2]
o (]
B L e
=9
5 2
<
L e
[T
hel w
G
<
o S
T e
2
=
Q
x
Q@
B
2 L 4
5 v
%
<

O

Aa:

Task Name

ISS and other vehicles

Ground based research to identify candidate CMs for

degenerative risks; analyze interaction with other

risks and CMs (Phase I)
Ground based research to identify candidate CMs for

degenerative risks; analyze interaction with other

Establish requirement for degenerative
risks and CMs (Phase Il)

Degen — 6: What are the most effective biomedical
countermeasures

or dietary countermeasures to degenerative tissue

risks? By what mechanisms are the
countermeasures likely to work? Are these CMs

additive, synergistic, or antagonistic to other

Risk of Degenerative Tissue or Other Health
Risks?

Effects from Radiation Exposure

Space Radiation (SR)
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Space Radiation (SR)
Risk of Degenerative Tissue or Other Health Effects from Radiation Exposure

HRP Integrated Research Plan (IRP) - Revision D

[ 2022 [ 2023 | 2024 [ 2025 | 2026 | 2027 | 2028 | 2029 | 2030 |

[ 2012 [ 2013 | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

2009 [ 2010 | 2011
1]2[34[1]2[3[4[1]2[3]4]1]2[3]4[1]2[3[4[1]2[3]4[1]2]3[4[1]2[3]4[1]2]3[4[1]2[3]4[1]2[3]4[1]2[3]4]1]2[3]4[1]2]3[4[1]2[3]4[1]2]3[4[1]2[3]4[1]2[3]4[1]2[3]4[1]2[3]4[1]2[3[4]1]2[3]4]
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Task Name

Degen — 7: Are their significant synergistic effects
Establish significance of synergistic effects

from other spaceflight factors (microgravity, stress,

altered circadian rhythms, changes in immune
responses, etc.) that modify the degenerative risk

Risk of Degenerative Tissue or Other Health
from space radiation?

Effects from Radiation Exposure

ISS and other vehicles
Space Radiation (SR)

Conduct ground based research to determine
influence of other spaceflight factors on

development of degenerative tissue effects- Phase 1

Conduct ground based research to determine
influence of other spaceflight factors on

development of degenerative tissue effects- Phase Il
disease risks to understand nature of interaction
bewteen smoking and space radiation

space radiation circulatory disease risk estimates?
Conduct ground based research on circulatory

Degen - 8: Are there research approaches using
simulated space radiation that can elucidate the
potential confounding effects of tobacco use on
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