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NURA: Th&lorthwestern University
Radiation Tissue Archives

Northwestern University Is creating a collection of data
and tissue samBIes rom materials made at different
US National Laboratories during animal irradiation
studies done between 19%Dand 199@ .

Animal irradiation studies during that era were
designed to test

Different qualities of radiation
Different doses of radiation
Different dose rates

Different species

Different endpoints (e.q. lifetime studies,
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Collection of tissues that comprise the NURA archive is housed
over several rooms in Olson pavilion and Ward building.

Both samples and the data come from decades of research done
by different US national laboratories; now they are all a part of Dr
Woloschal collection which was made possible by financial
support from the US Department of Enei@yow dose radiatiof)
program and NU Department of Radiation Oncology.

In addition to data, now publicly available at the lab website
/ljanus.northwestern.edu, archive houses tissue samples
embedded in paraffin and available at request to the
radiobiological community . Finally, archive also preserves some ¢
the tools such as the beagle dog phantom (left) used to calculate
the exact doses received by different organs of irradiated animals.
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A typical research project using NURA includes researching the data archive, selecting the tissues to be sectioned

and processing them for regular histopathology, high throughput X-ray fluorescence elemental microscopy, or
subjecting them to a variety of molecular analysis techniques focusing on proteins, DNA or micro RNAs.



Using NURA (and other radiation
animal archives)

NURA and other data sources (digitized, archived, centralized,
crosschecked against published literature) such as the International
Radiobiology Archive (IRA) and European Radiobiology Archive (ERA) ca
be used for different types of statistical analysis including

Reevaluation of dose dosmte effectiveness factor (DDREF)

Motivation: to enable development of better radioprotection policieg
using more of the already existing data teaealuate DDREF and other
issues of importance in radiation protection.

NURA samples can be used for:
-mitochondrial DNA evaluation
-micro RNA studies
-histological examination
-elemental distribution in tissues (XFM)
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STATISTICAL ANALYSIS AND DDRE



Importance of DDREF Estimates

A American and Internationahdiation protection policies
are based primarily otwo sourcesf data:
I humanexposures
I modelanimalstudies

A The data on radiation effects observed in the survivors of
the atomic bomb is considered to be the most important
source of information.

A Findingsfrom studies of atomic bomb survivors are
extrapolated to different noracute exposureonditions
(unlike exposures to which the survivors were exposed)

A Both acute and estimated protracted exposures data are
compared with findings from carefully designed animal
studies

A In USA, DDREF estimate (published by the BIER VII repor
serves as a basis for all radiation protection policies.



Excess Relative Risk of Cancer, ERR

DDREF according to BIER VII

Excess Relative Risk
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Probability Density

Combined DDREF Estimate
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BEIR VII Part Il, Figure-30

Likelihood of DDREF estimate
A The relative likelihood of DDREF

was estimated by fitting linear
guadratic models of various
curvatures to (1)ong term A
bomb survivor data (LS&)d (2)
animal data (radiobiological

prior).

Animal data (used by BIER VII)
suggested a higher DDREF than
LSS data.

Results were combined by
Bayesian update to form the
final estimate.

LSS DDREF
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Radiation-Associated Deaths in the Life-Span Study

LSS cohort

FIGURE 10.7 Ibustrating the pattern
| of sadiation-assocuated deaths in the e

span study In the A-bomb survivors. Leu

emia appeared Nrst, reaching a peak by
S 10 7 years after irradiation, before falling
Not appear in

off Rater S0hd cancers did

excess for severdl years, but have contin

ued 10 Increase ever since. By about 19950,
11 was evident that There is a0 an excess
of noncancer deaths, especially stroke and
| heaandises

se. (Courtesy of Dr. Mabuchi)
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Hall 2012 figure 10.7 and table 10.1

LSS Facts

A The atomic bomb survivors of
Hiroshima and Nagasaki have
been closely tracked by the
Life Span Study (LSS).

A LSS survivors suffered excess
cases of leukemia, solid
cancer, and heart disease.

A Most doses were small (<100
mSv), but high doses (>100
mSv) account for most of the
negative health effects.



DDREF may be estimated too
KAIKX ov 02?2

2.0
Populationstudies
e A Jacobet al2009, performed a meta
' analysis on radiation workers exposed to

o protracted lowdose exposures that
% sometimes accumulatelbw to moderate
- ' doses (56600 mSv).
: [

| J_ 1 Results

A The risks per Sv may be comparable to
those observed in the LSS cohort, despite
-~ protraction.

ICRP
BEIR VII
Epi-risk

Figure 3 Ratio O of excess relative risk-per-dose values for cancer

after low-dose-rate, moderate-dose exposures and after acute, high-dose

exposures as recommended by the International Commission on .
Radiological Protection {ICRP),’ used by BEIR VIl (95% CI},’ and derived  9@COD 2009 Figure 3
in the present analysis from epidemiological studies {epi-risk, 90% CI).



Use of bettercradiobiological priog dataset
may lead to a better DDREF estimate

TABLE I

Experiment I—Radiation Doses, Sample Sizes, and Mean Ages at Death of
RFM Mice Exposed to v Rays at 45 rad/min

Strain Dose No. No. Mean age at death Life shortening

and sex (rad) of mice lost to (days + SE) (days + SE)

exposed  follow-up®
RFM ¢ ¢ ov 4014 457 635.2 + 2.88 —

10 2827 43 631.8 £ 3.11 29+ 424

25 965 7 610.6 = 5.29 241 + 6.02

50 1143 34 5513 £ 5.21 834 + 595

75 246 1 535.2 & 11.19 99.5 + 11.55

100 1100 16 536.6 = 5.34 98.1 + 6.07

150 1043 15 4854 577 1493 & 6.45 |

200 333 2 4727 + 9.58 162.0 & 10.00

300 4133 517 417.1 + 2.67 218.1 + 3.93

400 396 1 3932 + 7.28 2415 + 7.83
TABLE 11

Experiment II—Radiation Doses, Sample Sizes, and Mean Ages at Death of RFM and
BALB/c Female Mice Exposed to ¥ Rays at 40 rad/min or 0.0069 rad/min

Strain Dose rate  Dose No. No. Mean age at  Life shortening
and sex (rad/min)  (rad) of mice lost lo death (days + SE)
exposed follow-up*  (days £ SE)
RFM Q 9 0® 749 2 641.4 £ 5.96 -
40 50 775 17 573.9 + 5.97 67.5 + 8.44
200 766 2 480.5 + 6.45  160.9 & 8.78
0.0069¢ 50 1468 11 614.7 £ 4.15 26.7 £+ 7.26

100 1531 9 598.7 + 4.36 42.7 £ 7.38
200 1526 13 564.1 + 4.29 773 £ 7.34
400 866 2 499.4 + 586  142.0 + 8.36

Storer, 1979 (link)

A limited pool of animals was used
for canimal contributiord to DDREF
estimate;

Oak Ridge Lifespan Data was the
ONLY animal data used despite
thousands of animals investigated by
ORNL and other N@i_abs

Acute: RFM Mice at ORNL exposed to
gamma rays at 0.45 Gy/min (Table 1)

Protracted: RFM mice exposed to
0.084 Gy/day over several days
(Table II).

Analyzed
Red boxes indicate the ONLY
groups used to estimate DDREF



Other available archived data

European Radiobiology Archives (ERA)

overview on the information that is available in the archives

Labs Studies Groups Animals total Animals with data
ERA 21 149 4,623 232,587 893,445
NRA 11 143 1,861 190,471 115,801
JRA 14 39 367 29,537 3,396
Sum 45 331 6,851 452,595 212,642
European Radiobiology Archives Oak Ridge studies are only a

subset of allhistoric studies
A Hundreds of animal

’Ylﬂo Janus Tissue Archive radiobiology studies have
been conducted.

: | . “ 7 A Individual animal dtafrom
many of these studies is
available online from the
EuropearRadiobiology
Archiveand NURA

Janus Radiobiology Archivepart of NURA



More complete Inclusion Criteria for Animal
Studies/Data to be used for DDREF re
evaluation (considering doses of up to 1.5 G\
which Is not necessarily the dose maximum)

A NURA and other data sources mustdigitized, archived, centralized, and
crosschecked against published literature

A E.g. possibly useful data would be all data with-ld&T, whole body external
exposures from th&RAand Janusarchives most importantly these would be
individual animal data28 studies 445 treatment- 82K animals

A Doses 1.5 Gy and less (but higher dosesy. up to 2Gy may be OK as wel}
studies- 215 treatments 45K animals

A No other treatments (e.g. no added estrogen with/without oophorectorp)
studies- 172 treatments 44K animals

A Data passed confirmation and cleanup steps (not duplicated, not including

sacrificed animals, or erroneous lifespan22. studies 166 treatments 39K
animals

A Data includes at least three treatment groups (necessary to fit a quadratic
function) 11 studies 108 treatments 22K animals


http://www.bfs.de/en/bfs/forschung/era.html
http://janus.northwestern.edu

Concordance

A 21,902 animals from 12 studies conducted at various laboratories, ANL (lllinois),
ORNL (Tennessee), RBIO (Netherlands), ENEA (Italy), and SCK/CEN (Belgium

A species and strains

o Mmice-B6CF1, BALB/c/Cnb, BC3F1, C3Hf/Bd, C57BL/6Bd, C57BL/Cnb, anc
RFM/Un

o rats- BN/BRIJ, SD/RIJ, and WAG/RIJ
o white footed field mice Peromyscus leucopus
A treatments
o Co060 or Csl37 gamma rays andrays
o 0-1.5 Gy total dose
o 0.001-4 Gy/min dose rates
o 11to 120 fractions separated by 2 hours to 30 days
o age at first exposure ranged fro# to 580 days old



Assumptions

These assumptiorere consistentwith the BEIR V#nalysisthey can be used
for new animal data calculatiors® that the results of each analysis could be
fairly compared against one another.

A A fraction is any exposure of one hour or less

A The following(are assumed to)ot affect DDREF:
o Quality of lowLETradiation(e.g.gammarays vsx-rays)
o Speciedslifferences (e.grat vs.mousers. field mouse’s.human)
o Gender(maleor female

A Acuteeffectsvs. protracted radiation effect differenceminishwith
exposures ovet.5 Gy

A LSSA bomb survivor cohorfpDREEhould be calculated at 1 Gy



Strata

Data were analyzed in separate strata under the assumption that Alpha and
Beta coefficients might change between strata where DDREF would be
consistent.

consistent within strata
A study
A gender
A species and strain
A age at first treatment
A quality of radiation

varied within strata
A total dose
A fractionation
A dose rate



Reanalysis obnewe male mice
using old BIER VIl approach

1/lifespan
hrfg5 ®BFI F5

Concerns

A arge DDREF and
negative DDREF values
mean similar things
(e.g. 95-1 vs 96-1)
ASometimes irradiated
animals live longer than
unirradiated animals
(e.g. 97-1)

AGreen =protracted
ARed (A)=Acute



