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Outline of the Latest Analysis of Radiation Epidemiological Study among UK National Registry for Radiation Workers
(NRRW)

Shin’ichi Kupo*!"# Akemi NisHIDE,*! Keiko YosHiMoTo,*! Hiroshige FUruTA*! and Shin SAiGusa*!

In August 2018, the latest analysis of the UK National Registry for Radiation Workers (NRRW 3rd update) has been
published. The NRRW studies have been published almost every ten years since the first analysis (1992). The series of NRRW
aimed to analyse cancer risk from low dose occupational radiation exposure. This latest analysis is the study using third
analysis data and an additional ten years of follow-up information, but did not include additionally dosimetry information. As
the set of ten years lag period, only the risks of cancer were analysed, but excluding leukaemia risks owing to its lag period as
two years. The same statistical methods were used in the series of NRRW study. This review provides an outline and summary
of the key points of NRRW 3rd update. We denote introduction in chapter 1, summary in chapter 2, comparison with previous
studies and other studies in chapter 3, discussion about results in chapter 4, meaning and limitation in chapter 5 and conclusion

in chapter 6.
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Table 1 The comparison of methodology and cohort member characteristics between NRRW 3rd and NRRW 3rd update.

NRRW 3rd* (2009)

NRRW 3rd update " (2018)

Cohort

Army (AWE, MOD, UKAEA, Rolls Royce Submarines) n = 107,415 (63%) Followed to NRRW 3rd

Electronic (British Energy Generation and Magnox Electric) 7 = 16,550 (9%)
Nuclear fuel cycle (British Nuclear Fuels Ltd) n = 40,284 (23%)

Others
Radiation dose category 0—, 10—, 20—, 50—, 100—, 200—, 400 + mSv

Adjusted variables

Lag (year) 2 years for leukaemia, 10 years for others
Population n=174,541" (lag 0 years)

Total death n=23,326"

Total person-year 2,430,000 person-years

Mean external dose 24.9 mSv*

Follwed to NRRW 3rd

Attained year, Sex, Calendar period, Industrial classification, First employer Follwed to NRRW 3rd

10 years leukaemia was not analyzed.
n=167,003" (lag 10 years)
n=34,819"

3,684,391 person-years”

253 mSv®

a

Under 0 year lag assumption.

® Under 10 year lag assumption.

Abbreviation

AWE: Atomic Weapon Energy

MOD: Ministry Of Defence

UKAEA: United Kingdom Atomic Energy Authority
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Table 2 ERR/Sv and 90% CI of mortality by causes of death.
NRRW 3rd? (2009) NRRW 3rd update " (2018)
Cause of death Number of ERR/SV' (90%CT) Number of ERR/Sv* (90%CI)
deaths deaths

All causes 23,326 0.145 (0.00, 0.3) 34,819 0.173 (0.05, 0.30)
All neoplasms 7,812 0.268 (0.01, 0.55) 11,770 0.243 (0.03, 0.48)
All malignant neoplasms 7,684 0.279 (0.02, 0.56) 11,641 0.27 (0.05, 0.51)
All solid cancers 10,779 0.238 (0.01, 0.48)
All malignant neoplasms ex leukaemia 7,455 0.275 (0.02, 0.56) 11,329 0.285 (0.06, 0.53)
All malignant neoplasms ex lung, pleura and leukaemia 5,118 0.323 (0.02, 0.67) 8,114 0.366 (0.11, 0.65)
Stomach 518 0.336 (-0.51, 1.58) 659 0.274 (-0.47, 1.34)
Rectum 303 1.687 (0.19, 4.12) 472 1.716 (0.42, 3.61)
Liver 89 0.80 (—1.19, 8.28) 195 1.61 (-0.04, 6.18)
Larynx 67 4.071 (0.57, 12.02) 93 2.588 (0.11,7.63)
Trachea, bronchus and lung 2,230 0.106 (—0.35, 0.67) 3,058 0.028 (—0.38, 0.51)
Pleura 107 1.311 (-0.87, 5.69) 157 1.057 (-0.96, 5.21)
Uterus 19 17.805 (<-1.93, 72.27) 30 7.002 (<-1.93, 31.5)
Ovary 18 <-1.929 (<-1.93, 89.13) 41 10.571 (<-1.93, 69.9)
Bladder 301 0.40 (—0.64, 2.07) 447 1.489 (0.28, 3.19)
Lymphatic or haematopoietic incl leukaemia 612 0.655 (—0.28, 1.97) 874 0.693 (-0.10, 1.74)
Non-Hodgkin lymphoma 237 0.777 (-0.50, 2.88) 353 1.307 (-0.05, 3.31)
Multiple myeloma 113 1.195 (-0.88, 5.96) 175 1.496 (-0.21, 4.8)

* Significant ERR/Sv and 90%ClI are shown in bold font

Table 3 ERR/Sv and 90% CI of incidence by cancer site.

NRRW 3rd? (2009)

NRRW 3rd update ” (2018)

Cancer site Number of ERR/Sv* (90%CI) Number of ERR/Sv* (90%CI)
cases cases
All neoplasms” 11,996 0.302 (0.08, 0.54) 21,842 0.332 (0.15, 0.52)
All malignant neoplasmsb 11,165 0.281 (0.06, 0.53) 19,816 0.271 (0.09, 0.47)
All solid cancers® 18,214 0.221 (0.03, 0.42)
All malignant neoplasms ex leukaemia® 10,855 0.266 (0.04, 0.51) 19,296 0.283 (0.10, 0.48)
All malignant neoplasms ex lung, pleura and leukaemia” 8,443 0.305 (0.05, 0.58) 15,637 0.278 (0.07, 0.5)
Stomach 618 0.305 (-0.44, 1.37) 846 0.2 (-0.42, 1.05)
Rectum 586 1.307 (0.21, 2.85) 1,115 1.084 (0.23, 2.2)
Liver 86 —0.09 (<-1.93, 6.58) 206 0.2 (-1.50, 3.43)
Larynx 165 0.839 (-0.46, 3.05) 253 0.128 (-0.81, 1.66)
Trachea, bronchus and lung 2,222 0.051 (-0.41, 0.62) 3,263 0.13 (-0.28, 0.61)
Pleura 190 1.354 (-0.71, 5.51) 396 2.4 (0.48,5.22)
Non-melanoma skin caner 326 1.497 (0.23, 3.4) 5,460 0.797 (0.40, 1.24)
Uterus 58 10.523 (0.27, 39.4) 104 5.366 (<—1.94.26.2)
Ovary 15 <-1.934 (<-1.93, 61.13) 61 8.265 (1.12, 34.85)
Bladder 748 0.646 (-0.15, 1.72) 1,158 0.914 (0.16, 1.88)
Lymphatic or haematopoietic incl leukaemia 831 1.344 (0.34, 2.67) 1,614 0.919 (0.22, 1.78)
Non-Hodgkin lymphoma 305 1.284 (-0.18, 3.53) 707 1.261 (0.24, 2.63)
Multiple myeloma 149 3.597 (0.77, 8.94) 277 2.806 (0.76, 6.13)

* Significant ERR/Sv and 90%ClI are shown in bold font
® Exclude non-melanoma skin caner
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Table 4 The comparison of ERR/Sv with other studies.

All cancers excluding leukaemia Stomach cancer Liver cancer Lung cancer

No. Study Observed Observed Observed Observed
ERR/Sv (90%CI) ERR/Sv (90%CI) ERR/Sv (90%CI) ERR/Sv (90%CI)
deaths eaths deaths deaths
1 NRRW Ist” 1,435 —0.467 (-0.12, 1.20)*' 139 —0.126 (-1.20, 2.13) 20 —0.196 (<-1.96, 12.83)* 491 0.124 (-0.80, 1.52)™
2 NRRW 2nd” 3,020 0.086 (—0.28, 0.52) 255 —0.032 (-0.95, 1.49) 43 0.60 (<-1.95,9.67)** 959  —0.11 (-0.72,0.72)*
3 NRRW 3rd” 7,455 0.275 (0.02, 0.56) 518 0.336 (-0.51, 1.58) 89 0.80 (-1.19, 8.28) 2,230 0.106 (—0.35, 0.67)
10,885 0.266 (0.04, 0.51) 618 0.305 (~0.44, 1.37) 86 ~0.09 (<~1.93, 6.58) 2,222 0.051 (-0.41, 0.62)
4 NRRW 3rd update” 11,329 0.285 (0.06, 0.53) 659 0.274 (—0.47, 1.34) 195 1.61 (-0.04, 6.18) 3,058 0.028 (—0.38,0.51)
19,296 0.283 (0.10, 0.48) 846 0.2 (~0.42, 1.05) 206 0.2 (-1.50, 3.43) 3,263 0.13(-0.28, 0.61)
5 J-EPISODE” 1,326 0.29 (-0.81, 1.57) 218 —0.20 (—2.94, 2.55) 138 3.89 (—0.46, 10.34) 319 0.94 (-1.24,3.90)
6 15-country'” 5,024 0.97 (0.27, 1.80) 347 0.49 (<0, 3.92) 62 6.47 (<0, 27.0) 1,457 1.86 (0.49, 3.63)
7 US (Pooled) ' 10,877 0.14 (-0.17, 0.48) 3,514 0.069 (—0.43, 0.66)
8 US (NPP)"” 368 0.506 (-0.21, 4.64)* 16 19.50 (2.23, 141) 125 0.246 (<-2.51, 8.44)
9 France'™ ' 2,312 0.34 (-0.56, 1.38)* 98 4.02 (<0, 13.74) 80 1.71 (<0, 8.47) 585  1.20 (-0.63,3.55)
10 Canada " 468 1.20 (-0.73, 4.33) 174 3.13(-0.45,10.4)

Italic denotes the results of incidence.

*1

. All cancers.

: Liver and gallbladder.
: Trachea, bronchus, lung, pleura.

: Solid cancers.
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Fig. 2 Treatment of internal exposure period and predicted results in NRRW.
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TRSI Nz [HNEBHIE L H Y OREIZB 1T 5 ERR/Sv >
WEBHIE 2 LOBEIZBIT % ERR/Sv] L IddidfE R &
o TWhe WEHIZ L DB 5 H % WAL L 7N HE 1
INWORKS DA A3 IZh it s T s, HIE%E
B < &25A @ ERR/Gy O HHEEEIX 048 TH D, WEB
BIXL DR WEDERR/Gy 12072 THAH720, TH5
b THEREIE L & ) BB 5 ERR/Gy < NERB: I <
% LOBEIZBIT S ERR/Gy] EWIHFERE RS> TV D,
INLOMERZWET S L, INWORKS I A LIH
WTHER SN NEOBRGFHONRITENITERE LD
DT %, WEBIE S DD %8 % BRI L 72T Rs R0,
ZOHEFMNCBT B NEHIE L DD 5 H O L IETH
WCELASNDRENEZ 5N,

4. BREOZLERER
RIS DO W T 10 4E DI 15 4F, 20 4F 2 L 72
fERT AT O TV %, FHILE % B < 2245 A O ERR/Sv 1
UTo:BHTH%,
104 0.28 (0.06, 0.53)
154 0.27 (0.03, 0.53)
20 4% 0.35 (0.08, 0.65)

S SV

IARC 12 & % 15 2 EFED AL, INWORKS JEATA
WP, 7T v AOREREF Y, HARO B E
ARG ED TR %2 513 & ERR AYHLHH

BN B EINAVR STV 5 (Table 5), AL T
10 EDS IS AEOTGAME TR o T\, 2D
JE K E NRRW DAL O AT CLI R o A 4E % 0 mSy
ELTED DA%, NRRW AT TIEERAL 25 2 L ICREA
LCWb e S % (Fig. 3)o HiE TIIRBISSETE
BRI OFEIIAPDOSTAETH Y, REMHED
VI T B2 OMEEET & O ERR =M L,
C DA ERR/Sy DI E DK E {72 % (Fig. 4) R
BOWVICEVBEHI T T -2 BHTLr—2bH 5
B, BENOFLH IV BV, BETRIBRMLZET S
ERBIZL T A L, ERR O X 3T H O WA
JEE W E BREREOBMPES VI s TRESIN D, i
RN BT 2 MEZBRIAT R EDE ) hlZowvwTodk
WL W EEFIIHR L TV 5P, WEOHELR
HLTWAHELSZ VL) THhD, THIHRNOZRE
Wb o THERCHN—ETHALILDLINY T
SR—HATHZREEIEZ END,

5. REBEFERICLIAE
PEFAERE 0-9, 1029, 30 4EDL RIS L CRlfss%
BT Z 7284, 138 A EORIZB W CHRER & A
DAERDAE SNz FHILFE % bR < &A%A D ERR/Sv 1Z D
TOLEBYTH S,
PEFAERGEERT  0.28 (0.06, 0.53)
PEFAEREREEE 037 (0.09, 0.88)

aX YR

— MR PR RIEOME (RO
HFHIEROEFEREHT S, HOSVEETE
ROWEFHEBORHRE LTRVERBEEZ AT L) 7D
b LEZOND, FIIE% B &725A D ERR/S O ridfE
SEM D PEFAERL DO FILT 30% WL 72 2 & I3 B E
(=HEF4ER) LREREOADOHBM, T4bb ke
HEIZBIF 5 HWSE OfFfE2 " LT\ 5% (Fig. 5). 15
BN, HAROMN TIRHEFEL DT IEIL ERR/

Table 5 ERR/Sv and CI for various lag assumption.

Lag  15-country study”” INWORKS ™

France " J-EPISODE*”

(year) Circulatory diseases Circulatory diseases Solid cancers All cancers ex leukaemia
0 -0.04 (-0.85, 0.89) 0.80 (0.15, 1.46)
2 —0.14 (-0.53, 0.32) 0.09 (-0.03, 0.22) 0.05 (—0.78, 1.00)
5 —0.02(-0.46, 0.48) 0.13 (0.004, 0.27) 0.14 (-0.71, 1.12) 1.10 (0.40, 1.80)
10 0.09 (~0.43, 0.70) 0.22 (0.08, 0.37) 0.34 (~0.56, 1.38) 1.20 (0.43, 1.96)
15 0.48 (—0.23, 1.31) 0.29 (0.13, 0.46) 0.36 (-0.63, 1.50) 1.27 (0.39, 2.15)
20 0.30 (0.12, 0.49) 1.58 (0.45,2.72)

95%CI for 15-country study, 90%CI for other studies.
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- ‘Cumulative
Lag =0 I dose
Time
Cumulative
dose
Lag = 10
(Other than NRRW) Time
10 years (Included in analysis as 0 mSv)
Cumulative
Lag = 10 dose
(NRRW)

Time

10 years (Excluded from analysis)

Fig. 3 The comparison in methodology of person-year
calculation and radiation dose accumulation between
NRRW and other studies.

ERR by dose category ERR/Sv
\ /
ﬁ-—-gj
oy o
4—9 il
= «nu,
=

Cumulative dose

Fig. 4 ERR/Sv increases by lag assumption. Circles denotes
ERRs by dose category. ERRs by dose category move left
due to decreasing cumulative dose by lag assumption.

Sv # R& {nse7, B %R &2%A D ERR/SY
L 90%CI % Table 6 IZ7R9

6. BB

FERZIBEE L 725 B9 0 ERR/Sv IX Table 3 1278 L
72BN THD. BEIZOWTHILT & FERDFN AT
bilTwb,

NHERBE X K COFIER, FECRNT & 82 ) RefdsT©

JEEAEEERALNR N>z 72 LREIZ 042
(—0.13, 1.12) 2 5 0.71 (0.06, 1.55) & A #1285 W
ERR/Sv Z/R L, MIZIER T F 2 v o8ffiid 1.26 (0.24,
2.63) POAETIERL Bo72,

Generally, cumulative dose has
positive correlation with
duration of employment.

Mortality decreases with cumulative
dose increasing.
It suggests HWSE in high dose group.

o = o

Duration of
employment

O
Mortality

Cumulative dose
(=Duration of employment)

Cumulative dose

Adjustment for duration of employment increases ERR/Sv.

Fig. 5 Adjustment for duration of employment increases
ERR/Sv by HWSE in high dose group.

WL OB B HEFEZ BRI L1204, P % B
CAMAD ERR/SY 1F0.28 (0.10,0.48) 705 0.62 (0.25,
1.02) & ERR/Sv M L 720 EBALHN T 0 A H3 B
A% DA RIZH\ ERR/SY &R L7z,

PEFAE L O P H MG % B < 42725 A D ERR/SY &
0.28 (0.10, 0.48) %5 0.34 \ZHIIN S 7275, FH LI - il -
Mg % B < DA TRIEEDBHA SN b o 72, AILE%E
Erte ) 85I R T ERR/SY A50.92 (022, 1.78) #»*
SIA LAETIERL ol

I SV
I A E Y 8 AT ARG IR 0 326 B2 5 5,460 1 & KR
I L 7z ATIERAT F T, RO THRE L 225 A NIk
BEER DA DY EE, OO ADTLEHINT
w&w%A T O AR RS A CTHELE L 728560
WCIERGEREPA L LTHEHIRTW, S0
update TIEW D TIEA L 72N A 2SI RANE L S A OB
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KIFZREMIZOZ LITERT 2 & Ebi b, ERR/SY
HET I 1.497 (0.23, 3.4) » 5 0.797 (0.40, 1.24) &
SHEEMEIER 0 & o 720, BB ko lzrz
ORTE A SR MRS &S ICHRICHENTS) 22
HeEAEATR S N7z,

7. BROLAUREAR
H AL B AT OO SR 2 R R 1E, Tables 2, 31298 L 72,

Table 6 ERR/Sv and 90% CI before and after adjustment for duration of employment in

study of 15-country and Japan.

Study

15-country study ” J-EPISODE”

Before adjustment for duration of employment
After adjustment for duration of employment

0.31 (-0.23, 0.93) 0.29 (-0.81, 1.57)
0.97 (0.27, 1.80) 0.83 (-0.42, 2.32)
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