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

Shin’ichi Kubo*!* Akemi NisHipg,*' Keiko YosHimoTto,*! 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=23326"

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

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=342819"

3,684,391 person-years °

253 mSv®

* 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%CI) 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%CI 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%CT) Number of ERR/SV' (90%CT)
cases cases
All neoplasms” 11,996 0.302 (0.08, 0.54) 21,842 0.332 (0.15, 0.52)
All malignant neoplasms® 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%CI 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 deaths deaths deaths
1 NRRW lIst” 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.

*2: Liver and gallbladder.

*3. Trachea, bronchus, lung, pleura.

4 .
*4. Solid cancers.
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Fig. 1 Relative risks of mortality by duration of employment
with Japanese cohort.
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Monitored for internal exposure

Mortality

Observed Observed

deaths deaths
Person Person
years years

Cumulative
dose

Not monitored for internal exposure

Mortality

Observed Observed
deaths deaths
Person l Person
years Ll Cumulative

| dose

Fig.2 Treatment of internal exposure period and predicted results in NRRW.
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4. BREPLEHEN
EHIRIIZ DO W T 10 SEDMBIC 154, 20 SEZME L 72
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UToLtBYTHb,
104E 028 (0.06, 0.53)
154 027 (0.03, 0.53)
204F 035 (0.08, 0.65)

axr b

IARC 2 & % 15 22 EIEDS A G, INWORKS JEDSA
WL, T T ADMERHIEF L, HAROBHE
FARA Y TR RINATR % %132 & ERR AYHLEH
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110 4E00 5 15 SEDFRGAHEME 1R o TV iRV, 2D
JEIR 1 NRRW LAY O AT T3 R I o N4E % 0 mSv
ELTEHED DA, NRRW AT TS 2 2 L ISR
LCWwBREMEAH % (Fig. 3)o BiE TR
BRI OFEIZHh 2D O TAETH Y, REREA
B e B2 OMEREZ L O ERR IMKAEMNCRE L,
COFER ERR/SY O EAKE %% (Fig. 4)o RHFEM
BEORPVICEVBEA T T —2BEHTL75r—2AbdH D
B, BENOFGIIV R, BE TR EZEET 5
ERRBIE YA L, ERR O X 3B HK O A
AW E BB EOBRVEAVICL > TIESN D,
IR BT 2 NMEZ BRI REDE ) o Todk
WL 0 L EERIIIR L TV, BEDNEER
ALTWAHENZ VL) THDH, THIHROERE
b LTSN CEN—~ETHD I EDbhM)RT
SV—HTHLWUREEIEZ NS,

5. MEFHICL AR

PEFAERE 0-9, 1029, 30 4FEDL RICIX 4 L CRlis
BUSM R 72354, 128 A E DRI BV THREEH & Ak
DRERDFFHNTz0 HINIE % B 2725A D ERR/Sy 132
TOEBYTHA,

PEFAERGEERT  0.28 (0.06, 0.53)

PEFAERENER 037 (0.09, 0.88)

axX v b

— M R & AR S IIE OB (R oRE Wy
HFBIEROEFEREHT S, oSV hesd
ROWRFERORBRL LTRVWRERBREZAHTS) 7D
5 EE R HbND. FIMLGZ K 4H A D ERR/SY @ 1
EMDPEFAER O TIE T 30% B L 72 2 & 13 BRRHE
(=HEFAER) LREKREOADHME, T4bbEiE
B BIF 5 HWSE OfFfE2 /" LT\ 5 (Fig. 5). 15
EFHY, HAROEH? TIIHEFER DI 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'
B I“ al
= 4—,
=

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 xR & {WInX 7, HILK % K { 42%A @ ERR/SY
& 90%CI % Table 6 12777

6. TEBRET

B Z IR E L7255 @ ERR/Sy I Table 3 1275 L
72EBYTH D, BBIZOWTHIEE L MO 5T
biLTwb,

W TOFTREZ, JECIRNT & 22 ) BT C

FFEALREPAON Doz, 7272 LRI 042

(70.13, 1.12) 5 0.71 (0.06, 1.55) & HEZIZEH W
ERR/Sv Z7R L, #lZIERTF ) o5EIX 1.26 (0.24,
2.63) NOHBETIEIRL ol

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

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

@ = 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.

WEHHIZ OB B HEFEE BRI L7206, FILE % B
CAHAD ERR/SY 1% 0.28 (0.10,0.48) 705 0.62 (0.25,
1.02) & ERR/Sv NN L 720 EBALIHN CIX B O A H3BE
Y5 D B IV ERR/SY &R L7z

HEFHAE RO B IZ H G % B < 275 A D ERR/SY &
0.28 (0.10, 0.48) 75 0.34 ([ZHEIN 7245, FIUMLIRE - fili -
Ml 2 B < DA TIEEEDS A LNk o7z HIRE
Gt YNGR TIE ERR/SY 50.92 (022, 1.78) #*
LA LAEETIERL Bl

axX vk
JE AR I Y S S AL ET 0 326 Bl 5 5,460 B & K
BN U720 BUIEENT £ ClE, WO THA L7 ADIE
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WCIERGEREFA L LTI TV SN0
update TR D TIA L 72D ADIERAOER YA DY
B ETHRMERESA L L TR SNz, ERNRD
KIEZ2BEME IO LIZREKT 2 L Bb b, ERR/SY
EHT I 1.497 (0.23, 3.4) » 5 0.797 (0.40, 1.24) &
MAEEMIR 0 L o 7208, BERMIEL 2olz7z
OB EA b BEE EDICHECHWMTS) A Y
He@ AR STz,

7. ERGCRUERAR
EBAL BUAARAT O FER 7 45 FL 1, Tables 2, 3 1278 L 726

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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