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SUMMARY L

The relationship between atomic bomb exposure 19504 10 A # 5 19764 12H @ Bl 0 % 58 1 5 56 b
and the occurrence of multiple myeloma has

been evaluated in a fixed cohort of approximate- FEE LR OBR A R A L IR RS

ly 100,000 A-bomb survivors and nonexposed

controls during the, period from October 1950 &ML A OB ERR S B CIRE L2 fh, 1,

to December 1976. Analysis of these data BRI IERS 4 A0 86 (L L 7= 4B f b AR 1%, 100rad L) -
revealed the standardized relative risk adjusted
for city, sex, and age at the time of the bombs DHEEHREZ TR AR B LERCE, -
FA]‘”BT) to be 51g111flca1}tly greater in the group of P Fs R O BT I B 0T d u> T AR 204F 4 -
individuals who received 100 rad or more of
radiation than in their controls. An excess risk ToTHERE L o/, FBEEFER20-59 0D

became apparent in the high dose group about

20 years after exposure. The excess risk of £ R AEBHRE O RIS, 100754 R 1rad %72 )

multiple myeloma in those persons aged 20-59 kerma #ALTO0.24, HHEFRIMETO.4881#% & HE & h
ATB is estimated to be approximately 0.24 per
million person-years per rad (PYR) in kerma 7o ERASERAEERE A 5 0 251 EHEIE O BNy, A

dose and approximately 0.48 per million PYR
in bone marrow dose. The interval between
radiation exposure and the occurrence of an HEH. BEREO LM SMIEOEE R 23
excess risk for multiple myeloma in the high dose
population is considerably longer than that for
leukemia.  The cases of multiple myeloma
observed in the high dose group showed no
unusual clinical features. i

WIZLEBLTAEVBATHAT I LW AT
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Anderson BRUFRM ! (3, 1948— 624 £ T¢» ABCC |
INTRODUCTION
Based on the ABCC autopsy material during b & MRS L, IR AR & O £ 561 A BT 0

= . 1
l94§ 62, Anderson and Ishida reportfad th'fat HREIE, MO A 51,400m il THIE L B
multiple myeloma among A-bomb survivors in
Hiroshima was slightly increased in. prevalence in LAOmLETCHBLAHLIIDbDT MG LA

the group exposed within 1,400 m in comparison . . .
with those beyond that distance, but in the P& L7z A1, 400m RiliHMBTIEbF 21z 1l &
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group within 1,400 m there was only one
multiple myeloma case. Ichimaru et a]®®
reported that there were eight multiple myeloma
cases among the Nagasaki A-bomb survivors up
to September 1964. They reported that these
cases had no unusual clinical features, but they
did not study the risk of multiple myeloma by
distance. Yamamoto and Wakabayashi® reported
an absence of evidence of radiation induction of
bone tumors including multiple myeloma in
A-bomb survivors in Hiroshima and Nagasaki
during 1950-65. Nishiyama et al® also made a
study of malignant lymphoma and multiple
myeloma in the same fixed cohort of A-bomb
survivors in relation to dose, but they could not
demonstrate a significant excess risk of multiple
myeloma in the heavily exposed survivors. Thus,
there was no evidence of an excess of multiple
myeloma among the survivors until 1965, or
20 years after exposure to the A-bombs. Around
10 years have passed since the compilation of
these last two reports.4‘5

The present study analyzes by exposure dose the
risk of multiple myeloma occurring during a
26-year period from October 1950 to December
1976 in the fixed sample of the ongoing RERF
Life Span Study (LSS).6

MATERIALS AND METHODS

The LSS sample totals approximately 100,000
exposed and nonexposed subjects who were
residing in Hiroshima or Nagasaki City on
1 October 1950, 5 vyears after the A-bomb.

The estimated A-bomb radiation dose received
by each survivor in this sample has been
calculated as the simple sum of the neutron and
gamma doses by the T65D system.” Dose
estimates are not as yet available for 1,725
subjects who were exposed under heavy shielding
and complicated conditions. The average bone
marrow dose was calculated using the bone
marrow dose kerma conversion factors obtained
for each group of total dose categories.®

The koseki system employed for screening of
cases insures virtually complete identification of
death and causes of death in this fixed sample
and thus the deaths ascribed to multiple
myeloma were all screened. Furthermore, almost
complete screening of possible multiple myeloma
was made under the Leukemia and Related
Disorders Detection Program at ABCC and
RERF.? The detection has also been supported

Bl TEahok. TSI, 19649 R

IR OBEE 2 8 WO £ REETHIE LR
EHRELZ, COWMEILLDSE, ThEOERERN
Mz 31 ARSI REL L O o0,
LR BN o W B BERE R (- A A falh I L T
Vi, AR R U R 1X1950—65E D, TRES -
Folily O HEE (2 £ RN A HEIE 2 & Ol IR A O A
Lk THEREERAEHEIRD N oS
Uiz B0 6 5 SR U #kE ol EH T e
M)y ERCEEEBHEORT LT A, S
TR TR 2 BB RNE O fE I o 48 5 R &
bhhdot., TOXIIZI9658, T4h b EBH
HRR20EE £ T2, WRE D 6 O BT HE A8 0
LTwadtwn iRz tsdrFh. CheZo0H
H0S ARESNTIOERD EHEBL

S OFE T, BAEE:S QT3 BRI G
#HS OEEMNRERICENT, 1950410H A 51976 4R
128 % TOM6EMIZ &1 5 £ 5615 56E o 6 bk #
bR B BT L 2.

MERUFHE
BAWEARE L, 19506, F 4 b b EAHET 5 F
%O08 1 BBE, EBEL C3EBTICEELT
VB R U A R0 AT 5 3.

& A B OffE E M B AEE, TE5D i E it
FART kTt v RO S R
LGt g, EEET R EFCRR O
TTHBLAMRELT2IAICOVTIE, HEEHR
ARt s Tw R, FEEHARIIERER SO
HFWIZ DO TEBEMHE & kerma HEFH AR NT
WL AL

FHREEIIL-T, CoBEEMIzET ZFCH L
FERNTIE L A KR4 ITTERR % FE B BENE & SER
EFTARERIZ T ANTHEML 2. FiZ ABCC — iz
OEMIFER VMR LEM7TO T4 ko TER
AR & Bbh A EAIIZIFREIIAZ ) - 7
L. 2 O¥ESBEREE ABCC — s 7o v 5
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TABLE 1 DISTRIBUTION OF A-BOMB SURVIVORS AND CONTROLS IN THE LSS SAMPLE
BY DOSE AND CITY

#1 BAHBENBRETH SHBERUSREDSMA; AT

Total Hiroshima Nagasaki Total
Dose in Rad No. % No. % No. %
Unknown 919 1.2 806 3.2 1728 1.7
100 + 2664 3.6 2480 9.9 5144 5.2
1-99 22356 30.1 10713 42.8 33069 333
<1 28177 37.9 4687 18.7 32864 33.1
NIC* 20231 ** 27.2 6350 254 26581 26.7
Total 74347 100.0 25036 100.0 99383 100.0

*Not in city ATB. #BEdiNi vz r» - &.

*¥14,495 subjects were selected in 1951 and 1953. 14,495 A 1£ 19516 B 0419534 12 il & huf.

by pathological studies intensively conducted
under the ABCC-RERF Autopsy Program.'°
For purported cases of multiple myeloma
obtained by screening various data sources,
hematologists reviewed the pertinent information
available at the community hospitals and clinics
to confirm the diagnosis. Clinical evidence of
myeloma cells, laboratory tests of immuno-
globulins, M-protein, X-ray, and autopsy findings
were all used to establish the diagnosis.

Through the foregoing screening procedures,
35 cases of possible multiple myeloma were
identified in the LSS sample for the period
October 1950-December 1976. The medical
records of these cases were reviewed by three
hematologists and the diagnosis of multiple
myeloma was accepted on the basis of available
medical data in 29 instances. Of these latter
confirmed cases, 22 had been exposed to the
A-bomb and 7 were not in the city (NIC) ATB.

Table 1 shows the distribution of A-bomb
survivors in the LSS sample by city and total
dose. The sample consists of 99,383 subjects,
74,347 in Hiroshima and 25,036 in Nagasaki;
the dose has been calculated for 71,077 or
97.6% of the 72,802 A-bomb survivors. Of the
20,231 Hiroshima NIC subjects 14,495 belong to
samples selected in 1951 and 1953 and hence
their observation period differed from that of
the exposed and the other NIC subjects.

RESULTS

The crude incidence rate per 1,000 subjects and
crude annual incidence rate per 100,000 popula-
tion during 1950-76 are shown by dose in

LN THRACERSNTE LAREBENRETEILL-T
L EhT0na. Hen@ERELSEE 2%
PEEAE & STV AERICOWT, M#EFEE T
HER,? S AFTE3E MMM ERTL, B
RERE L 7z, ZBroomEieiziy, -5 ik fa o agdl, iz
ya7) v, MEMEAOEKEHE, XHAR, Sk
FRROFT NTEHWL.

19504 10 A 5 19764 12F & < @ fIM 12, Ao
A7) =y Il ko THGHENRSE » 6 BHO
EHRMEMEOSECOERO S 5L DR,
3 HO ML E A T A5 356 O BE g BT L,
AFTELEFEBEEEL, 2900 2 561 5 HilE
DB EMRL -, 2029 oiEzmo > 5, 224
FHEBETHY, THAFEBFICHERIIGE -2
H(THNTHESE)TH .

F1UHGHER T AMBEORH R U EHAE
AR AR L. kT REISIE T4, 34T A, £#525,036
A, #199,383ATh 7. 72,802 NDHHREH 71,077
A(97.6%) IcowTIHBERARER EA TV S, KE
OHATEETH 520,231 A0 RED I 514,495 A
AI951F L 1953 itfhih s hTwa ®, Ths
Dt RFE T MMOMBRE LTHNTES & BEEEIRM 27 5%
ToTwa.

#w R
# 2121950764 % T 0 &F $ 1,000 A A L5 4
RUADOIWGMEMERER L HMEMIZRL L.
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TABLE 2 CRUDE INCIDENCE RATE PER 1,000 SUBJECTS AND CRUDE ANNUAL INCIDENCE RATE
PER 100,000 POPULATION OF MULTIPLE MYELOMA AMONG A-BOMB SURVIVORS AND CONTROLS,
IN THE LSS SAMPLE BY DOSE, CITY, & SEX, OCTOBER 1950-DECEMBER 1976
#2 HGHESRETHIHBERUABEE ST 2 B MEEMIENL 00 AMHEEERR U
A0 xR Hlit, #rh R OERI, 1950410H —1976 412 7

T65 Total Dose in Rad

Item
NIC* <1 199 100+ Unknown Total
Crude incidence rate per 1,000 subjects Total
Subjects 26581%* 32864 33069 5144 1725 99383
Incidence rate per 1,000 —(7) 0.21(7) 0.30(10) 0.97(5) 0.00(0) —(29)
90% confidence limits Upper - 0.36 0.46 1.81 1.30 -
Lower - 0.12 0.19 047 0.00 =
Crude annual incidence rate per 100,000 population Total
Person years 587052 745912 751517 117924 38250 2240655
Incidence rate (107%) 1.05 1.33 4.24 0.00 1.29
90% confidence limits Upper 1.64 2.26 8.90 - 1.77
Lower 0.63 0.73 1.67 - 0.93
Hiroshima
Person years 438326 637034 505204 59638 19994 1660197
Incidence rate (10°%) 1.02(11) 1.19(6) 3.35(2) 0.00(0) 1.14(19)
90% confidence limits Upper 1.69 2.35 10.56 - 1.68
Lower 0.57 0.52 0.60 - 0.75
Nagasaki
Person years 148725 108878 246313 58286 18256 580458
Incidence rate (10°°) 1.16(3) 1.62(4) 5.15(3) 0.00(0) 1.72(10)
90% confidence limits Upper 3.01 3.71 13.30 - 292
Lower 0.32 0.55 1.41 - 094
Male
Person years 242857 298532 301859 50738 17176 911162
Incidence rate (10°%) 0.74(4) 0.99(3) 5.91(3) 0.00(0) 1.10(10)
90% confidence limits Upper 1.69 2.57 15.27 - 1.86
Lower 0.25 0.27 1.62 = 0.60
Female
Person years 344194 447380 449658 67186 21074 1329493
Incidence rate (107°) 1.26(10) 1.56(7) 2.98(2) 0.00(0) 1.43(19)
90% confidence limits Upper 2.14 2.92 9.38 - 2.10
Lower 0.69 0.73 0.53 - 0.94

Number of cases in parentheses. *Not in city ATB. **14495 subjects were added in 1951 or 1953. Thus, it is not
applicable to calculate the incidence rate for NIC subjects during 1950-76.

() i 6E 7 .

* IR WA A o kB, +¢ 1951EH L (3 1953IE IS 14,4BAOH R E ANl b o2 w,

DHATEEORERZOFHTHEMTE 2 v,

Table 2. The crude incidence rate in the group
exposed to 100 rad or more is 0.97 per 1,000
population which is approximately 4.6 times
higher than the rate of 0.21 for the group
exposed to less than 1 rad. The rate in those
exposed to 1-99 rad is 0.30 per 1,000 population,
a rate 1.4 times higher than that in the control
group (exposed to less than 1 rad). The 90%

1950—T76 % T

100rad L) ko> 4 M 3 B 00 38 4 31£1,000 A %§0.97
T, lrad RiffD ML E T O FER0.21D H4.60%
1 —99rcad OFHEE WO HREFEET1,0000
#0.30T, AfHATE (BRRERIE 1 rad i) @ 1465 T
HoH. BREEONBEHRRE S5 &, fAlr#EE

Tha,
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TABLE 3 STANDARDIZED RELATIVE RISK OF MULTIPLE MYELOMA AMONG
A-BOMB SURVIVORS, AND CONTROLS IN THE LSS SAMPLE BY DOSE,
HIROSHIMA & NAGASAKI, OCTOBER 1950-DECEMBER 1976
#3 HipMEHNRETH 3HRE R UEE O 25 E MR O a0

fabsi; s, L& - R Eh, 19504E10H — 1976412

T6S Total Dose in Rad

NIC <1 1-99 100 +
Subjects 26581 ** 32864 33069 5144
Cases 7 7 10 5
Standardized relative risk* - 1.0 1:5 4.7

(Mantel and Haenszel’s procedureu)

Test of significance for homogeneity of three dose group
(<1, 199, 100+)

x? =17.03, af=2, 01<P<.05
Person years 587052 745912 751517 117924
e
Cases 14 10
Standardized relative risk* 1.0 1.8 5.7

(Miettinen’s procedurels)

*Adjusted for sex, age ATB, and city. **See note Table 2.
w1, WIRRFEM R UMA I EL. xR 20FERM,

confidence limits of each rate suggest that the
risk is greater in the high dose group than in the
control group. The crude annual incidence rate
per 100,000 population is 4.2 in those exposed
to 100 rad or more, 1.3 in those exposed to
1-99 rad, and 1.1 in the control group,
respectively. When the crude annual incidence
rate is examined by dose and city, the risk is
greater in Nagasaki survivors than in Hiroshima
survivors of both the low dose group (1-99 rad)
and the high dose group (100 rad or more),
although these differences are not statistically
significant. For the cities combined, the crude
relative risk in the high dose vs the control group
is greater in males (8.0-fold) than in females
(2.4-fold), but again this difference is not
statistically significant.

The standardized relative risks adjusted for sex,
age ATB, and city for high (100 rad or more)
and low (1-99 rad) dose groups with the control
group as the standard are given in Table 3. When
the risks in the former groups are compared
with the risk of individuals who received less
than 1 rad as the standard the standardized
relative risk is approximately 4.7 in the high dose
group and 1.5 in the low dose group, respectively.
This difference is statistically significant (.01 <
P < .05) by Mantel and Haenszel’s procedure.'?
When the standardized relative risk is examined

MBEL) L EHRRBOFHFE O LATEES NS,
100rad L) Eo#EEE D10 o R34 21142
T, 1 —9%9rad #A'1.3, #BEI1.1THS. H£H
MR SRR, Wliscs 5, EHUE (1 —
99rad ), EEEEE (100rad L _b)E b (25O 81
FELNLEGOHBEOH IRIBENFZ VD, H
MIEELZTEO S h ok, WitiddtTE,
AL T b BT A P L 7 LA A AT e 1
2.41%, BHERS.OETHOBEAEL» 2N, ZD%k

XA ERETIE 4 V.

AT & JRHE & L A W ARAELTE (100rad L L) & (K45
BB (1 —99rad ) ik, BEMRIEEMG, A & BIEEAL
LMl as £3mL A, giE 2 Hofaks
%, lrad RMOBEHEEF O GHEE 2 L
ELTHET 2L, BRHEEL U A H T B2 1 i
TTHA.T, BRI THL.5TH 5. ZDEE Mantel
KU Haenszel OFFE 12453 EHAIIZHRE (L01<
P<.05)T&5. Hdeb L 20t fals g & N T
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TABLE 4 CRUDE INCIDENCE RATE PER 1,000 POPULATION AND CRUDE ANNUAL
INCIDENCE RATE PER 100,000 POPULATION OF MULTIPLE MYELOMA AMONG
A-BOMB SURVIVORS AND CONTROLS IN THE LSS SAMPLE BY DOSE & AGE ATB,
HIROSHIMA & NAGASAKI, OCTOBER 1950 — DECEMBER 1976
#d BaMHEGRETHSEBEROHBE T 2 L RIMEDHENL,000 A

MERERERCADION 4 F AR E S H R U R RS B,
B - Bwadt, 19504 10H —1976:£12 A

T65 Total Dose in Rad

NIC <1 1-99 100+
Age less than 20 ATB
Subjects 11007* 13001 13647 2254
Person years 271756 332862 350224 57102
Cases 0 1 0 0
Rate  (A) # 008 0.00 0.00
(B) 0.17 0.00 0.00
Age 20-39 ATB
Subjects 7874% 9017 8703 1480
Person years 186857 221710 213362 35788
Cases 1 2 2 2
Rate (A) i 022 0.23 135
(B) 0.73 0.94 5.59
Age 40—59 ATB
Subjects 6257* 8671 8555 1217
Person years 115614 169792 166741 23288
Cases 6 3 8 3
Rate (A) at 0.35 0.94 2.47
(B) 3.15 4.80 12.88
Age 60+ ATB
Subjects 1443* 2175 2164 193
Person years 12825 21549 21190 1746
Cases 0 1 0 0
Rate  (A) ¥k 046 0.00 0.00
(B) 291 0.00 0.00

Rate (A): Crude incidence rate per 1000 population. (B): Crude annual incidence rate per
100,000 population. *Subjects selected in 1950, 1951, & 1953. **Rate was not calculated.
HEAE (A ) 2 1,000 AP IS . SEE S (B): 1075 wHE MR %, #1950, 19514, 19534

I RELML. s« RELOHTRITHEL - 2.

using the NIC and less than 1 rad groups as the
standard and Miettinen’s procedure,ls the risk
is approximately 5.7 in the high dose group and
1.8 in the low dose group, respectively.

Table 4 shows the crude incidence rate per 1,000
population (A) and the crude annual incidence
rate per 100,000 population (B) by dose and
four age ATB groups (0-19, 20-39, 40-59, and
60+). The number of cases becomes small
when the data are examined by dividing them
into 12 different categories (3 dose groups and

FHHAU lrad FMOBFEILGEL L, Miettinen @
G CHET S &, ORI SRREETH5.7, (i
WHTHLETH S.

FATHER, Yo o #REEERTER (0 — 195,
20—39:%, 40—59i, 60a% 1) k) 121,000 A tHIFEE
H(A) L0 ERBBEERE(B) ZRLA. Hlts
120K 5% (Z2 08 8B & 195 00 J5 k5 0 3 ) 12
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FIGURE 1 CRUDE ANNUAL INCIDENCE RATE PER 100,000 POPULATION OF MULTIPLE
MYELOMA AMONG A-BOMB SURVIVORS AND CONTROLS IN THE LSS SAMPLE BY
DOSE & AGE ATB, HIROSHIMA & NAGASAKI, OCTOBER 1950-DECEMBER 1976
HadAESRETHIHBRERVUARBE ZH I 2 ZREFMED A D105 &
SRR, AL U ERR], RS - R, 19508107 — 19764121

CRUDE ANNUAL INCIDENCE RATE/100,000 POPULATION
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o
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-
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(NIC +<{1 rad)

199
T65 DOSE

100 +

4 age ATB groups). However, the risk increases
in the control group with age ATB. When the
risk of each age ATB group is examined by
dose, the dose effect is evident among those
between 20-59 years ATB, and within these
ages the absolute excess risk in the high dose
group is more evident in the group aged 40-59
ATB than in the group aged 20-39 ATB.
Figure 1 shows the crude annual incidence rate
per 100,000 population by dose and four age
ATB groups.

Table 5 presents the results of goodness of fit
tests and regression analysis for a linear dose-
response model among those between 20-59
years ATB by kerma and marrow dose. The
model fits the data well for both kerma and
marrow dose-response and the regression co-
efficients have suggestive significance (.05 < P
< .10). The estimated excess risk is ap-
proximately 0.24 cases per million PYR in

it S EFIEIE L AL B A5, METIIE W TR
FIHBFEMROMME & LI/ L 5. SN
ERE W o) bR A R ALRZ B B L, BEHRHE A G A
W—S9EDOHI BV THROMEF NS LT H Y,
S H PR ERE20— 30 BE £ 0 4 40— 59RERED
BA AR BT A AR R E O M ATH S 2T
HEH.FALIZI0H M ERMMEESE 5+ G, Moo
PERRHE SR BRI R L

¥ 5 12 HR R I G 20— 595 O B 0 BB UG | TV
OB RE AR GE & DI 5 AT O &5 B & kerma f5HE A OF
EREAERRIR L 2. ZOEF VIS kerma B, Bl
MELCVCBERDOBEEF L, HREHREE
(05K P<C.10) AR S h . falis o Bl
%, 1005 A# 1rad %72 0 kerma #670.24, il
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TABLE 5 SUMMARY OF LINEAR REGRESSION ANALYSIS FOR DOSE-RESPONSE
OF MULTIPLE MYELOMA AMONG A-BOMB SURVIVORS IN THE LSS SAMPLE,
20-59 ATB BY KERMA AND MARROW TOTAL DOSE, HIROSHIMA & NAGASAKI

OCTOBER 1950-DECEMBER 1976
S HMBFEBR0-SO9ROBRGHEERNRE TH A HBEO ZRMEEHIE
kerma FRlit, A6 A5 A B AR SG 00 5 B RV S 0T 0 BT IR B R O B,
1950410 — 1976 12 H

T65 Total Dose . Average total Dose in rad
5 dad Subjects Multiple Myeloma
Kerma Marrow
Hiroshima
100-600% 1571 23719 118.1 2
50-99 1349 70.1 35.6 0
1-49 11037 12.3 6.2 6
<1 15519 0.0 0.0 4
Total 29476 - - 12
Nagasaki
100-600* 1126 243.7 1332 3
50-99 595 70.5 38.8 2
1-49 4277 10.4 5.7 2
<1 2171 0.0 0.0 1
Total 8169 - - 8
L. Model — Pj=0;+ g- D;; P = Probability of incidence 34 o fi % fii

i= City #i  j=Dose category #iit
D = Average total dose (rad) “F#H# 40 (rad )
2. Goodness of fit test and regression coefficients i & FE i & U [a] b £
Goodness of fit test ii & EHE  Kerma dose kerma #1it Marrow dose ¥ #i## it

X% =567 X% =544
df.=5 df.=5
P>.10 P>.10
Regression analysis [8l%# 7 4
@, (Hiroshima)  3.0985 X 167 3.1016 X 167
(1.1395 X 107%) (1.1390 X 167
Constant
T o, (Nagasaki) 5.8090 X 107 5.6457 X 107
(3.3495 X 107 (3.3147 X 107
Regression coefficient ( §) F# ##  0.063 X 10 0.1250 X 107
(0.0369 X 1074 (0.0714 X 1074
Test of significance 7 1% iz .05 <pP<.10 .05 <p<.10

{ ) standard error () Bt
3. Approximate excess risk per 1,000,000 population/year/rad
00FH S EM 1rad L7005 & F 0k

Kerma dose kerma #iit 0.24 £0.14

Marrow dose it 0.48 £0.27
*If the T65 total kerma dose for a survivor was estimated to be 600 rad or more, in
Hiroshima the gamma dose was set arbitrarily at 428 rad and the neutron dose at 172
rad; in Nagasaki the gamma dose was set at 587 rad and the neutron dose at 13 rad.
* iR E 0 TE5D HEE & kerma ShEA7600rad LI X #EEAL & 213, EBIZHVTIE
{FEIZH Y R4 428rad, PHEFHI % 172rad, /4, BEWIZEVTEST v v b %
587rad, HikF#hit 4 13rad & L .
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LATIVE INCIDENCE OF MULTIPLE MYELOMA

IN THE LSS SAMPLE BY YEAR & EXPOSURE, HIROSHIMA & NAGASAKI, 1950-76
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kerma dose and approximately 0.48 cases per
million PYR in marrow dose or a risk about
2 times greater for bone marrow dose than
kerma dose. When dose-response models having
a linear dependence for both gamma rays and
neutrons are tested using regression analysis as
shown in Table 6, the data fit well. However,
the regression coefficient is only suggestively
significant for gamma rays and insignificant for
neutron doses.

Figure 2 gives the life-table estimates of the
cumulative incidence rates of multiple myeloma
for those aged 20-59 ATB by the three dose
groups of 100 rad or more, 1-99 rad and less
than 1 rad for the period 1950-76. Increased
risk in the high dose group became apparent
from the 20th year after exposure, suggesting
that radiation-induced multiple myeloma has a
latency period of 20 years or more.

There appears to be no significant difference
between the high dose and the control group in
the average period from exposure to onset which
was 20.3 years in the high dose group, 20.6
years in the low dose group and 22.7 years in

it T 04801 % & HEE & h/e. MR d kerma # 0t
IZEE it 2 TH 5. RE6ULART LI
AR, RS b ICBREICRET S 2T L
TeREEE TNV ERBSTICE > THRET S & &
VIl EEART. LA L, EURREIEA v Bk
LTOLHERTHEZ EAREsH, PEFRIET
BHEECL o1

[ 2 (3 # HE 0 OF 5 20— 598 0 T 00 £ %4 B A o
1950—764F 0 Sz £ 4 100rad 1L, 1 —99rad ,
Lrad O =Z2>O#MBEEHIZR L 2 EdmEkae v
BT TH 5. SAMEEEO fERREE O B0 R 20 5 %
OIS IS TE D, MO RN £ 505 i
DR AF20ELL ETHA I LERELTVS.

ok 5 HFE TOTF MM, R0 35,
(R R #E 4720 64F, MfIREEAT22.THET, ML
MEBEOMICEEXEE Ao 0GP o BHEEHO
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TABLE 6 SUMMARY OF REGRESSION ANALYSIS AND GOODNESS OF FIT TEST OF
A DOSE-RESPONSE MODEL WHICH ASSUMES A LINEAR DEPENDENCE FOR BOTH
GAMMA RAYS AND NEUTRON DOSES FOR MULTIPLE MYELOMA IN THE LSS
SAMPLE SURVIVORS AGED 20-59 ATB, BETWEEN OCTOBER 1950-DECEMBER 1976
#6 HREEER0-59E0HFGHFHEMNREO ERUEEMEC> LT T Y =,
o L THEUREETRTHEREBE L ERAVT -7
[0 53 ffr B OF 3l G BE Wi ) #1495 19504108 — 1976412 A

Dose-response model:
Model: Pl_] =y o ﬁl D'}fij # ,32:[)1'11‘!

P = Probability of incidence of multiple myeloma

i = Hiroshima and Nagasaki

j =T65 dose category ( <1, 1-49, 50-99, 100-600)

Dy = Average gamma dose (rad)
Dn = Average neutron dose (rad)

Dose in rad
Kerma Marrow
4.00 4.00
Good f fit test
Qodness oI 11t tes XZ [4] P>.10 P>10
Hiroshima 3.2455 X 107% 3.2455 X 107
(1.1697 X 1074 (1.1697 X 1074
Constant 25 4
Nagasaki 4.4682 X 10 44628 X 10
(3.0713 X 107H (3.0713 X 107H
Rearession coctficient 8 0.1220 X 107* 02219 X 107
g e 1 (0.0741 X 107%) (0.1347 X 10°%)
o 2.71 2.71
TEHEck So LRGN X g 05 <P<.10 05<p<.10
—— — 6 ~0.2358 X 10°* ~0.9665 X 107
gression cosiliclents 2 (0.2767 X 1074 (1.0954 X 1574
——— 2 0.73 0.78
est of significance [1] p> .10 P>.10
( ) standard error () (3 BEdEL %

the control group, respectively. The cases in the
high dose group showed no unusual clinical
feature in comparison with those of the control
group. Amyloidosis was observed in 2 of 4
autopsied cases in the high dose group (50 %)
and in 1 of 11 cases where the dose was less
than 100 rad (9.1 %); the clinical diagnosis of
multiple myeloma could not be confirmed by
autopsy in 2 of 6 possible cases (33.3 %). The
exposure status and major clinical evidence for
the 29 multiple myeloma cases in the present
analysis are shown in the Appendix.
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DISCUSSION

There are a few studies of the effects of
occupational long-term continuous low dose
exposure of ionizing radiation in relation to
mortality from multiple myeloma."*™'® Lewis'
reported that the observed mortality from
multiple myeloma among American radiologists
was significantly higher than expected. Mancuso
et al'® have reported an excess mortality due to
bone marrow cancers, that is, myelomas and
myeloid leukemias, among Hanford workers who
received radiation exposure during the manufac-
ture of radioactive substances. In 1978, Marks
et al'® examined the cancer mortality among
Hanford workers, and reached conclusions
somewhat different from those of Mancuso
et al.'’>  Marks et al'® observed a significant
excess in death for multiple myeloma and
carcinoma of the pancreas in the workers after
adjusting for age, calendar year of death, length
of employment, and occupational categories.
However, there was an absence of such correla-
tion for diseases more commonly associated with
radiation exposure such as myeloid leukemia.
From these studies,"*™'® we thought that the
risk of multiple myeloma might increase among
A-bomb survivors who had received a significant
level of radiation although an increase in
mortality from multiple myeloma among A-bomb
survivors during 1950-74 had not been reported
by Beebe et al.l’

The present study in A-bomb survivors provides
evidence on the relationship of exposure to a
single large dose of ionizing radiation composed
of both gamma rays and neutrons to the
incidence of multiple myeloma. Earlier studies
of the incidence of multiple myeloma among
A-bomb survivors failed to demonstrate a
significantly increased risk.**  These reports
covered the incidence of multiple myeloma
among survivors up to 1965 or 20 years after
exposure. Yamamoto and Wakabayashi® have
given three reasons for the absence of evidence
of radiation induced bone cancer including
multiple myeloma among survivors: 1) The dose
received by the survivors was not large enough to
induce bone tumors including multiple myeloma.
2) An effect, if one exists has not been detected
because the number of survivors exposed to an
external dose sufficient to induce bone tumors
including multiple myeloma is too small. 3) The
period 1950-65, 5-20 years after the A-bombs,
was too soon for the study of bone tumors
including multiple myeloma in survivors.
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According to reports of follow-up studies on
patients who received radiotherapy for ankylos-
ing spondylitis and tinea capitis, bone tumors
can be induced by radiation exposure.!®20 Ip
these mortality studies of bone tumors, multiple
myeloma was not classified as a bone tumor.
We consider multiple myeloma to be different
from the category of malignant neoplasms of
the bone.

In general, the incidence and mortality from
multiple myeloma increases with age.?!™® The
distribution of age at onset of the 29 confirmed
cases in the present study is shown below:

SRR TR A S R B B D Ao 0 BB AR B 2T
REOBHATI LS &, BES IS E-T
FERENE N RSO FESOCEE T, £
R EHEEEEE S LTHEE AT W 4 5 - 2.
FEEC L ERBMEBHIE L0 BUHED OGS A
ShnbnEEZAL.

AR R RN O R R R OSBRI, FE
LTI B R D B T B R 2990
FERRIF M D S & LT IZm L 2

Age i i

Cases

4 17 ¥ %

<60

60-69 14

70 +

241
48.3
27.6

Total it

29

100.0

It appears that multiple myeloma occurs
frequently after 60 years of age. The present
evidence suggests that multiple myeloma is
radiation-related only for exposures experienced
during the middle years of life and becomes
apparent only 20 years after exposure. However,
our analysis has been conducted on a fixed
cohort of survivors and controls 5-31 years after
exposure. Thus, the whole life-span of the study
subjects in the cohort with respect to incidence
of multiple myeloma has not been examined.
Until the end of 1976, the attrition rate of
subjects due to death was about 28% for the
entire cohort; deaths among those 60 or more
ATB was about 98%, 60% for the 40-59 ATB
group, 15% for the 20-39 ATB group, and 5%
for those less than 20 ATB, respectively.

It appears that further investigation of this
cohort will not result in the detection of many,
if any, new cases among individuals 60 or more
ATB. It is highly probable that there will be
further cases in the 20-39 ATB group and those
less than 20 ATB for both the control group
and the high dose group after attaining the age of
60 or more which is the susceptible age for
multiple myeloma. Though the number of
cases is small, comparison of the absolute risk
per 1,000 population between the 20-39 and
40-59 age ATB groups shows that the rate in the
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controls is 0.22 in the younger and 0.35 in the
older subjects (1.6-fold); and, in the 100 rad or
more group is 1.35 in the younger and 2.47 in
the older subjects (1.8-<fold). The cases who
were 20-39 ATB became 25-44 in 1950 and
51-70 in 1976, and those who were 40-59 ATB
reached 45-64 in 1950 and 71-90 in 1976.

As shown in Table 4, it seems unlikely that
there is greater susceptibility among the 40-59
ATB group than the 20-39 ATB group with
respect to radiation-related multiple myeloma.
It appears that the future increase in absolute
excess risk will be greater in the 20-39 ATB
group than in the 40-59 ATB group. Thus, our
data suggest that the latency period of radiation-
related multiple myeloma is longer the younger
one’s age ATB, except for those whose age ATB
was 60 or over. The epidemiological pattern of
development, such as latency period and effect
of age ATB by exposure dose, of multiple
myeloma appears to differ from acute leukemia
and chronic granulocytic leukemia among the
survivors,? The dose-response of multiple
myeloma in relation to gamma rays and neutrons
using a linear regression analysis suggests the
opposite of that seen for chronic granulocytic
leukemia among survivors.?®

Although the incidence of multiple myeloma was
significantly elevated among heavily exposed
persons, the observed number of cases in the
high dose group is small and the clinical findings,
properties of immunoglobulin, autopsy and other
findings were not unique when compared with
the control group. It was noted, however, on
comparison of autopsy cases that two of the
four individuals with multiple myeloma who
received 100 rad or more had amyloidosis. In
one of these cases with amyloidosis, Bence Jones
protein was demonstrated; in another individual,
who had been diagnosed as having aplastic
anemia, autopsy revealed a proliferation of
myeloma cells. Total proteins prior to death
were 5.0 and neither hypergamma-globulinemia
nor a myeloma peak was observed. The urinary
protein reaction was positive. This case was
also suspected to be of the Bence Jones type of
myeloma. Therefore, in the high dose group the
two cases having amyloidosis are assumed to be
cases of myeloma of Bence Jones type. It has
been reported that myeloma complicated with
amyloidosis is related to Bence Jones protein.%‘”
Elucidation of the relationship between myeloma
of Bence Jones type complicated with amyloido-
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sis and radiation exposure must await future
study.

The cases used in this study were identified by
retrospective review of records accumulated
over the three postwar decades. The older
cases in contrast to the more recent ones did not
receive full immunological studies. It does not
seem probable however that the intensive
immunological studies for possible multiple
myeloma have a bias by dose, although there has
been an improvement in the diagnostic techni-
ques in multiple myeloma over the years.

The cells constituting myeloma are considered
to be malignant tumors of the lymphatic
system. However, it is specific that the majority
of these cells proliferates in the bone marrow
with progress of the disease. They differ some-
what from malignant lymphoma which prolifera-
tes in the lymphatic tissues composed primarily
of lymph nodes. Myeloma is a disease frequently
found in advanced age groups and it is possible
that immuno-insufficiency due to aging is related
to its development together with A-bomb
exposure.
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APPENDIX
CONFIRMED MULTIPLE MYELOMA AMONG A-BOMB SURVIVORS AND CONTROLS IN THE LSS SAMPLE,
HIROSHIMA AND NAGASAKI, 1950-76

i & BUHENRETH 5WMEROMBE O SRIEBMIER-LH ; L - B, 1950—76%
MF No. Sex ﬁ,ﬁg ir??;g 32 I.ITIL. Dll.l:;f::?* n giieit Major clinical evidence
M 38 714 71 11 26.7 64 Myeloma cell, IgG 1
F 33 563 60 01 14.4 47 Myeloma cell, [gG T, Bence Jones protein,
Amyloidosis

¥ FE 46 214 68 04 22.7 68 M-protein, Osteoporosis
M 48 195 63 10 18.2 66 Myeloma cell, Amyloidosis
M 49 128 65 02 19.5 68 Myeloma cell
M 45 74 68 12 23.3 68 Myeloma cell, M-protein
F 42 57 74 07 28.9 70 Myeloma cell, IgAT, M-protein
F 52 15 59 06 13.8 65 Myeloma cell, M-protein
F 33 11 54 02 8.0 41 Myeloma cell, X-ray lesion
F 41 77310 28.2 69 Myeloma cell, IgGt
F 36 4 58 04 12.7 48 Myeloma cell, IgGT
M 44 4 70 09 25.1 69 Myeloma cell, 1gGT
F 40 1 74 11 29.3 69 Myeloma cell
M 47 1 64 10 19:2 66 Plasmacy toma, Rib fracture
F 51 1 6305 17.8 68 Myeloma cell, [gGT
F 39 0 74 12 29.3 68 Myeloma cell, M-protein
M 16 0 71 04 25.7 41 Myeloma cell, IgGT, M-protein
F 40 0 62 07 16.9 56 Myeloma cell, IgG 1
F 69 0 62 10 172 86 Myeloma cell, Amyloidosis
F 58 0 73 02 27.5 85 Myeloma cell, IgG1, Bone fracture
F 47 0 7310 28.2 75 Myeloma cell, M-protein
F 25 0 59 12 14.3 39 Myeloma cell, IgGT
M — NIC 68 09 - 73 Myeloma cell, IgGT, M-protein
F - NIC 75 12 - 74 M-protein, [gG K type
M — NIC 65 04 - 59 Myeloma cell
F — NIC 73 08 — 67 Myeloma cell, IzA T, Bence Jones protein
F — NIC 62 06 - 61 Myeloma cell, IgGT
M — NIC 76 04 - 73 Myeloma cell, M-protein
F — NIC 76 01 2 Y] Punched out lesion in skull, radius and pelvic bone

*This case was treated as multiple myeloma at Hiroshima Red Cross Hospital for 4 vears and the underlying cause
of death was multiple myeloma.

FCOEFEEBAR S FERT 4 EM RS U THRE RO, FRERS ERETWT S - 2.
**Vears between exposure and onset
*x B D S BN ETOEY.



