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SUMMARY

A reappraisal was made of the relationship between
exposure to atomic bomb radiation in 1945 and the
occurrence of salivary gland tumors in heavily
exposed survivors. This was made possible by the
discovery of 8 additional patients; the total now
reported consists of 30 cases. In those exposed to
more than 300 rad, the number of cases was
significantly (P << .01) greater than expected. This
was found for the combined group and for malignant
types, but not for histologically benign tumors.
This reanalysis confirms our prior conclusion regard-
ing salivary gland neoplasia, but weakens our
suggestion that younger persons were at greater risk,

INTRODUCTION

We have reported’ that salivary gland tumors are
increased among survivors exposed to high doses of
atomic bomb radiation in 1945 in Hiroshima and
Nagasaki. This finding was based on analysis of 22
cases which were diagnosed from 1957 to 1970

T b UFNT IR B Ok T i B HE T 2 R SR
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5. 300rad LI Lo #MBETH BT A0 MFERLY
BRILE LS (P01, Chid, BFEOLEHE &
VCEER > wTED RN, #HBYMIZRETH S
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among a large, fixed population under long-term
observation for delayed effects of A-bomb radiation
at ABCC.

The purposes of the present report are to add
further cases uncovered from a new source of
information, and to reexamine previous conclusions®
regarding atomic radiation and salivary gland
neoplasia.

METHODS

The population under surveillance has been pre-
viously described.? In brief, from a special A-bomb
Survivors Census in 1950, survivors of the bomb
who were located within 2000 m from the hypo-
center were identified. From this same enumera-
tion, age- and sex-matched distally exposed subjects,
and another matched group who had moved into
the cities after the bomb, were selected to make up
the JNIH-ABCC Life Span Study (LSS) sample
extended. The number of subjects totalled about
109,000.

The basis for assigning to each LSS subject an
estimated “‘air dose” in rad has been reported.®?
The total radiation dose (T65D),° as used in the
present report, is made up of the simple sum of
gamma and first collision neutron dose estimates.
For analysis of the relation of atomic radiation to
the occurrence of salivary gland tumors, a selected
division of four dose groups, was used previously.'
These were 1) those not in city (NIC) plus O rad;
2) 1-89 rad; 3) 90-299 rad; and 4) 300+ rad.

Since the intermediate dose categories may have
been nonrandomly chosen, and since our interest is
primarily in verifying the previously reported high
dose effect, the second and third dose classifications
will be combined into a 1-299 rad grouping. The
prevalence of neoplasia within the highest dose
group (300+ rad) is then tested for significant
excess.

The sources of tumor information' included ABCC
files, and cases accumulated by the Tumor Registries
and University Medical Schools of Hiroshima and
Nagasaki. Heretofore unknown cases were un-
covered from a new source, the Research Institute
for Nuclear Medicine and Biology of Hiroshima
University. Each of these are in the LSS cohort and
were diagnosed during the period at risk considered
in this report, 1957-70.

Verification of tumors was made by the collaborat-

[ A1z &5 0 T 19574 & 5 19704 o AR 12 22 7 = 7 2248
DETICEI D TH 5 .

SRIOHEDEME, #22REHES 5 %R X R
BIRIMF 3 &0z, FHEAHER L E IR & o
FIMT LM 0SHR 2BRH+Ts2L12565.

&

AEOHNBREMC>TE, BICHEMIBEE s Ao
B0 fECHEMA AL, 19504F 2T & b L - B
BB ORHNRE ST, SO 52000m Fif iz
IR ESEEIAA., COR UCEBERIZES Y
T, IO DMEHER RS L SRS B & UM BIRE R A B
THLIADEMBMHBEEEFEREOAT & %A T,
THF - ABCC Ml fist oL ABLBE L. f%ED
FEATH 109,000 A T & - 7.

F FF i AT B 12 rad HALoHEE [ 225Ut | 280 Y
THAREIZOOTE, BICRELTVE. 3 REETH
WA HOHARIL (T 65D )5 13, #r~v—HiEmits —x%
e FHEERI & O M AHIE T H 5. filEl o Ws
T, BUBR BATERR & v IR o 36 & o BIE o BT o
2z, Moo RESFHEIHVLALY T4bb,
L iicwiad 5 -#E L0 0rad @, 2) 1 —89rad
DF, 3) 90-29rad mF, H LV 4) 300rad Ll LD
HTHo 7z

ZORMOBMEEORE IZERBNTREY S LG L
nzwnbn)zbebhbhoBkdEL LCiiploH
HETROONAEHRROBELZ MR T LIZb5L 109
ZLEDEDII, TOE2HFLUVEIOERBESSF L
T1-2%9rad & LA, 2512, fi&E (300 rad
LIE)OBIHEMOERBIARLMMAE S S LT,
o R

ME# B 2658051218, ABCC o iR sl vhic, il
B RS CIRE, RHREERESCHED 5N ER
Ewont. HEAEEFEE LTMA bh AR BRER
PR RER SRR IR 2 & BE AR s ha Zchoo
ARG HTRHES BB DL, AREoBRENBTH 5
1957 -T0F M iIcZ2 s ni-t 0 TH 5.
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ing pathologists based on the classification of Foote
and Frazell.® Only cases in which histologic
material permitted a definite diagnosis were used for
statistical analysis.

RESULTS
Definite Cases

To the 22 cases previously reported,! 8 new tumors
have been added (Table 1). Only one of the new
cases was considered malignant and demonstrated
well-formed glandular elements. The six cases
designated mixed tumors clearly showed characteris-
tics of a benign neoplasm. There were no
distinguishing histologic aspects among tumors in
irradiated subjects that differed from those in
nonexposed persons.

[t seems important (Sagan L: Letter to Editor.
JAMA 220:728, 1 May 1972) to give available
clinical details on the three high dose cases used in
the present, and prior,! analyses.

THEMEHE LTERML TV BHEELS T4 - 7. #H
RN & o TOBWREE 20 0 & % G35 19847 12

Ve

B R
ZHTHERE G

FITIED ISR L 2222000 02, #7702 B9 8 7 A58 A0 = b e
(F1). FEHD I 5, BAEME S+ F8ELToT
Bhrdahahini, bF»1HTH- ~. i & Y i
We LOHBan 661, BS » iz BIER 4408t
R L7, WEREORE 2, EHmEnshe 1Ry
&9 ARRNMHEENRAREA SN h 5 1.

elnld & ORI B] Y D SR AR I R 2 BRI EE O 3 48] 125
TAFENTVSHEEKENFROBME R+ &2, B
ZZETHBZEEbN S (Sagan L: HEE » T B,
JAMA 220: 728, 197245 A 1 %),

TABLE 1 SALIVARY GLAND TUMORS
£ 1 MR E

Diagnosis
MF No. T65 Dose Sex  Age ATB* & Histologic Diagnosis Involved Gland
B AT T 65 fit i3 5 A B 4 Age ML 1y 2 I o
(rad) i M
MEY 16 Fx 27 52 1970 Mixed Tumor BA&MEW  Parotid ® Fhg
MEY 45 F 3 25 1967 Mixed Tumor #EHEH  Parotid ¥ Fig
MEY 0 F 18 41 1968 Mixed Tumor & REH  Parotid ® g
MEY 0 F 29 49 1965 Mixed Tumor B&MEH  Parotid # FM
MEY 8 M5 21 39 1962 Mixed Tumor i & M Submaxillary F A
MEY NIC*#* F 42 61 1964 Mixed Tumor & Submaxillary T3l
EXT 72 M 43 67 1969 Papillary cystadenoma Parotid ¥ Fig
FL IR ¥ B AT
MEY 0 M 54 78 1969 Adenocarcinoma Parotid ¥ T
ik 2%
*At time of bomb
**Not in city TPIZWE A S E
Case - (benign mixed tumor, estimated ﬁgggg-(gﬁ-;ﬁ SRR, HEERMSER 400

A-bomb dose 400 rad). This subject was 43 years
old in 1966 when right parotidectomy was perform-
ed at the Hiroshima University Hospital. Pre-
operative history and findings at operation were

rad ). ZOXHEIL, 1966, 3@ DL LMK
Wl CHE FTIRUBH 222, 2HboEREs LU



not available. Histologic examination (in 1966 and
again by the authors) of the surgical specimen
revealed typical features of a benign mixed tumor of
the parotid gland as well as normal glandular tissue.
The subsequent course is unknown except that the
patient remained alive during the period of this
report.

Case -(muccepidermoid carcinoma, estimated
A-bomb dose 606 rad). In 1952, the ABCC
clinical chart records a “‘slightly elevated lesion in
the soft palate”. In 1954 a “‘nontender, submucosal
nodule at the back of the hard palate on the right™
was noted. Local cauterization was performed in
1959 and in 1960 biopsy was followed, in 3 months,
by surgical removal of the mass. Examination by
the surgeon of the oral cavity and sinuses revealed
no other abnormality. The “mass’” measured 1.5 cm
in diameter.

In 1960 and 2-year intervals through 1972 complete
examination at ABCC, including chest roentgeno-
graphy, showed no evidence of recurrent or
metastatic fumor.

Case (squamous cell carcinoma, estimated
A-bomb dose 328 rad). During 1966, this male
automotive assembly line worker noted right lower
jaw pain and abnormal sensation in the posterior
portion of the right side of the tongue. A mass was
noted by an otolaryngologist. This was described as
presenting in the recess under the tongue lateral to
the right sublingual duct. The mucosa was described
as “intact’ and there was no evidence of other oral
lesions or disease elsewhere. A chest film was
normal. At operation May 1967, a firm, adherent
tumor (size not described), was removed through a
right submandibular procedure. The operation note
indicates the surgeon considered the mass a “‘right
submandibular salivary gland tumor”. The lesion
was a squamous cell carcinoma on histologic exami-
nation. A second operation was performed in June
1967 for removal of lymphatic tissue from the
right anterior neck region. Two of nine lymphnodes
showed squamous cell carcinoma which was histolo-
gically the same as the original tumor. Subsequent
follow-up revealed no local recurrence or other oral
lesion, but in July 1971 a mass in the right mid-lung
was seen on chest X-ray. This was not present on
the chest X-ray at the time of operation. It has not
been examined histologically.

One additional unusual tumor occurred in_our next
highest dose group, Details on this were available in
the ABCC clinical records.

FHREFAABAFEAT OV, HRERO MRS
(19665 DTS & UEH L FHRE) Tk, EH % I
HLEEDIT 2 IZE T IR R IR & W05 o SR 4 588 2300
S5z, ZofEE, FAREGOBREMMEIEE LY
P2Ev ) TSI, Zo®OBEBIEITRHTS B.

eoEs I enssss, gemmmemoon
rad ). 19524E ) ABCC BRI E 6 T3, [HROIZE e
figike L 7z aJ&£Ménfug 19644 12 1k, [ A {HI6#
DVHE 1% 1 SRR MR I TS B | 273 b, 19594 12
BRI AT bz, 19604 EMmPIT b, *
D3 2 H %I 0SB AT R b, SRHE
O s & URIBRESZHE LN, ZOoMoREITED
SN o, [HRA | 3EE LS T - 7.

1960F & & U2 D %1972 & TO 2 £ 2 & 1ZABCC Tl
HXHMEL SURELMBET 2 - 247, W o ER
FREERREL R, S

e s R rxans, remansaR
328 rad ). 1966%F 1 = ¢ A EAHA T3, H T30 &
S UBFBOLEBRTOREEE L BIER 2. FHAEAER SR
Eo##zit 2z, EHLIB0ons. 2hiz, & FE
MAEOETFHOMBMIzEBy ohAsaeh T3, 3
TR EL L BB Eh, 20Er00BBEEE Z 3
DA DIEROBIEIZ AL A - 2. WX EREOR S
HEHTH - 1. mmmsﬂu%mﬁw-hn AT
EREDRAIC ko0 B AR (K & S ot ld k) A
%féhf.im%ﬁﬂm,ﬂﬂE#cmmﬁszT
PHERPEFENRNESG | E A 2 e AR E TV A, HlEE
HECRTELEMIEEARD 5. 19678 6 HIZ _EH
OF M AITE b, HEEE» 5 Lo SHBE AR E R
o Ny osHE Ol o B 248 0E, e o B & (R AR 2 HL
I RAE LEMEBETHAEZ AR ENE. 2O
HBOFRBE T, BNoBEEE 2z oo OMER
TREnbNEA” S A, 19TIET Bl zEX SaET
H R IR A 6 . 2R R o X 48
BETHAD LN LD L EDOTH S, 7 OMBFENH
HEFaobhTwLuw,

SRR, ERERO LA LuIEE RS 5 hi.
Z ORI 5 #HMIEABCC ERIRICER I H - /-



Case - (mucoepidermoid carcinoma, estimated
A-bomb dose 91 rad). In 1955 the patient had
noted a pea-sized nodule in his left preauricular area
which slowly enlarged over the next 3 years. In
December 1958, it was surgically removed, but no
microscopic study of the excised tumor was
performed. Over the next 16 months the patient
noted a recurrent mass in the same area and
hypesthesia of the left buccal region.

The patient was seen at ABCC in February 1960
with the chief complaint of a mass in the left side of
his face. Examination revealed a 2l-year-old
Japanese male in generally good health. A reniform,
nontender, irregular, firm mass was present in the
left parotid area just in front of and below the left
ear. No erythema of the overlying skin was noted.
No lymphadenopathy was found. The tonsils were
not enlarged nor was any tumor noted in the oral or
nasal cavities. The left auditory canal and eardrum
were unremarkable. Examination of the neck and
thyroid showed no abnormality. A general physical
examination including chest X-ray was unremarkable.

In May 1960, the left preauricular mass was
extirpated. Microscopic examination showed the
tumor to be a mucoepidermoid carcinoma. No
metastatic foci were noted.

In February 1962, another recurrent firm mass was
found in the left preauricular area which has been
followed without biopsy over the next 10 years.
In June 1966, X-ray examination of the mandible
showed no evidence of bone destruction and to date
there has been no evidence of metastases.

These cases, particularly the two with malignant
growths who received heavy radiation exposure,
each had submucosal lesions which were considered
to be salivary gland neoplasms. No other abnormali-
ties were found, while examination at the time of
diagnosis or surgery, as well as follow-up observa-
tions, failed to reveal other primary tumors.

Other Screened Cases. During this and the prior
study, a total of 17 additional cases with diagnoses
of salivary gland tumor were screened. The major
reasons for rejection from analyses of all 17 cases
are given in Table 2a. Specific reasons for rejection
were described for nine cases in our previous report;
the eight other rejected cases are listed in Table 2b.

Relation to Atomic Radiation. The 8 new cases
were considered together with the 22 cases previous-
ly reported for the same period (1957-70) in the

fif?ﬂ%%.(*ﬁﬂﬁﬁiﬁﬁ‘zﬁ, HE R R AT &0
rad ). 1955512, BHIIEFMAICZAL I RO %
B, 2OHOIEMICHELICRAK LA, 1958F 128 12,
FHEHERERCL - THREESRZY, BE S 20
OMEBRBIIITAbR L o . 20162 EBIZE
BROLICHERE AR L, FEAEER AN GEROR AV L

ABCC ¢1960% 2 B o2& 4T 4 bh, LR AHE@O
B TH-7. BETIE, ZOAHFOHARABTOMEE
RIEZ 2RI BIFTHEZ EFEDLNA. EHEOR
F o BT R SR R o JEEREE o B E 2 S
Mg AR, ZHOKBRERIBD L5
oy EOBRRLRD R o RO
Zd, OEsdsvIERBIIEEIEL L E . K&

Fifgs LU ICEE R L, Bl X URIRRO BRE
THEREIRD LN L 2. WEXEHEzEE2E8
BMETCLEE LA, 5 1.

19604 6 B, 7o E /70 AR & h . BREE M
T, TOME A BEEEERTHE I LRSS,
¢iﬁﬁ'§£!iﬁf)‘ﬂf&.

19624 2 A, EH#I 5128 B 4 R 0B84 b h,
FOBI0ERM, EHRFITEbR TV L VAEEBBIE N H
5. 19664 6 Ho FH-EX MMETIE, FHBEO
WiEEL, SHEETEFOHEELRO LN T L.

LFEROZER, HCEEFRLEHOS - LM EHRED
2HTIE, MITREN R 6 h, 7 UTEETRIRT4
ThdEEZILHNE. ZOEPIIENITEL, B
FAiEEH 5 I F OEORIBBRE T Z R0
NS5 12 38D 5TV Ty,

AGN—Zv T ETE - T OMOIEN 4[E & & Ui
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TABLE 2 CASES REJECTED FROM ANALYSIS & ADDITIONAL SCREENED
CASES IN LSS EXTENDED (REJECTED FOR ANALYSIS)

#2 BitA s LEFS L URGRESRIEAEOA ) —= v 7
128 1 B BN T REHT & 5 BRI L 22

a. Cases Rejected B ¥HA

T65 Dose No. of Cases Remarks

T 654 fit # 7 ¥ i &

NIC + 0 rad 7 Inadequate or unavailable material (4),

AT o B metastatic tumor (1), other process (2)

HEU Orad OF HEATRYS 2 FEAEATENATVAVE (4/),
IERE TR ( 117D, £ oo HaE (2H)

1-299 9 Unavailable material (6), metastatic
tumor (3)
HEOAFEATVEZVE (6(), &£
MERED (3 1)

300 + 1 Other process (1)

T ofboRFERE (16 )

b. Additional Screened Cases Rejected

B 4k L 7= 38 )

MF No. T65 Dose Remarks
ek A W& T 654 it i %
5 rad Cancer in lymphnode; primary unknown
Yo SR ST
4 No slide #lfEfEA % L
0 No slide Hl#EEEA % L
376 No slide #lai4 % L
5 No slide #l#ti4% L
5 No slide #l#gfE4 o L
208 Cancer of thyroid kiR
17 No slide #lEER A 4 L

same population. This yielded a total of 30 cases
and these are analyzed by exposure group (Table 3).

The number of cases in the high (300+ rad)
radiation dose group was significantly (P << .01)
greater than would be expected if the 30 tumors
were distributed among the dose groups in propor-
tion to the person-years at risk within the LSS.
This relationship obtains P << .01 also for the nine
malignant cases in the combined survey. The
relative risks for total cases and malignant growths,
based on the rate in the nonexposed (NIC + 0 rad)
group are 9.35 and 21.8 respectively (Figure 1).

Further classification of tumors into benign or
mixed tumor groups separately revealed no statisti-
cally significant relation to A-bomb radiation dose,
so that the original tabulations' are not updated in
the present report.

30M LAy, MR LA (3.

T R E (300 vad DL E) O EE, 2 o BEE 3007 AR
G EE IS B A —EITH LT &SRR
EHHLTUAERELABGOMER LY LA
(P< 0L) &b 7. EfEGHLRETCRLLNL
MmN 9 Ml L EfROMEA RN, P< OLTH -
7o, EEBRTE (I WA A REHEU0 rad DF) 12
B AEIIETVTHE L A EMmERER, SREO
Lt L BRI LT F N Fh9.308 L U21.8T
o (H1).

Bl & = 6 R E A SR AMER IS L TH
ZHRET L R, BB AATER R & MR AR L B
BRB LML, 20T, SEORETE, WEOHRS
flogiE GEHsh L,/



FIGURE 1 SALIVARY GLAND TUMORS RELATIVE RISK BY A-BOMB EXPOSURE DOSE
(K1 oo A BB — AR R Bk 51 AR Y e o

10 -
All Cases 41 /
s /
AR /
= E% | | 7.
A 14 13 3 Y
= % i G Cases {7l %
Malignant Cases T i1 /
5 - /
1 22 g2 .
Nonexposed 1-299 300 +
] T65 Dose st (rad)
4 3 2 Cases 1 ¥
TABLE 3 SALIVARY GLAND TUMORS BY EXPOSURE GROUP
%3 MEEIRNELS . WO
T65 Dose T 65#fit
Total
NIC +0 1-299 300+ rad "
Population FOR % 3l 57859 40457 1340 99656
Person-years A - #: 700552 487669.5 16171.5 1204393
All cases 4
Observed AT K 14 13 3 30
Expected 5 2 17.45 12.15 40 30.00
Relative risk xt f9 B 1.00 1.33 9.35
Malignant cases 4t i 7]
Observed  EEH 4 3 2 9
Expected — MHiF ¥ 5.23 3.64 12 9.00

Relative risk #Hxf iy fi fie 1.00 1.08 21.8

Cases combined from Table 1 in this report and Table 2 in previous reporr.'
AWEOR L B EIUNERE 0% 2 0L el



TABLE 4 DISTRIBUTION OF 30 DEFINITE CASES OF SALIVARY GLAND TUMORS
BY AGE ATB AND Té65 DOSE
FA4  LWiHEFE 2 oA 3001 0 5 AR ¢ Ffe Kk U'T 658551

Age ATB  J5iss i it

T65 Dose <25 25 -49 50 +
T 654 fit
Observed Expected+ Observed Expected Observed Expected

e LU 24 M BUEE S 74 W 75 ¥
300+ rad 2 .23 .14 0 .03
1-299 6 6.50 4.49 0 1.16
NIC+0 6 9.15 6.63 5 1.66
Total &t 14 15.88 11.26 5 2.85

*Based on LSS population under observation at ABCC.
ABCC TN R & k5> T AR HMAM RUEH IZES (.

TABLE 5 CASES BY 5-YEAR INTERVAL
#5 5 HAMH B o 5E

T65 Dose #it
Year Total
JH NIC +0 1+rad at
1957-60 3 3 6
1961-65 8 14
1966-70 3 10
Total &t 14 16 30

The number of observed definite cases according to
age at the time of the bomb was compared with the
expected number (based on LSS person-years at
risk) for each dose group (Table 4). This new
analysis does not confirm our previous' conclusion
that younger persons were at significantly greater
risk of developing radiation induced salivary gland
tumors. This does not rule out this possibility,
however, In addition, there is no significant
difference between irradiated and nonirradiated
cases in the mean interval between the year of the
A-bomb and diagnosis. These intervals were 19.4
years and 17.4 years, respectively, for exposed
and nonexposed.

The previous studyt raised the possibility that new
salivary gland tumor cases may have peaked during
1961-65, since only five cases were found during the
next 5-year period. Our additional cases, however,
weaken this conclusion (Table 5).
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DISCUSSION

Reports of salivary gland tumors as complications of
therapeutic irradiation™ ! were ample justification
to search for similar occurrences in atomic bomb
survivors. An initial screening of cases within a
fixed population of irradiated and control subjects
yielded 22 cases of salivary gland tumor that showed
a significant relationship to high doses of atomic
radiation.!  Although none of the additional eight
cases reported here fall into the highest dose
category, a significant radiation association is still
found using the entire case material. This is
present for all tumors combined and for malignant
types only, but not for benign neoplasms only.

It is interesting to speculate that susceptibility to
salivary gland tumor induction by atomic radiation
may have been conditioned by warlime stresses,
particularly nutritional. It has been suggested that
the extremely high rate of salivary gland carcinoma
in arctic Eskimos'? may be ascribed, in part, to
vitamin A deficiency_13

However, we have no data on specific nutritional
deficiencies among A-bomb survivors. In addition
occupational information concerning possible car-
cinogenic chemicals' were not available.  Alter-
natively, a latent oncogenic virus, activated by total-
body irradiation, may have promoted the develop-
ment of salivary gland tumors in humans, as
reported in experiments in mice.'®

In the cities of Hiroshima and Nagasaki, particularly
the former, there are many institutions which treat
tumor cases. Our initial survey obtained information
on salivary gland cases from the largest pathology
services and tumor registries. These sources of
information provided an initial assessment of salivary
gland tumors, although tumor registry reporting is
known to be less complete in Hiroshima. Our
supplemental cases, obtained from institutions in
Hiroshima, provide a more realistic reflection of
salivary gland tumors in the fixed population under
study. These eight newer cases were more recently
diagnosed (five were discovered during 1966-70),
and were either not exposed or received relatively
light doses of radiation.

Because of migration from the cities, the numbers
of person-years at risk may be overestimated for all
the dose groups. We do not have precise figures for
the LSS population, but estimates have been made
(Dr. Kazuko Fukushima, ABCC Department of
Statistics) from the Adult Health Study figures.
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These indicate that the NIC sample migration rate
is about 4% greater than the rates for exposed
individuals. If the salivary gland tumor prevalence
rates are adjusted for migration, there could be an
increase in the NIC plus O rad group rate by
approximately 2% more than the other dose group
rates. Such adjustment does not alter our conclu-
sions which were based on calculations without
consideration of migration.

Since about 20% of the LSS population underwent
regular clinical examination at ABCC, this sub-
sample might yield a disproportionately larger
number of cases than the nonexamined portion.
Of the 30 cases reported here, 5 (16.7%) were in
the clinic sample, while 2 (22%) of the 9 malignant
cases were in this group. Thus, it appears that case
detection was about the same among the clinically
examined and nonexamined portions of the LSS
population.

Confidence in designation of atomic radiation as a
particular risk is supported not only by statistical
evidence, but, more importantly, by other data in
humans. The relative risk for development of
salivary gland tumors following exposure to high
doses of atomic radiation is about 9-fold that in
nonexposed persons (and even greater for malignant
cases), while Hempelmann et al® report a risk about
8-fold greater in irradiated children compared with
controls. In other reports,” * 1° both the prevalence
of salivary gland tumors and the estimated doses of
radiation are, overall, similar to our findings. While
the dose-response relationship seems to present as a
smooth curve, we recognize that its precise shape is
unknown and depends on arbitrary radiation cate-
gories selected as well as the number of cases
discovered. The observed cases listed in the highest
dose group (300+ rad) exceed expectations for the
small group at risk (observed/expected is 3/0.4 for
all cases and 2/0.12 for malignant cases), and this
would still obtain whatever the regrouping of lesser
exposed persons. The heavily exposed cases are,
admittedly, very few in number, but are of the
same magnitude reported in other population studies
on radiation-induced salivary gland tumors.

We wish to reemphasize that we are aware of the
need for caution in drawing conclusions from 30
cases, of which only 3 are in the highest dose group.
However, these findings are based on screening of
the only sources of information available to us.
Since the majority of these cases could not be
examined, only those with definite histologic evi-
dence of neoplasia were analyzed for radiation effect.
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