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SALIVARY GLAND TUMORS IN ATOMIC BOMB SURVIVORS, HIROSHIMA AND
NAGASAKI, 1957-70

RRBEBRECHVIERRESE, LB - KRB, 1957 -70%

JOSEPH L. BELSKY, M.D.!; KIYOSHI TACHIKAWA, M.D. ( )l i )®; ROBERT W. CIHAK, M.D.*";
TSUTOMU YAMAMOTO, M.D. ( & # )%

Departments of Medicine,! Slatistics,? and Pathology3
BEAR A, D HERTAR, B & UTELSE

SUMMARY. Salivary gland tumors were found to be increased more than 5-fold among survivors of the
atomic bombs who were exposed to high doses of radiation compared with nonirradiated comparison sub-
jects. Despite a small number of proved cases,22in all, this finding was determined to be highly significant
for the entire group and for histologically malignant types, but not for benign tumors. This represents a
new finding in the search for late sequelae of the atomic hombs.

The prevalence of tumors in this study was related to younger age at exposure, but not to the interval
between exposure and diagnosis. There was no clear association between amount of A-bomb radiation and
cell type.

The present findings are compared with other reports concerned with radiation and salivary gland
neoplasia.

B, SROBEEE S 2 BERERE I, EREIROESE SEHRBOILEIEEDSHFLUEE (BN
o MEBEh AT ERR2ETEOE LY, OB EENS K CHEBENICEEDLDEZO
THECHBE TS -2 4, BEEBC 2w THAEE TS24, ZHEEBREEFREO -2 O L v
T RT H 5.

AWECHRO EHOFHREE, BECHBLABELMENS o240, Wk, SBITE TOMME TR
MIETH - . RN i L MIaR L o B2 L2 RS 2oz,

INEDMRE, MEtis L UMERRITEDICMT 3ok &L .

INTRODUCTION b

=

Many vears after large scale exposure to whole body

1945 F Iz Fah 2R ICE -T2 ROMEHEL 2812
FHD, BBENELE-THrSHEMOERED

radiation, those who survived high doses from the atomic
hombs of 1945 have been noted to demonstrate increased

Keywords: Salivary Gland, Neoplasm, Tumor, Histology

+ Surgeon, US Public Health Service, Bureau of Radiological Health, Division of Biclogical Health, assigned to ABCC
[ 2% 2 17 A T G O A 1R 0 4 P 5 A B A 2R S0P AR B R AR, ABCC iRl
*Hiroshima Branch Laboratory, Japanese National Institute of Health, Minisiry of Health and Welfare
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TABLE 1 RELATIVE RISK OF MALIGNANCIES IN ATOMIC BOMB SURVIVORS

#l

TR RS (2 B 1 2 BRI RO M iy fE R

Relative Risk*

Reference Type of Malignancy Faxt b fapa s Remarks
ik TR RO Factor  T65 Dose it flf %
5 (rad)
1.9 Leukemia [EIfL#5 23 100+ Hiroshima [5E:
10 Nagasaki  J&i#
10 Lymphoma ') > 74§ 7.4 100+ Hiroshima [Ei® &
11.13 Thyroid clinical BfFERY 49 50+ Predominantly female Zcikiz £
14,15 AR occult e 1.5 50+ Microscopic $ipdERID 2
16 Female Breast &35 3—4 90+
1% Lung Jii 2 90+ Not controlled for smoking history W2fEFEIERTH
18 Cancer in Children /4 T3 100+ Under 10 years ATB** FUREEL0R il
6.1 Except thyroid ERRR % B <
19,20 Cancer Mortality — fiJECC% ;5 180+ Death certificate, except leukemia

FECREHTE, B % B <

*Compared with nonirradiated or 0 dose JEFHRE T4 b & MR O rad O F & DI

** At the time of the bomh

prevalence of neoplasia (Table 1), 1'%°

The present study
was undertaken to assess the possibility that salivary gland

tumors might also be increased among the survivor group.

METHODS

Population. JNIH-ABCC Life Span Study (LLSS) sample
extended *" makes up the population under long term sur-
veillance at ABCC for delaved effects of the atomic
bombs. The number of subjects is about 109,000 of whom
approximately 82,000 are survivors who received various
radiation exposures.

Source of Tumor Information. Several sources of
information are embodied in the ABCC long range
programs. The most far reaching is notification by death
certificate for all deaths in the LSS cohort through
special arrangement with the Ministry of Health and
Welfare of Japan.

Other sources include autopsy files of ABCC (to 1970)
and of Hiroshima and Nagasaki University Medical Schools,
and the Tumor Registries of the two cities.™ Finally,

search was made of the medical files of the sample for

ML TwsZEARHLATVE(#E] ) 4ED
MEO B, #HRE CEREREEOBELMML T
AL hEFMT A EIIH 5.

HE

BHEHEE. T — ABCC # @ i 4L k> 720y,
BB R E S RS 200 ABCC T EHEL
TV EMHMHZHENSLERTH L. HREBLH
109,000ATHN, 20 IH 5 K820z zhFhEE
AMOMEREZT-ERETH S,

.

EEEAOHR. ABCC @ EMFEHEIZIE, w{o2d
DHEMBFE»S AT LA GEATVS. FEHLED
WA AME LSS, BEWET k- FFOF AT
BEE LW TREBENAF SN A, Zhnsil
ShaEERLRBEEOLOTH S,

FOMOEREL LT3, ABCCOHIMRES (1970 £ ¢
DHO) Bk UIER - B AEEELOSMRITE, 2
SUmmoBmEEESH 5%, Rk, T ABCC

*We are deeply grateful to the following persons and organizations who have kindly allowed us to make use of their material: Hiroshima

University - Drs. Soichi lijima, Akira Yamada, Tsugio Dodo and Tokuo Tsubokura; Hiroshima -City Medical Association -

Dr. Hiroshi

Sawachika: Nagasaki University - Drs. Ichiro Hayashi, Hideo Tsuchiyama, Shigeru Matsuoka, [ssei Nishimori and Takashi Itoga; Nagasaki

City Medical Association - Dr. Shigenobu Mivagi.

EEROERERB T Ao A TROAAHFALSCEERMEFEOMEL B+ 5, BEKE: HlF—, WH o, Bk, SOk THTENS:

RiE . E#k¥E: tk —8, WFE, 2E HE.

mHE—F. #E 5 RETEME: THRIIE.



the JNIH-ABCC Adult Health Study.®' This is an
approximately 20 % portion of the larger LSS cohort who
are examined biennially in the ABCC medical clinic.

Screening for salivary gland tumors was made from the
ahove sources for cases indexed during the following
periods: Hiroshima City Tumor Registry May 1957 -
March 1970; Nagasaki City Tumor Registry March 1958 -
March 1970: Hiroshima University School of Medicine,
Ist and 2nd Departments of Pathology and the Central
Laboratory of the Attached Hospital April 1957 - April
1970; Hiroshima City Medical Association Clinical
Laboratory Center June 1962 - March 1970; and the
ABCC-JNIH Adult Health Study Index of Cases 1958.-70.

Verification of Tumors. Only cases in which histologic
material could be examined by the investigating patholo-
gists were considered for final analysis. Histologic

diagnoses were based on the classification of Foote and
Frazell. **

Dosimetry. The dosimetry system used by ABCC,
designated T65D, rests upon work performed at both the
Oak Ridge National Laboratory** and the National
Institute of Radiological Sciences of Japan. ** Over 95 %
of the LSS sample have been assigned air dose estimates
in rad.* Separate gamma and neutron radiation estimates
have been caleulated; the total dose, as used here, is the
simple sum of the two. An arbitrary division into four
dose categories has been used in this study to facilitate
analysis of radiation effect: those not in city (NIC) plus
Orad; 1-89rad; 90-299rad; and 300+ rad.

RESULTS

Screening for Salivary Gland Tumors. Twenty-two
cases were found suitable for analysis. These are listed
in Table 2, which shows T65 radiation dose, age at
exposure and at diagnosis, histologic type, and location
of salivary gland involved.

Histologic sections were available for examination on 22
salivary gland tumors; 14 were considered benign and 8
were classified as malignant.

Fifteen of the tumors showed features characteristic and
tvpical of mixed tumors of salivary glands. In 14, only

MARBEAEONREFACHTIEFEHIC>VTH
HFELA2, zofEMiz, #olELEAEROMN20%12Y
70, ABCCHRTC2HEZTLIIMBERITT WA,

KOSHMIZFED 5 n-EREIEEEA I c>w T, EiEo
BHIEEL LRI — v T %fTh-. Thbb,
BB mESESETIIINTES A2 L1903 AFT; &
Uy T R4S B4R TE 19584 3 H A 5 19704E 3 A & T K&
KEBENE | L0082 MBEERES 5 0 [HEFEE
PR ETIRI057TE4 AL 51970 4 H & ©T; BB
ERi 2R MEE L » ¥ — T2 19624E 6 A # 519704 3 A
¥ CH L UABCC — P AfEBERHTEOEMME T ,
19584 A 5 19704E & T.

PR DFESE. mHEHYE I L- THEBEFROMELZITS
Sk TELHORE, BREORIFOMRE L M

CERER T 1L Foote B & U'Frazell*®* M G 3IC D W TIT

o Tz

RBRIE. ABCCHIEM L, TESDE MEFR+ 3 #k M &
1%, -Oak Ridge National Laboratory®®& H 7= fif & #i[E
FHAMER>OMBEOBAILLL-THLIAZLDTH
5. BEGATH R EDBS%LL 1z 28 6] HE o E A
rad* B TRk s hTtwa, HEMEY Y@L 0P
MFEMIRESATHEY, FREPICHO BRI
HEOHMBKHTH 5. RBETIE, HHBROBEEORE
WarERBILT A0, Koo BRF IR IZHHEL -
bOEMALTVSE, T42bs, DiliRIcwErH
THbLEHEBEEROradD#E, 2 1 ~89rad?d ¥, 3 90~
299rad ®#F, LU N 300radll EOEHETH 5.

& R

EHREHEOR 7Y —Z 7. BT SN 220
Hor. ZH6IE, TEORMHE, B H & U
O FfE, METENRIE S DM & K OB ORI, #2102
FlgEL 7.

Z D2 OMEFIRIES QMM 2 AF L THRELZITE
skA, IbUMIEBREEELL N, 8Hl0LOITEM
LTmBEsENk.

L5151 o3 il 785 1= MR B R A REE o0 LML YRR B s

*Contraction for radiation absorbed dose - unit expressing the absorbed dose of ionizing radiation, corresponding to an energy transfer of

100 ergs/g of irradiated tissue.

“radiation absorbed dose " (HC 4t FARATR ) O RE — WA KM MOBITR 2 £ b T WL TH - T, HEWE R+ 2O 100ergs /g O F N F—(EiF 12

HE+ 5.



TABLE 2

CASES WITH DEFINITE SALIVARY GLAND TUMORS

# 2

Tl 9 7 VEE % sk 16 485 141

MF Number T65 Dose Sex

Age

Diagnosis #[f

Histologic Diagnosis

WhBWES R (rad) 45 ﬁﬁéim.weﬁ%Y%r¢ﬁ LB R
Malignant 4
5 F % 23 43 1965  Mixed, submaxillary REME T
l Fx 4 60 1964 Acinic cell, minor ANERIRE DR
0 F & G2 74 1957 Adenocarcinoma, submaxillary Iage TR
NIC* MB 50 74 1969  Adenocarcinoma, parotid fgds  E TR
0 F%& 53 64 1957  Adenocarcinoma, submaxillary B T
606 F & 39 54 1960  Mucoepidermoid, minor HERE AR /)RR
91 M 5 T 22 1960  Mucoepidermoid, parotid thp g FRR
328 M % 16 40 1970 Squamous cell carcinoma, parotid W LEZ#ifaf  H s
Benign, Mixed R#R&HEH
0 F % 24 41 1962  Parotid H THY
7 Fx 20 34 1958  Parotid H Fi&
8 M % 26 43 1962 Parotid B FI&
400 F& 22 43 1966  Parotid H FIR
8 M5B 6 28 1967  Submaxillary T3
106 M 5 46 62 1961 Parotid H g
25 M%B 31 18 1962  Submaxillary T
0 F & 20 34 1959 Parotid H Ti#
1 F%& 36 57 1967  Parotid ® Fi&
0 F % 52 69 1962 Parotid B FHig
NIC F % 8 25 1962 Parotid H Fi#
NIC F & 18 35 1962 Parotid ¥ Fi#
NIC M % 7 25 1963  Submaxillary TF3H
NIC F & 30 43 1958  Parotid HTi%

*Not in city HifIZwidr-7~%

benign elements were seen and in one there were foci in

which histologically malignant changes were present which
resembled epidermoid carcinoma. This was classified as
malignant mixed tumor. Four tumors were classified as
adenocarcinomas and contained well-formed malignant
glandular elements. One of these showed the distinctive
features of adenoid cystic carcinoma. Another displayed
the pseudoglandular variation of acinic cell carcinoma.
The

distinctive or characteristic subtvpe. Diagnosis of the two

two remaining adenocarcinomas were not of a
mucoepidermoid carcinomas was confirmed by the pres-
ence of mucicarmine positive vacuoles within sheets of
epidermoid carcinoma cells. One carcinoma showed only

epidermoid elements.

In nine additional cases screened because of registration
as salivary gland tumors, the diagnosis could not be con-

firmed. One of these, who has been followed in the

35 MEIZ I BRI & AR s h, | FICIRHEEE
WA MM BT R RTREIED 5N
ZOFNEEMORAME L CaEEs R 4 ISR

Th-oT, TOHECHEOIR- &0 L AEMERMIEAED
Sz, 1 HNZIRRBEREOREEZMS MIZRL THED,

Ao 1 Fz DR O BIREER RO SR, B
DO2FIEMES & 2 3B RClsHTE L Lo
7o 2 Bl MG R RGO BT i, RACRUEANIE M O L

AN Y BEEROFECIL > THRsNZ 1o
W xFEERBME & B LNk
BEREARIES & L TERGshTuwhldlcArs) -V 5

DHBLEENANOOEIZO>VTIE, BHF O
Zodo 1 fliziz, EOFTRECIZD L

Lo,



TABLE 3 SALIVARY GLAND TUMORS - OTHER SCREENED CASES
# 3 MEGIAMEN —A L) - = v S RITR o 2t ER

MF Number  T65Dose Remarks
WA LT FH (red) il %

0 No salivary gland tissue on slide. SEHRHIEO 2 74 FEIA % L

0 No salivary gland tissue on slide ; diagnosis - malignant lymphoma.
ETAREIRO 2 7 4 MR L, BlFE — Bk Lo uE

0 Death certificate only.
FEC BT H

30 No salivary gland tissue on slide; diagnosis - plasmacytoma.
WEREIRMIRO 2 7 4 FERA A L, BHE — TR A aRE

0 Material not available.
IR AT e

8 Operated for parotid gland tumor at a major hospital. Diagnosis - mixed
tumor. Surgical specimen & slides not available.
i(giﬂr’*:?ﬁ'ﬂzfy};&éﬁ@?ﬁi’&%ﬁf: Lo, B —REMHE. HEHHE S LU

FAhE.
169 In elinic sample (ME 200), enlarging mass in left parotid region over 10

years; refused surgery.
BEAEIMFE AT A (M E 200 ) L0 & D EBE FIRICA T 2088 75 5.
F IS,

0 Cyst of parotid (?).
HTisn#&a? )

Nonexposed Inflammatory & fibrous tissue.

FEf FATTEARHEALIG

*Probable cases R ITITHEFM

ABCC clinic for 12 years, has a slowly enlarging mass
in the left parotid area, but has refused surgery and
biopsy. The assigned A-bomb radiation dose in this
instance is 169rad. Another person exposed to 8rad
at the time of the bomb (ATB) underwent surgery for
parotid tumor in a large hospital, but slides were not
available. These two cases are considered probable
salivary gland tumors. Table 3 lists the additional cases
found in screening, but which were not considered for
analysis for the reasons indicated.

Relation to Radiation. When all 22 definite cases are
considered by radiation dose group, a highly significant
(P < .001) relationship to A-bomb radiation is noted
(Table 4, Figure 1). This conclusion is also applicable to
the group consisting of eight malignant salivary gland

tumors.

However, when tumors are judged histologically benign
the relation to radiation is not statistically significant
(P > .05), although a trend toward more cases observed
than expected is present at doses more than 90rad
(Table 4).

Further regrouping of all cases called mixed tumor,
including the malignant case, was made. Here, again, no
statistically significant excess of cases related to A-bomb

DR AR AR 5 h, ABCCTL2HEM & £8 %
ERUITWA3Y, BERFHs LUVERFETL TV A,
Z OEER AR P HETE R A AR L 12 169rad TH B, B
HREE Brad # W MO REO I AR AFRETH T IBIE
BOFEREZ TN, HBERIAFELE Do/, Z
NoO2HNE, ISIEMEELMERIRER: EZ5h T3,
RILWBAZ -2 7RI ENORAERTSF, 2h
S5k LRLOBEHIZEY, EIFOMHRE L EH o2k,

T atie & OBATR. A 4 MEFE IR 226 )+ XTIz D
THOH SRR AT 2 MA 3 &, FRESE L oM &
bOTHELZ (P <.001) FFEAROLIS (F£4, E1).
Z O, EAEMERNRIENE 8 A 5 AL A BEIC b A &
na.

T8 AT REARAR AR IC & 0 BRI & FIMT S h 5 & 1013 R
PR RT 5(P >.05) 4%, QOrad bl Lo gt Tk,
BRI HFAREDLELBONSE L) HE D
TFELTWA(E4).

EMER2E0T, BEEBE s T3 2ERNZ | B
CELHTHZ. COBECL, BRCMRD 3 ERK
FERRAE A EAEN AR GBI A r o2z b 2R



TABLE 4 SALIVARY GLAND TUMORS, SUMMARY OF CASES

Fe 4 MEFRNRRES, SRE 0BT
Group T65 Dose #it (rad) Total
s NIC + 0 1-89 90-299 300+ £
Population ~ ACMEE 61,204 38,202 4,746 1,433 105,675
Person-years A—# 1,408,050 875,292 108,745 32,651 2,424,738
All Cases Observed #R%%# 10 7 2 3 22
e Expected Mi%$ 12.77 7.94 0.99 0.30 22.00 P <.001
O/E 0.78 0.88 2.02 10.00
Malignant Cases (¢} 3 2 1 2 8
TEAEER E 1.64 2.89 0.36 0.11 8.00 P <.001
O/E 0.65 0.69 2.78 18.18
Benign Cases 8} 7 5 1 1 14
BAERER E 8.13 5.05 0.62 0.20 14.00 P >.05
O/E 0.86 0.99 1.61 5.00
Mixed Tumors 0 7 6 1 1 15
A E 8.71 5.42 0.67 0.20 15.00 P >.05
0/E 0.80 11 1.49 5.00

exposure was found; yet the ratio of observed/expected
cases increases somewhat with higher exposure to
radiation.

Mean age at exposure of irradiated subjects with salivary
gland tumors does not differ among the dose groups.
It is 26 vears for 1-89 rad, 26.5 years for 90-299 rad, and
26 years for 300+rad. However, for all who received
1 or more rad ATB, the mean age ATB (26 years) is
somewhat less than salivary gland tumor subjects who
Indeed, when all
cases (definite and probable) are divided into groups by

received no exposure (32.4 vears).

age and T65 dose, and compared with the population at
risk (Table 5), the trend toward lower age with higher
dose is significant (P < .005).

b6 F, WG RO HATE B £ 00 1L 3R 3 AR AR I o0 BN o
BT 5AaMLTwn 3.

U T NS AE ) 0 Y R IR, BB R I T, 2
4w, T4 b5, 1~89rad TIi268, 90~299rad T
1226, 5 & &£ U300rad Ll L Cl326iTH 5. LA L, B
HREE 1 rad LI ES2 13 22 42 B o FUBRRE 2 4 i (268 )13,
FE R O NE T IRNEAE G O T ERE32. 4 E D L L (Sh
S, WE, SEM(BIMES L CIZIEWHE) % £
Bl L UTSMMAM(ES N HB|UBMBALD L EEL T
HALE, BRIGBCEIIIONTEBAEL & 3EMmiE
HETH 5 (P <.005).

TABLE 5 DEFINITE AND PROBABLE SALIVARY GLAND TUMORS & LIFE SPAN STUDY (LSS) POPULATION
BY AGE ATB AND T65 DOSE

% 5 B OWEE £ ONFITHETE 2 BT 4 5 1o R A (LSS ) B
[FHREE SR B & U T 6548 Rt 51
<25 Years 25-49 50+
T65 Dose

e Cases o LSS Ext. Cases LSS Ext, Cases , LSS Ext. a
(rad) TEfA Ein i SEF A TN A Hhkt v T

90 + 4 16.7 3149 3.0 2 8.3 2243 2.1 0 787 0.8
1-89 + 16.7 18214 17.2 4 16.7 13857 13.1 0 6221 5.9
NIC+0 4 16.7 28943 27.4 2 8.3 22717 21.5 4 16.7 9544 9.0
Total 12 50.0 50306 47.6 8 33.3 38817 36.7 4 16.7 16552 15.7




FIGURE 1 SALIVARY GLAND TUMORS - RELATIVE RISK BY DOSE

1 AR, R A Y fi b e
10 - 12.82
ALL CASES £ 7Efl %
5 I~ /
5 7/ _
mg 0 s, A . 77
S 10 7 2 3 CASES fim
E g
S®E 0 - 27.97
uJ B
* %
MALIGNANT CASES 143 /
5 L
7 .
1 rarrrss) / /
0 P | I i
NONE XPOSED 1-89 90- 299 300 +
E T DOSE #1 (RAD)
3 2 1 2 CASES fil%

In the group with malignant disease, the ages ATB for
three nonexposed cases are 50, 53, and 62 vears(mean 55)
compared with a mean of 32.4 in the combined nonexposed
group, but this is not significant (P > .05). Among benign
cases, mean ages ATB are: nonexposed 22.7 years,
exposed 26.7 years.

Latent Period. The mean interval, in years, hetween
the time of the A-bomb and diagnosis does not differ
between irradiated and nonirradiated groups for benign
and malignant salivary gland tumor (Table 6). Even when
the definite cases are divided into groups by interval in
years and radiation dose (Table 7), no clear relationship
is seen.

EMER MW AERBREIFO RBREFEBITIZ LT
n50, 53% & U62RE(FHSERE)ThH T, Thask#
PO Y EME2. 4 & B L T AERMEERYS
nzw(P>.05). REQCHTIE, FEBIEOTE M L,
FEHBRHITIR22. THE, WRHETIIE. THETHS.

FERAAM. B s & UM o ME IR B0 B R
o BMEE COTHMME) T, BB EJEWBH
EOMIZE R EW(EG ). BIFHEEM L ME(E)N L &
UigdtalicaBML Co(F£7), o2 2MFRIEED s L
T,

TABLE 6 SALIVARY GLAND TUMOR CASES, MEAN INTERVAL BETWEEN
EXPOSURE AND DIAGNOSIS

F 6 MEFRRE LG — WA 5 RBIT £ T O M
Group Radiation Dose Number Mean (Y ears)
i T AR il T

All Cases 1 or more rad 12 18.4 (range ¥iFH 14-24)
Endil NIC + O rad 10 15.8 (range 10-24)
Malignant Cases 1 or more rad 5 18.6
A NIC + O rad 3 15.0
Benign Cases 1 or more rad 7 18.3
B NIC + Orad 7 16.1




TABLE 7 INTERVAL FROM EXPOSURE TO DIAGNOSIS BY DOSE GROUP, DEFINITE CASES

#T OHEEGCHEGAEBLSBE TONMN, SR
T65 Dose <13 Years (4) 13-17 18+
P Total
(rad) Cases # % Cases ¥ % Cases # % &8t %
90+ 0 3 13.6 2 9.1 55 22.7
1-89 0 3 13.6 4 18.2 7 31.8
NIC +0 2 9.1 6 2.8 2 9.1 10 45.5
Total #f 2 9.1 12 54.5 8 36.4 22 100.0
TABLE 8 CASES BY 5-YEAR INTERVAL
# 8 5 #F HA [ B AE {7 #%
Interval Malignant Benign Total
Hm Et B &t
1956-60 4 3 7
1961-65 2 8 10
1966-70 2 3 5
Total 8 14 22
Period Prevalence. When definite cases are divided into HARIE RS, BWIMEEG 2 BWEREIZ & 5 T 5 EIMHE

S-year groups by year of diagnosis (Table 8), the greatest
number is seen to occur during 1961-65, 16-20 years
after the A-bomb. The two probable cases also occurred
during the same 5-year interval.

DISCUSSION

Salivary gland tumors have been reported to follow thera-
peutic radiation to the head and neck regions. *®*
Usually thymus gland enlargement in infancy and early
childhood, but also cervical adenopathy, scalp disease,
and other conditions, provided the reasons for X-irradiation
to these areas. From about 1950, evidence that thymus-
irradiated children developed neoplasms, especially thyroid
tumors, at an alarming rate discredited radiation therapy
for benign conditions. The large number so treated,
however, has left a legacy that is still under surveillance
in many centers.

Saenger et al °” reported two cancers of salivary gland
among 1644 persons irradiated in childhood. The air
doses were 450R*and 600 R, the intervals to diagnosis
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*It is recognized that air dose values, in roentgens (R), may differ from the absorbed dose of ionizing radiation (rad) depending on various

factors such as quality of radiation, size of field, depth of tissue under consideration, etc. For purposes of general comparison of our study
with other reports (as in Table 9). published air doses in R are used without conversion.
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were 11 years and 7 years, and the histologic findings
were adenocarcinoma of submaxillary gland and mucoepi-
dermoid carcinoma of parotid, respectively. Among 3777
nonirradiated sibling controls in the same study there
were no salivary gland tumors.

Hempelmann et al,*® in a continuing survey of thymus-
irradiated children, found a total of 4 salivary gland
tumors in 2878 treated cases and only 1 such neoplasm
in 5006 untreated siblings. These authors list these
growths under “malignant” but histologic types are not
otherwise revealed.

Hazen et al " found 2 mixed tumors of the salivary gland
among 971 persons who received X-ray treatments in
childhood, and none among 2746 untreated siblings.
These subjects received high air doses (900 R and 1200 R)
and tumors were found within 5 vears in one child
irradiated at age 6 and within 9 years in another treated
at age 10.

Janower and Miettinen ** found one salivary gland tumor
in 466 thymus irradiated children. They listed this among
benign nonthyroid neoplasms; two others were reported
but their study groups were not designated, so that the
prevalence in their nonirradiated subjects cannot be
estimated. Both these authors and Pifer et al,* who
did not further specify their “other” tumors, attribute their
lower incidence of thyroid (and other) neoplasms to more
precise positioning of the X-ay beam over the sternal
area for direct thymus gland irradiation. Thereby, they
feel thyroid and other head and neck tissues were outside
the primary field.

Table 9 summarizes the findings in various population
surveys. There is some similarity in all studies, including
the present one, with respect to simple prevalence as well
as cases per 10 % patient years when our cases with high
doses are compared.

While most surveys for radiation tumorigenesis have been
carried out in irradiated infants and children, one detailed
report describes the development of salivary gland
tumors in older children and young adults. Ju, a from
his clinical practice, found five instances in which radiation
treatment for a benign condition or occupational radiation
exposure was associated with subsequent serial develop-
ment of radiation dermatitis, skin cancer, and then salivary
gland tumor. Treatments with X-irradiation were multiple,
and estimated to be 200-300R each. Bilateral tumors
developed in one patient and probably a second also.
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TABLE 9 SALIVARY GLAND TUMORS IN IRRADIATED & CONTROL POPULATIONS

£ 9 WEBHERE X OEEER B S ME IR
Investigators T65 Dose Irradiated i Control  #HiF¥
fif % 4 it -
(rad) Population Cases Pt-Years Cases/106% Population Cases o Pt-Years Cases/106
gy ¥ BE-F AEE /100 wERE K BE-F IER /100
Present Series 43
All Cases ZEf 1+ 44,471 12 0.03 1,016,688 11.8 61,204 10 0.016 1,408,050 Tl
90+ 6,179 5 0.08 141,396 35.4
300+ 1,433 3 0.21 32,651 919
Malignant Cases [E{%f7) 1+ 44,471 5 0.01 1,016,688 4.9 61,204 3 0.005 1,408,050 2.1
90+ 6,179 3 0.05 141,396 21.2
300+ 1,433 2 0.14 32,6561 61.3
Saenger et al 25 <600 R in 73% 1,644 2 012 30,254  66.1 A 0 68,367
Hempelmann et al 26 200-600 R 2,878 4 0.14 47,313  84.5 5,006 1 002 76,488  13.1
Hazen et al 27 757 R (Mean ¥ ) 971 2 0.21 11,749 170 2,746 0 59,812 -
Janower & Miellinen 28 400 R in 78% 466 1 0.21 14,037 71.2 993 ? ? 28,101 ?

In two studies where five or more cases have been found,
mean intervals from the year of radiation exposure to
diagnosis of salivary gland tumor vary greatly from 33.2
years *? (range 24-42) to 17.2 years (range 10-24 years)
in the present series. In one of two cases of Hazen et al, =
tumor was diagnosed 5 years after exposure to 900 R.
However, the cases of Ju ** may not he strictly comparable
since his subjects received multiple, heavy, local exposures
while A-bomb survivors had single, whole body irradiation.
Indeed, virtually all subjects reported by others received
multiple exposures.

It might be expected that exposure to high dose radiation
might alter the latent period for the development of these
tumors. However, there does not seem to be a clear trend
of shortened latency with high dose among A-bomb

survivors. More study is needed on this aspect.

A number of studies, especially in irradiated children,
have failed to report any salivary tumors at all.
Conti et al,®' who also found no thyroid neoplasms in
1564 irradiated patients, accounted for this by their use
of a small treatment field. Other studies comprising
thymus-irradiated 3233 and thyroid-irradiated ** subjects
reported no salivary tumors or nonthyroid cancer was not
mentioned. Among their seven nonthyroid cancers,
Hanford et al *° describe only two sites -
pharynx and larynx. It is of interest that, while these
authors observed a number of thyroid cancers that greatly
exceeded expectations, these were found in patients

one each in

treated for tuberculous adenitis and not in the thyvmus or
thyroid irradiated group. Their numbers were very small,
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however, and thymus, adenitis, and hyperthyroid groups
totaled only 458 persons.

Doll and co-workers found no salivary gland tumors in
their therapeutically irradiated subjects with ankylosing
spondylitis.* In these, the head and neck areas are
considered distant from the irradiated sites by these
investigators.

The large numbers of persons under surveillance by
ABCC for such a long period provides a unique population
In our series of
definite cases there were no deaths attributed to this
disease through 1970. Incidence rates are not readily
available for all Japan, but are less than 1 per 100,000

for Miyvagi and Okayama Prefectures compared to 1 or
36

to study cancers of low frequency.

more per 100,000 in various locals in western countries. °

The present study indicates that the risk for any tumor of
the salivary gland among A-bomb survivors is greater for
higher exposure doses compared with those not irradiated.
This risk seems especially elevated for histologically
malignant types: While the relative risks derived from
our data are of the order of 5-fold at 90+ rad and even
greater at 300+ rad we hesitate to embrace these figures
without qualification, since there are only three cases in

the highest dose group.

Still, despite a small number of cases, the conclusion that
A-bomb exposure in high dose resulted in salivary gland
cancer many vears later seems inescapable. This repre-
sents a new finding in the search by ABCC for late
effects of the bombs.

These conclusions are not seriously altered even if the two
probable cases are included in analysis of all tumors. The
resulting ratio for observed/expected in the 90-299 rad
group becomes 2.6, and for the 300+rad group this
ratio becomes 8.8.

Considering those reports which give precise histologic
#5.26.29 and the cases listed in Table 2,

there appears to he no association between age at irradi-

descriptions,
ation and specific cell type. While the mean dose for
malignant cases in irradiated A-bomb subjects was
somewhat higher than for benign tumors no firm conclu-
sions can be drawn from these few cases concerning
possible different tumorigenic effects of high vs low dose

radiation. Indeed, Hempelmann et al *® found no corre-
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lation between magnitude of the thyroid dose and whether
the thyroid tumor was malignant or benign.

Our data regarding age at exposure suggests that the
vounger age group is somewhat more susceptible to
radiation-induced salivary gland tumors. Since these
growths are rare in childhood, exposure to therapeutic
or A-homb radiation seems to have placed at risk persons
at an earlier age than nonirradiated persons, particularly
for malignant change. However, earlier age at exposure
appears to have no discernible biologic effect on accele-
ration of tumor growth since the latent periods are not
clearly related to age at exposure or dose.

The salivary gland in growing children may be more
susceptible to small, as well as high, doses of radiation as
has been postulated for thyroid tumorigenesis in humans. **
Further observations may reveal different cellular responses
to various dose intensities particularly during the period
of growth stimulation. The number of cases in our series,
while larger than previously reported, are still too small to
yield firm conclusions about this point. Further study on
possible low dose effects are pertinent to current discus-
sions regarding radiation protection standards.

Further follow-up is required to determine whether
the decrease in cases during 1966-70 compared with
the prior 5-vear period truly represents a decrease in
morhidity.

It must be recalled that A-bomb radiation was a total body
impact and presumably most, if not all, tissues were
The possible
roles of suppression of normal immunologic antitumor

affected to some extent in exposed persons.

mechanisms as well as infection and malnutrition in
altering host susceptibility to neoplasia in the post-A-bomb
period cannot be evaluated from these studies.
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