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SUMMARY

A search for all possible cases of head and neck
cancer (lip, nose and nasal cavity, accessory
sinuses, larynx, and the oral cavity and pharynx
with their subdivisions) occurring during the
period 1957-76 among a fixed cohort of A-bomb
survivors (Life Span Study extended sample) was
conducted utilizing multiple sources in both
Hiroshima and Nagasaki; 232 possible cases were
identified (total cases), of which 154 (66.4%)
were histologically confirmed (definite cases).
Among definite cases, cancer of the epiglottis
and larynx predominated (31.2%), followed by
accessory sinus (24.7%), and tongue (18.8%).
Of the 154 definite cases 141 (91.6%) were
squamous cell carcinomas. Only two sarcomas
were identified, neither of which were attributed
to radiation exposure. Analysis of both total and
definite cases, by both total group and major
anatomic site, failed to reveal definite evidence
of a relationship to radiation exposure. Although
among definite cases a suggestive relationship to
radiation dose was found for accessory sinus
cancers (P=.06), inconsistencies in the data do
not permit the conclusion that the incidence of
tumors in this group is increased as a result of
A-bomb radiation exposure. Prior reports on the
possible relationship of radiation exposure to the
later development of malignant head and neck
tumors are briefly reviewed.
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INTRODUCTION

Long-term follow-up of the exposed survivors of
the A-bombs of Hiroshima and Nagasaki has
provided a major share of the knowledge con-
cerning the radiation induction of cancer in man.
Radiation relationships have been investigated
for several types of neoplasms, and strong
statistical correlations with dose for leukemia,'™®
Iymphoma,”!° thyroid cancer,'"'? lung
cancer,lg'_15 and female breast cancer!®™® are
established. There is suggestive evidence of a
radiation relationship for salivary  gland
tumors.'>?°  In heavily exposed children under
10 years of age at the time of the A-bombs
(ATB), an increased risk of cancer at various
sites also has been reported.?!

The present study investigated the possibility of
a radiation relationship for head and neck cancer
among A-bomb survivors. Sites surveyed were
the lip, nose and nasal cavity, accessory sinuses,
larynx, and the oral cavity and pharynx with
their subdivisions. Tumors of the thyroid and
salivary glands have been studied separate-
ly,u,u,w,zo and were not included in  the
present analysis.

MATERIALS AND METHODS

Population

The RERF Life Span Study (LSS) extended
sample22 is the population under long-term
surveillance for delayed effects of the A-bombs.
The original sample numbered approximately
109,000 persons from both Hiroshima and
Nagasaki, and is composed of individuals who
received various radiation doses as well as their
age and sex matched controls.

Source of Tumor Information

Tumor information was obtained from several
sources, which are listed in Table 1. By special
arrangement with the Ministry of Health and
Welfare of Japan, RERF receives death certifi-
cates for all deaths in the LSS extended sample.
In both Hiroshima and Nagasaki a broad search
was conducted for all possible cases of head and
neck tumors. The records of the University
Hospital, Hiroshima University School of
Medicine, as well as the Kinen, Citizen’s, and
Toyo Kogyo Hospital of Hiroshima, were
reviewed. The Tumor and Tissue Registries of
both cities were also searched, as well as the
RERF surgical pathology and autopsy files for
the periods indicated.

%
IRE - B O FEBENRE DT 5 B 058 B8 7
ErOBOBBBMBER BT 3B Izo0nThE S
Wzl Twa. Bor0fEOHEmIZowT
AR & OBEATRE & A, QIR 108 ) o8, 6
HRR R, TR M, 1 B O M LA 1 L st
DI EMEMAER s AT w3, £, EH
RIS & B4R e OB 2 R T AR L 5 5,102
AR RE 108 K i T s it 1o s BB L 2 801212, Wi
el ECOPETHMLT 32 L bEEsH
T3, 2

il

AR TIERERE 25 508 - B0 & g
EORMFEREL 2. WEMREM L, B, AR
SN, BOSMEE, WEOR, DR UMHIEE 7 OMET
B o 7o PRI B OME IR L R c B L T h
B0T,MBEN SAOBITIZEED Lo 2.

AENMBRRUAE

i F 151

BGEH O) 95 d B F (LSS ) A AT BB %, B
BREMBCMT IEMHEOMRERTHS. Y
WO K B DR Kb - Sl 2 #7109,000 A A 5 6
D, fll 4 OB OBRE L ERE S B e
TXBEE L SR ENT V5.

T 3 R

ERERIEE L IBT 2 o208 » 6 AF L
oo BUBRHIEEEORN SO G5 vz L0, B
LA LR POFECHIZ > W TIEC Bl 84 + < T
AFLTOE. RS - BWETORE - 3480 2%
Eh3&ERIIO>VWTIEREMELT -~ T 4b
LIREG O amiE, HRmER, JUETEmEkEL U
VT R IR SR R W B 0 Bk A AT L 2L U
TE G+ BeWlf il i o0 WE905 5 6k B ML B 4 % 7 L,
BRI R D BORE T SR DT R B A T OB R LA o) B 63
LEAEL .



RERF TR 6-80

TABLE 1 SOURCE OF TUMOR INFORMATION
#1 WO RHE

Number of Cases

Source
Hiroshima Nagasaki
Tumor Registry (1957-76)* 156 54
Department of Otorhinolaryngology, University Hospital (1957-76) 54 —
Tissue Registry (1973-76) 40 -
Death Certificate (1957-76) 127 40
Citizen’s, Kinen, and Toyo Kogyo Hospitals 25 -
Total** 178 54

Cities combined

232

*Includes all material from RERF surgical pathology and autopsy files. In Nagasaki, the Tumor
Registry includes material from the Tissue Registry (1974-75), and cases from the records of the

University Hospital, Nagasaki University School of Medicine.

BB O S BRI A R OB MR O 2 A &0, B0, S AL E S (1974—T75) @ Y R

RO B K EELSHBHEORGL & .
**Most cases were listed in more than one source.
BEAEDEMBZ L EoRER-EBEhTV S,

Certainty of Diagnosis

Case material was assigned to one of three
diagnostic certainty categories based on histol-
ogical verification as follows:

1. Possible — death certificate information or
other nonhistologically confirmed report
of head and neck tumor.

2. Probable — histological confirmation of
tumor outside of RERF, but not by either
Tissue Registry, or university hospital
pathologist.

3. Definite — histological confirmation at
RERF, by a university pathologist, or
either Tissue Registry.

Dosimetry

The RERF dosimetry system rests on work
performed at both the Oak Ridge National
Labomtory23 and the National Institute of
Radiological Sciences of Japan.**  Exposed
persons in the LSS extended sample have been
assigned an air dose estimate in rad, designated
T65D. Separate gamma and neutron doses have
been calculated, but the total dose, as used in
this report, is the simple sum of the two. Four
dose categories have been used to facilitate
analysis of radiation effect: those not in city
(NIC) ATB, 0 rad, 1-99 rad, and 100+ rad.

MO ERE
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Statistical Analysis
Significance testing was performed using the
chi-square statistic, calculated as follows:

RESULTS

The number of cases accrued by source is shown
in Table 1. A total of 232 cases were found, 178
from Hiroshima and 54 from Nagasaki. Since
some cases were listed in more than one source,
the total number of cases accrued was less than
the sum of the cases from each source.

The distribution of cases by sex, city, and
diagnostic certainty category is shown in Table 2.
Definite cases numbered 154 (66.4%), with 109
from Hiroshima and 45 from Nagasaki (Appendix
1). Probable cases numbered 22 and accounted
for only 9.5%, with 21 from Hiroshima and 1
from Nagasaki. Possible cases numbered 56
(24.1%), with 48 from Hiroshima and 8§ from
Nagasaki.

Total cases by site, sex, and city are presented in
Table 3. Classification by site was based on the
Systematized Nomenclature of Pathology
(SNOP), College of American Pathologists, 1965,
Epiglottis and larynx was the most frequent site
(74 cases, 31.9%), followed by accessory sinus
(59 cases, 25.4%), and tongue (44 cases, 19.0%).
Although the LSS extended sample contains a
greater number of females (63,263) than males
(45,497), a female:male ratio of 1.0:0.7, males
accounted for 135 and females 97 of the total
232 cases, (F:M=1.0:1.4). These trends reflect
the greater incidence of cancer of these sites,
considered as a group, in males than females.?®
Cancer of the nasopharynx was relatively in-
frequent, accounting for only 6 (2.6%) of the
total 232 cases. This is consistent with the fact
that the incidence of nasopharynx cancer in
Japanese is essentially the same as in the U.S.
Caucasian population and does not occur with
the high frequency seen in other Orientals,
notably ethnic Chinese.?

The frequency of major sites by sex and city for
definite cases is shown in Table 4. Essentially
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TABLE 2 CERTAINTY OF DIAGNOSIS BY CITY AND SEX

2 BB, R0 BRHEEE

Diagnostic Hiroshima Nagasaki Cities Combined

Certainty

Category Total Male Female Total Male Female Total Male Female

Definite No. 109 67 42 45 25 20 154 92 62
% 61.2 83.3 664 68.2 63.9

Probable No. 21 12 9 1 1 - 22 13 9
% 11.8 1.9 9.5 96 9.3

Possible No. 48 25 23 8 5 3 56 30 . 26
% 27.0 14.8 241 222 268

Total No. 178 104 74 54 31 23 232 135 97
% 100.0 100.0 100.0 100.0 100.0

Definite: Histologically confirmed at RERF, by a university pathologist, or either Tissue
Registry.

FiE % BOERE, KRFEORMEH, &L CEMEBESC L0EABEMCHLE AL D,

Probable: Histological confirmation of tumor outside of RERF, but not by either Tissue
Registry, or university hospital pathologist.

133 HE 9 BORRFLIS (72220, MBS B REMREOMRBECLZLOTIE L V) THESEMIZER
&2 flas.

Possible: Death certificate information or other nonhistologically confirmed report of head
and neck ncoplasm.

THEIT - FHOMMIIMT 3BT, TCBIFETE 2 3 HEAGEHNTEEL 2 DD F iz

& o THERR & h 7= i,

the same order of frequency of occurrence by
site was found as for total cases (Table 3), with
the most frequent site being epiglottis and
larynx (48 cases, 31.2%), followed by accessory
sinus (38 cases, 24.7%), and tongue (29 cases,
18.8%). Among females, the most frequently
occurring site was accessory sinus (37.1%) where-
as among males, cancer of the epiglottis and
larynx predominated (43.5%). In Hiroshima,
tongue cancer comprised 22.9% of the total,
whereas the figure in Nagasaki was 8.9%. This
difference, however, was not statistically signifi-
cant (P > .30). The female:male ratio among
definite cases was 1.0:1.5.

Histology according to site of origin for all
definite cases is shown in Table 5. Histological
classification was made according to SNOP. Of
the total 154 cases 141 (91.6%) were squamous
carcinomas. Only two sarcomas were identified,
both occurring in an accessory sinus. One, a
fibrosarcoma, occurred in a Hiroshima female
who was not in the city ATB. The other, an
unclassified sarcoma, occurred in a Nagasaki
female whose T65 dose was 5 rad., Histology
according to city, sex, and dose for definite cases
is shown in Table 6. No significant effect on the
distribution of histological types was found for
any of these parameters.

DENLHIFELIHRENAFFE & [ CNARE AR s hor (% 3).
Tabb, BREFEOR DBV ITBRESE O
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T b FEEHRE OB G ST I R B EE (37.1%) T & v,
AEETIIGEEELR CREESORERFRE LS, -
7= (43.5%). BB TEERITEED2.9%% 5y,
BIBCIE8.9%% . LALooX i
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TABLE 3 FREQUENCY OF MAJOR SITES BY CITY AND SEX, TOTAL CASES
#£3OWWH, R0 EBEA O HEE (LER)

Hiroshima Nagasaki Cities Combined Sexes Combined
SNOP . — : Total
Site Male Female Hiroshima Nagasaki
CODE Male Female Male Female
No. % No. % No. % No. % No. %
21 Nose 5 2 - 2 5 3.7 4 4.1 7 4.0 2 3.7 9 3.9
22 Accessory sinus 18 23 F 11 25 18.5 34 35.0 41 23.0 18 333 59 254
23 Nasopharynx 3 1 1 1 4 3.0 2 2.1 4 22 2 3.7 6 2.6
24 Epiglottis & Larynx 44 13 15 2 59 43.7 15 15.5 57 32:1 17 315 74 31.9
51 Mouth 6 5 - 2 6 4.4 7 7.2 11 6.2 2 37 13 5.6
52 Lip 1 1 1 1 2 1.5 2 21 2 1.1 2 3.7 - 1.7
53 Tongue 16 23 3 2 19 14.1 25 258 39 219 5 9.3 44 19.0
54 Gum 5 5 2 2 7 52 7 1.2 10 5.6 4 7.4 14 6.0
60 Pharynx 1 2 = 3 22 1 1.0 2 1.1 2 349 4 1.7
61 Tonsil 5 — - - 5 3.7 - - 5 2.8 - - 5 2.2
Total 104 74 31 23 135  100.0 97 100.0 178 100.0 54 100.0 232 100.0

08-9 YL 4ddd



TABLE 4 FREQUENCY OF MAJOR SITES BY CITY AND SEX, DEFINITE CASES
#4 Wi, tER o X BN 0 FEE (TR

Hiroshima Nagasaki Cities Combined Sexes Combined
SNOP Total
D Site Male Female Hiroshima Nagasaki
CODE Male Female Male Female
No. % No. % No. % No. % No. %
21 Nose 3 1 - 1 3 33 2 3.2 4 3.7 1 2.2, 5 32
22 Accessory sinus 10 13 5 10 15 16.3 23 37.1 23 21.1 15 333 38 24.7
23 Nasopharynx 3 - 1 1 4 43 1 L6 3 2.8 2 45 5 1.2
24 Epiglottis & Larynx 27 6 13 2 40 435 8 12.9 33 30.3 15 33.3 48 31.2
51 Mouth 5 4 - 2 S 54 6 9.7 9 8.2 2 4.5 11 71
52 Lip — — - 1 - - 1 1.6 - - 1 22 1 0.7
53 Tongue 11 14 3 1 14 15.2 15 24.2 25 229 4 8.9 29 18.8
54 Gum 4 4 1 2 5 54 6 9.7 8 7:3 3 6.6 11 7.1
60 Pharynx 1 — 2 - 3 33 - - 1 0.9 2 45 3 2.0
61 Tonsil 3 - - - 3 33 - - 3 2.8 - - 3 2.0
Total 67 42 25 20 92 100.0 62 100.0 109 100.0 45 100.0 154 100.0

08-9 4L 49dd



TABLE 5 DEFINITE CASES BY HISTOLOGICAL TYPE AND SITE
#5  HARE R UNEAL B 0 2 WA S 4

SNOP CODE
SNOP . .
CODE Histological Type Total 21 22 23 24 51 52 53 54 60 61
Accessory Epiglottis ; :
Nose S it Nasopharynx Lariiie Mouth Lip Tongue Gum Pharynx Tonsil
8023 Undifferentiated carcinoma 1 - - 1 = = e = = o= _
8073 Squamous cell carcinoma 141 4 34 3 48 9 ik 26 10 3 3
8143 Adenocarcinoma = = = = 1 = — — — _
8203 Adenoid cystic carcinoma 1 2 - - - - 2 1 - -
8433 Mucoepidermoid carcinoma = = = _ 1 _ _ _ _ _

8803 Sarcoma

8823 Fibrosarcoma

9373 Granular cell myoblastoma, malignant
Total 154 5 38 5 48 11 1 29 11 3 3

1
6
1 -
8723 Malignant melanoma 1 - - 1 - — = - = . e
1
1
1

08-9 ML 49HY
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TABLE 6 DEFINITE CASES BY HISTOLOGICAL TYPE, CITY, SEX, AND EXPOSURE GROUP
# 6 HRREY, W, MR OVHCRR B 2 A 2

Exposure Group, Cities Combined

SNOP . ‘ Hiroshima Nagasaki T65 Dose in rad
CODE Histological Type
Male Female Male Female NIC 0 199 100+ Unk Total

8023 Undifferentiated carcinoma ws = 1 = - - 1 _ _
8073 Squamous cell carcinoma 64 38 23 16 33 40 60 5 3 141
8143 Adenocarcinoma - - = A = - 1
8203 Adenoid cystic carcinoma 1 2 1 2 - 1 3 1 1 6
8433 Mucoepidermoid carcinoma - - 2 1 = I = = - 1
8723 Malignant melanoma 1 - = = I - - 1
8803 Sarcoma = = = 1 - -1 — — 1
8823 Fibrosarcoma = 1 — = I o = — - i
9373 Granular cell myoblastoma, malignant 1 - - = 1 = e I

Total 67 42 25 20 36 43 65 6 4 154

A comparison of clinical and histological
diagnoses for definite cases is shown in Table 7.
“Clinical” diagnoses included all diagnoses not
made histologically, such as those recorded on
death certificates and seme Tumor Registry
diagnoses. In general there was a good cor-
relation, although in eight cases (5.2%),
histological examination resulted in a revision of
the clinical diagnosis. Another eight cases
(5.2%) were found only through histological
examination.

Occurrence of cancer by site and radiation dose,
cities and sexes combined, for total and definite
cases is shown in Table 8, No definite radiation
relationship was seen for any site in either the
total or definite case group. The analysis of the
distribution of observed to expected cases of
cancer from the three most common sites
(accessory sinus, epiglottis and larynx, and
tongue) is shown in Table 9 for total cases, and
Table 10 for definite cases. A relative risk of 1.0
was assigned to the group with a T65 dose of
0 rad. Although no definite evidence of a
radiation relationship was observed, a suggestive
relationship was found for accessory sinus cancer
in the definite case group (x*=7.44, P=.06).
Accessory sinus was the only site for which the
relative risk in the 100+ rad group was above 1.0,
The number of cases, however, is quite small;
only two cases of accessory sinus cancer were
observed in the 100+ rad group in the definite
case category. In addition, in the 0 rad group
only 5 cases were observed, while 10.0 or 11.5
were expected.

A5 W HE S 17 00 BE ER A B T & BRI HT & o HeEs %
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(5.2%) iz & v TIREAEF TR E O 15 S 88 R 2 i o
ATEMTThbhdZ iz o7, BIZ8MHI(5.2%) »
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TABLE 7 COMPARISON BETWEEN CLINICAL DIAGNOSIS AND HISTOLOGICAL DIAGNOSIS, DEFINITE CASES
# T BRI & MRS o i (RBWTHESEMH)

SNOP Code & Histological Diagnosis

SNOP

Clinical Diagnosis Total 21 22 23 24 51 52 53 54 60 61
CODE Accessory Epiglottis .
Nose S Nasopharynx F arssts Mouth Lip Tongue Gum Pharynx Tonsil
21 Nose 4 3 1 — — = = s = - _
22 Accessory sinus 37 1 34 1 - = - = 1 - —
23 Nasopharynx 4 - - 4 - == — — — — _
24 Epiglottis & Larynx 47 — - = 46 = i — 1 _ _
51 Mouth 12 1 - - = 10 = - — 1 _
52 Lip 1 - - — — = 1 — = - -
53 Tongue 26 - - - — - = 26 = - -
54 Gum 9 — - - - — - = 9 < _
60 Pharynx 3 = = — — - = 1 = 2 _
61 Tonsil 3 — - - - = w = - — 3
No clinical diagnosis 8 - 3 - 2 1 - 2 - -

W

Total 154 5 38 5 48 11 1 29 11 "3
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TABLE 8 TOTAL AND DEFINITE CASES BY SITE AND RADIATION DOSE, SEXES AND CITIES COMBINED

%8 ErHl, MO O &G R CBIREEM (B4 - milia)
Total Cases Definite Cases
f%gl; Site T65 Dose in rad T65 Dose in rad
Total Total
NIC 0 199 100+ Unk. NIC 0 199 100+ Unk.
21 Nose 9 - 3 5 - 1 5 - 2 3 - -
22 Accessory sinus 59 12 12 29 3 3 38 8 5 20 2 3
23 Nasopharynx 6 2 2 2 - - 5 2. 1 2 - -
24 Epiglottis & Larynx 74 15 25 29 4 1 48 9 16 20 2 1
51 Mouth 13 7 4 2 = - 11 6 4 1 - -
52 Lip 4 2 1 £ — 1 = T | o i
53 Tongue 44 12 13 18 1 - 29 10 8 10 1 -
54 Gum 14 5 8 - - 11 - 5 6 — -
60 Pharynx 4 1 2 - 1 - 3 1 1 - 1 -
61 Tonsil 5 1 2 2 - - 3 - 1 2 - -
Total 232 53 69 96 9 5 154 36 43 65 6 4
TABLE 9 STATISTICAL ANALYSIS OF CANCER OF THE ACCESSORY SINUS,
EPIGLOTTIS AND LARYNX, AND TONGUE, SEXES AND CITIES COMBINED, TOTAL CASES
# 9 EAEM ORI SIS, WETEE B OWREESES, T OB RN (B4 - WA
T65 Dose in rad
gNdOP Site Total
ode NIC 0 199 100+  Unk.
All sites combined 232 53 69 96 9 5
22 Accessory Sinus
Observed 59 12 12 29 3 3
Expected (total)* (56.0) 13.1 17.0 23.7 2.2 -
Expected (LSS sample)** (56.0) 13.7 183 20.8 3.2 -
Rate/10° (LSS) person-years 2.4 20 1.5 3.2 2:2 56
Relative risk - 1.3 1.0 2.1 1.4 3.7
Test to Total x> =4.030 P>.20 NS
Test to LSS x*=5634 P>.10 NS
24 Epiglottis & Larynx
Observed 74 15 25 29 4 1
Expected (total)* (73.0)  17.0 222 30.9 2.9 =
Expected (LSS sample)** (73.00) 17.8 23.9 271 4.2 -
Rate/10° (LSS) person-years 3.0 26 3.2 32 2.9 1.9
Relative risk - 08 1.0 1.0 0.9 0.6
Test to Total x*=1.676 P>.50 NS
Test to LSS x*= .629 P> .80 NS
53 Tongue
Observed 44 12 13 18 1 —
Expected (total)* (44.0) 103 134 18.6 1.7 -
Expected (LSS sample)** (44.0) 10.7 14.4 16.4 2.5 -
Rate/10° (LSS) person-years 1.8 20 1.7 2.0 0.7 -
Relative risk — 1.2 1.0 1:2 04 -
Test to Total x*= 792 P>.80 NS
Test to LSS x*=1.385 P>.70 NS

*Total: All sites combined, total cases (232)

Gak: AL AR, SREM(232)

**LSS sample: LSS person-years (2,406, 609) # @MWttt RaE: LSS A (2,406,609 )
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TABLE 10 STATISTICAL ANALYSIS OF CANCER OF THE ACCESSORY SINUS,

EPIGLOTTIS AND LARYNX, AND TONGUE, SEXES AND CITIES COMBINED, DEFINITE CASES

F10  FEWTHE SO o B SR e, WREEE R O S, HH O E AR (B & - Wi &E)
T65 Dose in rad
SCNg: Site Total
o NIC 0 1-99 100+  Unk.
All sites combined 154 36 43 65 6 4
22 Accessory sinus
Observed 38 8 5 20 2 3
Expected (total)* (35.0) 8.4 10.0 15.2 14 -
Expected (LSS sample)** (35.0) 8.5 11:5 13.0 2.0 -
Rate/10°% (LSS) person-years 15 14 06 2.2 1.4 55
Relative risk - 21 1.0 3.5 2.3 8.8
Test to Total x*=566 P>.10 NS
Test to LSS x’=744 P=.06 Sug
24 Epiglottis & Larynx
Observed 48 9 16 20 2 1
Expected (total)* (47.0) 11.3 135 20.3 1.9 -
Expected (LSS sample)™** (47.00 114 154 175 2.7 -
Rate/10° (LSS) person-years 2.0 1.5 2.0 22 1.4 1.9
Relative risk - 0.8 1.0 1:1 0.7 0.9
Test to Total x*=1.382 P>.70 NS
Test to LSS x*=1.105 P>.70 NS
53 Tongue
Observed 29 10 8 10 1 -
Expected (total)* (29.0) 7.0 8.3 12.6 1.1 -
Expected (LSS sample)*#* (29.0) 7.1 9.5 10.8 1.6 -
Rate/10° (LSS) person-years 12 157 4.0 11 0.7 -
Relative risk - 1.7 1.0 1.1 0.7 -
Test to Total x*=2.338 P>.50 NS
Test to LSS x}=1.776 P> .62 NS
*Total: All sites combined, definite cases (154) & it: &80 &at, SR FEIH (154)
**¥L.SS sample: LSS person-years (2,406,609) # i @755t %8 : LSS A (2,406,609 )
TABLE 11 TOTAL CASES BY RADIATION DOSE, CITY, AND SEX
Fll Mehtindt, #B, M908
T65 Dose in rad
Total X2 Test
NIC 0 1-99 100+ Unk.
Hiroshima
Male 104 22 40 40 1 1
Expected (103.0) 25.4 37.9 354 4.3 P> .30
Rate/10° PY  14.2 12.4 15.1 16.2 3.3 7.7 NS
Relative Risk - 0.8 1.0 1.1 0.2 0.5
Female 74 20 19 28 5 2
Expected (72.0) 17.2 273 24.6 29
Rate/10° PY 6.7 79 4.6 7.5 11.6 10.6 P> .10
Relative Risk - 1:7 1.0 1.6 2.5 2.3 NS
Total 178 42 59 68 6 3
Expected (175.0) 42.3 65.6 60.0 7l
Rate/10° PY 9.7 9.6 8.7 11.0 8.2 9.5 P> .50
Relative Risk - 1:1 1.0 123 0.9 1.1 NS
——
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TABLE 11 (Continued) #i %
T65 Dose in rad
Total x* Test
NIC 0 1-99 100+ Unk.
Nagasaki
Male 31 8 5 15 2 1
Expected (30.0) 7.8 5.7 13.1 34
Rate,’lOs PY 11.7 122 10.3 13.6 6.9 9.1 P> .80
Relative Risk - 1.2 1.0 1.3 0.7 0.9 NS
Female 23 3 -] 13 1 1
Expected (22.00 5.3 3.9 10.5 2.3
Rate/10° PY 6.5 3.6 8.2 8.0 28 9.2 P> .30
. Relative Risk - 0.4 1.0 1.0 0.3 1.1 NS
Total 54 11 10 28 3 2
Expected (52.0) 13.0 9.5 23.8 5.7
Rate,’lO5 PY 8.7 7.4 9.2 10.2 4.6 9.1 P> .50
Relative Risk - 0.8 1.0 1.1 0.5 1.0 NS
Cities Combined
Male 135 30 45 55 3 2
Expected (133.0) 33.2 428 48.9 8.1
Rate/10° PY 137 12.5 14.5 15.5 5.1 8.4 P> .20
Relative Risk - 0.9 1.0 1.4 0.4 0.6 NS
Female 97 23 24 41 6 3
Expected (94.0) 22.5 31.1 352 52
Rate/10° PY 6.7 6.8 5.1 77 7.6 10.2 P> .30
Relative Risk - 13 1.0 1.5 1.5 2.0 NS
Total 232 53 69 96 9 5
Expected (227.0) 55.3 74.3 84.3 13.1
Rate/10° PY 9.5 9.1 8.8 10.8 6.5 94  P>.30
Relative Risk - 1.0 1.0 1.2 0.7 1.1 NS
TABLE 12 DEFINITE CASES BY RADIATION DOSE, CITY, AND SEX
#12 MATEEL, #WH, 5o 2k I
T65 Dose in rad
Total x* Test
NIC 0 199 100+ Unk.
Hiroshima
Male 67 18 22 26 0 1
Expected (66.0) 16.3 24.3 22.7 2.7
Rate/10° PY 9.2 10.2 8.3 10.5 — 7.7 P> .30
Relative Risk - 1.2 1.0 1.3 - 0.9 NS
Female 42 11 11 15 4 1
Expected (41.00 9.8 15.6 14.0 1.6
Rate/10° PY 38 3.5 3.1 4.0 9.3 5.3 P> .10
Relative Risk - 1.1 1.0 1.3 3.0 1:7 NS
Total 109 29 33 41 4 2
Expected (107.0) 259 40.1 36.7 4.3
Rate/10° PY 5.9 6.2 5.2 6.6 5.5 6.3 P> .50
Relative Risk - 1.2 1.0 1,3 1.1 1.2 NS
—
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TABLE 12 (Continued) #i
T65 Dose in rad
Total x* Test
NIC 0 1-99 100+ Unk.
Nagasaki
Male 25 5 5 13 1 1
Expected (24.0) 6.2 4.6 10.5 2.7
Rate/10° PY 9.5 7.6 10.3 11.8 34 g:, P> .50
Relative Risk - 0.7 1.0 151 0.3 0.9 NS
Female 20 2 5 11 1 1
Expected (19.0) 4.6 34 9.0 2.0
Rate/10° PY 5.7 24 8.2 6.8 2.8 9.2 P> .30
Relative Risk - 0.3 1.0 0.8 0.3 11 NS
Total 45 ) 10 24 2 2
Expected (43.0) 10.7 7.9 19.7 4.7
Rate/10° PY 7.3 4.7 9.2 8.4 31 9.1 P> .20
Relative Risk - 0.5 1.0 0.9 0.3 1.0 NS
Cities Combined
Male 92 23 27 39 1 2
Expected (90.0) 224 29.0 33.1 5.5
Rate/10° PY 9.3 9.6 8.7 11.0 1.7 8.4 P10
Relative Risk - 14 1.0 1.3 0.2 1.0 NS
Female 62 13 16 26 5 2
Expected (60.0) 14.4 19.9 224 3.3 P> .50
Rate/10° PY 4.3 3.8 34 49 6.3 6.8 NS
Relative Risk - 1.1 1.0 1.4 1.9 2.0
Total 154 36 43 65 6 4
Expected (150.0) 36.6 49.1 55.7 8.6
Rate/10° PY 6.3 6.2 5.5 T3 4.4 7.5 P> .30
Relative Risk - 1.1 1.0 1.3 0.8 1.4 NS

Analysis of cases according to sex, city, and dose
is shown in Table 11 for total cases, and Table 12
for definite cases. Cases with a T65D of 0 rad
were assigned a relative risk of 1.0, and incidence
expressed as rate per 10° persons per year. No
significant increase in relative risk for combined
cancer sites was found when cases were grouped
according to sex or city for either the total or
definite case category.

DISCUSSION

The results of the present study provided no
definite evidence of an increase in the incidence
of cancer as a result of A-bomb radiation
exposure for any of the head and neck sites
surveyed (lip, nose and nasal cavity, accessory
sinuses, larynx, and the oral cavity and pharynx
with their subdivisions), considered either as a
group or by individual site. Although a suggestive
(P=.06) relationship to radiation dose was noted
for histologically confirmed accessory  sinus
cancers, the paucity of observed cases in the
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0 rad group (5 observed vs 10.0 or 11.5 expected),
the lack of increased relative risk with increased
radiation dose, and the small number of cases in
the 100+ rad group (2 observed vs 1.4 or 2.0
expected) render the data deficient and require
that interpretation be made with caution. The
reasons for the small number of cases observed in
the O rad group are not clear. Generally the ratio
of observed to expected cases was much closer to

1.0 for the other 0 rad groups (Tables 11 and 12)
when analyzed by city and sex. In many of the
groups, the number of cases were much larger,
and it is recognized that with smaller numbers,
the chance of introduction of error increases.
The present results do not appear to justify the
assumption that the incidence of sinus cancer is
increased as a result of A-bomb irradiation, and
further observation will be required for clarifica-
tion in this group of tumors.

An association, however, between various types
of radiation exposure and the subsequent
development of neoplasms of the sites surveyed
in this study has been reported by several
investigators, Wynder et al,>” in a retrospective
survey of mouth, pharynx, and larynx cancer,
reported an association between the occurrence
of a second neoplasm following irradiation for a
first neoplasm, particularly in male ex-smokers
with a greater than 4-year lapse between diagnosis
of the first neoplasm and appearance of the
second. Court Brown and Doll,?® in a review of
mortality from cancer and other causes in
patients with ankylosing spondylitis who had
received spinal irradiation, observed a significant
increase in the frequency of mortality from
pharyngeal cancer over that expected, although
the total number of cases was small (4 observed
vs 0.7 expected). No significant increase in
larynx cancer was found, however. The radiation
exposure of the spinal marrow from radiotherapy
for ankylosing spondylitis is reported to range
from less than 500 to over 2,000 R.2? Goolden®
extensively reviewed cases of pharynx and
larynx cancer from the world’s literature which
occurred following irradiation of the neck for
thyrotoxicosis and tuberculous adenitis. Al-
though reliable dose information in most cases is
not available, the history of multiple treatments
and presence of radiation sequelae such as
characteristic skin changes and subcutaneous
fibrosis left little doubt that the majority of the
cases were radiation related. In the group of
3,000 patients irradiated for thyrotoxicosis at
Manchester between 1912-23, the observed
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incidence of carcinoma of the pharynx was more
than 10 times greater than that expected.
Littman et al,* in a review of over 5,000 cases
involving therapeutic or occupational exposure
to radium, identified 21 patients with carcinoma
of the mastoid and 11 with malignant tumors of
the paranasal sinuses. Exposure in these cases
was from radium nuclide deposition in bone,
with the majority of the bone tissue dose coming
from alpha particle emission. The source of
exposure of the paranasal sinus mucosa in these
cases was thought to be due both to gaseous
radium decay products, mostly radon, trapped
in poorly ventilated sinuses, and alpha particle
emission from deposited radium. Skeletal doses
in the 11 paranasal sinus malignancies ranged
from 3,143 to 25,701 rad. Doses to the mucosal
epithelium of the sinuses, however, were sub-
stantially less and depended on tissue thickness,
and estimates for individual cases could not be
made. It has been estimated that for radium
patients, the ratio of observed to expected was
100:1 for mastoid and paranasal sinus cancer .

The radiation induced paranasal sinus cases
described above differed from the accessory
sinus cases described in the present series in
several important respects. In addition to the
differences between the two groups in total dose,
as well as the duration and type of radiation
exposure, there were differences in the histol-
ogical types of tumors observed. In the series of
Littman et al,:"1 among the 11 paranasal sinus
cases there were 4 mucoepidermoid carcinomas,
3 epidermoid carcinomas, 2 adenocarcinomas,
1 rhabdomyosarcoma, and 1 of unknown
histology. Among the 38 definite cases of
accessory sinus cancer in the present series, 34
were squamous cell carcinomas. In addition, there
were two sarcomas and two adenoid cystic
carcinomas. The exposure status for these latter
four cases were NIC, 5 rad, 0 rad, and dose
unknown, respectively. No case of muco-
epidermoid carcinoma occurring in an accessory
sinus was found in the present series of A-bomb
SUrvivors.

There have been several previous reports of
individuals who received radiation exposure to
the head and neck region in which no increased
incidence of cancer in the sites surveyed in this
report was observed. Modan et al,*® and Shore
et al,*® in studies of children who had received
X-ray therapy for tinea capitis, reported increased
incidences of skin,.brain, thyroid, and parotid
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gland tumors, but not of other sites. Estimated
doses received were about 400 rad to the cranial
marrow, 70-175 rad to the brain, and about 6 rad
to the thyroid**  Soloway®® reviewed 22
published cases of radiation-related neoplasms
following curative therapy for retinoblastoma
and added three cases of his own. The majority
were osteogenic sarcomas and fibrosarcomas,
with three cases of skin carcinoma. Doses
reported were above 8,000 R in the majority of
cases, so that the scatter dose to surrounding
tissues was probably substantial. None of the
reported cancers occurred in sites surveyed in
the present report. Hempelmann et al,*® and
Janower and Miettinen,” in studies of neoplasms
following childhood irradiation for thymic
enlargement, noted definite increases in the
incidence of thyroid neoplasms, but not of other
head and neck sites. Radiation doses depended
largely on age, but were generally in the range
of 100-600 R.

Although the exposure history of A-bomb sur-
vivors differs significantly from that of most of
the other groups described above, it.is of interest
to note that in series of patients treated for
thymus enlargement®®®? and tinea capitis®3
increased incidences of thyroid and salivary
gland tumors have been observed; tumors from
these sites have also been found to be radiation
related in A-bomb survivors.!V121920  Thege
groups share in common the fact that relatively
low doses were incurred. Among A-bomb
survivors about 65% of the assigned T65D total
dose estimates are below 10 rad.*® Previous
reports of radiation-related increases in the
incidences of the sites surveyed in this study
were found in groups of patients who received
relatively high doses to the sites at risk. This may
indicate that substantially higher doses are
required for the radiation induction of tumors at
these sites, similar to that observed for osteogenic
and other types of sarcomas, which also are
usually found following relatively high thera-
peutic radiation exposures. No radiation-related
increase in sarcomas has yet been found from
studies of A-bomb survivors.

Another factor of possible relevance is the
possibility of a relatively lengthy induction time
for at least some of these tumors. Littman et al®!
recorded a median induction time of 33-34 years
for their group of radium-induced mastoid and
paranasal sinus malignancies. The study of
A-bomb survivors continues to reveal an increas-
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ing incidence of some solid tumors,*® and it is MREEOMDBENDRE L FTEITHEAT 2 2010
expected that continued observation well into
the future will be required to fully elucidate the
carcinogenic as well as any other potential effects
of atomic radiation.

HECIFRE CHEz SRS A0 EN S 5.
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APPENDIX I MF NUMBER OF HISTOLOGICALLY CONFIRMED CASES OF HEAD AND NECK CANCER
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HIROSHIMA
Male

NAGASAKI

Female



