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Technical reports are the basic medium for reporting of original research
carried out at the Radiation Effects Research Foundation. Reports in this
series receive both internal and external peer review and may serve as
the basis for publication in the open scientific literature, in part or in toto.
Although they may be quoted and cited, these reports are considered to be
internal publications of the Foundation. Copies are available upon request
from: Editorial Office, RERF, 5-2 Hijiyama Park, Minami-ku, Hiroshima,
732 Japan.

Beginning in 1989, the RERF Technical Report Series is no longer being
published in the traditional Japanese-English bilingual format. However,
major reports continue to be available in both languages as separate
publications. Selected reports of a highly specialized nature, for which
there is presumably less general interest, are produced only in English
with an extended Japanese summary.

In this way, the Foundation will be able to more expeditiously report
recent findings on the late biological effects of exposure of man to ionizing
radiation resulting from the atomic bombings of Hiroshima and Nagasaki.
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Summary

To assess ultrasonography’s capabilities in the detection of cancer and
other diseases, abdominal ultrasonographic screening was performed for 3,707
Hireshima and 2,294 Nagasaki atomic bomb survivors and comparison subjects
who participated in the Adult Health Study from 1 November 198] to 31 October
1985 in Hiroshima and from 1 August 1984 to 31 July 1986 in Nagasaki. A
total of 20 cancers was detected, consisting of 7 hepatomas, 3 gastric cancers, 3
renal cancers, 2 cancers of the urinary bladder, and 1 cancer each of the ovary,
pancreas, colon, ureter and liver (metastatic). The cancer detection rate was
0.33%. The diagnoses of seven cancer subjects in each city were subsequently
confirmed at autopsy or surgery; diagnoses of four cancer subjects in Hiroshima
and two in Nagasaki were obtained from death certificates. Among the 20
cancer patients, 13 were asymptomatic. After the ultrasonographic detection
and diagnosis of these 20 cancers, the medical records of each of the 20 cancer
patients were reviewed for any evidence of cancer detection by other examining
techniques, and the records of only 3 patients revealed such recent detection. The
tumor and tissue registries were similarly checked, but no evidence of earlier
diagnosis of their disease was found. Ten of the cancer patients had received
ionizing radiation doses from the A-bombs ranging up to 3,421 mGy (DS86),
but no correlation was established between cancer prevalence and the A-bomb

SFull Japanese text will be available separately.

*Department of Radiology, Fukuoka University. **Depariment of Radiology, Kyushu University
Hospital. *** Department of Radiology, Cleveland Clinic Foundation, Ohio. 1 Depariment of Radiology,
University of Texas. 1Depaurut;r:m’a:ra,.‘: of Radiclogy, Tulane University Medical Center, Louisiana.
HDcpaNm.ent of Radiology, Matsuyama Red Cross Hospital

Approved 28 June 1989 Printed November 1989



RERF TR 10-89

doses. A variety of tumors, 259 in number and most probably benign, were
also detected with ultrasonography. In addition, numerous other abnormalities
were diagnosed, with prevalences of 7.7% for cholelithiasis, 5.7% for renal cysts,
and 3.8% for liver cysts. No statistical analysis was performed concerning the
prevalence of the diseases detected.

Introduction

In 1979, the RERF Scientific Council specified that concentrated efforts should
be made in cancer detection among AHS subjects, and subsequently underscored
the need for ultrasonography to bolster these efforts due to the modality’s steadily
improving diagnostic capabilities.

Ultrasonography permits rapid assessments of organs and their movements
without exposing the patient or examiner to ionizing radiation. A wide range of
conditions can be discerned using ultrasonography as follows:

Hepatoma, metastatic disease, lymphoma, and cirrhosis of the liver can be
detected with great accuracy,' and cystic disease can be differentiated from sus-
pected liver metastases.” Ultrasound can provide valuable information about the
gallbladder and porta hepatis, including intraluminal masses with transmural
extensions, cholelithiasis, acute and chronic inflammation of the gallbladder,
and lymph node metastases adjacent to the gallbladder. Primary carcinoma
of the gallbladder has been diagnosed by ultrasonography.? Ultrasonography is
more specific in the differential diagnosis of pancreatic cancer and inflammatory
disease than is computed tomography (CT), hence ultrasonography should be the
initial choice for examining most patients with suspected pancreatic disease.*

The value of ultrasonography in detecting obstructive jaundice should be
highlighted, especially since it can detect the cause of obstructive jaundice
before the condition is suspected clinically. Results of a study of patients
with transitional cell carcinoma of the kidney® showed that the etiology of
renal pelvis nonopaque filling defects can be determined by ultrasonography.
Renal cell carcinoma and angiomyolipoma (hamartoma) can be differentiated
by ultrasonography. Cystic lesions can be differentiated from solid ones, thus
avoiding unnecessary surgical exploration to rule out cancer. Hydronephrosis,
relatively easily detected by ultrasonography, may be one manifestation of cancer.
Cholelithiasis is readily detected by ultrasonography, and its association with
cancer has already been cited.

Ultrasonography has proved effective in screening for adrenal tumors, and it
yields information about the internal consistency of these lesions.® It is the pro-
cedure of choice in the initial evaluation of abdominal masses and retroperitoneal
and gastrointestinal (GI) tumors. Ultrasonographic diagnoses and pathological
findings correlate closely in cases of lesions such as lymphoma, lymphosarcoma,
liposarcoma, and adenocarcinoma.” Ultrasonography has proved effective in
screening for gynecologic pelvic masses and as a means for determining their
consistency.?
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Ultrasonography was introduced in the Department of Radiology in 1980 in
Hiroshima and in 1984 in Nagasaki, for the purpose of detecting cancer and other
diseases among participants in the Adult Health Study (AHS). By examining the
abdomens of scheduled AHS subjects the objective was to detect early cancers,
preferably before the patients had become symptomatic; i.e., by screening, and
thereby to determine the effectiveness of ultrasonography.

Materials and Methods

The AHS is a long-term follow-up program® conducted by RERF, formerly
ABCC, which involves biennial clinical examinations of A-bomb survivors and
comparison subjects, originally numbering 20,000, for the purpose of detecting
late effects of A-bomb radiation. All participants receive complete physical
examinations and laboratory studies, including posteroanterior (PA) stereoscopic
and lateral chest radiography, and ultrasonography of the abdomen; and of the
breast and thyroid gland when indicated. Examinations of other body sites were
also performed when clinically indicated. The present study for the prevalence
of abnormalities was conducted from 1 November 1981 through 31 October 1985
in Hiroshima, and from 1 August 1984 through 31 July 1986 in Nagasaki.

From its inception, the use of ultrasonography in Hiroshima was immediately
and widely accepted by AHS subjects. When appointments for their next
RERF visits were being confirmed, RERF clinical contactors gave letters from
the RERF Chairman to AHS subjects to encourage them to participate in this
ultrasonographic screening program (Appendix 1). They were instructed to fast
until receiving their ultrasonographic examination. Subjects were requested not
to void for about one hour before examination, to facilitate the use of a full urinary
bladder as a “window” to transmit the ultrasonographic beam.

Following are the ultrasonographic apparatus used in the present study:

Model Type Capability
Toshiba SAC-12A Digital Real time, static imaging
Toshiba SAL-20A Analog Real time
Yokogawa RT-2000 (2) Digital Real time
GE Datason Digital Static imaging

Real-time apparatus were used routinely, and when indicated, were supple-
mented with static imaging apparatus for imaging high beneath the diaphragm,
retropubically, and for orientation images of abnormal or questionably abnormal
structures.

Efforts were made to routinely examine the following structures: liver,
pancreas, great vessels, urinary bladder, gallbladder, kidneys, retroperitoneal
region, prostate gland, biliary system, spleen, and uterus and adnexae.
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Selection of Hiroshima subjects

In Hiroshima, the number of subjects reporting to the RERF clinic ex-
ceeded the number for whom abdominal ultrasonographic screening could be
performed. Therefore, from 1 November 1981 to 31 October 1983, from each
month’s scheduled group of AHS participants, subjects were randomly selected
for ultrasonography. Those who had not been examined during that period,

subsequently received ultrasonography from 1 November 1983 to 81 October
1985.

Each examinee was categorized as either a subject for screening or a patient
being referred for examination of a suspected or known abnormality. All referral
cases were excluded from analysis.

All Nagasaki AHS subjects underwent abdominal ultrasonography from 1
August 1984 to 31 July 1986.

Any symptoms reported by subjects were recorded in their medical records
and were subsequently considered in the analysis.

Results

In this prevalence study, a total of 6,001 AHS subjects received abdominal
ultrasonography—3,707 in Hiroshima and 2,294 in Nagasaki. The approximate
2:1 ratio of females to males in both cities reflected the sex distribution of the
participants in the AHS. Their mean ages were 57.1 and 54.8 years for Hiroshima
females and males, and 58.2 and 57.6 years for Nagasaki females and males,
respectively. The distribution of subjects by sex, age, and city is shown in Table
1 and Figure 1.

Table 1. Distribution of subjects by sex, city, and age groups

Age at Hiroshima Nagasaki
exi;ra}n;ig:rt;on Total Male Female Total Male Female
<40 338 165 173 46 24 22
40-49 491 188 303 369 178 193
50-59 1486 517 989 1043 383 650
60-89 984 251 733 509 140 369
=270 408 140 268 327 160 167
Total 3707 1261 2446 2294 883 1401
Mean age 56.3 54.8 57.1 58.0 57.6 58.2
SD 10.3 109 a9 10.0 111 a3
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Figure 1. Distribution of subjects by sex, age, and city

The prevalence of abnormalities detected by city and sex is shown in Table 2
and Figure 2. The most frequent abnormality in both cities was cholelithiasis,
with cases among female patients exceeding those among males by nearly 2:1 in
Nagasaki.

Next in frequency were renal cysts in both cities, with cases among males
exceeding females by a ratio of nearly 2:1. Liver cysts were approximately
equally distributed by city and sex. Polypoid lesions of the gallbladder were
more frequently observed in males than in females.

Fatty infiltration of the liver and splenomegaly were more frequently detected
in Hiroshima than in Nagasaki; however, both of these diagnoses were subject to
uncertainty because of observer subjectivity.

Increasing rates of cholelithiasis were observed among subjects in their sixth,
seventh, and eighth decades. This is shown in Figure 8.

Results for liver cysts are shown in Figure 4, The apparent predominance of
liver cysts in Nagasaki females aged less than 40, and in both sexes in Hiroshima
in the eighth decade, is based on relatively few cases. An increase in frequency of
liver cysts occurred among males in both cities. The reason this was not observed
among females is not known.



Table 2. Prevalence of abnormalities by city and sex

Hiroshima Nagasaki

Male Female Total Male Female Total
Cholelithiasis 6.70 (85! 85 (211) 8.0 (296) 45 (40) 87 (122) 71 (162)
Polypoid lesion in the gallbladder 3.0 (38 15 (38) 21 (786) 24 (21) 13 (18 1.7 (39)
Dilatation of common bile duct* 1.8 (23) 25 (60) 22 (83 1.0 (9 14 (200 18 (29
Postoperative cholecystectomy 04 (5 12 (29) 09 (34 25 (22) 29 (41) 27 (63
Solid mass in the liver 14 (18) 07 (18 1.0 ( 36) 06 (5 01 (2 03 (7
Liver cyst 34 (43) 3B (92) 38 (135 36 (32) 44 (61) 41 (93
Fatty infiltration of the liver 39 (49) 27 (67) 3.1 (128) 19 (17) 16 (23) 1.7 (40)
Calculus or calcification in the liver 15 (19) 08 (19) 1.0 ( 38) 02 (2 04 (6 03 ( 8)
Splenomegaly™™ 44 (56 28 (72 35 (i128) 18 (16) 08 (13) 13 (29)
Renal cyst 8.1 (116) 3.9 (96 57 (212 83 (74) 43 (60) 58 (134)
Caloulus or calcification in the kidney 2.3 (29) 08 (18) 13 (47) og (7)) 04 (5 05 (12
Solid mass in the uterus - - 7.2 (175) - - - - 286 (37) - -

TPercent and number {shown in parentheses) of cases

* It was considered dilated when the diameter of the common bile duct exceeded 8 mm.

**The spleen was judged lo be enlarged when its inferior margin reached a level below that of the left renal hilum.

68-01 H1 4434
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Figure 2. Prevalence of abnormalities by city, sex, and site™
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Figure 3. Cholelithiasis prevalence by sex, age, and city
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Figure 4. Liver cyst prevalence by sex, age, and city

Renal cysts increased in frequency with increasing age in both sexes and
in both cities. Their frequency was greater among males than among females
(Figure 5).

In both cities, spleen size decreased with increasing age, possibly as a result of
involution (Figure 6). Ultrasonographically, the amount of the spleen visualized
varies considerably, and spleen size may vary according to the examinee’s weight
and physique. Without a better 3-dimensional concept, uncertainty in the spleen
size will persist, and this will be compounded by subjectivity in the interpretation
of ultrasonographs.

Uterine and nonuterine lesions were analyzed separately by age and city,
as shown in Figure 7. The frequency of uterine lesions decreased with age in
both cities, but they were markedly less frequent in Hiroshima as compared to
Nagasaki, except in the fourth decade, when the reverse was true. Differences in
examining techniques may have been partially responsible. A minority of subjects
voided shortly before undergoing ultrasonography. Suspected uterine myomas
could not be proven, a disadvantage which obviated attempts to correlate their
prevalence with other conditions, including A-bomb exposure. The nonuterine
lesions tended to increase moderately with increasing age in both cities, but
their rate was relatively low among Nagasaki subjects in their fifth decade. The
nonuterine lesions consisted of numerous cysts, which were also responsible for
their higher frequencies among subjects 70 years of age and older.
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Figure 7. Prevalence of uterine lesions and nonuterine abnormalities in females
by age and city

The number of proven cancers detected by ultrasonography is shown by city,
site, sex, age, symptomatology, laboratory studies, and A-bomb radiation doses
(DS86)'0 in Tables 3a and 3b. A total of 20 cancers was detected; 11 in Hiroshima
and 9 in Nagasaki. Hepatomas were most frequent, totaling seven; five in
Hiroshima and two in Nagasaki. One renal cancer was noted in Hiroshima,
whereas two renal cancers and one ureteral cancer were observed in Nagasaki.
Two cancers of the urinary bladder and one of the ovary in Nagasaki, as well as
three gastric cancers and one colon cancer in Hiroshima were detected.

The subjects’ symptoms were documented in their medical records and
were subsequently analyzed. No correlation of the cancers with A-bomb dose
could be established. There were seven asymptomatic and four symptomatic
cancer cases in Hiroshima; seven asymptomatic and two symptomatic cancer
cases in Nagasaki. Seven subjects in each city were diagnosed at surgery or
autopsy; four Hiroshima and two Nagasaki subjects were diagnosed by death
certificate.

The majority of the cancer patients in this study were unaware that they had
cancer. (In Japan cancer patients often are not told by their physicians that
they have cancer.) Therefore, all of the RERF medical records for the 20 cancer

10
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Table 3a. Carcinomas by city, symptomatology, and site with A-bomb doses

Site MFNo. Sex Dateof Confima- g i e Other remarks! A-bomb
birth tion* dose in mGy!
Hiroshima
Hepatoma M 24-08-15 2 - Liver cirrhosis, palpable 3421
liver, AFP ()
M 27-08-27 1a - Chronic hepatitis, palpable 2303
liver, AFP (+)
M 05-07-17 1a - Chronic hepatitis, palpable Incal
liver, AFP (-)
M 18-05-05 lab - Liver disease, AFP (-) 1008
M 26-04-19 2 Unknown® Unknown?® 1193
Pancreas F 15-11-28 2 + Abdominal tenderness, CEA (+) 0000
Kidney M 15-03-27 1a - Palpable mass 1901
Stomach F 07-04-22 1a - Qccult blood (+) 1209
F  30-04-18 2 = Occult blood (+) 0324
M 20-02-11 2 + CEA (+) 0255
M 30-05-38 1a + Palpable mass, occult blood (+) 0000

*1a: surgery: 1h: autopsy; 2: death certificate
** Related (+) or unrelated (-} to cancer in question

Tpast histories, physical examinations, and laboratory data at the time of ulrasonographic screening. AFP: or-fetoprotein; CEA:
carcinoembryonic antigen; and (+) positive and (-) negative

Hneal: incalculable, but TE50R available

§Medical record |ost

6801 H1 4434
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Table 3b. Carcinomas by city, symptomatology, and site with A-bomb doses

Site MF No. Sex Da.te of Cor:nfirma— Symptoms** Other remarks! A-l.mmb §
birth tion* dose in mGy*
Nagasaki
Hepatoma M 29-06-31 1a - AFP (+) 0000
M 18-11-31 2 - Liver cirrhosis, palpable 0613
liver, AFP (+)
Kidney M 22-09-25 1a - Incal
F 28-05-35 1a - Atypical cells in urine 2387
Urinary M 01-04-25 1a - History of cystitis Unk
bladder
M 17-09-30 1a - Incal
Metastatic M 10-11-09 2 + Bilirubin elevated, palpable Incal
liver tumor liver
Ureter F 01-10-27 1a i Macrohematuria 0000
Ovary E 05-05-08 1a - Mass palpable Incal

See Table 3a footnotes.
1Unk: dose unknown

6801 H1 4434
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patients were carefully reviewed, i.e., RERF radiography, hematology, and other
laboratory studies, and history-taking and physical examinations, as well as any
referral examinations they received in other hospitals and clinics. Any results of
those studies which suggested or indicated that their cancers had been detected
or suspected by other techniques were carefully considered when interpreting the
results of these patients’ RERF ultrasonography. The medical records of three of
the 20 cases (_) revealed evidence that their cancers had
recently been detected by other means. Data in the tumor and tissue registries

were also reviewed, but failed to reveal any earlier diagnosis of cancers among
these subjects.

Discussion

The ease and rapidity with which ultrasonography can be performed, the
excellent images obtainable by means of gray-scale ultrasonography, improved
real-time imaging and static scanning, and the absence of ionizing radiation
exposure all underscore the benefits of adopting ultrasonography for use during
the biennial examinations of AHS participants.

After a suspected abnormality is detected ultrasonographically, physicians in
the RERF clinics ensure that AHS participants are referred to other institutions
for further detailed evaluations, although there is less than complete assurance
that the participants are actually motivated to receive all the recommended
attention they need.

Review of the English-language scientific literature failed to disclose any
reports of abdominal ultrasonographic screening investigations with which our
results could be compared. However, reports of many ultrasonographic studies
were found in the Japanese literature. Some of these were of the “human dock”
type, and therefore were not truly screening-type examinations. Throughout
Japan, “human dock” examinations involve admitting generally asymptomatic
persons to hospitals and clinics for one or two days for comprehensive physical
evaluations, as well as laboratory and radiological studies, including ultrasonog-
raphy. Most of the reported studies were sereening studies, which allowed some
comparisons of their results with ours.

The prevalence of cholelithiasis in the present study was 6.7% and 8.5% in
Hiroshima males and females, and 4.5% and 8.7% in Nagasaki males and females,
respectively. This is probably because of the predominance of females in the
AHS, compared to the rates reported by other investigators; viz., 3.0%,'! 3.9%,'®
and 5%,'3 for both sexes combined. The rate of 8.7% reported by Matsumoto et
al'* more closely approximated the rates observed in the present study, though
Matsumoto’s subjects were predominantly males (2.5:1).

Rates of 2.5%,'* 3.9%,'* and 7.2%'* have been reported for polypoid lesions
of the gallbladder; whereas, their prevalence in the present study was 2.1% and
1.7% in Hiroshima and Nagasaki, respectively, for both sexes combined. Careful
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follow-up ultrasonographic and cholecystographic examinations were conducted
for previously cholecystographically diagnosed cholelithiasis cases, because of
a relatively high rate of gallbladder cancers among autopsied cases having
cholelithiasis.’®'® In spite of these efforts, no case of gallbladder cancer was
detected in the present study.

Mihara et al'” detected extrahepatic bile duct dilatation in 1.28% of men and
1.54% of women. In our present study, this was observed in 2.2% and 1.3%
in Hiroshima and Nagasaki, respectively, both sexes combined. Liver cysts were
observed at rates of 3.6% and 4.1% in Hiroshima and Nagasaki, respectively, with
sexes combined; whereas, rates of 1.1%'* and 4.9%'2 for both sexes combined,
have been reported-elsewhere in Japan. In the present study, the prevalence of
renal cysts was 5.7%, both sexes combined in both cities, whereas rates of 5.8%!4
and 9.7%'* have been reported for sexes combined elsewhere in Japan. Although
CT could facilitate the detection of higher rates of renal cysts, ultrasonography is
the modality of choice for the AHS population, especially since examinees are not
exposed to ionizing radiation. In the present study, the prevalence of renal cysts
was greater in males than in females. This tendency has also been observed by
other investigators.!1-14

Among seven hepatomas detected during this screening, five had histories
of hepatic disease, including chronic hepatitis and liver cirrhosis, and three of
these patients had positive a-fetoprotein (AFP) studies. However, none exhibited
symptoms related to their hepatomas. Thus, abdominal ultrasonography may
prove to be very effective in detecting early hepatomas in patients with chronic
hepatitis or liver cirrhosis. Furthermore, abdominal ultrasonography can
detect both morphological changes of the liver and findings such as ascites
or splenomegaly due to hepatic disease in patients who are unaware of their
hepatic disease. Thus, ultrasonography can be an effective modality for screening
patients, regardless of symptoms and signs upon physical examination or results
of laboratory data.

In another study, screening 4,850 subjects during a 16-month period resulted
in the detection of seven cancers,'> whereas Onodera et al'® cited an increase
in incidence of hepatomas from 8.7 per 100,000 in 1965 to 15.2 per 100,000
in 1984. During the screening of 5,151 persons in 1987, six hepatomas were
detected by Onodera et al,'® whereas the screening of 6,001 subjects during our
study resulted in the detection of 20 cancers. The yield of cancers detected by
abdominal ultrasonography in our study is the highest so far reported. Though
many ultrasonographers concentrate their attention to the upper abdomen when
performing abdominal ultrasonography, the entire abdomen was examined in
this study. Thus, the larger number of organs available for examination during
our study and the relatively older age of the AHS subjects probably resulted in
greater disease detection in the AHS than in other reported studies.
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Based on our results, ultrasonography seems advantageous in the relatively
early detection of liver cancers, although this may better be evaluated during
subsequent studies for the incidence of such cancers. For intervention purposes,
however, the biennial AHS cycle examinations are relatively infrequent for
detecting certain rapidly developing lesions among AHS subjects.

On the whole, abdominal ultrasonography proved an effective means of
detecting cancer and a variety of other abnormalities in this fixed population
sample which is at relatively high risk for developing cancers.
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Appendix 1
ft &

Letter to Participants
HEEADFK

‘We hope that you are continuing in good health.

It is with great pleasure that we inform you that the RERF Department of Radiology
recently installed ultrasonographic machines of the very latest type. Ultrasonography
consists of sending inaudible high frequency sound signals into the body for visualizing
and diagnosing abnormalities of organs within the body. All of this can be done without
introducing any instrument into the body and without exposing the patient to ionizing
radiation. Ultrasonography is therefore very safe and has become an accepted method
throughout the world for diagnosing abnormalities.

We strongly suggest that you have this examination performed by us during your next
scheduled visit to RERF.
I Sincerely yours,
Itsuzo Shigematsu, M.D.
Chairman
Radiation Effects Research Foundation

Walter J. Russell, M.D., D.M.Sc.
Chief of Radiology

Junji Murakami, M.D.
Akira Mizushima, M.D.

Research Associates in Radiology
Department of Radiology
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