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SUMMARY

This is the first report of lung cancer detection in
a fixed population using biennial radiographic
screening of the chest. All radiographs and medi-
cal records of 107 Adult Health Study (AHS)
lung cancer patients examined from 1958 to 1978
were reviewed to assess the efficacy of biennial
chest radiography in detecting lung cancer. Ra-
diographic abnormalities caused by tumors were
detected in 58 patients (54%). At the time of
their detection, 36 of 40 solitary tumors were
4.0 cm or less in diameter. Of the tumors radio-
logically detected 76% caused no symptoms at or
before the radiographic identification of the tu-
mors, possibly due to the predominance of peri-
pheral adenocarcinomas in this study. The rou-
tine use of 14X 17 inch film, posteroanterior
stereoscopic and lateral projections, and the
availability of old serial radiographs of all AHS
participants facilitated the detection of relatively
small tumors in asymptomatic patients. For the
58 cases of cancer detected, the corrected 5-year
survival rate from the time of tumor detection
was 20%. Radiographically, 54% is a reasonably
efficient detection rate of hung cancer. However,
this rate may be improved by annual radiography,
especially if accompanied by routine sputum cy-
tology for high-risk groups.

INTRODUCTION
Mass chest photofluorography has contributed
strongly to the prevention and control of pulmo-
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nary tuberculosis in Japem,1 with diminishing in-
cidence and mortality rates for tuberculosis since
19402 However, the efficacy of chest radio-
graphic screening in detecting lung cancer has
been controversial, In the Philadelphia Pulmonary
Neoplasm Research Project, semiannual chest
photofluorography of 6,136 males 45 years of
age and older, for a period of 10 years was of no
value in detecting lung cancer, and only 6% of
the 94 incidence cases of histologically proven
lung cancer survived five years.® In its 1980 re-
port of cancerrelated health checkups, the
American Cancer Society (ACS) rescinded its
previous recommendation of annual chest radio-
graphy for asymptomatic persons over 40 years
of age at high risk to develop lung cancer.*
Fontana and Sanderson,” believing these ACS
recommendations to be incorrect, recommended
annual chest radiography and sputum cytology,
the chief means of detecting lung cancer, for
heavy cigarette smoking males more than 45 years
of age. The South London Lung Cancer Study
Group achieved a 4-year survival rate of 27% for
index lung cancer cases, while that of its controls
was 6%.6

An increased rate of lung cancer has been
observed among those exposed to the atomic
bombs.” 2  Routine biennial chest radiography
has been included in the examinations of AHS
subjects for more than 20 years. The present in-
vestigation clarified the role of biennial chest
radiography in the eatly detection of lung cancer
and in improving patient survival. There are no
previous reports of lung cancer detection by bi-
ennial chest radiographic screening in a fixed
cohort. The effects of cigarette smoking and A-
bomb exposure on the development of lung can-
cer in the AHS population have been reported

- elsewhere based on analyses of death certificates
and autopsies.”™

About 80% of the subjects available for reexami-
nation return to RERF.!' The autopsy rate for
the AHS sample has in the past ranged as high as
49% of the annual deaths.'® Postmortem exami-
nation of 20,000 survivors and controls who
were selected when alive at the time of the 1950
census provided the confirmed histological
diagnoses used in the present study.!!

MATERIALS AND METHODS
The RERF AHS is a long-term program for bi-
ennial clinical examination of A-bomb survivors
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and comparison subjects, originally numbering
20,000 for the purpose of detecting late radiation
effects of the A-bombs.!® There is a preponder-
ance of females in the AHS of nearly 2:1. Bi-
ennially, all subjects receive a complete physical
examination and laboratory studies. Posteroan-
terior (PA) stereoscopic and lateral chest radio-
graphy are among these examinations. Other
examinations, including radiography of other
sites, fluoroscopy, and ulirasonography are per-
formed when clinically indicated.

Among 196 suspected lung cancer cases in the
AHS from 1958 to 1978, 107 histologically
proven cascs of primary lung cancer in persons
who regularly received biennial chest radio-
graphy were selected for the present study.
Histological confirmation was by autopsy in 83,
surgery in 10, cytology in 10, and biopsy in 4.
Excluded from this study were seven autopsy-
proven primary lung cancer cases with tumors
0.5 cm or less in diameter, undetectable radio-
logically, and unrelated to the cause of death.

For chest radiography, 14 x 17 inch filmsexposed
at approximately 100 kVp and 5 mAs were em-
ployed. PA and lateral projections were used
from 1958 to 1970; PA stercoscopic and lateral
projections, since 1971. All radiographs are im-
mediately checked wet to ascertain the need for
other exposures before releasing the patient. All
radiographs are permanently filed, and current
films are always interpreted while comparingthem
with previous ones. Occasionally, pertinent ra-
diographs made in otherinstitutions are borrowed
and copied to complete the patient’s file. AHS
participants receive sputum cytology when indi-
cated by abnormalities on chest radiography.

Tumor detection and diagnosis were evaluated by
the authors during a retrospective review of all
involved AHS subjects radiographs and corres-
ponding radiologists reports. Mean tumor dia-
meter was calculated from the maximum diameter
in the PA and Iateral projections, without correc-
ting for magnification. Tumors were staged ac-
cording to the Japanese Clinical Staging System
for the Classification for Lung Cancer (1978).13
For cases detected radiographically, age was as of
the time of diagnosis; for those not radiologically
detected, age was as of the time of onset of symp-
toms. Actuarial and corrected survival rates from
the time of tumor detection were calculated by
the methods advocated by the Union Interna-
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TABLE 1 LUNG CANCER BY SEX AND HISTOLOGICAL TYPE

#F1 WHEOMRCHERRGEE

Type Male Female Total
Squamous cell carcinoma 31 10 41
Adenocarcinoma 28 24 52
Lazge cell anaplastic carcinoma 2 2 4
Small cell anaplastic carcinoma 5 3 8
Other 2 0 2
Total 68 39 107

TABLE 2 RADIOGRAPHIC MANIFESTATIONS AT TIME OF DETECTION BY HISTOLOGICAL TYPE
F2 REROHBEGXRE

Peripheral Mass

Hilar

Secondary Detection
Type . Total

Only WithOther Only Multiple Change Only Rate
Squamous cell carcinoma 12 1 1 3 6 23 0.56
Adenocarcinoma 25 3 2 0 0 30 0.58
Large cell anaplastic carcinoma 0 0 0 1 0 1 0.25
Small cell anaplastic carcinoma 0 0 0 1 2 3 0.38
Other 0 0 0 0 1 1 0.50
Total 37 4 3 5 9 58 0.54

tional Contre le Cancer (UICC-International
Union Against Cancer).!*

RESULTS

The distribution of the 107 lung cancer cases by
sex and histological type is shown in Table 1.
Adenocarcinoma exceeded squamous cell carci-
noma; the ratio of males to females was 1.7:1;
and the age of patients ranged from 36 to 83
years, with a median of 66 years.

Radiographic abnormalities caused by tumors
were detected in 58 cases (54%), solely in lung
parenchyma and without invasion in 37 cases,
and solely in the hilar regions in 3 cases. The
radiographic manifestations at tumor detection
by histological type are summarized in Table 2.
Adenocarcinoma usually presented as solitary
peripheral tumors. Squamous cell carcinoma
presented both as peripheral tumors and as hilar
and perihilar masses, with or without secondary
changes such as pneumonia, consolidation, and
pleural effusions. Four of 12 anaplastic carci-
nomas were detected, of which two were multiple
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TABLE 3 DISTRIBUTION OF STAGES AT TIME OF DETECTION
BY HISTOLOGICAL TYPE
#£3 REBOMMI L Stage DS

Stage
Type

I I1 111 v
Squamous cell carcinoma 13 2 6 2
Adenocarcinoma 27 0 1 2
Anaplastic carcinoma 0 1 2 1
Other 0 0 1 0
Total 40 3 10 5

TABLE 4 INITIAL SIZE OF 40 SOLITARY TUMORS BY
HISTOLOGICAL TYPE

Fd MAREBEIOFOHEBEEAE S

Tumor Size Squamous Celt

(cm) Carcinoma Adenocarcinoma Total
0.1-1.0 1 1 2
1.1-.2.0 2 8 10
2.1-3.0 5 11 16
3.14.0 3 5 8
4.1+ 2 2 4
Total 13 27 40

and two were manifested by secondary changes.
In this study, 49 persons were not diagnosed as
having cancer at their biennial chest screening;
their cancers were diagnosed at other hospitals
(30 cases) and at autopsy (19 cases).

The distribution of disease stages at tumor detec-
tion of 58 cases detected is shown in Table 3.
Forty cases (69%) were stage I, Of the adeno-
carcinomas detected 90% were stage I, while 56%
of the squamous cell carcinomas were stage I.
No cases of other histological type were stage I.

Table 4 shows the initial size of the 40 solitary
tumors, of which 12 cases were 2.0 cm or less in
diameter and 4 were more than 4.0 cm, There
was no appreciable difference between the mean
size of adenocarcinoma and squamous cell
carcinoma,

The time when the tomors of the 58 cases were
detected are shown in Table 5. Thirteen persons
had lung cancer at their initial radiography
(prevalence cases). Forty-five persons developed
lung cancer which was detected at their biennial
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TABLE § TIME OF DETECTION OF 58 LUNG CANCER CASES
BY HISTOLOGICAL TYPE

# 5  HEH#EIY B S8R 7 O 3 Rk O TR

.

Detection

Type

Initial Radiography

Newly Developed

Squamous cell carcinoma
Adenocarcinoma

Other

Total

—

19
21
5
45

W o R

TABLE 6 SYMPTOMS AT OR BEFORE TUMOR DETECTION
ACCORDING TO LOCATION OF LESIONS
F6 mESUM-AEEBEEIRAENIE TOERCHE

Site Present Absent Percent (Present/Total)
Hilar and Perihilar 6 11 35.3
Peripheral 8 33 19.5
Total Cases 14 44 24.1

examination during the subsequent 20 years
(incidence cases). Most squamous cell carcinoma
and anaplastic carcinoma appeared to have devel-
oped anew, whereas, many adenocarcinomas were
present at the time of the initial examinations.

Table 6 shows the percentages of symptoms at or
before the time of tumor identification. Of the
17 patients with hilar and perihilar tumors, 6
{35%) had symptoms, whereas, only 8 (20%) of
41 patients with peripherally originating tumors
had symptoms. In total, 24% were symptomatic
at or before the identification of the tumors.
The most frequent symptom among these patients
was a dry cough. Cough productive of sputum,
chest pain, and shoulder pain were also relatively
common signs and symptoms.

Table 7 shows results of the retrospective review
of the biennial radiography of the 107 lung can-
cer patients. Sixty-four patients had radiographic
abnormalities caused by tumors; 43 patients had
no abnormalities. Six patients whose tumor could
be observed retrospectively were not diagnosed
as having lung cancer. Two of these tumors were
detected, but they were diagnosed as pulmonary
tuberculosis. One of the tumors manifested itself
as a very small, faint density in the left apex which
was very difficult to visualize. The three remain-
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TABLE 7 RETROSPECTIVE RADIOGRAPHIC ANALYSIS
OF LUNG CANCER

27 HEOXBROBRE

Manifestation Number
Solitary Tumor 47
0.1-1.0 (cm) 7
1.12.0 18
2.1-3.0 12
3.14.0 8
4.1+ 2
Multiple fumors or other abnormalities 8
Secondary change only* 9
None 43
Total 107

*Pneumonia, atelectasis, pleural effusion. Ftis%, ®mak, Mk

TABLE 8 RADIOGRAPHIC MANIFESTATIONS OF 43 UNDETECTED CASES
ACCORDING TO INTERVAL SINCE LAST RADIOGRAPHY

#8 HEshL 2 LBMOBEOXBHREDEO XRIE

Radiographic Manifestations

Interval Since Last Radiography in Months

<6 6-11 12-17 1823 24+ Total
Peripheral Lung Mass 1 4 5 4 1 15
Hilar Abnormality andfor Secondary Change 5 4 5 10 0 24
Undocumented 2 0 0 2 0 4
Total 8 8 10 16 1 43
ing tumors were in the projection of the heart Twi. SEOERNT, FBICI1B3HOEEFERI

and mediastinal structures. Retrospectively, 13
additional tumors were radiographically visible
earlier than at the time they were actually
detected. However, retrospectively, 11 of these
tumors were judged practically impossible to
detect prospectively at the time of radiography.
Table 8 shows the radiographic manifestations of
the 43 undetected lung cancer cases at the time
of radiography. Fifteen cases had peripheral Iung
masses on chest radiography. Twenty-four had
hilar abnormalities andfor secondary changes,
such as pleural effusion. Sixteen cases began
having symptoms and sought aid in hospitals
within 12 months of theirlastscreening, whereas,
26 cases became sympiomaticin 12 to 23 months.

The treatment of most of the 58 lung cancer
cases was inadequate. Only 10 patients under-
went surgery, 42 received radiation therapy
andfor chemotherapy, and 6 received no treat-
ment whatsoever. Surgical techniques were not
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as widely used in Hirosima and Nagasaki during
the earlier years of this study. Some patients
could not undergo surgery because of age or
other diseases and illnesses which prevented
resecting their lesions. Some patients refused
treatment or hesitated to receive further exami-
nations because they were asymptomatic, thus
missing opportunities for resecting their lesions.
The actuarial 5-year survival of the 58 patients
from the time of tumor detection was 17%.
The corresponding corrected 5-year survival was
20%. Among the 43 undetected and 6 observed
retrospective cases in the present study, 33 died
within 6 months of developing symptoms. All
49 cases died within two years of onset of their
symptoms,

DISCUSSION

Lung cancer patients with small asymptomatic
lesions have the best prognoses. The size of the
lung cancer at the time of resection is especially
important to survival. Steele et al'® observed
a 5-year survival rate of 53% in their study,
providing the resected lung cancer specimen was
2 c¢m or less. Buell'® reported a survival rate of
80%, when the resected carcinoma was 2 cm or
less in diameter. In the present series, 12 patients
with tumor diameter 2 ¢m or less had the oppor-
tunity to undergo thoracotomy. Twenty-four
additional patients had solitary tumors 4 cm or
less in diameter. Jackman et al'” reported rela-
tively good S-year survival and cure rates follow-
ing resection of lung cancer originally identified
on chest radiography as solitary nodules 4 cm or
less in diameter.

The clinical staging of all 58 patients in the pres-
ent study could not be readily established as of
the time the lesions were detected because many
did not receive sufficient radiographic examina-
tion to allow this - only chest radiography and
sputum cytology. Although the reliability of
clinical staging is not high, the fact that 69% of
all the cases were stage I is encouraging. The
frequency of stage I tumors in the present study
is similar to that reported by Fontana et al'®
whose screening examination included chest
radiography, 3-day pooled sputum cytology
studies, and detailed history questionnaire every
four months. In Japan 30%-60% of patients
were stage ] among those detected by annual or
semiannual radiographic screening and 5% to
20%, stage [ among those detected by clinics!?2?
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Generally, symptomatic lung cancer is regarded
advanced. Guiss® reported that the survival
rates of patients with asymptomatic lung cancer
are three times greater than those of patients
with cancer-related symptoms. Boucotand Weiss®
also reported that all the survival rates of asymp-
tomatic lung cancer patients were four times
greater than those of symptomatic ones. In their
series 94 (78%) of 121 males with lung cancer
were symptomatic at or before their cancer
detection by semiannual radiography. Only one-
fourth of the lung cancer patients in the present
study were symptomatic. The main reason for
the markedly different symptom rates of our
series and those of Boucot and Weiss may be the
difference in tumor prevalence by location (i.e.,
hilar vs peripheral lesions) and the difference in
prevalence of tumor types. Kakita and Saito'
reported that 78% of their patients with centrally
originating tumors had symptoms, whereas, 54%
of those with peripherally originating tumors
were symptomatic. The comparable rates in the
present study were 35% and 20%, respectively,
but the types were nearly the same. The 49
patients whose tumors were not detected in the
present study were diagnosed in other hospitals
and clinics. This may be one explanation for the
difference in symptom rates. Even when the 49
patients with tumors undetected were included
in the analysis, more than 40% {(44/107) of the
asymptomatic tumors were detected in this study.

The predominance of adenocarcinoma in the
present study may be related to it being more
easily detectable as asymptomatic cancer by
reason of location. Adenocarcinomas are more
often located peripherally,?® and may develop
slowly.?* The squamous cell carcinomas in the
present study were less commonly manifested
as solitary masses. Adenocarcinoma may there-
fore be more readily detected by chest radio-
graphy than cancer of other histologic type. In
Western countries®!®?® 20% of lung cancer is
adenocarcinoma, but neary half of the 107
cancer in the present study was adenocarcinoma.
The detection rates for small asymptomatic
tumors were not very good in other Japanese
institutions. The prevalence rates for adenocarci-
noma were nearly the same as that of the present
study, 1972125

The relatively high detection rate for small
asymptomatic solitary nodules in the present
study was facilitated by the use of 14X 17 inch
PA, PA stereoscopic and lateral chest radiographs.
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Berkson?® reported that stereoscopic radiography
resolved both false negative and false positive
rates. Not only did PA stereoscopic radiography
facilitate detecting small lung cancer, through
immediate and better visualization, it reduced
the need for additional radiography. Throughout
the operation of the RERF Department of Radi-
ology all old serial radiographs have been retained
in the patients’ files for routine comparison with
recent ones. This procedure has recently been
cited as a distinct advantage.?” It certainly aided
in the detection of newly-developing lesions in
the present study. Immediate reading (wet) of
all films facilitated obtaining any additional
projections deemed necessary, and together with
the final interpretation, greatly reduced the
chances of overlooking small lesions. The effi-
cacy of these methods was proven by the rela-
tively few missed tumors, Retrospectively, the
lesions of four patients were completely missed.
These tumors were very difficult to detect pros-
pectively because of their location, and because
they were in the projections of other structures.

Of 43 patients whose chest radiography revealed

no abnormalities at the time of their biennial .

chest radicgraphy, both prospectively and retro-
spectively, 42 developed lung cancer within 24
months of those examinations. The detection
rate for anaplastic carcinoma was not very high,
and none of those detected appeared as solitary
tumors. These findings may indicate that the
2-year intervals between the routine chest radio-
graphy of AHS subjects were too long to allow
detection of many of the fumors, especially
anaplastic carcinoma. Among the 43 patients
whose lung cancer was not detected by biennial
radiographic screening, only 10 developed peri-
pheral Ivng masses from 12 to 24 months of
their last screening radiography. A modest
increase in the detection rate of asymptomatic
peripheral lung cancer could be anticipated if
radiographic screening were conducted annually
rather than biennially. For high risk groups rou-
tine sputum cytology should be added to the
AHS screening procedures for lung cancer, as has
been advocated by other investigators,zs'z'o
because cancer originating in the hilar and per-
hilar regions are not as easily detected solely by
chest radiography, unlike those originating in the
peripheral lung regions. Without routine sputum
cytology, only three solitary hilar lesions were
detected in this study.
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In the present study, the resection rate was low,
and survival rates were relatively poor. There
was a 20% 5-year survival rate for patients whose
lung cancer was detected, and an 11% 5-year sur-
vival rate for the entire 107 patients. This may
have been due to this beinga 20-year retrospective
study.

The present study revealed a significantly higher
radiological detection rate of lung cancer in the
AHS sample than has been achieved in chest
screening programs elsewhere. The routine use
of 14 x 17 inch PA stereoscopic and lateral radio-
graphs, immediate wet checking of all films, and
the comparison of old radiographs on file with
recent ones during their interpretation no doubt
contributed to this relatively high detection
rate.

Advanced diagnostic methods, such as flexible
bronchoscopy, and advanced treatment tech-
niques were not available for most patients in
this study. The study showed that biennial chest
radiography did achieve reasonably good detec-
tion rates, but it also suggested that annual chest
radiography, especially with routine sputum
cytology for high risk groups, could achieve a
further modest increase in detection, and possi-
bly, survival rates, as well.

The additional radiation exposure from PA
stereoscopic radiographs over PA radiography
was minimal. The surface dose from PA and
lateral chest radiography was 46 mrad; that
from PA stercoscopic and lateral radiography,
55mrad.® The cumulated surface dose during
the 20 years of these observations was approxi-
mately 0.5 rad.
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