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SUMMARY

Problems in the radiographic detection and
diagnosis of primary lung cancers were retro-
spectively analyzed for 64 patients who had
radiographically demonstrable tumors. All of
them were among 107 histologically confirmed
Adult Health Study lung cancer patients who had

consecutive biennial chest radiography from
1958 to 1978.

When first radiographically imaged, 17 cancers
were not diagnosed; however, 11 of these 17
were actually equivocal and detectable only by
retrospective review of serial films. Originally,
eight lesions were misinterpreted as inflammatory
processes, seven of which were diagnosed as
pulmonary tuberculosis.

To avoid overlooking small lesions, the impor-
tance of comparing serial radiographs, and the
special need for posteroanterior stereoscopic
and lateral radiographic projections of the chest
for members of such a high risk population are
underscored. Radiologically, any nodule or
apparently fibrotic density, even though small
and growing very slowly or not at all, should be
considered malignant until proven otherwise.

INTRODUCTION

The rate of radiographic detection of proven
primary lung cancer in 107 ABCC/RERF Adult
Health Study (AHS)! subjects was relatively
high.? Using doubling times calculated according
to the method of Collins et al,®> growth rates of
these tumors were estimated.* This is a report
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of a retrospective study which identified
problems encountered in the radiographic
detection and diagnosis of lung cancer in those
patients.

MATERIALS AND METHODS

The AHS consists of a fixed sample originally
consisting of 20,000 persons drawn at random
from the exposed and nonexposed subjects in
the Hiroshima and Nagasaki populations.1
Biennially, all receive physical and laboratory
examinations and any other examinations which
are indicated. They routinely received chest
radiography with 14x 17-inch posteroanterior
(PA) and lateral projections until 1971, after
which PA stereoscopic and lateral projections
with 14x17-inch films has been routine.
All chest radiographs are exposed at about
100kVp, are routinely checked immediately
after processing, and all radiographs of AHS
participants are permanently retained, and
available for periodic review.

From 1958 to 1978, 107 histologically or
cytologically confirmed primary lung cancers
developed among AHS participants who regularly
received serial biennial chest radiography.

In the present study, the radiographic detection
of lung cancer was assessed by retrospective
reviews of all radiographs and reports of their
interpretation for these 107 AHS patients. All
the authors, in conference, determined at which
examination each lesion was radiographically
imaged and whether it was detectable at that
time, or only retrospectively. This was the
reason for the exclusion of the 43 cases.

RESULTS

At the times of their biennial chest radiography,
64 of the 107 patients with histologically proven
lung cancer had radiographic manifestations
caused by their cancers. The cancers of 47 of
these 64 patients were detected at radiography
when they were initially imaged; the lesions of
the other 17 among the 64 were not. Among
the 17 initially undetected cases, 16 had solitary
and 1 had multiple lesions, radiographically.
Of the 17 lesions initially undetected 13 were
subsequently detected during their next biennial
chest radiography, but 2 of these 13 (Table 1)
were misdiagnosed as pulmonary tuberculosis,
Therefore, six patients were not diagnosed as
having lung cancer at the times of their regular

EXHMEIC L TR AR UBETT 2355 0 MBS
EMEAIILEIETEILDTH S,

HMEREUCAZE

AHS D3t 83, EREVREOER 2 5 EAESMHE
U2l O JEmmE 254 520,000\ (M8
AN OBEEERATH S coEFoRE LA
2T E iz, BEMBRELICERRE A2, B2
BLEIZIGLTCEZOMOBEL RIS, SREIRD
DFRIZE, 1971 TlEUX174 » FOIER AL
B 16 O BB X s 4, 19716E LI 314 X174 ¥+
TANLOEEHRAT LA RUMAmEBMEEIIT
WAL AT O X AR 10kVp TiThR,
BURMMBRE L cHE s h b, AHS 1%E O X g5
EFRTRABRTFELCHD, EHM IR T E 3.

19584E 7 5 19784 M R 1z, i W & Ok S AN 12 2 4F
ZEOMEXGHRTEE R T VWS AHS M RED I 5,
107 A1 #H & 27 09 B USHIRE SE 0 IS RERE & e SRS M
Bitiis AP FE L Tv B,

AEORTIE, XERFECL3MBoRE D%
ARl A0, ZOWTADTNTOXBEERLR Y
AERENOMEN 2RI AT 2. FHE LU,
{4 DREFNXMELTRERERLLORED
BEEHIOMATH - d, FLHEILEOBLTHM
TELD, BA3VERRIZHBAL 0L 20T
L7z, Zhiz &k A3GEMH % sk L 7.

W R

HAEMICER s W AMBEEITAD I b, 64A
DI 2T OBl X SRR, sk s R
FEOENRTWA, ZAGEFIO S bATHIZH> VT
F, BMCREERSIRD S R 2B RE
ShTwad, BRIl cEHmtaht ok BW
I Eh a2 2170 O 5 b 16T IMERE, 1 #
BERMOBETH A LEFXHEERLIZLENAD S
iz, ZOITHORED 5 5 136 K E O F KNG L
XmETHRBEREY, 20135 (£1)05 5
2HIEEE BB EhT A, LENST, 64
DREFEMRZOBRCHMEBHEN G o 1



checkups. Among the 17 initially undetected
lesions, it was determined that 6 could have
been identified with more careful scrutiny of
their radiographs. The other 11 among the 17
initially undetected lesions were regarded
equivocal at the times of their initial appearances,
and detectable only when subsequent radiography
revealed cancers (Table 2) which had developed
further.
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TABLE 1 RADIOGRAPHIC MANIFESTATIONS AND DETECTION
OF LUNG CANCERS
1 WMo XSEILICET S EHEEHE

o Prospectively Rietic-
Manifestations Detected Detected SRECL weh’* Total
o Detected*
Initially Follow-up*
Solitary lesions 31 12 4 47
Multiple lesions 1 0 8
Secondary changes®** 9 0 9
Total 47 13 4 64

* At biennial or follow-up examination. 2/ 2 & & 5 L 3BT

** During present study. 4[5

##% Manifestations of atelectasis, pneumonia or pleural effusion.

BAMh, BEsd A0k oER

TABLE 2 DETECTABILITY AND SIZE OF 17 INITIALLY UNDETECTED LESIONS
#2 Rl s 2 1THREOHREBIRR &4 X

Size in cm
Detectability Total
<1.1 1.1-2.0 2.1-3.0 3.1+
Detectable prospectively 1 2 1 2 6
Detectable only retrospectively
using serial films 4 5 2 0 11
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Results of these retrospective assessments of the
detection of 47 solitary lesions are summarized
according to their sizes and locations in Table 3.
None of the five cancers in the retrocardiac
region and near the mediastinum were detected
when they were initially imaged, though they
ranged from 1.7 to 3.4 cm indiameter. Excluding
these five tumors, all lesions more than 2.0 cm in
diameter were detected when initially imaged.

AT D INTE LR ZE D R i 12 139 5 2 30 7 ) 34 o s SR
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TABLE 3 LESION SIZE AT INITIAL RADIOGRAPHIC APPEARANCE BY LOCATION
#3 BN XBEI LR L 2 RE QMY 4 £

Size in cm

Location Total

<1.1 1.1-2.0 2.1-3.0 3.1-4.0 4.1+
Apices 0/2 2/2 1/1 - - 3/5
Peripheral
lung fields 2/5 7/12 9/9 4/4 2/2 24/32
Hilar and
perihilar - 2/3 0 2/2 - 4/5
Retrocardiac - 0/1 0/2 0/2 - 0/5
Total 2/7 11/18 10/12 6/8 2/2 31/47

The detection rates of the 47 solitary lesions
according to their locations and the radiographic
projections used are compared in Table 4. PA
stereoscopic projections facilitated the detection
of lesions and minimized the number of radio-
graphic abnormalities overlooked by the radio-
logist, as compared to single PA projections.
Though this was not statistically significant, it
was our experience repeated during this study.
For example, a small lesion obscured by bone on
one film of a stereo film pair was visible on the
other film of that pair. Thirteen lesions were not
imaged by PA and lateral chest radiography and
subsequently proven to be lung cancers. Only
three such lesions were missed using PA sterco-
scopic and lateral radiography. Four cancers in
the retrocardiac region and near the mediastinum
were in the PA group, in contrast to only one
such cancer in the stereo group (Table 4).

The detection rates of the 47 solitary lesions
imaged radiographically are shown in Table 5
according to tumor size and radiographic pro-
jection. Of the 14 tumors measuring 1.1 to
2.0cm in diameter 6 (43%) were missed using
plain PA and lateral projections. However,
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only one (25%) of four such lesions were
overlooked when using PA stereoscopic and
lateral projections.

For nodular discrete lesions the smallest detect-
able one was 7-8 mm in diameter. For lesions
which were not discrete, the smallest detectable
was somewhat larger, but they could not be
precisely measured.
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EMCLBE, ZOL) LWEABD 5 5 1 (25%)
PRELENLEDBTH- 1.
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TABLE 4 DETECTION OF 47 SOLITARY LESIONS BY LOCATIONS AND
RADIOGRAPHIC PROJECTIONS
#4 INFEPERRZEATII O fl, SRR U X SR R 05 R R

PA + Lateral

Tumor Location

PA Stereo + Lateral

Detected Not Detected Detected  Not Detected
Apices 3 2 0 0
Peripheral lung fields 15 6 9 2
Hilar and perihilar 3 1 1 0
Retrocardiac 0 4 0 1
Total 21 13 10 3

TABLE 5 DETECTION OF 47 SOLITARY LESIONS BY TUMCR SIZE AND
RADIOGRAPHIC PROJECTIONS
#5  IMTEMERZEATHI O M, W 04 4 X U XA 5 R

PA + Lateral

PA Stereo + Lateral

Tumor Size
(cm) Detected Not Detected Detected Not Detected
ilit 2 4 0 1
1.1-2.0 8 6 3 )
2.1-3.0 7 2 3 0
3.1-4.0 3 1 3 1
4.1+ 1 0 1 0
Total 21 3 10 3

Eight of the 47 lung cancers were initially mis-
diagnosed as inflammatory lesions - specifically,
one as “‘inflaimmatory disease”; and seven as
pulmonary tuberculosis, including two lesions
which were not detected initially but detected
during their next biennial or follow-up chest
radiography. Five of these eight lesions were
located in the apices and upper portions of the
lung fields (Table 6). Initially, seven of these

NG ATREM ) 5 5 8 AL, YW REMKEETH 5 &
DB 1N R R AT
sh, Blr7Hlm@Eseszahni THors
23, BB ENE 2o 2 HEOBROIEX B
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appeared as solitary lesions, six of them less than
1.7 cm in diameter at the time of misdiagnosis.
The seventh was 3.2cm. The remainder mani-
fested only secondary changes; such as, atelectasis
(Table 7). The six tumors less than 1.7 cm in
diameter were reexamined at intervals of from
two to six years, and during those intervals,
they enlarged very slowly. The volumes of
the six tumors doubled in periods from 8.7 to
22.3 months.*

E TGRS E S LT L, I 5614
ERZOB, BEL Tl F, 1{A3.2mCdh - £,
A 1HNE, BRMO L 2ROl s %
AL (£T). HELTenll T 6 HONEE L 2 4
56 EOMBTHEREAES N, ZOHMCED T
MR L 220 6 OB OAERUL8.7 2 522,30/
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TABLE6 LOCATIONS OF MISINTERPRETED LUNG CANCERS
Fe 6 2N o S

Middle Lung
Fields

Lower Lung
Fields

Upper Lung

: Hilar
Fields

Apices

TABLE 7 RADIOGRAPHIC MANIFESTATIONS AND SIZES OF
MISINTERPRETED LUNG CANCERS AT INITIAL APPEARANCES
£T7 BRI OMEEEREEC S 3 XBEIT Lo
i ROy A4 A

Solitary Lesions (cm)

e - Secondary
<1.1 1.1-2.0 2.1-3.0 3.1-4.0 Changes
0 6 1 1
DISCUSSION £
S.mall pr]m_ar.y.iung cancers are_often dz_fﬁcu%t to AR TSR 0, 1S L Oem b F M4,
diagnose initially radiographically, especially

when they are less than 1.0cm in diameter.’~7
Early lesions are often poorly circumscribed
heterogeneous infiltrates,® which sometimes lie
in the projection of normal structures, such as
ribs. Many of these tumors are associated with
preexisting benign abnormalities.® At this
institute, all patients’ serial radiographs are
retained for routine comparison during film
interpretations. This procedure, which was also
advocated by Stitik and Tockman,” aided our
detection of newly developing lesions. Our
immediate initial readings of all films facilitated
obtaining promptly any necessary additional
radiographs, and minimized overlocking small
lesions. Despite this, some poorly circumscribed
heterogeneous infiltrates were not detected or
diagnosed because they were in the projection of
normal structures, such as ribs.
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There seems to be too little appreciation of the
advantages of stereoscopic radiography, particu-
larly for chest radiography. The tube shift used
in stereoscopic chest radiography, and apparent
change in position of ribs and other structures
relative to a parenchymal lesion on the stereo
film pair allow lesions to be clearly imaged apart
from bones. This feature is very striking - even
without placing the stereoscopic film pair in a
stereoscopic viewer. Stereoscopic radiography is
capable of conveying very well the illusion of
depth, thus further clarifying the relationships
of structures to one another and to parenchymal
structures or other lesions. Without stereoscopy,
relatively small poorly demarcated noncalcified
lesions may not be detected, especially if they
are in the projection of structures, such as ribs.
Routine PA stereoscopic radiography improved
our rate for detecting lung cancers as shown in
Tables 4 and 5, although the numbers were
relatively few and the distribution of lesion
locations differed slightly from those in the PA
radiography group. The improved detection
occurred among lesions ranging from 1.1 to
2.0 em in diameter, and located in the peripheral
portions of the lung fields. Such lesions tend to
be “hidden” from view ‘“behind”, say, a rib or
other bone on one of the stereoscopic film pair.
Berkson et al'® reported that stereoscopic
radiography resolved both false negative and
false positive rates. Furthermore, PA sterco-
scopic radiography reduced the need for
obtaining additional radiographs in cases with
otherwise suspicious or questionable Ilung
densities, economizing on patients’ exposure
doses, and on the time and additional costs of
returning patients for reexaminations. In view
of the radiographic morphology of the lesions,
it was judged that the initial detection of the
13 initially undetected lesions would probably
not have benefited from group interpretations by
an expert panel of radiologists.

Kelsey et all' in a study of lung nodule
detection, stressed that the additional PA
radiograph of the stereoscopic film pair added
very little to the cost of the examination, and
that no additional setup time is necessary for
patient positioning. The advantages of stereo-
scopy included assistance to the observer-reader,
and a decrease in total reading time."' It has
been underscored that radiographic screening
of the chest, though ineffective cost-wise for
detecting lung cancer in a general popu.lation,”’12
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was very effective in a high risk population. PA
stereoscopic radiography decreased total costs
of detection by eliminating additional tests,
and by concentrating efforts on palliative rather
than curative treatment when indicated. It also
prolonged lives by identifying patients needing
early chemotherapy. In summary, Kelsey et al
stressed that, whereas no combination of radio-
graphic projections — PA, PA stereoscopic, or
lateral — is cost-effective for lung cancer detection
in a general population, most leading oncological
centers use PA and lateral projections as cost-
effective measures. However, PA stereoscopic
chest radiography is an even more effective
detection means for a high risk population. 1!
RERF AHS subjects are members of just such
a high risk population.

Lesions which were in the retrocardiac region
and near the mediastinum were most difficult
to detect when superimposed on the thoracic
spine, heart, or other structures. Reportedly,
lung cancer infrequently originates in the
retrosternal space, lung bases, and retrocardiac
region;m yet, in the present study, the lesions
of five patients arose in these regions. Retro-
spectively, none of these five cancers were
detected when they were initially imaged
radiographically, although all of them were more
than 1.7cm in diameter at those times. Some
investigators have found lateral projections to
be effective in radiological 's,creening;g’14 others
have not.!'  More recently, shaped filters
have been used in attempts to increase the
detectability of lesions in these regions. In the
present study, 2 of the total 47 lesions were
initially imaged on only the lateral projections.
For detecting tumors, lateral as well as the PA
films must always be carefully scrutinized with
a high index of suspicion.

All but one of the tumors initially imaged but
misinterpreted, were diagnosed as pulmonary
tuberculosis. Early during the course of exami-
nations of AHS subjects in the present study,
pulmonary tuberculosis was very prevalent in
Japan — to a much greater extent than was lung
cancer. Cihak et al,'® at this institute, found
pulmonary tuberculosis in 17% of 204 cases of
lung cancer autopsied from 1961 to 1974. The
frequency of active pulmonary tuberculosis has
decreased markedly in recent years,"’ 18 byt it is
still prevalent amongthe elderly and deb ilitated.!?
In the present series of 107 lung cancers, one-
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third had fibrotic or fibrocalcific lesions in their
lung parenchyma compatible with old pulmonary
tuberculosis.  Because of the relatively high
prevalence of active pulmonary tuberculosis in
Japan 20 or more years ago, small, poorly
defined, apical lung lesions were more likely
to be diagnosed radiologically as tuberculosis
than as cancer. Such faint, apparently fibrotic
lesions were less suggestive of tumors. When
six such patients in the present study were
reexamined radiographically for progress of
their lesions, the latter had grown very slowly.
Radiographically alone, it was impossible to
differentiate them from pulmonary tuberculosis.
Tazaki et al'® reported that 23.1% of misinter-
preted tumors did not grow at all, and that
2.6% appeared to decrease in size during follow-
up radiography. He reported that 83.4% of
misdiagnosed lung cancers in Japan were
incorrectly diagnosed as pulmonary tuberculosis.
Tsutsui et al? reported that the proper treatment
of 45 of 64 lung cancers was delayed by two or
more months because the lesions had been
incorrectly diagnosed as pulmonary tuberculosis.
Some investigators have observed that carcinoma
tends to occur in parenchymal scars®*"?? and
more often following pulmonary tuberculosis
than in nontuberculous lesions,?»?*

Any nodule or fibrotic density, even though
small and growing very slowly, or apparently
not growing at all for relatively short intervals
radiographically, must always be considered a
malignant neoplasm until proven otherwise.
When all other procedures fail, thoracotomy is
eventually a necessity for determining a lesion’s
etiology.

The modest increase in radiation dose from PA
stereoscopic radiography over PA radiography
is an acceptable risk in monitoring a relatively
high risk population, such as this one. The
dose to the lung tissue from PA and lateral chest
radiography was 16 mrad; that from PA stereo-
scopic and lateral radiography, 21 mrad.?® The
cumulated surface dose from routine biennial
chest radiography performed during the 20 years
of these observations was approximately 0.2 rad.
According to ICRP?® and UNSCEAR?Y’ reports,
the probability of developing lung cancer from
such an exposure dose is 4X 107%, far less than

the incidence of lung cancer in Japan (250%
10 6) 28,29
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In conclusion, this study showed that, although
the radiographic detection rate of lung cancer in
AHS subjects was relatively high,2 the detection
rate might have been further improved by
greater scrutiny of radiographs. The procedures
which proved most useful in screening included
the reading of films immediately following
processing, the comparison of previous with
current radiographs during film interpretation,
and especially, the use of PA stereoscopic and
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lateral chest radiography.
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