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INTRODUCTION

Since lesions of lung cancer usually increase rapidly in
size, growth rate is often one of the criteria used in their
roentgenographic diagnosis.
frequency, cases of lung carcinoma exhibiting relatively

However, with increasing
slow growth are being reported. Our experience in
evaluating this aspect of lung cancer by retrospective
review of serial chest roentgenograms is presented here.

BACKGROUND

The ABCC-JNIH Adult Health Study! is the main clinical
investigative program of the Atomic Bomb Casualty
Commission, jointly sponsored by the Japanese National
Institute of Health and the U.S. National Academy of
Sciences, for the detection of late effects of the atomic
bombs. It is based on a fixed sample of about 20,000
subjects in Hiroshima and Nagasaki. Each subject is
routinely examined biennially in the ABCC Clinics, and
14 inch x17inch posteroanterior and left lateral chest
roentgenograms are included. Other and more frequent
examinations are performed as clinically indicated. The
design of this program permits gross assessment of lesion
growth patterns and percentages of slow- and rapid-
growing neoplasms in this fixed sample.

Wanebo et al® reported 66 cases of lung cancer among
Adult Health Study participants during 1950 -66. Cases
in the present study were selected from those 66, and
2 were subsequently detected.

MATERIAL AND METHOD

Excluded from the 68 cases available for this analysis,
were 9 diagnosed by death certificate only; 3 with
questionable histological proof; 6 with incidental micro-
scopic evidence but no gross evidence of tumor at autopsy;
and 21, without serial chest roentgenograms. Thus 29
cases remained for this study. Sixteen subjects were
male and 13 were female, ranging from 50 to 82 years of
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age. There were 11 squamous carcinoma; 9 adeno-
carcinoma; 5, undifferentiated; and 1, bronchiolar carci-
noma. The histological types in the 3 cytologically
proven cases were unknown.

All chest roentgenograms were scrutinized for abnormalities,
especially in the locations of the lung cancers subsequently
verified. Cases were categorized as follows according to
their roentgenographic findings:

No prior evidence suggestive of lung carcinoma.

Cases with abnormalities highly suggestive of carcinoma,
preceded by negative findings or minimal calcific
densities typical of tuberculosis.

Cases with early equivocal roentgenographie densities,
developing later into lung carcinoma.

In this study cases with previously observed densities
which retrospectively suggest lung cancer were considered
slow-growing. The remainder of the cases in this study
had roentgenograms, some suggestive of lung cancer,
within 34 months of its identification. The period of 34
months was arbitrarily chosen as a suitable criterion for
growth assessment following perusal of the data presented
in Tables 1—3

To be considered rapid-growing, the carcinoma must have
developed between a negative roentgenological examination
34 months before, and its subsequent identification on
chest roentgenography or detection at autopsy. To be
considered slow-growing the lesions must have had some
abnormal densities other than linear calcific ones of
tuberculosis on roentgenography during a longer period.

RESULTS

According to the above eriteria, the following results
were obtained.

Negative or with abnormalities not at any time suggestive
of lung carcinoma: 12 were in this category. The interval
between the last roentgenography and autopsy was usually
less than 2 years but ranged from 7 to 34 months.

Previous roentgenographic findings in the location of the
carcinomas at autopsy are described in Table |. FEight
were negative: three had minimal calcific densities
compatible with tuberculosis. In one, there were multiple
small cystic changes with reticular patterns, bilaterally,
compatible with bronchiectasis.
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TABLE 1 CASES WITH ROENTGENOGRAMS NOT SUGGESTIVE OF LUNG CARCINOMA

1 XWEHIZ@ERETIMEH % A o7 7
Té5D " Interval Last
MFE No. Sex Age (rad) Exam & Death X-Ray Findings Histology & Location
WA B ES W E i b X AT S AT W L B
M 5 65  Nonexposed 15 montt Negative Undifferentiated Ca., It. main bronchus
ERME A iE#% Foaftis, £y fLT’ ¥
M 5 70 Nonexposed 17 Negative Squamous Ca. It. lower lobe
Bl 3% o E% i P b M F e
M % 73 Heavily shielded 29 Negative Squamous Ca. rt. lower lobe
3 iE# R B, G F3E
M % 78 3 11 Negative Undifferentiated Ca. lt. lower lobe
iE % A L4, M T3
M % 54 Nonexposed 24 Negative Adenocarcinoma, It. lower lobe
W E iF i R, 20T
F %« 73 14 34 Negative Bronchiolar Ca. rt. lower lobe
iE % HIRE e, BN T
F « 55 11 26 Negative Adenocarcinoma, rt. upper lobe
iE % WAtE, H Al ke
F % 59 72 19 Negative Squamous Ca. It. main hrnnchus
iE# WP L, LR
M5B 82 0 15 Minimal calcific (Tb ) Squamous Ca. It. upper lobe
Wi s B ALCE WOE LR, % 3
M B 64 0 19 Minimal caleific (Tb‘) Adenocarcinoma, It. upper lobe
both upper lobes TR, A b
il EIF;‘J:-E'{@ DR A K AL
F & 57 44 29 Minimal calcific (Th.) Undifferentiated Ca. It. upper lobe
R IR (L # AL, R k3
M T 65  Nonexposed 7 Bilateral multiple small Squamous Ca. It. main bronchus
3E i 18 cystic changes with same 5 | IR, Ay

appearances 48 months

before. (Brunchxectasns)
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Cases with abnormalities highly suggestive of carcinoma,
preceded by negative findings or minimal calcific densities
typical of tuberculosis: 11 were in this category (Table 2).
The interval between the earlier roentgenography and the
time at which carcinoma was identified averaged 2 years,
but ranged from 18 to 27 months.

grams of nine were negative in the location of the

Earlier roentgeno-
carcinoma later identified. Two had minimal calcific
densities compatible with tuberculosis in the lobe containing
the tumor.

All cases in the above categories fit criteria for relatively
rapid-growing tumors in this series.

Cases with early equivocal roentgenographic densities in
the same region as the tumor subsequently verified:
There were six with such findings (Table 3), Three had
small, ill-defined faint densities with little or no change
between examinations, but eventual gradual increase in
size over 48 to 62 months (Figures 1-6). Five of the six
cases fit our criteria for relatively slow-growing tumors.
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TABLE 2 CASES WITH ABNORMALITIES SUGGESTIVE OF LUNG CARCINOMA PRECEDED BY NEGATIVE
ROENTGENOGRAMS OR CALCIFIC DENSITY, TYPICAL OF PULMONARY TUBERCULOSIS

#2 MEEzRETIEENSSH, LT X#H L, 7203, Mo MR RRCER SR L A

MF No. Sex Age T65D M Earlier X-ray Findings Tumor Size Histology & Location
EEERES W Fm irad) mefors Jinpriosl,  sh Deris #2097 & 1
i fit ABWF AT O X 4 i [ UG
LIRS
M5 78 128 Negative, 26 months 3.0%3.0em  Unknown, rt. upper lobe (cytology)
E# T, Ghf LRI EMREES 9 )
M % 70 31 Negative, 18 3.5x3.5 Undifferentiated Ca. It. upper lobe
IE % FoL, A LIE
M % 66 787 Negative, 24 4.0 x3.5 Squamous Ca. rt. lower lobe
1E # WP Lk, AT
M5 60 Nonexposed Negative, 24 4.6 x4.0 Squamous Ca. rt. main bronchus
IR EH % fi T LR HEERE X
M 5 70 239 Negative, 27 Pleural Squamuus Ca. rt. lower lobe
i % effusion P L, 0T %
i Y i
M % 63  Nonexposed Negative, 22 1.5 x2.0 Adenocarcinoma, It. upper lobe
R H iE % B, AR
F % 57 340 Negative, 24 3.0%3.0 Adenocarcinoma, rt. upper lobe
it B4, HNE L3
F % 79 36 Negative, 27 2.5x2.0 Squamuus Ca. rt. upper lobe
IE % Wi ks, AWk
F #% 69 20 Negative, 24 Atelectasis Undifferentiated Ca. rt. middle lobe
iE % =R For b, Bl
F %« 64 NOIIC'(pOSed Minimal caleific (Th.), 24 5.5 x5.0 Squamous Ca. rt. upper lobe
IR E WE I T IR (RS i) R LR, 0 L
F & 74 0 Minimal calcific (Th 24 Atelectasis  Squamous Ca. rt. upper lobe

B h BIE (b (&SR i Fil F ERE#E, b R

TABLE 3 CASES WITH EARLIER EQUIVOCAL DENSITIES DEVELOPING INTO LUNG CARCINOMA LATER

#3 DTS 5 W RE R

SAMEE IR L W

Case TésD' Tumor Size
MF No. Sex Age (rad)  Earlier X-Ray Findings before Diagnosis at Diagnosis Histology & Location
&5 Wk R&S 1L Eap Rt BIHF BT ¢ X #BAT R FLAEE MIPF R & SR
[ F % 50 1 Small, ill-defined, gradually 2.0x3.0 Adenocarcinoma, It. upper lobe
increasing in size s bt
b s At
LZwiz ik
11 F % 58 31 Negative Small, ill-defined, very gradually 1.5 x2.5 Adenocarcinoma, rt. upper lobe
76 increasing in size [ | ]
i 5‘% 36, 32, 13, 9
111 F % 56  Nonexposed Negative Small, ill-defined, gradually 3.0x3.0 Unknown, rt. uppm lobe (cy tﬂlﬂk\)
i gL b 72 increasing in size .
EHE 5 g i - H i
B BEE iE 4 18, 24 AR, 1Ehii L
HE R TS BE Y 00 /) B B A

LEWIIHA

v M%B 62 17 Small, round, ill-defined 3.0x3.0 Adenocarcinoma, rt. middle lobe
34 (2E A = il ch #E
Beds, G0l EE

HE R AEE

100 [ A

v M5 63 20 Negative Faint, linear streaked 3.0x3.5 Adenocarcinoma, It. lower lobe
48 23

. MR, FENET 3
EH P A T,

VI F

"

68 64 Small, irregular nodular 4.0x4.5 Unknown, rt. upper lobe (cytology)

38, 23 T, AL R REE S ) )
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CASE REPORTS

fi

Case I (MFJ: A 50ycarold female had four
series of chest roentgenograms (Figure 1) during a 62-
month period. A faint ill-defined density increased
gradually and only slightly in size during this period.

Biopsy showed adenocarcinoma of the lung.

Case II (MF-: A 58-year-old female had seven
series of chest roentgenograms (Figure 2) over a 76- month
period. The first examination was negative, In retrospect
a very faint density may have been present in the projec-
tion of the anterior portion of the right second rib on 5
December 1960. This increased very minimally in size by
18 November 1965. Biopsy revealed adenocarcinoma of
the Jung.

Case 111 (M_): A 56-year-old female had four
series of chest roentgenograms during 72 months(Figure 3).
Her first examination was negative. A small poorly
defined density developed in her right upper lobe by the
second examination. It did not appreciably increase in
size by the third examination, but had by the time of the
fourth examination. Cytology revealed class V malignant
cells.

Case IV (MF-: A 62-year-old male had two series
of chest roentgenograms 34 months apart (Figure 4). A
faint lem right lower lobe density enlarged to 3cm.
Adenocarcinoma of the lung was identified at autopsy.

Case V (MF-): A 63-year-old male had three
series of chest roentgenograms during 4 years (Figure 5).
Initially the left perihilar region was normal; faint linear
densities were present at the second examination; a
3.0em 3.5 em well defined opacity, by the third exami-
nation. Adenocarcinoma of the lung was identified at

autopsy.

Case VI (MF: A 68-vear-old female had three
series of chest roentgenograms over 38 months(Figure 6).
A very faint density was present at the level of the
anterior portion of the right third rib at the first exami-
It increased very minimally in size by the second
and measured 4.0em>4.5cm at the last

nation.
examination,

examination. Cytology showed class V cells.
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Figure 1 CASE I'MF NEEN. (4)28 January 1958, minimal opacity, left upper lobe. (B)8 August 1958, minimal increase
in size of opacity. (C) 17 May 1961, minimal increase in density. (D) 11 March 1963, minimal increase in size.
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Figure 2 CASEH(MFIEEEER). (4) 7 July 1959, negative. (B)5 December 1960, very faint opacity, right upper lobe.
(C) 25 Oclober 1962, minimal increase in size of opacily. (D) 19 February 1963, questionable increase in size of opacity.
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Figure 2 CONTINUED. (E) 30 September 1964, minimal increase in density. (F) 18
in size of opacity. (G) 18 November 1965, minimal increase in density.
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Figure 3 CASE I (MF . (A) 20 February 1961, negative. (B) 15 February 1963, small poorly defined density,
right upper lobe. (C) 16 February 1965, very minimal increase in size. (D) 14 February 1967, interval increase in size.
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Figure 4 CASE 1V (MF . (A) 18 April 1959, poorly defined 1.0 cm density. (B) 15 February 1962, density en-
larged to 3.0 cm.
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Figure 5 CASE V(MF . () 24 June 1959, negative. (B) 25 August 1961, faint linear perihilar densities. (C)
27 June 1963, 3.0 % 3.5 cm perihilar lesion.
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Figure 6 CASE VI(MF . (A) 4 February 1958, faint density, vight upper lobe. (B) 3 June 1959, minimal in-
crease in size of opacity. (C)28 April 1961, 4.0 x4.5 cm opacily developed.

6 GEEV(MFEEE. (A 1958 2 A4, SEECH+T» 405, (B) 1950F 6 H3 11, B¥E @
EIzHiA. (C) 1961 4 A28H, 4.0 X4.5mDEEHHEE.

1



DISCUSSION
Rigler? reported a relatively large number of lung
carcinomas whose retrospectively studied chest roentgeno-
grams showed abnormalities in the locations of the tumors
subsequently identified. Hughes and Blades® deseribed
five cases of stable lung carcinoma proven at surgery,
and studies of growth rates of tumors have contributed a
great deal.>® Reports of most studies have not been clear
as to the percentage of slow-growing tumors of the total
in a series. Comparison of slowly- and rapidly-developing

lung cancers in a series of cases is usually not easily made.

Prevalence and incidence of diseases are readily determined
for the populations studied at ABCC where three factors
have facilitated the detection of disease and observation
of slowly changing disease manifestations. First, the
design of the Adult Health Study' which incorporates
biennial examinations of usually asymptomatic subjects
facilitates detection. Secondly, the relatively high autopsy
rate maintained in this program? aids in verification.
Thirdly, according to our experience, and apart from
their often being asymptomatic at the time we examined
them, these subjects and probably the general population
as well do not undergo recommended surgery, especially
for asymptomatic lesions, as promptly or as frequently as
patients in the United States. This seems especially true
of thoracotomies recommended for small chest lesions of
undetermined etiology. Whereas thoracotomy has been
recommended " for all but complete or lamellarly calcified
lung lesions, most subjects with small, even uncalcified,
lung lesions for whom thoracotomy is recommended
All of these factors
facilitated our estimating the percent of relatively slow-

generally do not undergo surgery.

growing lung tumors in this series.

Neoplasms can reportedly develop at sites of pleural
adhesions. Lung cancer reportedly develops more fre-
quently following pulmonary tuberculosis than in non-
tubercular individuals,'" and at the sites of parenchymal
scars.'®>!'® Five subjects in the present study had lesions
suggestive of tuberculosis, and developed carcinoma in
the same lobe after a latent period (Tables 2, 3). None
of these lesions were biopsied or otherwise proven. The
tuberculous lesions or nonspecific scar tissue could have

precipitated these carcinomas.

Tables 1-3 suggest a greater frequency of slow-growing
lesions among the A-bomb exposed subjects!'* in this
study. However, the number of cases is few and this

observation is probably fortuitous.
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We concluded that the 12 cases identified at autopsy
(Table 1), and the 11 cases identified roentgenographically
(Table 2) but without related abnormalities on earlier
examination, were relatively rapid in growth.

Rigler found that the duration from the first observation
of a density until a definitive diagnosis was over 2 years
in more than 50% of his 122 cases.® Of the 29 cases,
6(20%) in our study had similar manifestations (Table 3),
which we assume contained carcinoma when first seen.
They changed very slowly over relatively long periods
of time.

The earlier densities appeared ill-defined and faint as
those described by Rigler.!®
could not be differentiated from ordinary inflammation.

Roentgenologically they

In retrospect, they enlarged very gradually over long
At times, the
rates of growth were so slow that changes occurring

intervals and usually late in their courses.
were not obvious. These findings again negate the
assumption that lung carcinoma generally increases
rapidly in size and support the impression that a signifi-
cant proportion of pulmonary cancers have relatively slow
growth rates. Caution should be observed in interpreting
as benign those lesions which appear stable on serial

roentgenograms.

SUMMARY

Roentgenograms of 29 cases of pulmonary carcinoma
were reviewed for growth of lesions. Retrospectively, in
six cases equivocal densities were evident roentgeno-
graphically 23 to 62 months before subsequent roentgeno-
Thus 20% of the
cases observed appeared to grow relatively slowly. These
results lend further support to the impression that a
sizable percentage of pulmonary cancers have slow growth
rates. In five other subjects in this study cancers developed
in the same lobe as residuals of pulmonary tuberculosis.

logical identification as carcinoma.
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