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SUMMARY

Radiographs generated during 20 years of biennial
chest radiography of 107 patients with histo-
logically proven lung cancer were reviewed for
radiological evidence of slow growing lesions.
Twenty-nine solitary circumscribed peripheral
masses which doubled in volume in five or more
months prior to any therapy were considered
slow growing. By these criteria, 7 (17%) of 41
squamous cell carcinomas were slow growing,
whereas 22 (42%) of 52 adenocarcinomas grew
slowly. There were no slow growing tumors
among the 14 anaplastic carcinomas or cancer of
other histological type. The mean doubling time
was 5.7 months for the seven squamous cell
carcinomas and 13.1 months for the 22 adeno-
carcinomas. The cancers tended to grow more
slowly in females than males. There was no
appreciable difference between the mean age of
the 29 patients with slow growing lesions and
that of the remaining 78 patients. Not only was
the majority of cancer in the present study readily
detectable by radiographic screening of the chest,
patient survival correlated very well with the
growth rates of the lesions. These data proved
that an appreciable percentage of lung cancer
does develop slowly, especially adenocarcinoma.

INTRODUCTION

Many primary lung cancers grow so rapidly that
it is difficult to detect them radiologically
sufficiently early to treat them surgically. Other
lung cancers grow so slowly that they are
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sometimes misdiagnosed radiologically as granu-
lomas or as benign tumors. Earlier radiological
observations of lung cancer in the Adult Health
Study (AHS) sample through 1971 by Nakata
et al' showed that 6 (21%) of 29 tumors grew
slowly, but there were relatively few patients
in that study. No correlation was established
between the histological type and growth rate of
those cases, though the histological type may
well have influenced the growth rate. This
comprehensive report of slow growing lung
cancer among 107 cases detected in the AHS
sample through 1978 included an additional 78
patients which developed since the 29 cases
studied by Nakata et al. This report of compari-
sons of slow and rapid developing lung cancer in
a fixed population is truly unique; no such
reports are to be found in the literature.

MATERIALS AND METHODS

The ABCC-RERF AHS, inaugurated in 1958,
is an intensive ongoing clinical investigation of
a fixed cohort originally numbering 20,000
exposed and nonexposed subjects, for late effects
of the atomic bombs.? Participants receive a
complete physical and laboratory examination
biennially, including posteroanterior (PA) and
lateral (1958 to 1970) and PA stereoscopic and
lateral (from 1971) chest radiography and other
indicated radiological examinations. Approxi-
mately 80% of AHS subjects return for biennial
reexamination.> In the past, the autopsy rate
in the AHS sample has ranged up to 49% of
annual deaths.*

By 1978, 107 histologically confirmed cases of
primary lung cancer in persons who regularly
received biennial chest radiography were available
for review. Among the 64 cancers identified by
biennial chest radiog;raphy,5 37 were solitary
peripheral lesions which were reexamined radio-
graphically for known periods of time prior to
any therapy. Using the method originally
described by Collins et al,® the volume-doubling
times were estimated for these 37 tumors (Figure
1 & Appendix). The mean of the maximal
tumor diameter in the PA and lateral projections
was calculated without correcting for magnifi-
cation. Peripheral lesions that doubled in volume
in five or more months, were considered slow
growing. The correlation between the cancer
doubling time and patient survival was calculated
using regression analysis. The significance of
regression was determined by analysis of variance.
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FIGURE 1 SEMILOGARITHMIC GROWTH RATE CHART
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RESULTS

The cancers of 6 of the 37 patients with solitary
peripheral lesions were reexamined radiographi-
cally for more than five years prior to any
therapy. The lesions of nine additional cases
were similarly followed for more than three
years. The tumors of these 15 cases were
observed by serial radiography because the
lesions were: 1) not detectable prospectively
and/or were overlooked (2 cases); 2) very small
and not definitely diagnosed (4 cases); 3) mis-
diagnosed as pulmonary tuberculosis (5 cases);
and 4) a combination of the three conditions
(4 cases).

The correlation of the cancer doubling time with
patient survival after the lesions attained a
diameter of 1.0cm was examined for the 37
solitary peripheral lesions which were observed
by two or more chest radiographies. There was
no significant difference by sex and age for
doubling time and survival, for lesions 1.0 cm or
more in diameter. The results are shown by
histological type in Figures 2 and 3; results using
regression equations for adenocarcinoma and
squamous cell carcinoma proved statistically
significant. For 26 adenocarcinomas the regres-
sion equation (Y) was 6.18x + 6.99(P<0.005)
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FIGURE 2 CORRELATION OF DOUBLING TIME WITH SURVIVAL FOR CANCER 1.0 cm

OR MORE IN DIAMETER FOR 11 CASES OF SQUAMOUS CELL CARCINOM A
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and the correlation coefficient (r) was 0.86.
For the 11 squamous cell carcinomas, the regres-
sion equation (Y) was 4.81x + 24.25(P<0.01)
and the correlation coefficient (r) was 0.77.
The treatment administered had little effect on
patient survival, probably because, except for
seven adenocarcinomas, the lesions were not
resected. The survival of those 7 patients was
likewise no better than for the remaining 19
adenocarcinoma patients (Figure 3).

Among the 37 solitary peripheral tumors, 29
with tumor volume doubling in five or more
months, were considered slow growing. It is
improbable that any of the cancers in the
peripheral portions of the lungs other than these
29 doubled in volume during five or more
months. Among the 64 lung cancers detected in
the present study, the volume of 8 doubled in
less than five months (Figures 2 and 3). Seventeen
cancers initially consisted of multiple nodules
or were manifested only by secondary changes.
Four solitary cancers were located in the hilar
regions. Six cancers which were observed only
once by chest radiography likewise had little
possibility of doubling in volume during five or
more months. All six had normal chest radio-
graphs at RERF from 18 to 25 months before
the lesions were discovered, and five of the six
had tumors greater than 3.0cm in diameter at
the time of detection. If we assume each tumor
was 0.9 cm in diameter at the time of the last
normal chest radiography of the patient, those
five tumors necessarily doubled in volume in
less than 4.5 months. Only one of these six
cases (squamous cell carcinoma) was 2.4 cm in
diameter after 23 months of normal chest radio-
graphy, and there was little probability of its
volume doubling in five or more months. The
probability is also slight for any of the 43
undetected cancers to have doubled in volume at
such a slow rate; none of the 43 were visualized
in the peripheral lung field when less than 3.0 cm
in diameter at the time of detection elsewhere
(Table 1).

Table 2 contrasts the 29 slow growing peripheral
cancers with the remaining 78 cancers according
to histological type. Twenty-two (42%) of the
52 adenocarcinomas and 7 (17%) of 41 squamous
cell carcinomas grew slowly in the peripheral
portions of the lungs. No anaplastic carcinoma
in the present study developed slowly. The mean
doubling time of the 22 slow growing adenocarci-
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TABLE 1 INITIAL RADIOGRAPHIC MANIFESTATION OF 107 LUNG CANCERS

#1

KR 107612 &14F 5 @40 O X SR H i

Total 107

r
Detected radiographically

1
Undetected radiographically
43

64
F T | |
Solitary Solitary Multiple Secondary
peripheral hilar lesions changes only
lesion lesion
43 4 8 9
I T 1
Doubling time Doubling time Observed
5+ months <5 months once
29 8 6

TABLE 2 RATE OF SLOW GROWING CANCER AND MEAN DOUBLING
TIME ACCORDING TO TYPE

%2

HALEL R 5678 0B VWl O #l 5 K U % O doubling time

A. Slow Growing Tumor

B. Remaining Rate %

Type of Carcinoma Humbier Mean Doubling Tumor (A/A+B)
Time (Months)

Squamous cell 7 5.7 34 17.1
Adeno 22 13.1 30 42.3
Small cell anaplastic 0 - 8 0
Large cell anaplastic 0 = 4 0
Other 0 - 2 0
Total 29 11.3 78 29.1

TABLE 3 RATE OF SLOW GROWING CANCER ACCORDING TO SEX AND TYPE

#3 MR UHBETNREORVEOE S
Male Female
CT”?e ot g' Sl‘i’: B. Remaining  Rate % é"rﬂ‘i’: B.Remaining  Rate %
arcinoma Towing Tumor (A/A+B) g Tumor (A/A+B)
Tumor Tumor

Squamous cell 4 27 12.9 3 T 30.0
Adeno 10 18 35.7 12 12 50.0
Other 0 9 0.0 0 5 0.0
Total 14 54 20.6 15 24 38.5
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TABLE 4 MEAN AGE OF LUNG CANCER PATIENTS BY TYPE
F A4 B B E o MR AR T B i

Mean Age in Years

Type of Carcinoma

Peripheral Slow

Remaining Cancer

G“;,“’“.’g Cancet Patients
atients

Squamous cell 73.8 67.6
Adeno 62.1 64.5
Small cell anaplastic - 66.6
Large cell anaplastic - 62.5
Other - 66.5
Mean Age 65.0 65.9

nomas was 13.1 months; that of the seven
squamous cell carcinomas was 5.7 months.

Table 3 shows the rates of slow growing tumors
according to sex and histological type. The
cancers tended to grow more slowly in females
than males. Thirty-sex percent of the adeno-
carcinomas in males grew slowly, compared to
50% of the adenocarcinomas in females. For
squamous cell carcinoma, the values were 13%
and 30%, respectively.

Table 4 shows the mean age distribution of
patients according to histological type. Patients
with slow growing squamous cell carcinoma
were older than those with cancer of other
types. For squamous cell carcinoma, there
was a slight difference between the mean age of
patients with slow growing lesions and the
remainder, but there was no appreciable
difference for each of the other types, or for all
types combined.

Scrutiny of the radiographs of the 43 solitary
peripheral lung cancers failed to reveal any
particular radiographic characteristics of the 29
slow growing lesions, as opposed to those of the
remaining 14 rapidly growing cancers. All but
one patient with slow growing cancer had no
symptoms when the lesions were initially
apparent on chest radiography. The remaining
14 patients with rapid growing cancer likewise
had no symptoms.

There was close correlation between frequency
of cigarette smoking and tumor histology;
specifically, squamous cell carcinoma.”® But in
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this study there was no correlation between the
frequency of cigarette smoking and the rate of
tumor growth. There was no correlation between
rate of tumor growth and A-bomb dose of the
subject.

DISCUSSION

Use of the method originally described by Collins
et al® for calculating volume doubling time for
tumor growth necessitates two assumptions;
1) that an opacity visualized by chest radiography
is due entirely to the tumor itself, and 2) that a
tumor grows symmetrically and constantly. In
fact, the radiographic manifestations of primary
lung cancer are sometimes caused by abnor-
malities other than the tumor itself, including
atelectasis and secondary inflammation, and
some lung cancer has central necrosis which is
incapable of growth. Despite this, the method of
Collins is useful and convenient. Since tumor
growth rate is fairly constant throughout the
time it can be visualized radiographically,7 this
rate may be reasonably averaged over a period of
time. The doubling time of a tumor has special
significance if it correlates with patient survival,
as described by Weiss et al.® In the present study
survival and doubling time correlate well in that
way. Therefore, comparisons of slow growing
lung cancer with the other tumors according to
doubling time, are considered very meaningful.

In the present study, to be considered slow
growing radiologically, the cancer was necessarily
located in the peripheral portion of the lungs,
and the volume doubled after five or more
months. Generally, a tumor less than 1cm in
diameter is considered undetectable radiographi-
cally.>™™ Theoretically, all tumors that doubled
"in volume in five or more months were detectable
when they were 1.0cm to 3.0cm in diameter
during biennial radiographic screening at RERF
(Figure 1). In the present study, all cancers but
one which were observed for more than 18
months doubled in volume in 5 or more months.

Garland'? repaorted that 20% of all patients with
primary lung cancer with previous chest radio-
graphs available for review had radiographic
abnormalities for one year or more. Weiss et al B
using their original 18 cases and 75 more from
the literature, reported that 25% of bronchogenic
cancers doubled in volume in more than six
months. Steele and Buell® estimated that at
least 80% of the doubling times are six months
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or less. These reports, however, were not based
on fixed cohorts, and there was no mention of
any correlation between tumor growth rate and
histological type. Rates of slow growing tumors
estimated by such investigators therefore vary a
great deal.

In the present study, 7 (17%) of 41 squamous
cell carcinomas and 22 (42%) of 52 adenocarci-
nomas were regarded as slow growing. Neither
small nor large cell anaplastic carcinoma grew
slowly. Although some adenocarcinoma develop
very rapidly, adenocarcinoma tends to grow
more slowly than squamous cell or anaplastic
carcinoma. In the series of Garland et al’ the
average volume doubling time for 22 squamous
cell carcinomas was 4.2 months; for nine un-
differentiated lung cancers, 4.1 months; and for
seven adenocarcinomas, 7.3 months. Charbit
et al'* reported that the geometric mean of the
doubling times of 97 primary squamous cell
carcinomas was 81.8 days, and that the value for
34 primary adenocarcinomas was 166.3 days. In
the present study, the mean volume doubling
time for seven slow growing squamous cell
carcinomas was 5.6 months; while that for 22
adenocarcinomas was 13.1 months. However,
variations in slow growing tumor rates by
histological type may also be related to cancer
site of origin and its radiological appearance.
Adenocarcinoma usually first appears as a mass
in the peripheral portion of the lung!® ; whereas,
the majority of squamous cell carcinoma is
manifested by a hilar or perihilar mass, or signs
of bronchial obstruction.!® The most common
manifestation of small cell anaplastic carcinoma
is a hilar or perihilar mass.'”'® Radiologically,
adenocarcinomas are therefore more frequently
observed to be slow growing tumors than are
cancers of other types.

Other factors can influence tumor growth. There
are few reports of correlation between tumor
growth and sex, but in the present study both
squamous cell carcinoma and adenocarcinoma
in males seemed to develop more repidly than in
females. This effect is probably enhanced by
the fact that females outnumber males in the
AHS sample nearly two to one.” However, sex
influences the rate of slow growing tumors less
than histological type.

Patients with slow growing cancer are generally
older than those with rapid growing lesions,la
although there was no strong tendency for this
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in the present study. Squamous cell carcinoma
tended to support this hypothesis, but only
slightly so.

The assessments made in the present study were
based on biennial radiography. Had the exami-
nations been conducted annually or biannually
more accurate evaluation of the lesion growth
rate could have been made. However, this study
showed that an appreciable percentage of lung
cancer develops slowly, especially adenocarci-
noma. We must be alert for these lesions, even if
they do not grow rapidly, or if they seem not to
grow at all.
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APPINDIX
1

LUNG CANCER PATIENTS WITH SERIAL BIENNIAL CHEST RADIOGRAPHY.
SQUAMOUS CELL CARCINOMA
2HEITEOMEBEL M X R R R N R A

Tumor Diamete:

Doubling Radiptaphs Interval Between Survival from
MF Number Age Sex Time Available First & Last Ra- First Last 1cm

(Months) diograph (Months) (Gitt) prom (Months)

75 M 1.3 2 1 2.4 28 11

62 M 23 3 2 1.4 1.8 52

54 M 3.6 2 3 1.8 22 17

64 M 4.0 2 27 2.6 12.5 50

77 M 53 4 43 0.8 4.5 64

72 M 51 4 21 1.8 4.2 35

79 F 5.1 4 28 2.3 7.0 70

75 M 6.3 4 48 1.0 6.0 52

75 F 6.3 3 18 2.4 4.5 45

59 F 8.7 4 48 15 5.2 71

68 M 14.7 5 72 0.8 3.0 87

LUNG CANCER PATIENTS WITH SERIAL BIENNIAL CHEST RADIOGRAPHY. ADENOC ARCINOMA
2L DR L R EE X BRIRTE & 2 U o D R R

Tumor Diameter

Doubling Railograpts Interval Between ~— — ~""  Survival from
MF Number Age Sex Time . First & Last Ra- . 1 cm
(Months) Avalizble diograph (Months) b Last (Months)
(cm) (cm)
73 M 0.9 2 1 2:1 2.1 15
62 M 1.7 3 3 1.2 1.8 18
62 F 2.6 3 6 2.3 3.8 27
71 F 3.0 3 3 2.4 3.0 21
65 F 5.3 2 23 0.9 2:2 71
60 M 57 3 23 14 35 49
65 F 6.3 3 38 0.8 3.3 36
59 M 6.3 2 22 1.0 2.3 40
60 M 2.9 2 22 0.6 1.2 27
39 M 9.7 5 29 1.2 2.5 43
56 F 10.0 2 8 2.3 2.7 52
59 F 11.0 2 24 1.4 2.3 61
50 M 11.7 2 4 34 3.7 109
74 F 117 4 48 1.6 3.2 61
57 M 12.7 4 38 1.6 3.2 60
67 M 12.7 3 26 3.3 5.2 113
80 M 14.0 10 110 1.1 3.8 93
55 F 14.7 6 37 1.8 3.2 98
60 F 15.3 3 37 2.3 4.0 109
57 r 15.7 4 73 0.8 2.5 81
66 M 17.3 5 79 1.3 3.3 201
33 F 20.5 9 73 1.6 3.8 185>
39 F 22.3 4 62 1.4 29 128
60 F 229 2 29 2.0 2.4 114
70 F 23.3 7 49 19 3.3 135
54 M 24.7 3 12 2.5 2.8 151

*Still alive.
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