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The Detection and
Growth of

Intrathoracic Neoplasms

The Lower Limits of Radiographic Di:tinczion, the

Pattern of Growth as Drtermmed by
Direct Mensuration of Tumor Diameters from
Random Thoracic Roentgrnograms

The purpose of this investigation was to
explore the applicability of repetitive non- !
smultaneous and nonsystematic mensuration -
of the roentgen shadows of malignant neo=’
plasms in the lung to the betterment of our
understanding of the growth and behavior of
malignant neoplasms in man and a better
Jdehnition of the limitations of the roentgeno-
graphic detection of pulmonary tumors.

Material

Consecutive patients attended at the Ellis
Fischel State Cancer Hospital hetween 1940
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and 1961 and having 2 or more thoracic
roentgenograms showing intrathoracic pri-

“‘mary or metastatic cancers were included in

the study. When multiple thoracic roentgeno-
grams were taken on the same day, only the
best study was considered. Roentgenograms
taken by some technique other than the stand-
ard 72 in. target-film distance, posterior-
anterior projection, were excluded. Cases
meeting the initial conditions included 21 pa-
tients having 22 primary pulmonary cancers
and 176 patients with cancers metastatic to
lung. All roentgenograms were reviewed, and
all of the primary cancers and 138 of the
metastatic cancers showed cn-cuTar radiopaci-
ties having diameters measurable simply
with dividers and a millimeter scalc (Table 1,
Fig. 1). That these cxrcular radxopacxtles
measured on posterior-anterior projections
were in fact spheres could be ascertamed in
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* No. of patients.
1 Rel. &,

many cases by observing that these opacities
were also circular on lateral projections, and
the diameters of the circles were the same in
both views. The reasons why 38 of the met-
astatic cancers were not measurable are
given in Table 2.

The tumors of the patients were oliserved
on from 2 to 13 separate thoracic Toentgeno-
grams taken on different dates at intervals of
time between dates varying from 1 to 1,200
days, with a median interval between 31 and
100 days and a wide dispersion of the num-
bers of days within various intervals. No

. system has governed how frequently thoracic

roentgenograms were ordered in the follow-

up of cancer patients attended at illis Fischd
during the 21 years of the study. Many of
the primary pulmonary cancers ind the pu-
monary metastases were observed during
periods when the host was free of symptoms.
though the do..velopment of symptoms prob-
ably miluenced the obtmnmg of some exams
nations.

The diameters of the primary pulmonars”
cancers were measurable at 92 di ferent tines.
Among the 138 patients with measureable in-
trathoracic metastatic fL‘ancers ( Fable 1y, &
patients had but 1 metastasis “icasured,
patients had 2 distinct and separate nietasta- |
ses, 10 patients had 3 metastases, and |
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"RATHORACIC NEOPLASMS

TABL! 2—Types of lmmm.mm/ le Pilmonary M elmlas&': Obscrred on Stquenhal
Tharaet tc Roentaernoarams

Reason Metastases Immensurahle
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“eat had 4 metastases measured,
ey distributions of the 92

wurements of primary pulmonary cancers

fof 656 diametric measurements of the
“astases are given i Figure 1. The cuma-
we relative frequencies of the respective

~ diameters are plotted successively on linear
" and logarithmic probability paper in Figure 2.

The closer a probability paper plot of the
cumulative relative frequency of a distribu-
tion of events approaches a straight line, the
closer is the frequency distribution of the
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events to a normal or Gausstan distiibution®

Linearity is approximated better in the log-

2, and _the equa-

tions of a Gaussian distribution were used
to defWpmine the parameters of a log normal
distribution of the diameters ( Table 3).3

The diagnostic acumen of the radiologists
was tested in 2 ways. One test was made by
the random placement, upon the posterior and
anterior thorax, of balls of lucite having a
radiodensity approximating that of solid
tumors and ranging in diameter from 1.6 to
12 mm. DPosterior-anterior thoracic roemt-
genograms were taken of each arrangement
of the lucite spheres at 72 in. target-film
distance, 70 kv., 200 ma., and 0.05 see. The
radiologists then examined these films, at-
tempting to locate the circular shadows. The
second method of testing the acumen con-
sisted of having the roentgenologists examine
films that had been interpreted as normal
before the location of the tumors hecame evi-
dent on subsequent examinations.

The radiologists could locate the opacitics
of lucite balls 10-12 mm. in diameter regularly
regardless of the location. They could locate
the radiopacities of balls 6 mm. in diameter
only when the opacities were located in inter-
costal spaces contrasted against aerated fung.
They could distinguish the radiopacities of
3 mm. diameter balls from normal pulmonary
shadows in these same areas of favorable con-
trast only when they were shown precisely
where to louk. Radiopacities of balls simaller
than 3 mm. in diameter were mdistinguishable
from anatomical pulmonary radiopacities.

No single primary pulmonary cancer nor
single pulmonary metastasis smaller than 6
min, in diameter was interpreted as an abnor-
mal shadow initially by the radiologist, Iiy
the review of earlier films taken hefore the
location of tuwmors had becomie evident, the
smallest primary cancer detectable was 2.6
mm. in diameter, and the smullest metastisis
was 3.5 mm. in diameter, both of these meas-
urements being equivocal. Pven after this
review there remained a group of 60 paticnts
having had thoracic roentyenogriuns which
were laken before the location of tumors be
came evident and which were read as “neaa
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tive” initially mid were still imterprete

“negative” at the review. The time betwea
the taking of the thuradic roentgenogran i

terpreted as “negative” and the taking of te -

hirst examination showing tumor varield ins
1 to 1,200 days with a median intenal o
300 days. - ‘

Comunent
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The diameters of spherical intrathoracd!
neaplasms ‘observed 1y the repetitive ud
nonsystematic mensurtion of the shalw
of these tumors scer on standard 72 iz
target-fikm  distance (-osterior-anterivr ‘ths
racic roentgenograms have been shown a
Iigures 1 and 2 to approximate a log-nonsd
frequency distribution:. 1f the cancers:agm
observed randomly letween the lineid
radiographic distinction at one extreme wd
antemortem size at the other extreme, <4
if the cancers grew by a geometric pruior
~iom in size, then observations of size betura
the 2 limiting conditions might be expected %
distribute into & normal or Gaussian disirie-
tion on a size scale of geometricprogres
ie.. a logarithmic scale. Since no sveicg
seems g, have deterniined how frequeadid
“chest x-rays” were irdered at Elfis Fisds
during the past 21 years and since there »
such a wide dispersion of the span i
btween examinations, there is every ress
lo suppose that we have collected a groupdl
tandom measurements. That the fre
Jistribution of these measurements fuiinsd
log normal distribution Is in support of 3
concept that these intrathoracic cuners o
it were indeed growing by a gesas
progression in size as postulated by Cidiae ¥
However, other as yet unrecognized a2
colid have produced the log nornid 4.2
tion, The parameters of the log normal o »
bution of the measurements is givenm L.
3. These parameters state that the proda! o
of observing on a standard thoracic ;e

diameter wonld be 0.025 and smaller s 2
mm. would be 0005, This is in azreess
with the direet 1ests of the radiolugias’ oy
nosbie sennsen by using the ucite badly aib
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Tame 3—The Parameters of the [ na Normal Distribution of the Diameters of Rondomly '

Measured Primary I'imonary Cancers and Pulmonary Metastascs *,

vy T

P'ricnary Polmnnary Caneers

Tulmonary Metnstnses

| Dinmeter
Hricgrdanion ® Mm.

Mean =3 S.0) ¢ 04, 2.8
Mean -2 8.1, 0.5 .. &3
Mean 148000 . M4
Men 428D, Lams - m
Mean 43 8.0, J LN an

LRL R 180t

*Caleulated from material in Fienre t
¢t Standard deviation,

wviewing films previously eeal as u(":'_';ni\'('
Yter the locations of Gnoors were known,

The parameters e Table 3 alu ofate that
*e probability of obeerving a prinmary pol-
momary cancer darger than 20 mm. or an
atrathoracic metastasis brger than Lo o,
wuld be less than 0.025. The largest cancer

-l metastasis ohserved were respectively

23 mm. and 200 mum. in diineter, Targer
~mars were not ohxerved beennadc the patients
«an dicd, and intrathoracie cancers hetween
i2and 20 cm. in diameter may be considered
wtemortem size, requiring cither definitive
*erapy or the death of the how,

By expressing cancet size by the number
fneoplastic cefls rather than by diameters, a
wmeer of O mm, in divmeter containg about
LIX10% cells, a cancer of 123 nim, i di-
weeter about 97210 cells, and o eancer of
M), i diameter, about 800 107 gells,
I growth occurs predominanthe by the ran-
mn division of the cancer celis followed
v a perindd of growth of the danghter eclls
wapproximately the size of the parent cells
tefare cellular division auain oceurs,] then
g cancers are equivalent respectively to
A7, 398 and 408 binary Jdivisions or
Tablinge™ of a single cell. \We then have
< ufenee that the Jduration of an it athoneis
~aplasm hetween the lower it of readio.
saphic visibility (6 wm, in Jduameters and
sstemortem Size (2000 mm dinneter) wonld
Yo equal 1o no more than 17 hinay divisions
4 the colls originally within a cancer 6 mm.
=~ diameter (40.8--26.7- 4.1+, The maxi-
~um duration of the life of the untreated
st hetween these sane Himting conditions

‘" Stratt et al.

log Diameter % of All
Dixtribution® Mm, Observatioos

o . 30 ]
0.9000 635 ; s
143 k1A Y SR
2.0042 1188 1 ,
2.3708 204 ‘ l )
0.3183

would there{ore be equal to the tim: required
for all the cells to divide once, ie., the
doubling time, multiplied by 14. For undiffer-
entiated and epidermoid cancers of the lung
having mean doubling times of about 90
days* the duration of the life of the untreated
host between the limits of radiographic visi-
hility and antemortem size of the intratho-
racic tumor would be about 1,260 days, or
3.45 years. Among the metastases measured
in this study the most répid doubling time
observed was § days. For this tumor the life
expectancy of the host would not and did not
much exceed 70 days after the appearance of
the metastasis (5 day doubling time X14
doubling intervals =70 days). Collins has re-
ported measurements of doubling times of
metastases in the same range as observed
for metastases in this study,!?® and from
these the prognosis placed on the life of the
host by more slowly growing metastases can
be estimated similarly.

Summary and Conclusion

The frequency distribution by seriated
tumor diameter of 92 random, repetitive, and
nonsimultaneous radingraphic measurements
on 22 primary pulmonary cancers and 656
stwh measurements of 1 to 4 pulmonary me-
tastases in 138 consecutive patients having
metastasizing cancers and sarcomas of differ-
ent tyvpes is reported. The distribution of the
measurements of tumeors of different sizes is
randomized in a log normal distribution, and
the parameters of this distribution are re-
parted. A log normal distribution of random
observations measured between the lower
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limits of radiographic resvlution anl the
upper limits of morbid tumor size woubl e
expectcd of tumors that grow by ;.unm-uu
progression.

The lpwer limits of resvlution achieved by
standard thuracic radiographic techniques is
about 3 mm., but tumors are nut generally
diagnosed by the radiologist until their di-
ameter. exceeds 6 mm., a size cqniv'\lem 10
the 26.7 doublings of a 1,000 cubic micron
cell. A malignant intrathoracic neoplasm that
has attained a diameter of 200 mm., a size
equivalent to 40.8 doublings of a 1,00 cubic
micron cell, requires definitive therapy or else
the cancer will generally kill the hust during
the next interval of the doubling of tumor
volume. The maximum life expectancy of the
untreated host between the radingraphically
visible size and the antemortem size of an
intrathoracic tumor is cqual to about 408
doublings (200 mm. tumor) minus 267
doublings (6 mm. tumor) or about 14 dons-
blings multiplied by the doubling time of the
cancer.
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