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The prognostic value of measuring the
gross lineaf radial growth of

pulmonary metastases and

primary pulmonary cancers

The gross rates of growth of pulmonury cancers and pulmonary metustases may be reduced to clinically
useful nomograms and graphs. The constructs ure feusible because most neoplusms growing in the lung
are observed only during a limited segment of their life history, uften being observed too few times to
permut the idensification of the growth curve of best it. Consequenilv, the parameter that can be
calculated most quickly, namely linear radial growth rate in mm./day, may be most useful. The linear
radial growth rates are plotted against observed survival. The nomograms permut easy approximation of
ihe volume doubling time and the exponential rudial growth rate in mm.lmm./day. The mean of the log
normal frequency distributions of doubling times for common primary and metastatic cancers found
growing in the lung is plonted on one nomogram v put the information in perspective. The more
widespread reporting and tabulation of such duta should lead to a highly useful kinetic siaging and

treaiment evaluation sysiem.

John S. Spratt, Jr., M.S.P.H., M.D., F.A.C.S., and John Arthur Spratt, B.A., Columbia, Mo.

The one characteristic known to be common to all
cancers is growth. Until recently, this charactenisuc has
been described in subjective terms like ‘‘fast’ or
‘*slow,'’ but the actual rate of growth has been re-
corded infrequentdy. A brief summary of the utility val-
ue of knowing the rates of growth is given in Table I.
Growth of any cancer fits into a kinetic model
determined by many variables acting simultaneously to
cffect a net rate of increase or decrease in the total mass
of a cancer. The kinetic model is depicted in Fig. 1.
Beginning in the early 1960’s, we have been able to
accumulate considerable data from several roentgen
files. Clusters of observed growth curves measured for
22 primary lung cancers of different histologic types
and of pulmonary metastases have been previously
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published.®*~* The dimensions of roenigen shakme:
recorded at different times for growing cancers cale
measured by calipers. Though radiographic geoman
factors affect actual size, the rate of change is ™
significantly affected by these same factors if rocpig
techniques remain constant. We have now meaws
hundreds of different cancers growing in the lung. &
bones, the breast. the lymph nodes, and the cvka
Furthermore, numerous review articles on complay §E
tions of similar observations are beginning to accuas
late. The more completely and comprehensively sad
data are reponed. the sooner it will be feasibke ®
establish a kinetic classification for benign =
malignant ncoplasms that will explain many behavna
characteristics of cancers not elucidated by andcam
and morphologic classification systems. Corclas
between kinetics and morphology remains -
desirable 10 make maximum use of past chou
cxperience largely based on gross anatomk =
microscopic morphology. '

The gross rates of growth are measurable in vass
segment of the entire period of growth. This seymx
exists between the threshold diameter of radiogras
visibility and the prelethal diameter which m
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affecting longevity.

AJM wrriases of by secondary events such as pacumonia
:n shadows §3

s ﬂ atelectasis in the lung.
1cers can he JENNK A”previous report® indicated that the radiologist
¢ geometric i ey «ees pulmonary metastases at sizes less than 6

: #m (2 size obtained by 26.7 net doublings of a 1,000
" aceilh and never at sizes less than 3 mm. They are not
weohardy visible until they reach 10 mm. in diameter.
M these metastases grow, the untreated host will not
I dwe wrvive the presence of pulmonary metastases or a
| pmonary cancer larger than 10 cm. in greatest
; dwedal dimension. Thus the segment of a growth curve
geuly and consistently measurable by thoracic
: metgenography exists between 10 mm. and 100

if roentgen -+
w measured 'y
he lung. the 8
" the colom, "4
" complica G
“to accumy- 38
sively such 58

feasible 1o N

Jenign and 4 an All patients will be decad by the time the diameter
v behavioral S Vs reached 200 mm. (a size obtained by 408
‘v anatomic © «t doublings of a 1.000 cu cell). Measurements
Correlation gl  net growth rates are also possible for other organ
uns highly 8 we. such as the skin.? colon.® bone* breast.” and
ast  clinicat “eh nodes.?

itomic and MHE  When the growth rate 1s calculated over such a short

»d «elected segment, the calculation of the line of beet
% tecomes hypothetical in most cases. Actualiy. the
ot scegment of growth between 10 mm. and 10 em.
#en approximates straight line growth and may he
wepreted as a straight line when a site 1s measured

le in only a ‘3l
(3

Fig. 1. Kinctic model of an untreated cancer A solid cancer growing in the lung is a dynamic mass of tissue on
which many factors are acting simultancously - These variable factors produce a net effect on growth which
produces grossly measurable growth waies charactenizing vanous cancers (and pulmonary metastases) and
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two times, before and after a span of time adequate for
growth, as is the situation in many cases. Thus
arguments over whether the growth is loganthmic,
Gompertzian, linear. or other are often impossible to
resolve in the clinical setting because of the short
period of abservation relative to the total life history of-
the ncoplasm. Furthermore, there are good animal
models of solid tumors which suggest that radial
growth really is lincar during this segment of spherical
cancerous growth if continued cell duplication is re-
stricted only to an advancing margin of active growth
while the center becomes dormant and necrotic. In fact,
Mayneord* provides very sound observations that the
radial growth of at lcast some cancers is linear, He
obscrves that Jensen's rat sarcoma increases linearly
with time, not cxponentially. He developed a
mathematical theory that satisfactorily explains the
obscrved linear growth. The explanation hinges on the
observation that active cellular proliferation occurs
only in a thin outer shell of a spherical cancer with the
central cells being cither dormant or necrotic.

With these points in mind. we re-examined data
previously reported. Several years ago, the foremost
concept was doubling time. We have recalculated the
growth in millimeters per day of radial growth and
correlated that growth with observed survival from a
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Fig. 2. This scatter digram compares the correlation
between the linear radial growih rate of the tastest growing
puimonary metastasis with the duration of host survival. The
duration of survival has been correcied for the observed rate
50 that survival is plotted from a conunon swe. a greatest
chordal diameter of 10 mm. The scatter diagram defines the
limits of lethality based on the linear growth rate.

Table 1. Clinical value of knowing the growih rate of

pulmonary neoplasms (metastatic and primary)

Differennal diagnosis

Prediction of longevity

Evaluating and pianning eflective detection programs

Planning therapy

Evaluating therapy

Carrelation of gross rates of growth with coliular kinenes

Improving understanding of the natural history ot cancers wih
prevention or suppression of neoplasiic growth being the
ultimate objective

common point. The common point is a radiographic
density with a diameter of 10 mm. (Fig. 2).

To calculate the linear radial growth of a cancer. one
need only use a standard rate formula:
dy - d,
. b
radial growth rate (mm./day) = I
1 ¢

The Jowrs 3
Thoracc and Cardvas. e

1 Suwy

where the diameter at the first measurement (4w,
subtracted from the diameter of th: second meusure
ment (dy). The difference is divided by 2 1o give e
radial change. This, in tum, is divided by the numts . @
of days clapsing between the first and second. obsené
tion to give the linear growth rate 1n mm./day.

With cxponential or geometric growth, the -linca '
radial rate increases as the sphere e larges. I the o’
rate iy cxpressed as a geometric rate (mm./mm. fdae,
this appirent increase in growth -ate with. increaseg
size remains constand. ) ,

Several stimple nomograms are needed to display w
interredations among time, size, 1ates of growth, a8
survival. The it nomogram descioped relates rand
growth rate in mm./mm./day an doubling times 14 -
tumors of different radii 1o the lin:ar radial growth ra |
{num./day) (Fig. 3).

This nomogram will permit the crude but rusd
approximation of the exporential growth e J
spherical cuncers for which two measurements o
diamicter or radius are available wt two different pus
n time. Time intervals must be yreat enough to porss
measurable prowth, To use, calculate. the linear raid
prowth in mm./day. Next, add the diameters meavussd
al ponts ¢ and b and divide by 2 to obtain the mildpos
drameter. Divide this diameter by 2 again to oblainie
midpoint radius. Select the point on the nonwgrs
where 2 vertical line from the mm./day intenses
line most closely approximating the midpoint rads
Extend a line horizontally to intersect the eqyuinacs
expemential growth scales giving the exponential rae
growth of the cancer in mm./mm./day and the wa
giving the doubling tme in days.

The relation between the number of doubling v §
survival for pulmonary cancers and metastas ta
been published previousty.® A scatter diagram showsg
the relation between linear radial growth (mm..d.
and host survival is given in Fig. 2. This diagranse
particularly usclul for predicting the minimum a
maximum duration of survival of persons haa
pulmonary metastases of known linear growth rak

A secand nomogram with added data of s
value is given in Fig 4. This nomogram permub &
direet conversion of the exponential radial growia s
mm./mm./day) and host survival is given in by .
Ths diagram is particularly useful for predicun, = i
munnuun and  maxppum - duration of sunna o8
persons having pulmonary metastases of known lis .‘ZV
prowth rate. ' !

A second nomogram with added data of Wi
vitue s given in Fig. 4. This nomogram permue &
direer conversion of the cxponential radial grows
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Fig. 3. To use this nomogram. calcubyte the hicar radial growth rate in mm./day as described in the text,
Sintilarly, deternune the length of the radis midpomt between the two measurements of tumor size. Tte slanted
fines are the nomograms for the madpomt riddi, Project a vertical extension from the caiculated growth rate
tmm./day) to interscet the line nost closciy approsimating the nudpoint radius. From this intersect. extend a line
honzontally (o obtan an approxiniton of the dosbling time on the left. By extending the horizontal line to the
nght, one can obtain the expanentiad radhal growth in mm./mmJday. ’

EXPONENTIAL RADIAL GROWTH (mm/mm/day)x10™%
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Fig. 4. This nomogram relates the e requieed i din s tor g growing sphencal cancer to double its volume to the
cxponential radial growth e momm 2w Sy By nuidiplving the exponential radial rate by 3 and moving the
decimal place to the nght three places. sull an addinonal parameter 1s obtained—the net gain in cancer cells per
thousand cxasting cancer cells per day

LAMO21495

BGCC<744

6113
18100




PESEIr N

A

278 Spran and Sprait

mm./mm./day to the time required for the voiume 1o
double, but the line of intersection reports the mean
rates for various types of cancers and metastases that
have been observed to grow in the lung.**

As a basis of comparing the linear radial growth rate
of cancers-to the linear growth of a non-neoplastic
epithielial tissue in an adult, we can look at the data on
the growth of William Bean's left thumbnail.

Secular trends in growth of my thumbnail are
reported. Various observations. including slowing on
the rate of growth with tnfections. are recorded. The
slowing of the rate of growth has progressed in
somewhat irregular phases. This is a phenomenon
that most people observe if they care to imrospect
themselves as they panticipate 1n the aging provess.
The average daily rate of growth hay vaned trom
0.123 mm. per day when 1 was 32 o 0.100 mm.
when | was 61.*

Throughout a 30 year period the growth was much
faster than that observed for the cancers measured in
this study. Cancer tissue may frequently grow more
siowly than normal tissues. rather than more rapidly.

The difference between cancerous and normal tissue is

more a matter of control and organization than of rate.

During the period of clinical observation. it might
prove useful to be able to guantitate a slowing of
growth rate as a parameter of effective therupy. This
might be particularly useful with chemotherapy. A
slowing of rate might be an indication for cominued
therapy. An acceleration of rate would certainly ment a
consideration of stopping the treatment. In the case of
surgical resection of metastases, survival in excess of
the maximum survival to be expected for a metastasis
with a known growth rate would serve as an index of
therapeutic success.

The data in this study all apply to untreated cancers.
Short-term betterment of survival in categones ol cases
of simifar size and linear growth rate would be

*From Bean. W. B.: Arch. Intern. Med. 134, 497, copyright 1074,
Amencan Medical Association.
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necessary (o show the longevity benefit of new type o 38 S
therapy. When present, many of these benefits ane st L
term. For example, 200 days of comfortable life a ug ¢
end slage of cancer is superior to only 100 dzays o SRR ] 1
progressive dyspnea produced b/ the sustained growd |
of cancer. However, such short-term evaluation wwud | ?
be facilitated by a kinetic staping' system baved ¢ 1] A s
growth rate and mass that is applicable to indiviud y ‘
CUSCS. A
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