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To empirically address the distribution of the volume dou-
bling time (VDT) of lung cancers diagnosed in repeat an-
nual rounds of computed tomographic (CT) screening in
the International Early Lung Cancer Action Program (I-
ELCAP), first and foremost with respect to rates of tumor
growth but also in terms of cell types.

All CT screenings in I-ELCAP from 1993 to 2009 were
performed according to HIPAA-compliant protocols ap-
proved by the institutional review boards of the collabo-
rating institutions. All instances of first diagnosis of pri-
mary lung cancer after a negative screening result 7-18
months earlier were identified, with symptom-prompted
diagnoses included. Lesion diameter was calculated by
using the measured length and width of each cancer at
the time when the nodule was first identified for further
work-up and at the time of the most recent prior screen-
ing, 7-18 months earlier. The length and width were mea-
sured a second time for each cancer, and the geometric
mean of the two calculated diameters was used to calcu-
late the VDT. The x? statistic was used to compare the
VDT distributions.

The median VDT for 111 cancers was 98 days (interquar-
tile range, 108). For 56 (50%) cancers it was less than 100
days, and for three (3%) cancers it was more than 400
days. Adenocarcinoma was the most frequent cell type
(50%), followed by squamous cell carcinoma (19%), small
cell carcinoma (19%), and others (12%). Lung cancers
manifesting as subsolid nodules had significantly longer
VDTs than those manifesting as solid nodules (P < .0001).

Lung cancers diagnosed in annual repeat rounds of
CT screening, as manifest by the VDT and cell-type
distributions, are similar to those diagnosed in the ab-
sence of screening.

©RSNA, 2012
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oncern has been expressed that

lung cancers diagnosed as a result

of computed tomographic (CT)
screening may not have anywhere near
the same growth rates as cancers diag-
nosed in the absence of screening, so that
screening may lead to excessive diagnostic
work-up and treatment of cancers that
are indolent and thus not life threaten-
ing. This concern is based mainly on the
growth-rate and cell-type distributions of
cancers diagnosed in the baseline rounds
of CT screening (1-3). But screening in-
herently provides a different growth-rate
distribution of diagnosed cancers in the
baseline round as compared with subse-
quent repeat rounds of screening (4-7).
The cancers diagnosed in the baseline
round of screening naturally are, on aver-
age, less aggressive—that is, slower grow-
ing—than those diagnosed in the absence
of screening. But cancers diagnosed in re-
peat rounds of screenings, in combination
with those diagnosed on the prompting of
symptoms between screenings, should be
representative of lung cancers diagnosed in
the absence of screening (4,5). Research
on cancers diagnosed in repeat rounds of
CT screening has not previously been re-
ported, to our knowledge. This report
will empirically address the distribution
of the volume doubling time (VDT) of
lung cancers diagnosed in annual re-
peat rounds of CT screening in the In-
ternational Early Lung Cancer Action
Program (I-ELCAP), first and foremost
with respect to rates of tumor growth
but also in terms of cell types.

Advances in Knowledge

B The volume doubling times
(VDTs) of lung cancers detected
in annual rounds of CT screening
were not significantly different
from those detected in the
absence of screening (P = .69).

B [Lung cancers manifesting as sub-
solid nodules had significantly
longer VDTs than those manifest-
ing as solid nodules (P < .0001).

Materials and Methods

This report draws from the database of
the I-ELCAP, in which CT screening for
lung cancer was performed according to
a common protocol (8). In this program,
consent had been obtained from all par-
ticipants according to Health Insurance
Portability and Accountability Act-com-
pliant protocols, with approval by the
institutional review boards of the collab-
orating institutions. From the I-ELCAP
database for 1993-2009, we identified
all instances of first primary lung can-
cer diagnosed after a negative result of
the prior screening examination 7-18
months earlier, regardless of whether
the pursuit of the diagnosis was prompt-
ed by a positive result of the initial CT
examination in a repeat round of CT
screening or by symptoms prior to the
next scheduled repeat screening exam-
ination. To identify all those diagnosed
cases prompted by symptoms prior to
the next scheduled repeat screening,
all participants who did not return for
their scheduled appointment after 12
months were approached, and, if they
were not available, family members and
the referring physician were contacted
to determine whether lung cancer had
been diagnosed in the interim.

The CT images for all patients diag-
nosed with lung cancer were re-reviewed
on a radiology workstation by a thoracic
radiologist (C.I.LH., with more than 20
years of experience) together with a re-
search fellow (A.F., with 10 years of ex-
perience interpreting CT scans); both in-
vestigators were blinded to the cell types
and stages of the cancers. The nodule
consistency was defined by the same re-
viewers as solid if the nodule obscured
the entire lung parenchyma within it and

Implication for Patient Care

B Because the distribution of VDTs
of lung cancers diagnosed in
annual screening rounds is signif-
icantly different for cancers man-
ifesting as solid nodules than for
those manifesting as subsolid
nodules, work-up and treatment
may become more tailored
according to nodule consistency.

subsolid if it did not (9). The length and
width of the cancerous nodule were mea-
sured at two points in time: T|, when
the nodule was first identified for further
work-up, and T, when the most recent
prior scanning had been performed,
7-18 months earlier. For both T, and T,
the length and width measurements were
made on the magnified image that rep-
resented the largest cross-sectional area
of the cancerous nodule. The diameter of
the cancerous nodule was calculated as
the average of length and width. These
measurements were repeated another
time (C.L.H., A.F.), with the second time
at least 2 months after the first time. For
eight of the patients, at least one of the
screening CT studies was performed at
an institution other than an I-ELCAP in-
stitution and was not available for review,
so the documented findings on nodule
consistency, reported length, and width
of the nodule in the -FELCAP data man-
agement system were used in the calcula-
tion of the VDT measurement.

Given the diameters at T, and T,
of each cancerous nodule, the corre-
sponding VDT was calculated on the
premise of exponential growth (10-15)
according to the following equation:
VDT = [(T, T,) -log2]/[log(V,/V,),

where V, and Vare volume at T| and
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T,, and volume equals 7/(6-D?), where
D is diameter.

The diagnosis of lung cancer, in-
cluding cell type and extent of disease,
was established as part of clinical care
at each participating site. Beyond this,
the diagnoses were confirmed by a five-
member panel of experts in pulmonary
disease (16,17), who reviewed the sub-
mitted histologic slides. The clinical stage
of the cancer was classified on the basis
of clinical examination and imaging tests
as defined by the 6th edition of the TNM
staging classification manual (8,18). The
presence or absence of lymph node and
distant metastases (N and M status) was
examined on the basis of the most recent
CT study prior to diagnosis, as well as
on the basis of findings at positron emis-
sion tomography (PET), if performed.
The status was classified as NOMO if
the short axis (width) of all mediastinal
lymph nodes at CT was less than 10 mm,
no hilar lymph nodes or distant metasta-
ses were identified, and PET scanning, if
performed, showed no abnormal uptake
except than in the cancer itself.

Intraobserver variability of the re-
peated diameter measures was assessed
by using the paired t test separately for
time T, (excluding nodules not visible)
and for time T, and was found not to be
significantly different (P=.24 and P=.15,
respectively). The geometric mean of the
two calculated VDT values for each case
was used for this report. If the nodule
was not visible on the CT study at T;, the
diameter was presumed, conservatively,
to have been 2.0 mm, and we performed
an additional analysis by calculating the
VDT by using an initial diameter at T, of
1.0 mm, which is still within the resolu-
tion of CT imaging. Comparison of VDT
distributions (eg, for solid and subsolid
nodules) was performed by using the
x> test statistic. Both median and mean
values are provided for the VDT, as for
potentially skewed distributions, the me-
dian value is more representative than
the mean value. P < .05 was considered
to indicate a significant difference.

A total of 111 cases of lung cancer were
diagnosed, 110 (99%) at screening

(screen diagnoses) and one (1%)
prompted by symptoms (interim diag-
nosis). Of the 111 cases, 88 (79%) were
clinical stage I. The median VDT for all
111 cancers was 98 days (mean, 136
days). The value was less than 100 days
for 56 (50%) of the cancers and more
than 400 days for three (3%) cancers
(Table 1). For the 90 non-small cell
cancers, the median VDT was 121 days
(mean, 154).

The cancer was not visible at the
prior CT examination in 28 of the 111
cases. With use of 1.0 instead of 2.0
mm as the diameter for the threshold
value of visibility at T, for these 28 can-
cers, the median VDT for all 111 can-
cers was faster, as expected, at 90 days
(mean, 132 days).

Adenocarcinoma was the most
frequent cell type (50%), followed by
squamous cell carcinoma (19%), small
cell carcinoma (19%), and cancers of
other cell types (13%) (Table 2). The
distribution of the VDTs according to
cell type on an ordinal scale from the
fastest growing to the slowest growing
was as follows: small cell cancers (me-
dian, 43 days), large cell/neuroendo-
crine cancers (median, 82 days), squa-
mous cell cancers (median, 88 days),
adenocarcinomas manifesting as solid
nodules (median, 140 days), and ade-
nocarcinomas manifesting as subsolid
nodules (median, 251 days).

Cancers manifested most frequently
as solid nodules (99 [89%] of 111) and
were of all cell types. The 12 subsol-
id nodules were all adenocarcinomas

(Table 2). All of the 28 cancers that

were not identifiable even with retro-
spective review of the CT study mani-
fested as solid nodules and were of
all cell types. The Figure provides the
cumulative distribution of the VDTs,
separately for the cancers manifesting
as solid and those manifesting as sub-
solid nodules. The distribution of the
VDTs for cancers manifesting as solid
nodules and that for cancers manifest-
ing as subsolid nodules was significantly
different (P < .0001).

VDTs of lung cancers diagnosed in
“clinical practice,” in the absence of
screening, have been reported to range
from 20 to 360 days (19,20), while
those for benign pulmonary nodules
typically are less than 30 days or more
than 480 days (21). From a systematic
review of the literature, focusing on
non-small cell carcinomas, Detterbeck
and Gibson (20) recently reported a
mean VDT of approximately 135 days
for such cancers diagnosed in “routine
medical care.” Their median value was
121 days, with values of less than 100
days for 44% of cancers and values of
more than 400 days for 4% (Table 3).
The distribution of VDTs of cancers
diagnosed in annual rounds of CT
screening in our study is not significantly
different from that reported by Detter-
beck and Gibson (20) for all cancers
(P = .51) or for non-small cell cancers
only (P = .69). The VDT distribution
of non-small cell cancers in our report
showed that 41% of the values were

Table 1

Distribution of Lung Cancer Cases Diagnosed in Annual Rounds of CT Screening

according to VDT and Nodule Consistency

VDT (d) Solid Nodules Subsolid Nodules All Nodules
<100 55 1 56 (50)
100-199 30 4 34 (31)
200-299 1 3 14 (13)
300-399 3 1 44
=400* 0 3 313

Total 99 12 111 (100)

Note.—Data are numbers of nodules, with percentages in parentheses. Comparison of the two distributions showed a significant

difference (P < .0001, x? statistic).

* Nodules with a VDT of more than 400 days had VDTs of 418, 531, and 884 days.
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less than 100 days and 3% were more
than 400 days (Table 3).

When we used 1.0 mm instead of
2.0 mm as the threshold of visibility for
the cancers not identifiable on retro-
spective review, the median VDT for all
111 cancers in our study was even faster,
at 90 days (mean, 132 days) instead
of 98 days (mean, 136 days). Other
reports on VDTs of CT screening-di-
agnosed cancers did not differentiate
between cancers found in the baseline
and annual repeat rounds of screen-
ing and thus are not comparable to
those found in the absence of screen-
ing (15).

In lung cancers diagnosed in the
absence of screening, the frequencies

Table 2

Distribution according to Cell Type of
Lung Cancers Diagnosed in Annual
Rounds of CT Screening

of small cell carcinoma and adenocar-
cinoma have been reported to be ap-
proximately 20% and 50%, respectively
(22), nearly identical to the values
of 19% and 50% we found in repeat
rounds of CT screening (Table 2). This
distribution of cell type is, as expected,
quite different from that observed in
the baseline round of screening, where
the proportion of adenocarcinoma is
higher (7).

Relevant to the VDTs reported here,
it is of note that adenocarcinomas man-
ifesting as subsolid nodules do not only
progress by increasing in size but also
by internal growth that is manifested

Table 3

Distribution of Non-Small Cell Lung
Cancers Diagnosed in Annual Rounds
of CT Screening in I-ELCAP (n = 90)
and in the Absence of Screening

(n = 318) by Means of VDT

Cell Type No. of Cancers )
VDT (d) |-ELCAP No Screening*
Small cell 21 (19) 00 o 1 110 44
Large cell/atypical 14(13) = “1) (44)
. 100-249 37 (82) 133 (86)
carcinoid 250-399 1397 32 (96
Squamous cell 21 (19) >4(;0 3 (1 0)0 1 (1 02)
Adenocarcinoma 55 (50) /T I 5 (100 318( )
Solid 43 (39) o L
Subsolid 12y Note.—Data are numbers of cancers, with cumulative
Total 111 (100) percentages in parentheses. Comparison of the two

Note.—Data in parentheses are percentages.

* Three of these 12 cancers were bronchioloalveolar
subtypes of adenocarcinoma.

distributions showed no significant difference (P = .69,
X? statistic).

* In the study by Detterbeck and Gibson described in
reference 20.

7 Graph shows cumulative
frequency distribution of the
calculated VDT, separately for
cancers manifesting as solid (n
= 99) and those manifesting as
subsolid (n = 12) nodules.
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as increasing CT attenuation and/or
the development of solid components
without an increase in external diame-
ter. Therefore, our measured values for
the VDTs of these cancers may well be
quite conservative.

Limitations of the approach to cal-
culating the VDT in this study include
the assumption that the nodule was
a sphere whose diameter was the av-
erage of the length and width mea-
sured on the CT scan. Although this
assumption may not fully reflect the
complexity of the nodule, particularly
the complexity of subsolid nodules,
this approach has been used widely
in reporting VDTs of nodules in the
absence of screening (10-15). For a
subsolid nodule, the internal growth
was not considered in calculating the
VDT, and thus the actual VDT may
be faster than the calculated VDT.
When the nodule was not visible on
the prior study even on retrospective
review, the assumed nodule diameter
was 2 mm, given the current visibility
threshold of CT imaging. This value
provides a conservative estimate of
the VDT, as the use of a smaller nod-
ule diameter results in a faster VDT,
as illustrated by the sensitivity analysis
using a diameter of 1 mm.

The comparability of the VDTs for
lung cancers diagnosed in annual rounds
of CT screening with those of cancers
diagnosed in clinical practice tends to
refute the two assertions that have been
made regarding growth rates of the lung
cancers diagnosed at CT screening. One
is that the screening tends to identify
cancers that are so slowly growing that
they would not become life threatening—
that is, that the screening results in major
overdiagnosis (1,2). The second conten-
tion is that the life-threatening cancers
grow so fast that they cannot be detected
at screening while still curable (3). The
main basis for these assertions has been
the interpretation of prior chest radiog-
raphy screening trial results in which no
mortality benefit was demonstrated but
an excess of early stage lung cancers was
identified in the screening arm. These
ideas have led to viewing screen-detected
lung cancer as potentially representing a
disease entity of its own, one that is not
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a precursor of advanced-stage disease
(23). In the I-ELCAP experience, how-
ever, lung cancers diagnosed in annual
repeat rounds of CT screening are, by
direct measures of their growth rates,
quite similar to those diagnosed in the
absence of screening. Our results thus
confirm that lung cancers detected in an-
nual repeat rounds of CT screening have
a natural course similar to those detected
in the absence of screening.
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