A.

Figure 4. (a} A single three-dimensional structure identified at a low gray-level threshold. {b} The three-dimensional structures that
disassociate from the single structure in a as identified at a higher gray-level threshold. Many of these smaller structures will satisfy
the volume criterion 1o become nodule candidates. (Reprinted from Armato et al.* with permission.)

the automated nodule detection method was evaluated
through free-response receiver operating characteristic
(FROC) curves (42), which are generated by plotiing
overall nodule detection sensitivity as a function of the
number of false-positive structures identified per section.
ROC and FROC curves were obtained by incrementally
altering the operating point represented by the selected
LDA output threshold. Both types of analysis are required
because not all actual lung nodules in the database be-
come members of the set of nodule candidates, a fact not

captured by ROC analysis but reflected in FROC analysis.

Analysis of Complete Database

The automated lung nodule detection method was ap-
plied to the complete 393-case database of low-dose, lung
cancer screening CT scans. For this analysis, all 470 Jung
nodules were the detection targets, regardless of nodule
malignancy status, subtlety, or radiographic opacity. The
initial set of nodule candidates generated by the method
through the multiple gray-level thresholding stage in-
cluded 415 of the 470 nodules (88.3%) contained within
the database along with 211,813 non-nodule structures,
Rule-based and linear discriminant classifiers were then
applied to this initial set of nodule candidates to distin-

guish candidates that corresponded to actual nodules from
those that corresponded to non-nodules (i.e., false posi-
tives). A jackknife training/testing approach was used in
which the nodule candidates from 197 randomly chosen
cases were used (1) to develop the thresholds for the rule-
hased classifier and (2) to establish the lirear discriminant
function. The rule-based and linear discriminant classifiers
trained in this manner were applied to the candidates of
the remaining 196 cases, and overall nodule detection
results were obtained for these cases. The “training™ and
“testing” of the automated nodule detection method were
thus performed separately or subsets of nodule candidates
from independent patients.

Lung nodules demonstrate a spectrum of radiologic
appearances (43). Accordingly, the performance of the
automated detection method, as trained and tested on the
comnplete 393-case database, was decomposed into perfor-
mance on the basis of nodule malignancy status, size,
subtlety, and radiographic opacity.

Analysis of Malignant Nodules
The methods reported in the previows section are based

on the task of optimizing detection performance for all
470 lung nodules, regardless of nodule malignancy status,
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size, subtlety, or radiographic opacity. A method that is
trained and tested specifically on malignant nodules
would be expected to yield improved performance on the
more important clinical task of automated detection of
malignant nodules. Among the 393 cases in the complete
database, 66 cases contained at least one confirmed ma-
lignant nodule. These 66 cases contained all 69 malignant
nodules in the database, along with 7 of the 401 benign
nodules, When applied to this subset of cases, the initial
set of nedule candidates generated by the method through
the multiple gray-level thresholding stage included 66 of
the 69 malignant nodules (95.7%) along with 35,447 non-
nodule structures. Rule-based and linear discriminant elas-
sifiers were then applied to this initial set of nodule can-
didates to distinguish candidates that corresponded to ac-
tual malignant nodules from those that corresponded to
non-nodules (i.e., false positives). A jackknife training/
testing approach was used in which the nodule candidates
from 33 randomly chosen malignant cases were used (1)
to develop the thresholds for the rule-based classifier and
(2) 10 establish the linear discriminant function. The rule-
based and linear discriminant classifiers trained in this
manner were applied to the candidates of the remaining
33 malignant cases, and detection results for malignant
nodules were obtained for these cades. The “raining” and
“testing” of the automated nodule detection method were
thus perfermed independently on independent subsets of
nodule candidates from malignant cases. Detection of afl
malignant nodules was evaluated, and then this perfor-
mance was decomposed into performance by radiographic
opacity.

Complete Database

The overall performance of the method was obtained
from the average performance of 10 random partitions of
the nodule candidate set into training and testing subsets
and is presented in the first row of Table 2, At an overall
nodule detection sensitivity of 70% regardless of nodule
malignancy status, size, subtlety, or radiographic opacity,
a mean false-positive rate of 1.6 X 0.2 per section was
obtained across all 10 partitions. This sensitivity level
was selected for consistency with our other published au-
tomated nodule detection studies, which did not report
performance on the basis of malignancy status, size, sub-
tlety, or radiographic opacity.
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Table 2

Overall Performance of the Automated Nodule Detection
Method Obtained From the Average of 10 Jackknife Analyses
of the Entire 393-Case Database With a Mean False-Paositive
Rate of 1.6 per Section

Nodule Detection

Nodule Subset Sensitivity (%)

All nodules 70

Malignant 8350
Benign 68 £ 0.9
Not subtle 91+ 25
Subtle 73x21
Very subtle 52 29
Solid 76 £ 2.0
Part solid 7825
Nonsolid 51 + 3.7

Effective diameter >5 mm 74 2.7

Reported sensitivities are al a mean false-positive rate of 1.6
per section. For this analysis, the method was trained io detect all
nodules regardless of malignancy status, size, subtley, or radio-
graphic opacity.

Table 2 decomposes this overall performance into per-
formance by nodule malignancy status, size, subtlety, and
radiographic opacity. Note that the automated detection
method does not classify noduoles on the basis of malig-
nancy status, size, subtlety, or radiographic opacity, but
rather, in this analysis, the ability of the method to derect
nodules within these various categories was evaluated.
For example, given that 70% of all nodules in the test
sets were detected, 83% * 5.0% of the malignant nodules
among the nodules of the test sets were detected (at the
same false-positive rate of 1.6 per section), whereas only
68% * 0.9% of the benign nodules among the nodules of
the test sets were detected. As expected, nodule detection
sensitivity increased as nodule subtlety decreased, with a
detection sensitivity of 91% = 2.5% for nodules rated as
“not subtle” and a detection sensitivity of only 52% =
2.9% for “very subtle” nodules. The detection sensitivity
for solid and part-solid nodules were comparable (76% =
20% and 78% = 2.5%, respectively), whereas the detec-
tion sensitivity for nonsolid nodules was substantially
lower at 31% = 3.7%. The detection sensitivity for nod-
ules with an effective diameter greater than 5 mm was
74% % 2.7% at the same false-positive rate.

Figure 5 presents FROC curves that represent auto-
mated nodule detection sensitivity as a function of false-
positive detections per section obtained from the average
of 10 jackknife analyses of the entire 393-case database
as described above. FROC curves are shown for (a) ali
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Figure 5. FROC curves representing nodule detection sensitivity as a function of false-positive detections per section cbtained from the
average of 10 jackknife analyses of the entire 393-case database. For this analysis, the method was trained to detect all nodules regard-
less of malignaney status, size, subtlety, or radicgraphic opacity. FROC curves are shown for (a) all nodules and nodules divided into

malignancy status, {b) nodules divided into subtlely, and (c) nadules divided into radiographic opacity. The data in Table 2 correspond to

a single operating point from each of these nine curves.

nodules (which this analysis was intended to detect) and
nodules divided into malignancy status, (b) nodules di-
vided into subtlety, and (¢) nodules divided into radio-
graphic opacity. The data in Table 2 correspond to a sin-
gle operating point from each of these nine curves. These
curves illustrate the disparity in the ability of the method
{when trained to detect all nodules regardless of malig-
nancy status, size, subtlety, or radiographic opacity) to
detect malignant and benign nodules; not subtle, subtle,
and very subtle nodules; and solid or part-solid nodules
and nonsolid nodules. The ability of the method to detect
nodules that have been diagnosed as malignant is better
than its ability to detect the benign nodules in the data-
base (Fig. 5a), the ability of the method to detect nodules
in the database decreases as nodule subtlety increases
(Fig. 5b), and whereas the ability of the method to detect

solid and part-solid nodules is comparable, iis ability to
detect nonsolid nodules is lower (Fig. 5c).

Scans with Malignant Nodules

The results reported in the previous section were based
on the task of optimizing detection performance for all
470 lung nodules, regardless of nodule malignancy status,
size, subtlety, or radiographic opacity. These results ex-
hibited an interesting differentiation: 83% of the malig-
nant nodules were detected, whereas only 68% of the be-
nign nodules were detected. The preponderance of benign
nodules in the database (401 of 470, or 85%, of the nod-
ules were benign), combined with this malignancy
status —based differential in detection performance, then
yielded an overall nodule detection performance of 70%
with an average of 1.6 false-positives per section. With
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Table 3

Performance of the Automated Nodule Detection Method
Specifically for Malignant Nodules Obtained From the
Average of 20 Jackknife Analyses of the 66 Cases That
Contained at Least One Malignant Nodule

Nodule Detection

Malignant Nedule Subset Sensitivity (%)

All malignant nodules 80
Solid Q=7
Part solid B0 %3
MNonsclid 56+ 9
Not subtle 94 = 5
Subtile 78+6
Very subtle 46 = 10

Reported sensitivities are at a mean false-positive rate of 0.85
per section. For this anaiysis, the method was trained to detect
maligrant nodules regardless of size, subtiety, or radiographic
opacity.

the method trained and tested specifically on malignant
nodules, improved performance was observed [or the au-
tomated detection of malignant nodules.

The overall performance of the method for the detec-
tion of malignant nodules was obtained from the average
performance of 20 random partitions of the nodule candi-
date set (obtained from the 66 cases with at least one ma-
lignant nodule} into training and testing subsets and is
presented in the first row of Table 3. At a malignant nod-
ule detection sensitivity of B0% = 2.0%, a mean false-
positive rate of 0.85 = 0.14 per section was obtained
across all 20 partitions. Figure 6 shows the corresponding
FROC curve. This performance may be decorﬁposed into
performance by nodule radiographic opacity so that, on
average, 90% = 7% of the solid malignant nodules were
detected, 80% * 3% of the part-solid malignant nodules
were detected, and 56% * 9% of the nonsolid malignant
nodules were detected at the same mean false-positive
rate of 0.85 per section (Table 3).

The automated method presented in this study was
developed to identify any focal abnormatity that generally
may be regarded as a lung nodule. While lung cancers
represent the most clinically important subset of such fo-
cal abnormalities, the automated identification of any fo-
cal abnormality for radiologists’ consideration may be
useful. In the clinical practice of the future, automated
nodule detection would likely be integrated with auto-
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Figure 6. FROC curve representing malignant nodule detection
sensitivity as a function of false-positive detections per secticn
obtained from the average of 20 jackknife analyses of the 66
cases with at least one malignant nodule. For this analysis, the
method was trained to detect ail malignant nodules regardless of
size, subtlety, or radiographic opacity.

mated classificarion to distinguish between malignant and
benign detected nodules as part of a comprehensive CAD
system (36).

A limitation of the results obtained from this study is
the 10-mm collimation of the CT scans that comprised
the database. Such thick sections hinder the ability of the
method to more accurately capture the three-dimensional
contiguity of anatomic and pathologic structures. More-
over, the structures themselves are more sharply repre-
sented with state-of-the-art scanners that generate images
with submillimeter axial resolution. We believe that thin-
ner-section CT scans inherently will provide for improved
performance of our method. A database of lung nodule
cases from such scanners that is as well characterized as
the database used in this study is certainly required to
establish the clinical utility of these methods.

Despite the suboptimal nature of thick-section CT
scans, a key observation from this study is that, as ex-
pected, the ability of a single automated method to detect
the complete spectrum of lung nodules may be limited.
Consequently, the importance of this study is the relative
performance of the method in the detection of lung nod-
ules in the various malignancy status, size, subtlety, and
radiographic opacity categories. Based on this analysis,
the antomated method requires modification to improve
the detection sensitivity of those lesions most likely to be
missed by radiologists, namely, very subtle nodules and
nonsolid nodules. The category-based performance analy-
$is we present serves to underscore the importance of a
full characterization of the lung nodules used by investi-
gators when reporting results of CAD methods.



The disparity between the ability of the method to de-
tect malignant and benign nodules is substantial. Despite
the argument that it could be advantageous for an auto-
mated nodule detection methed to detect as many nodules
(both malignant and benign) as possible while leaving the
diagnostic task to the radiologist (with the eventual assis-
tance of another automated method for nodule classifica-
tion), an automated nodule detection method that preferen-
tially detects malignant nodules is expected to provide addi-
tional clinical benefits. As may be observed from Figure 1,
the effective diameters of malignant nodules tended to be
larger than the effective diameters of benign nodules (a ¢
test for difference in means between the two distributions
of effective diameters yielded a significant difference with
P < 0.01); accordingly, the effect on method performance
of nodule size versus the radiologic characteristics spe-
cific to malignant nodules remains for further investiga-
tion.

It is worth noting that the overall performance of the
automated detection method applied to low-dose CT scans
is consistent with the overall performance of the detection
method applied to a database of diagnostic CT scans
(71% sensitivity with 1.5 false-positives per section) re-
ported earlier (24). Although the rule-based and linear
discriminant classifiers were established separately for the
diagnostic and low-dose databases, the consistent levels
of performance demonstrate robustness of the general
methodology.

As expected, the overall performance of the automated
lung nodule detection method decreased for nodules of
increased subtlety and for nodules with an increased non-
solid component. The clinical utility of automated nodule
detection methods, of course, will depend on the ability
of such methods to detect those nodules most likely to be
overlooked or misinterpreted by radiologists, The goal of
ongoing research is to reduce the number of false-positdve
detections, which at present limit the clinical utility of the
method, and to reduce the variability of the method
across different nodule categories.

We have developed an automated fung nodule detec-
tion method that we evaluated with a large number of
low-dose CT scans from a lung cancer screening pro-
gram. This evaluation used a jackknife paradigm for the
training and testing of the automated classifiers that dis-
tinguished nodule candidates that corresponded to actual

ncdules from those that corresponded to non-nodules.
Because nodules demonstrate a spectrum of radiologic
appearances, the performance of the automated method
was evaluated on the basis of nodule malignancy status,
size, subtlety, and radiographic opacity. The category-
based performance analysis we present serves to under-
score the importance of a full characterization of the lung
nodules used by investigators when reporting results of
CAD methods. Such computerized Iung nodule detection
methods are expected to become important parts of CT-
based lung cancer screening programs (44).
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In the past decade, low-dose single—detector row computed tomography (CT) with 10-
mm-thick sections has been used to screen asymptomatic smoking and nonsmoking
populations for lung cancer (1-3). The results of these CT screening studies showed that
eatly peripheral lung cancers usually appeared as solitary noncalcified lesions with or
without areas of ground-glass opacity (GGO), and the detection of these lesions at an early
stage was greatly improved with use of low-dose CT rather than chest radiography. Most
CT scans obtained in screening progsams, however, showed only minor benign abnor-
malities, including noncancerous abnormalities such as diffuse lung disease (emphysema
and interstitial changes) and focal lung disease (active infections, scars, and calcified
nodules); in addition, 5%-27% of patients had noncalcified nodules that were detected at
baseline screening with use of low-dose CT and 10-mm-thick sections (1-3). When reading
images obtained in a CT screening program, radiologists must search for suspicious
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noncaicified lung nodules, differentiate
these lesions from benign nodules and
lung cancer, and, finally, recommend fol-
low-up actions for the detected lesions.
In the studies mentioned above, no addi-
ttonal clinical information was provided
to radiologists reviewing the CT scans ex-
cept for age, sex, and smoking status.

At baseline CT screening performed in
a general population that included smok-
ers and nonsmokers in Nagano, Japan(2),
the fraction of lung cancers among the
detected noncalcified lesions was 9% and
the prevalence of cancers was only
0.48%. The corresponding databvere 129
and 2.7%, respectively, for smokers in
the U.S. Early Lung Cancer Action Project
(3). In CT screening programs, however,
3296-39% of lung cancers {4,5) were
missed in previous years, and the num-
bers of these missed cancers were not in-
cluded in the determination of the prev-
alence of lung cancers in these studies.
We previously reported (5) that 32
missed lung cancers were very difficult to
detect in the Nagano series; in general,
they were very subtle and appeared as
small, faint nodules with GGO that over-
lapped normal struchures or as opacities
in a complex background of other dis-
eases. ’

When an automated lung nodule-de-
tection method (6) was used, 84% of
these missed lung cancers in the Nagano
series were marked by the computer;
however, the false-positive rate was high
(1.0 false-positive marks per section, 28
false-positive marks per study), and this
is not acceptable to radiologists. Re-
cently, we developed a computer-aided
detection (CAD) scheme (7) that is based
on a difference-image technique for en-
hancing tung cancers and suppressing
meost normal background structures, and
the false-positive rate has improved to
about 3.0 marks per study (sensitivity,
87%) with use of a multiple massive
training artificial neural network (8).
Thus, the purpose of our study was to
retrospectively evaluate whether a differ-
ence-image CAD scheme can help radiol-
ogists detect peripheral lung cancers
missed at low-dose CT.

MATERIALS AND METHODS

HM, and K.D. are shareholders in R2
Technology, Sunnyvale, Calif. K.D. is a
shareholder in Deus Technology, Rock-
ville, Md. CAD technologies developed
in the Kurt Rossmann Laboratories have
been licensed to companies including R2
Technology, Deus Technologies, Riverzin
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Medical Group, Mitsubishi Space Soft-
ware, Median Technologies, GE, and
Toshiba.

Database

An annual low-dose CT screening pro-
gram for lung cancer in Nagano, Japan,
began in May 1996 and ended in March
1999. In the program, 17 892 examina-
tions were performed in 7847 individuals
(4288 men, 3559 women; mean age, 61
years; age range, 19-52 years). All indi-
viduals gave informed consent to un-
dergo CT screening and for use of the
data for research purposes. The database
used in this study consisted of data from
38 low-dose CT examinations performed
in 31 patients with missed peripheral
lung cancers. All of the CT studies had
been performed as part of the 3-year lung
cancer screening program (5,6). Twenty-
three cancers were missed because of de-
tection errors, and 15 cancers were
missed because of interpretation errors.

As described previously (5), the loca-
tions of missed lung cancers on sections
obtained at 39 CT examinations {one ex-
amination was excluded from this study
because of technical error) were deter-
mined in consensus by two radiologists
{F.L. and S8.5., with 20 and 42 years of
experience, respectively). One radiologist
(F.L.) measured the length and width of
cancers on at least one section. Three ra-
dioclogists (F.L., H.A., and H.M., with 20,
18, and 29 years of experience, respec-
tively) first independently classified the
low-dose CT scans with the 38 cancers
into three patterns, and the final judg-
ment was based on agreement by at least
two radiologists. The mean diameter of
the 38 lesions missed at low-dose CT was
12 mim (range, 6-26 mmy). The following
patterns were noted: 10 nodules had pure
GGO (nonsolid), 16 had mixed GGO
(part solid), and 12 had solid opacity.

The 31 missed cancers, which included
28 adenocarcinomas, two small cell car-
cinomas, and one squamous cell carci-
noma, were confirmed with surgery. The
CT examinations were performed with a
mobile scanner (CT-W950SR; Hitachi
Medical, Tokyo, Japan) with use of a low-
dose protocol and a tube carrent of 25 or
50 mA, a scanning time of 2 seconds per
otation of the x-1ay tube (tube rotation
time, 2 seconds), a table speed of 10 mm/
sec (pitch, 2), 10-mm collimation, and a
10-mm reconstruction interval. The mean
nurnber of sections per study was 30, and
the pixel size was 0.586 or 0.684 mm for
scans with a 512 X 512 image matrix size.
The use of this database and the participa-

tion of radiologists in this observer perfor-
mance study were approved by the Univer-
sity of Chicago Institutional Review Board.
Informed consent for the observer perfor-
mance study was obtained from all observ-
ers.

CAD Scheme

Our scheme was based on a difference-
image technique (7,9,10) that enhances
the lung nodules and suppresses most of
the background normal structures. The
difference image for each CT study was
obtained by subtracting the nodule-sup-
pressed image processed with a ring aver-
age filter from the nodule-enhanced im-
age processed with 2 matched filter. By
applying a multiple-gray-level threshold
technique to the difference image, on
which most nodules showed strong en-
hancement, the initial nodule candidates
were identified. A number of false-posi-
tive findings were removed by using the
two rule-based schemes on the localized
image features related to merphologic
characteristics and gray levels, and a
false-positive rate of 15.8 per study was
achieved (7). Most (819%) of the remain-
ing false-positive findings were elimi-
nated without removing any true-posi-
tive findings by using a multiple massive
training artificial neural network trained
to reduce various types of false-positive
findings (8). The CAD scheme had a sen-
sitivity of 87% (33 of 38 cancers) for 38
missed cancers, with an average of 3.0
false-positive findings per study (7,8).

Observer Study

Among 23 studies in which cancer was
missed chze to detection errors, 17 studies
in 17 patients (eight men and nine
women; mean age, 60 years; age range,
48-69 years} were performed the year
before the cancers were found; the
other six studies, including three that
were performed in the same 17 patients
2 years before the cancers were found
and three that revealed a coexisting be-
nign nodule (diameter, 4-5 mm}, were
not used in this investigation. All 17
cancers were adenocarcinomas. At low-
dose CT, six nodules had pure GGO, 10
nodules had mixed GGO, and one nod-
ule had solid opacity. The mean diam-
eter of the 17 missed cancers was 10
mm (range, 6-17 mm). Fifteen studies
in which cancer was missed due to in-
terpretation errors were also excluded
from the observer study. In addition,
we included studies obtained in 10 con-
trol subjects (five men and five women;
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Figure 1.

TABLE 1

A, Values for 14 Radiologists in
Detection of Missed Cancers without
and with CAD Scheme

A, Value
Group and -
Observer Without CAD  With CAD
Group 1*
1 0.856 0.962
2 0.792 0.825
3 .613 0.824
4 0.723 0.865
5 0.851 0.876
6 0.706 0.818
Group 2*
7 0.58% 0.828
8 0.723 0.834
9 0.818 0.824
10 0.865 0.936
1 0.811 0.899
12 0.B26 0.856
13 0.786 0.822
14 0.728 0.784
All observers 0.763 0.854

Note.—The difference in A, values without
and with the CAD scheme was statistically
significant, with a P value of .002 for all radi-
ologists, .04 for group 1, and .01 for group 2.
No statistically significant difference in A, val-
ues between the two viewing modes was
found for observers without and with the
CAD scheme.

* This group used a multiformat display.
The mean A, value for this group without
CAD was 0.757; the mean value with CAD
was 0.862.

T This group used a cine-mode display. The
mean A, vaiue for this group without CAD
was 0.768; the mean value with CAD was
0.848.

mean age, 63 years; age range, 49-69
years) without cancer who had partici-
pated in the same screening program
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and whose ages and sexes closely matched
those of the patient group; findings in
these subjects were confirmed with 2-year
follow-up. Some of the 27 studies revealed
other abnormal findings such as scars, fo-
cal interstitial lung lesions, and small (<3
mmy; benign nodules. The CAD scheme
had a sensitivity of 82% (14 of 17 cancers),
with 3.0 false-positive findings per study
(range, zero to eight) for patients with
missed cancers and 2.4 false-positive find-
ings per study (range, zero to five) for the
10 control subjects (7,8).

Two image dispiay forrnats were used
in this investigation: a multiformat dis-
play and a “stacked” cine-mode display
(Fig 1). For the muttiformat display, from
the top to the bottom of the entire lung
for each patient, 27 consecutive sections
with the original matrix size at low-dose
CT were displayed in a multiformat dis-
play (3 X 3) on three high-spatial-resobu-
tion (1600 X 1200 pixels) liquid crystal
display color monitors (CCL202; Totoku
Electric, Tokyo, Japan). For cine-mode
display, the same 27 CT sections for each
study were magnified and stacked on one
monitor. The speed or sequence of the
image display for cine-mode display was
controlled manually by the observer, The
windowing in the two image display foz-
mats was initially set at lung settings but
could be adjusted by the observer to
bronchial or mediastinal settings. Two
clinical parameters (age and sex) were
provided fo the observer on the monitor.

The 14 radiologists who participated in
this observer study were classified into
two groups according to type of display.
Observers who used multiformat display
(group 1) consisted of five general radiol-

(a) Example of the multiformat display used by the six radiclogists in group L. From the top to the bottom of the
entire jung for each patient, 27 consecutive transverse CT sections were displayed in a multiformat (3 X 3) mode on three
high-spatiai-resolution monitors. (b) Stacked cine-mode display used by the eight radiologists in group 2. Magnified and
stacked transverse CT sections were displayed on one monitor.

ogists with 7-18 years of experience
(mean, 12 years) and one 3rd-year radi-
ology resident. Observers who used cine-
mode display (group 2) consisted of three
chest radiologists with 16, 17, and 45
years of experience (mean, 26 years), four
general radiologists with 5-16 years of
experience (mean, 13 years), and one
4th-year radiclogy resident. The observ-
ers in group 2 had more experience than
did the observers in group 1.

Radiologists were given the following
instructions: “(a} We wish to evaluate ra-
diclogists’ performance in detecting lung
cancer without and with a CAD scheme
cn low-dose CT scans obtained from a
screening program. (b} The role of the
CAD output is that of a ‘second opinion.’
(¢} Twenty-seven low-dose CT studies
(with 10-mm-thick sections) that did not
or did contain lurg cancer and/or non-
cancerous abnormalities such as benign
nodules and scars are included in this
observer study. ¢d) The observer in this
study will be blinded to the number of
patients with lung cancer and the perfor-
mance level of the CAD scheme. (g) Click
on the screen by using a mouse (i) to
indicate on a bar your confideace level
regarding the presence {or absence) of a
lung cancer and (ii) to locate the most
likely position on each CT scan. You may
indicate the cancer location first and (f)
click on one of the following four clinical
actions: (i) Return to annual screening,
(i) diagnostic thin-section CT in 6
months, (iii) diagnostic thin-section CT
in 3 months, or (iv) diagnostic thin-sec-
tion CT immediately.” The radiologists
made their judgments first without and
then with the CAD scheme.
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Figure 2. Graph shows ROC curves for detecting cancers
missed at CT without and with vse of the CAD scheme and for

the two display modes, With the CAD scheme,

the average A,

value improved significantly from 0.757 to 0.862 for group 1
(P = .04) and from 0.768 to 0.848 for group 2 (P = .01).

For a training session before the test,
we provided five different cases (that
were not part of the study set of 27) so
that radiologists could learn how to op-
erate the cine-mode interface and how to
take into account the computer output in
their decision. The reading time was not
limited in this study. The average reading
tirne was 48 minutes (range, 27-61 min-
utes; 1.8 minntes per case).

Statistical Analysis

The confidence level ratings from each
cbserver were analyzed with use of the
receiver operating characteristic (ROC)
method, and a quasi-maximum-likeli-
hood estimation of the binormal distri-
bution was fitted to the radiologists’ con-
fidence ratings (11). The statistical signif-
icance of the difference in the area under
the ROC curve (4,) between observer
reacdings without and with the CAD
scheme was tested with use of the Dorf-
man-Berbaum-Metz method (12), which
included both reader variation and case
sample variation by means of an analysis
of variance appreach. Localization ROC
{LROC) curves {13) for observers without
and with the CAD scheme were also de-
termined for each reading condition.

The “proper” binormal model (14) was
used to fit the ROC and LROC curves
(Metz CE, written communication, 2004).
In this study, localization was considered
comect if the center of the cancer lesion
was located within 15 mm from the point
marked by the observer. The distance c1i-
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terion of 15 mm was based on the fact that
our database contained lesions with diam-
eters as large as 26 mm. The distance was
computed automatically by the user inter-
face program. The sensitivity in this study
was defined on the basis of the number of
cancer lesions that were correctly located
by an observer regardless of the confidence
level ratings. The statistical significance of
the difference in sensitivities between the
computer cutputs and the observer read-
ings without and with the CAD scheme
was tested by means of a confidence inter-
val method by taking into account reader
variation alone {15). The statistical signifi-
cance of the difference in sensitivities be-
tween radiologists without and with the
CAD scheme and in clinical actions be-
tween a beneficial and a detrimental effect
of the CAD scheme for each of the studies
that did or did not contain a lung cancer
was estimated with use of the Student
paired t test for the 14 radiologists. In gen-
eral, P < .05 was considered to indicate &
statistically significant difference.

RESULTS

Radiologist Performance

With use of the CAD scheme, the av-
erage A, value improved significantly
from 0.763 to 0.854 for the 14 radiolo-
gists (P = .002), from 0.757 to 0.862 for
group 1 (P = .04), and from 0.768 to
0.848 for group 2 (P = .01) (Table 1, Fig
2). No significant difference in the aver-

1.0
Group 2 {Cine Mode)

0.3 Observers with CAD
g ’ Observers without CAD
- N A ey e
N X
&
- A T
2 04t .
s N Group 1 (Multi-Format)
E ! Observers with CAD

.24 Observers without CAD

0.0 t 4 u ;

.0 0.2 (X 0.6 .5 1.0

False Positive Fraction
Figure 4. Graph shows LROC curves in the
detection of cancers missed at CT for radiolo-
gists with and without use of the CAD scheme
and with two display modes. The LROC curve
was improved for groups 1 and 2 with use of
the CAD scheme.

age A, values between the two groups was
found for radiologists without (P = .82)
and with {P = .63) CAD.

In eight of the 17 patients with lung
cancer, the CAD scheme helped from one
to seven radiologists find the cancers (Fig
3). In two patients, CAD had a detrimen-
tal effect for two radiologists. The average
LROC curves for the 14 1adiologists with-
out and with the CAD scheme in the two
groups are shown in Figure 4. Figure 5
shows images from z patient in whom
the use of CAD helped seven radiologists
detect a cancer lesion.

With use of the CAD scheme (sensitiv-
ity, 82% [14 of 17 cancers]), the average
sensitivity in the detection of 17 cancers
improved significantly—from 52% (124
of 238 observations) to 68% (163 of 238
observations) for the 14 radiologists (P <
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a. b.

Figure 5. Tmages obtained in a 69-year-old woman in whom CAD was helpful. Transverse CT scans show (a) a missed lung cancer (arrow) with
pure GGO in the right upper kobe, (b) the cancer, and (¢) a false-positive finding. Circles in b and ¢ indicate the computer detections. In this patient,
10 radiolegists did not detect the cancer without CAD, whereas CAD helped seven radiologists find the cancer.

TABLE 2
Number of Patients in Whom Important Clinical Action Related to Follow-up
Was Changed by 14 Radiologists Owing to CAD

Patients with CAD-revealed
Lung Cancer*

Patients without
Lung Cancer?

Ohserver

No. Beneficial Effect Detrimental Effect Beneficial Effect Detrimental Effect
1 2 0 o 1
2 2 1 4] o]
3 3 3 0 0
4 5 0 1 0
5 [¢] [ 0 0
[ 6 4] 1 0
7 2 0 4] 0
8 2 2 ] o]
9 0 0 0 [

10 4} 0 0 ¢

11 5, 0 0 0

12 1 4} 0 1

13 0 0 0 1

14 2 0 1 0

Note.—"Beneficial effect” indicates a change to follow-up for a patient with lung cancer and a
change to screening for a patient without lung cancer; “detrimental effect” indicates a change to
screening for a patient with lung cancer or a change to follow-up for a patient without lung cancer.

* The mean number of such patients in whom the use of CAD had 2 beneficial effect was 2.1 =
2.0 (standard deviation); the mean number in whom it had a detrimental effect was 0.3 * 0.6. The
difference between a beneficial effect and a detrimental effect among these patients was statisti-
cally significant (P = .005}.

1 Patients in whom CAD revealed a condition other than lung cancer. The mean number of such
patients in whomn the use of CAD had a beneficial effect was 0.2 + 0.4; the mean number in whom

it had a detrimental effect was also 0.2 % 0.4,

.001), from 49% (50 of 102 observations})
to 71% (72 of 102 observations) for group
1 (P = .02), and from 54% (74 of 136
observations) to 67% (91 of 136 observa-
tHons) for group 2 (P = .006). The sensi-
tivity of the CAD scheme alone was
greater than that of the radiclogists alone
(P < .001) and that of the radiologists
with CAD (P < .001), although the spec-
ificity was lower. No significant differ-
ence in sensitivities was found between
the two viewing modes for radiologists
without {P = .44) and with (P = .71) the
use of CAD.
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Clinical Actions

For the four clinical actions described
earlier (ie, return to annual screening or
perform diagnostic thin-section CT in 6
months, 3 months, or immediately), we
attempted to quantify the changes in
climical action attributable to use of the
CAD scheme. For patients with a lung
cancer, the average number for whom
clinical actions were changed for a bene-
ficial effect (i€, a “step up”) (3.3) was
greater than the number for whom clin-
ical actions were changed for a detrimen-

tal effect (ie, a “step down”} (0.4) (P <
.001). For patients without a lung cancer,
the average numbers affected by the CAD
scheme for a beneficial effect (step down)
and a detzimental effect (step up) were
0.5 and 0.3, respectively (P = .27).

Table 2 shows the number of patients
for whom the important clinical action
related to follow-up was influenced posi-
tively or negatively by the 14 radiolo-
gists. For these patients, the difference
between the mean number of patients in
whom the action was changed from
screening to follow-up (2.1 patiénts) and
the mean number of patients in whom
the action was changed from follow-up
to sgreening (0.3 patients) was significant
(P = .005). For patients without a lung
cancer, no statistically significant differ-
ence between a beneficial effect {a change
from follow-up to screening [in 0.2 pa-
tients]) and a detrimental effect (a change
from screening to follow-up [in 0.2 pa-
tients]) owing to use of the CAD scheme
was found for the radiologists (P > .99),

DISCUSSION

It has been reported (16~21) that the use
of CAD has the potential to improve di-
agnostic accuracy in the detection of
lung nodules on chest radiographs and
CT scans. In previous studies with chest
radiography, however, some abnormal
cases—each with one lung nodule—and

- some normal cases were used for the ob-

server test, and the radiologists’ perfor-
mance in terms of their confidence level
regarding the presence or absence of a
nodule was evaluated by means of ROC
analysis without localization (16,17). For
developing CAD schemes for use with
relatively thick (18,19) or thin CT sec-
tions {20,21), the number of lung nod-
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ules was generally not limited to a single
nodule in each examination, and the
sensitivity with which radiologists cor-
rectly detected the nodule, regardless of
the confidence level, was commonly
used as a measure of the radiologists’ per-
formance. In previous CT-based studies
(18-21), the truth for the nodules was
established by radiologist consensus-—
not according to pathologic results—be-
cause most small nodules are benign and
do not undergo biopsy or resection.

There were some differences between
the present study and the previous stud-
ies, as follows: In the preserﬁ study, (@)
the CAD scheme was developed by using
missed lung cancers, which were con-
firmed at surgery; (b} the mean diameter
of the cancers was 12 mm {all were at
least 6 mmy}, and the CT findings for the
cancers included lesions with pure GGO,
mixed GGO, and solid opacity; and (g)
ROC, LROC, and sensitivity analyses
were used to evaluate radioiogists’ perfor-
mance in the detection of subtle cancers
without and with CAD. The importance
of these differences is discussed in the
next paragraphs.

Missed lung cancers include the most
difficult cases for detection in clinical
work and mass screening programs, and
several investigators have reported the
possible reasons for missing lung cancers
on CT scans (4,5,22,23). In our series (5),
lung cancers were missed mainly because
they had low attenuation {eg, they were
of small size and/or were faint lesions
with GGO) or because of the presence of
large structured noise elements {normat
structures and/or complex backgrounds
caused by other disease) or both. In addi-
tion, the cancers had poor conspicuity as
defined by Kundel and Revesz (24). In
general, the missed cancers corresponded
to earlier visible findings in the same lo-
cations at previous examinations—find-
ings that had been identified as abnormal
according to radiologists’ consensus.
However, in a previous study by Austin et
al (25) of radiologists’ performance alone,
each of six radiologists, who were biased by
knowledge that the patients had lung can-
cers that were missed on chest radiographs,
missed cancer in a mean of 26% of 22
patients. The main purpose of our study
was to identify whether unassisted radiol-
ogists could identify these previously
missed cancers in the context of an ob-
server study and to evaluate whether a
CAD scheme could help them detect the
cancers missed on CT scans.

Diederich et al (26) reported that more
than 70% of noncalcified nodules are 5
mm or smaller, and no lung cancers were
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found among those small lesions in CT
screening programs for lung cancer at
baseline. Similar findings have also been
reported by Swensen et al (27). Henschke
et al (28) reported that the frequency
with which malignancy was or could
have been diagnosed when the largest
noncalcified nedule was smaller than 5
mm in diameter was very low (0 of 378).
The nodules with pure or mixed GGO on
CT scans in lung cancer screening pro-
grams were more likely to be malignant
than were solid nodules (29,30). Al-
though there was a limitation in the Jow-
dose CT protacol with 10-rmn-thick sec-
tions used in our study, the cancers were
at least 6 mm in diameter, and the CT
findings for the cancers included lesions
with pure GGO, lesions with mixed
GGO, and lesions with solid opacity. We
believe, therefore, that it may be more
important for a CAD scheme used as a
“second opinion” to detect relatively
large nodules with or without GGO; such
nodules include primary lung cancers
more frequently than small nodules,
most of which are benign lesions, do.

Basically, ROC analysis without local-
ization (11,12} can help correctly evalu-
ate observer performance in the detec-
tion of the presence (or absence) of a
lesion on medical images when each im-
age does not include cbvious false-posi-
tive findings, provided that the number
of patients is sufficiently large. However,
because chest CT scans may contain pul-
monary vessels or focal lung diseases that
have an-appearance that is similar to that
of nodular lesions, high positive confi-
dence level ratings by radiologists for a
given CT study do not always correspond
to true-positive findings (lung cancers)
but instead sometimes correspond to
false-positive findings. With use of LROC
analysis {13), only the responses .with
correct localization are evaluated for each
reading condition, although a proper sta-
tistical test for practical use in evaluating
the difference between the curves is still
unavajlable. The shortcoming of LROC
analysis for estimating sensitivity is that
the radiologist’s performance is evalu-
ated only for patients with true-positive
findings and not for patients with true-
negative findings. Therefore, in this
study, we decided to evaluate the perfor-
mance with three methods—that is,
ROC, LROC, and sensitivity analysis—
and the tesults obtained with all three
methods showed that the diagnostic ac-
curacy of the radiologists improved with
use of the CAD scheme.

Although the radiologists in our study
were able to recognize the presence of
some subtle lung cancess, they could not
be sure whether the CT features of the
lesion were indicative of malignancy
even when the computer marked the le-
sion. The possible reasons why the sensi-
tivity for radiologists who used CAD did
not reach at least 82% include the fact
that the radiologists were not familiar
with the appearance of early lung cancers
at CT, especially at thick-section CT. In
addition, the sensitivity of the radiolo-
gists for detecting cancer lesions was af-
fected by some findings such as scars and
vertically oriented pulmonary vessels,
which had an appearance similar to that
of nodular lesions on CT scans in this
observer study. In addition, false-positive
computer findings would have an effect
on radiologists’ performance in the de-
tection of lung cancer. We noted that
radiclogists tended to ignore the CAD
output more frequently for studies with a
large number of false-positive findings
(eight per study, the largest in our
scheme) than for those with a small
number of faise-positive findings. In a
previous observer study of the use of
LROC analysis in the detection of clus-
tered microcalcifications on mammeo-
grams, Chan et ai {31} reported that radi-
ologists’ diagnostic accuracy with CAD
was further improved by reducing the
computer’s false-positive rate (from four
to one false-positive finding per image).

In this observer study, the use of CAD
had a detrimental effect in two patients
for two radiologists. In one patient, a ra-
diologist detected a cancer lesion without
CAD with a confidenice level of 0.46 and
made a recommendation to follow up
the cancer with diagnostic thin-section
CT in 3 months. The computer indicated
the cancer lesion and eight false-positive
findings. With use of CAD in the same
patient, a different radiologist changed
the location from cancer to a false-posi-
tive finding (vertical pulmonary vessel}
with a confidence level of 0.59 and did
not change the clinical action. In an-
other patient, another radiologist de-
tected a cancer lesion without CAD with
a confidence level of 0.31 and recom-
mended follow-up with CT in 6 months.
The computer did not mark the cancer
lesion but indicated three false-positive
findings. The radiologist who used CAD
also changed the Jocation from cancer to
a false-positive finding (vertical pulmo-
nary vessel} with a confidence level of
0.46 and did not change the clinical ac-
tion. Therefore, when the CAD scheme
yields false-positive findings that are very
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similar to true-positive findings, it may
have a detrimental effect on the observ-
ers’ performance when the task involves
the detection of only one lesion at CT in
an observer study. If radiologists were al-
lowed to identify more than one lesion in
an observer study, however, it is possible
that they might elect to keep the cancer
as detected initially and add the false-
positive finding as a further suspicious
area.

In recent CT screening programs, most
images were reviewed in a multiformat
display (film- or monitor-based viewing)
and/or a cine-mode display (i-3,26,27).
The cancers in this observer study were
missed in the Nagano lung cancer screen-
ing project, in which a multiformat dis-
play (3 X 4 or 4 X 4) on two high-spatial-
resolution {1728 X 2304 matrix) moni-
tors was used {5). A similar multiformat
viewing mode was used in our study by
the radiologists in group 1. In general,
cine viewing of CT scans of the chest is
believed to improve radiologists’ ability
to detect lung nodules compared with
film-based viewing (32,33). Tillich et al
(33), however, found no significant dif-
ference between cine and filn-based
viewing in the detection rate of pulme-
nary nodules (metastases) larger than 5
mm in diameter. We also did not find a
significant difference between the two
viewing modes in the detection of pri-
mary lung cancers (=6 mm) missed in a
CT screening program. The limitations of
this study inciude the facts that the low-
dose CT sections were thick {10 mm),
rather than thin, and the radiologists dif-
fered in the two groups. It was not the
purpese of our study to compare diagnos-
tic accuracy with the cine or multiformat
mode but rather to determine that the
benefits of CAD were substantial, inde-
pendent of the display mode used.

In summary, lung cancers missed at
low-dose CT screening weze very difficult
to detect, even in an observer study; the
use of CAD, however, improved the radi-
ologists’ pexformance in the detection of
these subtle cancers. In addition, CAD
can help radiologists make recommenda-
tions for follow-up.
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Case Report

Subcentimeter Large Cell Neuroendocrine
Carcinoma of the Lung

Takaomi Hanaoka, MD,* Shusuke Sone, MD,} Hitoshi Ino, MD,] Fumiyoshi Takayama, MD,}
Toshiyuki Sato, MD,* Hiroshi Kanaya, MD,* and Hiroyuki Ogata, MD§

Abstract: To our knowledge, no report exists of a subcentimeter
size large cell neuroendocrine carcinoma (LCNEC) of the lung. A
75-year-old man participating in a low-dose CT screening program
for lung cancer was found incidentally to have a partly-solid nodule in
the right upper lung. After treatment with antibiotics, a repeat CT
showed resolution of the nodule, but a new solid nodule measuring
9 X 9 mm was detected in the left lower lobe. The lesion showed
marked enhancement on dynamic conirast-enhanced MRI. Video-
assisted thoracic surgery and frozen section biopsy was suggestive of
malignant lesion, resulting in extension of surgery to lobectomy with
nodal dissection. The final diagnosis was stage JA-LCNEC. The
estimated velume doubling time of the tumor was 30.1 days. These
aggressive tumors may rarely have doubling times that overlap with
benign processes.

Key Words: large cell neurcendocrine carcinoma, CT screening,
peripheral small lung cancer, rapid growth, volume doubling time

(J Thorac Imaging 2005;20:288-290)

t is not uncommon to find small nodules in the peripheral

lung zone in asymptomatic individuals on mass screening
for lung cancer using low-dose chest computed tomography
(CT). We previously reported that a CT screening program
increases the detection rate of primary lung cancer by about
10-fold compared with screening using chest radiographs,'
However, there is controversy regarding the interval between
repeat CT screening, although there seems to be some agree-
ment on annual repeat CT screening. Before a decision is
made on the interval, there is a need to accumulate information
regarding the benefits associated with such interval in de-
tecting lung cancers at a surgically curable stage with a wide
range of growth rates. We report here a patient who was in-
cidentally found to have a subcentimeter size rapidly growing
nodule that proved to be large cell neurcendacrine carcinoma
{LCNEC) in the left lung. The tumor was incidentally detected
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at the time of repeat work up CT on the conventional CT image
that was taken prior to high-resolution CT (HRCT) to examine
a low-dose CT screened-nodule in the right lung.

CASE REPORT

A 75-year-old cuirent smoker {68 pack-year) asymptomatic
man underwent annual low-dose CT screening in September 2003,
followed by high-resolution CT (HRCT) 2 weeks later for 2 new 6 X
8 mm partly-solid nodule in the periphery of the right upper lobe.
After l-month of antibiotic treatment (ciprofloxacin 600 mg/d), a
repeat HRCT showed partial resolution of the nodule. A third HRCT
performed 3 months later following the second HRCT showed further
resolution. Complete resolution of the nodule was confirmed on the
fourth HRCT, performed 7 moaths after the initial HRCT.

On that occasion, a solid nodule measuring 9 X 9 mm in diam-
eter with homogeneous soft tissue density and a well-defined margin
was newly identified in the periphery of the left lower lobe (Fig. 1B). A
careful retrospective re-examination of the conventional CT taken 3
months earlier, at the occasion of third work up CT examination,
showed a tiny (4 X 4 mm diameter) lesion (Fig. 1A). Based on the
measurements of the nodule on CT images, the tumor velume doubling
time {VD'T) was estimated at 30.1 days using the method described by
Hasegawa et al.* Lung tumor markers, including carcinoembryonic anti-
gen (CEA), neurcn-specific enolase (INSE), and pro-gastrin-releasing
peptide (Pro-GRP) were within the normal range. After a I-month
course of antifungal treatment of a possible fungal infection (itra-
conazole, 200 mg/d), follow-up HRCT showed tumor growth with
additional pleural tag formation (Fig. 1C). Gadolinium-enhanced mag-
netic resonance imaging (MR1) showed definite enhancement effect of
the nodule, suggesting an active lesion. The nodule was biopsied by
video-assisted thoracic surgery (VATS), and intraoperatively diagnosed
as a malignant tumor (frozen-section method). Based on a provisional
diagnosis of a rapidly growing cancer with highly proliferative activity
on CT images, a complete lobectomy with nodal dissection (ND) 2a was
performed. The postoperative course was uneventfil.

The final pathologic diagnosis was stage LA-large cell neuro-
endocrine carcinoma, measuring § X 10 mm, p0, pm0, a0, and
p-TINOMO. Histopathological examination of hematoxylin-eosin
stained sections showed an organoid pattern, nuclear palisading pat-
tern, central necrosis, and abundant mitosis in the cancerous tissue
with no invasion of the surrounding vasculature or lymphatic vessels
(Fig. 2A). Immunohistochemistry showed positive staining for
chromogranin A and S-100 (Fig. 2B), but negative for NSE.

DISCUSSION

LCNEC was added to the World Health Organization
(WHO) classification of lung tumors in 1999. The aggressive
clinical behavior and poor prognosis of LCNEC are well
documented,® and novel therapeutic approaches are needed.
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FIGURE 1. Computed Tomographic scan. A, The tumeor appears as a tiny (4 X 4 mm) lesion in the periphery of the superior segment
of the left lower lobe, which was identified retrospectively on a conventional CT image taken 3 menths prior to that shown in (B).
White arrow points to the tiny lesion. B, In this high-resolution CT (HRCT), the solid nodule was first recognized asa 9 X 9 mm sized,
homogeneous one of soft tissue density with well-defined margin. C, Further growth of the lesion with additional pleural tag
formation on HRCT taken 1 month after the image displayed in (B) following a 1-month course of anti-fungal treatment. Arrow shows

the pleural tag.

LCNEC constitutes a minority of lung cancers, for example,
only 2 cases out of a total 106 resected non-small cell tung
cancers (1.9%) in our hospital during the last 4 years. Fur-
thermore, resected subcentimeter LCNEC is extremely rare,’
even in the CT-screening era.® Although the prognosis of pa-
tieats with resected LCNEC is reported to be poorer than
patients with the same stage of poorly differentiated non-small
cell lung cancer and other large cell carcinoma even in stage
I-disease,’ because of the highly aggressive biologic behav-
jors,” complete resection of & subcentimeter LCNEC that is
still in stage [ is expected to be better than that in other stages.”

FIGURE 2. Histopathological findings.
A, Note the presence of large mitotic
cancer cells pointed to by small arrows,
with organoid structures, central ne-
crosis pointed to by a large arrow, and
nuclear palisading patterns indicated
by [~|. Magnification, X10, B, Positive
immunostaining for 5-100 protein.
Magnification, x40,
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CT allows us 1o identify rapidly growing lung cancers
like LCNEC in the localized stage so that surgery can be
performed while the tumor is still in a curable stage. Follow-up
and HRCTs within the context of a screening program may
allow the incidental identification of rapidly growing lung tu-
mors. The VDT of the LCNEC in our patient was 30,1 days,
representing the most rapidly growing tumor of CT-screened
lung cancers reporied so far {for example, mean * SDj
adenocarcinoma 533 X 381 days; squamous cell carci-
noma, 129 = 97 days; small celi carcinoma, 97 = 46 days).?
Such a short VDT is compatible with the aggressive




Hanaoka et al

J Thorac Imaging » Volume 20, Number 4, November 2005

clinicopathologic® and molecular biologic features of
LCNEC reported previously.” Detection of subcentimeter
tumors by CT scan may be the most critical point in saving
the life of patients with LCNEC.

As to the interval between repeat CT screening to detect
lung cancers at a surgically curable stage, although there seems
to be some agreement on annual repeat CT sereening, which
has a length-time bias for detecting slower growing tumors and
may exhibit a lower detection rate of rapidly growing tumors at
a curable stage, which are more likely to be symptom-detected,
repeat CT screening may become feasible at an appropnate
interval to find cancers more effectively based on the detection
rate, cost, radiation exposure, and curability. There is a need to
accurnulate more information regarding the benefits associated
with such an interval to leamn about clinical management ap-
proaches, presently mainly based on the surgical treatments,
for such small solid lung cancer.
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COMMENTARY

Minority Opinion
CT Screening for Lung Cancer

Claudia I. Henschke, MD,* John H. M. Austin, MD,} Nathaniel Berlin, MD,] Thomas Bauer, MD,§
Salvatore Giunta, MD,V Fred Gannis, MD,§ Michael Kalafer, MD,# Samuel Kopel, MD,**
Albert Miller, MD,}7 Harvey Pass, MD,f{ Heidi Roberts, MD,§§ Rakesh Shah, MDM
Dorith Shaham, MD, 9§ Michael ¥ Smith, MD,## Shusuke Sone, MD,***

Richard Turner, MD,} David E Yankelevitz, MD,* and Javier Zulueta, MD}117

(J Thorac fmaging 2005;20:324-325)

he Society of Thoracic Radiclogy (STR) charged

Dr. Stephen Swensen to form a committee to develop a
consensus statement on screening for lung cancer. After
numerous discussions, a consensus could not be reached.
Tnstead, the STR decided to publish the majority opinion (this
issue, page 321) and to allow me, as the disseniing opinien, to
write this editorial.

While we agreed with point 1 of the majority consensus
statement, we disagree with points 2-3 in the STR consensus
statement as detailed below, and we also provide an alternative
statement.

Majority Point 2: Screening for lung cancer with chest
radiography has not been shown to lower discase-specific
mortality. CT screening offers hope for earlier detection that
could lower disease-specific mortality; it is unproven.

In the United States, the evidence against screening
chest radiography is essentially based on a single 30-year-old
study, the Mayo Lung Project. Moreover, it has been rec-
ognized generally that this study was flawed'™ and should not
be used as a basis for public policy. Recently the American
Cancer Society” and then the United States Preventive Services
Task Force® have changed their previous recommendation against
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screening for lung cancer 1o one advising people to discuss the
potential risks and benefits with their physician. The United States
Preventive Services Task Force based its change on 6 case-control
studies on screening using chest radiography in Japan, which
showed a small, but real, benefit when compared with no
screening.” Because the evidence now suggests a benefit for chest
radiography screening, at least one sufficient to change the
recommendations, a better diagnostic test should be of even
ureater benefit, CT provides for diagnosts of smaller, earlier ung
cancers, s shown in multiple studies,"! and its promise was used
as a justification for the National Lung Screening Trial (NLST)."

Majority Point 3: Concerns have been raised regarding
faise-positive diagnoses, over diagnosis, cost, and morbidity
and mortality related to intervention,

While these are important considerations for any screening
program, numerous publications have shown that a well-thought-
out regimen of CT screening can keep these at an acceptable
level. #1315 Thus, the real issue for high-quality screening is
that g regimen should be used and adhered to as a matter of
quality assurance.

To highlight one example, consider the issue of false-
positives, The NLST defines all non-calcified nedutes =4 mm
to be a negative result of screening,” and I-ELCAP protocol
calls for l-year repeat screening when all non-calcified
nodules are <<§ mm in baseline screening.*'® Given either of
these definitions, the majority of false-positives are eliminated.
Similarly, all the other issues mentioned can be addressed and
quantified.™"’

Majority Point 4: Promotion of CT screening fo the
general population by medical professionals with a financial
interest in an enterprise is inappropriate.

This issue, we feel, is beyond the scope and expertise of
our professional society, which focuses on thoracic radiology
and not on public health or private practice policies and related
economic issues. But, it should be noted that all academic
radiologists also have an interest in the financial well-being of
their department and institution.

We do not advocate CT screening for lung cancer to the
generai population, but we, as well as others,™™ consider it
reasonable for a person at high-risk for lung cancer io be
screetied at an institution with sufficient experience in screening
using an apprepriate regimen of screening with quality as-
surance measures in place.

| Thorac Imaging » Volume 20, Number 4, Novemnber 2005
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Majority Point 5: There is insufficient evidence to justify
recommending CT screening for lung cancer to patients,
inciuding those at high risk for lung cancer.

As stated above, we believe there is sufficient evidence
for it 1o he reasonable for a person at high-risk for lung cancer
with a sufficient life expectancy to pursue screening.

There is a growing bedy of evidence collected over the
past 12 years that CT screening for lung cancer leads to
a dramatic increase in the proportion of early stage genuine
(fataf in the absence of early treatment) fung cancer relative to
symptom-prompled diagnosis.

The proposed alternative statement is:

1. Lung cancer is the most common cause of cancer death in
both men and women in the industrialized world. It, thus, is
a major public health problem.'®'"”

2. Prior studies on screening for lung cancer were interpreted
as not demonstrating a benefit of screening, but it is generally
apreed that there were shortcomings in the methodology of
those studies.'>

3. It is accepted that the curability of Stage I tung cancers
is very high relative to the curability of late-stage cancers;
and within Stage I, cancers less than 3 cm in diameter
(Stage IA) are more curable than those that are larger
(Stage 1B).2*!

4. Studies on annual CT screening have established that lung
cancers are much more commonly diagnosed at Stage [ and
at smaller sizes than by chest radiography.®™"!

5. Based on the points above, i is knowable that annual CT
screening for lung cancer provides for prevention of death
from lung cancer by early intervention. Quantitative as-
sessimient of the actual mapnitude of this benefit 1s being
pursued by studies in the US and elsewhere.

6. A person at high-risk for lung cancer yet free of suspicion-
raising symptoms of it, who is interested in potentially
being screened, shouid be fully apprised of the implications
of screening and of the treatment that may result. In light of
thig, it is reasonable for the individual to choose to be
screened by a suitably defined CT regimen.®

Point 5 follows from Points 3 and 4. Point 6 draws from
point 5 together with the principle of Patients” Autonomy,
recently enunciated by a prestigious European-US joint
commission.*
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