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Purpose: To study the ability of a computer-aided detection (CAD)
system to detect lung cancer overlooked at initial interpre-
tation by the radiologist.

Materials and
Methods:

Institutional review board approval was given for this
study. Patient consent was not required; a HIPAA waiver
was granted because of the retrospective nature of the
data collection. In patients with lung cancer diagnosed
from 1995 to 2006 at two institutions, each chest radio-
graph obtained prior to tumor discovery was evaluated by
two radiologists for an overlooked lesion. The size and
location of the nodules were documented and graded for
subtlety (grades 1–4, 1 � very subtle). Each radiograph
with a missed lesion was analyzed by a commercial CAD
system, as was the follow-up image at diagnosis. An age-
and sex-matched control group was used to assess CAD
false-positive rates.

Results: Missed lung cancer was found in 89 patients (age range,
51–86 years; mean age, 65 years; 80 men, nine women)
on 114 radiographs. Lesion size ranged from 0.4 to 5.5 cm
(mean, 1.8 cm). Lesions were most commonly peripheral
(n � 63, 71%) and in upper lobes (n � 67, 75%). Lesion
subtlety score was 1, 2, 3, or 4 on 43, 49, 17, and five
radiographs, respectively. CAD identified 53 (47%) and 46
(52%) undetected lesions on a per-image and per-patient
basis, respectively. The average size of lesions detected
with CAD was 1.73 cm compared with 1.85 cm for lesions
that were undetected (P � .47). A significant difference
(P � .017) was found in the average subtlety score be-
tween detected lesions (score, 2.06) and undetected le-
sions (score, 1.68). An average of 3.9 false-positive results
occurred per radiograph; an average of 2.4 false-positive
results occurred per radiograph for the control group.

Conclusion: CAD has the potential to detect approximately half of the
lesions overlooked by human readers at chest radiogra-
phy.
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The diagnosis of subtle lung cancer
at chest radiography remains a
formidable challenge. Several in-

vestigators (1–5) have described the
substantial pitfalls of interpretation cre-
ated by overlapping structures and by
the small size and low conspicuity of
many lesions. Notwithstanding the diffi-
culty in making the diagnosis, missed
lung cancer is the second-leading cause
of malpractice action against radiolo-
gists (6).

In recent years, there have been
multiple technical advances that have
the potential to facilitate diagnosis of
lung cancer at chest radiography. The
development of computed radiography
and direct radiography permits more
consistent image quality (7). The use of
dual-energy and temporal subtraction
chest radiographic techniques enables
more direct visualization of the lung pa-
renchyma without interference with
overlying bone structures (8,9). How-
ever, these improvements are largely
directed at the hardware component of
image assessment and take less account
of intrinsic limitations of the human
reader.

Computer-aided detection (CAD)
systems are increasingly being applied
as a “second reader” to assist in the
evaluation of images of complex ana-
tomic structure, often in the context of
a large data set. Two widely investi-
gated applications are the use of CAD
as a second reader for mammography
and chest computed tomography (CT)
(10–12). CAD systems directed spe-
cifically at chest radiographs have be-
come available in recent years (13–
16). To determine the potential effect

of CAD in patients with early lung can-
cer, we investigated the frequency
that proved lung cancer overlooked at
the time of interpretation but visible in
retrospect was detected with a com-
mercially available chest radiographic
CAD system.

Materials and Methods

The study was supported by a grant
from Riverain Medical (Miamisburg,
Ohio). One author’s (T.F.) salary for
the 2007–2008 academic year was
partly paid by Riverain Medical. The
authors who are not corporate em-
ployees had control of the data and the
information submitted for publication.

Patients
Institutional review board approval
was given for this study. Patient con-
sent was not required, and a Health
Insurance Portability and Accountabil-
ity Act waiver was granted because of
the retrospective nature of the data
collection. The cancer registries at a
university hospital (1998–2006) and a
veterans hospital (1995–2006) were
reviewed.

Image Selection
On the basis of lung cancer registries
in both institutions, 3100 patients with
lung cancer were identified. This list
was assessed to determine if images
were retrievable on the picture ar-
chiving and communication system
(PACS) at each hospital. Chest radio-
graphs were obtained by using com-
puted radiography systems (Fujifilm
Medical Systems, Stamford, Conn;
Agfa, Mortsel, Belgium; and Swissray
International, Hochdorf, Switzer-
land). No screen-film images were ob-
tained. Each available radiograph
prior to the study on which the can-

cerous nodule was first detected was
surveyed to determine whether the le-
sion was visible in retrospect. In each
instance, a potentially actionable le-
sion (missed lung cancer) was agreed
to by consensus of two experienced
thoracic radiologists (C.S.W. and J.J.,
with 17 and 5 years of experience,
respectively) who did not interpret the
radiographs originally. If more than
one earlier image showed the lesion,
all such examinations were included
for further analysis. Any radiographs
prior to the earliest image on which a
lesion was first recognized by the ra-
diologist reviewers were excluded.
The presence of each lung cancer and
its lobar location were documented on
the basis of a subsequent CT study
that demonstrated the precise loca-
tion of the lesion. All lung cancers
were proved histologically.

Image Analysis
For each overlooked lesion, the lobar
location and size were recorded in
consensus by the radiologists. The ra-
diologists reviewed the images on one
of two PACS workstations (Agfa,
Mortsel, Belgium; or Centricity, GE
Medical Systems, Milwaukee, Wis).
The full range of PACS tools, including
windowing, leveling, magnification,
and gray-scale manipulation, was
available. The lesion size was mea-
sured for each radiograph on which a
lung cancer was overlooked. Size was
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Advances in Knowledge

� More than 50% of lung cancers
missed initially by radiologists on
chest radiographs were identified
by a commercially available com-
puter-aided detection (CAD) sys-
tem.

� The number of false-positive
markings has decreased substan-
tially from that of a previous
study, and many of these mark-
ings can easily be dismissed.

Implication for Patient Care

� Our study demonstrates the po-
tential of CAD to detect nodules
at chest radiography in many in-
stances that were overlooked by a
radiologist.
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designated as the average of two or-
thogonal dimensions. If a clearly de-
fined margin was not present for both
measurements, the average of two
representative nonorthogonal mea-
surements was used. Tumors were
designated as central if they over-
lapped with or were contiguous to the
pulmonary hilum and were designated
as peripheral if they did not. A subjec-
tive subtlety score ranging from 1 to 4
was assigned to the overlooked lesion
on each image (1 � very subtle, 2 �
moderately subtle, 3 � moderately ap-
parent, 4 � apparent). The subtlety
score was arrived at by consensus of
the two thoracic radiologists, neither
of whom had interpreted any of the
radiographs on which lung cancer was
overlooked. The subtlety score was
based on a judgment of the conspicuity
of the lesion, defined as the obvious-
ness (based on size, opacity, margin-
ation) of the lesion in the context of
the surrounding adjacent or overlap-
ping structures such as ribs, the clav-
icle, and hilar structures.

CAD Analysis
All images were analyzed by using a
commercially available chest radio-
graphic CAD system (OnGuard 3.0;
Riverain Medical). Developmental
testing for this system has been per-
formed in patients with pulmonary
nodules at chest radiography, includ-
ing lung cancers, but this system has
not previously been evaluated specifi-
cally in patients with missed lung can-
cer. The CAD system is designed pri-
marily to detect solitary pulmonary
nodules between 0.9 and 3.0 cm in
size on posteroanterior and antero-
posterior chest radiographs. The au-
tomated detection process requires
about 4 minutes. Circles measuring
2.5 cm in radius were placed around
areas of the lung suspected of harbor-
ing pulmonary nodules.

For a result to be judged as posi-
tive, we required that the center of the
circle overlie the missed lung cancer.
Lesions located eccentrically within
the circle (ie, no part of the lesion
projected at the center point of the
circle) were considered negative. The

rationale for this conservative ap-
proach is that, by design, lesions de-
tected by the CAD system are placed
at the center of the circle. This circle
has a finite size, and it would be rare
but possible that a lesion not detected
by the CAD software would fortu-
itously be included at or near the edge
of the circle. Only two such instances
occurred in our study.

Determination as to whether the
CAD system correctly identified the le-
sion was based on consensus of the two
thoracic radiologists who initially re-
viewed the radiographs for over-
looked lung cancer. The number of
false-positive results, defined as re-
gions of the lung encircled by the CAD
system not containing lesions at their
center, was recorded for each image.
Because there was more than one ra-
diograph on which the lung cancer was
missed in some patients, analysis of
the CAD system was performed on a
per-patient and a per-image basis.

To determine the number of false-
positive findings at CAD in a group of
patients without cancer, an age- and

sex-matched control group was identi-
fied on the basis of a random search of
our radiology information systems.
The lack of cancer was determined in
all cases by using results of chest CT
studies performed within 18 months of
the index chest radiograph. No match
was made to account for differences in
lung architecture. Chest radiographs
in these patients were analyzed by the
CAD system, and the number of false-
positive results was tabulated.

In addition, the follow-up chest ra-
diograph at the time of lung cancer diag-
nosis was identified, if available, and
was analyzed with the CAD software.
Both the detection and false-positive
rates were assessed.

Statistical Analysis
Descriptive statistics were used to es-
tablish the sensitivity of the CAD soft-
ware for the detection of missed lung
cancer at chest radiography. The
Pearson �2 test of association was
used to compare CAD detection rates
between the left and right lobes; be-
tween peripheral and central lesions;

Figure 1

Figure 1: Frontal radiograph shows scatterplot of locations of 89 missed lung cancers at chest
radiography.
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and between the upper lobes, middle
lobe and lingula, and lower lobes. The
�2 test of trend was used to assess a
trend in rates of detection across the
subtlety score range. Finally, the inde-
pendent t test was used to compare
mean lesion sizes, subtlety scores, and
patient ages between CAD-detected
and undetected lesions. Many analy-
ses were conducted on a per-patient
and a per-image basis. Because some

patients had multiple images, per-
image analyses used the generalized
estimating equation method to correct
for within-patient correlation. How-
ever, results were nearly identical to
the uncorrected analyses, which are
the ones presented. A P value less
than .05 was considered to indicate a
significant difference. All analyses
were performed with software (SAS,
version 9.1; SAS Institute, Cary, NC).

Results

Patients
A total of 89 patients (80 men, nine
women) with missed lung cancer were
found on the basis of review of the
lung cancer registries. Seventy-seven
patients received treatment at a veter-
ans hospital, and 12 underwent treat-
ment at a university hospital. The av-
erage patient age was 65 years, with-
out a significant difference based on
sex (age range, 51–86 years; male av-
erage, 66 years; female average, 58
years; P � .1).

Characteristics of Overlooked Lesions
A single lesion was overlooked in each
of the 89 patients (Fig 1). The over-
looked lesion was in the right lung in
53 patients (60%) and in the left lung
in 36 patients (40%). Most missed le-
sions (n � 67, 75%) were located in
the upper lobes (Table 1). Lesions
were peripheral in 63 (71%) patients
and central in 26 (29%). The average
size of the lesion as measured on the
initial radiograph on which it was
overlooked was 1.8 cm (range, 0.4–
5.5 cm). For peripheral lesions, aver-
age size was 1.6 cm (range, 0.4–5.3
cm); for central lesions, it was 2.4 cm
(range, 1.4 –5.5 cm). Ten lesions
(11%) measured more than 3.0 cm in
diameter and thus were classified as
masses. The average time interval be-
tween obtaining the radiograph on
which the lesion was initially over-
looked and ultimate diagnosis was 237
days.

Images on Which Lesions Were
Overlooked
The 89 lesions were overlooked on a
total of 114 radiographs, of which 92
(81%) were posteroanterior radio-
graphs and 22 (19%) were anteropos-
terior radiographs (Fig 1). The tumor
was overlooked on one radiograph in 72
patients, two radiographs in 10 patients,
three radiographs in six patients, and
four radiographs in one patient. The le-
sion subtlety score was 1, 2, 3, or 4 on
43, 49, 17, and five radiographs, respec-
tively. Lesions were overlooked by radi-

Figure 2

Figure 2: Frontal radiograph in 62-year-old man with lung cancer detected by CAD shows a 1.7-cm nodule
(subtlety score � 3) in the left upper lobe denoted by a CAD mark (arrow). Four other CAD marks represent
false-positive results. ROIs � regions of interest.

Table 1

Characteristics of 89 Missed Lung Cancers

Location Total No. of Cases No. of CAD-Identified Cancers Percentage of Cancers Identified

Peripheral 63 39 62
Central 26 7 27
Right lung 53 27 51
Left lung 36 19 53
Upper lobe 67 33 49
Middle lobe, lingula 8 6 75
Lower lobe 14 7 50
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ologists without subspecialty training in
99 (88%) instances, thoracic radiolo-
gists in 11 (9%), and thoracic imaging
fellows in three (3%).

CAD Results for Missed Lung Cancer
Chest Radiographs
CAD correctly marked the overlooked
lesion on at least one radiograph in 46
(52%) of the 89 patients (Figs 2, 3). On
a per-image basis, the CAD software
correctly identified the missed lesion on
53 (47%) of the 114 images (Tables 2, 3).
The average size of lesions detected
with CAD was 1.73 cm compared with
1.85 cm for lesions that were undetec-
ted (P � .47) (Figs 4, 5). There was a
significant difference (P � .017) in the
subtlety score between detected lesions
(score of 2.06) and undetected lesions
(score of 1.68). When subtlety score
was treated categorically, there was a
significant trend toward increased de-
tection rate with higher score (P �
.018, test of trend), such that 80% of
those that had a score of 4 were de-
tected versus 33% of those with a score
of 1. On a per-image basis, 46 (54%) of
86 peripheral lesions were detected,
and seven (25%) of 28 central lesions
were detected, which was a significant
difference (P � .009).

There was a significant difference
in detection rate based on lobar loca-
tion, in which lesions on nine (82%) of
11 of the images in the middle lobe
and lingula were detected compared
with lesions on seven (50%) of 14 im-
ages in the lower lobes and lesions on
37 (42%) of 89 images in the upper
lobes (P � .040). There were no signifi-
cant detection rate differences based on
laterality (left vs right side) either on a
per-patient or on a per-image basis (P �
.85). There was an average of 3.9 false-
positive results per image (range, zero to
five) (Fig 6). A breakdown of false-
positive results is given in Table 4. If false-
positive results due to erroneous detection
of electrocardiographic leads, an obvious
cause, were excluded, the false-positive
rate would have been 3.6. Moreover, if
false-positive results due to erroneous de-
tection of obvious rib crossings and costo-
chondral junctions were discounted, the
false-positive rate would have been 2.0.

Figure 3

Figure 3: Frontal radiograph in 69-year-old man with subtle lung cancer detected by CAD shows a 1.6-cm
nodule (subtlety score � 2) in the right lower lobe denoted by a CAD mark (arrow). The other CAD marks
proved to be false-positive results on the basis of subsequent chest CT findings. ROIs � regions of interest.

Table 2

CAD Results Grouped according to Subtlety Score on a per-Study Basis

Subtlety Score Total No. of Cases Average Size (cm) No. of CAD-Identified Cases*

1 43 1.3 14 (33)
2 49 1.8 26 (53)
3 17 2.4 9 (53)
4 5 3.6 4 (80)
Total 114 1.8 53 (47)

* Data in parentheses are percentages.

Table 3

CAD Results Grouped according to Size on a per-Study Basis

Size (cm) Total No. of Cases Average Subtlety Score No. of CAD-Identified Cases*

0–1.0 26 1.2 10 (38)
1.1–2.0 54 1.8 27 (50)
2.1–3.0 23 2.3 11 (48)
�3.0 11 2.5 5 (45)
Total 114 1.8 53 (47)

* Data in parentheses are percentages.
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CAD Results for Control and Index Chest
Radiographs
The control group consisted of 89 pa-
tients (80 men, nine women) with an
average age of 65 years, identical to
the study group. With application of
the CAD software, there was an aver-
age of 2.4 false-positive results per im-
age (range, zero to five), which was
statistically fewer than that on the
missed lung cancer images (P � .01).
Of the index radiographs (image on
which lung cancer was identified) in
patients with missed lung cancer, 47
(53%) of 89 were available for assess-
ment. Thirty-seven (79%) of 47 tu-
mors were detected by using the CAD
software. The false-positive rate was
3.8 per image (range, two to five).

Discussion

Our study showed that CAD-detected
nodules that were overlooked at initial
interpretation were seen on 47% of ra-
diographs and in more than 50% of pa-
tients. No clear difference emerged be-
tween size of lesions that were detected

and size of those that were not detected
by CAD, although there was a signifi-
cant trend toward increased detection
rates with a higher subtlety score. A
mixed result was found for location,
with a significant difference in detection
based on lobar location but not lateral-
ity of lesion.

Early detection of lung cancer by
using chest radiography is a formida-
ble challenge. The chest radiograph is
a two-dimensional projection of a
complex array of three-dimensional
structures. Pulmonary vessels, bones,
and parts of the mediastinum each
may project over the lung and partly
or totally obscure pulmonary lesions
at chest radiography. Some lung nod-
ules are small or inconspicuous be-
cause of ill-defined margination or low
opacity. A radiologist may fail to de-
tect the lesion or may discount it as a
benign structure.

Missed lung cancer is a well-recog-
nized and unavoidable pitfall of inter-
preting chest radiographs. Lack of de-
tection is attributed to observer error,
characteristics of the lesion such as size

and degree of opacity, and technical
characteristics of image acquisition
(17,18). In one classic study (19) of lung
cancer detected during the Mayo Lung
Screening Project, 45 (90%) of 50 pe-
ripheral and 12 (75%) of 16 central lung
lesions were visible in retrospect on
films obtained 4 months prior to the
radiograph on which the diagnosis was
established. In several clinical series of
missed lung cancer, with numbers of
patients ranging from 27 to 40, a fairly
large median diameter of such lesions
(�1.5 cm) was reported (1–4). Missed
tumors were attributed to multiple
factors, including failure of perceptual
analysis by the radiologist, lack of
comparison with previous radio-
graphs, inadequate awareness of clin-
ical information, and deficiencies in
film quality (3,4).

Multiple strategies have been rec-
ommended to reduce the rate of
missed lung cancer. These include
scrupulous comparison of the current
radiographic study with results of pre-
vious examinations, avoidance of dis-
tracting findings leading to satisfaction
of search error, and double reading of
images (6). Each of these approaches
has drawbacks related to workflow
and limitations of human perception.
With improvements in computer tech-
nology, CAD has been proposed as a
means to assist the radiologist in the
detection of malignancy.

An increasing body of literature
supports the use of CAD for mammog-
raphy and in the assessment of lung
nodules with chest CT (10–12). The
literature regarding the value of CAD
to assist in the detection of lung nod-
ules at chest radiography is ample but
has received less attention (13–16).
MacMahon et al (14) investigated 40
digitized chest radiographs, 20 of
which contained nodules, and found
that CAD improved nodule detection
significantly for radiologists, radiology
residents, and nonradiologists. Shi-
raishi et al (15) found that detection of
extremely subtle nodules can be im-
proved with a CAD system if system
sensitivity is set at a high level. Kak-
eda et al (16) determined that the im-
provement in lung nodule detection at

Figure 4

Figure 4: Frontal radiograph in 71-year-old man with lung cancer that was deemed a near miss by CAD
shows a 1.7-cm nodule (arrow) (subtlety score � 2). There are two adjacent circles. The lesion is eccentrically
located at the superior margin of the lower of the two circles and thus was considered a negative result.
ROIs � regions of interest.
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chest radiography with CAD was
greatest for less experienced readers.
In each of these studies, the pulmo-
nary nodules were correctly inter-
preted as abnormal prospectively.

Li et al (20) recently investigated
the use of CAD in 34 patients with
missed lung cancer. This commercially
available CAD system detected the
overlooked cancer in 12 (35%) of the
patients. However, each image had an
average of 5.9 false-positive marks.
Our current study used a newer and
more advanced algorithm, which
likely accounts for our higher detec-
tion rate (52% on a per-patient basis,
47% on a per-image basis) and our
lower per-image rate of false-positive
marks (3.9). In addition, our study
consisted of a larger number of nod-
ules than that of Li et al and all previ-
ous CAD trials and is, to our knowl-
edge, the largest series of missed lung
cancers reported to date.

We believe that our rather substan-
tial rate of CAD detection in overlooked
and potentially early lung cancer can be
generalized because our lesion group
was representative of missed lung can-
cer characteristics in many respects.
The average size (1.8 cm) and location
(predominantly peripheral) was similar
to those of previous series of missed
lung cancer, and many of the over-
looked lesions were subtle (1–5). One
conspicuous difference was that our se-
ries was largely composed of men be-
cause the majority of overlooked can-
cers were identified at a veterans hospi-
tal.

A somewhat surprising finding of
our study was that there was not a sig-
nificant difference in nodule detection
based on size. One explanation may be
the training of the algorithm, which was
directed at nodules between 0.9 and 3.0
cm in size. An important consequence
of placing an algorithmic limit on the
upper size of nodule detection was that
in our study the proportion of CAD-
detectable missed lung nodules may
have been underestimated, because
some very large nodules may not have
been identified on the basis of these cri-
teria.

In contrast, there was a statistically

significant correlation between the sub-
tlety score and detectability with CAD.
This finding suggests that conspicuity,
or the tendency of a lesion to stand out
from adjacent background structures, is
a factor that influences detectability for
both human observers and the CAD al-
gorithm.

We found that the false-positive rate
of CAD was lower for our control group
than for our missed lung cancer group
but was similar on missed lung cancer
radiographs and index lesion radio-
graphs. This finding suggests that our
missed lung cancer radiographs revealed
thoracic architecture (eg, parenchymal
scarring) that made a false-positive result
more likely than in the control group. The
similarity of the false-positive rate be-
tween the missed lung cancer and index

lesion radiographs supports this premise.
However, we did not attempt to match
the missed lung cancer and control
groups for confounding parenchymal
features such as fibrosis. Not surpris-
ingly, the detection rate on the index
lesion radiographs was higher than on
the missed lung cancer radiographs be-
cause of the increased conspicuity of the
tumors at the time of diagnosis.

In considering the use of CAD, one
must note that chest radiography has
not proved effective to help detect lung
cancer in screening trials of cigarette
smokers. However, the patients in our
study and other CAD chest radiography
trials were not being screened but
rather underwent examination for clini-
cal reasons. Thus, they represent a dis-
tinct population in whom detection of

Figure 5

Figure 5: Frontal radiograph in 71-year-old man with lung cancer that was not detected by CAD shows a
2.4-cm central right upper lobe lesion (arrow) (subtlety score � 2) without a CAD mark. Several false-positive
CAD results are present. ROIs � regions of interest.
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early lung cancer may prove valuable, as
suggested by previous investigations
(21,22).

At least three requirements for the
effective use of CAD were evident in
our current study. The first was good
sensitivity. In our opinion, the correct
identification of about 50% of missed
lung cancers, many quite subtle, dem-
onstrated the potential of CAD.
Whereas we regarded all these over-
looked nodules as potentially action-
able, we do not know whether a prac-
ticing radiologist who viewed the CAD
markings corresponding to missed le-
sions at the time of initial interpreta-
tion would have regarded them as sus-
picious and recommended further
evaluation. Thus, the conclusions from
this retrospective study regarding
CAD cannot be applied to the clinical
reading situation.

A second requirement was a rea-
sonable number of false-positive find-
ings. It is clear that there is a trade-off
between sensitivity and false-positive
findings. The current algorithm still has
a somewhat high rate of false-positive

results, even though our results were
better than those with an earlier algo-
rithm. In many instances, such false-
positive markings can be easily disre-
garded by the radiologist, although care
should be taken to exclude an underly-
ing lesion. In particular, bone crossings
and medical equipment accounted for
almost two false-positive results per im-
age. For lung nodule CAD to become a
widely accepted tool and to fit well into
the daily workflow, the false-positive
rate must be acceptably low. Ongoing
investigation suggests that this limita-
tion can be overcome or at least miti-
gated (23). As suggested by our results,
normal cases may have fewer false-pos-
itive results than the lung cancer cases,
although this possibility requires further
investigation.

A third requirement was successful
integration of lung nodule CAD into the
workflow. This problem is potentially
more difficult for chest radiography than
for chest CT and mammography because
less time and less reimbursement are al-
lotted for interpretation at chest radiog-
raphy. Thus, there is likely to be less tol-

erance of any CAD approach that is time-
consuming. Much work has already
been done to promote the full integra-
tion and rapid turnaround that are par-
amount for the success of CAD at chest
radiography. Manufacturers are cur-
rently working to integrate CAD into
the PACS environment so as not to im-
pede workflow while reading chest ra-
diographs. Overall, our study was di-
rected at the stand-alone performance
of CAD in cases of radiographically
overlooked lung cancer and did not fac-
tor in additional important real-world
considerations such as the effect of
false-positive results and workflow inte-
gration.

The above limitations suggest the
need for a prospective study to deter-
mine whether radiologists would in
fact detect more actionable nodules by
using a CAD system. We are under-
taking a multiple reader study of over-
looked lung cancer to answer this
question and to assess the influence of
false-positive CAD results and work-
flow issues.

In summary, our study demon-
strates the potential of CAD to detect
nodules at chest radiography in many
instances that were overlooked by a
radiologist. A significant correlation
was found between nodule detection
by the CAD system and the subtlety
score, a qualitative measure of conspi-
cuity. Further work is necessary to
determine the value of CAD to detect
missed lung cancer in the clinical set-
ting.

Figure 6

Figure 6: Frontal radiograph in 75-year-old man with false-positive CAD results shows CAD marks on two
electrocardiographic leads and two other false-positive marks. The 1.2-cm lesion (arrow) in the right upper
lobe (subtlety score � 2) was detected. ROIs � regions of interest.

Table 4

CAD False-Positive Causes on a
per-Study Basis

Cause

No. of
False-Positive
Results

Bone crossings 1.4
Hilum 0.7
Equipment 0.3
Costochondral junction 0.2
Upper abdomen 0.2
Other 1.1

Total 3.9

THORACIC IMAGING: Computer-aided Detection for Missed Lung Cancer White et al

280 radiology.rsnajnls.org ▪ Radiology: Volume 252: Number 1—July 2009



Acknowledgment: The authors thank Patricia
Langenberg, PhD, for performing the statistical
analysis for this paper.

References
1. Austin JH, Romney BM, Goldsmith LS. Missed

bronchogenic carcinoma: radiographic find-
ings in 27 patients with potentially resectable
lesion evident in retrospect. Radiology 1992;
182:115–122.

2. Quekel LG, Kessels AG, Goei R, van
Engelshoven JM. Miss rate of lung cancer on
the chest radiograph in clinical practice.
Chest 1999;115:720–724.

3. Monnier-Cholley L, Arrivé L, Porcel A, et al.
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