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Missed lung cancer: when, where, and why?

Annemilia del Ciello

Paola F hi ABSTRACT
aola Franchi Missed lung cancer is a source of concern among radiologists and an important medicolegal
Andrea Contegiacomo challenge. In 90% of the cases, errors in diagnosis of lung cancer occur on chest radiographs. It

. . . may be challenging for radiologists to distinguish a lung lesion from bones, pulmonary vessels,
Gluseppe Cicchetti mediastinal structures, and other complex anatomical structures on chest radiographs. Never-
Lorenzo Bonomo theless, lung cancer can also be overlooked on computed tomography (CT) scans, regardless
. .. of the context, either if a clinical or radiologic suspect exists or for other reasons. Awareness of
Anna Rita Larici the possi : : . Tt
possible causes of overlooking a pulmonary lesion can give radiologists a chance to reduce
the occurrence of this eventuality. Various factors contribute to a misdiagnosis of lung cancer
on chest radiographs and on CT, often very similar in nature to each other. Observer error is
the most significant one and comprises scanning error, recognition error, decision-making error,
and satisfaction of search. Tumor characteristics such as lesion size, conspicuity, and location are
also crucial in this context. Even technical aspects can contribute to the probability of skipping
lung cancer, including image quality and patient positioning and movement. Albeit it is hard
to remove missed lung cancer completely, strategies to reduce observer error and methods to
improve technique and automated detection may be valuable in reducing its likelihood.

ung cancer accounts for 1.59 million deaths per year worldwide (1). It has one of the

poorest survival outcomes of all cancers, with over two-thirds of patients diagnosed

at an advanced stage, when curative treatment is no longer feasible. Early diagnosis
of lung cancer is the main goal to improve survival. Patients with non-small cell lung cancer
(NSCLC) at an operable stage have higher survival rates than those presenting with meta-
static disease, with five-year survival of 71%-77% for stage |A and 58% for stage IB (2).

Initial identification of lung cancer in asymptomatic patients usually occurs on chest ra-
diography or chest computed tomography (CT). When missed on imaging, lung cancer is
inclined to progress from early-stage to advanced-stage disease, particularly if many years
pass between radiologic exams (3), with potential medicolegal consequences.

Legal actions involving malignancies of the bronchus or lung represent the sixth most com-
mon medicolegal issue, and among radiologists it is the second most common cause for liti-
gation (4). About 90% of presumed mistakes in pulmonary tumor diagnosis occurred on chest
radiography, only 5% on CT examinations, and the remaining 5% on other imaging studies (4).

Awareness of the possible causes for overlooking a pulmonary lesion can help radiolo-
gists to reduce the occurrence of this eventuality. In this review, we analyze factors leading
to a misdiagnosis of lung cancer mainly on chest radiography, and we discuss the impact
of misdiagnosis on prognosis, its medicolegal implications, and methods to reduce the inci-
dence of missed lung cancer. Finally, we briefly analyze the possible causes of errors on CT
scans and potential aids.
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Observer error

Observer error is likely the biggest cause
of misdiagnosis of lung cancer. It is not un-
usual to discover chest abnormalities at
retrospective observation of previous ra-
diologic exams, in people who are later di-
agnosed having pulmonary malignancy (5).

The perception of pulmonary lesions
is dependent on the performance of the
observer and it can be modified by the
reader’s skills and external factors (6). Con-
founding factors are partially understood,
even though a whole awareness of the na-
ture of observer error has not been reached.
Kundel et al. (7), analyzing the identification
of lung nodules on chest radiography, clas-
sified observer errors in three categories:
scanning error, recognition error, and deci-
sion-making error.

Scanning error accounts for about 30%
of missed lung lesions and occurs predom-
inantly when the nodule is not fixated on
the fovea during image analysis. The hu-
man field of view covers an average angle
of 180° but only the central part of this
angle provides sharp details and covers a
1° angle that corresponds to a circle sized
2.5 cm in diameter, when viewing an image
at a distance of 40 cm (8). Furthermore, the
foveal fixation over a point of interest lasts
for maximum 200-300 milliseconds. After
that, eyes lose their sensitivity and move to
anew location. More fixations are necessary
to center the fovea on a target (9). An av-
erage of 300 fixations are required to cover
an image area of 14x17 cm with the fovea,
while in medical practice only 80-120 fixa-
tions are used in the average of 20-30 sec-
onds spent on a chest radiogram, meaning
that large parts of a chest X-ray are often
not scanned with fovea.

Experience of the reader also plays a role
in this context. Expert observers develop

* Approximately 90% of missed lung cancer
cases occur on chest X-ray.

* Although CT is much more sensitive than
chest radiography, lung cancer may still be
missed.

* Observer error, lesion characteristics, and
technical defects are the main causes of
missed lung cancer.

* Optimization of observer perception and
skills in interpreting images, as well as
advances in technology may help reduce
diagnostic errors.

Figure 1. a, b. Frontal view chest X-rays showing examples of different scanning pathways. A messy

scanning pattern (a) in which the reader’s gaze jumps to different areas of the lungs without any
method (arrows). An ordered scan path (b), which covers all the lung zones symmetrically (arrows).
The “blind zones” (apices, hila, retro-cardiac and sub-diaphragmatic spaces) (stars) and the mediastinal
lines and stripes (lines) should always be checked carefully.

their own specific scanning pattern; instead,
a resident or untrained radiologist general-
ly searches randomly, “jumping around” on
the radiogram (Fig. 1). The development of
an effective scan path is dependent on the
level of consciousness acquired on the typ-
ical appearance of normal and pathologic
findings of the chest (10).

The recognition error, accounting for about
25% of missed lesions, consists of missed de-
tection of lesions adequately scanned by the
observer. An important element of this error
is the observer’s mind-set (6). Many factors
can influence the vigilance and the attitude
of the radiologist in searching for lung nod-
ules, such as work conditions and human
factors like fatigue, bias and suspect index,
but also patient age, presence of other ab-
normalities, and clinical history. The avail-
ability of clinical data improves the overall
diagnostic accuracy. This is related to the
concept of vigilance and the “state of alert”
regarding the search for pulmonary nod-
ules, which is higher in high risk patients
than in low risk ones.

The decision-making error is responsible
for 45% of errors. This mistake is due to the
inaccurate interpretation of an identified
anomaly to be normal (Fig. 2). One of the
most important parameters influencing
this kind of error is the observer’s experi-
ence (10).

Another potential observer error is re-
lated to the mechanism of “satisfaction of
search’, a phenomenon consisting of “loss
of interest” by radiologists after the iden-
tification of an abnormality and conse-
quent interference with the search process
and diagnosis of other lung abnormalities

(Fig. 2). In lung cancer it is possible to find
more than one abnormality, such as pleu-
ral effusion, thickness of the interlobular
septa and lobar collapse, and the risk of
skipping over a small nodule may not be
irrelevant. It has been demonstrated that
this phenomenon is due to two possible
mechanisms: ceasing the search for other
abnormalities early in a positive exam and
focusing on the “wrong” part of the exam

(11).

Lesion characteristics

Tumor characteristics concur significant-
ly to the probability of identifying pulmo-
nary lesions. Dimension, conspicuity, and
location are the most important features to
consider.

Size affects the identification of the le-
sions mainly on chest X-ray. Quekel et al.
(12) reported a detection rate of 29% in
tumors with a diameter <10 mm. For le-
sions measuring from 10 to 30 mm, the rate
of error was 28%, from 30 to 40 mm 12%,
while lesions >40 mm were not missed (12).
However, in the literature the average size
of missed carcinomas is quite variable and
in most cases, it is more than 10 mm, spe-
cifically, 16 mm in Austin et al. (13), 25 mm
in Monnier-Cholley et al. (14), and 18.1+7.7
mm in the experience of Wu et al. (15).
Therefore, other than size, tumor features
influence its identification.

Conspicuity is another important char-
acteristic in determining the detection of
pulmonary lesions (6). It is described as the
ratio between lesion contrast and surround-
ing structural complexity and it is highly
affected by tumor margin visibility as well
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Figure 2. a-e. Missed lung cancer in an
85-year-old patient with severe emphysema.
Routine postero-anterior (PA) chest X-ray (a)
shows a nodular opacity projecting upon the
posterior arch of the left sixth rib (arrowhead).
Another nodular opacity in the right basal
region (arrow) was not reported, probably
because interpreted as a nipple (decision-
making error) or because of satisfaction of
search. CT exam performed immediately

after the chest radiograph (b, ), confirms the
presence of a nodule with regular margins in
the apical segment of the left lower lobe (b). A
nodule with lobulated margins is also visible in
the right lower lobe (c, arrow) corresponding
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to the nodular opacity missed on chest radiograph. CT exam performed six months later (d, e) for nodule follow-up, shows the growth of the right
lower lobe nodule (arrow), suggesting malignancy, later confirmed at biopsy. The diameter of the nodule in the left lower lobe is unchanged.
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Figure 3. a—c. Missed lung cancer in a 75-year-old man who underwent chest X-ray after pacemaker positioning. A left iatrogenic pneumothorax was
reported (a). An oval opacity in the posterior segment of the right upper lobe (arrows) was not identified by the radiologist (a, b). In the PA projection (a)
the opacity was missed because of the superimposition with the fifth posterior rib arch crossing the first costo-sternal joint. In the lateral projection (b),
the opacity was hidden by the upper thoracic vertebral bodies. CT performed a few days later (c) to rule out a pulmonary embolism, clearly depicted a soft
tissue mass in the right upper lobe adjacent to the posterior mediastinal pleura.

as density. Many authors found that the
majority of missed lesions in their series did
not have sharp borders (12, 13). In the ex-
perience of Wu et al. (15), the readers quali-
fied the opacity level of lesions detected at
chest X-ray; subsequently they employed
CT characteristics to describe lesion bor-
ders and density. The larger part of tumors
missed on chest X-ray showed ill-defined

borders and/or ground-glass density at CT
examination, and among the ground-glass
lesions, about 50% had attenuation values
<-100 HU.

Even tumor histology may influence its
contrast, attenuation and margin features
(16). On the basis of histopathologic confir-
mation, Sone et al. (17) asserted that small
adenocarcinomas showing lepidic grow-
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ing pattern were less conspicuous on X-ray
than similarly sized pulmonary cancer with
infiltrative growing pattern.

Tumor detectability rate is also strongly
influenced by its location. In the experience
of Austin et al. (13), 81% of missed lung
cancers located in the upper lobes, partic-
ularly on the right (56%). Other authors also
registered a striking prevalence of skipped
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Figure 4. a-c. Missed lung cancer in a 54-year-old heavy smoker patient with mild cough. PA chest X-ray (a) shows a slight left hilar increase in dimension

and opacity with respect to the right hilum (square box), which was interpreted as negative. Comparison with a chest radiograph performed one year
before (b) was of paramount importance to detect the subtle anatomic change at a second review of the images (square box). Coronal chest CT (c) at the
mediastinum window setting documented solid tissue (arrow) in the left hilum occluding the apico-dorsal and anterior segmental bronchi of the left upper
lobe, with subsequent segmental atelectasis and lobar volume loss.

malignancy for the upper lobes, with a rate
ranging from 45% to 66% (12, 14, 15, 18).
The upper lobe predominance of missed
lung cancer could be at least partially ex-
plained by the higher frequency of lung
cancer occurrence in the upper lobes (19,
20). Nevertheless, other studies suggested
that overlying anatomic structures of the
thorax are far more important for missing
lesions than the location (24). Anatomical
structures such as ribs, lung vessels, heart,
mediastinum, and diaphragm overlay each
other in a pattern that can be referred to as
anatomic noise (Fig. 3). A lesion is less likely
to be perceived on radiography if the image
contains a great deal of anatomic noise, as
in some blinded areas of the chest (apices,
hilar regions, and retrocardiac space).

The predominance of overlooked pulmo-
nary tumors in the apical zones was report-
ed to be 72% in the study of Shah et al. (3)
, in which missed lung cancers were mainly
localized in the apical or posterior segment
(60%).

Visualization of hilar lesions is hindered
by the huge variability of the hilar anatomy,
as clearly demonstrated on Fig. 4, and im-
poses a perfect quality of the radiographs.
Muhm et al. (22) showed that 65% of the
pulmonary lesions originating in the hila
were overlooked in a screening program;
only cancers measuring >3 cm were detect-
ed in that zone. In another study by Quekel
et al. (12), missed centrally located tumors
were larger than the peripheral ones, mean-
ing that superimposing structures are the
main cause for overlooking a central lesion.
Cardiac structures may obscure cancers lo-

calized in the lower lobes, as demonstrated
by Wu et al. (15), who reported a rate of 92%
of pulmonary tumors located in the lower
lobes missed by the “non-thoracic” radiolo-
gists.

In these cases, the lateral projection may
be helpful. On a normal lateral chest radio-
graph, the attenuation decreases as one
progresses down the thoracic vertebral
bodies. If the attenuation increases, locally
or diffusely, there must be a posteriorly lo-
cated lesion. This is referred to as “positive
spine sign’, as reported by Medjek et al. (23),
who observed a good positive predictive
value for this sign in detecting lower abnor-
malities on lateral chest X-ray. This lesion
might not be seen on the frontal view, hid-
den by the heart or the hila.

These results reinforce the value of a sol-
id knowledge of normal chest anatomy and
its variations, particularly of certain complex
areas of the thorax, and corroborate the as-
sumption of using previous radiologic exams
for comparison with current X-ray in order to
detect subtle anatomic changes (Fig. 4).

Technical considerations

Image quality and patient positioning
and movement are technical factors deter-
mining the probability of overlooking pul-
monary malignancy (6).

Standard chest radiography is usually
acquired in the postero-anterior (PA) and
latero-lateral (LL) projections, with the pa-
tient standing up. Various thoughts exist on
the need to perform both PA and LL X-ray.
The relevance of the lateral projection has
been highlighted by Chotas et al. (24),

who found that frontal view represent only
73.6% of the total lung volume and 57%
of the total lung area that is not obscured
by the superimposed anatomical struc-
tures such as thoracic spine, mediastinum,
heart, diaphragm, and blood vessels. The
lateral projection may help to reduce this
anatomic noise. Tala et al. (25) reported that
the lateral chest X-ray allowed a confident
diagnosis of lung carcinoma in 20% of pa-
tients undergoing both PA and LL projec-
tions. In the study by Wu et al. (15), thoracic
radiologists found that lateral radiography
was of higher quality compared with PA
radiography for detectability of pulmonary
lesions in 8 out of 30 patients (27%) and one
nodule could be identified only on lateral
projection. Other authors reported a rate
of 2% to 4% of lung cancers seen only on
the LL projection (13, 22, 26). On the other
hand, Forrest et al. (27) and Sagel et al. (28)
observed that all lung cancers were visible
on frontal X-ray, suggesting that lateral ra-
diography was unnecessary.

The LL projection remains a significant
tool for lung cancer detection. The utility
of an additional view should be weighed
against the additional cost and radiation ex-
posure and may depend on the clinical need.

The antero-posterior (AP) radiograph
performed at patient’s bedside can be a
major factor contributing to missing chest
lesions (Fig. 5) (29), due to its intrinsic lower
quality with respect to standard X-ray.

In the past few years, extensive techno-
logical progress began the era of digital im-
aging. The most remarkable advancement
has been the fast conversion from film-
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Figure 5. a-c. Missed lung cancer with apical location in a bedside chest X-ray performed in a 66-year-old patient with brain metastasis. Antero-posterior
(AP) radiograph (a), performed in the supine position, was reported as negative by the radiologist. The faint opacity in the right lung apex (white arrow)
was hidden by the overlapping dense structures, such as ribs and right clavicle. CT exam later performed for staging purpose shows on axial (b) and
coronal (c) images, a 2 cm nodular solid lesion with irregular margins in the apical segment of the right upper lobe, diagnosed as primary lung cancer.

based to digital X-ray systems. Although
digitized images do not contain any more
information, they can be superior to film-
based X-ray in the identification of lung
cancer in underexposed regions of the PA
view, such as the retrocardiac and apical
areas, because digital radiography has the
inherent capability of improving contrast
through image processing (30). Digital sys-
tems have also improved the overall image
quality of bedside chest X-ray and reduced
the rate of exam repetition.

Impact of lung cancer
misdiagnosis on prognosis
and medicolegal
implications

Influence of stage at diagnosis

Tumor growth and delay of the diagnosis
influence prognosis. Of course, this length
of time constitutes a wide possibility for
an eventual radically treatable early-stage
cancer to develop into a higher stage ma-
lignancy.

A recent publication on T stage revision
proposals for the forthcoming 8" Edition of
the TNM lung cancer classification, argued
that from 1 to 5 cm, each cm separates le-
sions of significantly different prognosis
(31). However, a missed lung cancer at X-ray
does not automatically mean that the pa-
tient's outcome will suffer, as affirmed by
several studies.

There exists a big variability in the in-
terval between the actual identification of
pulmonary tumor and its first retrospective
appearance on the chest radiographs, rang-
ing from 0.2 to 48 months (13, 14,22, 32). A
number of retrospective studies discussed
whether a missed diagnosis of pulmonary

cancer at X-ray affects the patient outcome.
In the study by Quekel et al. (12), the mean
delay in diagnosis was 472 days. In 57% of
patients included, the stage remained the
same despite delay in the diagnosis, while
T stage raised from T1 to T2 in the remain-
ing 43%. In the study by Wu et al. (15),
nearly 77% of pulmonary cancers missed
by “non-thoracic” radiologists and 86% of
tumors overlooked by thoracic radiologists
were still in a radically treatable stage.

Turkington et al. (5) reviewed previous
chest X-rays of 28 patients with lung can-
cer and, among them, 14 were recognized
to be positive. No significant difference
was found between the median survival of
patients with no abnormality at previous
chest radiography compared with those
with a previously positive radiography (260
vs. 228 days; P = 0.7). On the other hand, a
significantly higher median length of time
from first positive radiograph to the time
of starting treatment was found in patients
with overlooked lesions than in those with-
out preceding abnormalities (155 vs. 51
days; P=0.001).

Kashiwabara et al. (33) enrolled 143 as-
ymptomatic patients with lung cancer
detected during an eight-year period of
screening performed by X-ray, who had
undergone chest X-ray one year before the
disease was found. The authors divided pa-
tients into two groups: patients with tumor
that could not be detected on previous
radiography and patients with tumor that
could be seen on a previous chest exam but
had not been detected. No significant dif-
ferences were reported between the five-
year survival rates between the two groups.
However, according to the tumor size of
the overlooked lesions at chest X-ray, the
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outcome in stage I-ll patients with missed
tumors measuring >20 mm was worse than
those with missed tumors <20 mm (P =
0.0047), demonstrating that one-year de-
layed detection of lung cancer <20 mm will
not affect the prognosis.

Medicolegal implications

Missed diagnosis is one of the leading
causes of malpractice actions against ra-
diologists. Diagnostic errors in lung cancer
detection are the second cause of legal
litigation after malignant neoplasm of the
breast (4), and among radiologists special-
ized on thorax imaging, failure to diagnose
lung cancer is by far the most common rea-
son for initiating a malpractice suit (42.5%
of cases) (34).

On chest radiography, missed detection,
identification, or description of a lung le-
sion that is subsequently shown to be a
cancer could cause severe consequences in
medical malpractice litigations. Fortunately
it does not always result in litigation, par-
ticularly when it is not a cause of patient’s
injury.

Analyzing the possible causes of missed
lung cancer, we can affirm that radiograph-
ic diagnosis of lung cancer is not always
achievable and even the most prudent and
responsible radiologist cannot eliminate all
possible sources of error.

It is essential to define when there is mal-
practice in missing a lung cancer on chest
radiographs, proving elements of negli-
gence. Negligence is demonstrated if stan-
dard of care is breached, causing remark-
able damage to the patient. Since there is
no rigorous definition of standard of care
in the diagnosis of pulmonary malignancy,
the last judgment often depends on the ca-
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pacity of the experts of the two parties to
persuade the magistrate and the jury that
they are right. In this context, if a lesion is
easily detectable it must be detected. How-
ever, errors in detection and recognition are
often due to the diagnostic method used
rather than medical malpractice.

Methods to reduce the
incidence of missed lung
cancer on chest radiography

Methods to potentially decrease the in-
cidence of overlooked pulmonary malig-
nancy at radiography of the thorax include
strategies to reduce observer error and im-
prove techniques.

Reducing observer error

A possible strategy for reducing observer
error requires optimization of perception
and interpretation. Optimal viewing state,
comprising scarce surrounding illumina-
tion, excellent condition of the screen,
modifying viewing distances, employment
of a reducing lens and quiet conditions,
are of great importance (35). Failure to rec-
ognize a lesion can never be completely
avoided, although previous exams as well
as pertinent anamnestic data can alert the
physician and should always be available.
It has also been shown that training the
radiologists in chest reading methodology
(Fig. 1b) and in chest diseases reduces ob-
server error (26). A short checklist of steps
that can be of help in reducing the observer
errors when reading a chest X-ray is pro-
posed in the Table.

Recently, Howarth and Tack (36) suggest-
ed that in cases of missed lung lesion on
chest radiograph, a side-by-side compari-
son of chest X-ray with CT scan may allow
the radiologist to understand the reasons
for missing lesions. By adopting an inquisi-
tive approach, errors could be reduced.

Improving techniques

Regarding technical considerations, radi-
ographies of thorax should use a wide-lati-
tude screen-film system, anti-scattered grids
and low-contrast parameters (130-140 kVp)
to achieve a uniform film exposure (6). Imag-
es should be acquired with the patient stand-
ing up and with optimal inspiration, usually
in two projections. X-ray must be checked
habitually directly after accomplishment to
evaluate consistency to technical param-
eters and quality. It should be repeated if
needed (37). Sometimes additional views

Table. Short checklist of steps for reducing observer errors in lung cancer identification on chest

radiography
CHECKLIST

Spend necessary time (more than 30 seconds) to carefully look at a chest X-ray, ensuring that every part

of the radiogram has been scrutinized

Do not “jump around” on the chest radiogram (example in Fig. 1a), but develop a methodologic and
symmetrical scan path in order not to miss any zones (example in Fig. 1b)

Always check the blind zones (apices, hila, retro-cardiac and sub-diaphragmatic spaces) and the

mediastinal lines and stripes (Fig. 1b)

Use lateral projection if it will be of any help

Use the inverse-intensity image as an additional tool to increase confidence in identifying lesions

Compare with previous chest X-ray

Use patients’ clinical history to improve your accuracy and maintain a constant state of alert

can be used, such as oblique projections or
lordotic view to visualize the lung apices.

In the 1980s, the arrival of digital systems
allowed the development of novel tools to
ameliorate the identification of faint nod-
ules; lung lesions became better detectable
using image manipulation, which became
possible with digitized X-ray. By comparing
the ability to identify pulmonary nodules
on conventional plain chest radiographs,
standard (bones white) digitized images
and inverse-intensity (bones black) images,
Sheline et al. (38) found that inverse-inten-
sity image can have some benefits in lesion
recognition.

New algorithms may increase lesion
conspicuity using image subtraction strat-
egies. Dual-energy subtraction imaging is
employed to produce illustrations of two
different tissues, such as calcified structures
and soft tissue, by using the known energy
dependence of X-ray attenuation of both
materials. Once two images are generated, it
is possible to remove the overlying anatom-
ic noise from the bones; consequently lung
lesion conspicuity results are improved (39).

An additional system to facilitate the
visualization of new faint opacities is the
temporal subtraction imaging, which se-
lectively highlights areas of interval change
by subtracting the patient’s previous radio-
graph from the current one (40) thus im-
proving the visual perception of subtle new
abnormalities (41).

Recently, an advance technological sys-
tem has been developed aiming to detect
lung nodules that might be overlooked by
the reader on X-ray: computer aided de-
tection (CAD) system. The use of CAD as a
second reader has been demonstrated to
improve sensitivity of chest radiography.
Detection accuracy is higher when CAD is

used (42), particularly for less experienced
readers (43). White et al. (44) studied the
CAD’s capacity to identify a pulmonary nod-
ule that has been skipped at first human
reading. Each radiograph was analyzed by
a commercial CAD system, which detected
roughly 50% of the nodules missed by the
radiologists.

Another way to increase recognition of
small pulmonary nodules is the use of sec-
tion imaging. While it does not have the
resolution of CT, digital tomosynthesis rep-
resents an evolution of the conventional to-
mography at lower cost and radiation dose,
allowing the production of several section
images at different depths from a single set
of acquisition. This method of processing
images increases the visualization of ana-
tomical structures such as vessels, airway
and spine compared with the traditional ra-
diograph, enabling better visibility of small
parenchymal abnormalities. Two large clin-
ical trials demonstrated that sensitivity for
pulmonary lesion recognition is superior
when tomosynthesis is used instead of tra-
ditional X-ray (45).

Missed lung cancer on CT

Chest CT is much more accurate than
conventional radiography in the identifica-
tion of pulmonary abnormalities because
anatomical structures are depicted in a
two-dimensional picture, without super-
imposition, and because of its greater con-
trast and spatial resolution. The probability
of having a missed lung cancer on CT is
therefore much lower than on chest X-ray.
Nevertheless, a pulmonary tumor may be
missed on CT scans, regardless of the con-
text, whether a clinical or radiologic suspect
exists or not. Various factors contribute to
a misdiagnosis of lung cancer at CT, often
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Figure 6. a-d. Missed lung cancer on CT in a 63-year-old patient with hepatic cirrhosis hospitalized
for ascites and complaining of cough and dyspnea. CT axial image (a) at lung window setting shows
a small and poorly conspicuous lesion close to sub-segmental vessels of the apico-dorsal segment of
the left upper lobe, that was not identified by the radiologist at the time of the exam, probably for its
characteristics and location. Routine PA chest X-ray (b), performed two years later, shows a nodular
opacity with irregular margins in the left apical region (arrow), identified by the radiologist. Axial

(c) and coronal (d) CT images confirmed the presence of a 2 cm solid and not calcified nodule, with
spiculated margins, located in the apico-dorsal segment of the left upper lobe, increased in diameter
with respect to the previous CT exam and diagnosed as lung cancer.

very similar in nature to those occurring on
chest radiography (46).

Factors leading to missed lung cancer on
chest CT

In 1996, two papers focused on the char-
acteristics of pulmonary lesions missed at
CT have been published. White et al. (47)
described location, shape and cell type of
15 lung cancers overlooked at CT and ob-
served that the majority of these cancers
had endobronchial location with lower
lobe predominance. Gurney et al. (48) doc-
umented nine lung tumors missed at CT,
five of which were peripheral and four were
central. Davis et al. (49) analyzed these two
studies, underlining the remarkable per-
centage of high-risk patients in these popu-
lations and identifying three possible caus-
es of error on CT, similar to those previously
described for chest X-rays, as related to le-
sion characteristics, observer performance,
and technique.

The most frequent lesion characteris-
tics that led to miss lung cancers were

small dimension and poor conspicuity
(Fig. 6), ill-defined margins and central lo-
cation. Regarding observer performance,
diagnostic failures may be due to deci-
sion-making error, as in the case of inaccu-
rate interpretation of the characteristics of
a lung cancer as a benign process, and to
recognition error (46). The mechanism of
“satisfaction of search” could be another
source of observer’s false negative result,
also in CT scans (49, 50). Attention to tech-
nical parameters, such as thin-slice thick-
ness (< 1.25 mm), is an achievable way
to avoid errors (49). More than one factor
may contribute to a misdiagnosis simulta-
neously.

After these first reports, other authors
dealt with the issue of missed lung cancer
on CT, especially because technological
progresses led to the diffusion of lung can-
cer screening programs using CT as diag-
nostic tool, long before the publication of
the National Lung Screening Trial’s results
in 2011 (51), which currently represents the
biggest study on this topic.
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Kakinuma et al. (52) analyzed the data of
1443 subjects screened for lung cancer; 22
tumors were recognized and seven of them
were visible on the images from an earlier
spiral CT examination. Small diameter (<7
mm), juxtavascular location, and presence
of confounding factors such as tuberculo-
sis-related alterations were the causes of
failed diagnosis.

In another study, Li et al. (53) conclud-
ed that low-dose CT generally fails in the
identification of small faint tumors mainly
located in the context of other lung dis-
ease or superimposed to normal anatom-
ical structures.

More recently, the possible causes of
missed lung tumors in the NELSON screen-
ing program have been analyzed (54). Caus-
es of failure in detecting pulmonary tumors
were human error, interpretation error, and
detection error, owing to lesions’ location
(endobronchial, iuxtapleural, adjacent to
bullous structure or within extensive areas
of honeycombing).

Veronesi et al. (55) described the causes
of false negatives in the COSMOS lung can-
cer screening study. Centrally located or en-
dobronchial lesions were disproportionate-
ly represented in missed lung cancers.

By analyzing existing studies, Deveraj
(56) concluded that many causes exist for
missed lung cancers in CT screening trials;
however, certain anatomic chest locations
such as endobronchial, hilar, and medi-
astinal are blind spots for radiologists on
screening CT scans.

Moreover, it is worth to note that the
development of multislice CT technology
has increased the probability of detecting
even very small nodules, particularly in
the context of screening of smoker pa-
tients who may have a significant num-
ber of them. However, the high number
of images produced by multidetector CT
scanners has an impact on the workload
of radiologists, which can lead to over-
look of a lesion or misinterpretation of the
findings (inability to properly diagnose a
tumor) (57).

Malpractice cases regarding missing pul-
monary tumor on CT of the thorax have
been reported (48, 58). Most cases were
related to recognition error. A remarkable
case involved a lawsuit in a patient with
advanced lung cancer that had been over-
looked on a previous lung cancer screening
CT, when the lesion measured 8 mm. A set-
tlement of $1,000,000 was made, of which
the radiologist assumed 90% (59).
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Methods to reduce the incidence of
missed lung cancer on chest CT

Modern technologies let radiologists de-
tect focal lung lesions more efficiently, us-
ing appropriate postprocessing advances,
such as off-axial reformatting, maximum in-
tensity projection, and volumetric imaging.
The majority of these systems allow a more
confident recognition of the parenchymal
lesions from the adjacent normal structures
like vessels (60).

CAD is another helpful method for the
detection of small lung lesions on CT scans
and can assist the reader in the identifica-
tion of early-stage pulmonary cancer. Ar-
mato et al. (61) used a database of 38 low-
dose CT scans with 50 lung nodules, 38 of
which were biopsy-proved lung cancer, to
estimate the success of a completely auto-
mated system to recognize focal pulmonary
lesions. Using this method, 80% of nodules
were identified and 84% of missed lung
cancers were correctly identified. Using a
different CAD system, Li et al. (62) analyzed
a group of 27 patients, 17 of them with a
missed peripheral lung cancer. The adopted
CAD scheme improved radiologists’ perfor-
mance and, in particular, sensitivity in de-
tection of missed lung cancers raised from
52% to 71%.

Although CAD software shows high
false-positivity, which represents a major
limit in wider use of the system, in recent
years the number of false-positive nod-
ules decreased thanks to advances in CAD
technology. However, more developments
in CAD algorithms are necessary to further
reduce false-positivity (62).

Several studies have also demonstrated
that CAD as second reader significantly in-
creases sensitivity in the identification of
lung nodules on both standard dose (63)
and low dose (64) CT scans, particularly
when using CAD detection system in com-
bination with thin-slice (1.25 mm) CT scans
compared with medium-slice (2.5 mm)
scans (65).

Overlooked lung cancer on CT is chal-
lenging and clinically important, occur-
ring both in clinical and screening set-
tings. Failures are ascribed to missing
identification or to misinterpretation of
the lesion as a normal structure or a be-
nign finding. Technical advances are use-
ful in the detection of pulmonary nodules.
CAD is a promising aid, improving radiol-
ogists’ performance in recognition of even
very small tumors.

Conclusion

Missed lung cancer has potentially serious
medicolegal implications for radiologists, de-
spite the widespread awareness of this issue.
The reasons for a misdiagnosis on chest radi-
ography, and less frequently on CT scans, are
many but frequently related to observer error
(scanning, recognition, and decision-making
error), specific characteristics of the unde-
tected lesion (size, conspicuity, and location),
or technical inaccuracies. Possible methods
to decrease the incidence of missed lung
cancer include strategies to reduce observer
error, ameliorating lesion detection and in-
terpretation, as well as methods to improve
technique and automated detection.
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