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Abstract: The aim of this study was to investigate the clinical application effects of a novel computer-aided detec-
tion (CAD) system based on three-dimensional computed tomography (CT) images on pulmonary nodule. 98 cases
with pulmonary nodule (PN) in our hospital from Jun, 2009 to Jun, 2013 were analysed in this study. All cases
underwent PN detection both by the simple spiral CT scan and by the computer-aided system based on 3D CT im-
ages, respectively. Postoperative pathological results were considered as the “gold standard”, for both two checking
methods, the diagnostic accuracies for determining benign and malignant PN were calculated. Under simple spiral
CT scan method, 63 cases is malignant, including 50 true positive cases and 13 false positive cases from the “gold
standard”; 35 cases is benign, 16 true negative case and 19 false negative cases, the Sensitivity 1 (Se1)=0.725,
Specificityl (Sp1)=0.448, Agreement ratel (Kappa 1)=0.673, J1 (Youden’s index 1)=0.173, LR(+)1=1.616, LR(-
)1=0.499. Kappa 1=0.673 between the 0.4 and 0.75, has a moderate consistency. Underwent computer-aided
detection (CAD) based on 3D CT method, 67cases is malignant, including 62 true positive cases and 7 false positive
cases; 31 cases is benign, 24 true negative case and 7 false negative cases, Sensitivity 2 (Se2)=0.899, Specific-
ity2 (Sp2)=0.828, Agreement rate (Kappa 2)=0.877, J2 (Youden’s index 2)=0.727, LR(+)2=5.212, LR(-)2=0.123.
Kappa 2=0.877 >0.75, has a good consistency. Computer-aided PN detecting system based on 3D CT images has
better clinical application value, and can help doctor carry out early diagnosis of lung disease (such as cancer, etc.)
through CT images.
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Introduction showed early computed tomography (CT) sc-
reening significantly reduces lung cancer mor-
tality [4, 5]. Even the CT image features have a
good predictability of radiological prognosis for
lung cancer [6]. Nowadays, CT technology for
diagnosis of lung cancer has developed into a
new phase known as computer aided diagnosis
(CAD) [7]. Numerous studies have demonstrat-
ed [8-10]. CAD systems can be used as a radi-

ologist’s “second eyes”, automatic detect suspi-

Recent years, the morbidity and mortality of
lung cancer is gradually increasing, and lung
cancer has become the leading cause of can-
cer deaths worldwide [1]. Due to the population
aging and increasing smoking, lung cancer has
a high frequency in many developing countries,
especially in China [2]. Compared to the other
kinds of cancers, the biological characteristics
of the lung cancer is very complex, its onset

time is short, malignancy degree is high, metas-
tasis is fast, difficult to be early diagnosed, so
most of patients had developed into advanced
stage and lost the chance of surgery because
of lack of early screening [3]. Several evidences

cious lung nodules in CT images, so as to reduce
the oversight and workload of radiologists in
alone reading and diagnostic process, improve
the accuracy and efficiency of the early diagno-
sis of lung diseases such as lung cancer.
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Figure 1. Lung nodule/mass detection and feature quantification subsystem. First automatic detection of lung nod-
ules using multi scale selective enhancement filter based on Hessian matrix eigenvalues and automatic lung nodule
detection algorithm based on Fisher linear classifie.

But the existing CT lung lesion detection meth-
od relies on human intervention, is not high
degree of automation, some automatic detec-
tion methods need to be further improved on
its detection performance. In the aspect of fea-
ture quantification, due to the inaccurate lung
lesion segmentation and the special character-
istics of lesion features, it has limited accuracy
on quantitative results. So our hospital and
Huazhong University of Science and Technology
jointly developed a set of prototype CAD syst-
em based on 3D CT images for detecting the
pulmonary nodule (PN) [11]. Based on the pre-
vious studies [11-13], by computer image pro-
cessing techniques such as enhancement, se-
gmentation and morphological, as well as arti-
ficial intelligence techniques such as feature
selection and machine learning, we designed a
computer system for effective automatic detec-
tion and quantitative analysis, to assist radiolo-
gists for early diagnosis of lung cancer and
other lung diseases in CT images. Attempts to
evaluate the accuracy of our system for distin-
guishing the benign from malignant lesions, we
compared the correspondence between the re-
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sults by the simple spiral CT scan or by the CAD
system based on 3D CT with postoperative
pathological results from the same patients
with PN.

Methods
General data of patient recruitment

98 cases with PN collected from the Third
Affiliated Hospital of Guangxi Medical University
from Jun, 2009 to Jun, 2013 were included in
this study, including 30 males, 68 females, age
from 40 to 72, average 50.8 years old, with 82
cases of solitary pulmonary nodule, 16 cases
of multiple nodules; 38 cases in left lungs, 50
cases in right lungs, 10 cases in both lungs;
pulmonary nodule diameters are 5~30 mm and
the number is less 6. 24 cases have varying
degrees of irritation cough, 18 cases have ch-
est pain, 8 cases have hemoptysis, 30 cases
are accidentally discovered in health check, 10
cases are found by chest X-ray or CT due to
other diseases. This study was conducted in
accordance with the declaration of Helsinki.
This study was conducted with approval from
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Figure 2. Lung nodule/mass segmentation. Automat-
ic segmentation of lung nodules using the three-di-
mensional image segmentation algorithm based on
the level set and dynamic programming with multi-di-
rectional integration approach, while allowing physi-
cians to modify the automatic segmentation results.
Using the results of segmentation, the system can
extract and quantify the lobulation and spiculation
features for candidate nodules, and quantify other
morphological and density features, and then the
system intelligently generates a diagnostic report.

.-

the Ethics Committee of Guangxi Medical Uni-
versity. Written informed consent was obtained
from all participants.

Image collection

Conventional X-ray examinations are applied
for all cases, after the lesions were found, ba-
seline and follow up CT of the thorax for each
patient were acquired within 15 min of each
other, and using the same CT scanner and
imaging protocol, this enables testing extracted
image features for stability. Unenhanced and
dynamic contrast-enhanced thoracic CT imag-
es were acquired using the GE Brightspeed
Elite spiral CT scanners with 120 kvp tube volt-
age and image slices thickness of 1.25 mm
were reconstructed using the same lung convo-
lution kernel without overlap [6].

Image analysis

Collected image datum are input into a post-
processing workstation for reading and are
analysed by two deputy chief radiologists until
a consensus diagnosis is reached after a dis-
cussion. The observation of the reading focus
on the lung nodule distribution, shape, internal
structure, bronchial symptoms, vacuole sign,
etc., the radiologists judge the marker one by
one and make a qualitative diagnosis.

And then CAD system based on the three-
dimensional CT image is used for further check-
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ing the collected image, preliminary make diag-
nosis on benign and malignant lesions. The
details of analysis method have been described
in Min et al. [11], Wang et al. [12]and Yu et al.
[13]. The system starts with automatically
detection of candidate nodules/masses from
CT images, and extracts 21 features, including
location, shape, size and density characteris-
tics, so as to preliminarily judge the benign and
malignant lesions (Figures 1, 2). According to
the results of the detection and quantification
of lung nodules and trachea, the system intelli-
gently generates a diagnostic report. Based on
the report, two radiologists through a discuss
judge the signs and make a common qualita-
tive diagnosis.

Surgery and pathological results

All the patients took the surgical treatment. The
lung tissue containing tumor is wedge resec-
tioned or simply the tumor is resection with
small incisions and is sent for intraoperative
frozen biopsy. For the rapid pathologically diag-
nosed malignant lesions, perform the standard
lobectomy and lymph node dissection, or pul-
monary wedge resection, depending on the
lung function. For the benign lesions, perform
the lung residual surface suture and terminate
the surgery. And to the bilateral lesions, tumor
biopsy is only performed on one side. Post-
operative pathologic results, made by two chief
pathologists with a agreement, are used as the
gold standard for the last diagnostic results.

Statistical analysis

The postoperative pathological examination re-
sults are taken as the “gold standard” for com-
paring the accuracies of determining benign
and malignant pulmonary nodules between the
two imaging examination, the values of You-
den’s index (J) and likelihood ratio (LR), includ-
ing positive likelihood ratio (LR+) and negative
likelihood ratio (LR-), are used to evaluate the
accuracies, respectively, higher J and LR+ va-
lue, or lower LR- value means better accuracy
compared with the “gold standard”. The agree-
ment rate is to illustrate the consistency test
for each diagnosis (Kappa test). Kappa >0.75
is considered as a good consistency; 0.4 <
Kappa <0.75 as a moderate consistency; Ka-
ppa <0.4 as a bad consistency.

Results
98 cases with PN were diagnosed by simple

spiral CT scan results, CAD based on 3D CT
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Table 1. Diagnosis results of post operative
pathology and simple spiral CT scan

. Simple spiral CT scan
Pathologic results

results (number) Total
(number) - B
Malignant benign
Malignant 50 19 69
Benign 13 16 29
Total 63 35 98

Note: Sensitivity (Se)=0.725, Specificity (Sp)=0.448,
Agreement rate (Kappa)=0.673, J (Youden'’s in-
dex)=0.173, LR(+)=1.616, LR(-)=0.499.

Table 2. Diagnosis results of post operative
pathology and CAD based on 3D CT

CAD based on 3D CT

Pathologic results

results (number) Total
(number) - .
Malignant ~ Benign
Malignant 62 7 69
Benign 5 24 29
Total 67 31 98

Note: Sensitivity (Se)=0.899, Specificity (Sp)=0.828,
Agreement rate (Kappa)=0.877, J (Youden's in-
dex)=0.727, LR(+)=5.212, LR(-)=0.123.

results, post operative pathology in order for
distinguishing the malignant and benign.

Pathological findings

The pathologic result showed 69 malignant
cases (including 42 cases of squamous cell ca-
rcinoma, 20 cases of adenocarcinoma, 7 cases
of alveolar cell carcinoma) and 29 benign cases
(15 cases of tuberculosis ball, 9 cases of in-
flammatory mass and 5 cases of hamartoma)
in this group.

The accuracy and consistency of simple spiral
CT scan

Under this method, 63 cases is malignant, in-
cluding 50 true positive cases and 13 false
positive cases from the “gold standard”; 35 ca-
ses is benign, 16 true negative case and 19
false negative cases (Table 1), the Sensitivity 1
(Se1)=0.725, Specificityl (Sp1)=0.448, Agree-
ment ratel (Kappa 1)=0.673, J1 (Youden’s in-
dex 1)=0.173, LR(+)1=1.616, LR(-)1=0.499. Ka-
ppa 1=0.673 between the 0.4 and 0.75, means
a moderate consistency.

The accuracy and consistency of CAD based
on 3D CT

Underwent this method, 67cases is malignant,
including 62 true positive cases and 7 false
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positive cases; 31 cases is benign, 24 true
negative case and 7 false negative cases (Ta-
ble 2), Sensitivity 2 (Se2)=0.899, Specificity 2
(Sp2)=0.828, Agreement rate (Kappa 2)=0.877,
J2 (Youden’s index 2)=0.727, LR(+)2=5.212,
LR(-)2=0.123. Kappa 2=0.877 >0.75, means a
good consistency.

Compare the accuracy and consistency of two
imaging examinations

Given from the above data, Agreement rate
(Kappa 1)=0.673 <Agreement rate (Kappa 2)
=0.877, shows that the consistency of CAD
based on 3D CT is better than the simple spiral
CT scan; J1 (Youden’s index 1)=0.173 <J2 (Yo-
uden’s index 2)=0.727, LR(+)1=1.616 <LR(+)2
=5.212, LR(-)1=0.499 >LR(-)2=0.123, this th-
ree pair data have a strong evidence that the
accuracy of CAD based on 3D CT is more better
than the simple spiral CT scan.

Discussion

A pulmonary nodule (PN) usually has a higher
radio-density than other normal lung parenchy-
ma, appearing white on the images. Lung nod-
ules may imply a malignant lesion. Early diagno-
sis of lung cancer is vital for success of therapy.
CT is considered to be the most accurate imag-
ing modality for nodule detection. With CT
screening, most of lung cancer could be detect-
ed (60-100%) in stage | [14]. However, hun-
dreds of data per examination makes a difficult
analysis, leading to oversight some nodules by
the radiologist. Now CT technology for diagno-
sis of PN has gone into a new age known as
computer-aided detection (CAD). Different type
of automated CAD systems become helpful to
radiologists for detection and diagnose of PN
from CT slices [8, 9, 15-18]. Armato et al. [19]
found that with an automated lung nodule de-
tection method, a large percent (84%) of missed
cancers in a database of low-dose CT scans
were detected correctly. Some researchers are
still looking for new method to improve the
accuracy of CDA system. Suzuki et al. [20] use
of a multi-MTANN reduced the false-positive
rate of the CAD for lung nodule detection on
chest radiographs.

The PN identification and segmentation is a
key step in this system. Due to the varieties of
PN, many segmentation methods have been
explored [13]. In the present, we worked togeth-
er with Huazhong University of Science and
Technology designing a computer system for
effective automatic detection and quantitative
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analysis, to assist radiologists for early diagno-
sis of lung cancer and other lung diseases in CT
images. The system uses multi scale selective
enhancement filter based on Hessian matrix
eigenvalues and automatic lung nodule detec-
tion algorithm based on Fisher linear classifier
for segmenting lung nodules on three dimen-
sional (3D) computed tomographic images, to
improve the performance of computer-aided
diagnosis (CAD) systems. In this study, we col-
lected the clinical patients data to evaluate its
applied value in practice, the data showed that
our CAD prototype system based on 3D CT has
a better accuracy than simple spiral CT scan on
distinguishing the malignant and benign PN, J2
(Youden’s index 2)=0.727 >J1 (Youden’s index
1)=0.173, LR(+)2=5.212 >LR(+)1=1.616, LR(-
)2=0.123 <LR(-)1=0.499, and Kappa 2 value is
0.877 >0.75, has a good consistency compa-
red with Kappa 1=0.673 between the 0.4 and
0.75, a moderate consistency with the patho-
logic results. Therefore, the CAD prototype sys-
tem based on three-dimensional CT images
has better clinical value than simple spiral CT
scan and can be used to assist physicians in
early diagnosis of lung cancer and other lung
diseases from CT images.

Conclusion

Computer-aided PN detecting system based
on 3D CT images has better clinical application
value, and can help doctor carry out early diag-
nosis of lung disease (such as cancer, etc.)
through CT images.
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