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ARTICLE INFO ABSTRACT

Background: An evaluation of lung masses is often confusing radiographically or through
conventional computed tomography. However, multidetector CT has provided a new ray of hope in
diagnosing and differentiating malignant from benign cases. Methods: A total of 50 clinico-
radiographically suspected cases of lung carcinoma were enrolled in the study. All the patients
underwent a thorough clinical, radiographical and MDCT assessment. The MDCT findings were
correlated with  final diagnosis based on bronchoscopic/CT guided biopsy. Results: 37 (74%) cases
were malignant (13 Sq CC, 5 Sm CC, 15 Adenocarcinoma and 4 others). Patient’s age ranged
between 31 to 74 years with the mean age of 55.84 years. Majority were from rural areas (80%),
males (70%) and smokers (76%), with Cough (92%), sputum (80%) and anorexia (72%) being the
commonest symptoms. Pulmonary opacity (100%) and hilar enlargement (80%) were the most
common radiographical findings. On MDCT, central location, mediastinal invasion, bone destruction,
significant enhancement, spiculated/lobulated margins and metastatic signs were found to be
significantly associated with malignancy. MDCT helped to differentiate among different malignant
lesions. Conclusions: Multidetector computed tomography was found to have sensitivity, specificity,
PPV, NPV and accuracy of 97.3%, 76.9%, 92.3%, 90.9% and 92.0% in detection of lung malignancy.
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INTRODUCTION
Lung cancer is the leading cause of cancer death in the world.
In 2008, >1.6 million people received a new diagnosis of lung
cancer, comprising 13% of all new cancer diagnoses, and 1.4
million died of lung cancer, which was 18% of all cancer
deaths1. It is the most common cancer in men worldwide with
an age-standardized rate (ASR) of 33.8 per 100,000, and it is
the fourth most frequent cancer in women (13.5 per
100,000)2. In India, it is the commonest and most lethal cancer
among males accounting for 10.9% of all cancer cases and
13% of cancer related modalities3. It is the leading cause of
Cancer deaths in developed countries and is rising in alarming
rates in developing countries.

Chest radiograph is the first investigation which is performed
while investigating a suspected case of lung cancer. Though it
is a very good tool in providing preliminary information about
the disease, it is inadequate for optimal characterization and
staging. However, evolution of computed tomography has
changed the picture dramatically. Today, computed
Tomography (CT) scan of the chest is considered to be the
cornerstone of lung cancer imaging based on which further
management is decided. Multi-detector CT (MDCT) is the
latest advancement in the field of medical imaging. It has

considerable advantage over single-detector helical CT in the
form of shorter acquisition time, greater coverage, and superior
image resolution. All these factors substantially increase the
diagnostic accuracy of the examination by providing state-of-
the-art image quality. Three dimensional (3D) isotropic
volume imaging is possible with MDCT and, it provides an
excellent anatomy of the thorax thereby increasing the
diagnostic yield comprehensively4.

Keeping these characteristics of multidetector CT, the present
study was proposed to carry out multi detector CT evaluation
of lung masses and to correlate these findings with
histopathology.

METHODS
A total of 50 clinico-radiographical suspected cases of lung
carcinoma were enrolled in the study. Critically ill patients or
those with bleeding disorders were excluded from the study.
The study was approved by Institutional Ethical Committee.
Informed consent was also obtained from all the patients.
Demographic details of patients were obtained and clinical
presentation was noted. Chest radiograph findings were noted.
All the patients underwent multi-detector computed
tomographic evaluation using 384-slice Siemens Somatom
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Force computed tomographic scanner using 60 ml of contrast
injected through pressure injector.

In each patient, two series of images were obtained – non
contrast (from the lung apices through the adrenal glands, post
contrast after 20-25 seconds (from the lung apices through
entire liver. Sections of 5 mm slice thickness and 5 mm table
increment were taken from which recon images of 1 mm were
obtained.

During MDCT evaluation, the following features were noticed
for malignancy- No. of lesions, Site, Size, Margins (Smooth/
Spiculated/ Lobulated), Contrast enhancement pattern (Net
enhancement immediately after contrast administration),
Bronchus cut-off, Pleural effusion, Lymphadenopathy, Pleural
extension, Mediastinal invasion, Bone destruction,
Transfissural extension, Metastasis, Angiogram sign, Chest
wall invasion and Calcification.

CECT and CT guided biopsy was performed on Multi detector
CT scan (Siemens somatom force 384 slice).

Bronchoscopy (Biopsy) was performed  by OLYMPUS
Flexible fibre-optic bronchoscope-TYPE TE2.

A central/superior location was defined as being within 2 cm
of the bronchial tree, major vessels, esophagus, heart, trachea,
pericardium, brachial plexus, or vertebral body, but 1 cm away
from the spinal canal5. In most of the cases where the lesion
was located in central location Bronchoscopic biopsy was the
modality of choice whereas in Peripherally located lesions CT-
guided biopsy was done.

Biopsy samples were send to the pathology department for the
histopathological analysis and findings were correlated.

Data Analysis

Data was analyzed using Statistical Package for Social
Sciences version 20.0. Chi-square test and Independent
samples ‘t’-test was used to compare the data. ‘p’ value less
than 0.05 was considered to depict a significant association.

RESULTS

Age of patients ranged from 31 to 75 years. Mean age of
patients was 55.84±9.74 years.  Majority were males (70%)
and from rural areas (80%). There were 37 (74%) smokers.
Cough (92%), sputum (80%), anorexia (72%), haemoptysis
(68%), fever (62%) and weight loss (52%) were the major
clinical findings affecting majority of patients. Breathlessness
(32%), chest pain (24%) and hoarseness (32%) were some of
the other common findings. A total of 9 (18%) patients had
dyspnoea and 7 (14%) had dysphagia. On radiological
evaluation, pulmonary opacity was the common finding
(100%) followed by hilar enlargement (80%), pleural effusion
(32%), widening of mediastinum (18%), bone destruction
(16%) and collapse (4%) respectively (Table 1).

Histopathologically, a total of 37 (74%) cases were confirmed
as malignant (15-Adenocarcinoma, 13- Squamous cell
carcinoma, 5 Small cell carcinoma, 2-Large cell carcinoma, 1
Metastasis and 1 sarcomatoid). There were 13 (26%) benign
cases (6-Tuberculosis, 6-Pneumonic consolidation, 1-
Pulmonary hamartoma) (Table 1).

On MDCT evaluation, only 6 (12%) patients had multiple
lesions, majority were located peripherally (64%). Mean lesion
size was 149.50±86.09 cc. Lymphadenopathy (96%),
significant enhancement (78%), angiogram sign (70%),
speculated/lobulated margin (70%) and pleural effusion (64%)
were the findings seen in majority of cases. Among other
common findings were – Bronchus cut-off (46%), metastasis
(42%), chest wall invasion (36%), pleural effusion (36%),
mediastinal invasion (32%) and bone destruction (30%). A
total of 7 (14%) cases showed transfissural extension too.
Statistically, central location, mediastinal invasion, bone
destruction, metastasis, significant enhancement and
speculated/lobulated margins showed a significant association
with malignancy (Table 2).

On the basis of MDCT evaluation, a total of 39 cases were
diagnosed as malignant and 11 were diagnosed as benign. On
correlating the MDCT findings with histopathological
findings, a total of 36 were true positive, 3 false positive, 1
false negative and 10 true negative. Correspondingly,
sensitivity, specificity, PPV, NPV and accuracy of MDCT to
diagnose malignancy was 97.3%, 76.9%, 92.3%, 90.9% and
92.0% (Table 3).

Table 1 General Profile of patients and histopathological
diagnosis

SN Diagnosis Statistic
1. Mean Age±SD (Range) in years 55.84+9.74 (31-75)
2. Male:Female 35 (70%):15 (30%)
3. Rural:Urban 40 (80%): 10 (20%)
4. Smokers 37 (74%)

5.

Presenting clinical profile
Cough 46 (92%)
Sputum 40 (80%)

Breathlessness 16 (32%)
Anorexia 36 (72%)

Hoarseness 11 (22%)
Dyspnoea 9 (18%)
Dysphagia 7 (14%)

Fever 31 (62%)
Haemoptysis 34 (68%)
Chest pain 12 (24%)

Weight loss 26 (52%)

6.

Chest Radiograph characteristics
Pulmonary opacity 50 (100%)
Hilar enlargement 40 (80%)
Pleural effusion 16 (32%)

Widening of mediastinum 9 (18%)
Bone destruction 8 (16%)

Collapse 2 (4%)

7.

Histopathological Diagnosis
Malignant

(15-Adenocarcinoma, 13- Squamous cell ca, 5
Small cell carcinoma, 2-Large cell Ca, 1

Metastasis, 1 sarcomatoid)

37 (74%)

Benign
(6-Tuberculosis, 6-Pneumonic consolidation,

1-Pulmonary hamartoma)
13 (26%)
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Table 2 Comparison of MDCT Characteristics of Malignant and Benign Lung Carcinoma Lung Carcinoma subjects (n=50)

Total
Malignant (n=37) Benign (n=13) Statistical Significance
No. % No. % ² 'p'

Two or more lesions 6 6 16.2 0 0.00 2.396 0.122
Site

Central 18 17 46.0 1 7.7
6.110 0.013

Peripheral 32 20 54.0 12 92.3
Mean Size (±SD) cc 149.50± 86.09 141.9±86.4 171.1±84.6 t=1.052; p=0.298

Calcification 10 5 13.5 5 38.5 3.742 0.053
Pleural effusion 18 14 37.8 4 30.8 0.209 0.648

lymphadenopathy 48 35 94.6 13 100.0 0.732 0.392
Pleural extension 32 22 59.5 10 76.9 1.273 0.259

Mediastinal invasion 16 16 43.2 0 0 8.267 0.004
Bone destruction 15 15 40.5 0 0 7.529 0.006

Transfissural extension 7 7 18.9 0 0 2.860 0.091
Bronchus cut-off 23 23 62.2 4 30.8 3.817 0.051

Metastasis 21 21 56.8 0 0 12.72 <0.001
Angiogram sign 35 27 73.0 8 61.5 0.599 0.439

Significant enhancement 39 36 97.3 3 23.1 30.882 <0.001
Chest wall invasion 18 15 40.5 3 23.1 1.273 0.259

Spiculated/ Lobulated
margin

35 28 75.7 6 46.2 3.853 0.050

Table 3 Evaluation of Diagnostic Efficacy of MDCT
against Histopathology for Malignant Lung Lesions

MDCT
Diagnosis

Histopathological Diagnosis
TotalMalignant

(n=37)
Benign
(n=13)

Malignant 36 3 39
Benign 1 10 11
Total 37 13 50

Sensitivity Specificity PPV NPV Accuracy
97.3 76.9 92.3 90.9 92.0

Figure 1 Chest Radiograph(PA view) shows an ill defined radio
opacity merging with the mediastinum on the left upper and mid zones.

Figure 2

Figure 3

Figure 4

Fig 2,3& 4: Axial and coronal(Mediastinal window)  MDCT sections
show an ill defined heterogeneously enhancing mas lesion(Non contrast

attenuation 43 HU & Post contrast attenuation 82 HU) with multiple
areas of necrosis in left lung upper lobe causing destruction of 4th rib

(denoted by arrow in the VRT image) also showing invasion of
mediastinal structures and anterior chest wall muscles.
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DISCUSSION
In present study, among clinically suspicious cases,
malignancy rate was 74%.Malignancy rate has been reported
to vary substantially in different studies. Swensen et al.
(2004)6 reported the malignancy rate to be 48% while Yi et al.
(2004)7 reported the malignancy rate to be 64.2%. Malignancy
rate below 50% was reported by Jeong et al. (2005)8 (45.8%).
The findings of present study are close to the observation of

Figure 5

Figure 6
Fig 5 & 6 Axial CT image shows biopsy needle (shown by black arrow)
in the mass needle which was proven to be squamous cell carcinoma on

Histopathological evaluation.

Figure 1 Chest Radiograph (PA view) shows an ill defined opacity in
left lung upper and mid zones.

Figure 2

Figure 3

Figure 4

Figure 5
Fig 2,3,4 & 5 Axial,coronal (mediastinal window) & sagittal(lung

window) MDCT sections show a well defined spiculated mass in left
lung upper and lower lobes showing transfissural extension.The lesion is
adhered to the chest wall causing destruction of the rib (shown in VRT

image by an arrow).The lesion was proven to be Sarcomatoid on
Histopathological evaluation.
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Fan et al. (2012)9 who reported a malignancy rate of 74.4%.
Malignancy rate in different studies is variable and depends on
a host of factors including the inclusion criteria. In studies that
have already included screened population the malignancy rate
tends to increase, stricter the screening criteria, higher will be
the malignancy rate. In present study, we included clinico-
radiographically suspected cases of lung cancer in our study
and that is why the malignancy rate is nearly three-quarter.

Present study highlighted the traditional risk factors such as
male gender, smoking and rural habitat as the main
contributors towards the burden of suspicious lung masses.
Such demographic and risk profile has often been reported in
studies from different part of world10-13.

Among clinical features, cough (92%), sputum (80%),
anorexia (72%), haemoptysis (68%), fever (62%) and weight
loss (52%) were the clinical features seen in majority of
patients. These are the common findings often seen in a
spectrum of respiratory disorders. Weight loss at presentation
is a commonly reported finding among lung cancer patients14.
It is reported to be amongst the most common symptoms
impairing the quality of life of lung cancer patients15.

On chest radiograph, the most common finding that placed all
the cases under scrutiny was opacity. Hilar enlargement (80%)
and pleural effusion (32%) were the next most common
findings. Among less common findings were widening of
mediastinum (18%), bone destruction (16%) and collapse (4%)
respectively. Hilar enlargement and pleural effusion are
findings with multiple etiologies including infections,
lymphadenopathy and tumors, pulmonary venous
hypertension, pulmonary arterial hypertension and increased
pulmonary blood flow16, and hence they are a generalized
finding and not specific for diagnosis of malignancy.
Mediastimum widening on the other hand is reported to be
indicative of excess fat within the mediastinum17 and blunt
trauma18-19. Its role in pulmonary carcinoma cases has been
suggested only in case reports20.All these observations suggest
that plain X-ray has only a limited role in diagnosis of lung
malignancy and have only a screening role. In present study,
all the positively screened patients were suspected of
malignancy on radiograph.

In present study, Among malignant lesions (n=37),
adenocarcinoma (n=15; 40.5%) and squamous cell carcinoma
(n=13; 35.1%) were the most common histopathological types
followed by small cell carcinoma (n=5; 13.5%), large cell
carcinoma (n=2; 5.4%) and sarcomatoid (n=1; 2.7%). There
was 1 case of metastasis.The histopathological profile of
various lung malignancies varies in different studies. In a study
by Sundaram et al. (2014)11 found squamous cell carcinoma,
adenocarcinoma, small cell carcinoma and large cell
carcinoma in 31.67%, 43.33%, 10% and 3.24% cases,
respectively. Pandhi et al. (2015)12 in their study reported
squamous cell carcinoma (41%), adenocarcinoma (36%), small
cell carcinoma (13%) and large cell carcinoma (3%) as the
most common histopathological types. Thus most of the
studies have reported squamous cell carcinoma and
adneocarcinoma as the most common histopathological types.
In western literature too, squamous cell carcinoma is stated to
be the most common histopathological type of lung carcinoma,
however, similar to our study, Dhandapani et al. (2016)13 also
found adenocarcinoma (42.6%) as the most common type and
commented that adenocarcinoma is replacing squamous cell

carcinoma as the most common type of lung cancer in India.
The findings of present study endorse the same.

In present study, central location, mediastinal invasion, bone
destruction, metastasis, significant enhancement and
spiculated/lobulated margins showed a significant association
with malignancy.

In present study, small cell carcinoma and squamous cell
carcinoma comprised nearly 50% (n=18/37; 48.6%) of study
sample, as elaborated above – central location is the key
feature of squamous cell and small cell carcinoma21-24. In
another study using similar inclusion criteria, Fan et al.
(2012)9, did not find a significant difference between benign
and malignant cases in terms of size and location. Although in
present study, we did not find a significant difference between
two groups with respect to size but found the location to be
important in differentiating benign from malignant masses.
Similar to present study, they also found spciulation and
lobulation to be significantly associated with malignant
tumors. In their study, they found frequency of lobulation,
spiculation, spine-like process, well-defined but coarse
interface, bronchus cut-off, other air-containing space, pleural
indentation and vascular convergence to be significantly
associated with malignancy.  In a study, Choromańska and
Macura (2012)25 reported the usefulness of calcification to be
useful in differentiating malignant from benign solitary
pulmonary nodules. In present study too, though majority of
cases were solitary masses (88%) yet calcification did not
emerge as a significant feature distinguishing benign from
malignant cases. One of the problems with calcification as a
differentiating factor is its varied presentation differentiating
benign from malignant cases. In fact, it is not the calcification
alone rather it is the pattern of calcification that helps to
differentiate between benign and malignant cases. According
to Choromańska and Macura (2012)25, benign calcifications
commonly involve: central, diffuse solid, laminated and
“popcorn-like” appearance – in present study, number of cases
with calcification were rather limited (n=10; 20%) and no
distinction on the basis of these characteristics was possible in
view of these features.

In present study, as many as 21 (56.8%) malignant cases
showed metastasis which is a characteristic associated with
malignancy alone. Thus showing usefulness of MDCT in
diagnosis of metastasis too.  A finding supported in literature
too4,26. Similar to present study, Shekharchi et al. (2014)26 in
their study also did not find chest wall invasion as a predictor
of malignancy.

In present study, contrast enhancement was significantly
higher in malignant as compared to benign cases.
Enhancement of lung nodule has been found to be a feature of
malignancy by a number of workers6,7,25.

In present study, sensitivity, specificity, positive predictive
value, negative predictive value and accuracy of MDCT as
97.3%, 76.9%, 92.3%, 90.9% and 92% respectively. Different
studies in literature have reported a variable sensitivity and
specificity of MDCT under different conditions and using
different criteria. Using contrast enhancement at 15 HU as the
criteria, the Swensen et al. (2000)6 reported sensitivity of CT
as 98% and specificity as 58% (Accuracy 77%). Yi et al.
(2004)7 taking 30 HU enhancement as the criteria found the
sensitivity and specificity of MDCT at 99% and 54%
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respectively. Fan et al.(2012)9 reported the sensitivity and
specificity of MDCT as 93.4% and 66.7%.

The findings of present study were encouraging and showed
that MDCT is highly sensitive and adequately specific in
differentiating malignant from benign lung masses, thus
indicating that MDCT can be used as a powerful tool for
screening purposes. It is being seen that using newer
diagnostic parameters, the performance of MDCT can be
further improved, hence further exploratory studies on the
issue are recommended.

CONCLUSION
MDCT turned out to be a useful tool in differentiating
malignant from benign suspected lung masses. It also provides
help in conducted biopsies. MDCT also shows potential to
improve the accuracy with identification of newer diagnostic
parameters.
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