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Abstract: Objective: The purpose of this study was to compare the differences in imaging features between patients 
with pulmonary tuberculosis (TB) alone and patients with TB complicated with lung cancer (LCA) as well as to in-
vestigate the diagnostic value of CT in these two groups. Methods: In this retrospective study, 110 patients with 
confirmed TB admitted to the Second Affiliated Hospital of Hainan Medical University from March 2020 to April 
2021 were collected and divided into TB+LCA group (50 cases, diagnosed with TB complicated with lung cancer) 
and TB group (60 cases, diagnosed with TB alone) according to actual diagnosis. The CT results of both groups were 
analyzed by the same group of physicians in a double-blind manner. The diagnostic value of CT for TB alone and TB 
complicated with lung cancer was calculated. The differences in CT imaging characteristics between the two groups 
were investigated. The differences in the structural characteristics of para-cancerous tissue between the two groups 
were analyzed. Results: The diagnostic accuracy of CT was 91.67% in TB patients (55/60) and 92.00% in TB+LCA 
patients (46/50) without significant difference (X2=0.004, P=0.949). The detection rate of spiculation, lobulation 
and cavitation in TB+LCA group was significantly higher than that in TB group (P<0.05), and the distribution, size 
and wall thickness of cavitation varied significantly between the two groups (P<0.05). Patients in TB group had 
higher percentage of mediastinal lymph node calcification, peripheral satellite lesion, and mediastinal lymph node 
enlargement around the TB lesions compared with those in TB+LCA group (P<0.05). Conclusion: CT has certain ap-
plication value in differentiating TB alone from TB complicated with lung cancer, and there are many similarities in 
the imaging features of the two conditions. CT can be considered as a preliminary means of differential diagnosis of 
TB complicated with lung cancer, which is helpful to the primary screening diagnosis of lung cancer.
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Introduction

With the continuous acceleration of industrial-
ization process, environmental pollution has 
become increasingly prominent, which, togeth-
er with the changes of lifestyle and dietary 
structure of residents, has led to an increasing 
incidence of respiratory diseases [1]. In recent 
years, the incidence and mortality rate of lung 
cancer have been increasing year by year in 
China, which has become a crucial factor 
threatening the life and health of residents [2, 
3]. Tuberculosis (TB) is a chronic infectious dis-
ease caused by Mycobacterium tuberculosis 
that can also invade other organs and cause 
dysfunction in addition to invading the lungs 

and causing tuberculosis infection [4]. Low-
grade fever, night sweats, emaciation, weak-
ness, chest pain, and hemoptysis are typical 
symptoms of TB, and some patients with ad- 
vanced TB may also develop pleural indenta-
tion or mediastinal shift due to pulmonary fibro-
sis [5]. According to the survey, there were 
about 9 million TB cases in 2013, of which the 
number of deaths reached about 1.5 million, 
and the number of TB in China was about 1 mil-
lion cases, of which about 40,000 patients 
died, ranking the second worldwide.

Studies have shown that the bronchial mucosa 
of patients with TB is in a state of chronic in- 
flammatory irritation, which increases the likeli-
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hood of cancer in the epithelial cells of adja-
cent tissues [6]. In addition, the immunity of TB 
patients is significantly reduced during the 
treatment process, which makes them more 
susceptible to external factors and increases 
the risk of lung cancer [7]. Data show that in 
recent years, TB complicated with lung cancer 
is also increasing year by year, and the inci-
dence of TB complicated with lung cancer is 
about 2.7% in general population and 15% in 
population over 60 years old [8]. CT is a com-
mon imaging tool for TB. Due to the similarity 
between TB and lung cancer in terms of clinical 
manifestations and imaging features, coupled 
with the limited experience of some physicians 
in charge of diagnosis, the misdiagnosis rate of 
TB complicated with lung cancer is high, which 
has a great impact on the effects of clinical 
intervention. In a study of patients with sus-
pected TB complicated with lung cancer, it was 
found that, under the double-blind review, most 
physicians were unable to distinguish the CT 
features of TB complicated with lung cancer 
from TB alone [9]. It has also been found that 
patients with lung cancer are in a reduced 
immune system, and after being infected by 
Mycobacterium tuberculosis, it is easy to 
induce active TB, leading to the deterioration 
and excretion of TB, and the imaging manifes-
tations of the process are similar to those of 
TB, which is more difficult in the differential 
diagnosis [10, 11]. To improve the performance 
of CT in differentiating pulmonary TB and TB 
complicated with lung cancer, this study was 
designed to compare the similarities and differ-
ences in terms of imaging features of these  
two conditions, so as to provide clinical refer-
ence for improving the diagnostic accuracy of 
patients with TB complicated with lung cancer.

Materials and methods

Baseline data

In this retrospective study, 110 patients with 
confirmed TB admitted to the Second Affiliated 
Hospital of Hainan Medical University from 
March 2020 to April 2021 were collected and 
divided into TB+LCA group (50 cases, diag-
nosed with TB complicated with lung cancer, 
including 20 cases of squamous cell carcinoma 
of lung and 30 cases of adenocarcinoma of 
lung) and TB group (60 cases, diagnosed with 
TB alone) according to actual diagnosis. This 
study was approved by the Ethics Committee  

of the Second Affiliated Hospital of Hainan 
Medical University (approval number NCT012- 
58635). All research subjects and their families 
were informed and signed a fully-informed con-
sent form.

Inclusion criteria: (1) patients diagnosed with 
TB or TB complicated with lung cancer by spu-
tum culture and pathological examination; (2) 
patients underwent CT scan before diagnosis; 
(3) patients with complete baseline data; (4) 
patients with clinical manifestations of TB. 

Exclusion criteria: (1) patients with inactive TB; 
(2) patients combined with nonsolid nodules; 
(3) patients with lymph node metastasis or dis-
tant metastasis; (4) patients with incomplete 
clinical data; and (5) those with complicated 
atelectasis. 

CT detection method

CT detection was performed in both groups 
using a SIEMENS SOMATOM Definition Flash CT 
scanner (Aquilion; Siemens Medical Systems, 
Munich, Germany) with the following parameter 
settings: voltage 120-125 kV, current 200-250 
mA, matrix 512×512, slice thickness 2.5-10 
mm, with interval length and pitch setting to 10 
mm and 1.0 mm, respectively, reconstruction 
slice thickness setting to 7 mm, mediastinal 
window setting to 100 HU and 40 HU, and the 
lung window setting to 1400 HU and -450 HU.

The patients were instructed to hold their 
breath before the test and were scanned from 
the tip of the lung to the angle of the rib dia-
phragm. A thin 2 mm layer scan was performed 
for some unclear area or areas of interest, and 
an enhanced scan was performed if the results 
were unclear, namely, an injection of 60-100 
mL of iohexol from the patient’s superficial vein 
at the elbow at a rate of 2.5-3.0 mL per second. 
The test results were evaluated by two experi-
enced imaging physicians using a double-blind 
method, and the support of a third physician or 
a medical institution was sought in case of dis-
agreement to form a unified opinion. 

Outcome measurement

(1) The diagnostic value of CT for TB alone and 
TB complicated with lung cancer was calculat-
ed using sputum culture results and pathologi-
cal results (the applied bacterial culture box 
was purchased from Beijing Biopike Technology 
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Co., Ltd.) as gold standards, respectively; (2) 
The differences in CT results (spiculation, lobu-
lation, vacuole sign, and cavitation) of TB alone 
and TB complicated with lung cancer were com-
pared; (3) The characteristics of tissue struc-
tures adjacent to the lesions were compared 
between the two groups.

Statistical analysis

SPSS22.0 statistical software was used to ana-
lyze the data, in which the measurement data 
were expressed as mean ± standard deviation 
and were tested for normal distribution and 
homogeneity of variance. T-test was used for 
the difference between groups conforming to 
normal distribution and homogeneity of vari-
ance. Enumeration data were expressed as n 
(%), and chi-square test was used for the differ-
ence of enumeration data between groups. 
When P<0.05, the difference was considered 
statistically significant. The Graphpad Prism 
8.3 was used for figure plotting. 

Results

Comparison of general data between the two 
groups

In TB+LCA group, there were 18 males and 32 
females with a mean age of 57.29±10.22 years 
(ranged from 32-76 years), including 24 cases 
with a history of smoking. The history of TB in 
TB+LCA group was about 1-19 years and the 

30-75 years), including 20 cases with a history 
of smoking. The patients in TB group had a his-
tory of tuberculosis of 1-20 years. There were 5 
cases of concomitant hypertension and 1 case 
of concomitant diabetes. 

Patients in both groups presented cough, spu-
tum, chest tightness, chest pain, and emacia- 
tion.

The diagnostic value of CT for TB alone and TB 
complicated with lung cancer

The diagnostic accuracy of CT in TB patients 
was 91.67% (55/60), while 2 of the remaining  
5 patients were misdiagnosed as TB+LCA and 
3 had unclear CT signs that were not detected 
by CT, resulting in a missed diagnosis rate of 
5.00% (3/60). The diagnostic accuracy of CT in 
TB+LCA patients was 92.00% (46/50), while 
the remaining 4 patients were misdiagnosed as 
TB, with a misdiagnosis rate of 8.00% (4/50). 
There was no statistically significant difference 
between the groups in the diagnostic accuracy 
of CT for TB and TB+LCA (X2=0.004, P=0.949) 
(Table 1).

Differences in CT features between TB alone 
and TB complicated with lung cancer

The detection rates of spiculation, lobulation 
and cavitation in TB+LCA group were signifi-
cantly higher than those in TB group (P<0.05) 
(Table 2 and Figure 1). The cavitation in TB 

Table 1. Comparison of the diagnostic value of CT for TB alone and TB+LCA

Diagnosis results n Accuracy case of CT 
diagnosis

Accuracy rate of CT 
diagnosis

Diagnostic error
Misdiagnosis Missed diagnosis

TB 60 55 91.67% 2 3
TB+LCA 50 46 92.00% 4 0
χ2 - - 0.004 1.152 3.093
P - - 0.949 0.283 0.079

Table 2. Differential comparison of CT signs between TB alone 
and TB complicated with lung cancer [n (%)]

CT imaging signs TB+LCA group 
(n=50)

TB group 
(n=60) χ2 P

Spiculation 45 (90.00) 29 (48.33) 21.506 <0.001
Lobulation 40 (80.00) 24 (40.00) 17.935 <0.001
Pleural indentation 36 (72.00) 40 (66.67) 0.363 0.547
Pulmonary atelectasis 41 (82.00) 45 (75.00) 0.783 0.376
Cavitation 42 (84.00) 40 (66.67) 4.318 0.038

history of lung cancer was about 5 
months - 4 years. There were 20 
cases of squamous cell carcinoma 
of lung and 30 cases of adenocar-
cinoma of lung, among them, 4 
cases were of concomitant hyper-
tension and 2 cases of concomi-
tant diabetes.

In TB group, there were 40 males 
and 20 females with a mean age 
of 57.43±9.29 years (ranged from 
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group was mostly located in the middle lobe or 
the lingual lobe of the lung, whereas that in 
TB+LCA group was mostly located in the lower 
lobe of the lung, with statistically significant dif-
ferences between the two groups (P<0.05). 
There were also significant differences between 
the two groups in the size and wall thickness of 
the TB cavity (P<0.05) (Table 3 and Figure 2).

Comparison of the structural characteristics of 
the tissue adjacent to the lesions

Patients in TB+LCA group had more pleural 
adhesions and pleural indentation around the 
cancerous tissues, while patients in TB group 
had more mediastinal lymph node calcifica- 
tion, peripheral satellite lesion, and mediasti-
nal lymph node enlargement around the TB 
lesions. There were statistically significant dif-
ferences between the two groups in terms of 
mediastinal lymph node enlargement, medias-
tinal lymph node calcification and peripheral 
satellite lesions (P<0.05) (Table 4). 

Case analysis of misdiagnosed or missed pa-
tients

The CT images of missed patients in TB group 
were analyzed, and it was found that the imag-
ing manifestations such as cavitation signs  
and lung scarring were not typical, which might 
be attributed to the fact that the patients with 
missed diagnosis were in the early stage of TB 
infection, leading to less obvious imaging mani-
festations (Figure 3). In addition, the misdiag-
nosed patients in the TB group typically pre-
sented with more severe TB and developed 
tumor-like lesions of the lung such as vacuole 
sign and severe adhesions, leading to the mis-
diagnosis as TB+LCA (Figure 4). The CT images 
of misdiagnosed patients in TB+LCA group 
were analyzed, and it was found that there  
were certain changes in the CT images of such 
patients, which might be related to the distor-
tion of the reception signal at the site of the 
lesion. Meanwhile, the misdiagnosed patients 
had lower pathological staging, and the typical 

Figure 1. CT imaging findings of patients with pulmonary tuberculosis alone and pulmonary tuberculosis compli-
cated with lung cancer. (A) Pulmonary tuberculosis alone; (B) Pulmonary tuberculosis complicated with lung cancer. 
The cavitation was more pronounced in patients with pulmonary tuberculosis complicated with lung cancer (black 
arrow in B) than in patients with pulmonary tuberculosis alone (black arrow in A). The adhesions were more pro-
nounced in patients with pulmonary tuberculosis complicated with lung cancer (red arrow in B) than in patients 
with pulmonary tuberculosis alone (red arrow in A). Black arrows indicate the cavitation, and red arrows indicate 
the adhesions.

Table 3. Comparison of cavitation between the two groups (χ±sd)/n (%)

General condition of cavitation Patients with cavitation 
in TB+LCA group (n=42)

Patients with cavitation 
in TB group (n=40) χ2 P

Location Middle lobe of the lung 7 (16.67) 12 (30.00) 14.339 <0.001
Pulmonary lingual lobe 9 (21.43) 20 (50.00)
Lower lobe of lung 26 (61.90) 8 (20.00)

Cavity wall thickness ≤3 mm 7 (16.67) 36 (90.00) 44.177 <0.001
>3 mm 35 (83.33) 4 (10.00)

Pulmonary tuberculosis cavity size (mm) 40.11±5.59 28.39±4.20 10.693 <0.001
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obstruction and bone destruction were not 
present in patients, which might be the main 
reason for the misdiagnosis (Figure 5).

Discussion

Patients with TB and lung cancer are clinically 
recommended to receive early diagnosis and 
intervention to improve the prognosis [12, 13]. 
Data show that the number of patients with TB 
complicated with lung cancer has increased 
year by year. The reasons may be related to the 
fact that persistent TB lesions lead to pulmo-
nary fibrosis, scarring, and bronchial mucosal 
proliferation, inducing lung cancer [14, 15]. 
Imaging examination is a crucial means to dis-
tinguish TB from lung cancer [16]. TB and lung 
cancer are similar in terms of imaging perfor-
mance, resulting in high misdiagnosis rate. 
Especially in some medical institutions that 
cannot perform pathological tests, misdiagnos-
es and inappropriate treatment opinions may 
affect the subsequent treatment. Therefore, it 
is of great significance to explore the differenc-
es of imaging results between patients with TB 

Figure 2. Comparison of cavitation between pulmonary tuberculosis alone and pulmonary tuberculosis complicated 
with lung cancer. (A) Pulmonary tuberculosis alone; (B) Pulmonary tuberculosis complicated with lung cancer. In 
the TB group (red arrow in A), the cavities were mostly located in the middle lobe or lingula of the lung, while in the 
TB+LCA group, the cavities were mostly located in the lower lobe of lung (red arrow in B). Red arrows indicate the 
cavities.

Table 4. Comparison of structural characteristics of the tissue adjacent to the lesion between the two 
groups [n (%)]
CT imaging signs TB+LCA group (n=50) TB group (n=60) χ2 P
Inflammation 35 (70.00) 36 (60.00) 1.192 0.275
Pleural adhesions 39 (78.00) 43 (71.67) 0.577 0.448
Mediastinal lymph node enlargement 3 (6.00) 15 (25.00) 7.194 0.007
Mediastinal lymph node calcification 4 (8.00) 40 (66.67) 39.111 <0.001
Peripheral satellite foci 5 (10.00) 35 (58.33) 27.533 <0.001
Pleural indentation 36 (72.00) 40 (66.67) 0.363 0.547

Figure 3. Typical images of missed patients in TB 
group. The patients were in the early stage of TB, 
with less obvious CT signs, and were confirmed as 
TB by pathogen detection.

manifestations of lung cancer such as enlarg- 
ed lymph nodes, enlarged hilum, bronchial 
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alone and TB with concurrent lung cancer for 
guiding the work of primary care institutions 
[17-19]. 

In this study, a comparative analysis of 50 
patients with TB complicated with lung cancer 

and 60 patients with TB alone revealed that  
the diagnostic accuracy of CT for TB alone and 
TB complicated with lung cancer were basically 
similar. To investigate the imaging differences 
between patients with TB alone and those with 
TB complicated with lung cancer, the study  
further analyzed the specific manifestations 
such as spiculation, lobulation, pleural indenta-
tion, pulmonary atelectasis and cavitation of 
the two diseases. The results showed that  
the detection rates in patients with TB compli-
cated with lung cancer were significantly higher 
than those in patients with TB alone, which  
was similar to the results of other studies [20]. 
In a controlled study of 60 patients with TB 
alone and 54 patients with TB complicated with 
lung cancer, the symptoms of spiculation and 
lobulation accounted for 62.96% and 72.22%, 
respectively in patients with TB complicated 
with lung cancer, which were significantly high-
er than 28.33% and 36.67% in patients with  
TB alone [21]. Another study of 31 patients  
with lung cancer combined with TB and 31 
patients with TB alone found that the percent-
age of spiculation and lobulation in patients 
with lung cancer combined with TB was 90.32% 
and 80.65%, respectively, which was higher 
than 54.84% and 45.16% in patients with TB 
alone [22]. It was found that the data of the 
above studies differed from our results. The 
reasons may be related to differences in the 
stage of lung cancer and the location of lesions 
in the included patients. However, the research 
of the above-mentioned scholars as well as the 
present study has verified the feasibility of CT 
examination in the diagnosis and treatment of 
TB and lung cancer patients complicated with 
TB. The analysis provided new ideas and refer-
ences for the diagnosis and treatment of TB 
complicated with lung cancer, avoiding the limi-
tation of traditional pathological detection. On 
the one hand, it shortens the detection time, 
and on the other hand, it improves the repeat-
ability of detection. Furthermore, it also helps 
to promote the diagnosis and treatment of TB 
complicated with lung cancer in primary medi-
cal institutions.

In order to investigate the factors affecting the 
imaging signs of TB, this study explored the dif-
ferences of imaging signs between the two 
groups, and the results showed that sex, spicu-
lation, lobulation, pleural indentation, pulmo-
nary atelectasis and cavitation affected the CT 

Figure 4. Typical images of patients misdiagnosed 
as TB+LCA in TB group. The patients were in the 
late stage of TB and were misdiagnosed as TB+LCA 
through CT examination. The reason may be related 
to the serious TB condition in such patients and the 
imaging manifestations similar to lung cancer.

Figure 5. Typical images of patients misdiagnosed as 
TB in TB+LCA group. The patients were diagnosed as 
TB+LCA by pathological examination, but the CT im-
age did not show the typical manifestations of lung 
cancer such as enlarged hilum, bronchial obstruc-
tion and bone destruction, leading to the misdiagno-
sis as TB.
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signs. This study concluded that the results can 
be used for preliminary screening of the risk 
level of lung cancer combined with TB in clinical 
practice. For example, female TB patients with 
spiculation and lobulation should be evaluated 
on the risk of concurrent lung cancer, and path-
ological or laboratory index tests should be  
performed to improve the diagnostic accuracy 
[23]. Furthermore, the structural characteris-
tics of the tissues adjacent to the lesions were 
compared between the two groups, exhibiting 
statistically significant differences between the 
two groups in terms of inflammatory changes, 
mediastinal lymph node enlargement, medias-
tinal lymph node calcification, peripheral satel-
lite lesions and pleural indentation. This study 
concluded that the results were related to the 
fact that lung cancer is more aggressive, the 
tissues surrounding lung cancer are more likely 
to be invaded due to tissue adhesions, and the 
normal shape of the pleura would be affected 
due to excessive proliferation of lesions [24], all 
of which provide new ideas for differential diag-
nosis of TB complicated with lung cancer.

Finally, CT images of patients with missed diag-
nosis/misdiagnosis in TB group and TB+LCA 
group were screened, focusing on why the 
above phenomenon occurred. It was found that 
patients misdiagnosed as TB+LCA in the TB 
group had typical tumor-like lesions of the lung 
such as vacuole sign and severe adhesions on 
CT images, leading to the misdiagnosis, and 
the missed patients in the TB group were most-
ly in the early stage of the disease with mild  
TB, with no obvious imaging manifestations. In 
TB+LCA group, the patients misdiagnosed as 
TB did not show the typical manifestations of 
lung cancer such as enlarged hilum, bronchial 
obstruction and bone destruction, leading to 
the misdiagnosis as TB. No missed diagnosis 
occurred in TB+LCA group due to significant 
lung lesions and high CT detection rate in such 
patients.

The innovation of this study is that CT detection 
was used as an entry point to analyze in detail 
the differences in imaging features between 
patients with pulmonary tuberculosis and pati- 
ents with TB complicated with lung cancer,  
providing new ideas and initiatives for the clini-
cal syndrome differentiation. Overall, there are 
some similarities between the CT features of 
patients with TB alone and those with TB com-

plicated with lung cancer, and it is difficult to 
differentiate them. The authors in this study 
believe that the two can be distinguished from 
each other from the aspects of vacuole sign, 
spiculation and lobulation, especially spicula-
tion, which is a pathological manifestation 
caused by the invasion and stretching of the 
lung scaffold around the tumor, and has a high 
value of identification. 

The deficiencies of this study are as follows: (1) 
the correlation between pathological features 
of lung cancer and CT features was not ana-
lyzed. In other words, patients with lung cancer 
complicated with TB still lack specific indica-
tions in CT findings. CT examination can be 
used as an auxiliary detection method for the 
differentiation of lung cancer in patients with 
suspected TB, providing certain determination 
support for subsequent laboratory testing and 
pathological examination. (2) Differentiation of 
CT signs in patients with TB complicated with 
lung cancer may require profound experience 
of imaging physicians, and some imaging physi-
cians with less experience may have difficulty 
in distinguishing the difference of CT signs 
between TB alone and TB complicated with 
lung cancer. (3) This study should include larger 
numbers and more sources of patients to 
improve the reliability of the data.

In conclusion, CT has a good application value 
in distinguishing TB alone from TB complicated 
with lung cancer, and there are large differenc-
es in the imaging features of the two condi-
tions, which can be considered as a differential 
tool for the primary screening diagnosis of lung 
cancer in clinical application.
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