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Introduction

Lung cancer is a leading cause of death, leading to about 
1.7 million deaths each year worldwide (1,2). Currently, 
research on diagnosis and treatment of lung cancer is a 

hot topic. Primary pulmonary mucinous adenocarcinoma 

(PPMA) has been classified as a special subtype of lung 

adenocarcinoma by World Health Organization in 2015 

and by the American Lung Cancer Association/Thoracic 
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Background: Pulmonary nodular mucinous adenocarcinoma (PNMA) tends to be easily misdiagnosed as 
tuberculoma in practice. In this study, we aimed to discriminate PNMA from tuberculoma with dynamic 
computed tomography (CT).
Methods: In this study, 38 consecutive pathologically confirmed cases of PNMA and 23 cases of 
tuberculoma from January 2015 to December 2019 were retrospectively collected. The mean CT 
attenuations of each lesion were examined. The values on the plain scan, the venous scan, and the enhanced 
values (CT attenuation of lesion of venous scan minus that of the plain scan) were tested with an independent 
t-test pair-wisely. Receiver operating characteristic (ROC) curve analyses were performed to test the 
differential diagnosis values. The presence of satellite lesions was determined with the chi-square test.
Results: The mean CT attenuation of tuberculoma shown on the plain scan was significantly higher than 
that of PNMA (35.15±16.00 vs. 24.00±12.67 HU; P<0.01). The enhanced value of tuberculoma on venous 
scan was significantly lower than that of PNMA (13.44±13.40 vs. 22.52±14.00 HU; P=0.02). The optimum 
CT attenuation of the plain scan and the enhanced value for differential diagnosis were 28.80 and 14.25 HU 
[area under the curve (AUC) =0.72, 95% confidence interval (CI): 0.58–0.86; and AUC =0.70, 95% CI: 0.59–
0.84], with sensitivity (78.3% vs. 71.1%) and specificity (63.8% vs. 69.6%) respectively. The satellite lesions 
were more often observed in the tuberculoma group (P<0.01).
Conclusions: The CT attenuation of the plain scan, the enhanced value after enhancement, and the 
presence of satellite lesions might be useful in differentiating PNMA from tuberculoma.
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Society/European Respiratory Society in 2011. PPMA is 
rare in clinical practice and accounts for 0.25% of lung 
adenocarcinoma worldwide (3-6). Computed tomography 
(CT) is a mainstay for the diagnosis of PPMA. PPMA has 
diverse CT manifestations, including solid nodular, ground-
glass nodular, inflammatory, and mixed types. Except for 
solid nodular type, other types of PPMA are relatively easily 
differentiated from lesions caused by inflammation and 
tuberculosis according to CT morphology and enhancement 
characteristics. However, the pulmonary nodular mucinous 
adenocarcinoma (PNMA), especially nodules with 
inconspicuous enhancement characteristics, smooth or 
speculated edges, internal vacuoles or cavities, or other 
characteristics, tend to be easily misdiagnosed. The PNMA 
may show no-mild enhancement, linear enhancement 
at the edges, or internal cord-like enhancement after 
enhancement on dynamic CT. In addition, PNMA may 
show no-mild uptake on positron-emission tomography 
(PET)/CT. The morphology and imaging features may 
overlap with a tuberculoma (7-9). In our department, many 
cases of PNMA were misdiagnosed as tuberculoma. Like 
other types of PPMA, PNMA also tend to be airborne, so 
early detection and differential diagnosis from tuberculoma 
are particularly important to avoid metastasis and achieve 
prompt treatment (7-9).

PPMA is rare in practice, therefore most existing literature 
were case reports and some reported as bronchoalveolar 
carcinoma, the former name of PPMA (10). As to PNMA, 
its imaging features have not been fully reported yet. In this 
study, we retrospectively analyzed the CT morphological 
and enhancement characteristics of PNMA and tuberculoma 
to improve understanding about how to tell the difference 
between them. We present the following article in accordance 
with the STARD reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-372/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional review board of Weifang 
People’s Hospital (No. WPHEC2022002003). Individual 
consent for this retrospective analysis was waived.

General information

Thirty-eight consecutive cases of PNMA and 23 cases 
of tuberculoma who were pathologically confirmed by 

surgery or needle biopsy from January 2015 to December 
2019 in Weifang People’s Hospital were retrospectively 
collected. The maximum diameter of the nodule was less 
than or equal to 3.0 cm; when its diameter was less than 
or equal to 1.0 cm, a 1.0 mm thin layer was built in the 
lung window and other stages. To be included in this 
study, PNMA met the following conditions: (I) no more 
than 10% of mucinous adenocarcinoma medium acinar 
or papillary adenocarcinoma components; (II) solitary and 
solid nodules, which may be associated with vacuoles and 
cavities, are not associated with bronchial inflation sign or 
ground-glass density; (III) no metastasis. To be included in 
the study, tuberculoma met the following conditions: (I) a 
solitary nodule; (II) the tuberculoma was not associated with 
exudative or proliferative lesions.

Among the PNMA patients, 19 were male and 19 were 
female. Of the tuberculoma patients, 17 were male and 6 
were female. The oldest PNMA patient was 79 years old 
and the youngest was 42 years old; the oldest tuberculoma 
patient was 74 years old and the youngest was 39 years old.

Inspection method

Patients were examined with a 64- or 128-slice iCT scanner 
(Philips Medical, Eindhoven, Netherlands). Scanning 
parameters were setting as 120 kV, 200 mAs. The original 
acquisition slice thickness was 0.625 mm with a pitch of 
1.5. Conventional scan slice thickness was 5 mm, and high-
resolution CT (HRCT) reconstruction slice thickness and 
increment were both 1 mm. Proceeding with the algorithm 
“sharp YB”. First, the patient was placed in the supine 
position with both hands holding their head. Patients 
were asked to hold their breath during the scan, with the 
scanning range from the apex of the lung to the dome of 
the diaphragm. Then, all patients were examined with a 
contrast-enhanced scan after the non-ionic contrast medium 
iohexol (Beijing Hokuriku Pharmaceutical Co., Ltd., 
China) (350 mg/mL) was injected into the antecubital vein 
at a dose of 80–100 mL and an injection rate of 3.0 mL/s.  
Scans were performed at arterial phase (30 s) and venous 
phase (90 s) after the injection of the contrast medium. Lung 
window was −600 HU with a window width of 1,600 HU. 
The mediastinal window was window 40 HU with a window 
width 400 HU.

Image analysis

Only venous phase CT values were measured and recorded 
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in this study because the lesions were fully enhanced at 
this stage. The mean CT value of the nodule on the plain 
scan and the venous scan were measured, and the enhanced 
values (CT attenuation of lesion of venous scan minus that 
of the plain scan) were calculated. To ensure the accuracy 
of data, the largest slice of the lesion and three adjacent 
slices above and below were selected as the region of 
interest (ROI) with the same size, avoiding any area with 
calcification, necrosis, and atelectasis. When the density was 
uniform, the area of the ROI was greater than half of the 
interface; when the density was uneven, it was necessary to 
select the slice with the most solid components to make a 
measurement and calculate its mean value according to the 
results of three measurements.

Two radiologists (more than 5 years of work experience) 
observed the presence or absence of satellite lesions 
around the nodules and counted them. Disagreement was 
resolved by negotiation. The satellite lesions were defined 
as: ≥1 miliary nodules around the nodules (within 3.0 cm), 
except for the only presence of miliary nodules distal to the 
nodules (possible obstructive inflammation).

Statistical analysis

SPSS 20.0 (IBM Corporation, Armonk, NY, USA) was 
used for the statistical tests. All numeric variables were first 
tested for normal distribution, and normal distribution 
data were expressed as mean ± standard deviation (SD). 
An independent sample t-test was used to compare the 
differences in lesion size, CT value on the plain and venous 
scan, and the enhanced values between the two groups. 
The incidence of perilesional satellite lesions was compared 
between the two groups using the chi-square test. Using 
receiver operating characteristic (ROC) curves, the optimal 
threshold for the differential diagnosis of each parameter 
and its sensitivity and specificity were determined. Area 
under the curve (AUC) >0.70 was considered to be 
acceptable. P<0.05 (two-sided) was considered statistically 
significant.

Results

Analysis results of basic characteristics of patients

The age and gender in the PNMA and tuberculoma groups 
were compared. The mean age was 58.68±9.36 in the 
PNMA group and 55.35±9.36 in the tuberculoma group 
(t=−1.33; P=0.19) after the t-test, which was not statistically 

significant. The male-to-female ratio was 19:19 in the 
PNMA group and 17:6 in the tuberculoma group. The chi-
square test (χ2=3.39; P=0.07) showed that gender was not 
significant between the two groups.

CT value comparison results of CT images

The mean CT value on the plain scan, the venous scan 
and the enhanced values between the two groups were 
compared, respectively. The mean CT attenuation on the 
plain scan of tuberculoma was significantly higher than 
that of PNMA (35.15±16.00 vs. 24.00±12.67 HU; P<0.01). 
The enhanced value of tuberculoma after enhancement 
was significantly lower than that of PNMA (13.44±13.40 
vs. 22.52±14.00 HU; P=0.02). The mean CT value on the 
venous scan was comparable. PNMA had a lower density 
on the plain scan than tuberculoma, and tuberculoma had 
a lower enhanced value on the venous scan than PNMA 
(Figures 1,2, Table 1). ROC curves were generated by 
selecting each of the above statistically significant CT value 
parameters (Table 2).

Comparison results of satellite lesions in CT images

The proportions of CT lung window images with and 
without satellite lesions in patients of the PNMA group and 
the tuberculoma group were 3:35 and 13:10, respectively 
(χ2=17.51; P<0.01), and the difference was statistically 
significant. The lung window images analysis showed that 
tuberculoma had more satellite lesions than PNMA.

Discussion

Although PNMA is rare and grows slowly, it’s malignant 
and can invade lymph and blood vessels (11-13). However, 
PNMA can often be misdiagnosed on CT as tuberculoma, 
which is a benign lesion with high incidence. Current 
studies show that PNMA cannot be distinguished from 
tuberculoma based on clinical symptoms, gender, and age. 
For example, Masai et al. reported the male to female ratio 
of 2:1 (14). In this study, the male to female ratio of patients 
in the PNMA group was 1:1, and the male to female ratio 
of group was 17:6 in the tuberculoma group, indicating 
that gender is not a factor for distinguishing PNMA from 
tuberculoma. The age of patients in the PNMA group was 
58.68±9.36, and the age of patients in the tuberculoma 
group was 55.35±9.36, which also indicated that age is not a 
distinguishing factor. Therefore, our data is consistent with 
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Figure 1 A 50-year-old male patient with PNMA of the right lower lobe was misdiagnosed as tuberculoma by CT. (A) the nodule was 
low-density on plain scan CT image; (B) the nodule showed thin linear enhancement at the edge and no enhancement in the center after 
enhancement; (C) CT lung window image showed no satellite lesion around the nodule; (D) pathologically confirmed PNMA (HE, ×10) 
without obvious intravascular tumor thrombus and cancer at the bronchial end. SD, standard deviation; PNMA, pulmonary nodular 
mucinous adenocarcinoma; CT, computed tomography; HE, hematoxylin and eosin.

A B

C D

Mean =0.8966 SD =6.933
Max =16 Min =−15
Area =0.33 cm2 (58 px)

Mean =1.26 SD =14.84
Max =37 Min =−38
Area =0.3574 cm2 (177 px)

Figure 2 A 48-year-old male patient with tuberculoma in the right upper lobe, was misdiagnosed as PNMA by CT. (A) CT image of plain 
scan, CT value was 46.35 HU; (B) CT image in venous phase, CT value was 60.54 HU; (C) CT lung window image, satellite lesions were 
seen around the nodules (the arrow); (D) pathological image (HE, ×10), chronic granulomatous inflammation with caseous necrosis, with a 
high possibility of tuberculoma. SD, standard deviation; PNMA, pulmonary nodular mucinous adenocarcinoma; CT, computed tomography; 
HE, hematoxylin and eosin.

A B

C D

Mean =46.35 SD =12.44
Max =77 Min =25
Area =0.2018 cm2 (29 px)

Mean =60.54 SD =16.11
Max =90 Min =36
Area =0.1835 cm2 (26 px)
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the previous findings in other reports.
Histologically, PNMA was reported to be composed 

of densely packed mucin-rich tumor cells, with central 
fibrosis and alveolar spaces filled with mucin (15,16). 
Tuberculoma is formed by fibrous tissue containing caseous 
necrotic tissue. Because both of them are low-density on 
plain scan, and their morphological characteristics overlap 
greatly, one is easily misdiagnosed as the other. In this 
study, tuberculoma was misdiagnosed as PNMA in 17 of 23 
cases with a misdiagnosis rate of 73.9%, and PNMA was 
misdiagnosed as tuberculoma or inflammation in 10 of 38 
cases with a misdiagnosis rate of 26.3%.

CT is a commonly used method for the diagnosis of lung 
cancer and tuberculosis. Some reports (17,18) found that 
the CT value of lung cancer at the level of 40–70 Kev was 
higher than that of the tuberculosis group in the quantitative 
analysis of peripheral lung cancer and tuberculoma by 
energy spectrum. There were many reports on PET/
CT for PPMA (19,20), but there were no reports about 
CT features of PNMA and tuberculoma. In this study, we 
found that the CT value of tuberculoma on plain scan was 
35.15±16.00, and the CT value of PNMA was 24.00±12.67. 
The CT value of the tuberculoma group on plain scan was 
generally higher than that of the PNMA group, which is 

inconsistent with a former report (17). This may be caused 
by the different pathological types and research methods of 
PNMA. Tuberculoma is formed by fibrous tissue containing 
caseous necrotic tissue with low density, but calcification can 
easily occur. Some calcifications are fine sand and scattered, 
which easily leads to a higher value of CT measurement. 
PNMA is a mixture of mucin-rich tumor cells, fibrous 
tissue, and alveolar spaces filled with mucin-protein, 
generally with fewer fibrous components, which may lead 
to low CT value (14,15). By ROC curve comparison, we 
found that the threshold of CT value on plain scan in 
the differential diagnosis of tuberculoma and PNMA is  
28.8 HU, the sensitivity is 78.3%, and the specificity is 
63.8%. The specificity of diagnosis was not very high, so 
some false positives may exist when setting a CT value of 
28.8 HU to distinguish between tuberculoma and PNMA. 
This relatively low specificity may occur because of the 
limited number of collected samples. Therefore, more 
samples need to be included future research.

CT dynamic contrast-enhanced scan is also an important 
method to diagnose PNMA and tuberculoma. Swensen et al. 
found that tuberculoma had no significant enhancement and 
the CT enhanced value was <20 HU (21). However, Yi et al. 
found that some tuberculomas had significant enhancement, 
which was similar to the enhancement pattern of some lung 
cancer (22). Currently, agreement has not been reached on 
the mode of tuberculoma enhancement. In this study, we 
collected 23 cases of tuberculoma including 7 cases with 
obvious enhancement (CT enhanced value >20 HU) and 
16 cases with no-mild enhancement. Our findings were 
consistent with those reported by Chae et al. (23), who 
showed that the CT enhanced value after enhancement was 
higher in the lung cancer group than that in the tuberculosis 
group, but the difference between PNMA and tuberculoma 
was not reported.

Only venous phase CT values were measured and 
recorded in this study because the lesions were fully 
enhanced at this stage. The CT value of the venous 
phase was 47.67±25.08 HU in the PNMA group and  
49.61±20.53 HU in the tuberculoma group. It is not 
significant in the CT value of the venous phase between 
the two groups. The enhanced value of venous phase was 
22.52±13.99 HU in the PNMA group and 13.44±13.39 HU  
in the tuberculoma group. The enhanced value in the 
PNMA group was higher than that in the tuberculoma 
group. The pathological characteristics of the lesion 
determined the enhancement patterns. The center of 
tuberculoma is caseous necrotic tissue without blood 

Table 1 Comparison of the mean CT value in the plain and venous 
scan, and the enhanced value of PNMA and tuberculoma

CT density (HU)
PNMA group 

(n=38)
Tuberculoma 
group (n=23)

t P

Plain scan 24.00±12.67 35.15±16.00 3.02 <0.01

Venous scan 47.67±25.08 49.61±20.53 0.31 0.76

Enhanced value 22.52±13.99 13.44±13.39 −2.49 0.02

CT, computed tomography; PNMA, pulmonary nodular mucinous 
adenocarcinoma.

Table 2 ROC analysis of the CT value of plain scan and the 
enhanced value after enhancement between PNMA and tuberculoma

Diagnostic index AUC Threshold
Sensitivity 

(%)
Specificity 

(%)

CT value of plain 
scan

0.721 28.80 78.3 63.8

CT enhanced value 0.697 14.25 71.1 69.6

ROC, receiver operating characteristic; CT, computed tomography; 
PNMA, pulmonary nodular mucinous adenocarcinoma; AUC, area 
under the curve.
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supply, the periphery is a capsule, and the inner layer of 
the capsule is granulation tissue containing blood supply. 
Therefore, according to the degree of caseous necrosis and 
the amount of granulation tissue, the enhancement mode 
is non-enhanced, annular, strip, linear or other forms (24). 
PNMA is composed of a mixture of mucin-rich tumor 
cells, fibrous tissue, and alveolar spaces filled with mucin. 
According to the amount of solid component, fibrous tissue 
and mucinous components, the tumor showed a complex 
enhancement pattern. Moreover, papillary or alveolar 
components within PNMA increased the difference of CT 
features. In this study, we also found that the threshold of 
CT enhanced value in the differential diagnosis between 
tuberculoma and PNMA is 14.25 HU, with a sensitivity of 
71.1% and a specificity of 69.6% by comparison of ROC 
curves. The specificity and sensitivity were not very high, 
which may be led by the small difference in venous phase 
CT values between the two groups, and further study with 
an increasing sample size is needed.

Tuberculoma is often accompanied with satellite lesions. 
In this study, 13 of 23 tuberculomas had satellite lesions, 
with a ratio of 13:10. In comparison, 3 of 38 PNMA had 
satellite lesions, with a ratio of 3:35. Thus, there was 
statistical significance between the two groups. These data 
indicate that tuberculomas have more common satellite 
lesions than PNMA, which is consistent with previous 
reports (25,26).

Our study has some limitations: (I) PNMA is rare in 
practice. We searched our database thoroughly and only 
38 cases of PNMA matched our criteria, so our sample 
was small; (II) the density of the selected nodule part was 
uneven, and the measurement of CT value may cause 
certain errors; and (III) it is a retrospective study, so there 
was some bias in selecting cases. Future research should 
increase the sample size and strictly select the case criteria 
for further study.

Conclusions

In conclusion, the CT value of plain scan, the enhanced 
value after enhancement, and satellite lesions around 
nodules might be useful in differentiating PNMA from 
tuberculoma.
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