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Background: Tuberculoma is the most common type of surgically removed benign solid solitary pulmonary
nodule (SPN) and can lead to a high risk of misdiagnoses for clinicians. This study aimed to discuss the value
of the immunocyte count combined with computed tomography (CT) features in distinguishing pulmonary
tuberculoma from malignancy among non-calcified solid SPNs.

Methods: Forty-eight patients with pulmonary tuberculoma and 52 patients with lung cancer were
retrospectively included in our study. Univariate and multivariate analyses were conducted to screen the
independent predictors. Receiver operating characteristic (ROC) analysis was performed to investigate the
validity of the predictive model.

Results: The univariate and multivariate analyses revealed that a coarse margin, vacuole, lobulation,
pleural indentation, cluster of differentiation (CD)3" T-lymphocyte count, and CD4" T-lymphocyte count
were independent predictors for distinguishing pulmonary tuberculoma from malignancy. The sensitivity,
specificity, accuracy, and the area under the ROC curve of the model comprising the CD3" T-lymphocyte
count were 79.2%, 75%, 74.5%, and 0.845 [95% confidence interval (CI), 0.759-0.910], respectively, and
those of the model involving the CD4" T-lymphocyte count were 77.1%, 78.8%, 77.1%, and 0.857 (95% CI,
0.773-0.919), respectively.

Conclusions: Immunocyte count combined with CT features is efficient in distinguishing pulmonary

tuberculoma from malignancy among non-calcified solid SPNs and has applicable clinical value.
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Introduction many patients with pulmonary tuberculoma have no clear

Tuberculosis (TB) has again become the most threatening previous TB history and are only examined by physical

infectious disease in the world, and the burden of TB in examination.

China remains substantial (1,2). Tuberculoma is a spherical On computed tomography (CT) imaging, pulmonary

caseous necrotic lesion wrapped in fibrous tissue that is
usually secondary to TB infection. Pulmonary tuberculoma
is seen in about 9% of primary TB patients (3). However,
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tuberculoma often appears as a solitary pulmonary nodule
(SPN), which refers to a single, focal, and circular opacity

<3 cm in diameter that is surrounded by pulmonary
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parenchyma without other abnormal signs, such as
atelectasis, enlarged lymph nodes, or pleural effusion (4).
SPNs can be divided into two groups: solid and subsolid (5).
Various studies (6,7) have shown that solid SPNs are
extremely common, with a considerable portion of
these being malignant. The identification of benign and
malignant solid SPNs has been a significant challenge for
clinicians. For such a small lesion with variable features,
clinicians aim to strike a balance between conservative
follow-up and direct medical intervention.

Tuberculoma is the most common type of benign SPN,
accounting for approximately 25% of all surgically removed
SPNs, and often manifests as a solid SPN (8). The treatment
of pulmonary tuberculoma is dominated by chemotherapy
and is treated by surgery only if the pulmonary tuberculoma
does not respond to chemotherapy. However, this lack
of a response is indistinguishable from malignancy and
leads to extensive destruction (9). Therefore, if pulmonary
tuberculoma can be identified by non-surgical approaches,
some patients can avoid surgical biopsy. This will not only
protect their lung function as much as possible but their
financial burden can also be alleviated.

Currently, CT imaging data can assist in distinguishing
pulmonary TB from lung cancer among solid SPNs. Typical
pulmonary tuberculomas are round, well-defined lesions
surrounded by satellite lesions, and calcification can be
found in 20-30% of them (10). However, in clinical practice,
they can sometimes appear as non-calcified solid SPNs with

Highlight box

Key findings

e The immunocyte count may be used as a potential indicator for
distinguishing pulmonary tuberculoma from early malignancy,
which will be a starting point for further research.

What is known and what is new?

* Currently, computed tomography (CT) imaging data can assist
in distinguishing pulmonary tuberculosis (T'B) from lung cancer
among solid solitary pulmonary nodules (SPNs). The immunocyte
count combined with CT features can enhance the diagnostic

power.

What is the implication, and what should change now?

®  Our study demonstrated that clinicians need to be highly vigilant
for pulmonary tuberculoma in cases of non-calcified solid SPNs
without a coarse margin, vacuole, lobation, spiculation, and pleural
indentation combined with high cluster of differentiation (CD)3"
or CD4" T-cell counts. Follow-up is recommended for these
patients.
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atypical imaging characteristics such as a coarse margin,
vacuole, lobulation, spiculation, and pleural indentation. In
enhanced scanning, tuberculomas at different inflammatory
stages will exhibit different enhanced characteristics that
are similar to lung cancers, thus increasing the risk of
misdiagnoses for clinicians (10,11).

Although the SPN detection rate has increased
considerably with the appearance of finer CT imaging
sections and higher resolution images, the subjectivity of
clinicians also leads to many false-positive results (12). In
addition, various studies (13,14) have shown that some
unique indicators on positron emission tomography (PET)/
CT images, such as maximum uptake values (SUVmax),
metabolic tumor volume (MTV), total lesion glycolysis
(TLG), and density, are specific for differentiating between
pulmonary tuberculoma and lung malignancy and can assess
whether the pulmonary tuberculoma is active. However,
PET/CT has a high cost and has low sensitivity, specificity,
and accuracy for diagnosing small or heterogeneous lesions
due to the existence of a partial volume effect (15).

Recently, studies have demonstrated that radiomics
nomogram models have some diagnostic efficacy for the
differentiation of solid SPNs but their reproducibility
and stability require further study and validation (16,17).
Tumor-related markers, such as cytokeratin fragment
antigen 21-1 (CYFRA21-1), carcinoembryonic antigen
(CEA), and others, have been investigated for lung cancer
screening in several clinical trials; however, they seemed
to exhibit no significant diagnostic efficacy for early lung
cancer (18). Thus, distinguishing pulmonary tuberculoma
from malignancy among non-calcified solid SPNs remains
an urgent problem.

There are three formation mechanisms of tuberculoma:
(I) the caseous necrosis is wrapped up in fibrous tissue
hyperplasia when the infiltrative pulmonary TB is
cured; (II) the TB cavity is concentrated because the
bronchus connected with it is obstructed; and (IIT) the
primary pulmonary TB appears as a circular lesion (19).
Nevertheless, regardless of how it is formed, a tuberculoma
is considered to have the characteristic caseous granuloma.
CD3" T cells and their subsets (such as CD4" T cells,
CD8" T cells, and other immune cells) play an important
role in the formation of tuberculous granuloma and the
development of pulmonary TB (20-23). Recent articles
(24,25) have shown that their downstream cytokines, such
as interleukin (IL), tumor necrosis factor-o (TNF-a), and
interferon-y (IFN-y), are valuable for the identification of
SPNs. At the same time, the development of malignant
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tumors requires the body to be in a low immune reaction
state (26).

Therefore, we propose to evaluate the clinical,
immunologic, and imaging features to screen out the critical
characteristics for distinguishing pulmonary tuberculoma
from lung cancer among non-calcified solid SPNs and to
build an accurate and clinically practical diagnostic model.
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1024/rc).

Methods
Patients

Patients with indeterminate solid SPNs who visited the First
Affiliated Hospital of Chongging Medical University from
January 2018 to June 2022 and were diagnosed by surgical
biopsies were retrospectively collected. The inclusion
criteria were as follows: patients who were surgically
diagnosed with pulmonary tuberculoma or malignancy
and had definite postoperative pathological results.
The exclusion criteria were as follows: (I) patients with
pulmonary nodules that did not appear as non-calcified solid
SPNs; (IT) patients who had recently received anti-infection
therapy, anti-TB therapy, or anti-tumor chemotherapy;
(III) patients that were previously diagnosed with lung
cancer; (IV) patients who were taking drugs that have an
impact on immune function, such as glucocorticosteroids,
immunoglobulins, and interferons; (V) patients with acute
pneumonia or infections in other parts of the body; (VI)
patients with autoimmune diseases or other immune system
diseases; (VII) patients with severe cardiac, hepatic, or
renal abnormalities; and (VIII) patients with a history of
malignancies in other systems. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by Clinical Research Ethics
Committee of the First Affiliated Hospital of Chonggqing
Medical University (No. 2022-375) and informed consent
was obtained from all subjects.

Two clinicians conducted a review of the patients’
clinical data obtained from the electronic medical records,
including gender, age, history of TB, history of heavy
smoking, CYFRA21-1, CEA, as well as indicators related
to the body’s immune function in peripheral blood, such as
lymphocyte count, CD3" T-cell count, CD4" T-cell count,
CD8" T-cell count, and the ratio of CD4" T-lymphocyte
count to CD8" T-lymphocyte count (CD4* T/CD8" T).
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CT image acquisition and description

Chest CT scans were conducted using the SOMATOM
Perspective (Siemens Healthineers, Erlangen, Germany),
and SOMATOM Definition Flash (Siemens Healthineers,
Erlangen, Germany) CT scanner according to the following
protocol parameters: patients were in a supine position,
and the range was from the apex to the costophrenic angle.
Additional parameters were as follows: 90-130 KVp;
50-140 mAs; rotation speed, 0.5 r/s; pitch, 1; slice thickness
and interval for axial images, 5 mm/5 mm; and reconstruction
by standard algorithm or medium-sharp algorithm after
scanning, 1 mm/1 mm.

All CT morphological characteristics were evaluated
in the lung window (level, -600 HU; width, 1,600 HU)
by two experienced chest radiologists and two thoracic
surgeons who were blinded to the pathological results of the
nodules. The CT morphological characteristics, including
median nodule diameter of the nodule (measured on the
lung window), margin (coarse, smooth), vacuole (present,
absent), lobulation (present, absent), spiculation (present,
absent), pleural indentation (present, absent), and the
location in the lung were evaluated with reference to the
Fleischner Society’s glossary of terms for thoracic imaging.
All CT images were reviewed in random order.

Prediction model construction and validation

Univariate and multivariate analyses were conducted
to select the independent predictors for distinguishing
between pulmonary tuberculoma and lung cancer among
non-calcified solid SPNs, and binary logistic regression
analysis was performed to construct cooperated indicators.
The backward elimination technique was used to define
the best multivariate model, and the receiver operating
characteristic (ROC) curve and the area under the curve
(AUC) were applied to derive the diagnostic efficacy of the
cooperated indicators in predicting pulmonary tuberculoma
and lung cancer.

Statistical analysis

All statistical analyses were performed using SPSS
software (version 24.0), and graphing was performed using
GraphPad Prism 8.0. Categorical variables were expressed
as frequencies and percentages and were analyzed with the
Chi-square test or Fisher’s exact test. Normally distributed
continuous variables were expressed as the mean =+ standard
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Figure 1 The flow chart for selecting patients.

deviation (SD) and were analyzed using an independent
samples 7-test. Non-normally distributed continuous
variables were expressed as the median [Q1, Q3], and were
analyzed with the Mann-Whitney test for two independent
samples. Spearman’s rank correlation test was employed to
assess the correlations between the parameters, and strongly
correlated parameters were excluded from further analysis.

The remaining significant variables in the univariate
analysis were then included in a stepwise multivariate
logistic regression analysis to select the optimal predictors
for pulmonary tuberculoma. ROC curve analysis was
conducted to derive the sensitivity, specificity, and
accuracy of the selected variables in predicting pulmonary
tuberculoma and lung cancer. P<0.05 was considered
statistically significant.

Results
Clinical characteristics

We retrospectively reviewed a total of 517 patients
with indeterminate solid SPNs. Of these patients, 113
patients were excluded as they had not undergone surgery
or received preoperative immune function tests, 222
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patients were excluded as they had non-solid nodules,
and 25 patients were removed due to calcification. Of the
remaining 157 patients, 105 were diagnosed with benign
lesions and 52 with lung cancer. Among the 105 patients
with benign lesions, 57 patients with non-tuberculoma were
excluded. Finally, a total of 48 patients with non-calcified,
solid, solitary pulmonary tuberculoma and 52 patients with
solid lung cancer were included in this study. The patient
selection process is simplified as a flow chart displayed in
Figure 1.

The patients’ clinical characteristics are shown in Table 1.
There were no differences in the genders and ages of
patients with pulmonary tuberculoma (31 males and 17
females; aged 56 years old, range: 46-63 years) and those
with lung cancer (34 males and 18 females; aged 56 years
old, range: 50-61 years). Only one patient in the pulmonary
tuberculoma group was affected with pulmonary TB
20 years ago, and thus, there was no difference observed
between the two groups. Moreover, there were 11 (22.92%)
smokers with a history of heavy smoking in the pulmonary
tuberculoma group and 14 (26.92%) smokers in the lung
cancer group; however, this difference was not statistically
significant. The clinical characteristics showed that the
respective data of the two groups were comparable.
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Table 1 Clinical characteristics between patients with pulmonary tuberculoma and those with malignancy

Characteristics Total (N=100) Tuberculoma (n=48) Malignancy (n=52) P value
Gender, n (%) 0.933'
Male 65 (65.00) 31 (64.58) 34 (65.38)
Female 35 (35.00) 17 (35.42) 18 (34.62)
Age (years) 56 [48-61] 56 [46-63] 56 [50-61] 0.600°
History of TB, n (%) 0.296'
Present 1(1.00) 1(2.08) 0 (0.00)
Absent 99 (99.00) 47 (97.92) 52 (100.00)
History of heavy smoking, n (%) 0.644'
Present 25 (25.00) 11 (22.92) 14 (26.92)
Absent 75 (75.00) 37 (77.08) 38 (73.08)

The data are expressed as n (%) or median [IQR]. ', Pearson’s chi-square test; 2, Mann-Whitney rank sum test. TB, tuberculosis; IQR,

interquartile range.

CT imaging features

The CT semantic features of the pulmonary tuberculoma
and lung cancer groups are shown in Table 2. There was
no significant difference in the median nodule diameter
between patients in the pulmonary tuberculoma (median
14 mm, range: 11-23 mm) and lung cancer (median 19 mm,
range: 13-26 mm) groups (P>0.05). In terms of location, the
data distribution of the two groups was roughly the same,
and the difference was not statistically significant (P>0.05).

Univariate analysis showed that there were significant
differences between the tuberculoma and lung cancer
patients in terms of the vacuole, coarse margin, lobulation,
spiculation, and pleural indentation (P<0.05, Table 2), which
revealed that patients with tuberculoma had a significantly
lower frequency of vacuole (12.50% wvs. 38.45%, P=0.003),
coarse margin (47.92% vs. 84.62%, P<0.001), lobulation
(27.08% vs. 61.54%, P=0.001), spiculation (22.92% uvs.
59.62%, P<0.001), and pleural indentation (16.17% wvs.
53.85%, P<0.001) than those with lung cancer. Figure 2
provides representative chest computed tomography images
of noncalcified pulmonary tuberculoma and malignancy.

Immunocytes and tumor-velated markers

Regarding immunocytes, the immunocyte levels in the
peripheral blood of the tuberculoma group were higher
than those in the lung cancer group (7able 3). Univariate
analysis showed that there were marked differences between

© Journal of Thoracic Disease. All rights reserved.

patients with tuberculoma and lung cancer in terms of
total lymphocyte count (P=0.050), CD3* T-lymphocyte
count (P=0.028), and CD4" T-lymphocyte count (P=0.024);
however, there were no significant differences in CD8"
T-lymphocyte count and the CD4" T/CD8" T. The data
distribution characteristics for CD3" T and CD4" T
lymphocyte counts are shown in Figure 3. As for tumor
markers, there were no statistically significant differences
between the two groups (P>0.05).

Prediction model construction and validation

Correlation analysis was performed on all continuous
variables with P<0.05, which indicated that the CD3"
T-lymphocyte count was positively correlated with
CD4" T-lymphocyte count (r=0.845, P<0.001) and CD8"
T-lymphocyte count (r=0.834, P<0.001). Univariate
and correlation analysis showed that a coarse margin,
vacuole, lobulation, spiculation, pleural indentation, total
lymphocyte count, CD3" T-lymphocyte count, and CD4"
T-lymphocyte count were notably different between the
two groups. Next, stepwise multivariate logistic regression
analysis was performed to derive the optimal variables that
could discriminate tuberculoma from lung cancer and to
construct the predictive model.

Finally, a coarse margin, vacuole, lobulation, pleural
indentation, CD3" T lymphocyte count, and CD4" T
lymphocyte count were identified as independent risk
factors aiding in differential diagnosis. Considering the
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Table 2 Computed tomography imaging features between patients with pulmonary tuberculoma and those with malignancy

Characteristics Total Tuberculoma Malignancy P value
Nodule diameter (mm), median [IQR] 17 [11-24] 14 [11-23] 19 [13-26] 0.065°
Margin, n (%) <0.001"
Smooth 33 (33.00) 25 (52.08) 8 (15.38)
Coarse 67 (67.00) 23 (47.92) 44 (84.62)
Vacuole, n (%) 0.003'
Present 26 (26.00) 6 (12.50) 20 (38.46)
Absent 74 (74.00) 42 (87.50) 32 (61.54)
Lobulation, n (%) 0.001’
Present 45 (45.00) 13 (27.08) 32 (61.54)
Absent 55 (55.00) 35 (72.92) 20 (38.46)
Spiculation, n (%) <0.001"
Present 42 (42.00) 11 (22.92) 31 (59.62)
Absent 58 (58.00) 37 (77.08) 21 (40.38)
Pleural indentation, n (%) <0.001"
Present 36 (36.00) 8 (16.67) 28 (53.85)
Absent 64 (64.00) 40 (83.33) 24 (46.15)
Location, n (%) 0.777"
RUL 32 (32.00) 15 (31.25) 17 (32.69)
RML 7 (7.00) 3 (6.25) 4 (7.69)
RLL 18 (18.00) 11 (22.92) 7 (13.46)
LUL 22 (22.00) 9 (18.75) 13 (25.00)
LLL 21 (21.00) 10 (20.83) 11 (21.15)

', Pearson’s chi-square test; >, Mann-Whitney rank sum test. IQR, interquartile range; RUL, right upper lobe; RML, right middle lobe; RLL,

right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

correlation between the CD3" T-lymphocyte count and the
CD#4" T-lymphocyte count, they were respectively selected
to construct the model with other variables and to obtain
the ROC curves (model 1 included the CD3" T-lymphocyte
count, and model 2 included the CD4" T-lymphocyte
count). The AUC of model 1 was 0.845 [95% confidence
interval (CI), 0.759-0.910], while model 2 had an AUC of
0.857 (95% ClI, 0.773-0.919) (Figure 4). The sensitivity,
specificity, and accuracy of model 1 in distinguishing
pulmonary tuberculoma from lung cancer were 79.2%,
75%, and 74.5%, respectively, while those of model 2 were
77.1%, 78.8%, and 77.1%, respectively. Model 2 showed a
superior ability to distinguish pulmonary tuberculoma from
lung cancer among non-calcified solid SPNs. The Hosmer-

© Journal of Thoracic Disease. All rights reserved.

Lemeshow test (P>0.05) and assessment of the bootstrap
calibration curves suggested an adequate model fit.

Discussion

Benign nodules account for a large proportion of solid
SPNs, the majority of which are pulmonary tuberculomas.
Chemotherapy is the predominant treatment for pulmonary
tuberculomas that are less than 3 cm (27), whereas solid
lung cancers are mainly treated surgically, as the latter is
considered to be highly malignant and invasive and has
a poor prognosis (28,29). In our opinion, even though
some literature (30) has indicated that surgery combined
with postoperative anti-TB treatment is effective for
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Figure 2 Representative chest computed tomography images of noncalcified pulmonary tuberculoma and malignancy. (A,B) A 30-year-old
woman with typical pulmonary tuberculoma in the lower lobe of the right lung. Axial image (A) shows a round-like well-defined solid nodule
with uniform density measuring 3.0 cm; (B) it connects to pleura and diaphragm by broad base without pleural indentation; the lesion was
confirmed on pathological diagnosis as a tuberculoma. (C,D) A 65-year-old man with atypical pulmonary tuberculoma in the right lower
lobe. Axial image (C) demonstrates a solid nodule measuring 1.4 cm with lobulation, long spiculation, and pleural indentation sign. Vascular
convergence can be seen on the reconstructed coronal (D). His CD3" T cell and CD4" T cell count significantly increased, and the lesion
was confirmed on pathological diagnosis as a tuberculoma. (E,F) A 69-year-old man with lung squamous cell carcinoma in the right middle
lobe. Axial image (E) present as a well-defined solid nodule measuring 1.7 cm with lobulation, long spiculation, and pleural indentation
sign. The next slice image (F) shows that intact and patent bronchi were obstructed abruptly by the SPN (F). The lesion was proved to be a

squamous cell carcinoma on pathological diagnosis. SPN, solitary pulmonary nodule.
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Table 3 Immunocyte counts and tumor-related markers between patients with pulmonary tuberculoma and those with malignancy
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Characteristics Total Tuberculoma Malignancy P value
Total lymphocyte count (10%L) 1.83+£0.59 1.95+0.72 1.71£0.42 0.050°
CD3" T lymphocyte count (10%L) 1.13 (0.92-1.50) 1.34 (0.92-1.69) 1.03 (0.92-1.32) 0.028°
CD4* T lymphocyte count (10%/L) 0.63 (0.50-0.81) 0.72 (0.52-0.93) 0.58 (0.49-0.70) 0.024?
CD8" T lymphocyte count (10%L) 0.37 (0.30-0.51) 0.44 (0.28-0.57) 0.36 (0.31-0.46) 0.285°
CD4*T/CD8" T 1.67+0.55 1.74+0.60 1.60+0.49 0.208°
CYFRA21-1 (ng/mL), n (%) 0.787"
Normal (<3.3) 78 (78.00) 38 (79.17) 40 (76.92)
Elevated (=3.3) 22 (22.00) 10 (20.83) 12 (23.08)
CEA (ng/mL), n (%) 0.823'
Normal (<5) 91 (91.00) 44 (91.67) 47 (90.38)
Elevated (=5) 9 (9.00) 4 (8.33) 5(9.62)

The data are expressed as n (%) or median (IQR) or mean + SD. ', Pearson’s chi-square test; 2, Mann-Whitney rank sum test; °,
independent sample t-test. CYFRA21-1, cytokeratin fragment antigen 21-1; CEA, carcinoembryonic antigen; IQR, interquartile range; SD,

standard deviation.

pulmonary tuberculoma, this does not mean that surgery
combined with postoperative anti-TB treatment is the
optimal therapeutic schedule. This may be because most
tuberculomas are diagnosed by surgical biopsy, and there is
currently a lack of effective non-surgical diagnostic tools. In
this retrospective study, we evaluated the value of immune
cell detection combined with CT imaging features for
identifying pulmonary tuberculoma and lung cancer among
non-calcified solid SPNs, aiming to find relatively objective
indicators and establish effective predictive models.

The pathological findings of the 105 patients with
benign lesions were as follows: 48 patients had tuberculoma,
37 patients had inflammatory pseudotumor, six patients had
round pneumonia, four patients had organizing pneumonia,
three patients had pulmonary sclerosing neurocytoma,
three patients had hamartoma, three patients had a fungal
infection, and one patient had a bronchogenic cyst.
Tuberculoma remains a major part among these benign
lesions. In terms of clinical characteristics, to make the data
of patients with pulmonary tuberculoma and malignancy
comparable, we enrolled two groups of patients with no
differences in age and gender. Some previous studies (31,32)
have shown that age and gender were independent risk
factors for identifying patients with pulmonary tuberculoma
and lung cancer, and most patients with tuberculoma were
male and were often much younger than those with lung
cancer. However, Choi ez 4l. found that age and gender had

© Journal of Thoracic Disease. All rights reserved.

no diagnostic value by reviewing 107 cases of SPNs (33). In
our study, there were no differences in other characteristics
between the two groups, such as a history of TB and heavy
smoking, which could be explained by the fact that a history
of heavy smoking is a risk factor for both conditions. Also,
patients with a history of pulmonary TB had a 1.23-fold
increased risk of lung cancer (34,35).

CT morphological features are important for the early
identification of benign and malignant solid pulmonary
nodules and can serve as predictive factors for prognosis. In
our study, the median nodule diameter (median, 14 mm) of
atypical pulmonary tuberculomas was slightly smaller than
that of lung cancers (median, 19mm), which is consistent
with the conclusion of Liu ez 4. (36). Moreover, there were
no significant differences between patients with pulmonary
tuberculoma and lung cancer in terms of distribution, but
both groups exhibited a significant upper lobe distribution
advantage (50.00%, and 57.69%, respectively). This
anatomic appearance may be attributed to hyperoxic tension
and the relative lack of lymph drainage in the upper lobe
region, which may promote the growth of Mycobacterium
tuberculosis (37). The CT imaging signs, such as a
vacuole, coarse margin, lobulation, spiculation, and pleural
indentation, have been confirmed to be independent
risk factors for identifying benign and malignant solid
SPNs; however, there are few studies on the association
with pulmonary tuberculoma. In our study, univariate

7 Thorac Dis 2023;15(2):386-398 | https://dx.doi.org/10.21037/jtd-22-1024
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Figure 3 Boxplots showed the difference in data distribution of CD3" T cell count and CD4" T  cell count between two groups.

100

80

60 -

Sensitivity, %

40 -

20 A

s Model1: AUC 0.845 (95% Cl: 0.759-0.910)

/ w—= Model2: AUC 0.857 (95% Cl: 0.773-0.919)
0 - T T T T T
0 20 40 60 80 100
100-Specificity, %

Figure 4 ROC curve applied to distinguish tuberculoma from
malignancy; model 1 represents the model of CD3" T cell count
combined with CT morphological features; and model 2 represents
the model of CD4" T cell count combined with CT morphological
features. ROC, receiver operating characteristic; CT, computed

tomography.

analysis showed that there were statistical differences in
the vacuoles, nodular margins, lobation, spiculation, and
pleural indentation between pulmonary tuberculoma and
malignancy, and patients with pulmonary tuberculoma had
a significantly lower frequency of coarse margin, vacuole,
lobulation, spiculation, and pleural indentation than those
with lung cancer, which is consistent with the conclusions
of previous studies (38,39).

In addition, there are also some relatively rare
morphological features, such as satellite lesions, tree-in-bud
pattern, air bronchogram, and vascular convergence, which
also have a superior effect in distinguishing between pulmonary
tuberculoma and malignancy. The tree-in-bud pattern,
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which was first described as a branching linear structure with
more than one contiguous branching site by Im in 1993, is
considered to be significantly associated with pulmonary
tuberculoma, particularly active tuberculoma (40). Satellite
lesions are typically described as small discrete shadows
near the main lesion, and are associated with pulmonary
tuberculoma (41). An air bronchogram is defined as a pattern
of air-filled bronchi on a background of the airless lung,
which can be divided into five types. Interestingly, the types
in which bronchi are displaced, compressed, and narrowed by
the SPN are more common in benign nodules, while those
in which intact and patent bronchi are obstructed abruptly
by the SPN were more common in malignant nodules. This
phenomenon exists because of the lack of tumoral infiltration
and the accompanying desmoplastic response (42). The
vascular convergence sign refers to vessels converging to
a nodule without adjoining or contacting the edge of the
nodule. Angiogenesis is essential for tumor growth and
metastasis and is primarily seen in peripheral lung cancers.

As important immune cells that mediate cellular immune
responses, T" cells can be divided into three categories, CD4"
helper T cells, CD8" cytotoxic T cells, and regulatory T cells,
which exert a variety of immunological effects. The level of
T cells, which are also called CD3" T cells, in the peripheral
blood is related to the immune microenvironment of the
body as well as the development of pulmonary tuberculoma
and malignancy. In our study, the CD3" and CD4" T-cell
counts were significantly higher in the peripheral blood of
patients with pulmonary tuberculoma than in those with
lung malignancy, suggesting that patients with pulmonary
tuberculoma were in a relatively higher immune response
state than those with lung cancer. Meanwhile, the lack of
significant differences between the two groups in the serum
levels of tumor-related markers confirmed the CD3" and
CD4" T=cell counts as potential indicators for distinguishing
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pulmonary tuberculoma from early malignancy.

Granuloma, which is considered to be the core lesion of
tuberculoma, provides the immune environment required
for the containment of bacteria. M.tuberculosis-specific T
cells are crucial for granuloma maturation, maintenance,
and control of the bacterial spread (43). CD4" T cells are
the dominant cells mediating the anti-TB response, which
can serve as “innate-like” cells to prevent the dissemination
of M.tuberculosis at the initial stage of TB infection,
and as master helpers to maintain the multiple effector
functions of CD8" T cells and other lymphocytes during the
development of adaptive immunity against primary TB (44).
Saunders et al. exposed mice with a disruption to their CD4
gene to an aerosol of M.tuberculosis and found that the
early growth of M.tuberculosis was independent of CD4"
T cells; however, these cells were required to facilitate
the recruitment of mononuclear cells to the lung, thereby
ensuring long-term survival (45). So, we speculated that
the formation of pulmonary tuberculoma could be highly
associated with CD4" T cells.

TB/human immunodeficiency virus (HIV) co-infection
is one of the greatest current public health challenges, and
HIV infection increases the risk of active TB, leading to high
mortality (46). The complex interaction between HIV and
"T'B has not been elucidated. In our opinion, CD4" T cells are
the key to controlling the primary infection and conducting
immunosurveillance of bacteria persisting in the granuloma,
so that when CD4" T cells in the lymphoid tissues and
peripheral blood are depleted by HIV, the risk of progression
from tuberculoma to active TB will significantly rise (47,48).
In contrast, patients with lung malignancies prefer to be in a
state of low immunity, because the tumor itself is not highly
immunogenic, and the tumor microenvironment may inhibit
the activity of tumor-specific T cells (49).

CD8" T cells are considered to play a minor role in TB (50);
however, our study showed that the levels of CD8" T cells
were not different between the two groups. This may be
partly attributed to the limited sample size, and possibly,
that CD8" T cells might only have a minor contribution
in the diagnosis of latent TB infection (51). However, the
specific mechanism at play is not clear. Li e al. reported that
pre-treated T'B patients showed higher levels of CD8" T
cells in the peripheral blood than healthy controls and that
CDS8" T-cell counts decreased during anti-TB therapy (52).
As a result, we speculated that when TB transitions from
the active to the stationary phase, like tuberculoma, the
CDS8" T cells may return to normal.
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Conclusions

Pulmonary tuberculoma and malignancy are two common
kinds of intrapulmonary masses or nodular lesions in
clinical practice, with significant differences between their
treatments and clinical prognoses. Our study demonstrated
that clinicians should be highly vigilant for pulmonary
tuberculoma in cases of non-calcified solid SPNs without
a coarse margin, vacuole, lobation, spiculation, and pleural
indentation and combined with high CD3" or CD4" T-cell
counts. We discovered that the immunocyte count can be
used as a potential indicator for distinguishing pulmonary
tuberculoma from early malignancy, which will be a starting
point for our future research.

Our study has several limitations that should be
considered. Firstly, to ensure that the data between
the two groups of patients were comparable, our study
had a relatively small sample size and a relatively large
number of variables evaluated, which may also explain
the low specificity of our prediction model. Secondly,
we only focused on distinguishing between pulmonary
tuberculoma and malignancy among non-calcified solid
SPNss rather than other pathological types, and thus,
our results should be interpreted carefully. Thirdly, our
model is probably overfitting, since the ROC curves were
constructed using the same data that the predictors were
derived from.

For future research, a multicenter design with a large
cohort and more indicators is needed to expand upon the
present results. Also, the model presented in this study will
be validated using an external dataset to evaluate its true
predictive value.
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