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Background: To characterize clinicoradiologic and radiomic features for identifying opportunistic pulmonary 
infections (OPIs) misdiagnosed as lung cancers in patients with human immunodeficiency virus (HIV).
Methods: Twenty-four HIV-infected patients who were misdiagnosed with lung cancers on CT images and 
had OPIs confirmed by pathological examination or integration of clinical and laboratory findings and 49 HIV-
infected patients with lung cancers confirmed pathologically were included. Semiautomated segmentation 
of the lesion was implemented with an in-house software. The lesion boundary was adjusted manually by 
radiologists. A total of 99 nonenhanced-CT-based radiomic features were then extracted with PyRadiomics. 
The clinicoradiologic and radiomic features were compared between the OPI and cancer groups.
Results: In the OPI group, 19 patients (79.2%) had tuberculosis (TB) infections, 2 (8.3%) had 
nontuberculosis mycobacterium (NTM) infections, 2 (8.3%) had cryptococcus infections and 1 (4.2%) had a 
mixed infection of TB and NTM. There were significant differences in age, proportion of smokers, smoking 
index, highly active antiretroviral therapy (HAART) duration, CD4+ counts and CD4+/CD8+ ratio between 
the two groups (P=0.000, 0.012, 0.007, 0.002, 0.000, and 0.000, respectively). In peripheral-type lesions, the 
presence of pleural indentation was less common, and the presence of satellite lesions was more common 
in the OPI group (P=0.016 and 0.020, respectively). Four radiomic parameters of central-type lesions were 
significantly different, including large dependence high gray level emphasis (LDHGLE), skewness, inverse 
difference normalized (IDN) and kurtosis (P=0.008, 0.017, 0.017, and 0.017, respectively). However, neither 
CT features of central-type lesions nor radiomic parameters of peripheral-type lesions were significantly 
different between the two groups.
Conclusions: Clinicoradiologic features together with radiomics may help identify OPIs mimicking lung 
cancers in HIV-infected patients.
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Introduction

The human immunodeficiency virus (HIV) and acquired 
immunodeficiency syndrome (AIDS) pandemic has entered 
its 4th decade. Due to the effectiveness of highly active 
antiretroviral therapy (HAART), the incidence of new HIV 
infections has declined, and the number of AIDS-related 
deaths in adults and children worldwide has plateaued (1).

However, the respiratory system is still one of the 
most frequently affected organ systems in HIV-infected 
patients, and opportunistic pulmonary infections (OPIs) 
remain a major threat (2). The pathogens may be bacteria, 
mycobacteria, fungi, or viruses. Several pulmonary 
infectious diseases occasionally cause inflammatory lung 
lesions resembling malignancy on images (3-7). Despite 
improvements in imaging techniques and serologic/
microbiologic testing, accurate diagnosis remains 
challenging, and the diversity of infectious agents adds 
further difficulty (3). Since the management and outcome of 
OPI and cancer are entirely different, improving diagnostic 
accuracy is critical (3).

By visually assessing the CT images, we may miss 
information that is important in defining lesions. 
Radiomics, which is defined as the high-throughput 
automated (or semiautomated) extraction of large 
amounts of quantifiable information from a region of 
interest (ROI) on radiographic images, has attracted much 
attention (8). Radiomics is designed to decode the intrinsic 
heterogeneity of a lesion to improve management (9-11). 
Recent studies have revealed that radiomic analysis shows 
promising potential for differentiating lung cancers from 
benign pulmonary nodules (12-15).

To date, however, few studies have compared the clinical 
and radiological findings of masses or nodules caused by 
OPIs with the findings in lung cancers, and no research 
has been carried out, especially in HIV-infected patients. 
Therefore, we hypothesized that clinicoradiologic features 
together with radiomics might help identify these unusual 
OPIs in HIV-coinfected patients. In this retrospective 
study, we characterized clinicoradiologic features for 
differentiation and evaluated the feasibility and practicality 
of initial application of CT radiomics in these cases.

Methods

Patient selection and medical records

A search of the database maintained by the Department of 
Radiology in our hospital was conducted to identify HIV-

infected patients who were initially misdiagnosed with lung 
cancers on CT images and had OPIs eventually confirmed 
by pathological examination or integration of clinical and 
laboratory findings during June 2013 and February 2018. 
HIV-infected patients with lung cancers confirmed by 
pathological examination were included as a control group. 
Twenty-four patients with OPIs and 49 patients with lung 
cancers (50 main lesions) were identified according to a 
patient selection flow chart (Figure 1) and included in the 
current study. The medical records of these patients were 
then reviewed, with particular attention to age at diagnosis, 
gender, smoking history, HAART duration, CD4+ counts, 
CD4+/CD8+ ratio, histological types or laboratory findings, 
and follow-up or treatment outcomes. Staging was based on 
either the International Association for the Study of Lung 
Cancer tumor node metastasis classification for non-small 
cell lung cancer (NSCLC) or the Veterans Administration 
Lung Study Group criteria for limited disease and extensive 
disease for small cell lung cancer (SCLC) (16,17). The 
Institutional Review Board of Shanghai Public Health 
Clinical Center, Fudan University approved the study 
protocol. Informed consent was waived because of the 
retrospective nature of the study.

CT scans and image interpretation

The patients were examined in the supine position with 
their arms extended overhead. Scans were obtained from 
the thoracic inlet to the inferior portion of adrenal gland 
with a suspension after the end of inspiration. CT scans 
were performed with 1 of 2 scanners (Siemens Sensation 
16, Siemens Medical Systems, Forchheim, Germany; or 
Hitachi Scenaria 64, Hitachi Medical Systems, Tokyo, 
Japan) using automatic exposure control with the following 
parameters: tube voltage, 120 or 140 kV; tube current,  
160 to 250 mA; detector collimation, 16×0.75 mm,  
64×0.625 mm; beam pitch, 1 or 1.0781; rotation time, 
0.5 seconds; field of view (FOV), 350 mm; and matrix,  
512×512. Images were reconstructed using a lung standard 
algorithm with 1-mm slice thickness at 1-mm intervals 
and displayed with lung window (−600/1,200 HU) and 
mediastinal window (40 HU/350 HU) settings.

The CT images were analyzed independently by two 
radiologists (W Shi and F Shan, with 10 and 17 years of 
experience in chest radiology, respectively), who evaluated 
images without any previous knowledge of the patients’ 
clinical or laboratory findings. In cases of disagreement, 
results were obtained by consensus between the two 
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radiologists.
OPIs mimicking malignancy and lung cancers were 

categorized as either peripheral- or central-type according 
to lesion locations on CT images. Peripheral-type 
lesions were distinctly separate from the mediastinum 
and hila, whereas central-type lesions were located in the 
mediastinum and/or hila and were directly associated with a 
segmental or larger airway (18).

All CT images were evaluated for lesion location and 
size (the maximal diameter on the transverse section), shape 
[regular (round or oval) or irregular], presence of internal 
calcification, cavitation or vacuole sign, pleural nodules or 
masses, pleural effusion, hydropericardium, and mediastinal 
and hilar adenopathy (nodes with short axes of at least  
1 cm). In addition to the above, peripheral-type lesions 
were evaluated for border (lobulation, spiculation), presence 
of vascular convergence sign, CT bronchial sign, pleural 
indentation, and satellite lesions around the main lesion. In 
addition, central-type lesions were evaluated for adjacent 
obstructive pneumonia/atelectasis (19).

Radiomic features extraction

To minimize the variability of the CT attenuation 
value, enhanced CT images, which contributed a minor 
proportion of the total images, were not reviewed in 
this part. After cases with only enhanced-CT images 
were excluded, 22 patients with OPIs and 39 patients 
with lung cancers (40 main lesions) were included for 
radiomic analysis. Semiautomated segmentation of the 
lesion was implemented with our in-house software, 
which delineated the ROI on nonenhanced-CT images 
by points positioning and region growing methods. The 
lesion boundary was then adjusted manually by one 
radiologist (W Shi) and confirmed by another radiologist 
(F Shan). The ROI was delineated around the main 
lesion boundary on each transverse section. The bronchi 
and vessels were excluded. After segmentation, a total of  
99 radiomic features were extracted with PyRadiomics, 
which is an open-source Python package (20). These CT-
based radiomic features can be divided into six groups: 

Inpatients who were diagnosed with “cancer or malignant 
tumor” on chest CT images from June 2013 to February 

2018 (n=1,326)

Excluded non-HIV-infected patients 
(n=1,218)

Excluded for the following reasons 
(n=5):

- Patients complicated with proved 
lung cancers and OPIs (n=3)

- Patients with proved lymphomas 
(n=2)

Excluded patients with follow-up (n=24)

HIV-infected patients (n=108)

Excluded patients with other presumed 
diseases on CT images (n=6):
- Esophageal cancer (n=3)
- Thyroid cancer (n=1)
- Breast cancer (n=1)
- Only metastatic lung tumors (n=1)

Patients with presumed lung cancers on CT images (n=78)

Patients enrolled in this retrospective study (n=73)

Patients with proved OPIs
(n=24)

Patients with proved lung cancers
(n=49)

Figure 1 Patient selection flow chart. OPIs, opportunistic pulmonary infections.
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first order features, shape features, gray level cooccurrence 
matrix (GLCM) features, gray level size zone matrix 
(GLSZM) features, gray level run length matrix (GLRLM) 
features, and gray level dependence matrix (GLDM) 
features (20).

Statistical analysis

Statistical analysis was performed by R version 3.5.0 (R 
Project for Statistical Computing, Vienna, Austria). For 
quantitative variables, Wilcoxon rank-sum test was used 
because a majority of the data did not follow a normal 
distribution, and all of the variables were expressed as 
the median and interquartile range (IQR, 25th and 75th 
percentiles). The clinical characteristics (i.e., age at 
diagnosis, smoking index, HAART duration, CD4+ counts, 
CD4+/CD8+ ratio), radiological features (i.e., lesion size) 
and all of the radiomic features of HIV-infected patients 
with OPIs were compared to those with lung cancers by 
Wilcoxon rank-sum test. Receiver operating characteristic 
(ROC) curves and area under the curves (AUC), including 
their 95% confidence intervals (95% CI), were used to 
evaluate the classification effects. The categorical variables 
including clinical characteristics (i.e., gender, proportion 
of smokers) and radiological features (all except lesion size) 
were expressed as number (percentage) of patients and 
analyzed by Fisher’s exact test. Odds ratios (OR) and their 
95% CI were also calculated. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Diagnostic modalities

In the OPI group, 19 patients (79.2%) had tuberculosis (TB) 
infections, 2 (8.3%) had nontuberculosis mycobacterium 
(NTM) infections, 2 (8.3%) had cryptococcus infections 
and 1 (4.2%) had a mixed infection of TB and NTM. 
Among this group, nine patients with TB underwent an 
invasive diagnostic procedure [percutaneous CT-guided 
lung biopsy (4 patients); bronchoscopic biopsy (2 patients); 
resected specimen (3 patients)] for histological examination. 
Other patients with TB or NTM were diagnosed based on 
clinical and laboratory findings (i.e., mycobacterial smear 
and culture) and follow-up or treatment outcomes. Two 
patients (8.3%) with cryptococcus infections were diagnosed 
by percutaneous CT-guided lung biopsy.

In the 49 patients with lung cancers (50 main lesions), 

histological type was based on either tissues or cells from 
resected specimens (20 patients with 21 main lesions), 
percutaneous CT-guided lung biopsy (9 patients), 
bronchoscopic biopsy (7 patients), mediastinoscopic biopsy 
(2 patients), percutaneous biopsy of a metastatic lesion  
[7 patients (cervical lymph node biopsy in 6 patients, pleural 
nodule biopsy in 1 patient)], or pleural effusion cytology 
(4 patients). Tumor cell types included adenocarcinoma 
(24 patients), squamous cell carcinoma (15 patients with 
16 main lesions), SCLC (5 patients), large cell carcinoma 
(3 patients), atypical carcinoid (1 patient), and poorly 
differentiated NSCLC (1 patient).

Eighteen patients (19 main lesions) with NSCLC (40.9%, 
18/44 patients) were in advanced stages (15 at stage IV, 3 at 
stage IIIb), while the remaining 26 patients were in stages  
I–IIIa (9 at stage Ia, 3 at stage Ib, 1 at stage IIa, 7 at stage 
IIb, and 6 at stage IIIa). Five patients with SCLC had 
extensive disease.

Clinical features

The clinical characteristics of 24 HIV-infected patients with 
OPIs were compared to those of 49 HIV-infected patients 
with lung cancers (Figure 2). Patients with OPIs [41 (IQR, 
36.8–52) years] were younger than those with cancers [58 
(IQR, 51–63) years, P=0.000]. The proportion of smokers in 
patients with OPIs (8.3%, 2/24 patients) was lower than that 
in patients with cancers (36.7%, 18/49 patients, P=0.012), 
and smoking index in the former [0 (IQR, 0–0) pack-years] 
was lower than that in the latter [0 (IQR, 0–36) pack-years, 
P=0.007]. The HAART duration of patients with OPIs 
[0 (IQR, 0–0.2) months] was shorter than that of patients 
with cancers [8 (IQR, 0–32) months, P=0.002]. CD4+ 
counts and CD4+/CD8+ ratio were profoundly diminished 
for the OPI group compared with the cancer group: 
49.5 (IQR, 15.3–159.5) vs. 253 (IQR, 169–379) cells/μL,  
P=0.000 for CD4+ counts; and 0.09 (IQR, 0.05–0.19) vs. 
0.42 (IQR, 0.27–0.68), P=0.000 for the CD4+/CD8+ ratio. 
Gender make-up was not significantly different between the 
two groups.

CT morphological features

In the OPI group, all of the central-type lesions were caused 
by TB. When we compared CT features of the central-type 
lesions between the OPI and cancer groups, no significant 
differences were observed in their CT signs, which were 
listed in Table 1 (Figures 3,4).
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Figure 2 The box-and-whisker plot for clinical characteristics compared between the OPI and cancer groups. Using Wilcoxon rank-sum 
test, there were significant differences in age, smoking index, HAART duration, CD4+ counts and CD4+/CD8+ ratio between the two groups 
(P<0.05 for all of the above). HAART, highly active antiretroviral therapy; OPIs, opportunistic pulmonary infections.
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Table 1 CT morphological features of central-type lesions in HIV-infected patients with OPIs misdiagnosed as malignancy vs. those with lung 
cancers (n=29)

CT signs OPIs (n=10), N (%) Cancers (n=19), N (%) P values AUC (95% CI) OR (95% CI)

Location

Right lung 5 (50.0) 12 (63.2) 0.694 NA 0.59 (0.10–3.62)

Size (cm) 6.3 (4.4–6.9) 7.6 (6.2–8.6) 0.060 0.72 (0.52–0.92) NA

Shape (irregular) 9 (90.0) 17 (89.5) 1.000 NA 1.06 (0.05–69.29)

Internal signs

Calcification 3 (30.0) 2 (10.5) 0.306 NA 3.47 (0.32–50.17)

Vacuole sign 3 (30.0) 2 (10.5) 0.306 NA 3.47 (0.32–50.17)

Cavitation 0 (0.0) 2 (10.5) 0.532 NA 0.00 (0.00–10.24)

Adjacent structural changes

Obstructive pneumonia 8 (80.0) 12 (63.2) 0.431 NA 2.27 (0.31–27.92)

Obstructive atelectasis 4 (40.0) 13 (68.4) 0.236 NA 0.32 (0.05–1.95)

Pleural nodules or masses 0 (0.0) 3 (15.8) 0.532 NA 0.00 (0.00–4.61)

Pleural effusion 3 (30.0) 10 (52.6) 0.433 NA 0.40 (0.05–2.45)

Hydropericardium 1 (10.0) 6 (31.6) 0.367 NA 0.25 (0.00–2.67)

Lymphadenopathy 10 (100.0) 19 (100.0) 1.000 NA 0.00 (0.00–Inf)

Data were presented as a median (interquartile range) or number (percentage); 95% CI, 95% confidence intervals; AUC, area under the 
(receiver operating characteristic) curve; Inf, infinite; NA, not available; OPIs, opportunistic pulmonary infections; OR, odds ratios.
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With regard to CT features of the peripheral-type 
lesions, the presence of pleural indentation was less 
common in the OPI group (7.1%, 1/14 cases) than in 
the cancer group (45.2%, 14/31 cases, P=0.016), and the 
presence of satellite lesions was more common in the OPI 

group (50.0%, 7/14 cases) than in the cancer group (12.9%, 
4/31 cases, P=0.020). No significant differences between 
the two groups were observed in other CT features of 
peripheral-type lesions, which were listed in Table 2 
(Figures 5,6).

B

C D

A

Figure 3 A 42-year-old male complained of cough and sputum with fever for more than 2 months. He had a CD4+ count of 8 cells/μL and 
was presently diagnosed with HIV infection. Nonenhanced CT with lung window (A) and mediastinal window (B) settings showed mass-
like consolidation located in the left hila, with a presumptive diagnosis of neoplasm and had lung TB confirmed by bronchoscopic biopsy 
with no evidence of malignancy. (C) After antiretroviral therapy and anti-tuberculous therapy for more than 1 month, CT showed that the 
pulmonary lesions were obviously absorbed. (D) One image from this case, segmented with semiautomated software and manually adjusted 
by radiologists. TB, tuberculosis.

B CA

Figure 4 A 53-year-old male complained of chest tightness and dyspnea for 2 weeks. He had been receiving highly active antiretroviral 
therapy for more than 24 months and had a CD4+ count of 281 cells/μL. Nonenhanced CT with lung window (A) and mediastinal window 
(B) settings showed consolidation with adjacent obstructive pneumonia/atelectasis located in the left upper lobe, multiple lung metastases, 
pleural effusion, and adenopathy. Adenocarcinoma was then histologically confirmed by pleural effusion cytology. (C) One image from this 
case, segmented with semiautomated software and manually adjusted by radiologists.
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Table 2 CT morphological features of peripheral-type lesions in HIV-infected patients with OPIs misdiagnosed as malignancy vs. those with 
lung cancers (n=45)

CT signs OPIs (n=14), N (%) Cancers (n=31), N (%) P values AUC (95% CI) OR (95% CI)

Location

Right lung 9 (64.3) 20 (64.5) 1.000 NA 0.99 (0.22–4.75)

Superior lobe 9 (64.3) 16 (51.6) 0.525 NA 1.67 (0.39–7.89)

Size (cm) 2.4 (1.4–4.8) 3.2 (2.5–4.6) 0.339 0.59 (0.37–0.81) NA

Shape (irregular) 5 (35.7) 6 (19.4) 0.277 NA 2.27 (0.43–11.68)

Border

Lobulation 9 (64.3) 27 (87.1) 0.111 NA 0.28 (0.04–1.59)

Spiculation 7 (50.0) 23 (74.2) 0.172 NA 0.36 (0.08–1.60)

Internal signs

Calcification 1 (7.1) 2 (6.5) 1.000 NA 1.11 (0.02–23.21)

Vacuole sign 2 (14.3) 3 (9.7) 0.639 NA 1.54 (0.11–15.33)

Cavitation 0 (0.0) 1 (3.2) 1.000 NA 0.00 (0.00–86.24)

Adjacent structural changes

Vascular convergence sign 6 (42.9) 16 (51.6) 0.749 NA 0.71 (0.16–2.98)

CT bronchial sign 7 (50.0) 18 (58.1) 0.749 NA 0.73 (0.17–3.10)

Pleural indentation 1 (7.1) 14 (45.2) 0.016* NA 0.10 (0.00–0.80)

Satellite lesions 7 (50.0) 4 (12.9) 0.020* NA 6.40 (1.23–39.42)

Pleural nodules or masses 1 (7.1) 3 (9.7) 1.000 NA 0.72 (0.01–10.04)

Pleural effusion 5 (35.7) 5 (16.1) 0.244 NA 2.81 (0.52–15.64)

Hydropericardium 3 (21.4) 1 (3.2) 0.082 NA 7.75 (0.56–442.07)

Lymphadenopathy 7 (50.0) 15 (48.4) 1.000 NA 1.07 (0.25–4.54)

Data were presented as a median (interquartile range) or number (percentage). *, P<0.05 patients with OPIs vs. patients with lung cancers; 
95% CI, 95% confidence intervals; AUC, area under the (receiver operating characteristic) curve; Inf, infinite; NA, not available; OPIs, 
opportunistic pulmonary infections; OR, odds ratios.

Figure 5 A 52-year-old male complained of a pulmonary nodule found by physical examination for 2 months. He had been receiving highly 
active antiretroviral therapy for more than 9 years and had a CD4+ count of 866 cells/μL. Nonenhanced CT with lung window (A) and 
mediastinal window (B) settings showed a solid nodule with lobulation, spiculation and pleural indentation located in the right lower lobe, 
which was initially misdiagnosed as lung cancer and then histologically confirmed to be tuberculoma by wedge resection. (C) One image 
from this case, segmented with semiautomated software and manually adjusted by radiologists.

B CA
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Figure 6 A 51-year-old female complained of a pulmonary nodule found by physical examination for 3 weeks. She had been receiving 
highly active antiretroviral therapy for more than 8 years and had a CD4+ count of 319 cells/μL. Nonenhanced CT with lung window (A) 
and mediastinal window (B) settings showed a solid nodule with lobulation, spiculation and pleural indentation located in the left upper 
lobe. Mucinous adenocarcinoma was confirmed by lobectomy. (C) One image from this case, segmented with semiautomated software and 
manually adjusted by radiologists.

B CA

CT-based radiomic features

All of the central-type lesions analyzed by radiomics were 
solid lesions. According to P values and AUC values, 
the first five radiomic parameters of central-type lesions 
compared between the OPI and cancer groups were listed 
in Table 3. Four radiomic parameters of central-type lesions 
were significantly different, including large dependence 
high gray level emphasis (LDHGLE), skewness, inverse 
difference normalized (IDN) and kurtosis. These four 
radiomic parameters had AUCs of 0.93, 0.89, 0.89, and 0.89 
(P=0.008, 0.017, 0.017, and 0.017, respectively) (Figure 7).  
Except for the solid lesions, the peripheral-type lesions 
analyzed by radiomics also contained one case of pure ground 
glass nodules (pGGN) due to OPI and four cases of mixed 
ground glass nodules (mGGN) due to cancers. No significant 
differences were found in radiomic parameters of peripheral-

type lesions between the OPI and cancer groups (Table 4).

Discussion

Our hospital is the only tertiary referral hospital for HIV-
infected populations in Shanghai, China. Each year, 
approximately more than 600 patients with HIV are 
referred to our hospital. We conducted a retrospective 
study, covering a 5-year period, of HIV-infected patients 
who had presumed lung cancer but turned out to have 
pulmonary infection instead. Although we tried to include 
as many subjects as possible, the number of HIV-infected 
patients with OPIs mimicking lung cancers was small. TB 
infections accounted for 79.2% of those patients, NTM 
infections for 8.3%, cryptococcus infections for 8.3%, and a 
mixed infection of TB and NTM for 4.2%.

Table 3 CT-based radiomic features of central-type lesions in HIV-infected patients with OPIs misdiagnosed as malignancy vs. those with lung 
cancers (n=25)

Radiomic parameters OPIs (n=10) Cancers (n=15) P values AUC (95% CI)

Large dependence high gray level 
emphasis (LDHGLE)

22,007.46 (18,006.74–23,778.02) 9,986.32 (7,726.40–12,744.84) 0.008* 0.93 (0.84–1.00)

Skewness −0.95 (−1.15 to −0.59) −0.05 (−0.29 to −0.02) 0.017* 0.89 (0.77–1.00)

Inverse difference normalized (IDN) 0.95 (0.94–0.95) 0.93 (0.92–0.93) 0.017* 0.89 (0.76–1.00)

Kurtosis 8.12 (7.46–9.97) 3.55 (3.27–5.39) 0.017* 0.89 (0.75–1.00)

90 percentiles 132.00 (121.00–140.50) 183.00 (149.50–205.50) 0.059 0.86 (0.69–1.00)

Data were presented as a median (interquartile range); P values above were adjusted using false discovery rate (FDR) method to correct 
for multiple testing; *, P<0.05 patients with OPIs vs. patients with lung cancers; 95% CI, 95% confidence intervals; AUC, area under the 
(receiver operating characteristic) curve; OPIs, opportunistic pulmonary infections.
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Figure 7 Receiver operating characteristic (ROC) curves of the four significant radiomic parameters of central-type lesions used to 
distinguish between opportunistic pulmonary infections and lung cancers, including large dependence high gray level emphasis (LDHGLE) 
(A), skewness (B), inverse difference normalized (IDN) (C) and kurtosis (D) (P<0.05 for all of the above).
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Table 4 CT-based radiomic features of peripheral-type lesions in HIV-infected patients with OPIs misdiagnosed as malignancy vs. those with 
lung cancers (n=37)

Radiomic parameters OPIs (n=12) Cancers (n=25) P values AUC (95% CI)

Joint entropy 7.51 (6.51–8.26) 8.48 (7.74–8.92) 0.931 0.71 (0.54–0.88)

Dependence entropy 6.14 (5.81–6.42) 6.42 (6.21–6.56) 0.931 0.71 (0.52–0.90)

Joint energy 7.36E−03 (4.68E−03 to 1.79E−02) 4.40E−03 (3.30E−03 to 7.09E−03) 0.931 0.71 (0.54–0.88)

Total energy 1.47E+08 (5.58E+07 to 6.45E+08) 2.92E+08 (1.91E+08 to 6.32E+08) 0.931 0.67 (0.45–0.88)

Zone entropy 5.99 (5.6–6.35) 6.30 (6.14–6.39) 0.931 0.67 (0.46–0.87)

Data were presented as a median (interquartile range); P values above were adjusted using false discovery rate (FDR) method to correct 
for multiple testing; 95% CI, 95% confidence intervals; AUC, area under the (receiver operating characteristic) curve; OPIs, opportunistic 
pulmonary infections.
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Rolston et al.  conducted a large study of general 
population in 2,908 patients who underwent biopsy with 
a presumed diagnosis of lung cancer, 37 of whom were 
found to have infections (3). Fungal infection was the most 
common, accounting for 46% of the infections diagnosed, 
followed by mycobacteria accounting for 27%. Pitlik et al. 
reported on 26 cases out of more than 70,000 patients who 
were referred to the Texas Cancer Center, USA during a 
10-year period with presumptive diagnosis of neoplasm that 
was proved bacteriologically to be TB with no evidence 
of malignancy (21). A limited number of other studies 
have reported pulmonary infections, primarily including 
TB (4,5,22), fungus (6) and NTM (5,7) infections, that 
mimicked lung cancers. These studies indicate that the 
incidence of pulmonary infections masquerading as cancers 
is infrequent and that the specific disease spectrum of 
infections may be related to the immune status of the study 
populations or regional incidence.

In our study, most patients with OPIs were younger men, 
who had lower CD4+ counts and were diagnosed with HIV 
coinfection without initiating HAART. These conditions 
may be related to HIV epidemiology in China. Migrant 
populations are recognized as one of the groups most 
affected by HIV, of whom approximately half are registered, 
nonpermanent residents working in the most quickly 
developing regions. Most of these individuals are young men, 
and the overall prevalence of HIV among men who have sex 
with men (MSM) is on the rise in recent years (23). The open 
nature of Chinese economy has made it difficult to monitor 
and control internal migration. Floating populations are 
the most difficult to reach with preventive health education, 
and they tend to be deprived of access to health care (24). 
This means that such individuals with HIV may be in severe 
immunosuppression once they are identified.

In addition, HAART has elongated the life spans of 
people living with HIV/AIDS, and the HIV-infected 
population is aging. Lung cancer is one of the most common 
non-AIDS-defining malignancies among HIV-infected 
patients. The incidence of lung cancer has significantly 
increased in the HAART era (25,26). Similar to a previous 
report (27), our study found that HIV-infected patients with 
lung cancer were relatively elderly. They reported more 
tobacco consumption in the current study. Research has 
reported that the risk of smoking-related cancers is much 
higher in HIV-infected smokers compared with both the 
general population and HIV-infected nonsmokers, and lung 
cancer is one of the major types of cancer observed in HIV-
infected smokers (28).

In our study, all central-type OPIs caused by TB, 
which were primary TB radiologically mimicking central-
type lung cancer, presented with lymphadenopathy, 
consolidation, pleural effusion, consistent with the results 
reported in previous studies (29,30). The CT features of 
central-type lesions due to OPIs in our study overlapped 
with those of primary lung cancer, and the differences 
between the two groups fell short of statistical significance. 
This result might be explained because the sample size of 
patients with central-type lesions was limited. Radiologists 
often make judgments based on conventional diagnostic 
ideas leading to misdiagnosis of these types of OPIs; that is, 
large hilar masses suggest a greater chance of malignancy.

The majority of peripheral-type OPIs were caused by 
TB, followed by NTM and cryptococcus infections in the 
present study. Post-primary TB has varied presentations, 
which include nodules, tuberculoma, cavity, cicatrization, 
aspergilloma, bronchiectasis, pleural effusion, mediastinal 
adenopathy and end-stage lung destruction (29,31). 
NTM pulmonary diseases are classified into upper-lobe 
fibrocavitary disease and nodular bronchiectatic disease 
according to radiologic patterns. Characteristic radiologic 
features of fibrocavitary disease include heterogeneous 
nodular and cavitary opacities in the upper lobes, whereas 
those of nodular bronchiectatic disease are bronchiectasis 
and branching centrilobular nodules in the middle lobe and 
lingual (32). Cryptococcus infections may radiographically 
manifest as a solitary lung nodule or mass, multiple nodules, 
segmental or lobar consolidation, or, rarely, interstitial 
pneumonia. Associated features include cavitation, 
lymphadenopathy and pleural effusion (33). Our study 
showed that peripheral-type OPIs manifested as solitary 
pulmonary nodules (SPNs) or masses with few alleged 
typical imaging features of infections listed above, which 
might be a potential cause of misdiagnosis of OPIs as 
malignancy on CT images.

Pleural indentation is a well-known radiological sign 
on chest CT that suggests a possible pleural invasion by 
peripheral NSCLC (34). It is associated with internal 
tissue fibrosis traction on the neighboring tissue structure, 
which is more common in adenocarcinoma (34). Pleural 
indentation is also observed in inflammatory granulomas, 
especially tuberculomas. In our study, the frequency of 
pleural indentation was significantly higher in patients with 
cancers than in patients with OPIs (P=0.016). However, 
using pleural indentation to identify benign and malignant 
cases is controversial (35). We believe that differences in 
the baseline characteristics, i.e., SPNs size and pathological 
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type may have resulted in the different outcomes observed 
in various studies. While it is not specific to diagnose lung 
cancer relying only on pleural indentation (35), pleural 
indentation in combination with various signs will elevate 
the specificity and positive prediction rate for better 
differentiation.

Satellite lesions are usually described as small discrete 
shadows in the immediate vicinity of the main lesion. 
The presence of satellite nodules is characteristic of 
granulomatous disease and is estimated to have a positive 
predictive value (PPV) of 90% for a benign etiology (36). 
In our study, OPIs frequently showed satellite lesions 
(P=0.020), which could be helpful for differentiation from 
lung cancer, consistent with previous studies (37,38). Even 
so, the presence of satellite nodules does not allow confident 
diagnosis of benignity, as 10% of dominant nodules with 
satellite nodules will be malignant. When cancerous, 
satellite nodules are usually the result of peripheral foci of 
tumor or skip metastatic lesions (39).

Skewness measures the asymmetry of the distribution 
of values about the mean value (20). In our study, the 
distribution of central-type lesions in the OPI and cancer 
groups was negatively skewed, and the absolute value of 
such lesions in the OPI group was significantly greater 
than that in the cancer group (P=0.017). This implied 
that the OPI group had a distribution of more voxels of 
low gray-level values relative to the group’s mean value. 
Just as for skewness, kurtosis is a descriptor of the shape 
of a probability distribution, which is another way of 
quantifying it for a theoretical distribution (20). In our 
study, the kurtosis of central-type lesions in the OPI group 
was significantly greater than that in the cancer group 
(P=0.017). This implied that the OPI group had a more 
skewed distribution, which was consistent with the measures 
of skewness obtained. This is because the pathologic basis 
of central-type lesions due to OPIs (i.e., TB) is necrotic 
mass-like granuloma with infiltration of inflammatory cells 
or caseating pneumonia with granuloma (40). The patients 
with OPIs had low CD4+ counts leading to impairment of 
granuloma formation (41). Therefore, there might have 
been fewer areas of granuloma representing high gray-level 
values and relatively more areas of caseating pneumonia or 
necrosis representing low gray-level values in the lesions. 
LDHGLE and IDN are higher-order statistical features 
that describe gray-value spatial interrelationships and 
thus reflect the texture characteristics of lung nodules or 
masses (42). A higher LDHGLE implies that more voxels 
of high gray-level values are adjacent to each other (20). 

In our study, the LDHGLE of central-type lesions in 
the OPI group was significantly greater than that in the 
cancer group (P=0.008). This can be explained by the fact 
that several tissue components, such as coagulation and 
liquefactive necrosis, are dispersed within the parenchyma 
component of lung cancers in various combinations (43), so 
that the density of the solid component of tumor is more 
inhomogeneous than that of OPIs; in other words, high 
gray-level values in OPIs are concentrated together more 
than those in lung cancers. Similarly, the higher IDN is, the 
more homogeneous the local image (20). In our study, IDN 
of central-type lesions in the OPI group was significantly 
higher than that in the cancer group (P=0.017), representing 
homogeneity of the OPIs.

There were no significant differences in the radiomic 
parameters of peripheral-type lesions between the two 
groups. This might be because both solid and subsolid 
[pGGN due to OPI (8.3%, 1/12 cases) and mGGN due to 
cancer (16.0%, 4/25 cases)] nodules or masses were included 
in the radiomic analysis, because peripheral-type OPIs 
caused by several pathogens (TB, NTM or cryptococcus) 
had more variability, or because differences between the 
two groups were not revealed by nonenhanced-CT-based 
radiomic analysis. 

Our study has several limitations. First, because the 
incidence of pulmonary infections masquerading as cancers 
is infrequent, the sample size of this study was relatively 
small. In the future, larger sample sizes can be achieved 
through prospective multicenter research. Second, the 
CT acquisition protocol was not completely standardized 
across the patients. This might result in variability in CT 
attenuation values with resultant biases in the radiomic 
analysis. Third, lesion segmentation was implemented 
with semiautomated software and manual adjustment by 
radiologists with certain biases. However, this should be an 
acceptable way to approach segmentation, as fully automatic 
segmentation is difficult to implement at present.

In conclusion, HIV-infected patients with OPIs can 
present with radiological findings similar to lung cancers. 
Clinicoradiologic characteristics together with radiomic 
features may help identify OPIs mimicking lung cancers 
in HIV-infected patients. The initial application of CT 
radiomics in OPIs and cancers may provide added diagnostic 
value for differentiation, especially in central-type lesions. In 
the future, we should increase the sample size, standardize 
the CT acquisition protocol and improve the automatic 
segmentation method to further improve the accuracy of 
diagnosis through prospective multicenter research.
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