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ABSTRACT
Introduction: Screening of lung nodules helps on early diagnosis of lung cancer, especially invasive pulmonary adenocar-
cinoma. Artificial intelligence (AI) has been applied in diagnosis of cancers. We used the AI-assisted lung nodule diagnostic 
system in the screening of lung nodules and lung cancer.
Case Presentation: A 66-year-old male complained of coughs and nodules in the right lung of 3-year duration. A ground-glass 
opacity was found in the right upper lung by routine computed tomography (CT). He had no family history of cancer, genetic 
diseases, or infectious diseases. AI-assisted analysis found four nodules, of which one was with the risk of malignancy of 88% 
(LungRads3), one was with the risk of malignancy of 15% (LungRads2), and the other two were smaller in size and considered 
benign. The patient underwent a thoracoscopic wedge resection of the right upper lung. The intraoperative frozen section pathology 
report confirmed invasive pulmonary adenocarcinoma, grade II, and primarily of alveolar and adherent types without metastasis.
Conclusion: In summary, AI-assisted lung nodule diagnostic system is effective in the screening of lung nodules and the 
differentiation between benign and malignant.

1   |   Introduction

Lung cancer is one of the most common cancers and a leading 
cause of cancer-related deaths. Lung cancer is usually asymptom-
atic at an early stage and often diagnosed at a late stage, which ex-
plains the high mortality rate [1, 2]. Early screening and diagnosis 
can dramatically decrease the mortality associated with lung can-
cer [1, 2]. Low-dose computed tomography (LDCT) is an effective 
early screening tool for lung cancer for the purpose of reducing 

mortality [2, 3]. The finding of lung nodules is a common finding 
during lung cancer screening. Most lung nodules are benign, es-
pecially the small nodules [4]. Early screening for lung nodules is 
of particular importance for diagnosing invasive pulmonary ade-
nocarcinoma [5]. Radiologists are expected to correctly identify all 
lung nodules and determine the attributes (solid, partially solid, or 
nonsolid) by examining the boundaries, shape, location, and size 
[4]. This process may be highly challenging and time-consuming, 
and one way to overcome this problem is artificial intelligence 
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(AI) [6]. An AI-assisted lung nodule diagnostic system (hereafter 
referred to as an AI-assisted system) has demonstrated good diag-
nostic performance for lung nodules and lung cancers according to 
the current experience from clinical applications [6, 7]. Herein, we 
report a patient who received an AI-assisted differential diagnosis 
of lung nodules. The AI-assisted system successfully detected in-
vasive pulmonary adenocarcinoma < 6 mm in size.

2   |   Case Description

2.1   |   Patient Specific Information

A 66-year-old male sought evaluation at our hospital on February 
10, 2021 for a cough and nodules in the right lung of 3-year du-
ration. A routine chest computed tomography (CT) (320 row 
640-slice ultrafast spiral CT, Siemens, Germany) after admission 
demonstrated the following: a ground-glass opacity (GGO) in the 
right upper lung with a major diameter of approximately 6 mm 
(Figure  1) and a nonuniform density. There was a small strip 
shadow in the right lung (im18), with small cystic lesions scattered 
in both lungs. No bronchial lumen obstruction was noted. There 
were no enlarged lymph nodes in the lung hila or the mediasti-
num. The pleura was not thickened, and there were no pleural ef-
fusions. Compared with previous chest CT results from another 
hospital presented by the patient, the nodules were morphologi-
cally changed, and the patient's nodules showed burr and vacuole 
signs, which suggested a high possibility of malignancy.

The patient had a clear conscious, lucidity, steady breathing, and 
a normal body habitus upon pre-admission physical examination. 
No superficial lymph nodes were enlarged nor was the thyroid 
gland increased in size. There were no thoracic deformities. The 
bilateral lung sounds were clear upon percussion. The breathing 
sounds were clear upon auscultation. B-mode scans were per-
formed in the liver, spleen, portal vein, pancreas, kidneys, adre-
nal glands, ureters, cervical mass, and lymph nodes. Liver cysts 
were visualized. Conventional transthoracic echocardiography 
(color Doppler echocardiography + left cardiac function measure-
ment + tissue Doppler imaging [TDI]) detected no abnormalities 
in the resting state. Conventional ECG showed a sinus rhythm.

2.1.1   |   History of Past Illnesses and Family History

In 2016, the patient underwent a laparoscopic radical prosta-
tectomy + pelvic adhesiolysis + bladder neck reconstruction in 
our hospital. The postoperative follow-up evaluation in 2016 
after the surgery revealed nodules in the right upper lung. 
Subsequently the patient had a productive cough, but no chest 
pain, hemoptysis, chest tightness, or polypnea. But he did not 
come to our hospital for further treatment. The patient had not 
history of hypertension, diabetes, hepatitis, tuberculosis, or 
trauma. The patient had no history of food or drug allergies. He 
did not smoke cigarettes or consume excessive amounts of alco-
hol. The patient did not reside in an endemic area. There was 
no family history of cancer or genetic diseases. There was no 
family history of infectious diseases. The patient's children were 
in good physical health.

2.1.2   |   AI-Assisted Auxiliary Examinations

The patient underwent AI-assisted analysis. There were four 
nodules in the lung. One solid nodule was demonstrated in the 
upper lobe of the right lung (66/335; Figure 2). The longest di-
ameter on the 3D image was 7.3 mm, the volume was 103 mm3, 
and the average density was −380 HU. There were no central 
calcifications, and the risk of malignancy was 88%, which was 
a high level (LungRads3). One solid nodule was located in the 
upper lobe of the right lung (87/335). The longest diameter on 
the 3D image was 7.3 mm, the volume was 60.3 mm3, and the 
average density was −302.4 HU. There were no central calcifi-
cations. The risk of malignancy was 15%, which was a low level 
(LungRads2). The remaining two nodules were smaller in size 
and considered benign. Laboratory testing showed three cir-
culating genetically abnormal cells. The levels of CEA, SCC, 
CYFRA21-1, NSE, and ProGRP were normal.

The AI system is used only in our hospital. It is not a commercial 
product, and it is not available for general use now. The AI system 
is developed by the Professor Chunxue Bai and his team and is 
developed based on more than 10 years of technology and the big 
data of clinical data. Each time, the system is started, and the data 

FIGURE 1    |    A ground-glass opacity found in the right upper lung by routine computed tomography (CT).
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are read; the AI system needs to be tested again. The system will 
update and correct based on each data adding into the system.

2.1.3   |   Diagnosis and Treatment

A high-resolution CT scan of the lungs combined with AI-
assisted analysis identified several nodules in the lung, which 
had a high risk of malignancy. A right superior nodulectomy was 
recommended. On March 25, 2021, the patient underwent a tho-
racoscopic wedge resection of the right upper lung under com-
posite anesthesia. Preoperative pulmonary function tests were 
performed. The nodules were marked before surgery by a hook. 
A 4-cm operative incision was made in the right fifth intercostal 
space along the anterior axillary line. A 1.5-cm observation in-
cision was made in the right eighth intercostal space along the 
anterior axillary line. The pleural cavity was inspected for ad-
hesions. There were no pleural effusions or nodules. A nodule 
was noted in the right upper lung. A mass was observed 0.9 cm 
from the resection margin and within 0.5 cm of the pleura. The 
largest diameter of this mass was 0.6 cm. The cross-section was 
gray–white in color, with a solid texture and clearly defined 
boundaries. A wedge resection of the right upper lung was per-
formed using a straight cutter stapler. The wedge-shaped area 
was 11 × 4.6 × 2.4 cm in size. The operation was completed suc-
cessfully, and the patient did not require a blood transfusion. 
Symptomatic and supportive treatment was provided postoper-
atively. The intraoperative frozen section pathology report was 
as follows: right upper lung nodule, invasive pulmonary adeno-
carcinoma (an invasive lesion approximately 6 mm in size), grade 
II, and primarily of alveolar and adherent types; and the tumor 
did not involve the visceral pleura. Lymph node group numbers 
2, 4, 7, and 10 were submitted for postoperative macroscopic 

examination. One lymph node from group number 2 was submit-
ted for evaluation after pulmonary malignant tumor; no metas-
tasis was detected (0/1). Three lymph nodes from group number 
4 were submitted, and no metastases were detected (0/3). One 
lymph node from group number 7 was submitted, and no metas-
tasis was detected (0/1). Three lymph nodes from group number 
10 were submitted, and no metastases were detected (0/3). The 
immunohistochemical results are shown in Figure 3. Molecular 
pathology genetic testing showed that the tumor cells were suit-
able for testing. There was an exon-21 L858R mutation in the 
EGFR gene, but no mutations were detected in exons 18, 19, and 
21. The final diagnosis of the right upper lung nodule was con-
firmed as invasive adenocarcinoma (IAC).

2.1.4   |   Follow-up

The patient was discharged on March 29, 2021 with no medica-
tions according to treatment guidelines. He was advised to have 
dynamic chest high-resolution CT every 3 months. The patient 
had a re-examination chest CT scan at the Hospital on August 
9, 2021, which indicated typical changes in the right lung. There 
were small nodules in both lungs, which were suspected to be 
inflammatory. Oral levofloxacin hydrochloride was given as 
anti-infective therapy.

3   |   Ethics Approval and Consent to Participate

This study was conducted following the Helsinki Declaration 
and was approved by the ethical committee of our hospital. The 
written informed consent was obtained from the patient to pub-
lish the related data and images of this case.

FIGURE 2    |    One solid nodule with the diameter of 7.3 mm in the upper lobe of the right lung (66/335). Risk of malignancy:88% (LungRads3).
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4   |   Discussion

There is increased awareness of the importance of periodic 
medical evaluations in recent years. In addition, low-dose 
chest CT has become more widely accepted. The number of 
cases diagnosed with lung cancers < 1 cm in diameter has in-
creased for the above reasons [8]. Lung cancers < 1 cm in diam-
eter, also known as sub-centimeter lung cancers, usually have 
complex radiographic features, differentiated situation, and 
highly differential prognosis. The therapeutic intervention for 
lung cancers generally varies among patients [9]. According to 
the guidelines and consensus on the diagnosis and treatment of 
lung nodules [10, 11], the nature of lung nodules < 1 cm in size 
is challenging due to the small size of the biopsy. Thus, obser-
vation is usually recommended for these nodules, and the pa-
tients are advised to undergo follow-up re-examinations every 
3–6 months. The patient reported herein was re-examined 
after discharge, which was consistent with evidence-based 
medicine.

4.1   |   CT Imaging of Lung Tumors 
and Pathologic Types

Pulmonary adenocarcinomas account for > 50% of early-stage 
lung cancers [5]. Microinvasive adenocarcinoma (MIA) refers 
to a single mass with the largest diameter ≤ 3 cm in which 
the tumor cells grow with complete adherence to the alveo-
lar walls, accompanied by an invasive lesion with a maximum 
diameter ≤ 5 mm. When the invasive lesion has a maximum 
diameter > 5 mm, the adenocarcinoma is an IAC, primarily of 
the adherent type. Pulmonary adenocarcinoma usually pres-
ents as a subsolid nodule (SN) on CT scan. Successive stages of 
development of pulmonary adenocarcinoma have been identi-
fied as follows: preinvasive lesion, including atypical adeno-
matous hyperplasia (AAH) and adenocarcinoma in situ (AIS) 

[12], MIA, and IAC [5]. The solid components in the lung 
tumors show massive, aggregate growth of fibrous scars or 
tumor cells. The ratio of GGO-to-solid components can repre-
sent the degree of malignancy. A study has shown that among 
all sub-centimeter nodules, GGO nodules are more likely to 
develop into cancers than solid nodules during a 2-year fol-
low-up [13]. In one cohort study, > 55% of the sub-centimeter 
GGO nodules contained progressively invasive lesions [14]. 
In our case, the nodule in the right upper lung was 6 mm in 
size. The CT scan indicated GGO, a typical radiographic fea-
ture of sub-centimeter lung cancer. The proportion of GGO 
components decreases from AAH-to-IAC, while that of solid 
components increases. The higher the degree of malignancy, 
the worse the prognosis [15]. In the current case, the propor-
tion of GGO components decreased, while solid components 
increased. In accition, radiographic features of malignancy 
were observed, and the risk of malignancy was considered 
high. The AI-assisted analysis identified a high-risk nodule 
in this case. When combined with the pathology results, the 
nodule was confirmed to be a sub-centimeter IAC.

4.2   |   Relationship Between Tumor Size 
and Pathology

According to the 2021 WHO classification system of lung ade-
nocarcinoma, AAH usually has a size < 0.5 cm, while AIS and 
MIA have a size < 3 cm. Lampen-Sachark et al. [16] highlighted 
a significant difference in tumor diameter measured on CT im-
ages and surgically resected gross samples. The former is gen-
erally larger than the latter. The average difference has been 
estimated to be 5.49 mm after a review of measurement data. 
According to relevant data  [17], the size of AAH ranged from 
6.0 to 8.0 mm, with a peak of 7.8 mm. The size of MIA ranges 
from 7.5 to 12.5 mm, with a peak of 11.8 mm. The size of IAC 
ranges from 20.0 to 25.0 mm, with a peak of 23.1 mm. As shown 

FIGURE 3    |    Pathological result. (A,B) HE staining of tumor and surrounding lung; (C) TTF-1(+); (D) Napsin A(+); (E) CK7(+); (F) EGFR L858.
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by the ROC curves, the cutoff value of the lesion size differenti-
ating IAC from AAH and MIA is 15.35 mm. The sensitivity was 
80.8%, and the specificity was 90.4%. Zhan et al. [18] reported 
that CT scans can differentiate IAC, AIS, and MIA for a GGO 
5–10 mm in size. GGOs > 8.12 mm with −449.52 HU are more 
likely to be an IAC [18]. In our case, the AI-assisted analysis 
reported a maximum diameter of 7.4 mm for the nodule in the 
right upper lung on the 3D image, which was > 6 mm on the pla-
nar image. Because the former could more accurately character-
ize the lung nodules, we finally adopted a diameter measured by 
the AI-assisted analysis.

4.3   |   AI-Assisted Analysis Combined With 
Circulating Genetically Abnormal Cells Test to 
Achieve Precision Treatment

Liquid biopsy has the benefits of noninvasiveness and ease of 
application, popularization, and continuous monitoring. Lung 
cancer screening and early diagnosis are the two most im-
portant application directions of liquid biopsy [19]. For small 
lung nodules (< 8 mm) that are difficult to diagnose based on 
pathologic findings and radiography, a liquid biopsy can be 
used to detect DNA released by the tumors to inform patient 
care. Bai et al. [20] suggested that the AI-assisted technique 
and the circulating genetically abnormal cells play vital roles 
in the early detection of early-stage lung cancer. Both meth-
ods also help predict tumor recurrence and differentiate be-
nign tumors from malignant tumors [20]. An AI-assisted 
analysis requires using DICOM files with a slice thickness of 
1 mm, which carries more information for the accurate differ-
entiation between benign and malignant lung nodules. Our 
reported case had AI-assisted analysis and circulating genet-
ically abnormal cell testing early, which effectively prevented 
tumor progression.

5   |   Conclusions

In summary, AI-assisted lung nodule diagnostic system can ef-
fectively screen lung nodules and differentiate benign from ma-
lignant lung nodules.
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