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Abstract
BACKGROUND
Lung cancer is the leading cause of cancer-related death. Early diagnosis is critical to improving a patient’s chance of survival. However, lung cancer associated with cystic airspaces is often misdiagnosed or underdiagnosed due to the absence of clinical symptoms, poor imaging specificity, and high risk of biopsy-related complications.

CASE SUMMARY
We report an unusual case of cancer in a 55-year-old man, in which the lesion evolved from a small solitary thin-walled cyst to lung squamous cell carcinoma (SCC) with metastases in both lungs. The SCC manifested as rare clustered cystic lesions, detected on chest computed tomography. There were air-fluid levels, compartments, and bronchial arteries in the cystic lesions. Additionally, there was no clear extrathoracic metastasis. After chemotherapy, the patient achieved a partial response, type I respiratory failure was relieved, and the lung lesions became a clustered thin-walled cyst.

CONCLUSION
Pulmonary cystic lesions require regular imaging follow-up. Lung SCC should be a diagnostic consideration in cases of thin-walled cysts as well as multiple clustered cystic lesions.
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Core Tip: Lung cancer associated with cystic airspaces is often delayed diagnosis. We report a case in which the lesion evolved from a thin-walled cyst to advanced lung squamous cell carcinoma (SCC). The SCC manifested as rare clustered cystic lesions in bilateral lungs. There are air-fluid levels, compartments and bronchial arteries in the cyst. Additionally, there was no obvious extrathoracic metastasis. After chemotherapy, the lesions became clustered thin-walled cysts. Our report highlights SCC should be a diagnostic consideration in thin-walled cyst as well as multiple clustered cystic lesions.

INTRODUCTION
Lung cancer is the leading cause of cancer-related death worldwide[1]. Early diagnosis is critical to improving a patient’s chance of survival. Low-dose computed tomography (CT) has become an important method for the early screening of lung cancer[2]. On imaging, it typically presents as a mass or nodule. Lung cancer associated with cystic airspaces (LCCA) was first described by Anderson and Pierce in 1954[3]. It is a special form of lung cancer, which is rare in clinical practice, with a reported overall prevalence of 0.46% in a surgical series and 3.7% in a lung cancer–screening cohort[4]. The most common histology was adenocarcinoma, followed by squamous cell carcinoma (9.1%)[5]. Its diagnosis is very challenging and it is increasingly recognized as a cause of delayed diagnosis[6]. 
We report an unusual case of lung cancer in which the lesion evolved from a solitary thin-walled cyst to bilateral clustered cystic lesions in 4 years (Figure 1A-E). Additionally, there was no obvious extrathoracic metastasis. After chemotherapy, the lesions became clustered thin-walled cysts.

CASE PRESENTATION
Chief complaints
A 55-year-old man was transferred to our department with complaints of dry cough and dyspnea for 6 mo without fever, chills, or chest pain, accompanied by fatigue, anorexia, and weight loss.

History of present illness
The patient was admitted to a local hospital and chest enhanced CT revealed multiple cavities and masses in both lungs. CT-guided percutaneous lung biopsy was performed, but only necrotic tissue was found. He was referred to our hospital in May 2019.

History of past illness
The patient had hypertension, for which he was treated with telmisartan (40 mg once daily). He also suffered from diabetes, for which he was treated with gansulin30R (30/70 mixed recombinant insulin, 24 U before breakfast and 20 U before dinner) and acarbose (50 mg three times a day).

Personal and family history
The patient had a 76-pack year history of smoking but had stopped smoking 6 mo prior to hospital admission. He also had a long history of alcohol abuse. His family history was unremarkable.

Physical examination
Vital signs on arrival were unremarkable, except for a mild decrease in blood pressure (to 109/59 mmHg). There was no enlargement of superficial lymph nodes and no rales on auscultation of the lungs.

Laboratory examinations
The results of tumor biomarker tests for neuron-specific enolase and serum cytokeratin 19 fragments (CYFRA21-1) showed an abnormal increase to 32.06 ng/mL and 101.3 ng/mL, respectively. Levels of other relevant serum tumor markers (carcinoembryonic antigen, squamous cell carcinoma (SCC) antigen, carbohydrate antigen 19-9 (CA 19-9), cancer antigen 125, and pro-gastrin-releasing peptide) were normal. Arterial blood gas analysis demonstrated type I respiratory failure (PaO2 60 mmHg, PaCO2 32.1 mmHg, and pH 7.44, with oxygen 3 L/min via nasal catheter). 
The other laboratory results were as follows: white blood cell count of 6.6 × 109/L; hemoglobin of 106 g/L; platelet count of 455 × 109/L; C-reactive protein of 70.5 mg/L; erythrocyte sedimentation rate of 34 mm/h; and procalcitonin of 0.108 ng/mL. Blood biochemical index results showed that albumin decreased to 31.9 g/L (reference range: 40.0–55.0 g/L), creatine kinase decreased to 15 U/L (reference range: 50-310 U/L), and blood urea nitrogen decreased to 2.59 mmol/L (reference range: 3.10-8.00 mmol/L). The result of the tuberculosis-specific enzyme-linked immunospot assay was positive. The 1,3-beta-D-glucan test (G test), galactomannan test (GM test), and cryptococcal capsular antigen test results were negative. Anti-DNA and anti-nuclear antibodies were not detected. 
The patient underwent a bronchoscopy examination with bronchoalveolar lavage fluid (BALF) collection on day 3 of admission. BALF Gram stain, acid-fast stain, Mycobacterium tuberculosis DNA detection, and the G and GM tests were negative. In addition, BALF culturing for fungi and bacteria showed no organisms.

Imaging examinations
Positron emission tomography-CT revealed an elevated standardized uptake value (SUV) of 13.3 in multiple round nodules and irregular cavities in both lungs, as well as mildly enlarged lymph nodes in the mediastinum and left axilla but low SUV (Figure 1F).

FINAL DIAGNOSIS
Percutaneous lung biopsy was performed again, and the pathology showed poorly differentiated lung SCC (Figures 2A and B).

TREATMENT
After diagnosis, six cycles of systemic chemotherapy were administered, consisting of carboplatin (area under the concentration time-curve 5) and paclitaxel 150 mg/m2 every 21 d.

OUTCOME AND FOLLOW-UP
Tumor assessment showed partial response (Response Evaluation Criteria in Solid Tumors 1.1) (Figure 3). The patient’s symptoms, including cough and dyspnea, were relieved. The patient discontinued maintenance treatment, immunotherapy, and regular imaging follow-up. He was hospitalized again at 8 mo after his first chemotherapy treatment and complained of dyspnea for 1 mo. The examination indicated type I respiratory failure, and the bedside chest radiograph showed a mass in the right lung and bilateral cavities (Figure 1G). He was treated with the best supportive care with clinical improvement but eventually died of hemoptysis 1 mo later.
Upon review of the patient’s electronic medical records, it was found that a chest CT was performed in March 2015. Interestingly, no abnormality in the lungs or mediastinum had been observed, except a well-defined thin-walled cyst in the left lingual segment of about 10.5 mm × 7.5 mm in size. He was asymptomatic and did not have a follow-up CT. Four years later, a thick-walled cavity with a diameter of 125 mm × 80 mm and height of 189 mm had formed in the left upper lobe, and multiple clustered cystic lesions and masses had developed with bilateral lung involvement. The cystic lesions had air-fluid levels (Figures 1D and 3C), compartments (Figures 1 and 3), and bronchial arteries (Figure 2C-E).

DISCUSSION
We report a rare case in which a lung SCC changed over time from a small cyst to bilateral dissemination. Four years before onset, only a well-defined thin-walled cystic lesion in the left upper lobe was found on chest CT. To the best of our knowledge, a case of lung cancer presenting as clustered cystic lesions with such extensive bilateral dissemination has not been reported.
The definition of the cyst was first standardized by the Fleischner Society in 1996 and was updated in 2008[7]. It was defined as a round parenchymal lucency consisting of a well-defined interface with normal lungs. Cysts are commonly seen on CT scans, and their differential diagnosis is challenging. Previous research has indicated that LCCA is an important cause of missed diagnosis[8,9] due to the morphology being difficult to distinguish from benign diseases and the fact that morphology may be unchanged for prolonged periods[6]. Patients usually present with either no symptoms, with the cysts discovered on chest imaging for another reason, or with nonspecific symptoms such as cough and shortness of breath[10]. Moreover, surrounding cystic areas render patients at high risk for biopsy-related complications, such as pneumothorax, and also pose diagnostic challenges for lung cancer.
However, LCCA has been increasingly identified in lung cancer screening programs[11]. Guo et al[4] identified 15 cases of LCCA from 3268 surgical resections of primary lung cancer and 306 cases of benign cysts during a period of 5.5 years. The findings suggested a rate of malignancy in pulmonary cysts’ airspaces of 4.7% (15 cancers in 321 cysts). Mascalchi et a[12] classified LCCA into four types. Type I corresponds to the presence of a nodule extruding from the cystic airspace wall. Type II corresponds to a nodule confined within the lumen of the cystic airspace. Type III corresponds to a soft tissue density extending along the wall of the cystic airspace. And, type IV corresponds to solid or nonsolid tissue intermixed within a cluster of multiple cystic airspaces. Shen et al[13] classified LCCA as thin-walled (I), thick-walled (II), cystic lesion with a mural nodule (either endophytic or exophytic; III), or multiloculated with nodular components (IV). Woodring et al[14] reported that cystic airspaces with maximum wall thicknesses ≤ 4 mm were mostly benign, whereas those with maximum wall thicknesses > 15 mm were mostly malignant.
Several studies have shown that LCCA is more common in adenocarcinoma[13,15,16]. Mendoza et al[5] found that adenocarcinoma was the most common histological type of LCCA, with a frequency of 88.1% (289/328), followed by squamous cell carcinoma, with a frequency of 9.1% (30/328). The pathogenesis of cyst formation is considered to be due to two main mechanisms: Central necrosis within the nodule and check-valve obstruction at the terminal bronchiolar level[15,16].
Early identification of any focal lesion is crucial because cancer is typically curable when it is in the early stage[17]. Tumor biopsy is the gold standard for lung cancer diagnosis, but the early lesions with few solid components, LCCA lesions are prone to pneumothorax and other biopsy-related complications, which limit the application of biopsy. Based on the results of The National Lung Cancer Screening Trial, low-dose CT screening of heavy smokers has been recommended by the major American and European scientific societies[18-21]. Furthermore, the unpredictable growth rate of lung cancer, which ranges from indolent to aggressive cancers, necessitates attention to the wide spectrum of progression in lung cancer appearance on serial CT scans[22]. The role of 18F-FDG-PET to differentiate between benign and malignant cystic airspace lesions is very limited, since infectious (including fungal) diseases, inflammatory abnormalities, and granulomatous diseases can also show high uptake[23,24]. 
Several studies have suggested that cystic airspaces indicative of lung cancer usually develop wall thickening and/or mural nodularity during follow-up[5,11,12]. LCCA is usually slow growing[25]. Nevertheless, with tumor growth, airspace size can increase, decrease, or remain unchanged[5,12].
The drawback of low-dose computed tomography screening is the presence of uncertainties about high costs, risk of radiation exposure, and false positives observed in the screening population[26]. And late stage cancers still emerge between screening intervals[9]. Liquid biopsy has emerged as a promising tool for the early diagnosis and management of lung cancer due to its non-invasive sampling, easily repeatable, and economic[27]. Liquid biopsy biomarkers include cell-free DNA, circulating tumor DNA, microRNA, exosomes, and circulating tumor cells. The key issue is the sensitivity and specificity of detection for application to early diagnosis. Several studies underline the importance of integrating different molecular technologies with imaging, radionics, and artificial intelligence to improve the sensitivity and specificity of early diagnosis[28,29].
Unfortunately, in our study, the solitary cyst did not attract clinical suspicion, and the patient did not undergo regular imaging follow-up.
Despite advances in screening, detection, molecular classification, and therapy, a substantial proportion of individuals who initially present with localized or locoregional disease eventually succumb to recurrent malignancy[30]. Local recurrence is seen in 13%-24% of patients after curative resection[31,32] and distant recurrence is reported to be the most common type of the first recurrence[32]. The bone, lung, brain, adrenals, and liver are the most frequent sites of lung cancer metastasis. Occasionally, metastases of lung cancer can be found in the soft tissue, such as the shoulder[33], back muscles[34], and subcutaneous[35].
When looking up the recurrence of LCCA, there is no definite conclusion. Shen et al[36] evaluated the prognosis by using propensity score matching and found that the LCCA group exhibited a better three-year recurrence-free survival than the non-LCCA group. Shinohara et al[37] reported that patients with lung cancer adjoining pulmonary bullae (LC-AB) exhibit better overall survival than those with non-LC-AB. Kaneda et al[38] stated that LC-AB, even a small lesion, exhibits a poor prognosis. Hanaoka et al[39] reported that postoperative survival of patients with lung carcinoma arising from bullae is comparable to that of patients with lung carcinoma without bullae if the carcinoma is resected in the early stages. In conclusion, the prognosis of LCCA remains controversial because of the rarity of LCCA and inconsistencies in the definitions of LCCA in multiple studies. Interestingly, in the present study, there was widely bilateral lung involvement, while no obvious extrathoracic metastasis.
The lack of continuous imaging follow-up of the cyst in our case proved limiting to our ability to make further comment. 

CONCLUSION
Due to the extremely poor prognosis of advanced lung cancer and the high 5-year survival rate of patients with early-stage surgically resectable lung cancer, early diagnosis is very important. SCC should be considered during the differential diagnosis of solitary cystic lesions as well as multiple clustered cystic lesions. Cystic lesions require long-term imaging follow-up to ensure stability and exclude malignancy if the lesions are not resected.
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Figure Legends
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Figure 1 Chest computed tomography, positron emission tomography, and chest radiograph. A: Chest computed tomography (CT) detected a thin-walled cyst (white arrow) in the left upper lobe in 2015 and a large cavity and mass (black arrow) in that same location in 2019; B-E: Chest CT detected multiple clustered cystic lesions in the left lung (B, C representative images) and the right upper lobe (D), and a mass (E) in the right middle lobe (black arrow) and lower lobe (black arrow head); F: Positron emission tomography-CT showed elevated uptake in bilateral lesions in 2019; G: Bedside chest radiograph showed a mass in the right lung and bilateral cystic lesions, which suggested tumor relapse in February 2020.
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Figure 2 Pathology and enhanced computed tomography coronal maximum intensity projection of the chest. A: Lung biopsy revealed a background of proliferating fibrous tissue with irregular nests of epithelial cells; B: The short arrow indicates intercellular bridges and the long arrow indicates a keratin-pearl, which are both typical of squamous cell carcinoma ([hematoxylin and eosin staining, original magnifications 100 ×(A]) and 400 × (B)]; C-E: Enhanced computed tomography coronal maximal projection intensity of the chest showed that the pulmonary artery passed through the cavity and masses.
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Figure 3 Chest computed tomography after chemotherapy. A, C, E, and G: Computed tomography (CT) scans from May 2019, taken before treatment; B, D, F, and H: CT scans in August 2019, taken for post-treatment assessment after four cycles of chemotherapy.
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