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Abstract

:

The COVID-19 pneumonia pandemic represents the most severe health emergency of the 21st century and has been monopolizing health systems’ economic and human resources world-wide. Cancer patients have been suffering from the health systems’ COVID-19 priority management with evidence of late diagnosis leading to patients’ poor prognosis and late medical treatment. The radiologist plays a pivotal role as CT represents a non-invasive radiological technique which may help to identify possible overlap and differential diagnosis between COVID-19 pneumonia and lung cancer, which represents the most frequent cancer histology in COVID-19 patients. Our aims are: to present the main CT features of COVID-19 pneumonia; to provide the main differential diagnosis with lung cancer, chemotherapy-, immunotherapy-, and radiotherapy-induced lung disease; and to suggest practical tips and key radiological elements to identify possible overlap between COVID-19 pneumonia and lung cancer. Despite similarities or overlapping findings, the combination of clinics and some specific radiological findings, which are also identified by comparison with previous and follow-up CT scans, may guide differential diagnosis. It is crucial to search for typical COVID-19 pneumonia phase progression and typical radiological features on HRTC. The evidence of atypical findings such as lymphadenopathies and mediastinal and vessel invasion, as well as the absence of response to therapy, should arouse the suspicion of lung cancer and require contrast administration. Ground-glass areas and/or consolidations bound to radiotherapy fields or pneumonitis arising during and after oncological therapy should always arouse the suspicion of radiation-induced lung disease and chemo/immunotherapy-induced lung disease. The radiological elements we suggest for COVID-19 and lung cancer differential diagnosis may be used to develop AI protocols to guarantee an early and proper diagnosis and treatment to improve patients’ quality of life and life expectancy.
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1. Introduction


COVID-19 pneumonia represents the most severe pandemic of the 21st century with high interpersonal transmission through virus inhalation [1] and with continuous incoming variants, the last being the omicron, which has led health systems to further focus their financial and human resources on its diagnosis and treatment [2,3], while governments all around the world have been fighting the pandemics with lockdowns, social distancing, and vaccination [4,5].



The scientific community has focused its efforts on COVID-19 diagnosis and treatment, showing great interest in new scientific fields such as artificial intelligence (AI). Artificial intelligence has been suggested for early identification of COVID-19 clusters, disease monitoring, and mortality risk prediction with good accuracy [6,7,8].



Non-COVID diseases, and in particular oncological diseases, suffered from health systems’ COVID-19 priority management with evidence of late diagnosis leading to patients’ poor prognosis and late medical treatment [9,10].



Oncological patients are more prone to be infected by COVID-19 and to present severe forms of pneumonia and complications due to immunosuppression caused by cancer and chemotherapy-immunosuppressive therapies and because they regularly visit hospitals for restaging and treatment [11,12,13,14]. Sometimes a COVID-19 pneumonia diagnosis is made on CT scans in cancer patients with no specific COVID-19 symptoms [15] and differential diagnosis between COVID-19 pneumonia and lung cancer may be complicated [16].



This dire scenario highlights the need to investigate possible overlap and differential diagnosis between COVID-19 pneumonia and lung tumors, which is the most frequent cancer histology in COVID-19 patients [17].



The radiologist plays a crucial role as CT represents a non-invasive radiological technique that may suggest COVID-19 diagnosis or possible differential diagnoses.



Our primary aims are to present the main CT features of COVID-19 pneumonia and to provide the main differential diagnosis with lung cancer according to the 2021 WHO classification [18], and with chemotherapy-, immunotherapy-, and radiotherapy-induced lung diseases. The secondary aim is to provide practical tips and key radiological elements to identify possible overlap between COVID-19 pneumonia and lung cancer.




2. COVID-19 Pneumonia


COVID-19 infection is contracted through the inhalation of the SARS-CoV-2, which links to the receptor of ACE II of alveolar and endothelium cells [1,19]. Secondary inflammation and coagulation system activation has been proved to contribute to severe complications of COVID-19 pneumonia which may be appreciated in all the organs and systems of human body from ARDS of the lung, to vascular thrombosis, to pulmonary embolism, and to neuro-COVID [20,21,22].



COVID-19 patients’ clinical presentation ranges from completely asymptomatic to highly symptomatic and symptoms may vary from very typical, such as ageusia and anosmia, to non-specific symptoms such as cough and mild fever [1].



Therefore, COVID-19 asymptomatic patients may be accidentally identified through radiological exams performed for other reasons. Among these reasons, serial chest CT exams are performed in oncological patients and, in particular, in lung cancer patients. Despite its availability, cost-effectiveness, and easy decontamination, chest X-rays are insensitive in early and mild COVID-19 pneumonia and not sufficient in the staging and restaging of lung cancer patients. On the other hand, CT represents the optimal exam for early diagnosis and disease progression monitoring [23,24,25].



COVID-19 pneumonia progression typically encompasses four stages that may overlap each other [26] (Figure 1, Table 1):




	
Early phase or phase one (between day 0 and day 4) is characterized by bilateral and diffuse subpleural ground-glass opacities (Figure 1a);



	
Progressive phase or phase two (between day 5 and 8) shows extensive subpleural crazy paving areas co-existing with ground-glass opacities. Small consolidative foci may be present (Figure 1b);



	
Peak phase or phase three (between day 9 and 13) is defined by subpleural consolidation with peripheral ground glass and/or crazy paving opacities (halo sign) (Figure 1c);



	
Absorption phase or phase four (14 days and beyond) is the final stage in which parenchymal bands and ground-glass opacities represent a process of parenchymal repair and reorganization mediated by organizing pneumonia [27] (Figure 1d).








Additional findings are [26,28]:




	5.

	
bilateral and subpleural distribution of lesions, in particular in the inferior lobes;




	6.

	
peripheral pulmonary vessels ectasis, especially within ground-glass/crazy paving opacities (Figure 2a);




	7.

	
atoll sign or reverse halo sign consisting in an area of ground-glass surrounded by a consolidation halo [28,29].









Rare findings that should raise the suspicion of a differential diagnosis are lymphadenopathies, pulmonary nodules, cavitations, and pleural effusions [26,28].



Patients may experience a sudden worsening of clinical conditions presenting with tachypnea, air hunger, and wheezing indicating a progression to a severe COVID-19 pneumonia complication: ARDS (acute respiratory distress syndrome) [30]. Chest CT shows patchy ground glass areas which progress to confluent opacities coexisting with dependent consolidations with a typical antero-posterior gradient [31].




3. COVID-19 and Lung Cancer: Differential Diagnosis


The 2021 WHO classification of lung tumors endorsed the basic principles of the 2015 WHO classification by suggesting an optimal pipeline to approach lung cancer starting from the morphological appearance supported by immunohistochemistry and molecular techniques, with a major emphasis on molecular pathology [18,33].



The multidisciplinary team, through the evaluation of clinics, anamnesis, laboratory imaging, and histopathological findings, guarantees a proper diagnosis and elaborates an optimal treatment. The role of the radiologist is to suggest a lung cancer diagnosis and possible differential diagnoses, especially in the COVID-19 era in which atypical presentations and overlapping pathologies are frequent findings [13].



Imaging provides a morphological approach to lung pathology. Differential diagnosis on CT is made by evaluating radiological signs, lesion distribution and timing, and contrast enhancement.



We will focus on the most frequent cancer- and treatment-related differential diagnoses by using a morphological approach based on the radiological findings identified in the four phases of COVID-19 pneumonia [26] (Table 1).



3.1. Ground-Glass


3.1.1. Single Pure Ground-Glass Lesion


Adenocarcinoma Precursor Glandular Lesions


AIS (adenocarcinoma in situ) and AAH (atypical adenomatous hyperplasia) are non-invasive pure lepidic-growing preinvasive lesions that may be seen as focal ground glass opacities on CT scan. They represent a morphologic continuum and dimensional criteria may be useful to differentiate them, AAH likely being ≤5 mm, AIS generally being bigger and ≤3 cm [34,35,36] (Figure 2b).



Radiological features for differential diagnosis between precursor glandular lesions and COVID-19 pneumonia (Figure 2a,b) [34,35,36]):




	
generally single and focal ground-glass opacity;



	
distribution is random and may be centro-parenchymal or subpleural;



	
asymptomatic and resistant to antibiotic and anti-inflammatory treatment;



	
tendency to grow and/or evolve to malignancy with different timing with respect to COVID-19 pneumonia.










3.1.2. Multiple Pure Ground-Glass Lesion


Metastases


Ground-glass metastases are less frequent than solid metastases and present as multiple focal areas of ground-glass opacities with a random distribution. Although patients commonly present with an already-known primitive tumor diagnosis and do not present acute symptoms, ground-glass metastases may be the presentation of cancer [37,38,39] (Figure 2d).



Radiological features for differential diagnosis between ground-glass metastases and COVID-19 pneumonia [37] (Figure 2a,d):




	
evidence of coexisting solid/subsolid lung cancer or systemic known cancer;



	
bilateral involvement with a random distribution in case of hematogenous spread or with spread thought airspace (STAS);



	
ground-glass opacities do not follow COVID-19 phases and are generally asymptomatic in early phases;



	
growing despite antibiotics and anti-inflammatory therapies;



	
pleural effusions;



	
mediastinal lymphadenomegalies.











3.2. Crazy Paving


Lymphangitic Carcinomatosis


It consists in tumor spreading through the lymphatics of the lung and it is most commonly secondary to adenocarcinoma [40]. Anamnesis and comparison with previous exams are suggested [41] (Figure 3b).



Radiological features for differential diagnosis between lymphangitis carcinomatosis and COVID-19 pneumonia [40,42] (Figure 3a,b):




	
evidence of coexisting solid/subsolid cancer;



	
unilateral involvement, which is homolateral to lung cancer;



	
crazy paving pattern is typical, but does not coexist, follow, or precede



	
ground-glass opacities and consolidations, that are typical, respectively, of stage one and three of COVID-19 pneumonia;



	
pleural effusions;



	
mediastinal lymphadenomegalies.










3.3. Coexistence of Ground-Glass or Crazy Paving with Consolidations


3.3.1. MIA (Minimally Invasive Adenocarcinoma)


It is a minimally-invasive lepidic-growing tumor that may be seen as a focal ground-glass opacity surrounding a nodule ≤5 mm on CT scan [43,44]. The presence of focus or foci of invasive adenocarcinoma may help distinguish MIA from AIS [36], but the diagnosis can only be made after a complete histologic review [34,36] (Figure 4b).




3.3.2. INMA (Invasive Non-Mucinous Adenocarcinoma)


Among the variants there is lepidic adenocarcinoma, which appears as a solid nodule (>5 mm) with a small surrounding ground glass opacity indicating lepidic growing on CT [26,38]. The size of focus of the invasive carcinoma being >5 mm has been shown to be an effective way to distinguish INMA from AIS and MIA [45] (Figure 4c).




3.3.3. IMA (Invasive Mucinous Adenocarcinoma)


This is a focal or multicentric invasive lepidic-growing mucinous adenocarcinoma with a variety of different presentations from solid to non-solid on CT scan depending on mucin production [43,44] (Figure 4d).



Clinics and anamnesis are extremely important because tumors are often asymptomatic in the early phases or may show long-lasting symptoms. Radiological features for differential diagnosis of MIA, INMA, and IMA with COVID-19 pneumonia [18,34,36,46] (Figure 4a–e) include:




	
tumors are generally focal entities and appear as ground-glass opacities (atypical adenomatous hyperplasia likely being ≤5 mm, adenocarcinoma in situ generally being bigger, even measuring ≤3 cm), or ground-glass opacity surrounding a nodule (≤5 mm in minimally invasive adenocarcinoma and >5 mm in lepidic predominant adenocarcinoma);



	
even if tumors are multicentric, such as invasive mucinous adenocarcinoma, they tend to grow even after antibiotic or anti-inflammatory treatment;



	
additional findings such as cysts (cystadenocarcinoma);



	
cleavage invasion;



	
lymphangitic carcinomatosis (Figure 3b);



	
mediastinal lymphadenopathies (Figure 4e) and pleural effusions.










3.4. Consolidations


3.4.1. Single Consolidation


Lung Tumor


Lung tumors may frequently appear as a single solid (<3 cm) or mass (>3 cm) with different morphological, immunohistochemical, and molecular characteristics which guide the differential diagnosis and treatment [18].



Imaging ensures an optimal evaluation of morphological features and histopathology is frequently mandatory for a definite differential diagnosis which will guide treatment. Differential diagnosis among lung cancer subtypes is beyond the scope of this article; therefore, we will focus on the typical presentation of single solid pulmonary lung cancer and of differential diagnosis with COVID-19 pneumonia phase 3.



Anamnesis and clinical signs and symptoms are crucial for the suspect of solid lung tumors. Radiological features for differential diagnosis of a single consolidation and COVID-19 pneumonia [18,34,46,47,48] (Figure 5a–d):




	
generally focal entities, appearing as a single nodule (<3 cm) or mass (>3 cm) with invasive and infiltrative features;



	
spiculated margins with pleural and parenchymal retraction stripes causing extensive pulmonary distortions and mediastinal attraction;



	
inhomogeneous density in relation to hemorrhagic and/or necrotic foci (e.g., small cell carcinoma, large cell carcinoma);



	
inhomogeneous contrast enhancement that is typical of cancer and is not seen in COVID-19 consolidations;



	
possible endobronchial growth and spread through airspace (STAS), which has been recognized as a feature with prognostic significance in 2021 WHO classification of thoracic tumors;



	
not generally associated with ground-glass or crazy paving areas. If ground-glass or crazy paving areas are present due to edema and hemorrhage, they do not follow COVID-19 pneumonia phases;



	
may be central or peripheral, but do not present a strictly subpleural distribution (squamous cell carcinoma and small cell carcinoma being generally central tumors whilst large cell carcinoma being often peripheral);



	
grow during antibiotics/anti-inflammatory therapies;



	
cysts and/or cavitations (squamous cell carcinoma);



	
chest wall, mediastinum and mediastinal organs invasion (frequent in small cell carcinoma, which is most common oncological cause of superior vena cava compressive/infiltrative/thrombotic obstruction);



	
associated findings such as atelectasis (Figure 5d) and post-obstructive pneumonia (typical of endobronchial growing tumors such as squamous cell carcinoma;



	
lymphangitis carcinomatosis;



	
mediastinal lymphadenopathies and pleural effusions;



	
systemic metastasis, which are particularly early and frequent in small cell carcinoma.










3.4.2. Multiple Consolidations


Metastases


Metastases are multiple parenchymal and/or pleural lesions secondary to a primitive cancer. Solid metastases present as solid, homogenous nodules with random distribution, regular margins, and nodular morphology, even if there are rarer and atypical presentations [37,38,49].



Anamnesis and clinical signs and symptoms are crucial for the suspicion of solid lung tumors. Radiological features for differential diagnosis of multiple consolidations and COVID-19 pneumonia [38,39,49] (Figure 5a,e):




	
generally present as discrete regular nodules with roundish morphology while COVID-19 consolidations present ill-defined margins and do not show a nodular appearance;



	
generally present a random distribution in case of hematogenous spreading or may present a spreading through airspace (STAS);



	
may be asymptomatic and increase in number and dimensions during antibiotic and anti-inflammatory treatment;



	
are not frequently associated with ground-glass or crazy paving opacities and do not follow COVID-19 pneumonia phases.












4. COVID-19 Pneumonia and Treatment-Induced Lung Disease: Differential Diagnosis


Lung cancer therapy has been continuously evolving and is strictly dependent on neoplasm morphostructural, immunohistochemical, and molecular features [18]. On the other hand, oncological treatment is the cause of multiple acute and chronic lung diseases [27,50,51,52,53,54]. Anamnesis and timing of clinical signs and symptoms is pivotal for an optimal differential diagnosis and proper treatment [50].



4.1. RILD (Radiation-Induced Lung Disease)


This is common after therapeutic irradiation of intrathoracic and chest wall malignancies [52] and can be divided into acute RILD (≤6 months from completion of therapy) (Figure 2c and Figure 3c) and chronic RILD (up to 2 years from completion of therapy) [51,53] (Figure 6c,d).



4.1.1. Ground Glass and Crazy Paving


Acute RILD often presents as areas of ground-glass opacities (Figure 2c) which may overlap with interstitial thickening resulting in a crazy paving pattern (Figure 3c). The densitometric alterations strictly reflect radiation fields [53].




4.1.2. Consolidations and Absorption Phase


Radiations may induce abnormal pulmonary reaction resulting in linear fibrotic parenchymal bands to massive consolidations causing retraction on pleural/parenchymal tissue and mediastinum, bronchiectasis, and architectural distortions. These areas are generally located in the radiation field boundaries [53].



Anamnesis of radiation exposure and comparison with previous CT scans are necessary for a correct differential diagnosis. Radiological features for differential diagnosis between RILD and COVID-19 pneumonia [51,53]:




	
parenchymal lesions located within radiation field boundaries, in particular ground-glass or crazy-paving opacities in acute RILD and consolidations with calcification foci in chronic RILD;



	
additional findings such as nodules, atelectasis, and tree-in-bud, more common in radiation pneumonitis;



	
evidence of fibrosis, traction bronchiectases, volume loss, architectural distortion, and ipsilateral displacement of mediastinum during the chronic stage;



	
pleural effusions in the early stage and pleural thickening in the chronic stage.










4.2. Chemotherapy- and Immunotherapy-Induced Lung Disease


We will cite and classify the most common chemotherapy and immunotherapy-induced pulmonary diseases in relation to COVID-19 pneumonia phases [27,50,54]:



4.2.1. Ground-Glass and Crazy Paving


NSIP (non-specific interstitial pneumonia): methotrexate, carmustine, chlorambucil;



Hypersensitivity pneumonitis: immunosuppressants such as sirolimus and everolimus;



Pulmonary hemorrhage: cytarabine, cyclophosphamide.



OP (organizing pneumonia): Bleomycin, methotrexate, cyclophosphamide (Figure 4f).




4.2.2. Consolidations


Pulmonary hemorrhage: cytarabine, cyclophosphamide;



OP (organizing pneumonia): bleomycin, methotrexate, cyclophosphamide (Figure 4f and Figure 6b).




4.2.3. Absorption Phase


OP (organizing pneumonia): bleomycin, methotrexate, cyclophosphamide (Figure 6b).




4.2.4. ARDS


ARDS/DAD (diffuse alveolar damage): bleomycin, carmustine, cyclophosphamide, mitomycin, melphalan.






5. COVID-19 Pneumonia and Lung Cancer: Overlapping Pathologies


Cancer patients are more prone to infections, and in particular to COVID-19 infection, and often present more severe forms of COVID-19 pneumonia leading to dire complications [11,12,13,14].



Although COVID-19 pneumonia may be an incidental diagnosis in asymptomatic patients [15], acute symptoms worsening and changing should always suggest an overlapping pathology or a progression and require urgent investigation (Figure 7a–d).



Radiologists play an important role since a chest CT scan is a non-invasive technique which may suggest a definite diagnosis.



Key radiological features for a differential diagnosis between lung cancer and treatment-induced lung disease have been extensively presented in the previous paragraphs. We will provide the clinical radiologist with some crucial tips and radiological elements for a proper diagnosis:




	
oncological patient CT protocol requires contrast administration for an optimal evaluation of lung cancer, lymphadenopathies, and mediastinal and vessel invasion. HRCT performed in COVID-19 patients should be followed by a contrast-enhanced CT scan in case of the suspicion of co-existing cancer;



	
radiological features should always be paired with a patient’s specific lung tumor because a discrepancy between known histology and radiological presentation may guide the diagnosis of overlapping pathologies;



	
compare current CT scan with previous exams to exclude cancer progression or regression, treatment-induced lung diseases, and overlapping of COVID-19 pneumonia;



	
search for typical phase progression of COVID-19 pneumonia in multiple CT scans and compare it with clinical symptoms;



	
identify possible regression or conversely progression after COVID-19 treatment in case of non-univocal radiological features;



	
always discuss the case in multidisciplinary meetings to have an optimal and wide knowledge of the patient’s anamnesis, signs and symptoms, and pathology and treatment.








Mild radiological findings in patients with chronic lung disease may represent a dire challenge for the radiologist in the pandemic era, since not many typical features or non-COVID extra findings may dissimulate diagnosis. If clinics, laboratory, and tampons do not help the diagnosis but the suspicion remains high, our suggestion is to repeat the CT scan, since in the first days tampons and CT may be negative and clinical and laboratory findings may be ambiguous [28]. The radiological elements we suggest for COVID-19 and lung cancer differential diagnosis may be used to develop AI protocols for the identification of subtle radiological features of COVID-19 pneumonia to guarantee a proper treatment [6]. Further studies are required to address this issue.




6. Conclusions


COVID-19 pneumonia has been monopolizing health systems’ economic and human resources world-wide with consequences for cancer diagnosis and treatment, such as the late diagnosis of lung cancer leading to patients’ poor prognosis and late medical treatment [3,4]. Oncological patients are more prone to present severe forms of COVID-19 pneumonia and are subject to worse complications [5,6,7]. Radiologists have the challenging role of suggesting a differential diagnosis with lung cancer and treatment-induced lung diseases or suggesting an overlap between these pathologies. Despite similarities or overlapping findings, the combination of clinics and some specific radiological findings, which are also identified by comparison with previous and follow-up CT scans, may guide differential diagnosis. It is crucial to search for typical COVID-19 pneumonia phase progression and typical radiological features on HRTC. The evidence of atypical findings, such as lymphadenopaties and mediastinal and vessel invasion, as well as the absence of response to therapy, should arouse the suspicion of lung cancer and require contrast administration. Ground-glass areas and/or consolidations bound to radiotherapy fields or pneumonitis arising during and after oncological therapy should always arouse the suspicion of radiation-induced lung disease and chemo/immunotherapy-induced lung disease. The radiological elements we suggested for COVID-19 and lung cancer differential diagnosis may be used to develop AI protocols to guarantee an early and proper diagnosis and treatment to improve patients’ quality of life and life expectancy.
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Figure 1. (a–e) HRTCs showing the four different stages of COVID-19 pneumonia (a–d) and ARDS as a possible complication I. In (a), the first stage is characterized by subpleural ground-glass opacities (white arrows in (a,b)) which co-exist with extensive subpleural crazy paving pattern in stage 2 (black arrows in (b); in (c), consolidations (black circle) are typical of phase 3 and may be surrounded by ground-glass opacities; in (d) parenchymal bands (black-bordered white arrows in (d) are characteristic of the absorption phase); in (e), confluent ground glass opacities with dependent foci of consolidations represent a dire complication of COVID-19 pneumonia: acute respiratory distress syndrome. Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 
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Figure 2. (a–d) HRTCs showing differential diagnoses of COVID-19 pneumonia stage 1/ground-glass opacities. COVID-19 phase 1 is characterized by subpleural ground-glass areas (white arrow in (a)) with ectasis vessels within (black arrow in (a)). Its main differentials are represented by adenocarcinoma in situ, presenting as a focal area of ground-glass opacity (dotted black arrow in (b)); radiation pneumonitis (acute radiation-induced lung disease) presenting with ground-glass opacities (dotted black arrows in (c)) in the field of radiation; and ground-glass metastases (black arrows in (d)) which appear as multiple focal ground-glass opacities with a random distribution. Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 
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Figure 3. (a–c) HRTCs showing differential diagnoses of COVID-19 pneumonia stage 2/crazy-paving opacities. In stage 2, extensive, subpleural crazy-paving opacities (black arrows in (a)) coexist with subpleural areas of ground-glass (white arrow in (a)) and should be differentiated by lymphangitis carcinomatosis (b), which represents secondary spread of lung cancer to the lymphatic vessels and is frequently seen together with pleural effusion (black asterisk in (b)), and by radiation pneumonitis (acute radiation-induced lung disease) presenting with crazy-paving pattern (dotted black arrows in (c)) in the field of radiation. Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 
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Figure 4. (a–f) HRTCs showing differential diagnoses of COVID-19 pneumonia stage 2–3/consolidations with ground-glass/crazy paving opacities. The transition between stage 2 and 3 of COVID-19 pneumonia is characterized by confluent consolidative foci (black circle in (a)) in extensive areas of ground-glass (white arrow in (a)) and/or crazy paving opacities (black arrow in (a)). Differential diagnosis with adenocarcinoma should include: minimally invasive adenocarcinoma presenting as a ground-glass area surrounding a solid nodule < 5 mm (dotted black arrow in (b)); invasive non-mucinous adenocarcinoma in which the nodule is >5mm and there is a small surrounding area of ground glass (dotted white circle in (c)); and invasive mucinous carcinoma, in particular the multicentric carcinoma (d) which presents as bilateral intraparenchymal or subpleural consolidations (dotted white arrows in (d)) surrounded by areas of ground-glass/crazy paving (black arrows in (d)) co-existing with extensive areas of ground-glass and crazy paving opacities (black arrows in (d)). Additional findings such as lymphadenopathies (black asterisks in (e)) may guide differential diagnosis. In (f), HRTC of patients presenting with chemotherapy induced organizing pneumonia characterized by extensive areas of ground-glass opacities (white arrows in (f)) coexisting with ill-defined consolidations (dotted black circle). Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 
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Figure 5. (a–e) Chest CTs showing differential diagnoses of COVID-19 pneumonia stage 3/consolidations. Subpleural ill-defined consolidations are typical of COVID-19 pneumonia stage 3 (black circle) and are generally easy distinguishable from lung cancer, especially if lung tumors present as big masses with spiculated margins, pleural retraction striae (dotted black circle in (b)), cavitations (black arrow in (b)) and lymphadenopathies (black asterisk in (c)). Contrast administration is useful to appreciate the inhomogeneous enhancement of lung tumor and mediastinal tissue infiltration (white arrow in (c)), and/or additional findings such as lobar atelectasis (dotted white arrow in (d)) secondary to bronchial invasion with progressive lobar hypoventilation and secretive stagnation. Solid metastases (e) may be differentiated by COVID-19 consolidations because they appear as roundish nodules with regular margins and a random distribution in relation to hematogenous spread. Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 
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Figure 6. (a–d) Chest CTs showing differential diagnoses of COVID-19 pneumonia stage 4/absorption phase characterized by parenchymal bands (black-bordered white arrows in (a). Differential diagnoses generally include chemotherapy-induced lung disease (b) and radiation-induced lung disease (c,d). In (b), HRTC of a patient presenting with OP showing pulmonary parenchymal ill-defined bands and consolidations during a chemotherapy cycle (black arrows in (b)); in (c,d), chest CT of a patient who underwent radiotherapy for an apical lung cancer, showing an extensive mass with irregular margins, pleural and mediastinal retraction striae (black dotted arrow) and with some calcification within (dotted white arrows) in the field of radiation. Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 






Figure 6. (a–d) Chest CTs showing differential diagnoses of COVID-19 pneumonia stage 4/absorption phase characterized by parenchymal bands (black-bordered white arrows in (a). Differential diagnoses generally include chemotherapy-induced lung disease (b) and radiation-induced lung disease (c,d). In (b), HRTC of a patient presenting with OP showing pulmonary parenchymal ill-defined bands and consolidations during a chemotherapy cycle (black arrows in (b)); in (c,d), chest CT of a patient who underwent radiotherapy for an apical lung cancer, showing an extensive mass with irregular margins, pleural and mediastinal retraction striae (black dotted arrow) and with some calcification within (dotted white arrows) in the field of radiation. Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU.



[image: Tomography 08 00041 g006]







[image: Tomography 08 00041 g007 550] 





Figure 7. (a–d) Chest CT of an oncologic patient affected by a paramediastinal lung cancer located in the apical segment of the right upper lobe (dotted white arrow) and undergoing chemotherapy and radiotherapy. After admission to the first aid with ageusia, anosmia, and fever, a chest CT scan was performed showing subpleural areas of ground-glass (white arrow in (b)) and crazy paving (black arrow in (c)) with the typical reversed halo sign or atoll sign (dotted black arrow in (d)), parenchymal consolidations (black circle in (a)) and subpleural parenchymal bands together with crazy paving opacities (black-bordered white arrow in (d)). Lungs: mean window with 1500 HU; mean window level −600. Mediastinum: mean window with 350 HU; mean window level 50 HU. 
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Table 1. COVID-19 pneumonia main radiological features, additional findings, and spatial distribution [19]. The table was reproduced from Guarnera, A.; Podda, P.; Santini, E.; Paolantonio, P.; Laghi, A. Differential diagnoses of COVID-19 pneumonia: the current challenge for the radiologist-a pictorial essay. Insights Imaging 2021, 12, 34 [32], under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/) (accessed on 26 December 2021).
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Stage

	
Phase

	
Timing (days)

	
Predominant Radiological Findings

	
Additional Findings

	
Spatial Distribution of Radiological Findings






	
1

	
Early

	
0–4

	
Ground glass opacities

	
Peripheral vessel widening

Halo sign

Atoll sign or reversed halo sign

Overlapping of radiological findings in different phases

Rarity of: lymphadenopathies, pleural effusions, pulmonary nodules

	
Bilateral

Peripheral/subpleural

Centro-parenchymal (atypical)

Lower lobes prevalence




	
2

	
Progressive

	
5–8

	
Crazy paving pattern, ground glass opacities and small consolidations




	
3

	
Peak

	
9–13

	
Consolidative foci




	
4

	
Absorption

	
≥14

	
Ground-glass opacities and linear consolidation
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