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Abstract

Patients with bronchogenic carcinoma comprise a high-risk group for coronavirus
disease 2019 (COVID-19), pneumonia and related complications. Symptoms of
COVID-19 related pulmonary syndrome may be similar to deteriorating symp-
toms encountered during bronchogenic carcinoma progression. These resemb-
lances add further complexity for imaging assessment of bronchogenic carcinoma.
Similarities between clinical and imaging findings can pose a major challenge to
clinicians in distinguishing COVID-19 super-infection from evolving bron-
chogenic carcinoma, as the above-mentioned entities require very different
therapeutic approaches. However, the goal of bronchogenic carcinoma mana-
gement during the pandemic is to minimize the risk of exposing patients to
COVID-19, whilst still managing all life-threatening events related to broncho-
genic carcinoma. The current pandemic has forced all healthcare stakeholders to
prioritize per value resources and reorganize therapeutic strategies for timely
management of patients with COVID-19 related pulmonary syndrome. Processing
of radiographic and computed tomography images by means of artificial
intelligence techniques can facilitate triage of patients. Modified and newer
therapeutic strategies for patients with bronchogenic carcinoma have been
adopted by oncologists around the world for providing uncompromised care
within the accepted standards and new guidelines.
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Core Tip: Unprecedented times of a pandemic pose a major challenge in maintaining
adequate balance between the risk of contracting deadly coronavirus disease 2019
(COVID-19) against the dire consequences of delaying treatment for a life-threatening
malignancy. Cancer survivors and patients represent a vulnerable population for
COVID-19 related pulmonary syndrome, which can further complicate respiratory and
cardiovascular comorbidities they possess. Risk stratification of bronchogenic
carcinoma patients and priority imaging may be applied for optimal use of resources
during these uncertain times of COVID-19. Utilizing artificial intelligence and deep
learning modules based on pattern recognition of image findings during this pandemic
has made a lasting impact across future realms.
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INTRODUCTION

In late December 2019, a lower respiratory tract infection was reported in a cluster of
patients from Wuhan City, Hubei Province, China. A novel strain of coronavirus was
isolated from the bronchoalveolar lavage of infected patients[1]. On January 9, 2020,
the World Health Organization named the febrile illness related pulmonary syndrome
as coronavirus disease 2019 (COVID-19)[2]. At the time of writing this article on
January 19, 2021, the number of confirmed cases stand at 99737233 with 2137990
reported deaths, according to an online virus tracker created by The Lancet and hosted
by Johns Hopkins University[3]. Sudden outbreaks of COVID-19 with critically ill
patients have put enormous strain on the limited healthcare resources of many
countries and caused increased mortality from the pandemic. As of January 2021, the
number of confirmed COVID-19 cases globally is over 95 million, vastly affecting
every territory other than a few isolated South Atlantic and Pacific Island states and
Antarctica[3].

COVID-19 causes mild infection in the majority (80%) of patients showing gradual
recovery in about 2 wk[4]. However, COVID-19 has a predilection for middle aged
and elderly populations with highest case fatality (8%-15%) seen in the elderly, aged
above 80 years. R, (basic reproduction number) that is each infected individual — on
average — transmitting new cases of novel coronavirus was estimated to be 2.2 based
on a study that examined the first 425 infected cases in Wuhan[5]. The study also
calculated the average incubation period in the group to be 5.2 d[5].

CORONAVIRUS AND COVID-19 PNEUMONIA

Six subtypes of coronavirus have infected humans in the past, of which four subtypes
have caused mild respiratory symptoms, similar to rhinovirus. The other 2 subtypes
which are MERS (Middle East respiratory syndrome)-coronavirus and SARS (severe
acute respiratory syndrome)-coronavirus have caused severe forms of infection[6].
Relevant epidemiological history and contact history of within 14 d before disease
onset have been of tremendous help in contact tracing and cluster tracing of COVID-19
patients[7]. Based on recent epidemiological studies, the incubation period of COVID-
19 was calculated to be 1-14 d[8]. Only a minority of COVID-19 patients develop
critical illness leading to cardiopulmonary compromise and eventual mortality. The
majority of patients have a good prognosis and recovery. COVID-19 related mortality
is commonly noted in elderly population with underlying comorbidities.
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SYMPTOMATOLOGY AND COMPLICATIONS OF COVID-19

COVID-19 is a febrile illness associated with dry cough, anosmia and ageusia. Severe
cases present with symptoms such as dyspnoea, tachypnoea and severe hypoxemia
which can progress to acute respiratory distress syndrome (ARDS) and cardiopul-
monary failure. Release of interleukin (IL)-1, IL-6 and tumour necrosis factor-a which
are proinflammatory cytokines leads to immune-related pneumonitis of COVID-19
which can progress to profound hypotension, septic shock and acute renal failure[9].
Complications in severe COVID-19 include cardiac failure, metabolic acidosis,
rhabdomyolysis, coagulopathy, deep vein thrombosis and pulmonary embolism[10].

EPIDEMIOLOGICAL CHARACTERISTICS OF BRONCHOGENIC CARCINO-
MA PATIENTS WITH COMORBID COVID-19

Analysis of epidemiological characteristics of 72314 COVID-19 patients in mainland
China at “The Chinese Center for Disease Control and Prevention” revealed 107 (0.5%)
patients to be affected by cancer[11] and similarly, findings from a study published by
Chinese researchers on 1590 COVID-19 patients described 18 (1%) patients with a
history of cancer, of which five were diagnosed with bronchogenic carcinoma (5/18,
28%)[12]. Their study also demonstrated a higher risk of accelerated events and deteri-
orating symptoms more rapidly amongst cancer patients (39%) compared to non-
cancerous patients (8%)[12]. Findings from a multicentred study done by Dai et al[13]
on confirmed COVID-19 patients which included 105 cancer patients and 536 age-
matched non-cancerous patients, revealed that patients with cancer had higher risks in
all severe outcomes. Haematological cancer, bronchogenic carcinoma or metastatic
cancer (stage IV) had the highest frequency of severe outcomes. Based on the findings
of above mentioned two cohorts, it would be fair to infer that patients with carcinoma
are a susceptible population for contracting COVID-19 related pulmonary syndrome
with a higher risk of related complications and a higher mortality rate. When patients
with any form of cancer develop COVID-19 super-infection, the findings are of higher
grade/severity with rapid deterioration to end stage events. Further complications
include the inability of healthcare stakeholders to adequately streamline ample
resources for cancer patients and shortage of services for providing timely antineo-
plastic treatment which results in poor prognosis.

CURRENT PERSPECTIVES

Unprecedented times of a pandemic pose a major challenge in maintaining adequate
balance between the risk of contracting deadly COVID-19 against the dire conse-
quences of delaying treatment for a life-threatening malignancy. Radiographic changes
may precede symptoms and must be interpreted cautiously during a pandemic like
this[14]. Ongoing clinical trials for anti-cancer drugs have drastically slowed down
during this pandemic with new clinical trial enrolment temporarily halted. However,
if adequate resources are available, clinical trial enrolment should continue in
compliance with appropriate COVID-19 protocol modifications approved by the
institutional review boards and research organizations.

IMMUNOPATHOPHYSIOLOGY OF COVID-19 RELATED PULMONARY
SYNDROME

Transmitted by droplets, novel coronavirus gains entry via angiotensin-converting
enzyme 2 receptors located on the epithelial lining of nose, mouth, throat and
multiplies within type II epithelial cells within the lung parenchyma[15]. COVID-19
related pulmonary syndrome ranges from mild upper airway symptoms progressing
to life-threatening ARDS and related cardiopulmonary failure. Initial COVID-19
pneumonia appearances on histopathology are characterized by alveolar oedema, with
patchy and mild inflammatory reaction. Advanced COVID-19 pneumonia can have
appearances similar to ARDS characterized by alveolar congestion, oedema, haemo-
rrhage, and end-stage fibrosis. The wide spectrum of COVID-19 syndrome ranges
from being asymptomatic to mild upper respiratory tract symptoms to severe viral
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pneumonia, ARDS, multiple organ dysfunction and eventual demise. On gross
pathology of lung specimens, COVID-19 can induce proliferative as well as exudative
lung injury. However, major findings on histopathology comprise a triad of alveolar
epithelial cell injury, hyperplasia of type II pneumocytes and hyaline membrane
formation.

CLINICAL MANIFESTATIONS OF COVID-19 VS BRONCHOGENIC CARCI-
NOMA

Symptoms of COVID-19 related pulmonary syndrome may be similar to deteriorating
symptoms encountered during bronchogenic carcinoma progression. Similarities
between clinical and imaging findings can pose a major challenge to clinicians in
distinguishing COVID-19 super-infection from evolving bronchogenic carcinoma. The
above-mentioned entities require very different therapeutic approaches. Immune
checkpoint inhibitor therapy which is a more widely used treatment for bronchogenic
carcinoma can also induce pneumonitis reported in 2% of its patients and may display
similar imaging appearances of COVID-19 related pulmonary syndrome[16].
Interstitial pattern of pneumonitis reported in 4% of patients with epidermal growth
factor receptor-mutant bronchogenic carcinoma on treatment with tyrosine kinase
inhibitor Osimertinib may have similar radiological patterns of COVID-19.

OVERLAP OF COVID-19 IMAGING FINDINGS AND WHAT IT MEANS FOR
PATIENTS WITH BRONCHOGENIC CARCINOMA?

Although consolidation and ground-glass opacification associated with COVID-19
related pulmonary syndrome tends to be more peripheral in location, the radiological
changes can mimic treatment induced chemotherapy or radiotherapy and immuno-
therapy related pneumonitis in bronchogenic carcinoma patients. However, the latter
tends to be more confluent and perihilar in location[17]. In situations where clinicians
encounter overlap in imaging findings, evaluation of such patients by a multidiscip-
linary team consisting of oncologists and radiologists should be undertaken with due
consideration given for reverse-transcriptase polymerase chain reaction (RT-PCR)
testing. Computed tomography (CT) pulmonary angiography represents a valuable
imaging investigation for diagnosing pulmonary thromboembolism and for planning
further management strategies in patients with COVID-19 and lung cancer related
complications[18]. Although the current guidelines do not recommend imaging as the
first line investigation for screening of COVID-19 related pneumonia, most countries
have adopted diagnostic imaging as an adjunct tool for follow-up of disease progre-
ssion in these patients.

BRONCHOGENIC CARCINOMA AS A RISK FACTOR FOR COVID-19

Patients with bronchogenic carcinoma have a higher susceptibility to develop severe
forms of COVID-19 disease and related complications. Furthermore, patients with
associated comorbidities including moderate to severe asthma, chronic obstructive
pulmonary disease, cardiovascular disease, diabetes mellitus, chronic kidney disease
on dialysis, chronic liver disease, immunosuppression conditions and severe obesity
are more at risk of developing severe form of COVID-19 disease. Consequently,
patients with bronchogenic carcinoma comprise a high-risk group for COVID-19
pneumonia and related complications. Smoking and immunosuppression induced by
steroids are cumulative risk factors for COVID-19 in patients with bronchogenic
carcinoma.

A study done at Zhongnan Hospital of Wuhan University, China on 1524 cancer
patients admitted to the Department of Radiation and Medical Oncology showed that
0.79% of cancer patients had COVID-19 as against 0.37% of the general population of
Wuhan[19]. Findings from a retrospective analysis published in China revealed that
patients with cancer, especially advanced bronchogenic carcinoma (28%), are at
greater risk of severe disease as compared to non-cancerous patients and the same is
confirmed by multiple studies done in this aspect[20].
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Smoking increases the risk of complications by up to 1.4-fold for deaths, and by 2.4-
fold for mechanical ventilation requirement in patients with COVID-19. At a recent
meeting of the “American Association for Cancer Research” annual congress on
“COVID-19 and Cancer”, data from a global registry on patients with thoracic cancers
infected with COVID-19 revealed a 34.6% mortality rate amongst patients with
thoracic cancer[21]. In addition, the most common complications reported were
pneumonitis (79.6%), ARDS (26.8%), multiple organ dysfunction (7.6%), and sepsis
(5.1%)[21]. The proceedings from the session also attributed the cause of death among
patients with bronchogenic carcinoma to COVID-19 and not to carcinoma per se,
putting them at greater risk of developing complications, irrespective of the stage of
cancer.

RISK OF INFLAMMATORY DISORDERS IN PATIENTS WITH BRONCHO-
GENIC CARCINOMA

Increased inflammation termed as hyperinflammation is common with aging and in
cancer patients referred to as “inflammaging”. Poor prognosis in cancer patients and
worse outcomes in elderly with severe COVID-19 disease are attributed to this
hyperinflammatory disorder characterized by vast immune cell mediated activation of
cytokines. Immune checkpoint inhibitors can also cause hyperinflammatory response,
leading to enhanced production of cytokines from macrophages and T- lymphocytes.

Immune dysregulation in patients with bronchogenic carcinoma may cause
hyperinflammation with increased risk of severe COVID-19 disease. Based on a study
by Peng et al[22], which showed an over-representation of cancer patients and
bronchogenic carcinoma in particular within their COVID-19 cohort, the authors have
proposed three strategies for cancer patients to circumvent the COVID-19 crisis which
include; intensifying surveillance of cancer patients infected with COVID-19, increased
use of personal protection equipment by cancer patients, and postponing elective
surgery for stable cancer patients from endemic areas of COVID-19. Additionally,
patients with bronchogenic carcinoma are prone to emergent complications which
might require admission to intensive care units or ventilator support which makes
them highly vulnerable for contracting COVID-19. Smoking has also been implicated
as an independent risk factor for progression to severe COVID-19 disease.

Findings from a study done by Zhou et al[19] at Zhongnan Hospital of Wuhan
University, China on 1524 cancer patients admitted to the Department of Radiation
and Medical Oncology, revealed that patients with bronchogenic carcinoma harboured
a higher risk of COVID-19 compared to the general population regardless of the
patient being on anticancer treatment. Also, patients with non-small cell lung cancer
(NSCLC) and above the age of sixty have a relatively higher risk of contracting
COVID-19[23]. Recommendations were issued by collaboration of the Lung Cancer
Study Group, the Chinese Respiratory Oncology Collaboration, Chinese Medical
Association and Chinese Thoracic Society regarding management of NSCLC patients
during the COVID-19 pandemic. These include intentional postponing of antitumor
treatment based on the patient performance status; usage of personal protection
equipment for patients with advanced NSCLC; treating advanced NSCLC patients as
outpatients whenever possible; promptly identifying symptoms of COVID-19 in
patients with NSCLC being masked by antitumor treatment; testing patients for
COVID-19 before administering antitumor treatment and tailoring treatment strategies
based on subtype of NSCLC and efficacy of treatment[24].

ROLE OF IMAGING IN COVID-19 PATHWAY

RT-PCR is the gold standard investigation for the diagnosis of COVID-19 although,
there can be a delay in results of RT-PCR[25]. Here, the role of imaging investigations
has been deciphered for rapid screening of patients with suspected COVID-19. Non-
contrast CT scan is particularly recommended as intravenous contrast may mask
subtle ground-glass opacification as a typical finding in COVID-19. Additional
findings include basal consolidations and reverse-halo sign. However, a typical CT
finding such as pleural effusions, pulmonary nodules, mediastinal lymphadenopathy,
tree-in-bud opacities and cavitation may be encountered in a small minority of
patients and should raise concern for atypical pneumonia caused by Mycoplasma or
Chlamydia. Halo sign and pneumothorax should suggest an alternative diagnosis
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rather than COVID-19[26]. As the imaging findings of COVID-19 are not very specific
and may show considerable overlap with other viral/atypical pneumonia, the
American College of Radiology (ACR) does not recommend routine use of chest
radiography or CT for the screening of COVID-19 in asymptomatic individuals or
patients with mild symptoms[27]. However, CT is still recommended for making a
diagnosis in symptomatic individuals with a high suspicion of COVID-19 but with a
negative RT-PCR result and is being utilized for improving the false negative rate of
RT-PCR.

Imaging allows further risk stratification of patients when an initial negative result
of RT-PCR requires a risk assessment for high clinical suspicion of COVID-19. The
British Society of Thoracic Imaging has provided a template for uniform reporting of
chest radiography findings based on classification of patients into four groups which
include Non-COVID, COVID normal, COVID indeterminate and COVID cla-
ssic/ probable[28]. Classic findings of COVID-19 on chest radiographs include multiple
peripheral air space opacities with bilateral multi-lobar consolidations. However,
when CT was used as first form of investigation for diagnosis and screening of
COVID-19, the challenges for the radiology departments were mainly infection
control. Typical findings of COVID-19 on CT scans include ground glass opacification,
basal and predominantly peripheral consolidations which were highly sensitive.
However, radiological findings of COVID-19 are relatively less specific. Currently, CT
is not being used as a first-line investigation for asymptomatic/mild COVID-19
disease but is reserved for patients with high clinical suspicion of moderate to severe
COVID-19 disease but with a negative RT-PCR result[29].

There is no role of 18F-fluorodeoxyglucose (18F-FDG) positron emission tomo-
graphy/CT (PET/CT) in emergency settings but may be used to monitor disease
progression and response to treatment. During acute infections, neutrophils are
dependent on anaerobic glycolysis to maintain cellular function which is reflected by a
concomitant increase in FDG uptake forming the basis of pattern recognition on
PET/CT.

RADIOGRAPHIC FEATURES OF COVID-19

The sensitivity of chest radiographs is relatively less ranging between 30%-70% and
typical findings of COVID-19 include multifocal translobar consolidation[30]. Pleural
effusions are a relatively rare feature. At initial presentation, total positive rate of RT-
PCR from nasopharyngeal swabs has been reported to be 59% due to current
limitations in kit performance[31]. The European Radiologists Association recommen-
ded using chest radiographs as a first-line investigation for triage of COVID-19
patients based on developed diagnostic algorithms[32].

IMAGING FINDINGS OF COVID-19 PNEUMONIA ON CT

Role of chest CT in the initial diagnosis of COVID-19 related pulmonary syndrome is
commendable. Typical imaging findings of COVID-19 pneumonia on chest CT include
patchy ground glass opacification in basal and peripheral subpleural distribution with
translobar consolidations. Crazy paving pattern is a common finding, whereas reverse-
halo sign is rare, but when present is highly specific[33]. CT has a determinant role,
not only for early diagnosis of COVID-19, but also for monitoring disease progression
and clinical course. Early phase of COVID-19 pneumonia is characterized by ground-
glass opacification in peripheral and basal distribution, crazy paving pattern, and
traction bronchiectasis. Advanced phase of COVID-19 pneumonia is characterized by
progressive transition to consolidation, irregular interlobular septal thickening with
extensive lung nodules, and ARDS. Progressive stage of bronchogenic carcinoma or
concomitant pneumonia in bronchogenic carcinoma patients may have similar
overlapping CT findings of COVID-19 related pulmonary syndrome[34].

An expert consensus statement on ‘Reporting Chest Computed Tomography
Findings Related to COVID-19" has been published by the Radiological Society of
North America which categorizes COVID-19 pneumonia based on CT findings into
negative for pneumonia, atypical appearances, indeterminate, and typical appearances
[35]. CT findings specific for COVID-19 pneumonia include bilateral ground-glass
opacification with interlobular septal thickening (crazy paving appearance) predom-
inantly in basal and peripheral distribution with reverse halo sign. CT findings of
COVID-19 based on the duration of symptoms include —early stage constituting 0-4 d
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after onset of respiratory symptoms. Findings during this stage include normal CT
scans in 50% of patients with the rest demonstrating focal subpleural ground glass
opacification, predominantly in lower lobes. However, typical CT findings are rarely
observed during this phase. Progressive stage of COVID-19 constitutes 5-8 d after
symptom onset and is characterized by multifocal and bilateral ground glass opaci-
fication on CT scans in approx. The 50%-75% of patients, demonstrating progression to
crazy paving appearances. Peak stage of COVID-19 constitutes 9-13 d after symptom
onset characterized by crazy paving pattern with multifocal and translobar consolid-
ations with air bronchograms and features of ARDS[36].

DIAGNOSIS AND STAGING OF BRONCHOGENIC CARCINOMA DURING
TIMES OF COVID-19

General recommendations include minimize aerosol generation and limiting COVID-
19 transmission by giving preference to image-guided transthoracic biopsies for
diagnosing bronchogenic carcinoma over transbronchial approaches[37]. Giving
preference to non-invasive mediastinal staging via imaging on PET/CT and CT and if
not feasible preferring mediastinoscopy over bronchoscopy. Endobronchial ultrasound
(EBUS) as an investigative tool for nodal staging of stage III disease in absence of
radiographically apparent mediastinum may not be required, and for stage III disease
with radiographically apparent nodal disease of the mediastinum, no further
confirmation with EBUS is required[38].

COVID-19 AND BRONCHOGENIC CARCINOMA

Cancer survivors and patients represent a vulnerable population for COVID-19
syndrome which can further complicate respiratory and cardiovascular comorbidities
they possess. Prevalence of COVID-19 in cancer patients is approx. 1%-6% as
compared to their non-cancerous counterparts[39]. And, patients with bronchogenic
carcinoma have the highest risk of unfavourable outcomes and complications of
COVID-19. Though reasons for this selective affinity of COVID-19 patients is not fully
elucidated, lower immune response in cancer patients secondary to treatment
regimens may be the cause. Other causes include advanced age of patients and
smoking as a risk factor which is prevalent in patients with bronchogenic carcinoma.
Additionally, pre-existing cardiovascular and pulmonary comorbidities in patients
with bronchogenic carcinoma make them highly vulnerable to COVID-19 and can
further complicate the course of the disease. The cumulative risk factors identified in
patients with bronchogenic carcinoma complicate the pathway of COVID-19 related
pulmonary syndrome in them resulting in an unfavourable outcome.

SCREENING OF BRONCHOGENIC CARCINOMA DURING TIMES OF
COVID-19

Streamlining resources by healthcare stakeholders for screening of bronchogenic
carcinoma and evaluation of patients with incidentally detected lung nodules are
related scenarios which are currently in focus during these uncertain times of a
pandemic. National Comprehensive Cancer Network, the United States Preventive
Services Taskforce, and CHEST (the American College of Chest Physicians) have
issued guidelines for screening of patients to rule out bronchogenic carcinoma and
have recommended annual low-dose chest CT to be undertaken in high-risk indivi-
duals, wherein the benefits of screening are likely to outweigh the risks[40]. The ACR,
the British Thoracic Society, the Fleischner Society, and CHEST have all published
guidelines based on recommendations for evaluating incidentally detected lung
nodules, in which larger lung nodules are screened based on the estimated probability
of malignancy (pCA) and the benefit of additional testing. Smaller nodules in
comparison are screened based on the size and attenuation features of the nodule as
well as the presence of risk factors for bronchogenic carcinoma[41].
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IMPLICATION OF COVID-19 ON SCREENING OF BRONCHOGENIC CAR-
CINOMA

Attempts at screening for bronchogenic carcinoma in patients should be delayed until
the curve of the pandemic flattens and risks involved with transmission of COVID-19
becomes near minimal. The reasons for the same include increased risk of exposure of
patients to COVID-19. Incidental lung findings in asymptomatic individuals exposed
to COVID-19 increases the false positive rate and may expose these patients to
unnecessary procedures thus increasing the risk further. Thus, by delaying screening
for cancer in the current pandemic, resources can be streamlined for managing
patients with moderate to severe COVID-19 disease.

IMPACT OF COVID-19 ON PATIENTS WITH BRONCHOGENIC CARCINO-
MA

The COVID-19 pandemic has strained the healthcare system and drained the resources
worldwide due to high transmission rate causing significant mortality and morbidity.
Super-infection with COVID-19 in patients with bronchogenic carcinoma increases the
risk of complications with further delay in treatment of bronchogenic carcinoma
resulting in poor outcomes and mortality. The impact of COVID-19 on patients with
bronchogenic carcinoma is multi-faceted and management should be focused in
improving negative outcomes. The implications of COVID-19 pandemic in broncho-
genic carcinoma management requires multidisciplinary teams to strike a balance
between treating bronchogenic carcinoma and simultaneous treatment of COVID-19
disease and related complications.

WEIGHING BENEFITS VS RISKS IN THE MANAGEMENT OF BRONCHO-
GENIC CARCINOMA

The current pandemic has forced all healthcare stakeholders to prioritize per value
resources and reorganize therapeutic strategies for timely management of patients
with COVID-19 related pulmonary syndrome. Since the beginning of the COVID-19
pandemic, the oncology community has been under tremendous strain in managing
patients with bronchogenic carcinoma that requires a balance in treating patients,
without losing them to COVID-19. Organizations worldwide such as the European
Society of Medical Oncology (ESMO), have worked to implement preventative
measures and spreading knowledge about the additional risks that cancer patients are
prone to during the COVID-19 pandemic[42]. Oncologists have faced the constant
dilemma of whether to offer or postpone treatment to patients during this COVID-19
pandemic. Consideration of bronchogenic carcinoma treatment during COVID-19
times requires careful individual assessment as chemotherapy administered may cause
transient immune suppression. In addition to this, immunotherapy with immune
checkpoint inhibitor therapy may trigger chronic inflammatory changes within the
lung parenchyma causing pneumonitis like picture, with resultant poor outcome.
However, oncologists currently should carefully weigh the benefits of treating patients
with bronchogenic carcinoma vs the risk of getting infected with COVID-19, as delay
in treatment may also have a negative effect on the prognosis of bronchogenic
carcinoma causing its progression.

IMPLICATION OF COVID-19 ON PULMONARY MEDICINE

Pulmonologists and pulmonary oncologists comprise front-line specialists dealing
with the diagnosis and management of patients with bronchogenic carcinoma and
COVID-19 related syndrome. It is very crucial for delineating the differential diagnosis
of bronchogenic carcinoma and COVID-19, as there is an overlap in symptomatology
of the two entities. The delineation and differentiation are based on rapid progression
of symptoms, positivity of RT-PCR results to COVID-19, fresh appearance of a patchy
infiltrate that is distinct from the baseline pattern of bronchogenic carcinoma initially
encountered on imaging.
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IMPLICATION OF COVID-19 ON RADIOLOGY

COVID-19 pulmonary syndrome, bronchogenic carcinoma, chronic obstructive
pulmonary disease, pulmonary arterial thromboembolism, lung metastases, radiation
pneumonitis, radiation fibrosis and lobar pneumonia are some of the pulmonary
conditions for which radiological diagnostic modalities such as chest radiographs, CT
and PET/CT form the cornerstone of management and follow up. However,
sociocultural approaches and published guidelines for imaging of suspected or
confirmed cases of COVID-19 differ for these diagnostic modalities with a temporal
and regional variation. Peripheral/subpleural ground-glass opacification with a
predilection to bilateral posterior lung segments, multifocal consolidations, crazy
paving pattern, vascular dilatation with interlobular septal thickening, traction
bronchiectasis and reverse halo sign are some of the typical features of COVID-19
encountered on CT[43]. Whether it is COVID-19 or bronchogenic carcinoma, radio-
logists play an important role for the diagnosis and monitoring of disease progression
in these patients. Radiologists should be familiar with the radiological patterns of
bronchogenic carcinoma and the appearances of COVID-19 related pulmonary
syndrome as imaging has a critical role in diagnosing, monitoring disease progression
and prognostic follow up. Utmost care should be taken while encountering findings of
COVID-19 in patients with bronchogenic carcinoma, as this may falsely upstage the
grade of bronchogenic carcinoma or be reported as progressive disease which may
have implications on future management.

MANAGING PATIENTS WITH DIFFERENT SCENARIOS

Choice of chemotherapy, targeted therapy, immunotherapy and supportive care must
be tailored based on tumour characteristics and patient comorbidities, considering the
risk of COVID-19 super-infection in these patients. Prioritizing the choice of treatment
is dependent on active COVID-19 cases in the community and the availability of
resources. Prima facie principle in the management of patients with bronchogenic
carcinoma is to provide timely enrolment in treatment without unjustified delay for
better prognosis. Patients with bronchogenic carcinoma who are asymptomatic or
showing features of minimal progression may be monitored at a 4-8 wk interval, and
radiotherapy may be offered to patients with local disease progression[44]. However,
progressive disease in bronchogenic carcinoma and immune checkpoint inhibitor
therapy induced pneumonitis should be differentiated from COVID-19 related pulmo-
nary syndrome. The treatment of COVID-19 as priority and subsequent immune
checkpoint inhibitor therapy should be continued when a patient with bronchogenic
carcinoma is diagnosed with COVID-19 while on treatment with tyrosine kinase
inhibitors[45].

DIAGNOSTIC STRATEGIES FOR PATIENTS WITH BRONCHOGENIC
CARCINOMA

During these unprecedented times of COVID-19 pandemic, using the least invasive
technique holds the key for diagnosing bronchogenic carcinoma in patients. Aerosol-
generating procedures such as bronchoscopy should be avoided whenever feasible
[46]. A statement issued by the American Association for Bronchology and Interven-
tional Pulmonology regarding the effective use of bronchoscopy in patients with
suspected or confirmed cases of COVID-19 also applies to patients with bronchogenic
carcinomal47]. Salient features of the consensus statement include elective bron-
choscopy procedures for bronchial and pulmonary mass lesions, mild-to-moderate
tracheal stenosis and mediastinal or hilar lymphadenopathy should be postponed
until full recovery from COVID-19. For serious emergent conditions such as malignant
severe airway stenosis, massive haemoptysis, malignant cause of endobronchial
obstruction and rapidly progressing malignancy, bronchoscopy as a lifesaving
intervention for urgent or emergent reasons should be considered with all precau-
tionary measures[47]. Categorization of all procedures, including transthoracic needle
biopsies have been put into emergent, urgent and elective, based on priority and risk
status to the patient, have been done by the Society of Interventional Radiology[48].
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Early identification of COVID-19 and differential diagnosis in patients with

bronchogenic carcinoma

Symptoms of patients with bronchogenic carcinoma is due to the tumour itself and
may also include cough, dyspnoea and occasional fever. Also, treatment related
adverse events caused by immunotherapy, radiotherapy and chemotherapy may also
be encountered in these patients. Further, different patterns of bronchogenic carci-
noma presenting with varied clinical manifestations have been noted on chest CT.
Early recognition of patterns for differentiating COVID-19 from bronchogenic carci-
noma in patients is extremely important, for elucidating the differential diagnosis and
for planning of management strategies.

Further differential diagnoses

Patients with an epidemiological history who fulfil any two of the clinical criteria or
patients with no clear epidemiological history but having fulfilled three of the clinical
criteria are considered as suspicious patients based on the diagnostic criteria of
COVID-19. It is imperative to distinguish patients with clinical characteristics of
bronchogenic carcinoma progression from those with COVID-19. Further differential
diagnoses to be considered include: (1) Pulmonary infections which may be atypical
pneumonia caused by Chlamydia, Mycoplasma, Pneumocystis jirovecii, Legionella or non-
COVID-19 viral pneumonia caused by adenovirus, influenza virus, cytomegalovirus
and respiratory syncytial virus; (2) Radiation pneumonitis which occurs 1-3 mo after
undergoing radiotherapy in patients with bronchogenic carcinoma[49]. Clinical
symptoms may include dry cough associated with fever and decreased white blood
cell count. Findings on chest CT in radiation pneumonitis are mostly nonspecific and
may include ground-glass opacities opacification with patchy infiltrates. Differen-
tiation from COVID-19 related pulmonary syndrome is difficult; (3) Tumour
progression in bronchogenic carcinoma may result in lymphangitis carcinomatosa,
pneumonic-type lung carcinoma, and obstructive pneumonitis which may present
with fever and/or worsening respiratory symptoms; (4) Clinical characteristics of
immune checkpoint inhibitor-related pneumonitis include fever, worsening of cough
and dyspnoea, ground glass opacification and patchy infiltrates on the chest CT; and
(5) Miscellaneous differential diagnoses include cardiac insufficiency and pulmonary
thromboembolism.

CURRENT IMAGING PERSPECTIVES

Imaging plays a crucial role in the diagnosis, management and follow-up of immuno-
therapy related complications of bronchogenic carcinoma[50]. Centers for Disease
Control and Prevention (CDC) has provided recommendations which were endorsed
by the ACR, for safeguarding and prioritizing healthcare resources during the COVID-
19 pandemic[51]. The recommendations state that imaging for stable patients, inclu-
ding elective diagnostic or image-guided procedures in non-critical patients which
have a low priority should be advertently postponed and rescheduled until the curve
of the pandemic flattens.

Pulmonary oncologists and radiologists should collaborate for rescheduling and
reviewing chest CT examination, based on the symptomology and prognostic value of
such investigation during times of COVID-19 pandemic (low priority). A low-dose CT
protocol for screening of bronchogenic carcinoma should be temporarily withheld or
advertently postponed considering the risk-benefit ratio of such a procedure in the
current situation. Follow-up imaging for bronchogenic carcinoma during the course of
treatment in the first 6 mo or in case of bronchogenic carcinoma with progression at
any point in time should be considered (high priority). Recommendations suggest
priority access to diagnostic imaging in patients with clinical picture suspicious for
bronchogenic carcinoma (high priority) (Figure 1).

BRONCHOGENIC CARCINOMA SCREENING: BASELINE AND ANNUAL

When an individual who satisfies the eligibility criteria is referred for screening of
bronchogenic carcinoma, initiation of screening should be delayed during the COVID-
19 pandemic based on the consensus statement consistent with CDC guidance[52]. If
an individual who satisfies the eligibility criteria is due for a repeat annual chest CT,
annual screening examination should be delayed too. Factors that may influence this
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Figure 1 Axial high-resolution computed tomography images. A: Axial high-resolution computed tomography (CT) chest image demonstrating small cell
carcinoma of the right lung with dystrophic calcifications; B: Axial high-resolution CT chest image demonstrating central cavitatory squamous cell carcinoma of the left
lung. Note the metastatic lesion in the right lung; C: Axial high-resolution CT chest image demonstrating large solid mass lesion with lobulated margins in a case of
adenocarcinoma of the left lung; D: Axial high-resolution CT image of chest demonstrating extensive peripheral consolidation with numerous air bronchograms in a
case of bronchoalveolar carcinoma of left lung; E: Axial high-resolution CT chest image demonstrating mass lesion with surrounding ground glass component
representing lepidic tumor growth in a case of adenocarcinoma of the right lung; F: Axial contrast-enhanced CT image at the level of mediastinum demonstrating left
hilar mass lesion with mediastinal invasion in a case of adenocarcinoma of the lung; G: Axial high-resolution CT chest image demonstrating primary bronchogenic
carcinoma in the right lung with nodular and irregular interlobular septal thickening consistent with features of lymphangitis carcinomatosa; H: Axial contrast-enhanced
CT chest image demonstrating sign of short burrs and spinous processes of tumor margins in a case of squamous cell carcinoma of the right lung. Note the tapered
extension of the lesion to pleura and adjacent pleural retraction; |: Axial high-resolution CT chest image demonstrating peripheral cavitatory squamous cell carcinoma
of the left lung. Note bilateral pleural effusions; J: Axial high-resolution CT image of chest demonstrating mass lesion invading the oblique fissure of the right lung in a
case of non-small cell lung carcinoma.

decision include availability of resources, COVID-19 penetrance in the community,
and comorbid conditions.

SURVEILLANCE OF A PREVIOUSLY DETECTED LUNG NODULE

When an individual who satisfies the eligibility criteria is due now for a surveillance
chest CT for an incidentally detected lung nodule, delaying the surveillance CT scan
for approximately 3 mo to 6 mo is acceptable based on the consensus statement
consistent with CDC guidance[53].

EVALUATION OF INTERMEDIATE AND HIGH-RISK LUNG NODULES

When an individual who satisfies the eligibility criteria is due now for an imaging
guided biopsy, delaying the procedure and re-evaluation of the patient with chest CT
in approximately 3 mo to 6 mo is acceptable too based on the consensus statement
consistent with CDC guidance[54]. However, pre-COVID-19 recommendations
suggest further evaluation with PET/CT and/or biopsy for the patient with
intermediate and high-risk lung nodules.

MANAGEMENT OF STAGE | NSCLC

When an individual who satisfies the eligibility criteria for surgical treatment of
clinical stage I NSCLC, surgery may be deferred based on the consensus statement
consistent with CDC guidance after taking into consideration the size, growth rate and
18F-FDG PET avidity of the malignant lesion[55]. Nevertheless, the clinical scenario
needs to be discussed at a multidisciplinary tumour board meeting for delaying
treatment in an indolent/early-stage bronchogenic carcinoma during times of the
COVID-19 pandemic.

PRIORITIES FOR IMAGING OF BRONCHOGENIC CARCINOMA DURING
THE COVID-19 PANDEMIC

Criteria for high priority imaging include: (1) Patients with clinically significant
respiratory symptoms with a history of bronchogenic carcinoma; (2) Bronchogenic
carcinoma patients with fresh appearance of respiratory symptoms such as dyspnoea,
cough and fever; (3) Patients with suspected bronchogenic carcinoma of unknown
stage or stage II, III, IV for standard staging work-up; (4) Patients with mass lesion /
nodules suspicious for bronchogenic carcinoma stage III/IV for biopsy; and (5)
Patients with bronchogenic carcinoma for suspicion of carcinoma progression at any
point of time or for evaluation of response during the first 6 mo of treatment.

Criteria for medium priority imaging include: (1) Patients with early bronchogenic
carcinoma for determining the stage; (2) Patients with mass lesion / nodules suspi-
cious for bronchogenic carcinoma of unknown stage I/1I for biopsy; (3) Patients on
treatment for bronchogenic carcinoma with fresh appearance of clinical symptoms; (4)
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Stable patients of bronchogenic carcinoma for evaluation of response beyond 6 mo of
treatment; (5) Follow-up imaging for patients of bronchogenic carcinoma having
underwent radical treatment with high/intermediate risk of relapse; (6) Follow-up
imaging for solid nodules with volume of 50-500 mm?, partly solid nodule with a non-
solid component of size > 8 mm in diameter or a pleural-based solid nodule of size 5-
10 mm in diameter; and (7) Bronchogenic carcinoma patients with Volume Doubling
Time (VDT) ranging 400-600 d.

Criteria for low priority imaging include: (1) Follow-up imaging for patients of
bronchogenic carcinoma having underwent radical treatment more than a year ago
with high/intermediate risk of relapse; (2) Follow-up imaging for patients of
bronchogenic carcinoma having underwent radical treatment with low risk of relapse;
(3) Follow-up imaging for solid nodules with benign morphology, nodules with
volume of < 50 mm?®, partly solid nodule with a non-solid component of size <8 mm in
diameter, or a pleural-based solid nodule of size <5 mm in diameter; (4) Bronchogenic
carcinoma patients with VDT > 600 d; and (5) Low-dose CT screening of patients for
bronchogenic carcinoma screening can be deferred until the current COVID-19
pandemic resolves which is unlikely to affect the overall survival rate (Table 1).

GUIDING PRINCIPLES FOR TREATMENT OF PATIENTS WITH BRONCHO-
GENIC CARCINOMA

The most significant goal of bronchogenic carcinoma management during these
challenging times of the pandemic is to minimize the risk of exposing patients and
staff to COVID-19 whilst still managing all life-threatening events related to
bronchogenic carcinoma. This priority can be achieved by limiting outpatient visits to
the hospital, and extensive testing for COVID-19 in patients undergoing invasive
procedure or systemic chemotherapy and immunotherapy.

Early-stage bronchogenic carcinoma

Ablative radiotherapy and surgical resection are the treatment approaches for patients
with stage I/II/resectable stage III NSCLC subtype of bronchogenic carcinoma[56].
However, the principles for surgical resection of bronchogenic carcinoma remain
unaffected during this COVID-19 pandemic. Recommendations from CDC and
guidelines from professional societies calls for rescheduling of elective surgeries
during the current impending pandemic[57]. Recommendations form the American
Society of Clinical Oncology state that patients with cancer and treating clinicians
should make individual considerations based on risks of delaying surgical resection in
these patients[58]. Also, rescheduling of surgical resection for patients with a recent
diagnosis of early-stage bronchogenic carcinoma is recommended, as super-infection
with COVID-19 may have poor prognostic outcomes.

The European Association of Medical Oncology has recommended considering
surgical resection as a priority in the management of early NSCLC and delays in
surgery not to exceed 6-8 wk[59]. Recommendations based on the phase of impending
COVID-19 pandemic and availability of resources by healthcare institutions, the
American College of Surgeons has recently published COVID-19 triage guidelines
focusing on surgical care in elective cases[60]. Based on recommendations in semi-
urgent settings, surgical intervention is reserved for patients whose survivorship is
likely to be compromised when surgical resection is not performed within the next 3
mo. Some of them could be node-positive bronchogenic carcinoma, bronchogenic
carcinoma greater than 2 cm in the greatest dimension, and solid or predominantly
solid (> 50%) bronchogenic carcinoma[61]. However, surgical resection should be
deferred for indolent cases of bronchogenic carcinoma, solid nodules less than 2 cm
and ground-glass nodules. Based on recommendations in urgent settings, surgical
intervention is reserved for patients likely to have poor prognosis if a surgical
intervention is not performed within the next few days, such as surgical complications
and tumour associated super-infection[61]. Additionally, stereotactic ablative
radiotherapy and neoadjuvant therapy are recommended for these patients.

Surgical resection should be deferred for 2-3 wk in patients with bronchogenic
carcinoma who test positive for COVID-19 (Figure 2). When a surgical intervention is
deemed inevitable, a specialized negative pressure operating theatre with proper
usage of personal protective equipment and a negative-pressure isolation room for
postoperative care are recommended[60]. If a surgical procedure is rescheduled, it is
advisable for bronchogenic patients to be retested for COVID-19 before the procedure.
Reasons for this approach include chemotherapy-induced immunosuppression, which
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Table 1 Imaging priorities for bronchogenic carcinoma

High priority

Medium priority Low priority

Patients with significant respiratory
symptoms and/or cancer-related or
treatment-related symptoms. In patients
with new onset respiratory symptoms such
as dyspnoea, cough with or without fever,
a CT scan is recommended

Standard staging work-up for suspected
invasive cancer of unknown stage or stage
II/111/1V

Biopsies for suspicious nodules or mass for
suspected invasive cancer or stage III/IV

Evaluation of active treatment response in
the first 6 mo of treatment or for suspicion
of tumour progression at any point of time

Pre-planned imaging evaluation per
clinical trial protocol

Follow-up imaging for high/intermediate risk of
relapse in a year after completion of radical
treatment

Follow-up imaging for high/intermediate risk of
relapse more than 1 yr after completion of radical
treatment

Follow-up imaging after radical treatment in low-risk of
relapse scenario

Standard staging work-up for early lung cancer
(stage I

Biopsies for suspicious nodules or mass for
suspected invasive cancer of unknown stage or
stage I/1I

Evaluation of active treatment response beyond 6
mo of treatment if stable/ controlled situation

Follow-up of nodules of incidental finding with
either: (1) Partially solid nodule with a non-solid
component of > 8 mm in size; (2) Known VDT 400
d to 600 d; (3) Solid nodule 50 mm® to 500 mm?;
and (4) Pleural-based solid nodule 5 mm to 10 mm
in size

Follow-up of nodules of incidental finding with either:
(1) Partially solid nodule with a non-solid component of
< 8 mm in size; (2) Known VDT > 600 d; (3) Solid
nodule < 50 mm?; (4) Pleural-based solid nodule < 5
mm in size; (5) Non-solid nodule < 8 mm in size; and
(6) Benign morphology

Lung cancer screening can be deferred until the
COVID-19 pandemic resolves — it is reasonable for
patients in the general population to defer screening
low-dose CT, a deferral that is not likely to have an
impact on overall survival

COVID-19: Coronavirus disease 2019; CT: Computed tomography; VDT: Volume doubling time.

Figure 2 Axial high-resolution computed tomography images of chest. A: Axial high-resolution computed tomography (CT) image of chest on day 5
after symptom onset demonstrating peripheral predominant consolidation pattern with areas of ground glass opacification in bilateral lower lobes in a patient with

coronavirus disease 2019 pneumonia; B: Axial

high-resolution CT image of chest on day 9 after symptom onset demonstrating extensive consolidation predominantly

in basal segments of bilateral lower lobes in a patient with coronavirus disease 2019 related pulmonary syndrome. Note the bilateral pleural effusions which is an

atypical finding in coronavirus disease 2019.
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might increase the risk of exposure to COVID-19 and severe pulmonary complications
henceforth and to help prevent the risk of contracting COVID-19 during frequent trips
to the hospital for chemotherapy cycles. Recommendations suggest using neoadjuvant
therapy can achieve better prognosis in patients with bronchogenic carcinoma in
whom surgical intervention has been postponed due to the above-mentioned reasons
[61]. Home management including telemedicine limiting outpatient visits are
recommended for cancer patients during this COVID-19 pandemic[62].

Stereotactic ablative radiotherapy and stereotactic body radiotherapy (SBRT) are
non-invasive treatment strategies in the management of early stage (< 5 cm) node-
negative NSCLC[61,62]. SBRT is a well-established, highly effective treatment
modality with minimal risk and good local growth control of tumour[63]. SBRT
involves delivery of single fraction of 24-34 Gy for peripheral tumours of size less than
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2 cm or delivery of 5 to 10 fractions of 50-70 Gy for central tumours. Considerations are
to be made as to delay treatment for small sized slow-growing tumours or to deliver
treatment immediately for larger tumours showing rapid growth in patients with
bronchogenic carcinoma in whom SBRT is deemed appropriate. However, during the
COVID-19 pandemic maximal use of single fraction treatment with shortening of
SBRT fractionation schemes are to be implemented. Another promising treatment
modality is brachytherapy which involves insertion of a radioactive source within the
tumour causing less radiation dose to surrounding tissues adjacent to the tumour, and
is primarily utilized for small endobronchial obstructive lesions, recurrent, or early-
stage bronchogenic carcinoma. Since brachytherapy increases the risk of exposure to
patients and health care providers, it requires multidisciplinary coordination in an
enclosed operating theatre with a brachytherapy suite and related personal protective
equipment. Preferentially, during the COVID-19 pandemic, considering external beam
radiotherapy for treatment of NSCLC patients and avoiding all brachytherapy
procedures is recommended[64].

Locally advanced bronchogenic carcinoma

Local resection, systemic chemotherapy and radiotherapy are treatment modalities
currently used in the treatment of locally advanced bronchogenic carcinoma, although,
concurrent chemoradiotherapy consisting of platinum-based chemotherapy agents
with radiotherapy-based delivery of 30 fractions of 60 Gy can also be administered for
patients with stage III NSCLC. For curative treatment of bronchogenic carcinoma,
factors to be taken into consideration include the risk of contracting COVID-19,
adverse effects related to treatment, and availability of resources. Systemic therapies
with shorter treatment course and reduced risk of myelosuppression are recommen-
ded[65].

PREVENTION OF COVID-19 IN PATIENTS WITH BRONCHOGENIC
CARCINOMA

Recommendations for cancer therapy include tailored treatment for patients with
bronchogenic carcinoma, including NSCLC after weighing the risk-benefit ratio during
times of COVID-19 pandemic. However, the prescribed recommendations are aimed at
reducing the risk of COVID-19 transmission. Since NSCLC patients are prone to be
reactive during the course of treatment even if drug-induced pneumonitis is
suspected, it is necessary to rule out COVID-19 related pulmonary syndrome[66]. In
light of the current COVID-19 pandemic, low-dose CT of chest which was traditionally
performed for bronchogenic carcinoma screening should be rescheduled especially in
patients with underlying cardiopulmonary abnormalities which can put them at
increased risks for mortality from COVID-19 pneumonia. Additionally, higher
infection rates of COVID-19 in patients with bronchogenic carcinoma is partly
attributed to the need to visit medical institutions, especially for performing diagnostic
chest imaging, which significantly increases the risk of contact with infected patients
and medical personnel alike.

INCIDENTAL DETECTION OF BRONCHOGENIC CARCINOMA ON CT

COVID-19 has caused considerable disruption in screening of bronchogenic
carcinoma. During the pandemic, there were fewer new patients screened, more
patients were apprehensive to visit the healthcare system, and an increased proportion
of nodules were suspected to be malignant. However, there were rare instances
encountered where incidental detection of bronchogenic carcinoma was made possible
while performing routine chest CT scans in patients with COVID-19 related pulmo-
nary syndrome. The number of newly detected cases with asymptomatic focal changes
in lungs have significantly increased during the COVID-19 pandemic. Identifying
bronchogenic carcinoma early on routine CT scans undertaken during the pandemic
may provide a critical advantage to patients, especially those with heightened risk.
This review can provide a framework for future decisions amid the ongoing COVID-
19 pandemic.
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COVID-19 AND ITS IMPACT ON BRONCHOGENIC CARCINOMA
RESEARCH

Clinical research on bronchogenic carcinoma during the current pandemic has been
affected due to implementation of strict measures for limitation of COVID-19 spread,
long periods of quarantine, lack of resources and varying work shifts. Major research
organizations and committees worldwide have implemented decisions of temporarily
halting or even permanently stopping clinical research trials for protocol adherence
and for preserving the accuracy of endpoint evaluation. Currently clinical trials
focused on the research and development of COVID-19 vaccine are the need of the
hour, though there is no real surety that a vaccine might be our only ray of hope in
these critical times. It is difficult to justify exposing patients to the risk of COVID-19 in

clinical trials with a placebo arm, and hence should be suspended for the time being
[67].

FUTURE PERSPECTIVES: ROLE OF ARTIFICIAL INTELLIGENCE AND
DEEP LEARNING

During pandemics like the current COVID-19, benefits of artificial intelligence (AI)
primarily relate to pattern recognition based on imaging findings and the potential of
Al for high throughput analysis[68]. Parallel Al processing of images may facilitate
triage of patients in institutions located in regions with limited resources and high
disease prevalence. Subtle changes across imaging findings on serial CTs may be
overlooked, due to human error. However, recent techniques such as Al and
computed aided diagnosis may help quantify these changes with precision, and
implementation of trend analysis based on baseline trends may help track disease
progression in individuals and across populations[69]. The central theme of Al relies
on the plasticity of deep learning networks and in adapting to imaging-based
recognition of varying disease patterns. Early AI investigators have laid the
foundation for detailed exploration of deep learning algorithms for pattern recognition
and quantification of disease severity, and for rapid screening of individuals in
situations like the current COVID-19 pandemic.

Literature reviews of published earlier studies have reported feasibility of deve-
loping Al and deep learning algorithms based on quantitative opacity measurements
and lung segmentation models with high sensitivities and specificities, having values
reportedly reaching the 90th percentile range. The drawback and limitations of Al and
deep learning modules relate to its inherent image-based framework and inability to
determine select imaging-based features responsible for determination of output and
eventual analysis of the subtype in patients with bronchogenic carcinoma[70].

CONCLUSION

The COVID-19 pandemic has caused a significant health care crisis and has strained
the health care systems of developed and developing nations across the world. Recent
ESMO recommendations provide social responsibilities for pulmonary oncologists
which include providing timely management for cancer patients, while taking
necessary precautions to protect patients and themselves from COVID-19 and
providing for fair distribution of resources during the pandemic. Treatment decisions
should be aimed at striking a balance between risk vs benefit ratio which require
multidisciplinary discussions between patients and caregivers. In resource starved
settings such as the current COVID-19 pandemic, cancer patients who commit to
treatment also have a duty to follow safe health practices and to undergo self-isolation.
Risk stratification of bronchogenic carcinoma patients and priority imaging may be
applied for optimal use of resources. For the first time in the era of modern medicine,
all of humankind is facing the same threat considering the contagiousness of the
coronavirus and the need to reduce nosocomial outbreaks which determine poor
prognosis and detrimental outcomes in patients with bronchogenic carcinoma. This
also gives us ample opportunity to change our research approach to one that involves
better understanding of disease manifestations; and to further explore and promote
the applications of chest CT for the safe management of patients and health personnel
in the setting of pandemics like the present or any which we might encounter in the
near future. It has been over 12 mo since we first heard of the COVID-19 pandemic
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and while promising developments are being made on the clinical trials front and in
the management of patients with bronchogenic carcinoma, there is no certainty of
events falling into normalcy in the immediate future. Research findings need to be
shared amongst countries to provide best health care to humankind during these
uncertain times. Modified and newer therapeutic strategies for patients with
bronchogenic carcinoma have been adopted by oncologists around the world for
providing uncompromised care within the accepted standards and new guidelines.
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