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Thoracic radiotherapy (TRT) plays an integral role in the multimodal treatment of
lung cancer, breast cancer, esophageal cancer, thymoma and mesothelioma, having been
used as either a definitive, neoadjuvant or adjuvant treatment or for palliative intention to
achieve symptom control. However, radiation-induced lung injury presenting as radiation
pneumonitis (RP) or lung fibrosis (LF) is still a severe and dose-limiting complication of TRT,
proving potentially life-threatening [1,2]. Until now, RILI has unfortunately been poorly
understood, mainly characterized by an overwhelming cascade of damage-associated
molecular patterns (DAMPs), the release of proinflammatory cytokines and chemokines
through death and/or senescent epithelial and endothelial cells and the activation of specific
immune cells [3,4]. With technical advances, such as stereotactic body radiation therapy
(SBRT), volumetric modulated arc therapy (VMAT) or proton radiotherapy, radiation
delivery to the tumor and surrounding tissues could be performed more precisely, reducing
the incidence of severe pulmonary toxicity. The rates of severe symptomatic RP (>III) are
reported to be <5% after concurrent chemoradiation, followed by durvalumab maintenance
treatment for stage III non-small cell lung cancer (NSCLC) based on the PACIFIC trial [5].
However, several real-world studies reported higher rates of RP in elderly (>65 years) and
Asian patients; therefore, the early assessment of RP and treatment is important to prevent
therapy-related deaths and a decline in these patients” quality of life (QoL) [6].

Typically, RP occurs within 3 months following the end of TRT (range: 1-6 months) and
is diagnosed by clinical symptoms and associated radiological findings. Several grading
scales of RP have been established [2]; however, the Radiation Therapy Oncology Group
(RTOG) criteria and the Common Terminology Criteria for Adverse Events (CTCAE) are
the most used ones in daily clinical practice. A majority of patients do not show any
clinical symptoms, such as persistent, dry and nonproductive coughing, dyspnea, mild
fever, pleuritic pain and chest discomfort. More importantly, no standard laboratory test
can identify or exclude RP [7]. Typically, radiological changes after TRT are ground-glass
opacities (GGOs) or/with airspace consolidation that can be observed in an irradiated field,
although may occur in other parts of the lung as well [8], with additional features including
(reversed) a halo sign, atelectasis, nodule-like pattern, tree-in-bud appearance, ipsilateral
or chronic pleural effusion.

Based on the severity of RP, treatment or clinical monitoring should be considered ac-
cording to national and international guidelines; asymptomatic patients should be observed
without further treatment, while the recommended treatment for symptomatic RP is the
use of corticosteroids [2]. Therapy should be performed over several weeks or months and
slowly tapered [9]. Sudden discontinuation should be avoided in order to prevent the early
relapse of RP (rebound phenomenon) with increased severity and a higher risk of develop-
ing LF. Prophylactic treatment with antibiotics in RP can be considered for patients at high
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risk of bacterial infection, for selected patients with cancer-associated bronchial stenosis or
for immunocompromised patients. Immunosuppressive treatment can be amended with
azathioprine or cyclosporine in order to reduce steroid dosage. Breathing exercises and
the inhalation of B-sympathomimetics can be additionally used as supportive treatments.
Severe RP (grade >1II) is treated by administering oxygen, providing assisted ventilation
and the prophylaxis of right heart failure. In contrast to RP, a successful treatment for LF
has not yet been established. Several additional agents have been investigated to prevent
and/or treat RP and LF, such as ACE (angiotensin-converting enzyme) inhibitors and
angiotensin-1I receptor subtype 1 (AT-1) antagonists, amifostine or pentoxifylline and pam-
revlumab or pirfenidone [2]. A randomized phase two trial (NCT02496585) investigated
the prophylactic use of nintedanib to prevent RP. However, due to low recruitment and a
change in standard treatment based on the promising results of the PACIFIC trial, the trial
was terminated prematurely [5,10]. As a result, none of these agents could be recommended
to prevent RP or LE.

To date, the integration of SBRT, introduction of image-guided radiation treatment
(IGRT), reduction in tumor motion and critical definition of target volumes have been the
best strategies for the prevention of RILI [2,11]. Concurrent systemic treatment should only
be used if robust evidence through large prospective trials is established, with comorbidities
such as interstitial lung disease needing to be considered to estimate the risk of RILI [12].
The longitudinal monitoring of the diffusing capacity for carbon monoxide (DLCO) after
TRT could serve as an early predictive marker [13].

In March 2020, the World Health Organization (WHO) declared wide-spread infections
of acute respiratory syndrome caused by coronavirus 2 (SARS-CoV-2) as a pandemic [14].
Compared to the general population, cancer patients are at a higher risk of poor outcomes from
SARS-CoV-2, with associated mortality having been reported to reach 40% in nonvaccinated
lung cancer patients [15]. Pulmonary symptoms of SARS-CoV-2 infection are highly variable,
but interstitial pneumonia is the most severe one, proving to be a potentially life-threatening
condition due to acute respiratory distress. The pathogenesis of COVID-associated acute and
chronic lung pulmonary damage remains mostly unknown [16].

More importantly, SARS-CoV-2 interstitial pneumonia and RP have shown overlap-
ping radiological and clinical characteristics, both of which could result in clinical deterio-
ration with a decline in respiratory status and QoL due to irreversible lung changes [17].
Clinical symptoms are quite similar, with patients presenting with dyspnea, a dry nonpro-
ductive cough and mild fever. In the case of SARS-CoV-2, interstitial pneumonia is without
temporal association to TRT in contrast to RP which usually occurs in the first 6 months af-
ter the end of TRT [18]. The onset of symptomatic RP is slower than SARS-CoV-2 interstitial
pneumonia, which could help guide further diagnostics. In both situations, blood samples
usually show high C-reactive protein levels with normal serum procalcitonin. Radiological
features of interstitial pneumonia caused by SARS-CoV-2 are also similar to early RP, such
as GGO. However, RP is usually observed unilaterally and imaging abnormalities correlate
to radiation treatment fields, volumes and distribution [19].

To date, combined RP and SARS-CoV-2 interstitial pneumonia has not been described
in the literature. Therefore, future prospective studies are needed to investigate the clinical
and radiological findings of SARS-CoV-2 infection and RP. Based on the global registry data
of the Thoracic Cancers International COVID-19 Collaboration (TERAVOLT) seven major
determinants of death have been identified, namely, age, Eastern Cooperative Oncology
Group (ECOG) performance status, tumor stage at COVID-19 diagnosis, the development
of pneumonia, neutrophil count, C-reactive protein and serum procalcitonin [20]. Fur-
ther research needs to address additional outcome parameters, as well as the impact of
COVID-19 vaccination, which has not yet been evaluated.

In summary, cancer patients, especially with lung cancer, are at high risk of lethal
complications from SARS-CoV-2 infection due to immunosuppressive treatments and
reduced lung function. It is pivotal to test any patient suspected of having RP for SARS-
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CoV-2 infection in order to differentiate between the two and guide the determination of
the optimal treatment without delay.
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