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The ongoing pandemic of COVID-19 caused by the Severe Acute Respiratory Syndrome
Corona virus 2 (SARS-CoV-2) has affected the healthcare system worldwide to a great extent.
Millions of people have succumbed to the disease which might vary from mild febrile illness to
severe Acute Lung Injury ultimately resulting in ARDS (Acute Respiratory Distress
Syndrome). The mechanism of lung pathology due to SARS CoV-2 infection though unclear, is
thought to be due to an imbalance in the inflammatory cascade; leading to a condition called
Chemokine Release Syndrome. Low dose Radiotherapy which was historically used to treat
Pneumonia, can serve as an approach for this subset of patients; by virtue of its anti-
inflammatory response. Thus, in the present time, where a perfect cure is yet to derived all
possible interventions should be looked upon with a ray of hope.

Introduction

The COVID-19 pandemic has paralysed the health care system of the world, by affecting millions of
people till date. It is caused by the Severe Acute Respiratory Syndrome Corona virus 2 (SARS-
CoV-2). A spectrum of symptoms can be attributed to it, starting from mild flu-like symptoms to
severe lung injury or Pneumonia [1]. Approximately 20% of patients progress to ARDS ,which often
results in death [2].

Immune mechanism involved

SARS-CoV infection activates both the innate and adaptive immune mechanism .In response to the
infection, macrophages release various pro-inflammatory cytokines like IL 1,IL 6, TNF o, TGF B etc
leading to a condition called Cytokine Release Syndrome [3]. In addition the infected alveolar
epithelial cells also produce various Chemokines like CCL 2,CXCL-10, CXCL-9 [4]. This
dysregulated release of cytokines and chemokines cause an imbalance in the immune mechanism,
thus playing a role in the pathogenesis of the disease.

This again results in enhanced endothelial and epithelial cell apoptosis, increased vascular leakage,
suboptimal response to anti-body and decreased virus clearance [5-6].

Importance of Radiation and its role in Pneumonia
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Radiation induces cell death by destruction of DNA either directly or indirectly by production of
free radicals (ions) inside the body. Historically, X-rays have been used to treat cancer since Emil
Herman Grubbe treated the first patient in 1896. Benign intracranial tumours (e.g. Schwannoma,
Craniopharyngioma etc), Glomus tumors, Juvenile Nasopharyngeal Angiofibroma and many other
benign tumors are also treated by radiotherapy. Interestingly, there are reports of use of low dose
radiation treatment in many acute inflammatory processes and infectious diseases such as gas
gangrene, carbuncles, sinusitis, arthritis and mastitis in the pre-antibiotic era with significant cure
rates. Even today, low dose radiation is prescribed for benign painful chronic inflammatory
degenerative disorders such as periarthritis in Germany. Experiments over past three decades have
revealed a multilevel interrelationship between low-dose ionizing radiation and inflammatory
cascades which include: modulation of the inflammatory properties of leukocytes, macrophages,
fifibroblasts, and endothelial cells, as well as of the secretion of cytokines/chemokines and growth
factors [7].

In the early 20th century, Pneumonia was one of the dreaded diseases with mortality upto 40%
even in treated cases. Before the advent of widespread use of antibiotics, Serum therapy was the
only effective treatment for pneumonia, but it was expensive and carried a high risk of anaphylactic
reactions. This led to the exploration of Radiotherapy as an alternative curative option for
pneumonia in the 1930s. The hypothesis was that X-ray treatment would increase the metabolic
digestion of the exudative material,leading to a resolution of the pneumonia.Calabrese and Dhawan
[8] have compiled a review of all the reported studies on this topic from the United States. Between
1905-1946, fifteen studies showed that over 800 patients of bacterial, viral and atypical pneumonia
were effectively treated by low dose kilovoltage X-rays. All these studies reported significant
improvement in clinical symptoms within hours of initiation of therapy and decrease in mortality
incidence to less than 10% in their patients which was comparable to serum therapy and
sulphonamide treatment during the same time period. Irrespective of the age, health status,
etiology and other diverse clinical settings, these researchers consistently reported the benefit of a
single low dose X-ray exposure to effectively reverse the course of pneumonia. Benefits were
uniformly better when radiotherapy was instituted in the initial stages of the disease. The target
volume comprised of bilateral whole lungs and doses in the range of 20 to few hundred Roentgen
were used, which given the attenuation through chest wall would likely have resulted in mean lung
doses of less than 100 cGy range. The treatment became so popular that at one point of time some
hospitals in US routinely treated pneumonia patients with therapeutic X-rays before admitting them
for further treatment. However, with the emergence of the wonder drug Penicillin, the interest in
this form of treatment for pneumonia gradually faded and there has not been a single published
report in this aspect for over 70 years now.

The global pandemic of novel corona virus disease has once again challenged the medical
knowledge and utility of existing therapies in preventing death from this form of community
acquired pneumonia. In the absence of definitive treatment against SARS-CoV-2, clinicians have
now turned to therapies with anecdotal evidence- the widespread use of Hydroxy-chloroquine for
example. This scenario has once again aroused the interest of some radiation oncologists of the
present era to revisit the century old hypothesis of low dose X-ray therapy in pneumonia as a
potential treatment of COVID-19.

Possible mechanism of Radiation damage

Radiation can reduce inflammation by various mechanisms including induction of apoptosis by
immune mediated cells, secretion of anti-inflammatory factors and reducing activity of
macrophages [9]. The most accepted mechanism is via the ‘Polarization of macrophages’ to an anti-
inflammatory or M2 phenotype. The M2 phenotype tends to suppress the over-action of the immune
system whereas the M1 type over stimulates the immune system leading to Cytokine Storm [10].
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In a article published in Radiotherapy and Oncology journal in April, 2020, Kirkby and McKenzie
[11] have called for a clinical trial to investigate the efficacy of whole lung low dose radiotherapy as
potential treatment of COVID-19 pneumonia. They opine that a single fraction 30 to 100 cGy X-ray
treatment could be easily delivered on a conventional megavoltage radiation therapy unit and at
such low doses, common radiotherapy toxicities would not be of much concern. They believe it
would present a very low risk to COVID-19 pneumonia patients, have the potential to reduce
mortality and mitigate COVID-19 related burden on healthcare systems.

However, the astounding results of the studies of early twentieth century must be taken with a
pinch of salt before we jump to conclusions. All the 15 reported studies by Calabrese et al [8] are
case series of small number of patients, without randomization of subjects, no definite control
groups for comparison or blinding of investigators, making their findings largely redundant in
modern day practices of evidence based medicine. Only 2 out of the 15 studies quoted by Calabrese
et al. dealt with viral pneumonia and SARS-CoV-2 being a positive-sense single-stranded RNA virus
which still remains a mystery, whether the radiobiology of DNA damage applies for it, is also
debatable. Add to that the complicated nature of planning and delivering bilateral whole lung
radiation which comes with an inherent risk of cardiac toxicities and secondary malignancies. In
today’s era of precision and conformal radiotherapy, we are afraid, such an idea may find no
supporters. Lastly, for a country like India where radiotherapy resources are already overburdened
with existing cancer patients, incorporating COVID-19 patients into radiotherapy treatment
facilities will be a herculean challenge.

In conclusion, although the idea of using radiotherapy as a potential cure for COVID-19 patients
seems far-fetched, we believe its not entirely devoid of merit. The COVID-19 pandemic worldwide
has cost millions of lives, totally destroying the healthcare facilities of most developed of nations.
Hence all possibilities of intervention even with a glimpse of hope should be looked into. If ever
there was a time to explore radiation as treatment for pneumonia on a clinically useful setting, we
believe it is now.
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