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Background

Treatment for coronavirus disease 2019 (COVID-19) pneumonia remains largely supportive till date and multiple clinical trials took place within the short span of time to evaluate the role of investigational therapies. The anti-inflammatory effect of low dose whole lung radiation in treating pneumonia has been documented earlier. This clinical trial analyzed the effect of low dose radiation therapy (LDRT) in a moderately affected COVID-19 pneumonia patient cohort and has evaluated its effect in stopping the conversion of moderate disease into severe disease.



Methods

Patients with moderate COVID-19 pneumonia as characterized by the Ministry of Health and Family Welfare (MOHFW), Government of India, were randomized (1:1) to low dose whole lung radiation versus no radiation. All treatment of patients was concurrently being given as per institutional protocol. Patients were followed up with clinical and laboratory parameters monitored on Days 1, 3, 7, and 14. Computed tomography scan (CT scan) of thorax was performed on Days 1 and 7. Patients were evaluated for conversion of moderate into severe disease as per National Early Warning Score-2 (NEWS-2 score) as the primary end point. The secondary endpoints included changes in ratio between peripheral capillary oxygen saturation and fraction of inspired oxygen (SpO2/FiO2), biochemical markers, 25-point CT severity score, and radiation induced acute pulmonary toxicities.



Findings

At the interim analysis, there were seven patients in the radiation arm and six in the control. A whole lung LDRT improved the outcome of SpO2/FiO2 at Day 3; however it did not convert into a statistically significant improvement for the NEWS-2 score. The serum levels of LDH, CRP, Ferritin and D-dimer were significantly reduced on 14 days in the LDRT arm in comparison to the baseline value but were not significant between the two groups.



Interpretation

LDRT seems to have the potential to prevent moderate COVID-19 pneumonia from a deteriorating to severe category. However, further randomized clinical trial with an adequate number of such patients is warranted to establish the definitive role of LDRT in the management of COVID-19 pneumonia.
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Graphical Abstract | Consort flow chart.




Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which primarily affects the respiratory system results in a wide spectrum of symptoms, starting from mild cough to acute respiratory distress syndrome (ARDS) and multi organ failure. Epidemiological studies have observed that 6 to 10% of patients may develop a severe form of COVID-19 infection and require high quality intensive care unit (ICU) support including Mechanical ventilation (MV) (1). Mortality rates reported in patients with severe symptoms in the ICU may range from 25 to 65% with regional, institutional, and ethnic variations (2–4). However, treatment remains largely supportive till date and multiple clinical trials took place within the short span of time to evaluate the role of investigational therapies or ‘off-label’ medications such as remdesivir, therapeutic plasma exchange, convalescent plasma, and mesenchymal stem cell therapies to reduce the disease severity in COVID-19. These therapies are extensively administered worldwide after getting the emergency use authorization (EUA) but unfortunately failed to produce significant clinical recovery and reduction of mortality rate (5, 6). In this context, the role of low dose radiotherapy (LDRT) has re-emerged as a potent anti-inflammatory and immune modulator which can effectively reduce the severity of lung damage caused by the SARS-CoV-2. In this prospective, randomized clinical trial, we have studied the role of LDRT on the moderately severe COVID-19 pneumonia patients with the evaluation of clinical, biochemical, and radiological parameters.

The primary objective was to evaluate changes from moderate to severe grade of the disease in radiation and observation group with the National Early Warning Score (NEWS-2) at days 3, 7, and 14 (7, 8).

Secondary objectives of this trial include evaluation of changes in physiological parameters, namely, ratio between peripheral capillary oxygen saturation and fraction of inspired oxygen (SpO2/FiO2), changes in hematological and biochemical parameters such as Complete blood count (CBC), neutrophil to lymphocyte ratio (NLR), erythrocyte sedimentation rate (ESR), D-dimer, Lactate dehydrogenase (LDH), Ferritin, Interleukin-6 (IL-6), C-Reactive protein (CRP), arterial blood gases analysis (ABG), prothrombin time (PT), international normalized ratio (INR), D-dimer, IL-6 (interleukin-6) and changes in 25 point CT severity scoring on days 7 and 28. Radiation induced acute pulmonary toxicity is monitored on basis of the Common Terminology Criteria for Adverse Events (CTCAE v 5.0) scale (9).



Methods

This prospective, double arm, interventional, randomized controlled trial was conducted from May 2021 to August 2021 at the All India Institute of Medical Sciences (AIIMS), Patna, India after obtaining clearance from the institutional ethical committee and registration with the Central Drugs standard control Organization India (ECR/1387/Ins/BR/2020) and the Clinical Trials Registry-India (CTRI/2021/06/033912, May 25, 2021). Thirteen patients aged between 18 and 70 years, with confirmed SARS-CoV2 infection by RT-PCR from nasopharyngeal swab and or broncho-alveolar lavage (BAL) were recruited. Patients had moderate disease as per the criteria laid by the Ministry of Health and Family Welfare (MOHFW), Government of India which included SpO2 <94% on Room Air and Respiratory rate >20 breaths per minute at room air with fewer than 10 days of symptom onset (10). Patients were randomly assigned to a radiotherapy (RT) arm and a non-RT arm with 1:1 ratio by computer-generated random numbers. All patients were receiving standard medication as per institute protocol for COVID-19 pneumonia. Patients with severe COVID-19 disease, hemodynamically unstable, autoimmune disease, under mechanical ventilation, and pregnancy were excluded from the study.

The study was performed with strict compliance with institutional guidelines for infection prevention, namely, the use of personal protective equipment (PPE) by the entire team and the patients, dedicated patient transport corridor, and decontamination measures. Patients were transported from their dedicated COVID-19 wards to the department of radiotherapy under continuous monitoring by one physician and two paramedical personnel (Figure 1A) with supplementary oxygen support. After being shifted to the CT simulation room, a non-contrast CT scan of thorax with 5 mm slice thickness was done in supine position along with a 4-clamp thermoplastic immobilization cast and head rest (Figure 1B). Radiopaque markers were used to verify the coincidence of the isocentre marking on the cast with the isocentre defined in the planning CT scan. Average imaging parameters were calculated as 110 kVp and 130 mAs for most of the patients. The CT images were imported into the Monaco 5.11 treatment planning system. Window width and window level settings were adjusted to better visualize pulmonary tissue and window level/width equal to −400–600 HU/400–1, 600 HU was mostly applied before contouring. Clinical target volume (CTV) which included bilateral lung tissue was contoured promptly by the radiation oncologist with interpolation and manual edit. No organs at risk (OARs) were delineated during the same settings to reduce the overall treatment time. Heart, spinal cord, thyroid gland, head of humerus, liver, esophagus and breast tissue for female subjects were contoured later on for dosimetric purpose. No dose constraint was given to any other structure. The planning target volume (PTV) was generated by adding 0.7 mm margin around the CTV. The medical physics team planned a 3D conformal radiotherapy with anterior and posterior portals (AP/PA) with 6 MV and or 10 MV photon beams and equal weightage. The prescribed dose was 0.7 Gray (Gy) to bilateral lung fields for single fraction, with at least 95% of PTV receiving 95% of prescription dose. The overall required time since the entry of the patient and plan approval by the principal investigator was 15 min. The delivery of LDRT was executed with patient setup on Elekta Versa HD (Elekta, Stockholm, Sweden) under continuous monitoring with one of the in-room cameras directed to the monitor of the patient for remote surveillance (Figure 1C).




Figure 1 | (A) (left) and (B) (right): Show the transfer and CT Simulation of the COVID 19 patients enrolled in our trial, maintaining proper personal protection. (C) Shows the continuous Surveillance and Monitoring of the patient during the delivery of LDRT.



Patients in the non-RT arm were shifted to their respective COVID-19 ward just after CT simulation. The average time from entering to exit the radiation treatment area in the RT arm was 25 min whereas it was 10 min in the non-RT arm. The day of LDRT delivery or day of CT simulation was considered as day 1 and CT scan thorax was again done on days 7 and 28 for comparison of CT severity score of both groups. All the clinical records (general consciousness, temperature, pulse, blood pressure (BP), SpO2 at room air, SpO2 with oxygen, device used to maintain SpO2, FiO2, hematological and biochemical parameters were recorded on days 1, 3, 7, and 14 for both arms. These clinical and biochemical parameters were used to calculate the NEWS-2 score on respective days at a fixed 9:00 h.

The Statistical Package for Social Sciences version 25 (SPSS version 25.0) was used for the data analysis. Descriptive statistics was performed for clinical characteristics and demographic data. The primary endpoint was to compare the NEWS-2 score in both of the groups. Mean [ ± standard deviation (SD)] or median for continuous variables and frequency for categorical variables were reported. Continuous and the categorical data were compared using a 2-tailed Fisher’s exact test. A p-value <0.05 was considered statistically significant.



Results

Investigators, residents of the department of radiotherapy, and primary physicians of the COVID-19 ward screened the patients who were admitted for management of COVID-19 at our institute and a total 68 patients with moderate COVID-19 pneumonia were screened for the trial. Patients and their family members were thoroughly explained about the possible side effects including the calculated attributable risk of second malignancy and the ‘off-label’ characteristic of LDRT in the treatment of COVID-19. Difficulty in obtaining consent was the major reason for poor accrual; however at the time of interim analysis we included seven patients in the RT arm and six patients in the non-RT arm (Figure 1). All enrolled patients had the history of less than 10 days since the onset of flu symptoms.

There were two female patients in the RT arm, whereas four female patients were in the non-RT arm. Approximately one-fourth of the patients had given history of smoking in both the arms. Two patients were diagnosed with diabetes mellitus (DM) during the hospital stay for management of COVID-19 while nine (69.2%) patients had known comorbidities (hypertension (HTN), DM, Asthma). Blood group A and Rh positivity were most commonly found in both arms (Table 1).


Table 1 | Clinical characteristics of patients during admission and hospital stay.



The median age of patients was 56 (52–68) years in the RT arm and 59 (50–69) years in the non-RT arm. The median days to get admitted after onset of symptoms were 5 (3–9 days). The median duration of hospital stay (14 days for both arms) and median duration on oxygen support (11 and 10 days in RT and Non RT arms respectively) were almost equal. The median SpO2 of patients at admission was 90% at room air. Other clinical parameters on days 1, 3, 7, and 14 are depicted in Table 2.


Table 2 | Clinical parameters of patients on the day of LDRT and serial follow up.



The dose prescribed and delivered to bilateral lungs was 0.7 Gy with 3D-CRT technique. The mean dose received by the OAR, namely, heart, esophagus, thyroid, liver, and spine were 67 cGy,64 cGy, 44 cGy, and 45 cGy, respectively. For female patients mean dose to right and left breast are 46 cGy and 51 cGy respectively.

The institutional management protocol for COVID-19 pneumonia was similar for both groups. All patients in our study received intravenous dexamethasone, enoxaparin, and azithromycin. Dose and duration of the medications were decided by the primary physician at the COVID ward. Remdesivir was given to two patients in the RT arm and four patients in the non-RT arm.

On day 1, the mean value of total leucocyte count (TLC) and neutrophil to lymphocyte ratio (NLR) were 9,160/ml and 16.895 in the RT arm and 12,630/ml and 8.722 in the non-RT arm respectively which showed no statistically significant difference at day 1. Other biochemical parameters, namely, d-dimer, PT, INR, CRP, LDH, IL-6, and ferritin similarly showed no statistically significant difference at day 1 (p >0.05) (Table 3).


Table 3 | Comparison of different biochemical parameters on the day of LDRT and serial follow up.



There was no statistically significant difference in NEWS-2 score in the RT and non-RT arms at day 3 (p = 0.360), day 7 (p = 0.617), and day 14 (p = 0.506). But there was a tendency of improvement of NEWS-2 score in the RT arm at day 3. There was a statistically significant difference in the improvement of FiO2 (p = 0.042) and SpO2/FiO2 (p = 0.028) at day 3 between the two arms, however this significant difference was gradually lost after the third day (Figure 2 and Table 4). The 25 point CT severity score at enrollment had a median value of 16 and 18 in the RT and non-RT arm respectively. There were no statistically significant differences in the CT severity score in either of the two arms at day 1 (p = 0.325) and day 7 (p = 0.354).




Figure 2 | (A) The graph shows the change of NEWS2 Score in RT and Non RT arm on Day 1 and serial follow-up. (B) The Graph shows the change of mean of Fio2 in RT and Non RT arm on Day 1 and serial follow-up.




Table 4 | Oxygen parameters and NEWS-2 score on the day of LDRT and serial follow up.



Radiation induced acute pulmonary toxicity was not observed in any of the patients in the radiation arm. One patient of the RT arm required MV after initial clinical recovery because of the development of sinonasal mucormycosis infection and the patient died in the ICU. A sudden cardiac death was reported in the non-RT arm.



Discussion

Historically, X-ray therapy has been used for non-responsive pneumonia with promising results but had been abandoned with the advent of the newer antibiotic era (11–13). In the present scenario of COVID-19 pandemic, many studies have been re-initiated to evaluate the response of LDRT (0.5 to 1 Gray) to bilateral lungs and have reported rapid relief of respiratory symptoms in terms of decreased requirement of supplemental oxygenation, radiological, and biochemical responses (14–16). LDRT to the lung leads to the polarization of macrophages towards the anti-inflammatory M2 phenotype which helps to decrease the inflammatory process and possible evolvement into ARDS (17). It is therefore postulated that LDRT can also prevent cytokine storm by lymphocyte exhaustion and immune consumption. Reduction in adhesion of mononuclear cells to the endothelial cells and induction of apoptosis by LDRT may also lead to the modulation of inflammatory cell activity in COVID-19 (18, 19),. Hence LDRT delivered to both lungs in such patients is backed up by biological and clinical basis that justify its use as a possible therapeutic option (20). Many clinical studies have since evaluated the role of LDRT to lungs in COVID-19 pneumonia. Most of them are single arm studies and have documented feasibility, tolerability, and clinical benefit (16, 21, 22). However few studies such as that of Papachristofilou et al. demonstrated no benefit of LDRT to improve recovery in critically ill patients requiring MV for COVID-19 pneumonia (23). Available studies have also indicated the importance of the timing of LDRT to bilateral lung fields stating that there is a small window of opportunity after which radiation may not be adequately effective.

To the best of our knowledge this is the only randomized trial with moderate COVID-19 pneumonia patients and analyzed its role to halt the progression of a moderate disease to a severe one with NEWS-2 score. Although the primary physician was not blinded, we feel that the probable impact would have been minimal since all patients received the treatment according to the institutional protocol in the inpatient department as per their clinical severity. Moreover, the CT severity of both arms was scored by a single radiologist who was blinded to reduce bias. The other variables that were evaluated were laboratory tests which would not be impacted by the blinding process.

The dose for whole-lung LDRT was 0.7 Gy. According to a recent evaluation the lifetime attributable risk of cancer for a dose of 0.5 Gy for ages 20–80 can range from 0.29 to 1.7% for men and 0.5–4.9% for women (24). Cardiac events after 5 years of radiotherapy in the study by Darby et al. have shown a linear relationship with increasing dose by 7.4% per Gy (25). Taylor et al. have also shown a significant increase in cardiac mortality after 10 years of radiation to be 0.04% per Gy (26). The mean dose received by the heart in our study is approximately 0.67 Gy hence the probable effect of LDRT on the cardiovascular system needs to be monitored. We are following up the patients at 6 monthly intervals. The history of addictions like smoking in the background of co-morbidities increases the chance of attributable cancer and coronary heart disease. CT based planning with AP/PA portals helped in documenting the serial radiological response (Figure 3) with 25 points CT severity score and also to document the dosimetric profile of LDRT particularly to the adjacent organs such as the liver, heart, thyroid gland, spinal cord, and breasts for female patients. Therefore, we consider this trial as a unique opportunity to measure such dosimetric data which will serve as an important archive on longer follow up, if any recipient of LDRT develops any possible, attributable side effect in the lifetime.




Figure 3 | (A, B) Show marked radiological improvement on Day 7, compared to Day 1, of two different patients in the RT arm. Day 1(Left) D7(Right).



The ratio of SpO2/FiO2 significantly decreased on the 3rd day in the LDRT arm which is similar to the other prospective studies but on days 7 and 14 of hospital stay, this significance was lost. A decrease in the level of biochemical markers of acute phase reactants (LDH, CRP, ferritin, and D-dimer) was seen in the RT arm and the non-RT arm. However, it failed to achieve clinical significance on comparison between the two arms.

The median duration of hospital stay is 16.8 days for the RT arm and 28 days in the non-RT arm. Although there was a trend towards early improvement, the difference did not show any statistical difference between the two arms after the third day. Lymphopenia was not seen in both arms suggesting no added deterioration with LDRT (27).

An interim analysis of our study failed to have any statistical improvement in either primary or secondary endpoints although the third day FiO2 was significantly better in the RT arm. Analyzing the two arms NEWS-2 score shows the RT arm continues to improve whereas the non-RT arm plateaus indicating that if more patients are added by virtue of completing the study might be able to reach statistical significance. Therefore, our results are not in complete agreement with the initial experiences reported from the non-randomized single-arm studies, which observed marked clinical, biochemical and radiographic improvement after LDRT for COVID-19 pneumonia.


Limitations

The major limitations of this study include 1) Small sample size as it was extremely difficult to obtain proper consent of the patients and to judiciously select the moderately severe COVID-19 pneumonia patients. Differences were seen only for SpO2/FiO2 and LDH and only at day 3 while other clinical radiological and biochemical parameters failed to attain statistical significance due to very small size at the time of interim analysis. 2) Radiologist who prepared the 25 points CT severity score was blinded; however the treating physician and the team of radiation oncology were not blinded for this study. 3) The course of COVID-19 pneumonia and its clinical, biochemical, and radiological manifestations are itself heterogeneous and may vary between a wide range of spectrum. Similarly, patients with COVID-9 pneumonia respond differently to the standard protocol of the treatment. Hence it is expected that LDRT will not produce a similar response to all patients in the cohort, although we meticulously tried to include moderately affected patients.



Conclusion

LDRT seems to have the potential to prevent moderate COVID-19 pneumonia from deteriorating to severe category. However, further randomized clinical trial with a greater number of such patients is warranted to establish the definitive role of LDRT in the management of COVID-19 pneumonia.
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