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Purpose: The COVID-19 outbreak is affecting people worldwide. Many infected patients have respiratory involvement that
may progress to acute respiratory distress syndrome. This pilot study aimed to evaluate the clinical efficacy of low-dose
whole-lung radiation therapy in patients with COVID-19 pneumonia.

Methods and Materials: In this clinical trial, conducted in Iran, we enrolled patients with COVID-19 who were older than 60
years and hospitalized to receive supplementary oxygen for their documented pneumonia. Participants were treated with
whole-lung irradiation in a single fraction of 0.5 Gy plus the national protocol for the management of COVID-19. Vital signs
(including blood oxygenation and body temperature) and laboratory findings (interleukin-6 and C-reactive peptide) were re-
corded before and after irradiation.

Results: Between May 21, 2020 and June 24, 2020, 5 patients received whole-lung irradiation. They were followed for 5 to 7
days to evaluate the response to treatment and toxicities. The clinical and paraclinical findings of 4 of the 5 patients (patient 4
worsened and died on day 3) improved on the first day of irradiation. Patient 3 opted out of the trial on the third day after
irradiation. The mean time to discharge was 6 days for the other 3 patients. No acute radiation-induced toxicity was recorded.
Conclusions: With a response rate of 80%, whole-lung irradiation in a single fraction of 0.5 Gy had encouraging results in
oxygen-dependent patients with COVID-19 pneumonia. © 2020 Elsevier Inc. All rights reserved.
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Introduction

Since the end of 2019, the novel coronavirus disease
(COVID-19) has been a major health issue all over the
world. It is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and has led to more than
500,000 deaths as of July 2020, with an estimated crude
mortality rate of 3% to 4%.'” Four phases have been
proposed for the pathogenesis of SARS-CoV-2, including
suppression of interferon type 1 production, blockage of
interferon type 1 signaling, massive inflammatory response
(so-called cytokine storm), and immune exhaustion.” The
lethality of COVID-19 mainly stems from cytokine
storm—induced thrombotic dysregulation and multiorgan
failure.” During the cytokine storm, monocytes and mac-
rophages mainly recruit, which may explain elevated levels
of proinflammatory cytokines such as interleukin-6 (IL-6).
Suppression of cytokine storm can potentially reduce the
morbidity and mortality of COVID-19. Recently, the pre-
liminary results of the RECOVERY trial demonstrated that
dexamethasone 6 mg given once daily for up to 10 days
significantly reduced the 28-day mortality among patients
with COVID-19 pneumonia receiving invasive mechanical
or noninvasive ventilation. Experimental studies have
demonstrated the anti-inflammatory effect of low-dose ra-
diation therapy (LD-RT) by modulating the function of a
variety of inflammatory cells, including endothelial cells,
polymorphonuclear leukocytes, and macrophages.”'”
Therefore, LD-RT is considered to afford an opportunity
to block the deadly cytokine storm and save patients’ lives.
Herein, we report the outcomes of the first 5 patients with
COVID-19 pneumonia who were treated with low-dose
whole-lung irradiation at Imam Hossein Educational Hos-
pital, Tehran, Iran.

Methods and Materials
Ethical consideration

Before commencing the study, ethical clearance was ob-
tained from the Ethical Committee of Shahid Beheshti
University of Medical Sciences, Tehran, Iran (Ethical code:
IR.SBMU.RETECH.REC.1399.073). Before assigning the
patients to radiation therapy, written informed consent was
obtained.

Trial design and participants

This pilot clinical trial was conducted at Imam Hossein
Educational Hospital to examine the safety and efficacy of
single-fraction low-dose whole-lung irradiation in patients
with COVID-19 pneumonia (Clinical Trial Registration
Number NCT04390412). Individuals were enrolled who
were more than 60 years old who had clinical manifesta-
tions of COVID-19 with a positive polymerase chain

reaction of the nasopharyngeal swab, antibody test, or
radiographic pneumonic consolidations that required oxy-
gen supplementation (with SpO, <93% and/or PaO,/FiO,
<300 mm Hg). For patients who had stable vital signs, we
used SpO, to estimate PaO,.” A designated research
collaborator used a pulse oximeter (Riester, Germany) to
measure SpO, within 1 hour before patients were trans-
ported to the radiation therapy department. The patients
were kept on room air for 3 minutes to record the SpO, at
the resting position. After irradiation, SpO, was recorded
once a day between 8 and 10 a.m. by the same researcher
using the same protocol.

The exclusion criteria were patients with hemodynamic
instability or requiring mechanical ventilation, a history of
malignancy or heart failure, contraindication for radiation
therapy, septic shock or end-organ failure, or severe acute
respiratory distress syndrome (with PaO,/FiO, <100 mm Hg).

The primary objectives included change from baseline
blood oxygenation (in terms of O, saturation), the number
of hospital/intensive care unit stay days, and the number
of intubations performed after radiation treatment. The
secondary objectives were changes in laboratory results
(including C-reactive peptide [CRP] and IL-6). Clinical
recovery was defined as the first day a patient was dis-
charged or weaned from supplemental oxygen with SpO,
>93% in room air. Five of 40 eligible patients signed the
consent form and entered the study between May 2020
and June 2020. Almost all (33 of 35) patients who
declined to receive low-dose whole-lung irradiation were
worried about radiation-induced malignancy. The other 2
patients were pessimistic about the efficacy of irradiation.
This clinical trial was approved by the institutional review
board.

Radiation therapy and follow-up

The treatment protocol was low-dose whole-lung irradia-
tion in conjunction with the standard national guideline for
the management of COVID-19. So far, 7 editions of the
national protocol for the management of patients with
COVID-19 pneumonia have been published. The sixth and
seventh edition were used for our trial. Its principles to
manage patients with moderate pulmonary involvement
(SpO; <93% on room air or respiratory rate >30) were as
follows: (1) supplemental oxygen (preferably) via high-
flow nasal cannula, (2) unfractionated heparin 5000 units
subcutaneously every 8 hours or enoxaparin 40 mg sub-
cutaneously once daily, (3) antibiotics (if clinically indi-
cated; eg, community-acquired pneumonia), (4) basic
supportive care, (5) careful monitoring of patients for
clinical indices, and (6) dexamethasone 8 mg daily for up to
10 days (at the physician’s discretion).'*"

All participants were allocated to receive single-fraction
0.5 Gy to the whole lungs. Radiation therapy planning was
done on patients’ diagnostic computed tomography (CT)
scans with patients in a supine position using a multislice
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spiral CT scanner without intravenous contrast. Both lungs
were defined as the clinical target volume, and 1 cm was
added to create planning target volume (including the in-
ternal target volume). Treatment planning was done with
ISOgray treatment planning system (DOSIsoft SA), which
calculates dose using the collapsed cone algorithm (with
heterogeneity correction). The prescribed dose to the
treatment isocenter (located in the middle of mediastinum)
was 0.5 Gy delivered via 2 opposed anteroposterior and
posteroanterior open portals. At least 95% and 100% of the
prescribed dose covered the planning target volume and
clinical target volume, respectively. Considering the
extremely low dose prescribed, no restriction was consid-
ered for the hot points and the organs at risk, including
heart, liver, stomach, esophagus, and thyroid gland. The
Varian Clinac 2300 CD with 18 MV photon beams, not
equipped with multileaf collimator, was used to deliver the
dose. To decrease the treatment time, no block was
considered for the thyroid gland; however, for the last 3
patients, the radiation oncologist placed the midline block
on the optical field over the upper part of the portals
(matched with the lower neck) before the patient entered
the treatment room to better protect the thyroid gland. The
correction was done for block tray in the fourth and fifth
patients for both portals.

Vital signs, consciousness, performance status, blood
oxygenation, CRP, and IL-6 were assessed at baseline and

then daily after the irradiation. The body temperature of
patients was measured by the ward nurse at 6:00 a.m. using
tympanic membrane thermometry.

Results

From May 21, 2020 to June 24, 2020, 40 patients with
COVID-19 pneumonia were asked to participate in the trial.
Five (4 male and 1 female) signed the consent form and
received low-dose whole-lung irradiation at the Clinical
Oncology Department of Imam Hossein Hospital. All par-
ticipants except 1 (patient 3) were positive on polymerase
chain reaction based on a nasopharyngeal swab. Patient 3 was
admitted for a loss of consciousness, typical findings of
COVID-19 pneumonia in a chest CT scan, and an elevated
CRP level.

The baseline characteristics of participants are sum-
marized in Table 1. The patients were between 60 and 84
years old (mean: 71.8 years). All patients had comorbid-
ities, including hypertension in 3 patients, a history of
ischemic heart disease in 2 patients, and heart failure in 1
patient. At the time of admission, the median Karnofsky
performance score and Glasgow Coma Scale were 60
(range, 50-80) and 15 (range, 10-15), respectively. LD-RT
was delivered 1 to 3 days after the admission day (median
2 days).

Table 1  Patient demographics and clinical characteristics
Characteristics Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Sex Male Male Female Male Male
Age,y 60 69 82 84 64
Comorbidities Heart failure HTN, IHD IHD HTN HTN
KPS at admission 80 80 60 50 60
GCS at admission 15 15 10 15 15
Presenting symptom(s) Shortness of Fever and cough  Depressed level of Fever and cough  Shortness of breath
breath consciousness and cough
Vital signs at admission
Pulse rate (per min) 75 88 90 82 90
Respiratory rate 12 16 20 12 15
(per min)
Systolic blood 110 130 110 140 120
pressure (mm Hg)
Temperature (°C) 37.5 38.1 37.6 37 39
O, saturation (%) 87 86 75 89 74
P/F ratio 192 126.7 160 101.4 110
Time from onset of 1 3 3 2 2

symptoms to RT, d
Diagnosis of COVID-19 Clinical findings
and PCR

Facial mask

Clinical findings
and PCR

O, supplementation Nasal cannula

Length of stay at hospital 7 5
after RT, d
Outcome Discharged Discharged

Clinical and imaging

Facial mask with

Opted out of trial Died

Clinical findings
and PCR
Facial mask

Clinical and imaging
findings and PCR
Facial mask with
reservoir bag reservoir bag
3 3 6

findings

Discharged

Abbreviations: GCS = Glasgow coma scale; HTN = hypertension; IHD = ischemic heart disease; KPS = Karnofsky performance scale;
PCR = polymerase chain reaction; P/F ratio = PaO,/FiO,; RT = radiation therapy.
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Evolution in time of (A) O, saturation, (B) body temperature, (C) c-reactive peptide, and (D) IL-6 in patients with

COVID-19 pneumonia after single-fraction whole-lung irradiation.

Of the 5 initially enrolled patients, 4 (80%) showed
initial improvement in O, saturation and body tempera-
ture within 1 day after irradiation. Of these, 1 patient
(patient 3) chose to opt out of the trial on the third day of
irradiation. The mean time to discharge was 6 days for 3
patients (patients 1, 2, and 5). Patient 4’s O, saturation
and body temperature began to deteriorate on the first day
of irradiation, and the patient died on the third day after
irradiation.

The laboratory findings (IL-6 and CRP) were in line
with the clinical findings. Regarding IL-6, although a
fluctuation was documented in patient 1, the overall
trendline was as per clinical findings. Figure 1 demon-
strates the change in clinical and laboratory findings after
irradiation. During the observation, no acute skin, cardiac,

pulmonary, or gastric toxicities were detected. Patient 5
experienced SpO, >94% while receiving O, but 83% <
SpO, < 87% in room air. At the discretion of his physician
and due to the limitation of ventilation facilities, he was
discharged on the seventh day after irradiation with
medical advice to receive O, at home.

Discussion

Incidentally, none of the patients in our trial received
dexamethasone, remdesivir, (hydroxy)chloroquine, or
macrolides. Therefore, the effect of these factors was
omitted in the findings. This pilot study had several
important findings. First, for oxygen-dependent patients
with COVID-19 pneumonia, whole-lung irradiation had a
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Table 2 Overview of clinical trials evaluating the efficacy of low-dose whole-lung irradiation in patients with COVID-19 pneumonia
Clinical trial RESCUE 1-19 COLOR-19 Present trial VENTED

NCT number NCT04366791 NCT04377477 NCT04390412 NCT04427566

Start date April 29, 2020 May 6, 2020 May 15, 2020 June 11, 2020

Country of origin United States Italy Iran United States

Current status

Preliminary results
are published in
a non—peer
reviewed journal

Recruiting patients

Participants
Sex Male and female Male and female
Age, y >18 >50
Clinical Receiving O, Receiving O,
presentation with NIV with NIV
No. of participants 5 30
Treatment plan Single-fraction Single-fraction
whole-lung whole-lung
irradiation irradiation

Radiation dose, Gy 1.5 0.7 (on average)

Primary objectives Safety Length of hospital
Clinical recovery stay
No. of ICU
admissions

Pilot study (published) Recruiting patients

Male and female Male and female
>60 >18
Receiving O, with NIV Receiving O, with MV

5 (for pilot study) 24

Single-fraction Single-fraction whole-lung
whole-lung irradiation + irradiation
national guideline

0.5 (+ an additional 0.8
0.5 if needed)

Change in blood
oxygenation

Length of hospital/ICU stay

Mortality rate after 30 d
of ICU-based MV initiation

Abbreviations: ICU = intensive care unit; MV = mechanical ventilation; NIV = noninvasive ventilation.

response rate of 80% in terms of clinical and paraclinical
findings. Second, not including the 1 patient who opted out
of the trial, the clinical condition of patients was evaluable
in the remaining 4, of whom 3 were able to leave the
hospital (1 still on supplemental oxygen) for a clinical re-
covery rate of 75%. Third, our results showed that LD-RT
starts to demonstrate efficacy from the first day of irradia-
tion. Fourth, CRP changes were consistent with the clinical
findings; however, IL-6 fluctuated in 1 patient but followed
the patient’s clinical condition. This may be due to the
short-term release of IL-6 upon irradiation.'® Fifth, despite
the clinical efficacy, no acute toxicity was reported with

LD-RT. . .
To the best of our knowledge, 3 other ongoing clinical

trials are applying LD-RT in patients with COVID-19
pneumonia. The summary of these trials is presented in
Table 2.

The only available results are from the RESCUE 1-19
trial that was recently published in a non—peer-reviewed
journal.® The study is summarized in Table 2. In this pilot
study, 5 patients with COVID-19 pneumonia received
whole-lung irradiation with a single-fraction of 1.5 Gy.
Four of the patients recovered rapidly and were weaned
from supplemental oxygen at a mean time of 1.5 days. In
all patients, no acute toxicity was reported.

Similar findings were reached by our trial in terms of
response rate and safety. However, we obtained these re-
sults with lower radiation doses. This finding supports the
hypothesis that radiation doses as low as 0.5 Gy can modify
the immune reaction to COVID-19 pneumonia by

activation of macrophages with M2 phenotype.” We also
included the national protocol for the management of
COVID-19 in the treatment plan, which may have affected
the results. We went beyond the RESCUE 1-19 trial by
examining the body temperature, IL-6, and CRP of patients
after irradiation.

According to the national protocol for the management
of patients with COVID-19 pneumonia, patients who had
SpO, <90% using noninvasive ventilation with FiO, >50%
were indicated for intensive care unit admission, intubation,
and mechanical ventilation. However, due to the limited
ventilation facilities, we had to apply the basic ventilation
support with a facial mask =+ reservoir bag. This limitation
may affect the clinical results of patient 4. We wish to
circumvent this effect in the next recruitment of patients by
improving the required facilities of our hospital.

Conclusions

Notwithstanding the small sample size, the interim results
of the RESCUE 1-19 trial and ours demonstrate that LD-RT
may be a successful treatment to save patients with severe
COVID-19 pneumonia. Longer follow-up with more pa-
tients is needed to confirm this notion. Given the encour-
aging results of this pilot trial, the Ethical Committee of
Shahid Beheshti University of Medical Sciences allowed
continuation of the trial using 1.0 Gy whole-lung
irradiation.
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