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Abstract

Introduction Performing low-dose radiation therapy (LDRT) is a new approach to treat pneumonia resulting from COVID-
19 disease. This paper aims to evaluate the effectiveness of LDRT in treating COVID-19 patients.

Methods Medline was searched for “low-dose” and “radiation therapy” and “COVID-19” and “pneumonia” and “inflam-
mation”, to retrieve papers that published on low-dose radiation therapy to improve mortality of COVID-19 patients. Only
clinical investigations that included original and case report papers were selected for this paper.

Results The completed clinical trials that have performed LDRT to treat COVID-19 showed that the effectiveness of LDRT
in treating COVID-19 was up to 90%.

Conclusion The vast majority of primary and secondary outcomes of clinical trial investigations regarding LDRT in treating

COVID-19 found that LDRT can be considered a feasible treatment to improve mortality of COVID-19 patients.
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Introduction

Coronavirus disease 2019 (COVID-19) is spreading rap-
idly throughout the world. Infection of people by this virus
leads to pneumonia and acute respiratory distress syndrome
(ARDS). COVID-19 infects the lower respiratory system,
and the lung’s response to this infection is recruiting mac-
rophages and monocytes leading to inflammation, which
causes widespread damage to the lung’s airways (Tay et al.
2020).

Performing low-dose radiation therapy (LDRT) is a new
approach to treat pneumonia resulting from COVID-19.
It has been found that LDRT can lead to improvement in
inflammation in different line cells, animals, and humans
(Ghaznavi et al. 2021). Based on the previous clinical trials,
the effectiveness of LDRT in treating COVID-19 was up to
80%; therefore, the Food and Drug Administration (FDA)
recommended LDRT (by irradiating 0.5 Gy) as a treatment
for COVID-19 (Hahn and Hahn 2020).
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At the moment, 16 different groups throughout the world
have applied LDRT to treat COVID-19 in humans, and the
results of some have been published (www.clinicaltrials.
gov/ct2/results 7recrs=&cond=Covid 1 9&term=low+dose+
radiation&cntry=&state=&city=&dist). Table 1 illustrates
clinical trials all around the world. These studies have cat-
egorized based on the prospective study. The first attempts
to use LDRT to treat COVOD-19 were made by Ameri
et al. and Khan et al. The results of these clinical studies
showed that the efficacy of LDRT was noteworthy for treat-
ing inflammation and pneumonia caused by COVID-19 in
human (Hess et al. 2020; Ameri et al. 2020). This study aims
to evaluate the results of the outcomes of completed clinical
trial in performing LDRT to treat COVID-19 patients.

Medline was searched for ‘‘low-dose [MESH]’’ and
“‘radiation therapy [MESH]’’ and ‘‘COVID-19 [MESH]"’
and ‘‘pneumonia [MESH]’’ and ‘‘inflammation [MESH]"’,
to retrieve papers that published on low-dose radiation ther-
apy to improve mortality of COVID-19 patients. Papers pub-
lishing data on COVID-19 and low-dose radiation therapy
between 2019 and the first of April 2021 were included in
this review. Articles in English language were reviewed.
References of the articles were screened for other papers
and included in this review when considered relevant.
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Table 1 clinical trials in using LDRT to treat COVID-19 patients

Study Title

Status Location Estimated study

completion date

Low-dose radiation therapy for COVID-19 pneumonia

Low-dose radiation therapy for severe-acute-respiratory-syndrome-coronavirus-2 (SARS- Completed

CoV-2), COVID-19

Radiation eliminates storming cytokines and unchecked edema as a 1 day treatment

for COVID-19

Best supportive care with or without low-dose whole lung radiation therapy for the treat-

ment of COVID-19

Anti-inflammatory effect of low-dose whole-lung radiation for COVID-19 pneumonia
Low-dose pulmonary irradiation in patients with COVID-19 infection of bad prognosis
Low-dose whole lung radiation therapy for patients with COVID-19 and respiratory

compromise

Low-dose radiotherapy for patients with SARS-COV-2 (COVID-19) pneumonia

Lung irradiation for COVID-19 pneumonia
Low-dose lung radiotherapy to treat COVID-19 pneumonia

Low-dose whole lung radiotherapy for older patients With COVID-19 Pneumonitis

COVID-19 pneumonitis low-dose lung radiotherapy (COLOR-19)
Low-dose radiotherapy in COVID-19 pneumonia
Low-dose radiotherapy for COVID-19 pneumonitis

Low-dose anti-inflammatory radiotherapy for the treatment of pneumonia by COVID-19

Ultra low doses of therapy with radiation applicated to COVID-19

Active, not recruiting India September 2020
Switzerland April, 2021

Suspended USA March, 2022
Recruiting USA May, 2022
Completed Mexico January, 2021
Recruiting Spain January, 2021
Recruiting USA December, 2021
Recruiting USA December, 2022
Recruiting USA November 2020
Recruiting UK April 2021

Not yet recruiting - December 2021
Recruiting Italy August, 2022
Active, not recruiting Iran December 2020
Recruiting Spain September,2020
Recruiting Spain July, 2021
Recruiting Spain July, 2021

The inclusion criteria for this paper were published
papers about applying low-dose radiation therapy to treat
pneumonia resulted from COVID-19. However, the exclu-
sion criteria conducted by eliminating editorial, commen-
tary, letter to the editor, and review articles about low-dose
radiation therapy to treat COVID-19. In fact, only clinical
investigations included original and case reports papers were
selected for this paper.

Results of clinical trials

Hess et al. treated five patients with COVID-19 in the age
range of 64-96 years. A single dose (1.5 Gy) was delivered
to the whole lungs of these patients. Results showed that
in the first 24 h after exposure, the respiratory condition
of four patients was quickly improved. They recovered at
an average of 1.5 days, and were discharged at an average
of 12 days, and no acute radiation toxicities were reported.
Blood tests and repeated imaging confirmed that the effec-
tiveness of LDRT in treating COVID-19 is up to 80% (Hess
et al. 2020). Phase 2 of this clinical trial was carried out
on 10 patients who were irradiated by 1.5 Gy, compared to
10 control patients-blindly matched by age and morbidity—
six of the patients in the control group received COVID-19
drugs. Results showed that the median time to clinical recov-
ery (CR), median time to hospital discharge, and intuba-
tion rates were 3 vs 12 days, 12 vs 20 days, 10% vs 40% in
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irradiated and control groups, respectively. Overall survival
rate after 4 weeks was 90% for both groups. Obtained evi-
dence of diagnostic imaging and hematological tests showed
that LDRT can be effective in treating COVID-19 patients.
Preliminary results of the investigation carried out by Khan
et al. showed that performing LDRT to treat COVID-19 is
feasible with high potential for treating COVID-19 patients,
and the results of phase 2 of their investigation proved this
claim (Hess et al. 2021).

Ameri et al. initially performed LDRT to treat COVID-
19 on five patients with COVID-19 aged over 60 years. The
whole lungs of these patients were irradiated by a single-
dose fraction (0.5 Gy). The result indicated improvement
of four patients in the first few days after irradiation. They
were discharged with an average of 6 days, and no radia-
tion toxicity was observed in these patients (Ameri et al.
2020). The final clinical trial of the investigation conducted
by Ameri et al. was performed on 10 patients. Five, one, and
four patients were irradiated 0.5 Gy in single-dose fraction,
1.0 Gy in double dose fraction, and 1.0 Gy in single-dose
fraction, respectively. The mean improvements in blood
oxygen level at days 1 and 2 after LDRT were 2.4% and
3.6%, respectively. Nine patients were treated after 1 day.
Five, one, and four patients were discharged, opted out of
the trial and died in the hospital, respectively. Two out of
five discharged patients died at home within 3 days. Over-
all, the response rate (RR)—defined as an increase in blood
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oxygen level—of these patients and clinical recovery (CR)
were 63.6% and 55.5%, respectively (Ameri et al. 2021).

Sanmamed et al. carried out LDRT to treat nine patients
with the median age 66 years. In this study, lungs were
irradiated in single-dose fraction (1 Gy), and the SatO2/
FiO2 index of these patients was evaluated. Results
showed that SatO2/FiO2 index significantly improved 3
days after LDRT, and the lung inflammation decreased
1 week after LDRT. Compared to patients who did not
receive LDRT, the median days of hospitalization of
patients who received LDRT was reduced by approxi-
mately one-fifth. Seven patients were discharged and two
patients died in the hospital, the reasons for death were
sepsis and severe baseline chronic obstructive pulmonary
disease (Sanmamed et al. 2019).

Del Castillo et al. performed LDRT to treat a 64-year-
old patient with COVID-19. The whole lungs of this
patient was irradiated by a single-dose fraction (1 Gy).
Three days after, the patient showed improvement in res-
piratory system, and inflammatory markers decreased in
patient’s serum. Seven days after LDRT the patient was
discharged from the ICU and no radiation toxicity was
observed in these patients (Castillo et al. 2020).

Sharma et al. performed LDRT to treat 10 patients
with COVID-19 the age range of 38—63 years. Both lungs
of this patient was irradiated by a single-dose fraction
(0.7 Gy). All patients completed the prescribed treatment.
Nine patients completed CR mostly within a period rang-
ing from 3 to 7 days, and discharged from hospital with the
range of 10-24 days after LDRT. One patient died 24 days
after LDRT. No radiation toxicity was observed in these
patients. Overall, RR of these patients was 90% (Sharma
et al. 2020).

Outcomes of mentioned clinical trials showed that
LDRT can be considered a feasible treatment with notice-
ably potential improvement, but Papachristofilou et al.
recently have published the results of their clinical trial
that challenged previous clinical trials, and claimed that
using LDRT to improve COVID-19 patients has failed.
They chose 22 patients with a median age of 75 years,
and divided them into two groups of 11 patients. Those
in the first group were irradiated by LDRT (1 Gy), and
those in the second group called sham-RT group did not
receive irradiation (The medical physicist closed the mul-
tileaf collimator leaves for sham-RT group). After 15 day
follow-up, survival was estimated 72.7% and 63.6% for
LDRT group and sham-RT group, respectively, but after
4 weeks, survival was estimated the same for both groups
(63.6%). In addition, the difference in ventilator-free days
after 15 days was not observed between the two groups.
Contradictory results of this clinical trial may be due to
administer the therapeutic drugs such as Remdesivir—and
experimental drugs such as canakinumab and conestat

alfa—and only the inclusion of patients requiring mechan-
ical ventilation (Papachristofilou et al. 2021). Mortazavi
et al. have evaluated clinical trial of Papachristofilou et al.
They found that due to perform unjustified dose—the
doses were not within the optimal window of dose—and
probably a window of opportunity during which LDRT can
effectively address the pulmonary symptoms of COVID-
19 or other viral pneumonias, Papachristofilou et al. study
failed to find effects of LDRT for improving COVID-19
(Bevelacqua et al. 2021).

Looking ahead

The vast majority of primary and secondary outcomes of
clinical trial investigations regarding LDRT in treating
COVID-19 show that LDRT can be considered a feasible
treatment to improve these patients up to 90%, besides, FDA
accepted LDRT to treat pneumonia as a strong approach
to reduce mortality of COVID-19 patients. There is only
one investigation that has challenged LDRT to improve
COVID-19 patients. The main limitations of these studies
include low sample size, perform unjustified dose, and using
therapeutic drugs during clinical trials (using drugs can be
considered a confounding or intervening variable). The men-
tioned limitation affects the outcomes of performing LDRT
to improve COVID-19 patients. Therefore, judging on the
use of LDRT in the treatment of COVID-19 requires further
studies with higher sample size and elimination of confound-
ing or intervening variables.
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