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This is a paired prospective comparative cohort study with 58 patients, in order to analyze the clinical LD-
WLI in patients with moderate or severe COVID19 pneumonia. The results of this study show that the
Radiotherapy could be an option to improve the clinical response for patients with COVID-19.
� 2021 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 166 (2022) 133–136 This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Infections caused by SARS-CoV-2 (COVID-19) have resulted in a
pandemic and health emergency, with a global mortality rate
between 5.6 and 15.2% [1].

The World Health Organization (WHO), in their care guidelines
for the Clinical Management of Severe Acute Respiratory Infection
in the event of suspected COVID-19, established acute respiratory
distress syndrome (ARDS) that can be divided into mild, moderate
or severe cases [2]. ARDS due to COVID-19 is characterized by the
immune response against the virus and can result in a cytokine
storm [3].

To date, multiple studies with antibiotics and monoclonal anti-
bodies have been used; however, the studies have not been conclu-
sive regarding the benefit to patients. Due to the current lack of
effective pharmacological options, this situation has caused inter-
est in reconsidering historical reports on the treatment of patients,
such as with low-dose whole-lung irradiation (LD-WLI) [4].

In studies where radiation therapy (RT) was given for cases of
lung infections between the 1930s and 1940s, the most important
studies with the largest number of patients were the trials by
Powel [5], Scott [6], Rosseasuy [7] and Openheimer [8]; together,
they treated 594 patients with viral and bacterial infections,
obtaining clinical improvement in 524 patients, with an 88%
chance of cure in an average of 7 days.

These results are similar to those obtained in one of the few
studies of lung LD-WLI in patients with COVID-19, which was per-
formed at Emory University Hospital in Atlanta. Five patients with
COVID-19 associated with pneumonia required supplemental oxy-
gen and received treatment with RT 1.5 Gy as a single dose. After
24 h, four of the patients quickly improved clinically, recovering
in an average of 1.5 days (range 3–96 hours). Subsequent imaging
and laboratory studies confirmed that low doses of RT are effective
and safe in reducing the symptoms produced by COVID-19[9].

The study performed at Imam Hossein Hospital in Iran recruited
10 patients with [1–19] COVID-19 oxygen-dependent pneumonia
and used a dose of 0.5–1.0 Gy radiotherapy. In this study, the 28-
day mortality rate of 0.5 Gy whole-lung irradiation was less than
that in the 1.0 Gy group (50% vs. 75%) [10].

Treatment with radiation therapy at low doses generates an
anti-inflammatory effect, since it has been shown that doses lower
than 1 Gy decrease selectins and nitric oxide (NO), increase NF-kB,
and increase the expression of anti-inflammatory cytokines or
inhibit the aggregation of leukocytes [11–16].

Additionally, recent studies have suggested that lung LD-WLI at
0.5 Gy is a cost-effective, evidence-based, nontoxic, anti-
inflammatory treatment already available in most general
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hospitals. Furthermore, this treatment can potentially be used for
the large number of patients in low- and middle-income countries
that are suffering and will suffer from this disease and that would
not otherwise receive specific anti-IL-6 treatments in intensive
care units (ICUs) [17].

The present study was carried out with the objective of deter-
mining the clinical effect of low-dose whole-lung radiation therapy
in patients with respiratory distress syndrome secondary to
COVID-19 pneumonia.
Methodology

Study design

In this matched, prospective, comparative cohort study,
patients were matched by age, sex and ARDS (moderate or severe).
In both groups, there was an equal distribution among the patients.
The primary objective of the study was to determine survival in
patients treated with LD-WLI; the secondary objectives were to
determine if there was a difference in orotracheal intubation,
hypertension, diabetes, obesity and days of hospital stay. The con-
trol group received treatment based on the national protocol for
COVID-19 pneumonia, and the intervention group additionally
received low doses of radiotherapy to both lungs. The follow-up
will be carried out 3 months after the last radiotherapy.
Inclusion criteria

We included PCR-confirmed COVID-19 pneumonia patients
older than 18 years of age of both sexes, with confirmed pneumo-
nia by non-contrast chest-computed tomography by CO-RADS
classification [18] or with high suspicion of COVID-19 pneumonia
without laboratory confirmation. In all cases, patients had clinical
findings of moderate (PaO2/FIO2 ratio of 100–200) or severe
(PaO2/FIO2 ratio of 100 or less) acute distress respiratory syndrome
(ADRS). Patients with clinical findings of sepsis, haemodynamic
instability, orotracheal intubation (OTI) before radiotherapy or
who did not agree to receive treatment with radiotherapy were
excluded.

Patients were assigned to the treatment group according to the
days previously assigned for treatment, from Friday night to Sun-
day, to continue oncologic attention without interruptions to avoid
risk for oncologic patients and health workers of the oncology
department. The control group was recruited during the week
(from Monday to Thursday) and paired for sex, age and ARDS
classification.
Radiotherapy process

After signed informed consent was obtained, patients were
treated with Varian iX LINAC with 6 MV AP/PA open fields in the
supine or prone position. Physical planning was performed using
diagnostic tomography upon admission to the hospital, consider-
ing the middle of the depth of the thorax as the isocentre. Treat-
ment plans were manually calculated by a medical physicist with
a single dose of 1 Gy to both lungs.
Bioethics

The trial was authorized by the Research Ethics Committee and
Research Committee of the National Committee for Scientific
Research, IMSS; N� R-2020–785–107 and was registered at Clinical
Trials with ID NCT04534790.
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Statistical analysis

For the statistical analysis, IBM SPSS Statistics V.25 and Graph-
Pad Prism V.8 were used. The data obtained were captured in a
database, descriptive statistics were carried out for each of the
groups, and the different clinical and radiological parameters were
analysed with Student’s t and Pearson’s correlation. Mortality was
analysed by Kaplan–Meier and post hoc Mantel-Cox analyses. The
central limit theorem was used to establish the statistical power.
The sample size was 30; thus, the sampling distribution approxi-
mated the standard normal distribution.
Results

The study was conducted from April 1st to August 30th, 2020.
We included 60 patients; 31 were included in the treatment group,
and 29 were included in the control group. One of the patients in
the treatment group was excluded from the analysis because the
severity of respiratory syndrome was mild. Finally, 59 patients
were analysed. The characteristics of the patients are listed in
Table 1.

Mortality among patients in the radiotherapy group was 27.5%
compared with 58.6% in the control group (P 0.05). When ARDS
severity was analysed, survival among patients with moderate
ARDS was significantly better for the radiotherapy group compared
with the control group (100% vs. 40%, respectively (P 0.01)). Fur-
thermore, there was no difference in survival among patients with
severe ARDS (P 0.90), with 22% for the radiotherapy group and 0%
for the control group (Fig. 1).

When comorbidities were analysed, we did not find any differ-
ence in survival between patients treated with radiotherapy and
patients with hypertension (P 0.8), diabetes (P 1.09) or obesity (P
0.6).

Regarding the requirement for orotracheal intubation (OTI),
there was a tendency toward a decrease in patients treated with
radiotherapy, with 33% intubated patients compared with 58% in
the control group, although this difference was not statistically sig-
nificant (P 0.51). In the subgroup analysis according to ARDS sever-
ity, none of the moderate cases in the control group required OTI,
while 45% of the control group required OTI (p < 0.001). In severe
ARDS patients, there was no difference in the requirement of OTI
between the radiotherapy and control group, with 100% vs. 89%,
respectively (P 0.47).

The average hospital length of stay was similar between the
groups, with 11 days (range 3–43 days) in the radiotherapy group
vs. 10 days (range 1–36 days) in the control group (P 0.4).
Discussion

The results of this study with LD-WLI in patients with COVID-19
pneumonia show that it can help reduce mortality and decrease
the probability of orotracheal intubation.

To date, there have been few published articles. One study with
5 patients showed that LD-WLI with 1.5 Gy as a single dose led to
an 80% improvement of the patients. Additionally, in another study
with 10 patients and two different doses (0.5 Gy and 1 Gy), the 28-
day mortality rate of the 0.5 Gy whole-lung irradiation group was
less than that of the 1.0 Gy group (50% vs. 75%). These results show
that the 0.5 Gy dose could be a viable option for future studies
[9,10]. In intubated patients, a study was carried out with 22
patients in two groups. One group was treated with radiotherapy
at low doses (0.5–1.0 Gy, and the other was a control group. It
was found that the overall survival at 28 days was identical in both
groups, at 63.6%, showing that radiotherapy has no benefit in intu-
bated patients [19].



Table 1
Epidemiological characteristics of all the patients.

Characteristics Radiotherapy group Control group P value
N (%) N (%)

Age (years) Average (range) 53 (27–87) 57 (36–87) 0.8

Gender Female 8 (27.6) 5 (17.2) 0.42
Male 21 (72.4) 24 (82.8)

ARDS Moderate 21 (72.4) 21 (72.4) 0.6
Severe 8 (27.6) 8 (27.6)

Hypertension Yes 16 (55.2) 15 (51.7) 0.7
No 13 (44.8) 14 (48.3)

Diabetes Yes 12 (41.4) 11 (37.9) 0.7
No 17 (58.6) 18 (62.1)

Obesity Yes 4 (13.8) 15 (51.7) 0.001
No 25 (86.2) 14 (48.3)

Image classification by CO-RADS Unsure 0 1 (3.4) 0.005
High 2 (6.9) 8 (27.5)
Very High 27 (93.1) 20 (69.0)

Mechanical Ventilation Yes 9 (10.3) 17 (58.6) 0.7
No 20 (89.6) 12 (41.4)

Remdesivir Yes 0 (0) 2 (6.8) 0.6

ARDS: Acute Respiratory Distress Syndrome.

Fig. 1. Survival analysis of patients with COVID-19 pneumonia treated with or without radiotherapy. (A) Moderate and severe ARDS patients. (B) Moderate ARDS patients. C)
Severe ARDS patients.
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Our study shows that there was a decrease in mortality
between the two groups of patients who received and did not
receive radiotherapy treatment, at 27.5% vs. 58.6%, respectively
(P 0.024). In the subgroup analysis, low-dose pulmonary radiother-
apy for patients with COVID-19 reduced mortality in the moderate
group; the group that received radiotherapy treatment had a mor-
tality of 0%, while it was 60% in the untreated group (P 0.002).
However, in the severe ARDS group, survival was 22% and 0% in
the treated and untreated groups, respectively, with a nonsignifi-
cant difference (P 0.984).

The requirement for orotracheal intubation in moderate ARDS
was 45% less than that in the control group (P < 0.001), and we
could not detect a statistical difference in the severe group. These
results are similar to other studies, showing a benefit in patients
treated with LD-WLI; in this study, there was no benefit with LD-
WLI in intubated patients, similar to the results reported in other
articles [9,10,19].

During the subgroup analysis, the impact of the different
comorbidities of the patients, including hypertension, diabetes
and obesity, was evaluated, observing a tendency toward improved
survival in patients treated with radiotherapy, although not statis-
tically significant. A larger number of treated patients is likely
required to determine the impact of comorbidities on the thera-
peutic response to radiation therapy.
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Many limitations were found during the study, including logis-
tics to treat patients in the radiotherapy department because it was
located inside the oncology department, which lacked adequate
physical barriers to manage COVID-19 patients. Thus, we were
unable to treat patients during weekdays because of consultation
and oncology treatments. Due to these limitations, we could not
conduct a randomized study. The treatment group was not large
enough to demonstrate significance in some values but clearly
showed an important trend toward improve clinical outcomes in
patients treated with radiotherapy, and these results could trigger
randomized studies with a larger number of patients.

Conclusion

The results obtained in this study show that low doses of
whole-lung radiotherapy could be an alternative to lessen the mor-
tality of patients with moderate ARDS due to COVID-19 pneumo-
nia. These results encourage future study of the clinical impacts
of including radiotherapy where linear accelerators are available
as an additional treatment for COVID-19 patients who do not inter-
act with other treatments implemented by internal medicine
departments or intensive care units. In addition, reducing the
requirement of mechanical ventilation can impact the mortality
of patients with moderate ARDS, particularly in low- and middle-
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income countries that lack access to novel treatments, such as
immunotherapy or antiviral drugs used in developed countries.
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