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The novel coronavirus SARS-CoV-2 is causing an ongoing pan-
demic of COVID-19 that has killed over 200,000 people in countries
around the world. Infection with this single-stranded RNA virus
appears to be asymptomatic in a large fraction of patients and
many other patients may experience mild symptoms such as fever,
cough, anosmia, and myalgia [1–3]. However, a subset of patients
develop dyspnea. As hypoxia increases, patients with pneumonia
from SARS-CoV-2 may require supportive care in a hospital. Some
hospitalized patients will develop acute respiratory distress syn-
drome (ARDS) and a significant subset will require treatment in
the intensive care unit to provide respiratory support [4–6]. Mor-
tality for patients with COVID-19 admitted to the ICU is high
[7,8]. Because many people lack effective pre-existing immunity
to SARS-CoV-2, the novel coronavirus has rapidly spread causing
severe illness in such high numbers of patients that it has over-
whelmed some large health systems. With large numbers of
patients dying from COVID-19 and because there are no approved
treatments, some investigators have proposed testing low dose
(�1 Gy) radiotherapy to the thorax for COVID-19 pneumonia [9].
However, based on (a) the limited anecdotal data of radiotherapy
to treat human viral pneumonia, (b) preclinical models reporting
minimal to no efficacy of radiotherapy for viral pneumonia, and
(c) the real risks of whole thorax radiotherapy for study subjects,
there are currently inadequate data to justify the risks of a clinical
trial of radiotherapy for COVID-19. In addition, a clinical trial of
COVID-19 would present a risk of infecting medical staff with
SARS-CoV-2. Therefore, clinical trials of radiotherapy for COVID-
19 should only be started after robust results in preclinical models
demonstrate efficacy. In this scenario, informed consent must
include providing subjects with transparent risks of long-term side
effects of radiation exposure.
Anecdotal data in patients on the efficacy of radiotherapy for
viral pneumonia

As far as we are aware, there are only a small number of case
series of patients with viral pneumonia treated with low dose tho-
racic radiation therapy that have been reported. These studies have
methodological flaws and do not convincingly demonstrate effi-
cacy of this treatment approach. In 1943, Oppenheimer reported
the outcome of 56 patients with presumed viral pneumonia trea-
ted with 0.35–0.9 Gy using 130–150 kVp X-rays [10]. This case ser-
ies is notable because patients treated within a few days after the
onset of symptoms appeared to respond while patients that pre-
sented with symptoms for one week did not improve to the same
degree and often a second or third dose of radiation therapy was
delivered. Notably, two patients with symptoms that began at least
16 days prior to radiation therapy derived no benefit from the
treatment. Oppenheimer concluded that ‘‘roentgen therapy of
virus pneumonia is useful mainly during the early stages of dis-
ease.” These findings suggest that even if low dose thoracic radio-
therapy has any efficacy in patients with COVID-19, it may not be
useful in later stages of the disease once hypoxia or ARDS develop.
Moreover, because the case series lacks a sufficient comparison
group, it is unclear whether or not radiation therapy impacted
the course of viral pneumonia even when administered during
the early stages of disease. Indeed, Oppenheimer writes ‘‘it cer-
tainly cannot be proved that the 56 patients of this series would
not have recovered as rapidly without roentgen therapy.”

Also in 1943, Correll and Cowan reported a second case series of
155 patients with viral pneumonia [11]. These patients presented
with fever, sore throat, and chills but never dyspnea. The patients
‘‘appeared less ill than the fever would indicate” and had no eleva-
tion in respiratory rate ‘‘disproportionate to the fever.” Most of the
patients received supportive care alone or were treated with
antibiotics. The average duration of illness was approximately
12 days. A subset of 23 patients received 1.12 Gy with 100 kVp
X-rays to the involved lobe of the lung, which was repeated 24 h
later in most patients because there was not a satisfactory clinical
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response. In this subgroup of patients, the average length of illness
was 8.4 days. No statistical analysis was performed between the
group treated with radiation therapy and the other patients. The
authors also did not explain how the 15% of patients who received
radiation therapy were selected for this treatment. Therefore, it is
possible that the trend to shorter illness in the cohort receiving
radiation therapy was a consequence of selection bias. Taken
together, these two case series do not provide a strong rationale
for testing radiotherapy in a clinical trial of COVID-19 patients with
hypoxia and respiratory distress.
Data in preclinical models do not support the efficacy of
radiotherapy for viral pneumonia

To our knowledge, there are only two published reports on uti-
lizing low dose radiotherapy for viral pneumonia in preclinical
models [12,13]. These studies were performed by the same
research team at Duke University and published in 1946. One
study investigated the impact of low dose 200 kVp X-rays on viral
infection in cats, which caused conjunctivitis, rhinitis, and pneu-
monia [12]. The degree of pneumonia ranged from none, very
slight, slight, to moderate and marked. Nine cats were inoculated
with the virus and served as controls. Two intervention groups of
cats were treated with radiation therapy. Seven cats received radi-
ation therapy starting at 24 h after the onset of symptoms. Five
cats received radiation therapy to the thorax (n = 4 received
1 Gy, n = 1 received 2 Gy divided into two daily doses) and two cats
received radiation therapy to the abdomen (n = 1 received 1 Gy,
n = 1 received 2 Gy divided into two daily doses). The second inter-
vention group consisted of six cats, which received radiation ther-
apy to the thorax starting at 48 hours post symptom onset (n = 4
received 1 Gy, n = 2 received 2 Gy divided into two daily doses).
No differences in objective measures, such as temperature or histo-
logical changes at necropsy, were observed between any groups.
Subjective assessment of the length of illness was reported to be
shorter for cats in which the radiation therapy was initiated at
24 h after symptom onset (5 vs. 10.3 days). However, it is notable
that the subjective length of illness in the control group had wide
variation (5–14 days). The average duration of illness was longer in
the animals that received radiation 48 h after symptom onset
(7.5 days) and did not differ significantly from the control group
(P = 0.13 by Mann-Whitney test). Thus, if radiation therapy has
any efficacy in viral pneumonia, it may need to be initiated early.
Additionally, it is unclear from the experimental methods whether
the animals were randomized to treatment or if the investigator
scoring subjective length of illness was blinded to treatment group.
Because this study was carried out at the time of several anecdotal
reports claiming efficacy of radiation therapy for atypical pneumo-
nia in patients, if the investigator was not blinded to treatment, it
is conceivable that these reports may have biased the results of a
subjective endpoint.

The same investigators also studied the effect of low dose
200 kVp X-rays on pneumonia in white mice after inoculation with
the swine influenza virus [13]. In this study, independent experi-
ments were performed with sample sizes of at least 16 mice per
experimental group. The endpoint of these experiments was
lethality. In one experiment, 15 of 18 control mice died by day
10 after inoculation. In the experimental group that received
1 Gy total-body-irradiation (TBI) 24 hours after virus inoculation,
12 of 18 mice died by day 10. In a second experiment, 15 of 16 con-
trol mice died by day 10 while 14 of 16 mice died after receiving
1 Gy TBI 24 hours following virus inoculation. The authors con-
cluded that ‘‘roentgen therapy instituted 24 h after viral inocula-
tion of mice with swine influenza has no effect on the mortality
of this disease.” Taken together, these preclinical data are insuffi-
cient to support a clinical trial of low dose radiation therapy in
patients with COVID-19.
Risks of low dose radiation therapy to the thorax

As there are currently no approved treatments for COVID-19,
some have suggested that 0.5–1 Gy of whole thorax radiation ther-
apy would present a very low risk to COVID-19 patients in a clin-
ical trial [9]. Although it is conceivable that low dose
radiotherapy could ameliorate inflammation to benefit patients
with COVID-19, it is likely that low dose radiotherapy will kill B
and T cells needed to fight the SARS-CoV-2 coronavirus, which
has the potential to increase mortality from COVID-19. When
treating cancer, we do not routinely consider the risks of radiation
in the dose range of 0.5–1 Gy. Indeed, when radiation oncologists
review treatment plans, it is unusual to include radiation isodose
lines with such low doses. However, the risks for radiation-induced
cancer at these low doses can be quantified. We estimated lifetime
risks of cancer induction and cancer mortality from radiation expo-
sure using methods reported earlier [14–17]. Risks for lung, breast
and esophageal cancer were evaluated for organ doses of 0.5 and
1 Sv for female and male patients at ages of exposure of 25, 45,
and 65 years (Table 1). Model estimates are based on a mixture
model of risk transfer between populations, which considers
weighted contributions of additive and multiplicative models of
tissue specific risks following methods developed by the BEIR VII
and UNSCEAR committees [14,15]. We estimated 95% confidence
intervals in risk values by Monte-Carlo propagation of several
uncertainties, including statistical and dosimetry uncertainties in
epidemiology data and the uncertainty in the risk transfer model
[16,17]. Uncertainties due to possible risk factors related to the
presence of pneumonia or viral infection during irradiation were
not considered. Our analyses indicate that the risks of cancer due
to radiation exposure of the thorax vary by sex, age, and radiation
dose (Table 1). The risk of a radiation-induced lung and breast can-
cer for a 25 year-old woman exposed to 1 Gy of whole thorax radi-
ation may be as high as 5.9% and 5.5%, respectively. For a 25 year-
old man, the risk of a radiation-induced esophageal cancer may be
as high as 0.32%. Risk declines steeply with age at exposure for
breast cancer and more modestly for lung and esophageal cancer.

In addition to cancer risks, low doses of ionizing radiation have
been shown to increase lifetime risks of several components of cir-
culatory disease [18,19]. We used results from a meta-analysis [19]
to generate a relative risk model of lifetime risks of ischemic heart
disease (IHD) after 0.5 Gy or 1 Gy exposure (Table 2). For a partial
body exposure with similar doses to the heart and lung, ischemic
heart disease risk is about one-third of the lung cancer risk, indi-
cating an important additional risk component beyond cancer
risks.
Summary

In summary, the available clinical anecdotes of low dose radio-
therapy for treating patients with viral pneumonia and the weak
preclinical data testing the efficacy of low dose radiotherapy in ani-
mal models of viral pneumonia are not sufficient for exposing
COVID-19 patients to the risks of radiation exposure in a clinical
trial. Furthermore, delivering radiation therapy to hypoxic
COVID-19 patients, who may have ARDS, would increase the risk
of infection to staff and cancer patients, who may be at high risk
for mortality from COVID-19 [20]. While we appreciate that the
COVID-19 pandemic is causing large numbers of deaths and strain-
ing health systems worldwide, and that this has motivated col-
leagues to propose clinical trials of low dose radiotherapy for
COVID-19 pneumonia with the best of intentions, we believe that



Table 1a
Risk estimates for several cancer types for organ doses of 1 Gy.

Female Male

Age at Exposure, y Lung Esophagus Breast Lung Esophagus

% Risk of Exposure Induced Cancer (REIC)
25 5.9 [0.5, 17.1] 0.1 [<0.01, 0.36] 5.5 [1.4, 10.3] 2.1 [0.21, 5.1] 0.32 [0.08, 1.3]
45 5.8 [0.5, 16.9] 0.1 [<0.01, 0.36] 1.67 [0.43, 3.2] 2.09 [0.2, 5.1] 0.31 [0.08, 1.3]
65 4.6 [0.4, 12.5] 0.07 [<0.01, 0.27] 0.35 [0.09, 0.66] 1.68 [0.16, 4.1] 0.29 [0.04, 1.29]

% Risk of Exposure Induced Death (REID)
25 4.5 [0.4, 12.5] 0.09 [<0.01, 0.3] 1.2 [0.33, 2.4] 1.7 [0.17, 4.2] 0.28 [0.07, 1.3]
45 4.5 [0.4, 12.4] 0.08 [<0.01, 0.3] 0.43 [0.09, 0.81] 1.69 [0.17, 4.1] 0.28 [0.04, 1.27]
65 3.7 [0.3, 10.4] 0.06 [<0.01, 0.25] 0.12 [<0.01, 0.23] 1.43 [0.13, 3.5] 0.2 [0.03, 1.01]

Table 1b
Risk estimates for several cancer types for organ doses of 0.5 Gy.

Female Male

Age at exposure, y Lung Esophagus Breast Lung Esophagus

% Risk of Exposure Induced Cancer (REIC)
25 3.0 [0.23, 9.0] 0.05 [<0.01, 0.18] 2.8 [0.7, 5.24] 1.1 [0.1, 2.6] 0.16 [<0.01, 0.67]
45 3.0 [0.22, 8.9] 0.05 [<0.01, 0.18] 0.85 [0.22, 1.59] 1.1 [0.1, 2.6] 0.16 [<0.01, 0.69]
65 2.3 [0.2, 6.7] 0.04 [<0.01, 0.14] 0.18 [0.04, 0.33] 0.84 [0.08, 2.1] 0.11 [<0.01, 0.52]

% Risk of Exposure Induced Death (REID)
25 2.3 [0.19, 6.7] 0.04 [<0.01, 0.17] 0.65 [0.15, 1.21] 0.85 [0.09, 2.1] 0.14 [<0.01, 0.6]
45 2.3 [0.17, 6.6] 0.04 [<0.01, 0.16] 0.22 [0.05, 0.41] 0.85 [0.09, 2.2] 0.14 [<0.01, 0.62]
65 1.9 [0.15, 5.4] 0.03 [<0.01, 0.13] 0.06 [0.01, 0.2] 0.72 [0.07, 1.9] 0.1 [<0.01, 0.5]

Table 2
(%) Risk of exposure induced death (REID) for ischemic heart disease for different
organ doses.

%Risk of exposure induced death (REID)

Age at exposure, y Female Male

Dose = 1 Gy
25 1.5 [0.61, 3.09] 1.9 [0.77, 3.9]
45 1.55 [0.63, 3.21] 2.0 [0.81, 4.13]
65 1.59 [0.64, 3.26] 2.1 [0.84, 4.24]

Dose = 0.5 Gy
25 0.77 [0.63, 3.19] 0.98 [0.4, 4.0]
45 0.79 [0.64, 3.23] 1.0 [0.44, 4.2]
65 0.81 [0.67, 3.31] 1.0 [0.45, 4.3]
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based on the available data, the potential risks of such trials out-
weigh the potential benefits. Before such trials should be consid-
ered, further preclinical work is needed to demonstrate efficacy
of radiotherapy to provide scientific justification for a clinical trial
in patients with COVID-19.
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