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Abstract

Coronavirus variants are gaining strongholds throughout the globe. Despite early signals that SARS-CoV-2 coronavirus
case numbers are easing up in the United States and during the middle of a (not so easy) vaccination roll out, the country
has passed a grim landmark of 600,000 deaths. We contend that these numbers would have been much lower if the medical
community undertook serious investigations into the potential of low doses of radiation (LDRT) as a mainstream treatment
modality for COVID-19 pneumonia. LDRT has been posited to manifest anti-infectious and anti-inflammatory properties
at doses of 0.3—-1.0 Gy via the activation of the Nrf-2 pathway. Although some researchers are conducting well-designed
clinical trials on the potential of LDRT, the deep-rooted, blind, and flawed acceptance of the Linear No-Threshold (LNT)
model for ionizing radiation has led to sidelining of this promising therapy and thus unimaginable numbers of deaths in the

United States.

Introduction

“It’s never too late to drop your beliefs and let your wounds
heal. Instead of wounding others as well”’—Adam Scythe,
Immortals, Vol. II. This quote fits aptly for the potential
offered by low-dose radiation therapy (LDRT) in the treat-
ment of COVID-19 and its newer and deadlier variants. The
deep rooted and unfounded fear of low doses of radiation
for the treatment of inflammatory and infectious diseases,
including COVID-19, needs to be scientifically addressed
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immediately before millions of more precious human lives
are lost.

The SARS-CoV-2 coronavirus and its variants

The SARS-CoV-2 RNA coronavirus that causes COVID-
19 has taken nearly 4 million human lives in just over a
year (Johns Hopkins University & Medicine, Coronavirus
Resource Center 2021). The novel virus caught most coun-
tries off guard and ill-prepared to handle a pandemic of this
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scale and extent, resulting in widespread global devasta-
tion in terms of human mortality/morbidity and economy.
Although several effective vaccines are now available, chal-
lenges have emerged with their distribution, storage/han-
dling, administration, two-dose compliance, and the pub-
lic’s overall willingness to accept them. Some researchers
have also raised doubts on the claims of 95% efficacy for
these vaccines (Peter Doshi 2021). In addition, an unequal
purchasing power of the high-income countries such as the
European Union and the United States has pushed several
low-income countries (e.g., in Africa) to the back of the
queue for vaccine purchase and delivery, resulting in pro-
jected delays until late 2022 to cover their vulnerable popu-
lations (Tracking COVID-19 Vaccine Purchases across the
globe 2021).

The sudden appearance and spread of SARS-CoV-2 var-
iants, especially the UK variant (known as 20I/501Y.V1,
VOC 202012/01, B.1.1.7 or the alpha variant) has been asso-
ciated with increased transmissibility and mortality (What
went wrong in the global governance of covid-197 2021).
Similarly, other variants have been identified such as the
South African variant (known as 20H/501Y.V2, B.1.351
or the beta variant), Brazilian variant (known as P.1 or the
gamma variant) and the Indian variants (e.g., B.1.617, the
delta and kappa variants) which have the potential to either
spread more easily, evade diagnostic tests, cause more severe
forms of the disease, decrease susceptibility to some phar-
macological agents or allow the virus to evade natural or
vaccine induced immunity (Centers for Disease Control and
Prevention -Science Brief: Emerging SARS-CoV-2 Variants
2021}.

LDRT application in COVID-19—where do we stand?

A key anti-viral and anti-inflammatory treatment that has
been re-purposed for use against COVID-19 is low-dose
radiation therapy (LDRT). LDRT has been recently resur-
rected and identified as a potentially life-saving treatment
which was used prior to the “age of antibiotics” in the treat-
ment of seriously ill patients with bacterial and/or viral
pneumonia (Calabrese and Dhawan 2013a, b; Calabrese
et al. 2014, 2015, 2019; Dhawan et al. 2019, 2020).

Table 1 summarizes the preliminary results of the clini-
cal trials that evaluated the safety and efficacy of the LDRT
in COVID-19 patients. Results from most of the published
reports are encouraging and provide the preliminary evi-
dence in this context; however, a recent randomized dou-
ble blinded clinical trial on critically ill patients requir-
ing mechanical ventilation, casted doubts on the efficacy
of LDRT (Hess et al. 2021; Moreno-Olmedo et al. 2020;
Sharma et al. 2020; Ameri et al. 2021; Sanmamed et al.
2021; Arenas et al. 2021; Papachristofilou et al. 2021). Sev-
eral ongoing clinical trials continue to assess the safety and
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efficacy of LDRT in COVID-19 patients, and their results
will shed additional light on the effectiveness and overall
role of this treatment modality (The National Library of
Medicine (NLM) 2020). In addition, these completed and
ongoing clinical trials will help establish the optimal dose
range as well as the timing of administration and the severity
level of COVID-19 pneumonia, where LDRT is likely to be
most effective.

LDRT application—role of Nrf-2—timing
is key

Herein, we would like to propose that a single low dose
of LDRT (0.3-1.0 Gy) has the potential for being effective
against pneumonitis and acute respiratory distress syndrome
(ARDS) induced by SARS-CoV?2 and its emerging variants.
The anticipated universal usefulness of LDRT in all such
patients (irrespective of the specific causative SARS-CoV-2
variant or the myriad of clinical presentations) is linked to
the induction of a potent antioxidant basic leucine zipper
protein—Nrf2 (nuclear factor erythroid 2-related transcrip-
tion factor). The Nrf2-induced antioxidant response drives
immunological reactions toward an anti-inflammatory M2
phenotype. Activation of Nrf2 is dose dependent and dis-
plays features of a biphasic (hormetic) response (Calabrese
et al. 2021).

Nrf2 is a transcription factor that activates immediate
responses against oxidative, metabolic, and inflammatory
stressors. Targeting Nrf2 is of prime importance and holds
great promise in the treatment of many diseases typified by
oxidative stress and inflammation, such as COVID-19-in-
duced pneumonitis and ARDS.

In our opinion and as illustrated in Fig. 1, timing the
administration of LDRT is extremely important for a suc-
cessful patient outcome (Bevelacqua et al. 2021). We assert
that there is a temporal window of opportunity during which
LDRT can effectively address the respiratory symptoms of
COVID-19 or other viral pneumonias. This temporal win-
dow concept is akin to the limited window of opportunity
during which external beam radiation therapy can be effec-
tive for cancer-related spinal cord compression; if one waits
too long, the window closes, and the clinical consequences
become irreversible. In the case of COVID pneumonia,
the optimal timing is before the patient becomes so ill that
mechanical ventilation is required. In other words, LDRT
and its consequential activation of Nrf2, is likely to work
best before cytokine storm becomes overwhelming.

Nrf2 activation through LDRT will yield maximum
patient benefits and offer the best chances of recovery if
applied when cells have adequate energy to endure inter-
active, complementary, and corresponding adaptive (hor-
metic) immunological responses—in other words, prior to
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the occurrence of full-blown cytokine release syndrome.
Chances of complete recovery from COVID-19 in patients
on mechanical ventilators are small in all practical terms,
even when LDRT is applied. Similarly, application of LDRT
too early in the disease may prove counterproductive, espe-
cially if limited oxidative and controlled proinflammatory
states are needed for successful generation of a fully effec-
tive immune response against the coronavirus.

mechanical ventilation showed

no improvement in clinical out-
comes when treated with whole

monia patients that require
lung LDRT

Critically ill COVID-19 pneu-

Conclusions

Death vs LDRT—easy choice—but it
is complicated

Despite several historical accounts of the benefits of LDRT
in the treatment of inflammatory and infectious diseases,
which have now been supplemented by encouraging results
from ongoing clinical trials across the globe, the medical
community still seems to be hesitant in widespread accept-
ance and application of this treatment.

One of the biggest concerns that has been raised by the
medical fraternity is the risk of radiation-induced second-
ary malignancies (Dracham et al. 2018). In a recent study
by Soyfer et al. (2021), the authors performed Monte Carlo
calculations to assess the feasibility and potential harm of
using low-dose (0.75 Gy) radiation to thoracic mid-plane
of COVID-19 patients with moderate to severe disease
using an orthovoltage machine. The authors concluded
that using the data from the BEIR-VII committee of the US
National Research Council, the potential benefits of deliver-
ing 0.75 Gy using an orthovoltage machine (minimum 300
kVp) outweigh the likelihood of loss of life due to radia-
tion-induced malignancy (Soyfer et al. 2021). Similarly in
another simulation study, Roa et al. (2021) concluded that
COVID-19 treatment with a single PA field prescription
dose of 0.3 or 0.5 Gy to both lungs had a low likelihood
of radiation-induced detriment to critical organs such as
lungs, heart, spine, thymus, esophagus etc. The authors
also stated that the benefit-to-risk ratio was very high for
elderly patients who are likely to develop COVID-19-related
complications and are unlikely to develop radiation-induced
secondary malignancies (Roa et al. 2021).

Another linear no-threshold modeling-based analysis
forecasted the risk of secondary cancers to be approximately
1% after 15-20 years with the administration of a single
0.5 Gy dose to the thorax (Schroder et al. 2019). Even if one
accepts this likely overestimate, the risk of direct induced
carcinogenic risk of LDRT (0.5-1.0 Gy) is still far below the
risk of spontaneously occurring cancers (The 2007 recom-
mendations of the international commission on radiologi-
cal protection 2007). In a 2019 German study, researchers
followed up 158 female patients treated with a cumulative
average radiation therapy dose of 6.0 Gy for shoulder-
related non-malignant diseases and made comparisons

0.69)
15-day ventilator-free days

m

median of 0 days (range, 0-9)

in the LDRT arm and 0 days
(range, 0-13) in the sham-RT

ar

Pronounced reduction in lym-
showed no significant differ-

ences between the groups

(P<0.01), but secondary end-
point analyses of secondary

showed no difference between
phocyte counts after LDRT

identical at 63.6% in both
groups (P=1.00), with a

Overall survival at 28 days was
arms

(P

No. of patients Results

20

1.0 Gy whole-lung LDRT or
sham irradiation (sham-RT)

Intervention

Randomized double-blind study Patients were randomized to
COVID-19 pneumonia

in critically ill patients requir-
ing mechanical ventilation for

Study type

Low-Dose Radiation Therapy
for Severe COVID-19
Pneumonia: A Randomized
Double-Blind Study

(Papachristofilou et al. 2021)

(Authors) (Reference)

Table 1 (continued)
S.no. Study name

7
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LDRT (0.3 — 1.0 Gy) administered in
COVID-19 patients before cytokine
storm becomes
overwhelming/patient requires
mechanical ventilation

M1 Macrophage
(pro-inflammatory phenotype)

Nrf2
Activation

Nrf2 induced anti-inflammatory
and immunological response

QJ \O DECREASED PRO-INFLAMMATORY
\U,\ ) CYTOKINES EXPRESSION

M2 Macrophage
(anti-inflammatory phenotype)

INCREASED ANTI-INFLAMMATORY
CYTOKINES EXPRESSION

SARS-CoV2 (including variants)
induced pneumonitis

Fig. 1 LDRT induced Nrf2 activation and its effect on SARS-CoV-2 (including variants) induced pneumonitis (adapted from Calabrese et al.

2021)

with estimated spontaneous incidence of breast cancer in
this cohort. After a median follow-up of over 21 years the
researchers concluded that there were no increased rates of
breast cancer for either the ipsilateral or the contralateral
breasts (Zwicker et al. 2019).

The potential and real curative benefits of LDRT in the
management of COVID-19 especially in patients with pro-
gressive and serious pneumonitis, outweighs these hypo-
thetical cancer risks as a recent clinical trial has shown
over 70% response rate with 0.5 Gy dosage (Ameri et al.
2021). Furthermore, the risk of pulmonary complications
may be reduced by effective CT simulation treatment plan-
ning to detect and spare uninvolved lung parenchyma. This
approach can reduce the irradiated volume of normal lung
tissue, since diffuse pulmonary parenchymal involvement
can be expected only in approximately half of COVID-19
patients (Ghahramani-Asl et al. 2020; Castelli et al. 2020).
Other researchers have suggested quantifying the risk—ben-
efit balance of LDRT in COVID-19 patients by considering
background risk factors such as smoking and baseline heart
disease risk to estimate radiation-induced lifetime risks of
lung cancer and major coronary events (Shuryak et al. 2021).
Therefore, considering the high mortality rates of severe
COVID-19 (Olivas-Martinez et al. 2021) and the conceiv-
able therapeutic role of LDRT, it seems reasonable to think
again about its potential benefits and the number of lives
that could be saved.

A recent study by Hanna et al. (2021), discussed some of
the clinician-associated barriers to testing and using LDRT
for COVID-19 lung disease in their practices. Not surpris-
ingly, the perceived potential to do harm to the patient,

@ Springer

including difficulties in properly predicting harm and the
absence of hard data quantifying risks were amongst the big-
gest barriers (Hanna et al. 2021). The medical community
generally has a very deep-rooted belief in the Linear No-
Threshold (LNT) model, a concept that is flawed at its very
origin but engrained profoundly in the minds of many due
to its prolonged promulgation. Several recent articles have
challenged this blind belief of the LNT model (Calabrese
2021a, 2021b; Siegel et al. 2018). We contend that unques-
tioned acceptance of LNT and the concomitant hesitancy to
consider therapies based on low doses of radiation should be
addressed immediately or millions of more lives, especially
in the low-income countries having a serious lag in vaccine
availability, may be unnecessarily lost.
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