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The novel coronavirus disease 2019 (COVID-19) caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has had a devastating impact, with the
number of deaths worldwide by June 2020 over 400 000
[1]. There are currently no proven, effective treatments, so
there is an urgent need for clinical trials to test new ther-
apeutic interventions that may be of benefit.

The lungs represent one of the organs most commonly
affected by COVID-19. The vast majority of patients present
with a respiratory illness that can in some progress to a life-
threatening acute respiratory distress syndrome (ARDS)
associated with a systemic inflammatory response charac-
terised by a sudden increase in the release of a number of
pro-inflammatory cytokines, such as interleukin-1, inter-
leukin-6 and tumour necrosis factor-a [2].

During the first half of the 20th century, efforts were
made to use low-dose radiotherapy (LDRT) in the form of
X-rays to treat pneumonia. Fifteen studies reported on
around 700 cases of predominantly bacterial pneumonia
that responded clinically to LDRT [3]. The proposed mo-
lecular mechanism is thought to be the propensity of LDRT
to mediate a host of anti-inflammatory effects, including
reduced functioning of macrophages, decreased levels of
pro-inflammatory cytokines and apoptotic induction in
immune cells [4]. Thus, it is hypothesised that LDRT of<100
cGy to the lungs of patients with COVID-19 pneumonia may
reduce the life-threatening inflammation and improve
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mortality. On this basis, early phase studies have been
initiated to explore this further [5e7].
Pathogenesis of COVID-19 Pneumonia e
Not a Typical ARDS

Although it can meet the Berlin criteria for ARDS [8],
evolving evidence suggests that COVID-19 pneumonia is a
unique disease with a novel pathophysiology and an atyp-
ical phenotype not previously seen with other respiratory
viruses [9]. Conventionally, ARDS is characterised by
extensive alveolar inflammation and non-cardiogenic
pulmonary oedema. The reduced aerated lung space re-
sults in poor lung compliance and an increased work of
breathing, resulting in dyspnoea [10]. In marked contrast,
early on in the disease time course, patients with COVID-19
pneumonia often have severe hypoxaemia but, remarkably,
maintain relatively good lung compliance [11,12]. Many are
therefore not overtly dyspnoeic despite very low oxygen
saturations (‘happy hypoxics’). Inflammatory infiltrates are
often minimal and characterised on computed tomography
by ground-glass opacities signifying interstitial as opposed
to alveolar oedema. This initial hypoxaemia is therefore
thought to be due to a perfusion defect not a ventilation
defect, attributable to viral-induced endothelial dysfunction
initiated in the pre-symptomatic phase [13]. The conse-
quent dysregulation of pulmonary blood flow, vasoplegia
and micro-thromboses in the lung result in a significant
ventilation/perfusion (V/Q) mismatch and type 1 respira-
tory failure. For some patients, the disease may stabilise at
this time point with appropriate immune clearance of the
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virus. In others, however, a deterioration to a clinical picture
more typical of ARDS may occur, either because of un-
checked viral disease inciting excess inflammation or sub-
optimal ventilatory management contributing to patient
self-induced and/or ventilator-induced lung injury [13].

Underlying these observations is the paradigm that
COVID-19 is not a simple pneumonia caused by a typical
respiratory virus as initially thought. Instead it is also a
complex, multisystem disease targeting the vascular endo-
thelium mediated in part by viral entry through ACE-2 re-
ceptors, of which this tissue is enriched [14,15]. A highly
activated coagulation cascade secondary to endothelial
dysfunctionwithwidespreadmicro- andmacro-thromboses
in multiple organs is well reported [14e18] and elevated D-
dimer levels are increasingly being recognised as a very poor
prognostic factor [19,20]. If the lung disease in COVID-19 is
not managed taking into consideration the key vasocentric
components of this novel illness, as well as the differing
respiratory phenotypes throughout its time course, the
propensity to cause harm is high.
Timing of LDRT and the Therapeutic
Tightrope

With the differing temporal pathophysiologies and phe-
notypes of COVID-19 pneumonia, the timing of delivery of
LDRT is critical and this does not appear consistent among
the early phase trial protocols established [5e7]. Some
propose LDRT delivery early in the disease [5,6] at a time
where vascular phenomena, not excess alveolar inflamma-
tion, appear to underlie hypoxaemia. Such early deployment
does not seem logical, especially when spontaneous recov-
ery can often occur here upon effective clearance of the vi-
rus. As oxygen requirements increase, preventing disease
progression using LDRTat an interim time point has sounder
biological rationale. However, the specific effects of LDRTon
endothelial function and, in particular, the coagulation
cascade are unclear. Worryingly, animal studies have shown
exposure to 1 Gy proton irradiation to lead to deranged
levels of clotting factors, increased bleeding times and
higher plasma concentrations of soluble fibrin, resulting in
thromboses in the lungs, liver and kidneys [21,22]. Although
more evidence is required, there is concern over the po-
tential for LDRT to exacerbate the pathological coagulopathy
active in COVID-19 patients.

At this early stage, disease stabilisation is dependent on
an appropriate host immune response and clearance of the
virus. Lymphopenia is consistently reported to be a poor
prognostic factor in COVID-19; patients with low lympho-
cyte counts develop more severe disease with higher rates
of mortality [23e25]. Radiotherapy is known to deplete
peripheral lymphocytes as a result of their high sensitivity
to radiation-induced apoptosis. Studies suggest that the
absolute risk of lymphopenia is related to the pre-treatment
lymphocyte count and the extent of the irradiated volume
[26]. In the context of LDRT to the whole lung, although the
prescribed dose is low, the integral body dose is high owing
to the considerable volume being irradiated, increasing the
risk of inducing severe post-treatment lymphopenia [27].
The mechanisms underlying lymphopenia in COVID-19 are
unclear, but its negative effect in the presence of a systemic
viral infection is not surprising. Exacerbation of this effect
with LDRT at the very time when an adequate cellular im-
mune response is needed to clear the pathogen could have
potentially grave consequences.

An alternative approach [7] is to deliver LDRT later on in
the disease process when excess inflammation and cytokine
release underlie the severe respiratory failure characterised
by ARDS. However, by this point, patients are critically un-
well and may be intubated. Some will have developed
systemic manifestations of the disease, with severe renal
complications occurring in 20e35% of cases in intensive
care units in the UK [28]. Although the anti-inflammatory
response of LDRT has been shown to be effective in
benign conditions [29], its ability to achieve the therapeutic
levels needed at this time point to abate the extensive
cytokine storm mediated by a systemic virus affecting the
entire vasculature, not solely the lungs, is questionable.

It is clear that the delivery of LDRT on the premise of
mediating a safe and effective anti-inflammatory response
would need to take place within a very narrow time win-
dow (Figure 1). The varying presentation of patients at
different time points of disease and the unpredictable na-
ture of its progression make this highly challenging. Pa-
tients with COVID-19 may deteriorate very rapidly and not
all acute medical units are co-located with radiotherapy
centres, posing the added complication of inter-hospital
transfer in these cases. Where the high throughput of
palliative patients completing the radiotherapy workflow
pathway in a matter of hours is alluded to [30], there is
failure to acknowledge the extent of morbidity of COVID-19
patients who are acutely unwell with high oxygen re-
quirements and often in intensive care units. Outwith the
narrow therapeutic window, subjecting these patients to
the radiotherapy delivery process may in itself trigger a
deleterious clinical deterioration beyond any caused by
LDRT per se, further questioning the feasibility of safely
delivering this intervention on a broad scale.
Cancer Services, Cancer Patients and
Unintended Harm

Beyond safety and feasibility, in order to provide strong
evidence of modest effects on survival derived from LDRT
for COVID-19 pneumonia, substantial numbers of patients
would need to be recruited on to a large, multi-centre trial.
As we move towards an era of endemic COVID-19, the
ongoing safe delivery of radiotherapy services for cancer
patients already poses significant challenges. Following the
peak of the pandemic, the recovery phase will see the de-
mand for radiotherapy increase considerably to account for
known deferrals, altered referral pathways and diagnostic
backlogs. Staffing levels may continue to fluctuate and
required infection control and social distancing measures
will limit throughput and capacity. An extensive scale-up of
LDRT for the treatment of COVID-19 would put undoubted



Fig 1. Respiratory failure in novel coronavirus disease 2019 (COVID-19) pneumonia. Severe early hypoxia mediated by a perfusion deficit
secondary to viral-induced endothelial dysfunction (left panel). Patients may either recover with effective viral clearance or progress to critical
acute respiratory distress syndrome (ARDS; right panel) due to unchecked viral disease, patient self-induced and/or ventilator-associated lung
injury. The time course is unpredictable and the therapeutic window for low-dose radiotherapy is very narrow.
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strain on an already over-stretched radiotherapy resource
designated for cancer patients and presents an added
infection risk to frontline staff. Furthermore, cancer patients
are a vulnerable group at higher risk of severe morbidity
and mortality from COVID-19 [31]. The safety of these pa-
tients when attending hospital for their treatments is
paramount. A key feature of the recovery and restoration of
radiotherapy services in the coming months will be their
delivery in COVID-19 protected sites. The transfer of
numerous acutely unwell, symptomatic COVID-19 patients
into the department for the planning and delivery of
experimental LDRT does not align with this philosophy and
the potential for harm, although impossible to quantify, is
unlikely to be negligible.

The use of LDRT to treat COVID-19 pneumonia represents
an interesting but controversial strategy. Arguments with
respect to the strength of the supporting clinical and pre-
clinical evidence and the risk of radiation-induced cancer
have been eloquently versed and debated elsewhere
[30,32e35]. As our understanding of the unique biology of
SARS-CoV-2 now begins to unfold, we advise additional
caution and consideration given the highly atypical patho-
genesis of this novel virus and the negative collateral impact
large clinical trials may have on cancer patients and the safe
delivery of cancer services.
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