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Background and purpose: The objective of this work is to evaluate the risk of carcinogenesis of low dose
ionizing radiation therapy (LDRT), for treatment of immune-related pneumonia following COVID-19
infection, through the estimation of effective dose and the lifetime attributable risk of cancer (LAR).
Material and methods: LDRT treatment was planned in male and female computational phantoms.
Equivalent doses in organs were estimated using both treatment planning system calculations and a
peripheral dose model (based on ionization chamber measurements). Skin dose was estimated using
radiochromic films. Later, effective dose and LAR were calculated following radiation protection proce-
dures.
Results: Equivalent doses to organs per unit of prescription dose range from 10 mSv/cGy to 0.0051 mSv/
cGy. Effective doses range from 204 mSv to 426 mSv, for prescription doses ranging from 50 cGy to
100 cGy. Total LAR for a prescription dose of 50 cGy ranges from 1.7 to 0.29% for male and from 4.9 to
0.54% for female, for ages ranging from 20 to 80 years old.
Conclusions: The organs that mainly contribute to risk are lung and breast. Risk for out-of-field organs is
low, less than 0.06 cases per 10000. Female LAR is on average 2.2 times that of a male of the same age.
Effective doses are of the same order of magnitude as the higher-dose interventional radiology tech-
niques. For a 60 year-old male, LAR is 8 times that from a cardiac CT, when prescription dose is 50 cGy.

� 2020 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 153 (2020) 289–295
The ongoing pandemic of COVID-19 disease is spreading rapidly
all over the world, collapsing medical systems and causing spikes
of deaths in many countries. However, until now, there is no effec-
tive treatment for COVID-19 immune-mediated pneumonia.

Radiotherapy (RT) administered at low doses modulates the
inflammatory response, producing an anti-inflammatory effect.
During the early part of the past century low-dose ionizing radia-
tion therapies (LDRT) were effectively used to treat pneumonia
[1–4]. Some more recent articles [5,6] showed LDRT as a potential
treatment for inflammatory disease. Based on this previous experi-
ence, some authors propose LDRT as an alternative treatment for
immune-related pneumonia following COVID-19 infection [7–9].

Currently, there are several clinical trials underway to test the
efficacy of LDRT [10–13]. The literature suggests that doses
between 0.3 and 1 Gy [5] incite anti-inflammatory properties,
while doses >2 Gy induce the production of proinflammatory
cytokines, leading to an inflammatory response. The proposed total
dose in most of the new COVID-19 radiotherapy clinical trials is
below 1 Gy, in one or two fractions. This low prescription dose is
at least one order of magnitude lower than typical doses of radio-
therapy treatments. Thus, even for organs inside or partially inside
the treatment fields (such as heart, oesophagus, etc..), doses are
well below the limiting doses for normal tissues and deterministic
effects (i.e., harmful tissue reactions) are not expected. However,
epidemiological and experimental studies provide evidence of
the probability of incurring cancer at doses about 100 mSv or less
[14]. Although it is not clear whether cancer risk has a threshold or
not, in radiation protection the linear no-threshold (LNT) model of
cancer risk is accepted, which implies that there is no safe dose of
ionizing radiation [15]. For the low dose levels in LDRT, stochastic
risks are expected to be small, but they must be quantified. Even if
clinical trials show a good performance of LDRT for treating COVID-
19 pneumonia, cancer risk estimation is required in order to eval-
uate the risk–benefit balance of the treatment. Therefore, the
objective of this work was to assess the risk of carcinogenesis after
LDRT for COVID-19 pneumonia by the estimation of effective dose
and the Lifetime Attributable Risk (LAR) of cancer.
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Table 1
Equivalent dose in tissue/organs and effective dose, per unit of prescription dose, for
the Reference male and Reference female phantoms.

Organs and tissues Equivalent dose per prescribed
dose (mSv/cGy)

Male Female

Brain 0.044 0.092
Salivary glands 0.18 0.28
Thyroid§ 3.6 4.1
Oesophagus 7.3 8.1
Lung§ 10 10
Stomach 4.7 4.2
Breast§ 8.2 9.8
Liver 4.1 4.2
Colon 0.31 0.12
Gonads (testicles/ovaries) 0.0051 0.0078
Bladder 0.012 0.010
Bone marrow (red) 2.1 2.0
Bone Surface 2.0 1.9
Skin 1.5 1.5
Remainder tissues* 3.1 3.3

Prostate# 0.0051
Uterus# 0.0086

Effective dose and cancer risk after LDRT for COVID-19
Material and methods

Planning

COVID-19 RT plans were designed, for a Varian Truebeam linear
accelerator, in the Pinnacle radiotherapy Treatment Planning Sys-
tem (TPS) version 16.0.2 (�Koninklijke Philips), on the adult Refer-
ence Male and Reference Female computational phantoms from
the International Commission on Radiological Protection (ICRP)
[16]. Both phantoms permitted the identification of organs and tis-
sues explicitly noted in the definition of effective dose. The plan-
ning target volume (PTV) included both lungs plus a margin of
0.5 cm in all directions.

The treatment plan evaluated was a 3D Conformal Radiotherapy
Technique (3DCRT) with anterior and posterior 6 MV fields,
weighted to minimize hot spots. The collimators were rotated to
90 degrees to optimize normal tissue shielding (see Fig. 1). At least
95% of PTV receives 95% of the prescribed dose. No additional dose
restrictions were imposed on any organ at risk. Based on current
clinical trials [10–13] three prescription doses were used: 50 cGy
and 70 cGy in one fraction, and 100 cGy in two fractions.
Heart§ ¤ 10 10
Effective dose 4.1 4.3

§ Dose obtained only from TPS.
* In this work: Adrenals, extrathoracic (ET) region, gall bladder, heart, kidneys,
muscle, pancreas, prostate (#), small intestine, spleen, thymus and uterus/cervix
($).
# Equivalent doses additionally reported for LAR calculation.
¤ Dose reported just for discussion.
Dosimetry

Effective dose and cancer risk rely on an initial comprehensive
evaluation of equivalent dose in organs. In this work, tissues and
organs investigated are listed in Table 1.

Given that treatments only imply exposure to photons, equiva-
lent dose equals absorbed dose, which could be extracted from TPS
data. However, the accuracy of TPS outside the border of the field
has been questioned [17,18]. Consequently, in this work the Dose
Volume Histogram (DVH) information provided by the TPS was
only used to determine the mean absorbed dose administered to
organs inside the 5% isodose (i.e., approximately up to 3–4 cm of
the border of the field). Outside the 5% isodose, an ad-hoc periph-
eral dose model was built for the LDRT plans by measuring the out-
of-field dose on a geometrical phantom. Skin dose was estimated
from in and out-of field measurements through EBT3 radiochromic
films.

A detailed description of the procedure followed to calculate
equivalent dose is available as supplementary material.
Fig. 1. On the left, dose distribution in a coronal plane with labeled relative isodose lin
anterior field. The vertical lines represent the multileaf collimator. Lungs + 0.5 cm (PTV)
(grey), and heart (grey). Thyroid and liver are partially outside the field, depicted by the
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Effective dose calculations

The effective dose was calculated as the tissue-weighted sum of
the equivalent dose in all specified tissues and organs according to
ICRP report 103 [19].
Cancer risk calculations

As mentioned in the introduction, LDRT prescription dose is
below 1 Gy, delivered either in one or two fractions. BEIR-VII report
judged that the LNT model provided the most reasonable descrip-
tion of the relation between low-dose exposure to ionizing radia-
tion and the incidence of cancers that are induced by ionizing
es (normalized to the prescription dose). On the right, the beam’s eye view of the
can be seen in dark grey together with the thyroid (light grey), trachea (grey), liver
outer rectangular solid line.
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radiation [20]. In the present work, the LNT model [20] was used,
and cancer risk was estimated as the LAR of cancer incidence (ex-
cess risk for the rest of the life since treatment). Following the
guidelines by the BEIR-VII report, LAR of cancer incidence by can-
cer site is calculated multiplying equivalent dose in organ by the
organ-specific incidence risk coefficient. Total LAR is obtained by
the addition of cancer risks associated to each organ.

Both age-at-exposure and sex are relevant parameters for car-
cinogenesis. Therefore, we used the sex- and age-specific coeffi-
cients from table 12D-1 in BEIR-VII report [20] to calculate LAR
for several ages (20, 30, 40, 50, 60, 70, 80) for both the male and
female phantoms.

Another consequence of the exposure of the patient to a low
dose range is that different fractionation regimes are expected to
generate a similar risk of inducing cancer [21]. However, it was
decided to quantify the effect of delivering the dose in one or
two fractions on the risk of inducing lung cancer (the organ receiv-
ing the highest dose). In order to do that, a more sophisticated
dose–response model, which incorporates all relevant phenomena
occurring during fractionated exposure, was used. In particular, the
Schneider’s model [22–25] was chosen. A detailed description of
the use of this model can be found in Sánchez-Nieto et al. 2017
[26]. The parameters of the model were taken from Schneider
et al. 2011 [24]. LAR for lung cancer was estimated for 1 Gy admin-
istered in either one or two fractions.
Results

Table 1 shows the equivalent dose in organs, per unit of pre-
scribed cGy, employed to calculate effective dose and LAR. The
highest dose is received by the lung, breasts, and oesophagus
(doses in the range of the prescription dose) and the lowest, for
organs far away from the field border, such us, gonads, prostate,
or uterus (doses two orders of magnitude lower than the prescrip-
tion dose). The differences of equivalent dose in organs between
male and female are small, due mainly to structure and volume dif-
ferences. Consequently, the effective dose per unit of prescribed
cGy for male and female is also similar, around 4 mSv/cGy. The
main contributors to effective dose are lungs, breasts and stomach
(30%, 13% and 26% of effective dose on average, respectively). Total
treatment leads to an effective dose for male/female of
204/213 mSv, 286/298 mSv and 408/426 mSv for prescription
doses of 50 cGy, 70 cGy and 100 cGy, respectively.

Table 2 shows LAR of cancer incidence by cancer sites for a pre-
scription dose of 50 cGy of a LDRT treatment of COVID-19 pneumo-
nia as a function of patient age for male and female. Results can be
re-escalated (multiplying by 1.4 for a total dose of 70 cGy and for 2
for a total dose of 100 cGy) to obtain LAR for the other prescription
doses.

As can be noticed, the larger contribution to cancer risk for the
reference male comes from lung and remainder (mainly due to the
high dose in heart – see Table 1), with 80% of the total LAR. LAR cal-
culations on the female phantom reveal lung and breast as the can-
cer sites with larger risk (together with remainder represent 90% of
total LAR). The contribution of breast is especially relevant for
young women. While for a 20 year-old woman breast LAR repre-
sents 42% of total, for a 50 year-old woman, the proportion is
reduced to 18%.

Fig. 2 shows estimates of the LAR (in %) by sex corresponding to
the three prescription doses as a function of age. It is worth to
notice the different range of the LAR estimates for males (from
1.7% to 0.29% for 50 cGy prescription dose) and females (from
4.9% to 0.5% for 50 cGy prescription dose). The average ratio
between females LAR and males LAR is 2.2, being 3.0 at 20 years
and reducing up to 1.8 at 80 years. The highest LAR in females
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can be explained by several facts. First, breast cancer risk is only
considered for the female. Also, organs receiving the highest doses,
lung and breast, are organs very radiosensitive, especially for
females. For example, risk coefficient of lung for female is on aver-
age 2.3 times the value for male.

The age dependence of LAR can be noticed both in Table 2 and
Fig. 2. As age increases, LAR reduces. Total LAR for cancer incidence
at 60 years is 2 or 3 times less than at 20 years. In this sense,
although trials accept young people, it is known that severe
COVID-19 mainly affects people older than 60 years old, those
for whom cancer risk significantly reduces. For the highest pre-
scription dose (total dose of 100 cGy), LAR at 60 years is 1.6% for
males and 3.0% for females. For 80 year-old patients, very affected
by severe COVID-19, LAR reduces to less than half of that at
60 years old (0.59% and 1.1%, respectively).

Ongoing clinical trials have different fractionation schemes,
mainly consisting of one fraction. However, there is a scheme con-
sisting of a first fraction of 50 cGy complemented, if necessary,
with a second fraction of the same dose. LAR of lung cancer inci-
dence was calculated using the Schneider model for 100 cGy
administered in one or two fractions of 50 cGy. It is noteworthy
that the LAR found for one fraction was lower than for two frac-
tions for both sexes and all ages. Nevertheless, as the relative dif-
ference was below 1%, in fact both fractionation schemes can be
considered very similar from the point of view of the risk of induc-
ing lung cancer. Therefore, for the low dose range of LDRT, this
indicates that fractionation has negligible effect on carcinogenesis.
Discussion

Effective dose is accepted as a useful indicator of patient expo-
sure enabling different exposures to be compared meaningfully,
taking into account the relative radiosensitivities of organs
involved. However, it has to be only used as an instrument for
comparison of different radiological techniques. As shown by our
results, while male and female adults would receive almost the
same effective dose, the impact on cancer risk is different. In fact,
not only the sex of the patient is relevant, but the age also plays
an important role. Thus, effective dose is not recommended for epi-
demiological evaluation of cancer risk, and other quantities, such
as LAR, should be used.

Table 3 summarizes typical effective doses for different radiol-
ogy techniques, as reported in the literature, compared to COVID-
19 LDRT. Based on this data, effective dose found in our work is of
the same order of magnitude than the interventional radiology
techniques with the highest exposure, such as transjugular intra-
hepatic portosystemic shunt placement (180 mSv) and abdominal
aortic endoprosthesis (166 mSv; range 61.2–380.8 mSv). Also,
COVID-19 LDRT, for a prescription dose of 50 cGy, corresponds to
approximately 11 and 8 thorax and abdomen scans with the high-
est dose protocols, 7 4DCT, 7 whole body high-quality PET/CTs, 7
cardiac CTs (retrospective EGC-gated coronary computed tomogra-
phy angiography) and 5 cardiac stress-rest tests using thallium 201
chloride. If a total dose of 100 cGy is administered for COVID-19
pneumonia treatment, the number of equivalent examinations
should be doubled.

Table 4 shows estimates of cancer incidence associated with
some radiology procedures. For a 20 year-old woman, the highest
LAR corresponds to a whole body PET/CT or cardiac CT, with a
value of around 0.5%, which is approximately 10 times less than
LAR for COVID-19 LDRT prescribed at 50 cGy. Also, a routine chest
CT shows a LAR of cancer incidence almost 20 times less risk than
COVID-19 LDRT, for a 20 year-old female. For older patients, such
as a 60 year-old man, LAR for COVID-19 LDRT is 8 times that asso-
ciated with a cardiac CT and 5 times that from a myocardial



Table 2
Lifetime attributable risk (cases per 10,000) of cancer incidence for a 50 cGy radiotherapy treatment of COVID-19 for male and female computational phantoms as a function of
age at exposure. The range of age-at-exposure is compatible with that eligible for current COVID-19 LDRT trials (between 18 and 60 years).

Cancer site Age at exposure (years)

20 30 40 50 60 70 80

Male
Thyroid 3.8 1.6 0.55 0.18 0.055 0.018 0.0
Lung 77 54 54 52 46 34 18
Stomach 9.3 6.5 6.3 5.8 4.7 3.3 1.6
Liver 6.2 4.5 4.3 3.9 2.9 1.7 0.62
Colon 2.7 1.9 1.9 1.8 1.5 1.0 0.47
Bladder 0.059 0.043 0.043 0.042 0.036 0.026 0.013
Prostate 0.012 0.009 0.009 0.0085 0.0067 0.0036 0.0013
Leukemia 9.9 8.7 8.7 8.7 8.5 7.6 5.0
Remainder* 57 36 31 26 18 10 4.2

Female
Thyroid 23 8.4 2.9 0.82 0.2 0.061 0.0
Lung 180 120 120 120 100 75 39
Stomach 11 7.6 7.4 6.8 5.7 4 2.3
Breast 210 120 69 34 15 5.9 2.0
Liver 3.0 2.1 2.1 1.9 1.5 1.1 0.42
Colon 0.67 0.48 0.46 0.43 0.36 0.26 0.13
Bladder 0.054 0.039 0.039 0.037 0.032 0.023 0.012
Uterus 0.011 0.0077 0.0069 0.0056 0.0039 0.0021 0.00086
Ovary 0.020 0.013 0.012 0.0098 0.0070 0.0043 0.0020
Leukemia 7.0 6.2 6.1 6.1 5.7 5.1 3.7
Remainder* 60 39 34 28 20 13 5.6

* Remainder in LAR calculations does not include prostate and uterus.

Fig. 2. Total LAR (in %) for the three prescription doses as a function of age for male (a) and female (b). Lines were added for better visualization of data.

Effective dose and cancer risk after LDRT for COVID-19
perfusion study, when the prescription dose of radiotherapy treat-
ment is 50 cGy.

The articles referenced previously estimated effective doses and
risk for individual scans. However, Sodickson et al [52] estimated
effective doses and LAR for patients (mean age 57 years old) from
all CT scans received throughout their life at a tertiary care aca-
demic medical center. From the 31,462 patients studied, 15%
received estimated cumulative effective doses of more than
100 mSv, and 4% received between 250 and 1375 mSv, which are
of the same order of magnitude or higher than COVID-19 LDRT
effective doses calculated in this study. In the same work, they
obtained mean and maximum LAR values of 0.3% and 12% for can-
cer incidence. Our results are within this range. For example, 7% of
the cohort had estimated LAR greater than 1%, which is the value
obtained for LAR in this work for a 50 years old male and half of
that obtained for a 50 year-old female (for the 50 cGy prescription
dose).

Regarding risk to site-specific cancers, for a parathyroid 4DCT,
Hoang et al. [48] obtained a value of LAR of lung cancer incidence
of 0.068% and 0.134% for a 25 year-old male and female, respec-
tively. These LAR estimates are consistently 11 and 13 times lower
than the values found in our work for a 20 year-old male and
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female, respectively (for the 50 cGy prescription dose). Hosseini
Nasab et al. [50] estimated, in cardiac CT angiography, LAR of lung
cancer incidence of 0.04% and 0.11% for a 20 year-old male and
female respectively. Additionally, Wook Kim et al. [53] estimated,
for a total of 30 scans of kV CBCT, performed to position a patient
during radiation for pelvic tumours, a LAR of cancer incidence that
can reach a value of 4% for major organs (e.g., 4 % for colon and 2.8%
for bladder in female of mixed ages). This value is higher than the
maximum result obtained for organs LAR in this study, for a pre-
scription dose of 50 cGy (2.1% of breast cancer incidence for
20 year-old female).

In the literature, the difficulties of some radiotherapy calcula-
tion algorithms managing areas of high tissue heterogeneity, such
us lungs, have been described [54]. The calculation model used in
this article is a Collapsed Cone Convolution Superposition algo-
rithm (CCCS). It is known that the gold standard in radiotherapy
calculations is Monte Carlo. However, for large field sizes and 6
MV, discrepancies in dose calculations should not be higher than
3–4% for CCCS algorithms [54].

An additional contribution of radiation dose to the patient
comes from image-guided radiation therapy (IGRT). Depending
on the technique used, the magnitude of this added dose is



Table 3
Effective doses from different radiology techniques and LDRT for COVID-19. *Depending on imaging device and low dose or standard dose mode. **180 mSv for transjugular
intrahepatic portosystemic shunt placement and 166 mSv (61.2–380.8 mSv) for abdominal aortic endoprosthesis. CBCT: Cone Beam CT. kV: kilovoltage. MV: Megavoltage. CT:
Computed Tomography. PET: Positron Emission Tomography.

Modality Technique Protocol Range of reported effective dose
(mSv)

Study

Radiotherapy
Positioning

kV CBCT Head and neck 3.4–10.3* Min Moon et al. [27]
Kan et al. [28]
Halg et al. [29]
Abuhaimed et al.
[30]
Yuasa et al. [31]
Qiu et al. [32]
Dzierma et al. [33]

Thorax 1.1–23.7*
Pelvis 4.1–22.7*

4D CBCT Thorax 7.3–8.8 Yuasa et al. [31]
Marchant and Joshi
[34]

MV CBCT Pelvis/8 MU protocol 4.6–35.9 Halg et al. [29]
Quinn et al.[35]

Portal images MV AP + lateral double exposure 16.4 Halg et al. [29]
AP + lateral 4.4
AP 1.9

Diagnostic Fan beam CT Head and Neck 0.9–4 Kan et al. [28]
Dzierma et al. [33]
Halg et al. [29]
Mettler et al. [36]
Shrimpton et al. [37]

Thorax 4–18
Abdomen 4–25
4DCT 29.5

PET/CT Various 13.45–32.2 Martí-Climen et al.
[38]
Kaushik et al. [39]
Huang et al. [40]
Quinn et al. [41]

Myocardial perfusion
study

Tc99-Sestamibi (1 day) stress/rest-Thalium201 chloride
stress/rest

9–41 Mettler et al. [36]

Cardiac CT Various 2–28.3 Hausleiter et al.[42]
Tavakoli et al. [43]
Gerber et al. [44]
Sabarudin et al. [45]

Treatment Interventional Various 5,4–180** Falco et al. [46]
Mettler et al. [36]

Radiotherapy
COVID-19 LDRT

AP/PA 6MV
50 cGy

204–213 This study

AP/PA 6MV
70 cGy

286–298

AP/PA 6MV 100 cGy 408–426

Table 4
LAR of cancer incidence (using BEIR VII methodology [35]) for different radiology techniques and LDRT for COVID-19.

Modality Technique Protocol LAR (%) Study

Diagnostic Fan beam CT Routine head 0.023
(20 years old female)

Smith-Bindman et al. [47]
Hoang et al. [48]

Routine chest 0.25
(20 years old female)

Multiphase abdomen and pelvis CT 0.4
(20 years old female)

Parathyroid 4DCT 0.19/0.4 (55/20 years old female)
PET/CT Different protocols of whole body pet/ct

scans
0.163–0.323 (male; 20 years old)
0.231–0.514 (female; 20 years old

Huang et al. [40]

Myocardial perfusion
study

Dual isotope (Thalium-201 + technetium-
99 m) scan

0.2/0.25
(50 years old male/female)

Berrington de González et al.
[49]

Cardiac CT Various 0.6 (20 years old female)
0.12/0.24 (for male /female; median age
56.84 years old

Smith-Bindman et al. [47]
Hosseini Nasab et al. [50]

Treatment Interventional electrophysiological/device implantation
procedures

Range 0.01–0.28
(mean age 68 years old)

Casella et al. [51]

Radiotherapy AP/PA LINAC 6MV COVID-19
(Prescription of 50 cGy)

1.66/4.93
(20 years old man and woman)
0.81/1.52
(60 years old man/woman)

This study

T. García-Hernández, M. Romero-Expósito and B. Sánchez-Nieto Radiotherapy and Oncology 153 (2020) 289–295
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Effective dose and cancer risk after LDRT for COVID-19
different. For a Truebeam thorax kV CBCT the additional dose
would be less than 2% of the prescribed dose (when prescribing
100 cGy) at any point of the field of view [55–57]. However, higher
values have also been reported for a thorax kV CBCT using other
linacs and protocols [27–31]. MV CBCT or portal MV image can also
result in higher doses [28]. When possible, it would be preferable
to use kV radiographs to reduce dose to organs at risk. In case of
using CBCT, low dose protocols should be chosen. When using high
dose IGRT techniques, imaging dose could be substracted from pre-
scription dose.

To our knowledge, there is no standard protocol to treat COVID-
19 pneumonia and actual treatments are based on patients treated
in the early part of the twentieth century, when x-ray technology
was very different to that existing nowadays. Given the relevance
of the closest organs to lungs (such as breast and heart), an
approach focused on reducing the dose to these organs (and then,
reducing the cancer risk) could imply the use of modern radiother-
apy techniques, such as IMRT. A similar study for IMRT treatments,
as the one presented in this work, could be carried out to evaluate
if IMRT significantly improves the results in terms of projected
total cancer risk. Furthermore, it has to be taken into account that
the need to reduce risk is of particular importance for younger
patients, especially females. At the moment, severe COVID-19
pneumonia is affecting mainly patients older than 60 years, those
for whom cancer risk significantly reduces. If clinical trials confirm
the suitability of LDRT for treating COVID-19 pneumonia and its
use extends to younger patients, research in using IMRT techniques
will be required.

In conclusion, the low prescription doses used in COVID-19
radiotherapy result in a very low dose to organs outside the treat-
ment field and consequently, an extremely small risk of cancer
induction (lower than 0.06 cases per 10000). However, there are
several organs lying wholly or partially within the large fields
employed, which contribute to increase the total risk (with doses
between 1 and 10 mSv/cGy). Lung and breast, among the most
radiosensitive organs, are within this highest dose region. In sum-
mary, non-negligible stochastic effects of cancer induction have
been estimated for LDRT treatment (e.g., total LAR of 4% for a 50-
year old woman treated with 100 cGy). We would like to draw
the radiotherapy communitýs attention to the detriments associ-
ated with exposure, particularly women treated at a young age.
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