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SUMMARY

Cancer patients are at high risk for developing severe symptoms with a high mortality rate due to infec-
tion of COVID-19. Radiation therapy is one of the main treatment modalities of central nervous system
tumors and lung cancer. Radiotherapy is often delivered in a number of fractions, which implies many
visits to the radiotherapy center and thus possibly more exposure to the COVID-19. The convenient
compromise between the exposure of the patients to the SARS-CoV-2 virus and the optimal treatment is
questionable. The most used measures in radiotherapy centers are classification of patients into priority
groups and frequent use of hypofractionation. From the beginning of the COVID-19 outbreak, only a
few expert group consensuses of radiotherapy treatment are published. In this paper we briefly review
available practical recommendations of the expert groups for radiation therapy and oncology as well
as the expert opinions for radiotherapy of the central nervous system tumors and lung cancer during
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the COVID-19 pandemic.
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INTRODUCTION

A novel RNA virus named severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2)
was first described in Wuhan City, Hubei Prov-
ince, China in December 2019 [1]. Coronavirus
disease 2019 (COVID-19) pandemic has affect-
ed all the aspects of the public health, but also
treatment processes, as well as the treatment of
cancer patients [2].

Radiation therapy (RT) firmly stands as one
of the most used modality of cancer treatment
since the discovery of the X-rays and radium.
External beam radiation therapy (EBRT) is
used in 52.3% cancer patient [3].

The important question in patients with ag-
gressive cancers and short overall survival is
how and whether to make a compromise be-
tween the treatment and the reduced exposure
to COVID-19.

The most used measures in RT centers are
classification of patients into urgency groups
and treatment with hypofractionation sched-
ules [2]. Hypofractionation schedules provide a
reduced number of visits to the RT centers and
thus reduce exposure to the virus [4].

To date, there are a few published guidelines
and RT schemes for cancer patients in the era
of the COVID-19 pandemic. In this paper we
are primarily focused on brain tumors and lung
cancer RT treatment, with a critical review of
the guidelines.

RADIATION THERAPY OF BRAIN TUMORS
IN THE ERA OF COVID-19

Brain tumors and nervous system tumors make
up 2.5% of cancer deaths [5]. The last revised
classification of brain tumors was introduced
in 2016 by the World Health Organization
(WHO) [6]. RT is often one of the key modali-
ties of the treatment of brain tumors (Figure 1).

European Society for Medical Oncology
(ESMO) divided priorities for RT during CO-
VID-19 pandemic into high, medium, and low
priority [7]. ESMO high priority group for RT

Figure 1. Example of postoperative radiotherapy plan
in a patient with glioblastoma planned with volumetric
modulated arc therapy technique and standard fraction-
ation scheme treated at the Institute for Oncology and
Radiology of Serbia during the pandemic of COVID-19;
the dose prescribed to the planning target volume is 60
Gy; planning target volume (purple contour and color
wash) is encompassed by the 95% isodose; the volu-
metric modulated arc therapy field arrangements are
represented with yellow arcs
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includes newly diagnosed glioblastoma, isocitrate dehydro-
genase (IDH) wild-type, the lower WHO grade gliomas,
IDH-mutant with relevant clinical manifestations, as well
as the adult medulloblastoma [7].

Standard radiation scheme for younger or fit patients
with glioblastoma is 60 Gy in 2 Gy daily fractions with
concomitant temozolomide (TMZ) [8]. Others with poor
performance status (PS) and older than 70 years are suit-
able for hypofractionation with 40 Gy in 15 daily fractions
as well as 34 Gy in 10 fractions [8].

In the literature, the data of the overall survival (OS)
among elderly patients who were treated with standard and
hypofractionated RT are different. Mak et al. [9] found that
patients treated with hypofractionation RT had poorer OS
than others with standard course RT. In contrast, Roa et
al. [10] found no differences in OS among the groups. The
addition of the oral TMZ to hypofractionation RT of glio-
blastoma may improve survival more than RT alone [11].

Recommendations of the hypofractionated schemes for
older patients and patients with poor PS with glioblastoma
is reasonable with or without pandemic of COVID-19.
However, there is a lack of data about safety of hypofrac-
tionated regimens in younger patients with good PS. A Me-
ta-analysis by Liao et al. [12] showed that hypofractionated
RT is efficacious for patients older than 70 years, while in
younger patients and others with good prognostic factors
itis yet to be determined. Balakrishnan et al. [13] proposed
treatment options for brain tumors during the COVID-19
pandemic. Among other authors’ recommendations, for
younger fit patients they recommended hypofractionated
RT with 60 Gy in 20 fractions, with simultaneous inte-
grated boost (SIB) technique and with concomitant TMZ.
From a radiation oncologist’s point of view, radiation with
the SIB technique may produce toxicity different than with
standard fractionation, which is important in young pa-
tients. However, Zhong et al. [14] reported mild acute and
late toxicities in patients with glioblastoma treated with SIB
intensity-modulated RT (IMRT) and TMZ.

According to ESMO, the high priority group for RT
includes lower WHO grade gliomas, IDH-mutant with
relevant clinical manifestations [7]. Medium priority for
RT of gliomas is lower WHO grade gliomas, IDH-mutant
[7]. For low grade gliomas, Balakrishnan et al. [13] sug-
gested delaying RT or offering RT at progression. Mohile
et al. [15] proposed to delay diagnostic surgeries and ad-
juvant therapy during the COVID-19 pandemic in stable
patients and if the adjournment will not compromise
further complete resection. For low-grade astrocytomas
and 1p/19q co-deleted tumors, delay of all therapies in
asymptomatic patients should be considered [15]. Yang
et al. [16] found that patients treated with chemotherapy
four weeks before the onset of COVID-19 symptoms were
related to an increased risk of mortality. In general, hema-
tological toxicities as well as the opportunistic infections
are observed in patients with oral TMZ [17]. Patients with
OfS-methylguanine DNA methyltransferase unmethylated
promotor may have little or no benefits from oral TMZ,
while there is the risk of hematological and other toxici-
ties. Along with toxicities and the immunosuppressive
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condition, patients with cancer are at a greater risk for
severe COVID-19 manifestations [17].

For medulloblastoma, Balakrishnan et al. [13] sug-
gested the beginning of the treatment within 4-6 weeks
after surgery with a possible start of the posterior fossa
boost, followed by craniospinal RT with IMRT or volumet-
ric modulated arc therapy (VMAT) [13]. Also, they pro-
posed treatment for other brain tumors, mostly regarding
treatment postponement or hypofractionation regimens.

Pediatric brain tumors are often different from adult
brain tumors [18, 19]. In accordance with that, pediatric
brain tumors will not be discussed here.

RADIATION THERAPY OF LUNG CANCER IN THE ERA
OF COVID-19

Lung cancer is the main cause of cancer death in men, while
in women it is breast cancer and colorectal cancer [5].

Expert groups for lung cancer RT as well as single insti-
tutions gave their opinions on susceptible changes in RT
during the COVID-19 outbreak. The European Society
for Radiotherapy and Oncology (ESTRO) and American
Society for Radiation Oncology (ASTRO) made a con-
sensus statement with recommendations for lung cancer
radiation considering risk reduction and reduced RT ad-
ministration [20].

An ESTRO-ASTRO statement presented by Gucken-
berger et al. [20] revealed as a strong consensus that in
terms of risk reduction the curative treatment for stage III
non-small cell lung cancer (NSCLC), as well as for limited
stage small cell lung cancer (SCLC) and palliative NSCLC,
should not be delayed. In the phase of the risk reduction,
they were in consensus on the need not to change standard
RT regimens in favor of more hypofractionated schemes.
However, hypofractionated RT may be changed to more
hypofractionated schemes in palliative NSCLC [20]. When
concurrent radiochemotherapy is planned for stage III
NSCLGC, hypofractionated RT should not be applied [20].
Some of the expert participants of the ASTRO-ESTRO
consensus who support hypofractionation in concurrent
radiochemotherapy strategy for stage III NSCLC suggested
RT regimens of 60-66 Gy in 22-30 fractions and 50 Gy in
20 fractions [20].

ESMO consider three groups of priority for lung cancer
RT to be the high, medium, and low priority group [21].
The high priority group for RT comprises inoperable stage
II-IIT NSCLC and limited stage SCLC in concurrent or
sequential approach with chemotherapy as well as condi-
tions suitable for palliative radiation such as spinal cord
compression or superior vena cava obstruction [21].

An example of definitive RT planned during the CO-
VID-19 pandemic for stage III NSCLC is presented in
Figure 2.

Faivre-Finn et al. [22] proposed stereotactic ablative
RT (SABR) for early stage NSCLC but with other specific
limitations regarding the tumor size and the distance from
the chest wall. Fractionation and dose schedules vary from
30-34 Gy in one fraction to 48-54 Gy in three fractions
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Figure 2. Example of dose distribution in volumetric modulated arc
therapy plan for definitive radiotherapy in a patient with stage Il non-
small cell lung cancer treated at the Institute for Oncology and Radiol-
ogy of Serbia during the pandemic of COVID-19; the dose prescribed
to the primary planning target volume (purple contour) is 50 Gy with
a sequential boost of 10 Gy to the secondary planning target volume
(light pink contour) conventionally fractionated; the volumetric modu-
lated arc therapy field arrangements are represented with yellow arcs

[22]. For central tumors, hypofractionated regimen is con-
sidered with a dose of 50-60 Gy in 15 fractions [22].

Not only for inoperable early stage NSCLC but also for
operable NSCLC, stereotactic body RT (SBRT) may be a
solution for the treatment in the era of COVID-19 [4].
Aside from having a better outcome with surgical resec-
tion, Moore et al. [23] concluded that definitive RT may be
a feasible curative approach for stage II NSCLC.

Radiation pneumonitis (RP) is one of the toxicities that
is observed in patients with lung cancer treated with RT.
The mechanism of RP is correlated with treatment factors
as radiation dosimetry, irradiated lung volume, radiation
treatment technique, as well as with patient characteristics
[24]. Considering «/f ratio of normal lung parenchyma, a
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CONCLUSION

RT remains one of the key treatment options for lung can-
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of RT may have detrimental impact on tumor control and
OS, we suggest compliance with the recommendations
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pert opinions are encouraged as guidelines where expert
consensuses are not available. Moreover, in the absence of
evidence-based safety about modified regimens, we can
only recommend an individual approach to every patient
taking into account all relevant factors. Whenever possible,
standard treatment with all precaution measures for the
prevention of COVID-19 should be applied.
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Papguotepanuja u nangemnja COVID-19 — ocBPT Ha TPEHYTHE NpenopyKe

Anekcanpap CrenaHoBuh', MapuHa HukutoBuh'2

"MHcTuTyT 33 oHKonorujy 1 paguonorujy Cpbuje, beorpag, Cpbuja;
2YHuBep3uTeT y beorpagy, MegnumHckn dakynter, beorpag, Cpbuja

CAMETAK

BonecHuy obonenw of paka cy Noa BENVKUM PU3NKOM O pas-
BUjarba TeLlKe KNMHUYKe CIIMKe 1 BUCOKOT MopTanuTeTa ycieq
nHdekumje COVID-19. 3payHa Tepanuja je jegaH of KibyuYHMX
HauMHa neyerba TYMOpPa LIEHTPaSIHOT HEPBHOT CMCTeMa 1 paka
nnyha. Paguotepanuja ce Hajuelwhe npumerbyje y Behem 6pojy
dpakuyja, LUTO 3axTeBa MHOIO 0J1a3aka Y pagnoTepanujckm
LleHTap 1 camvm TUM Befii pU3KK of U3N0XEHOCTU MHGEeKLMjX
COVID-19. Komnpomuc n3mehy onTMmanHor TpeTmaHa paka
Y3 CMatbeHy n3noxeHocT uHobekumju COVID-19 je ynutaH. 3a
capa, Hajuelwhe Mepe Koje ce NpuMetbyjy y paguoTepanmjckum
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LieHTpMMa Cy KnacnduKaLyja 6onecHnKa y npuopuTeTHe rpyrne
1 yelwha npumeHa xmnodpaKkLMoH1X pexknuma 3padetra. Of
noyeTka naHaemuje COVID-19 06jaB/beHO je CaMo HEKOMIKO
KOHCEeH3yCa eKCnepTCKyX rpyna 3a paguoTepanujy. Y oBom pagy
CMO YKpaTKO nperneaany AoCTynHe NpakT1yHe npenopyke
€KCMepTCKMX rpyna 3a 3payHy Tepanujy 1 OHKOorujy 3a ne-
yerbe Tymopa niyha 1 LeHTpanHoOr HePBHOT CUCTEMA, ani 1
rnojeAnHayYHa ekcnepTcka MyLLberba TOKOM Tpajakba NaHaemuje
COVID-19.

Krbyune peun: COVID-19; pagrnoTtepanuja; TYMOpPU MO3ra; pak
nnyha
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