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Purpose: The radiation recall phenomenon (RRP) is a rare and unexpected late complication of radiation therapy (RT). Although
predominantly in the skin, RRP of the upper respiratory tract has also been reported. In general, RRP is caused by anticancer agents,
and the COVID-19 vaccine has also been reported to cause RRP in recent years.
Methods and Materials: A 50-year-old woman who had received RT around the larynx 3 years prior and was receiving a
docetaxel + ramucirumab (RAM) regimen experienced recurrent sore throat. The administration of RAM was discontinued after a
gastroscopic examination revealed mucosal bleeding from around the larynx, which was thought to be RRP caused by RAM, a vascular
endothelial growth factor inhibitor.
Results: After the remission of the RRP, the patient received a COVID-19 vaccine (Pfizer-BioNTech). Five days later, the appearance of
cough and recurrence of sore throat worsened with time, and marked stridor was observed. The patient was admitted, and steroid pulse
therapy was administered for 3 days starting on day 18 after vaccination. On day 50 after vaccination, edema of the vocal cords
improved.
Conclusions:When administering COVID-19 vaccines, considering that these vaccines may cause RRP is important, because RRP can
be fatal in patients with a history of RT in the laryngeal region and treated with vascular endothelial growth factor inhibitors.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction
The radiation recall phenomenon (RRP) can unexpect-
edly occur in patients who receive systemic therapy after a
course of radiation therapy (RT). The late effect is mainly
reported as an acute skin reaction, which usually appears
>1 week after completion of RT. In addition to the skin,
onset of inflammation in the lungs and central nervous
system has been reported.1 The RRP is induced by anti-
cancer antibiotics, alkylating agents, antimetabolites,
microtubule inhibitors, and molecular target drugs. The
disease’s cause is unclear, but some immune system
involvement has been suggested. In recent years, RRP of
the skin caused by COVID-19 vaccination was first
reported by Soyfer et al.2 The RRP’s mechanism is not
clear, but also thought to be related to the response to
inflammation.

Although there are only a few reports of the RRP in the
upper airway, RRP in the laryngeal region has been
reported for a long time,3 In recent years, RRP in the
upper aerodigestive tract has been reported to recur due
to stimulation by anticancer drugs, including vascular
endothelial growth factor (VEGF) inhibitors.4 To the best
of our knowledge, this is the first report of a COVID-19
vaccine-induced recurrence of the RRP in the laryngeal
mucosa caused by a VEGF inhibitor.
Case presentation
A 50-year-old woman received RT at a dose of 67.2 Gy
in 28 fractions to the larynx and upper peribronchial
region for postoperative recurrence (oligometastasis) of
lung adenocarcinoma 3 years prior (Fig. 1). Complica-
tions of laryngeal mucositis grade 2 and radiation derma-
titis grade 1 were observed, but spontaneously resolved
after irradiation. Detailed irradiation information is
shown in Supplementary Figure 1, and Figure 2 shows the
time course for the patient. Unfortunately, the patient
relapsed with distant metastases about 1 year later, and
began treatment with a regimen of docetaxel
(DTX) + ramucirumab (RAM) 1 year and 6 months after
RT. Simultaneously, stereotactic radiosurgery at a dose of
25 Gy was performed for brain metastasis (Fig. E2).

Although no late complications, such as laryngeal
edema, occurred (Figs. E3 A and B), 1 year and 4 months
after the start of DTX + RAM, the patient had a recur-
rence of sore throat similar to the laryngeal mucositis
experienced during RT. A gastroscopic examination
revealed mucosal bleeding from around the larynx, which
was thought to be the RRP caused by RAM, the adminis-
tration of which was subsequently aborted (Fig. E3C).
After switching to DTX alone, the patient’s sore throat
did not flare up again, and the RRP was in remission.
After 2 courses of DTX alone, the patient received a
COVID-19 vaccine (Pfizer-BioNTech). Five days later,
the appearance of cough and recurrence of sore throat
worsened with time, and marked stridor was observed.
Therefore, the patient was referred to the department of
otolaryngology.

Computed tomography (CT) and nasopharyngoscopy
revealed swollen vocal cords and edema of the surrounding
mucosa over the subglottis (Figs. 3A and C [left]). Since
there was a risk of needing a tracheotomy if the edema
worsened, the patient was managed at the hospital, and ste-
roid pulse therapy (methylprednisolone 500 mg by intrave-
nous injection) was administered for 3 days starting on day
18 after vaccination. Two weeks after steroid pulse therapy,
the CT and nasopharyngoscopy findings (Figs. 3B and C
[right]) did not show considerable improvement in the
edema of the vocal cords (rather slightly worsened), but
after another 2 weeks (day 50 after vaccination), edema of
the vocal cords improved (Fig. 4). A time course of the
blood examination is shown in the lower part of Figure 2.
There was no increase in inflammatory response before
and after RT and chemotherapy, including DTX+RAM,
but after the first vaccination, there was an increase in
inflammatory response (C-reactive protein: 0.04-2.85 mg/
dL) and white blood cell/neutrophil count (6400/4740-
12500/10880/mL). After steroid pulse therapy, both param-
eters showed a decreasing trend with improvement in the
inflammatory findings in the larynx. Up until the last fol-
low up, the area around the larynx where RT was adminis-
tered was recurrence-free. The patient involved in this case
report provided informed consent.
Discussion
The COVID-19 vaccines were developed to overcome
the SARS-CoV-2 viral pandemic, and have had some
effect on infection control. However, side effects of the
vaccine, such as myocarditis, have been reported,5 and
cases of vaccine-induced RRP have been reported as well
one after another (Table 1). As in the case of anticancer
drug-induced RRP, skin reactions are the most frequently
reported symptoms,2,6,7 but there are also reports of pneu-
monia.8-10 There are some reports of patients being
treated with molecularly targeted agents or immune
checkpoint inhibitors, which may have modified a vacci-
nation-induced inflammatory or immune response. The
present case differs from previous RRP cases in 3 unique
aspects: the risk of fatality was caused by edema of the
laryngeal mucosa, the vaccine was used in combination
with a VEGF inhibitor, and the RRP (induced because of
RAM and subsided after RAM discontinuation) flared up
after vaccination.

The side effects associated with the combined use of
VEGF inhibitors and RT have been previously discussed.11,12

Although the combination of RT with bevacizumab for pan-
creatic cancer was reported as feasible,13 clinical trials



Figure 1 Radiation treatment plan for oligometastasis of postoperative lung adenocarcinoma.

Figure 2 Timeline for case.
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regarding side effects on the airway mucosa have been dis-
continued due to tracheoesophageal fistulas in patients with
lung cancer treated with bevacizumab and chemoradiation.14

Similar events have been reported with RAM.15 There may
be a difference in the sensitivity of the gastrointestinal tract
and airway mucosa to the combination of VEGF inhibitors
and radiation. With the recent advent of molecular target-
based agents, there have been reports of RRP caused by beva-
cizumab, as in the present case.16 Gastrointestinal bleeding
has also been reported in patients treated with bevacizumab
after RT,17 which may be related to the RRP.

The RRP’s exact pathogenesis remains unclear. Some
investigators have suggested that RRP may be the result of
vascular damage, epithelial stem cell sensitivity, or drug
hypersensitivity of the irradiation field, in addition to upre-
gulated inflammation-mediating cytokines induced by che-
motherapeutic agents.1,3 The pathologic evaluation of the
RRP on the skin caused by the COVID-19 vaccine showed



Figure 3 Computed tomography imaging and nasopharyngoscopy findings after COVID-2019 vaccination, showing
computed tomography images at A, 5 days after COVID-19 vaccination and B, 2 weeks after steroid pulse therapy, as well
as C, nasopharyngoscopy images before and after steroid pulse therapy.
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epidermal intercellular edema, lymphocyte exocytosis, rare
necrotic keratinocytes, and increased dermal collageniza-
tion and fibrosis, suggesting the intervention of immuno-
competent cells to inflammation.7 Inflammatory cytokines
and vascular endothelial damage-related cytokines, includ-
ing VEGF, are elevated in SARS-CoV-2 infection, and have
been reported to be associated with severe disease.18

Whether the COVID-19 vaccination caused an increase in
cytokines, such as VEGF, is unclear, but at least its side
effect myocarditis is thought to be partly due to the
involvement of elevated inflammatory cytokines.5 In the
present case, the RRP due to a VEGF inhibitor relapsed by
the vaccine with an increased inflammatory response,
suggesting the involvement of cytokines elicited by the vac-
cine-induced immune response.

Of note, the RRP occurs primarily on the skin, but
can also occur in the mucosa of the upper respiratory
tract, especially with the use of VEGF inhibitors, and can
also be induced by the COVID-19 vaccine. Clinical trials
using VEGF inhibitors for recurrent head and neck can-
cers, including patients with prior RT, have also been
recently conducted.19 Furthermore, although the
COVID-19 vaccination booster is expected to be pro-
moted worldwide, the RRP can be fatal in patients with a
history of RT in the laryngeal region and treated with
VEGF inhibitors.



Figure 4 Nasopharyngoscopy image showing relief of edema.

Table 1 Review of reported cases with RRP by COVID-2019 vaccine

Author, y
Region
of RRP

Age/
sex RT plan

Type of
vaccine

Period
between RT
and RRP

Dose of
vaccination

Period between
vaccination and
RRP

Treatment prior to
vaccination Reference

Soyfer et
al, 2021

Skin (2
cases)

68/M;
64/M

50 Gy/25 fx;
39 Gy/13 fx

Pfizer-BioN-
Tech (both)

8 mo;1.5 mo 2nd; 2nd 5 d; 6 d None 2

Stewart et
al, 2021

Skin 57/F 66 Gy/33 fx AstraZeneca 6 mo 1st 3 h-3 wk
(worsening)

None 6

Afacan et
al, 2021

Skin 60/F 30 Gy/10 fx Sinovac 2 y 3 mo 1st 5 d Dabrafenib +
trametinib

7

Hughes et
al, 2021

Lung 67/M 60 Gy/15 fx Not available
(mRNA
vaccine)

1.5 y 2nd 4 d None 8

Shinada et
al, 2021

Lung 48/M 60 Gy/30 fx Pfizer-
BioNTech

1 y 2nd 19 d Durvalumab 9

Steber et
al, 2021

Lung 66/M 45 Gy/15 fx Moderna 8 mo 2nd 5 d Pemetrexed +
pembrolizumab

10

Present
case

Larynx 50/F 67.2 Gy/28 fx Pfizer-
BioNTech

3 y 1st 5 d-2 wk
(worsening)

Docetaxel +
ramucirumab

Present case

F, female; fx, fraction; M, male; mRNA, messenger ribonucleic acid; RRP, radiation recall phenomenon; RT, radiation therapy
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