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Abstract: COVID-19 vaccination using mRNA technology began at the end of 2020 in several countries,
approximately 9 months after the WHO declared the new coronavirus a pandemic, and began in Japan at the
end of February 2021. Several studies have reported FDG avidity in enlarged axillary lymph nodes as a specific
feature of FDG-PET/CT imaging after COVID-19 vaccination. A major concern is that this finding could lead to a
misdiagnosis in patients with various types of malignancy. We review the impact of COVID-19 vaccination on the

management of patients scheduled for FDG-PET/CT in the setting of nationwide mass vaccination.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic,
caused by SARS-CoV-2, has affected many countries
worldwide (/). As of 10 June 2021, a total of 174,488,358
cases and 3,759,138 deaths have been reported (2).
The development of COVID-19 vaccines has played
a key role in protecting people from COVID-19 (3),
as shown by the substantial early reductions in SARS-
CoV-2 infection and symptomatic COVID-19 rates
recorded following administration of the first dose of
the vaccine (4). In general, vaccine development takes
approximately 15 years (5-6), therefore the speed of
development of COVID-19 vaccine within one year, and
the proven efficacy of vaccines against SARS-CoV-2
are undoubtedly scientific breakthroughs. The two major
mRNA-based vaccines, produced by Moderna and
Pfizer/BioNTech, are 94-95% effective and there have
been no critical safety concerns to date (7,8).
['*F]-2-fluoro-2-deoxyglucose positron emission
tomography (FDG-PET)/computed tomography (CT)
is useful for accurate tumor staging in various types
of cancer and for monitoring the response to cancer
therapy. Accurate nodal staging is one of the advantages
of FDG-PET/CT, and is recommended for this purpose
in several clinical guidelines. In contrast, nonspecific
or inflammatory-related FDG uptake in the lymph
nodes has been a limitation of FDG-PET/CT (9). We
have previously reported the FDG-PET/CT findings
of patients with COVID-19 as increased FDG uptake
in lung lesions with segmental ground-glass densities
and plaques, in normal-sized or slightly enlarged lymph

nodes, and in the bone marrow and spleen (/0).

Several recent reports have announced the
specific findings of intense FDG uptake in axillary,
supraclavicular and cervical lymph nodes on FDG-PET/
CT following COVID-19 vaccination based on mRNA
biotechnology. Since lymphadenopathy after vaccination
has been reported with several other types of available
vaccines (//-13), the FDG-PET/CT imaging feature
following COVID-19 vaccination could be predictable.
However, the impact of the FDG-PET/CT following
COVID-19 vaccination was higher than we had expected.
Therefore, we present here the features of FDG-PET/CT
imaging and conduct a review of the literature regarding
the management of patients who underwent FDG-PET/
CT after COVID-19 vaccination.

Incidence of lymph node swelling in patient with
COVID-19 infection

Among patients with COVID-19 infection, lymph
node enlargement is seen on CT in less than 1% (/4).
These lymph nodes are generally small, nonspecific,
and regular in shape. Enlargement of the lymph nodes
is not significant, and FDG uptake in mediastinal
and supraclavicular lymph nodes is frequently seen
in patients with COVID-19 (/0). Swelling of lymph
nodes indicates immunoreactions that are activated by
inflammatory cells. In the immune response to viral
infections, the number of monocytes in lymphoid tissue
increases, leading to increased FDG uptake (15).
However, several studies in patients with COVID-19
have reported negative FDG uptake in mediastinal and
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supraclavicular lymph nodes which may occur in the
minimally invasive and early stages of the disease (/06).
Therefore, the immune response is weak or almost
absent in the early stage of the disease and becomes
more active over time. In addition, the reduction of
FDG uptake in lymph nodes may indicate normalization
of a hyperactive immune response in the body.

Incidence of lymph node swelling following COVID-19
vaccination

A public notification from the Centers for Disease
Control and Prevention (CDC) indicated that the
incidence of lymphadenopathy after the Pfizer-BioNTech
COVID-19 vaccination was imbalanced, with 58 more
cases recorded in a vaccine group (n = 64) compared
with a placebo group (n = 6). Lymphadenopathy
occurred in the arm and neck regions and was reported
within 2-4 days after vaccination. The average duration
of lymphadenopathy was approximately 10 days.
However, lymph node swelling was defined as an
unsolicited adverse event in this clinical trial (/7). It
appears that the size and number of lymphadenopathy
was relatively severe as being able to identify with
palpation and/or visual inspection. In a Moderna clinical
trial with a cohort aged 18-64 years, axillary swelling or
tenderness was regarded as a solicited adverse event that
occurred in 11.6% of patients after the first vaccination
and 16.0% after the second vaccination, which was
higher than the incidence in placebos (5.0% and 4.3%,
respectively) (/7). This reaction was less common in
subjects aged > 65 years, occurring in 8.4% of this
group after the second dose (8,7/7). These two mRNA
vaccines appear to stimulate immune activity to a
greater degree than do than vaccines based on traditional
biotechnologies (/8).

Features of FDG-PET/CT imaging after COVID-19
vaccination

After vaccination, lymph node size varies from normal
to moderately increased with thickening of the cortex
and fatty hilum, suggesting benign lesions. However,
lymph nodes can show abnormal size and loss of
fatty hilum shortly after vaccination, which could be
considered to indicate malignancy. Therefore, it is
important to carefully manage the timing of FDG-PET/
CT examination with respect to the date of vaccination.
FDG uptake has been identified in normal-sized to
moderately enlarged axillary supraclavicular and
cervical area nodes following intramuscular vaccination
in the ipsilateral deltoid (/9-32) (Figure 1). Nodal FDG
uptake tends to occur within 7 days of vaccination and
generally disappears by 12-14 days (/2). However,
it can remain for 4-6 weeks (/9) or 7-10 weeks (23)
after the injection. Lymph nodes on the injected side
are mostly affected, but contralateral lymph nodes can
also show FDG uptake. Therefore, the FDG-PET/CT
findings can lead to misdiagnosis in the evaluation of
malignancy and inflammatory disease, particularly with
regard to breast cancer, melanoma, lymphoma, and
sarcoidosis (37).

Cohen et al. categorized vaccine-associated
hypermetabolic lymphadenopathy (VAHL) according
to the intensity and area of FDG uptake in axial lymph
nodes as follows: grade 1, mild FDG-uptake intensity
(SUV,,. < 2.2); grade 2, moderate FDG-uptake
intensity (2.2 < SUV,,.. < 4); grade 3, high FDG-
uptake intensity (SUV,,, > 4) in normal-size nodes;
and grade 4, high FDG-uptake intensity (SUV ,, > 4)
in enlarged nodes. The incidence of VAHL was 36.5%
among all subjects who were vaccinated, but was
significantly higher after the 2nd vaccination (45.8%)

Figure 1. FDG PET/CT images in a woman in her 50s with abdominal malignancy at 4 days after COVID-19 vaccination.
(A) MIP image, (B) axial fusion image, (C) CT image, (D) axial fusion image of deltoid muscle, (E) coronal fusion image of
deltoid muscle. Increased FDG uptake is seen in the left axilla with supraclavicular lymphadenopathy (open arrow). There is slight
FDG uptake in the right axillary and supraclavicular areas (arrow). The CT image shows enlarged lymph nodes with loss of fatty
hilum in the left axillary and supraclavicular areas (white arrow). Intense FDG uptake in the left deltoid muscle indicates the site of
COVID-19 vaccine injection (arrowhead). FDG uptake in the spleen was almost equal to that in the liver, which might have been

caused by the vaccination.
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Figure 2. FDG-PET/CT images in a subject who received an influenza vaccination 4 days before the imaging examination. (A)
MIP image, (B) axial fusion image, (C) CT image. Focal FDG uptake is seen in an axillary lymph node, which was slightly enlarged
on CT image. Slight FDG uptake in the left arm indicates the site of COVID-19 vaccine injection at subcutaneous tissue (arrowhead).
There are slight and symmetrical FDG uptake in the bilateral axillary area due to non-specific uptake for sweat glands.

compared with the Ist vaccination (26.3%). Node
size, FDG uptake in axial lymph nodes beyond level
1, and the site of vaccination were all more prominent
after the 2nd vaccination. After the first vaccination,
the incidence of VAHL was higher at 6-12 days after
vaccination compared with that in the first 5 days and
at 13 days. After the second vaccination, the incidence
and grade of VAHL were highest in the first 6 days,
decreased gradually over time, and were significantly
low at more than 20 days after vaccination. VAHL was
recognized in 29% of vaccinated patients at 3 weeks
after the second vaccination, but only 7% had grade
3 or 4 VAHL. After the first vaccination, there was a
higher incidence and higher grade of VAHL in subjects
aged < 62 years than in others; whereas after the second
vaccination, there was a higher incidence and higher
grade of VAHL in subjects aged < 64 years than in
others (26). Regarding FDG uptake in lymph nodes,
greater uptake was associated with second vaccination;
in contrast, lower uptake was associated with older age,
immunosuppressive treatment, and hematologic disease
(30). The incidences of FDG uptake in lymph nodes
were reported as higher for the Moderna vaccine than
the Pfizer vaccine (32).

FDG uptake in small axillary lymph nodes is a
common feature after vaccination against influenza (/-
13,16,33) and other diseases (34). Considering that the
reaction to the COVID-19 vaccine is more severe and
of longer duration than that to the influenza vaccine,
the FDG-PET/CT imaging findings may represent the
nature of mRNA biotechnology vaccines for increased
immunogenicity compared with traditional vaccines.

Intramuscular injection into the deltoid muscle
has been recommended for administration of the
COVID-19 vaccine (35), and it has been reported
that the injected muscle shows increased FDG uptake
shortly after injection. The factor of occurring increased
FDG uptake in the deltoid muscle following COVID-19
mRNA vaccination was the number of days between
the last vaccination and second vaccination (30).

In Japan, the influenza vaccine is injected into
subcutaneous tissue, most commonly in the upper arm.
In our experience, the site of influenza injection can be
confirmed as a relatively small and slight FDG uptake
shortly after administration of the vaccine (Figure 2).
In contrast, following administration of the COVID-19
vaccine, moderate FDG uptake is confirmed as a broad
area indicating a high degree of inflammatory change in
the deltoid muscle. However, it is unclear whether this
uptake is related to pain and swelling at the injection
site.

Increased FDG uptake can also be observed in the
spleen after COVID-19 vaccination (25); although not
mentioned specifically by the author, this finding could
be observed in several of the FDG-PET/CT images in
that study. In addition to FDG imaging, specific PET
uptake has also been observed in “*Ga-DOTA-TATE, ''C-
and "*F-choline imaging (30,36,37), but less frequently
with ®*Ga- and ""F-PSMA (41).

Brewer et al. proposed lymph node swelling as a
potential biomarker for successful vaccination in the
DepoVax-based COVID-19 vaccine (38). However,
further observation is necessary to clarify the relation
between the antibody production and incidence of FDG-
uptake after the COVID-19 vaccination.

Patient scheduling for FDG-PET/CT after
COVID-19 vaccination

Physicians should take into account the specific
imaging features of FDG-PET/CT and other imaging
examinations following COVID-19 vaccination. When
imaging studies are planned for the management of
patients with COVID-19, information regarding the
timing of COVID-19 vaccinations should be available
for these patients. A preliminary patient interview by
imaging unit staff regarding prior vaccination may be
an effective method for ensuring that examinations
are scheduled appropriately. Sharing this information
with the radiologist would contribute to increasing the
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accuracy of diagnosis.

To reduce false positive findings, FDG-PET/
CT imaging should ideally be scheduled for either
immediately after or 4-6 weeks after vaccination.
However, immediately after vaccination, patient may
request to reschedule the FDG-PET/CT test due to the
common side effects (fever, nausea, chills, headache,
tiredness, etc.) after getting a COVID-19 vaccine.
Enlarged lymph nodes that are observed in the axillary,
supraclavicular, or cervical areas with laterality
can confuse the diagnosis (particularly in breast
cancer, melanoma, lymphoma and any malignancy
which have high possibility of invasion around these
sites). Therefore, the vaccine should preferably be
administered in the contralateral arm to the side of
disease.
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