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Vaccine-Related Lymph Nodes
The Emerging Pitfalls of 18F-Fluorocholine and 68Ga-PSMA-11 PET/CT in the Era of

COVID-19 Vaccination
Loic Ah-Thiane, MD,* Ludovic Ferrer, PhD,*† Bruno Maucherat, MD,* Vincent Fleury, MD,*
Maelle Le Thiec, MD,* Daniela Rusu, MD, PhD,* and Caroline Rousseau, MD, PhD*†
Purpose:Vaccination against coronavirus disease 2019 (COVID-19) is cur-
rently under worldwide deployment. The consequences of this vaccination
can be seen in radiology and nuclear medicine explorations with visualiza-
tion of axillary lymph nodes (LNs), as observed on ultrasonography, MRI,
or 18F-FDG PET/CT.

We aimed to evaluate on PET/CT the incidence of vaccine-related LNs
and their characteristics after COVID-19 vaccination, using several radio-
pharmaceuticals different from 18F-FDG.
Patients and Methods: Between February and July 2021, all consecutive
patients undergoing awhole-body PET/CT for any indication using a differ-
ent radiopharmaceutical from 18F-FDG were eligible for inclusion if they
had received at least 1 dose of the COVID-19 vaccine. The radiopharmaceu-
tical administered and vaccine type were recorded for each patient. The in-
cidence of positive vaccine-related axillary and supraclavicular LNs on
PET/CTwas our primary finding, along with the nodes characteristics. Sta-
tistical analyses were performed for patients with prostate cancer (PCa) to
determine certain interaction factors that were associated with the detection
of vaccine-related LNs.
Results: Of the 226 patients in our cohort study, 120 patients underwent an
18F-fluorocholine PET/CT, 79 a 68Ga-PSMA-11 PET/CT, 6 an 18F-FDOPA
PET/CT, and 21 a 68Ga-DOTATOC PET/CT. A total of 67.3% of patients
(152/226) received BNT162b2mRNA (Pfizer-BioNTech), 26.5% (60/226)
ChAdOx1-S (AstraZeneca), 4.9% (11/226) mRNA-1273 (Moderna), and 1.3%
(3/226) Ad26.COV2.S (Janssen). The incidence of positive vaccine-related
axillary and supraclavicular LNs was 42.5% (51/120 patients) on PET/CT
using 18F-fluorocholine and 12.7% (10/79 patients) with 68Ga-PSMA-11.
None of our patients undergoing 18F-FDOPA or 68Ga-DOTATOC PET/CT
presented any vaccine-related lymphadenopathy. Vaccine-related LNs were
statistically associated with the nature of the radiopharmaceutical (P < 10−4),
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with the number of vaccine doses received (P = 0.041), with a short delay
between vaccination and PET/CT realization (P < 10−5), and with a higher
prostate-specific antigen level for patients with PCa (P = 0.032), but not
with age or vaccine type. The vaccine-related nodes appeared in 85% of
the cases, in the 30 days after vaccine injection, were limited in size and up-
take, and were most often limited to the axilla level 1 area.
Conclusions:Detecting positive LNs after COVID-19 vaccination is not an
exclusive 18F-FDG PET/CT pattern but is common on 18F-fluorocholine
and possible on 68Ga-PSMA-11 PET/CT. Confronting PET/CT findings with
clinical data (such as date and site of injection) seems essential in the current
pandemic context, just as it does for the radiopharmaceuticals used in PCa
to avoid PET/CT misinterpretation and incorrect patient treatment. For
18F-FDOPA or 68Ga-DOTATOC PET/CT, this seems to have a lesser impact.

Key Words: COVID-19, vaccination, 18F-fluorocholine, 68Ga-PSMA-11,
PET/CT, pitfalls

(Clin Nucl Med 2022;47: 575–582)
V accination against coronavirus disease 2019 (COVID-19) is cur-
rently ongoing1 in France with the aim of covering most of its

population, thanks to 4 authorized vaccines, the BNT162b2mRNA
(Pfizer-BioNTech),mRNA-1273 (Moderna), ChAdOx1-S (AstraZeneca),
and Ad26.COV2.S (Janssen) vaccines.2 The vaccination campaign
started with patients older than 75 years or with severe comorbidi-
ties, then the adult population as awhole, and now covers teenagers.
In this way, more than 74.7% of the population has received at least
1 dose of vaccine, and 66.3% are fully vaccinated, at the time of
writing (October 2021).3

Local and systemic reactions are described after COVID-19
vaccines,4 and a commonly reported adverse effect after administra-
tion in the deltoid muscle is an ipsilateral swollen or sensitive axil-
lary lymph node (LN).5–7 Several cases were encountered rapidly in
imaging departments, with visualization of axillary and supraclavic-
ular LNs. This was noted during breast cancer screening in patients
undergoing breast ultrasound8 or MRI,9 leading to recommendations
to guide interpretation.10 This was also reported during 18F-FDG
PET/CT.11–14 This type of hypermetabolism had previously been
described after other vaccinations, such as those against human
papillomaviruses15 or H1N1 influenza Avirus,16 so this could have
been expected due to the lack of specificity of 18F-FDG, particu-
larly in a context of inflammation.

More surprisingly, a case of left axillary lymphadenopathy
detected on an 18F-fluorocholine (18F-FCH) PET/CTwas reported
in a 75-year-old patient monitored for biochemical recurrence of his
prostate cancer (PCa), 3 days after receiving a dose of ChAdOx1-S
(AstraZeneca) vaccine in his left arm.17

The aim of this study was to evaluate the incidence of vaccine-
related LNs after COVID-19 vaccination and to describe their PET/CT
patternwith several radiopharmaceuticals different from 18F-FDG such
as 18F-FCH, 68Ga-PSMA-11, 18F-FDOPA, and 68Ga-DOTATOC.
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PATIENTS AND METHODS

Patient Recruitment
All consecutive patients undergoing a whole-body PET/CT

between February and July 2021, for any indication and with a ra-
diopharmaceutical different from 18F-FDG, were eligible for inclu-
sion in the study if they had received at least 1 dose of COVID-19
vaccine before their PET/CT. Patients were excluded in case of
missing data, a site of administration different from the deltoid mus-
cle (eg, gluteal muscle), known malignant involvement of axillary
and supraclavicular LNs, or if the second dose was not with the
same vaccine as the first (eg, ChAdOx1-S [AstraZeneca] followed
by BNT162b2mRNA [Pfizer-BioNTech]).

All patients were informed and gave their consent for access
to their data, and none objected to these data being used for research
purposes. All procedures performed in studies involving human
participants were in accordancewith the ethical standards of the insti-
tutional and national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical stan-
dards. The study was examined and approved on July 6, 2021 by
the local ethics committee of the institutional review board and reg-
istered under number 2021-114.

Data Collection
Our study consisted of analyzing a cohort of patientswhose data

were collected prospectively. All patients were interviewed about their
vaccination status on the day of their PET/CT. The data collected for
each patient included sex, age, oncological status, current oncologic
treatment, number of doses of COVID-19 vaccine already received,
date(s) of administration, side(s) of administration, type of vaccine,
and tumor marker if relevant. Data collection also included the ex-
amination date, indication, and radiopharmaceutical administered.

PET/CT Analysis
All imaging was performed on a PET/CT Vision 450 (Siemens

Erlangen, Germany). Images were acquired (3 minutes per step) 1
or 2 hours after injection, depending on the radiopharmaceuticals.
Low-dose CT 3D acquisition without contrast product injection
was performed considering the system’s voltage and current adap-
tation. Four hundred forty pixel-wide PET images were recon-
structed using the TrueX algorithm (Siemens) and time-of-flight
(4 iterations, 35 subsets) and Gaussian postfiltering (2-mm full-
width at half-maximum). Finally, the images were sent to our pic-
ture archive and communication system.

All PET/CT images were interpreted by senior nuclear med-
icine physicians and reviewed by one of them. The number of axil-
lary and supraclavicular LNs with a radiopharmaceutical uptake
was recorded, as well as their location and size.

An LN was taken into consideration if its SUVmax was greater
than mediastinum uptake and/or if the diameter of its smaller axis
was greater than or equal to 10 mm.

Its location was determined as axilla level 1 (below the pectoralis
minor), axilla level 2 (beside the pectoralis minor), or axilla level 3
(above pectoralis minor) according to the Berg classification.18 Its
size was measured directly on the CT images from the PET/CT.

These positive LNs were considered vaccine-related if they
were on the same side as the injection and if involvement with the
primitive tumor was very unlikely. This likelihood was assessed
on a clinical basis, depending on patient disease stage, on whether
or not there was a progression, on the presence of other lymphatic
areas involved, and knowing the natural spread of the cancer
afflicting pelvic and retroperitoneal nodes in the first place for
PCa for instance, and this translated in practice in the conclusion
of our examination interpretation by the absence of needing com-
576 www.nuclearmed.com
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plementary (imaging or pathological) examinations to explore these
nodes. Cases of LNs related to proven or potential tumor involve-
ment were excluded from the cohort study; those cases were mainly
PCa with extended nodal involvement at diagnosis or PCa with
nodal metastatic progression. Patients presenting positive vaccine-
related axillar or supraclavicular LNs made up our case group,
whereas patients without vaccine-related LNs served as a compari-
son group. The incidence on PET/CTof positive vaccine-related ax-
illary and supraclavicular LNs was our primary finding.

Statistical Analysis
Categorical variables were reported as frequencies, and con-

tinuous variables as medians with the first and third quartiles (Q1–
Q3 range).

As the number of PET/CT using 18F-FDOPA and 68Ga-
DOTATOC as radiopharmaceuticals was small, those cases were
not included in the statistical analysis. We thus decided to limit
our statistical analysis to patients with PCa, which was the largest
number of patients, for better comparability.

The χ2 test was used to compare proportions between groups.
Logistic regressionmodelswere used to find a correlation be-

tween positive axillary and supraclavicular LNs and independent
variables such as sex, age, oncological status, current oncologic
treatment, number of doses of COVID-19 vaccine already received,
date(s) of administration, side(s) of administration, type of vaccine,
and prostate-specific antigen (PSA) level.

We considered as statistically significant a P value strictly
less than 0.05.

RESULTS

Patient Characteristics
Of all the patients who had a PET/CT in our nuclear medicine

department and whowere screened with regard to our inclusion and
exclusion criteria, 226 patients were included in our study cohort.
The selection process is described in a flowchart (Fig. 1). Patients
underwent PET/CT using 18F-FCH for 120 of them, 68Ga-PSMA-
11 for 79 patients, 18F-FDOPA for 6, and 68Ga-DOTATOC for
21 patients.

With 18F-FCH, the indications were mainly biochemical re-
currence of PCa in 82.5% (99/120) of patients, then initial assess-
ment in 17.5% (21/120) of patients, and exploration of parathyroid
nodules in 1.7% (2/120) of patients.

With 68Ga-PSMA-11, the indications were limited by the
French Regulation Agency and limited to biochemical recurrence
of PCa after noncontributive 18F-FCH PET/CT.

With 18F-FDOPA and 68Ga-DOTATOC, the indications were
the initial assessment or follow-up of neuroendocrine tumors.

As described in Table 1, we observed a majority of patients
with PCa, hence a high proportion of men (212/226), with only
14 women in our cohort. Patients’ ages ranged from 46 to 89 years.
All patients were vaccinated with 1 of the 4 vaccines that received au-
thorization in France. Most patients received the BNT162b2mRNA
(Pfizer-BioNTech) vaccine, approximately one fourth received
the ChAdOx1-S (AstraZeneca) vaccine, and very few received the
mRNA-1273 (Moderna) or Ad26.COV2.S (Janssen) vaccines. A
total of 54.9% (124/226) of patients had fully completed their vac-
cination schedule with 2 doses (or only 1 for the Janssen vaccine)
before their PET/CT.

Positive Vaccine-Related Axillary
or Supraclavicular LNs

In 18F-FCH PET/CT, 51/120 patients (42.5%) presented with
positive vaccine-related LNs. For these patients, the time between
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Patient flowchart.
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the last dose of vaccine received and the PET/CT ranged from 1 to
86 days, with a median of 15 days, and approximately 85% of
vaccine-related LNs cases were found to be in the 30 days after
an injection.

Of the 61 patients who had received only the first dose of
vaccine, 27 (44.3%) presented with vaccine-related LNs. Of the
TABLE 1. Patient Characteristics

T

Median age in years (Q1–Q3)
Male (frequency)
Radiotracers (frequency)

18F-Fluorocholine
68Ga-PSMA-11
18F-FDOPA
68Ga-DOTATOC

Vaccines (frequency)
BNT162b2mRNA (Pfizer-BioNTech)
ChAdOx1-S (AstraZeneca)
mRNA-1273 (Moderna)
Ad26.COV2.S (Janssen)

Fully vaccinated (frequency)
Median interval between last dose and PET/CT in days (Q1–Q3)

Cases: patients with positive vaccine-related axillary or supraclavicular LNs.
Controls: patients with no vaccine-related LNs.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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59 fully vaccinated patients, 24 (40.7%) presented with vaccine-
related LNs. Distribution of positive LNs according to the type of
vaccine is shown in a chart (Fig. 2).

In 68Ga-PSMA-11 PET/CT, 10/79 patients (12.7%) presented
with positive vaccine-related LNs. For these 10 patients, the time be-
tween the last dose of vaccine received and the PET/CT ranged from
otal (n = 226) Cases (n = 61) Controls (n = 165)

71 (67–76) 72 (67.5–77) 71 (65–75)
212 (93.8%) 62 (98.4%) 150 (92.0%)

120 (53.1%) 51 (83.6%) 69 (41.8%)
79 (35.0%) 10 (16.4%) 69 (41.8%)
6 (2.7%) 0 (0%) 6 (3.6%)
21 (9.2%) 0 (0%) 21 (12.8%)

152 (67.3%) 46 (75.4%) 106 (64.2%)
60 (26.5%) 12 (19.7%) 48 (29.1%)
11 (4.9%) 2 (3.3%) 9 (5.5%)
3 (1.3%) 1 (1.6%) 2 (1.2%)

124 (54.9%) 30 (49.2%) 94 (57%)
26 (14–51) 15 (7–28) 32 (18–60)
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FIGURE 2. Distribution of vaccines administered in patients
with 18F-fluorocholine PET/CT according to the presence of
vaccine-related LNs.

FIGURE 3. Distribution of vaccines administered in patients
with 68Ga-PSMA-11 PET/CT according to the presence of
vaccine-related LNs.
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7 to 62 days, with a median of 18.5 days. Of the 24 patients who had
received only the first dose of vaccine, 5 (20.8%) presented with
vaccine-related LNs. Of the 55 fully vaccinated patients, 5 (9.1%)
presented with vaccine-related LNs. Distribution of positive LNs ac-
cording to the type of vaccine is shown in a chart (Fig. 3).

In 18F-FDOPA and 68Ga-DOTATOC PET/CT, no patients (0/6
and 0/21 patients, respectively) presented any vaccine-related LNs.

To illustrate the appearance of vaccine-related LNs on the
PET/CT images, we present 2 cases where vaccine-related LNswere de-
tected on PET/CTusing 18F-FCH (Fig. 4) and 68Ga-PSMA-11 (Fig. 5).

Data analysis showed some interaction factors for positive
vaccine-related LNs in patients with PCa. Patients had a higher
probability of having vaccine-related LNs with 18F-FCH PET/CT
compared with 68Ga-PSMA-11 PET/CT, with an odds ratio of 5.1
(P < 10−4) and a 95% confidence interval (2.4–10.9).

Fully vaccinated patients seemed to present vaccine-related
LNs less frequently compared with those receiving only 1 dose, but
this difference was barely significant (odds ratio, 0.51; P = 0.041;
95% confidence interval, 0.28–0.93). However, we found a strong
statistical association between LN positivity and a shorter time be-
tween the last dose of vaccine and the date of the PET/CT (P < 10−5).

We also found a slightly significant association between LN
positivity and a higher level of PSA (P = 0.032), meaning that pa-
tients with higher PSA levels had vaccine-related LNs detected
more frequently on their PET/CT, as described in Figure 6.

On the contrary, there was no association with patient age
(P = 0.60). Moreover, patients receiving the BNT162b2mRNA
(Pfizer-BioNTech) vaccine did not have a significantly higher prevalence
578 www.nuclearmed.com
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of vaccine-related LNs in comparisonwith the other 3 vaccines (odds ra-
tio, 1.64; P = 0.14; 95% confidence interval, 0.83–3.24).

Intensity, Number, Size, and Location of
the Vaccine-Related LNs

Most of the LNs that we retained as vaccine-related LNs had
an SUVmax that was greater than the mediastinum uptake, but the
intensity uptake remained moderate and less intense than the
liver level.

Patients presented between 1 and 12 positive LNs, with a me-
dian of 3 LNs. Positive LNs ranged from 4 mm to 15 mm on the
small axis. Few patients (14/61) presented LNs of more than
10 mm on the small axis.

Most patients (43/61) presented positive LNs limited to axilla
level 1 only. Fifteen of 61 patients (24.6%) and 6/61 patients (9.8%)
nonetheless presented positive LNs located at axilla level 2 and ax-
illa level 3, respectively.

In additional statistical analyses for exploratory purposes
only, neither the number of positive LNs nor the size of the LNs
were significantly associated with number of doses received, patient
age, type of vaccine, or PSA level.

DISCUSSION
In the context of the current pandemic and ongoing vaccina-

tion campaign, our study plays a part in emphasizing the influence of
COVID-19 vaccines on PET/CT interpretation. To our knowledge,
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. An 81-year-old man underwent an 18F-fluorocholine PET/CT for rising PSA after PCa radiotherapy. Multiple left
axillary LNs (red circle) with higher uptakes than themediastinumwere observed. Theman received the first and second doses
of the BNT162b2mRNA (Pfizer-BioNTech) vaccine, respectively, 24 and 3 days before undergoing this PET/CT.

Clinical Nuclear Medicine • Volume 47, Number 7, July 2022 VACOPET Cohort Study
this study is the largest cohort to include non-FDG PET/CT and
showed several distinctive features.

First, a notable highlight was finding that patients receiving 2
doses of vaccine presented vaccine-related LNs less frequently than
patients receiving a single dose. This finding was unexpected be-
cause the clinical trials for vaccine authorizations had reported
higher rates of local and systemic adverse effects after the second
dose of the BNT162b2mRNA (Pfizer-BioNTech) or mRNA-1273
FIGURE 5. A 74 year-old man underwent a 68Ga-PSMA-11 PET/C
(red arrows) with higher uptake than the mediastinum were dete
ChAdOx1-S (AstraZeneca) vaccine, respectively, 80 and 19 days

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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(Moderna) vaccines,4,19 and contrasted with other articles in the lit-
erature related to COVID-19 vaccination and 18F-FDG PET/CT,
where patients presented vaccine-related LNs more frequently after
the second booster dose.20,21 One hypothesis could be the high age
of the patients (median age, 71 years in our cohort due to the pathol-
ogy, which affects the elderly, compared with 18F-FDG cohorts with
a wider range of diseases with younger median ages). How can this
be explained? This result could be consistent with the fact that elder
T for rising PSA after radical treatment. Two right axillary LNs
cted. The man received the first and second doses of the
before undergoing this PET/CT.
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FIGURE 6. Detection of vaccine-related LNs according to PSA level.
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patients present fewer immune responses after vaccine administra-
tion. Impaired antibody response and lesser efficacy after influenza
vaccination has already been demonstrated in older adults,22 and
this phenomenon can be called “immunosenescence.” It describes
several hallmarks of immune aging, such as a decreased number
of naive CD8+ T-lymphocytes.23 More recently, similar observa-
tions questioning a lesser immune response in older people with re-
gard to COVID-19 vaccination have started to be reported.24,25 To
corroborate this finding, collecting patients’ serological status and
antibody titration after each dose of vaccine could be relevant in
future studies.

Otherwise, observations in 18F-FCH PET/CT had similarities
with those in 18F-FDG PET/CT, starting with comparable incidence
(42.5%) of vaccine-related LNs. For example, we can cite 2 cohort
studies that were conducted in Israel between December 2020 and
February 2021, including almost a thousand of patients who had re-
ceived at least 1 dose of a COVID-19 vaccine and who underwent
18F-FDG PET/CT,20,21 and in both studies, approximately 45% of
the patients presented hypermetabolic lymphadenopathies that were
associated with the vaccine. Such observations led to advise to
check the vaccine injection site and dates of the doses before inter-
preting the examination but also to avoid the administration in a po-
tential confounding site (eg, left deltoid muscle in case of an ipsilateral
breast cancer).26 This is a reminder that 18F-FCH, such as 18F-FDG,
is not specific for cancer cells. In fact, 18F-FCH is a marker of phos-
pholipid biosynthesis for cell membrane renewal. Its uptake has al-
ready been described in both benign tumors27 and malignancies,28,29

as well as in inflammatory sites, which were by far the most frequent
situations.30–32 This may be explained by an increased need for
membrane synthesis in case of intense proliferation of immune
580 www.nuclearmed.com
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cells, as generally observed in activated LNs,33,34 leading to an in-
creased uptake of 18F-FCH.35,36

Our cohort managed to find some rare cases of vaccine-
related LNs detected in 68Ga-PSMA-11 PET/CT. They were less
expected due to the properties of 68Ga-PSMA-11, which has a
transmembrane enzyme used for its high uptake in PCa, although
there can be uptake in benign and malignant diseases, as well as
in a context of inflammation.37 The detailed mechanisms concern-
ing PSMA uptake have yet to be elucidated, but neovasculature
seems to play a preponderant role.38 This leads us to think that in
our cases the vaccination mimics a SARS-CoV-2 infection a minima
and generates inflammation, which is fertile ground for neovasculature,
thus explaining the uptake. This is further supported by some reported
cases of lung injuries related to COVID-19 detected in 68Ga-PSMA-11
PET/CT39 and by the observation of increased plasma levels of vas-
cular cell adhesion molecule and vascular endothelial growth factor
on account of SARS-CoV-2 infection.40

Our study aimed to compare different COVID-19 vaccines.
The incidence rate of vaccine-related LNs was higher but not statis-
tically significant with the BNT162b2mRNA (Pfizer-BioNTech)
vaccine. This might be due to a lack of power in the test for showing
a significant difference, due to a limited number of patients. It is
now well described that the frequency and nature of adverse effects
can vary depending on the type of vaccine,41 and one study showed
a different frequency of vaccine-related LNs in 18F-FDG PET/CT
after the mRNA-1273 (Moderna) vaccine compared with the
BNT162b2mRNA (Pfizer-BioNTech) vaccine.42

Our statistical analyses highlighted an association between
LN positivity and a higher level of PSA in patients with recurrent
PCa. We may then hypothesize that a higher level of PSA reflects
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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a more aggressive form of the disease, leading to more systemic in-
flammation and thus immunogenicity, explaining a higher propen-
sity to react to vaccination, but the difference is quite slight, and
these results need to be confirmed at a larger scale.

Furthermore, definitions of positive vaccine-related LNs are
variable and arbitrarily chosen, thus limiting the comparability be-
tween the various publications. Some authors considered an LN as
positive if the ratio between the SUVmax in the ipsilateral and con-
tralateral reference sites was greater than or equal to 1.5, as de-
scribed by Thomassen et al,43 whereas others classified LNs by
uptake intensity.20 Our definition of positive vaccine-related LNs
was a semiquantitative scale similar to the Deauville score as it was
convenient for its high level of proof in hematological malignancies
for example44 and for its good reproducibility, whereas quantitative
SUVs can vary considerably depending on multiple parameters.

Although our study added some new information to our
knowledge as far as the impact of COVID-19 vaccination is con-
cerned, collecting more data concerning less studied populations
would bewelcome, as would a more precise description of the path-
ophysiological mechanisms involved.45,46 This seems even more
relevant given that the vaccination campaign is ongoing and will
continue, with the recommendation for a third booster dose of the
vaccine, freshly supported by the positive results for efficacy and
tolerance in phase III trials.47

Besides, we found no cases of vaccine-related LNs in
18F-FDOPA or 68Ga-DOTATOC PET/CT. First, the low number of
patients for these 2 radiopharmaceuticals may explain the absence
of vaccine-related nodes. We might also find an explanation through
their respective targeting mechanisms. Imaging 18F-FDOPA uses the
property of taking up amino acids, transforming them into biogenic
amines bymeans of decarboxylation, and storing them in the vesicles
of tumor cells.48 This targeting probably explains the absence of
vaccine-related nodes. 68Ga-DOTATOC targets somatostatin re-
ceptors, which are overexpressed in activated macrophages and
T-lymphocytes, and are used in inflammation-related diseases
such as autoimmune mechanisms, but not in relation to infection
of either viral or bacterial origin.49 It could be nonetheless noted
that cases of vaccine-related axillary LNs were reported in the lit-
erature in 68Ga-DOTATATE PET/CT indicated for pulmonary50

and rectal51 neuroendocrine neoplasms.
Finally, our study has a number of limitations. It indeed a ret-

rospective analysis, although our data were collected prospectively
from consecutive patients. Definition of vaccine-related LNs as ex-
posed in our methodology was based on clinical data, so identified
LNs were not certain to be inflammatory due to the lack of patholog-
ical examination, but were very likely to be. Cases of LNs suspicious
for malignancy, for instance PCawith extended nodal involvement at
diagnosis or PCa with nodal metastatic progression, were discussed
for complementary examinations such as ultrasounds at 6 to 12weeks
or nodal biopsies and were not reported for our present study.

Most of the patients in our cohort were men of advanced age
due to the pathology and could not reflect patients with other pa-
thologies or younger in age. In addition, we had a small number
of patients undergoing 18F-FDOPA and 68Ga-DOTATOC PET/CT,
limiting our conclusions with regard to these patients. We also tried
to compare 4 different vaccines, but in practice, few patients were
vaccinated with the mRNA-1273 (Moderna) or Ad26.COV2.S
(Janssen) vaccines, which also limits our conclusions.
CONCLUSIONS
Thanks to a cohort of more than 200 patients, including several

radiopharmaceuticals and different types of vaccine, we show that de-
tecting positive LNs after COVID-19 vaccination is not limited to
18F-FDG PET/CT, but is common in 18F-FCH PET/CT and is also
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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possible in 68Ga-PSMA-11 PET/CT. The vaccine-related nodes
were limited in size and intensity, and were often limited to axilla
level 1 and were closely associated with the time between the dose
of vaccine and the date of the PET/CT. Understanding these pitfalls,
combined with particularities in vaccine data, such as vaccination
date and vaccination side, seems essential regarding the current
pandemic context and the recent vaccine recommendations in el-
derly patients, to avoid misinterpreting images and adopting incor-
rect patient therapeutic protocols.
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