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Abstract

SARS-CoV-2 (COVID-19) vaccination numbers are globally increasing. Therefore, an increased chance exists that patients
undergoing Peptide Receptor Radionuclide Therapy (PRRT) or diagnostic radionuclide imaging for Neuroendocrine Tumours
(NETs) may have recently received vaccination. We report the imaging findings of two NETs patients, A—following ['7"Lu]
Lu-DOTATATE PRRT post therapy planar scintigraphy and single photon emission computed tomography with computed
tomography (SPECT/CT), and B—following [*® Ga]Ga-DOTA-NOC positron emission tomography with computed tomog-
raphy (PET/CT) respectively. Both studies were done few days after COVID-19 vaccination. Patient A showed a new focus
of uptake in the left deltoid muscle; and Patient B showed uptake in the left deltoid and a left axillary lymph node. Nuclear
Physicians need to be aware of pitfalls with somatostatin receptor radionuclide imaging post-vaccination to ensure accurate
interpretation, as well as dosimetric considerations with vaccine-related post-therapy uptake.
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Spotlight

SARS-CoV-2 (COVID-19) vaccinations have shown high
efficacy, with an associated increase in the rates of vacci-
nations globally. Therefore, an increased chance exists that
patients undergoing Peptide Receptor Radionuclide Therapy
(PRRT) or diagnostic radionuclide imaging for Neuroendo-
crine Tumours (NETs) may have been recently vaccinated.

We report two patients- Patient A, with grade 2 gastric
NET with liver metastases, who received ['’Lu] Lu-DOTA-
TATE therapy; and Patient B with grade 2 pancreatic NET
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with hepatic, and mesenteric nodal metastases who had
[%® Ga]Ga-DOTA-NOC positron emission tomography with
computed tomography (PET/CT) imaging; both following
Pfizer-BioNTech mRNA COVID-19 vaccination.

Cases
Patient A

A 73-year-old woman, known with gastric grade 2 neuroen-
docrine tumour (NET) and extensive inoperable liver metas-
tases was referred to Nuclear Medicine for peptide receptor
radionuclide therapy (PRRT) with ['7Lu] Lu-DOTA-TATE.
The first two cycles of PRRT were uneventful and post-
therapy imaging revealed good uptake of ['7’Lu] Lu-DOTA-
TATE in the known gastric mass and liver metastases, con-
cordant to the staging [*® Ga]Ga-DOTA-NOC PET/CT. No
new areas of somatostatin receptor avidity were seen. Fol-
lowing Cycle 3 of ['7"Lu] Lu-DOTA-TATE, the post therapy
planar and single photon emission computed tomography
with computed tomography (SPECT/CT) images were
acquired (Figs. 1, 2, 3). These showed a new focus of mildly
increased uptake in the left upper arm, localised to the left
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Fig.1 Patient A: [7Lu] Lu-DOTA-TATE post-therapy planar images for cycles 1-4. Post Cycle 3 ['7’Lu] Lu-DOTA-TATE image showing a
new focus of increased uptake in the left upper arm (tip of blue arrow). No other sites of new uptake were seen
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Fig.2 Patient A: ['7’Lu] Lu-DOTA-TATE Cycle 3 post-therapy SPECT/CT. a Transaxial SPECT; b Fused transaxial SPECT/CT; ¢ SPECT
Maximum intensity projection (MIP) showing focus of increased uptake localized to the left deltoid (tip of blue arrow)
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Fig. 3 Patient A: ['”’Lu] Lu-DOTA-TATE Cycle 3 post-therapy SPECT/CT showing. a Coronal fused SPECT/CT; b Coronal CT images. Loca-

tion of the new focus of uptake is denoted with tip of blue arrow

deltoid muscle. There were no other sites of new uptake.
Ipsilateral and contralateral axillary lymph nodes did not
demonstrate increased uptake on SPECT or size-significance
on CT. In the absence of any confounders to explain the new
uptake, the patient was interviewed, and it was revealed that
she had received the first dose of the SARS-CoV-2 (COVID-
19) Pfizer/BioNTech mRNA vaccine four days prior to
receiving cycle 3 of [!"’Lu] Lu-DOTA-TATE therapy. The
vaccination site corresponded to the site of new uptake.
Clinically, mild focal myalgia was noted at this site which
progressively decreased within a few days following therapy,
without the need for analgesia. Serial follow-up revealed no
other adverse outcomes from deltoid muscle uptake. This
focus of uptake was no longer seen on subsequent post ther-
apy imaging, following cycle 4 of ['”’Lu] Lu-DOTA-TATE
therapy (Fig. 1).

Patient B
A 65-year-old woman, known with metastatic pancreatic

grade 2 NET and liver, mediastinal and mesenteric lymph
node metastases, had a [*® Ga]Ga-DOTA-NOC PET/CT for

response assessment after two cycles of PRRT (Fig. 4). The
images revealed new uptake in her left upper arm (Fig. 5)
and left axilla (Fig. 6), which localised to the deltoid muscle
and a 10 mm axillary lymph node with fatty hilum, respec-
tively. Other areas of uptake were in sites of known disease,
demonstrating stable disease. Deltoid muscle uptake cor-
responded to the COVID-19 vaccination site, for the first
dose of Pfizer/BioNTech mRNA received two days prior
to imaging.

Discussion

Vaccine-induced radiotracer uptake in ipsilateral axillary
lymph nodes is well described with ['8F]FDG [1, 2], and
increasingly so in recent times following COVID-19 vac-
cination [3-7]. Although the data is limited, ['8FIFDG-avid
nodal uptake post COVID-19 vaccination has been found
to be relatively common, being reportedly demonstrated in
over 50% of recently vaccinated patients undergoing ['*F]
FDG PET/CTs [6-8].
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Fig.4 Patient B: [®®Ga]Ga-DOTA-NOC PET MIP showing left del-
toid and axillary uptake (tip of arrows)

Analogous to ['*F]FDG, limited reports exist of similar
uptake patterns with [*® Ga]Ga-DOTA-TATE/DOTA-TOC
PET/CT studies post COVID-19 vaccination [9-13]. In
the case described by Guglielmo et al. [12], the congru-
ence in post-vaccination uptake patterns of both ['*F]FDG
and [®® Ga]Ga-DOTA-TOC is clearly demonstrated with
the reported patient who had sequential studies using both
tracers.

@ Springer

In the available case reports and case series describing
vaccine-related somatostatin receptor tracer uptake which
were reviewed at the time of writing, were imaged using
either [*® Ga]Ga-DOTA-TATE or [* Ga]Ga-DOTA-TOC.
This is unlike ours (Patient B) which was imaged with
[*® Ga]Ga-DOTA-NOC. These three established somatosta-
tin receptor PET tracers ([*® Ga]Ga-DOTA-TATE, [*® Ga]
Ga-DOTA-TOC, and [*® Ga]Ga-DOTA-NOC), though hav-
ing slightly differing chemistries, are considered comparable
in terms of sensitivity and specificity [14, 15]. Patient B’s
findings- deltoid and axillary nodal uptake- were congru-
ent with post-COVID-19 vaccination findings on [® Ga]
Ga-DOTA-TATE or [®® Ga]Ga-DOTA-TOC, supporting the
posited comparability of these tracers.

Patients found with bilateral nodal SSTR uptake (axillary
and/or supraclavicular) post vaccination, also had at least
two doses of the vaccine on alternate deltoid muscles [9,
11]. Our reported patient had only one dose at the time of
diagnostic imaging, in keeping with the unilateral findings.
We also noted that the gender of all patients with COVID-19
vaccine-related SSTR uptake in the reports available to us
(where overtly stated) were female, and all had the Pfizer-
BioNTech vaccine—this is, however, unlikely to be of any
significance.

COVID-19 vaccine-related uptake is also reported with
other tracers asides ['*F]FDG and [®® Ga]Ga-DOTA-TOC/
TOC, though less frequently. These include ['®F]Choline
[16], ['*F]-fluciclovine [10, 17, 18], ["*F]-Fluorthanatrace
[10] and [** Ga]Ga-PSMA/['*F]-PSMA [8, 13].

However, to the best of our knowledge as at the time
of writing, there have been no reports of vaccine-induced
uptake of ['7"Lu] Lu-DOTA-TATE in published literature.
['"Lu] Lu-DOTA-TATE is a beta-minus-particle emit-
ting therapeutic radiopharmaceutical, utilised in treating
neuroendocrine tumours which overexpress somatosta-
tin receptors (SSTR), especially SSTR type 2 [19]. Post-
vaccination uptake of ['"Lu] Lu-DOTA-TATE, as with
[68 Ga]Ga-DOTA-TATE/TOC/NOC, occurs on account of
the increased expression of SSTR types 1 and 2 in mac-
rophages following vaccine-induced immune-system activa-
tion [13, 20]. Given the potent tumoricidal effect of ['7"Lu]
Lu-DOTA-TATE [19], unintended uptake can potentially
cause inadvertent harm. Close monitoring and careful clini-
cal follow-up of such uptake is therefore mandatory, and
appropriate intervention must be instituted as deemed nec-
essary. Fortunately, in the case of our reported patient, mild
and progressively decreasing myalgia was the only adverse
effect. Subsequent ['7’Lu] Lu-DOTA-TATE post-therapy
imaging also revealed complete resolution of uptake at the
injection site in keeping with the absence of symptoms. The
resolution of the uptake also lends credence to the transient
nature of these vaccine-related findings.
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Fig.5 Patient B: [*®Ga]Ga-DOTA-NOC PET/CT. a Trans axial PET and fused PET/CT showing left deltoid muscle uptake (tip of arrows). b
Coronal fused PET/CT, and CT only showing left deltoid uptake (tip of arrows)
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Fig.6 Patient B: [*Ga]Ga-DOTA-NOC PET/CT. a Trans axial PET and fused PET/CT showing left axillary lymph node (tip of arrows). b
Coronal fused PET/CT, and CT only showing left axillary nodal uptake (tip of arrows)

It is also noteworthy that available published reports of
COVID-19-vaccination-related SSTR uptake were detected
on PET imaging. Our report of COVID-19 vaccine related
['""Lu] Lu-DOTA-TATE uptake, was performed with planar
scintigraphy and single photon emission computed tomog-
raphy with computed tomography (SPECT/CT). Despite the

known decreased sensitivity and image resolution of planar
scintigraphy and SPECT compared to PET, it was able to
demonstrate vaccine related SSTR uptake despite. To the
best of our knowledge, this is the first report of COVID-19
vaccine-related uptake on planar scintigraphy and SPECT-
based imaging.
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In the clinical practice of Nuclear Medicine, vaccine-
related uptake is differentiated from new/progressive disease
by the history of recent vaccination and the morphology of
the lymph nodes on CT. Additionally, the presence of the
typical “double sign”’[8]—uptake in the upper arm and ipsi-
lateral axilla—is also useful in delineating vaccine-related
uptake from pathology. This sign is demonstrated in our
[%® Ga]Ga-DOTA-NOC PET/CT case (Figs. 4, 5, 6). How-
ever, the ['”'Lu] Lu-DOTA-TATE case, only shows the pres-
ence of uptake in the deltoid muscle (Figs. 1, 2, 3) without
ipsilateral axillary lymph node uptake on SPECT or lymph
node enlargement on CT (Figs. 2, 3), potentially making
image interpretation more challenging. However, ‘good old’
history taking helped solve the conundrum.

Nuclear Medicine Physicians therefore need to be cog-
nizant of higher SSTR expression in the tissues surround-
ing the COVID-19 vaccinations injection site, and thereby
avoid this pitfall. This will ensure accurate interpretation of
SSTR diagnostic and post-therapeutic studies post COVID-
19 vaccination. This is especially important in the context
of pathologies with a propensity for nodal spread, given the
potential of false-positive ‘new disease, to impact manage-
ment decisions.

Furthermore, in the current era of exponential growth
in theranostics, it is critical to consider the potential dosi-
metric implications of the inadvertent uptake of therapeu-
tic radiopharmaceuticals in vaccination-related sites; the
consequences of which may be akin to radiopharmaceuti-
cal extravasation [21]. Dosimetric estimation of absorbed
doses to such tissue will be useful, and may be a subject for
future research.
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