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ducing the risk of infection and severity of disease from SARS-
CoV-2 including more transmissible variants such as omicron
(B.1.1.529) [1-3]. On a global health front approximately 20 mil-

Introduction

The Coronavirus disease 2019 (COVID-19) pandemic, caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), affected more than 600 million people and more than
6 million deaths worldwide by December 2022, resulting in
a major public health issue globally [1-4]. Till to date more
than 13 billion doses of COVID-19 vaccines have been admin-
istered worldwide, which has played an important role in re-

lion people have been saved during the first year of the mas-
sive COVID-19 vaccination drive [2].

A recent article from New England Journal of Medicine
(NEJM), stated that as of May 6, 2022, more than 300 COVID-
19 vaccines were in preclinical or clinical development as
per report from World Health Organization (WHO) [2]. In
the United States of America, Food and Drug Administration
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(FDA) has given either full approval or emergency use au-
thorization to four vaccines, out of which two are messen-
ger RNA (mRNA)- based vaccines Pfizer-BioNTech’s Comirnaty
(BNT162b2) and Moderna’s Spikevax (mRNA-1273), the aden-
ovirus vector-based vaccine from Johnson & Johnson’s Janssen
(Ad26.COV2.S), and adjuvanted protein vaccine from the No-
vavax’s Nuvaxovid and Covovax (NVX-CoV2373) [2,5].

The mass COVID-19 vaccination has implications in med-
ical management of patients especially cancer patients un-
dergoing diagnostic imaging. It has been noted that following
vaccination into deltoid musculature, ipsilateral regional lym-
phadenopathy involving axillary, supraclavicular, and cervical
lymph nodes can occur [4,5]. Center for Disease Control and
Prevention (CDC) of the United States has noted loco-regional
reaction such as swelling, and tenderness of axillary lymph
nodes as the second most common reported side effect, af-
ter pain at site of injection following Moderna COVID-19 vac-
cines [6,7]. In most instances there is a vaccine-induced focal
uptake at the site of vaccination usually in the deltoid mus-
culature along with hypermetabolic activity in the regional
lymphadenopathy on 8F-fluoro-deoxyglucose (FDG) positron
emission tomography with computed tomography (PET/CT)
[4,5]. This can cause difficulty in evaluating scans for stag-
ing or assessing treatment response. FDG avid vaccine-related
local muscle uptake and regional lymphadenopathy has also
been seen with various other vaccination including seasonal
flu/ influenza (HIN1) vaccination [8-10]. Generally, this phe-
nomenon is transient and usually subsides by 2-6 weeks post-
vaccination [4-5].

In this article, we present a case of esophageal carcinoma
demonstrating FDG uptake in multi-station lymph nodes and
spleen for prolonged duration of approximately 8 months (34
weeks) probably representing generalized immune response
following COVID-19 vaccination.

Case presentation

A 73-year-old male was diagnosed with stage IV poorly differ-
entiated adenocarcinoma of gastroesophageal (GE) junction
metastatic to liver. Patient was started within a research pro-
tocol on FOLFOX, Regorafenib, and Nivolumab from June 2021
onwards. However, because of Nivolumab related acute inter-
stitial nephritis, patient was continued on FOLFOX and Rego-
rafenib only. No granulocyte-macrophage colony-stimulating
factors (GM-CSF) was administered at any time in the course
of therapy. Patient received 3 doses, including a booster dose,
of COVID-19 Moderna vaccine in January 2021 (first dose),
February 2021 (second dose), and August 2021 (third/booster
dose).

Patient underwent a first 18F-FDG PET/CT scan in June 2021,
(Fig. 1), which showed a hypermetabolic malignant mass in
distal esophagus (SUVmax 20.5), liver metastases (SUVmax
up to 6.0), and a hypermetabolic nodular lesion (SUVmax 3.9),
probably malignant implant, at the interface of stomach and
transverse colon.

A follow up '8F-FDG PET/CT scan was performed in Oc-
tober 2021, (Fig. 2), approximately 8 weeks following booster
dose of COVID-19 vaccine. The scan showed decreased or

Fig. 1 - The maximum intensity projection (MIP) image
from initial 18F-fluoro-deoxyglucose positron emission
tomography with computed tomography (!8F-FDG PET/CT)
scan showed a hypermetabolic malignant mass in distal
esophagus, liver metastases, and a hypermetabolic nodular
lesion at the interface of stomach and transverse colon
probably a malignant implant.

resolved FDG uptake in distal esophageal lesion, hepatic
metastases and at gastric/colonic wall while development
of new FDG uptake in multi-station lymph nodes above and
below the diaphragm including prominent upper abdominal
lymph nodes (SUVmax up to 6.4). Furthermore, these FDG avid
lymph nodes were benign appearing on CT. In addition, new
diffuse increased uptake was seen in the spleen (SUVmax
4.7) without splenomegaly together with focal moderate FDG
uptake in the left deltoid muscle (SUVmax 2.8), at the site of
recent COVID-19 vaccine. The constellation of findings along
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Fig. 2 - The maximum intensity projection (MIP) image
from follow-up !8F-fluoro-deoxyglucose positron emission
tomography with computed tomography (‘8F-FDG PET/CT)
scan performed approximately 8 weeks following booster
dose of Coronavirus disease 2019 (COVID-19) vaccine
showed decreased or resolved fluoro-deoxyglucose (FDG)
uptake in distal esophageal lesion, hepatic metastases and
at gastric/colonic wall. However, there were new FDG avid
cervical, thoracic, and abdominopelvic lymph nodes,
diffuse splenic uptake without splenomegaly and focal
moderate FDG uptake in the left deltoid muscle at the site
of recent COVID-19 vaccine.

Fig. 3 - The maximum intensity projection (MIP) image
from follow-up !8F-fluoro-deoxyglucose positron emission
tomography with computed tomography (}¥F-FDG PET/CT)
scan performed approximately 16 weeks after booster dose
of Coronavirus disease 2019 (COVID-19) vaccine
demonstrated persistently increased uptake in cervical,
thoracic, and abdominopelvic lymph nodes, and diffuse
splenic uptake.

with history of recent vaccination indicated a vaccine-related
generalized immune activation.

A follow-up '8F-FDG PET/CT scan in December 2021, (Fig. 3),
approximately 16 weeks after booster dose of COVID-19 vac-
cine demonstrated persistently increased uptake in cervical
(SUVmax 5.0), thoracic (SUVmax 3.5), and abdominopelvic
(SUVmax 7.4) lymph nodes, as well as diffuse splenic (SUV 5.4)
uptake without evidence for active malignancy.

A surveillance 8F-FDG PET/CT scan obtained in Febru-
ary 2022, (Fig. 4), approximately 23 weeks following booster
dose of COVID-19 vaccine, showed new hypermetabolic liver
metastases (SUVmax 13.4), however decreased FDG uptake in
mediastinal (SUVmax 2.1), and abdominopelvic (SUVmax 4.5)
lymph nodes and decreased uptake in spleen (SUVmax 3.2),
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Fig. 4 - The maximum intensity projection (MIP) image from
surveillance '8F-fluoro-deoxyglucose positron emission
tomography with computed tomography (‘8F-FDG PET/CT)
scan performed approximately 23 weeks following booster
dose of Coronavirus disease 2019 (COVID-19) vaccine,
showed new hypermetabolic liver metastases, however
decreased fluoro-deoxyglucose (FDG) uptake in cervical,
thoracic, and abdominopelvic lymph nodes and spleen.

further supporting the reactive etiology while excluding lym-
phomatous disease process.

On a subsequent F-FDG PET/CT scan in May 2022 after
change in systemic therapy, (Fig. 5), approximately 34 weeks
following booster dose of COVID-19 vaccine, decreased FDG
avid hepatic (SUVmax 3.1) metastases while resolved reac-
tive FDG activity in neck, thoracic, and abdominopelvic lymph
nodes as well as diffuse splenic FDG uptake was observed.

Fig. 5 - The maximum intensity projection (MIP) image
from subsequent '8F-fluoro-deoxyglucose positron
emission tomography with computed tomography (‘8F-FDG
PET/CT) scan performed approximately 34 weeks following
booster dose of Coronavirus disease 2019 (COVID-19)
vaccine, showed decreased fluoro-deoxyglucose (FDG) avid
hepatic metastases and resolved FDG activity in cervical,
thoracic, and abdominopelvic lymph nodes and diffuse
splenic uptake.

This is a unique and interesting case of a patient with
stage IV esophageal carcinoma at GE junction, who devel-
oped increase metabolic activity in spleen and benign ap-
pearing lymph nodes at several location probably indicating
generalized immune response after a booster dose of Mod-
erna COVID-19 vaccine. The sequential time course of a re-
active multi-station lymph nodes with diffuse intense splenic
activity are illustrated alongside oncologic disease evolution
on consecutive F-FDG PET/CT scans performed for approxi-
mately 8 months (34 weeks).
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Discussion

18F-FDG PET/CT as an imaging modality is an important diag-
nostic tool, which forms an essential part of medical manage-
ment in oncologic patients [11-13]. 8F-labeled glucose ana-
logue FDG is taken up by living cells via glucose transport
membrane proteins (glucose transporters/GLUT) and subse-
quently incorporated into the normal glycolytic pathway. FDG
uptake in tissue is proportional to the metabolic activity or the
amount of glucose utilization. Increased FDG uptake is seen
in many malignant neoplasms, as well as benign conditions
such as infection and inflammation, related to overexpression
of GLUT, increased hexokinase enzyme activity along with in-
creased blood flow and capillary permeability [11-15]. Multi-
ple studies including case-reports have shown false-positive
findings on '8F-FDG PET/CT scan in cancer patients following
flu / HIN1 influenza, Human Papillomavirus, and COVID-19
vaccinations, which usually ranges from local axillary, supra-
clavicular, and cervical lymphadenopathy to systemic diffuse
splenic uptake and last for short duration of time of 10-14
days, or rarely persist for 4-6 weeks indicating that these find-
ings were vaccine related and not cancer related or malignant
metastasis [4,7,9,10,12,16,17].

The pathophysiology of loco-regional lymphadenopathy
is related to immune mechanism. The antigens present in
the vaccines interact with the host leading to increased im-
munological response, which leads to inflammatory reaction
at the site of injection and surrounding lymphoid tissue. The
inflammatory changes are due to release of proinflamma-
tory cytokines such as tumor necrosis factor alpha (TNF-«a),
prostaglandins, and interleukins (IL-1 and 6), by immune cells
such as macrophages, dendritic cells, and monocytes mim-
icking innate and adaptive immune response to a natural in-
fection, resulting in lymphadenopathy with swollen and occa-
sionally painful lymph nodes [18-21].

Lymphoid tissues such as lymph nodes and spleen are im-
portant modulators of T cell immunity, therefore increased
immune response to the COVID-19 vaccination could also
be associated with increased metabolic activity leading to
increased glucose metabolism and FDG uptake on PET/CT
scan [22,23]. Multiple published articles have shown that this
regional lymphadenopathy and systemic immune response
with diffuse splenic uptake following the COVID-19 vaccina-
tion typically resolved within 2-6 weeks [4,7,12,22]. However, in
this case an unusually prolonged FDG uptake in multi-station
lymph nodes and spleen was observed after a booster (third)
dose of Moderna COVID-19 vaccine lasting for approximately
34 weeks/8 months probably indicating a more prolonged and
generalized systemic immune response than usual postvacci-
nation short duration immune response lasting for 10-14 days.
Moreover, these FDG avid lymph nodes were benign appearing
based on CT criteria for morphological assessment differenti-
ating metastatic versus nonmetastatic lymph nodes [24].

This prolonged generalized systemic immune response
following COVID-19 vaccination has not been reported in the
literature to our knowledge. This pattern of presentation is
most probably of multifactorial etiology, with factors such
as the new mechanism of action in mRNA based COVID-19
vaccines, exacerbating effect of a vaccine booster dose, in-

teraction with various cancer-directed therapies, immune-
modulatory effect of cancer and inherent immunity of the
patient possibly playing a role in mounting such prolonged
persistent global immune response. This interesting case sce-
nario poses new questions pertaining to our understanding
of immune response after COVID-19 vaccination and might
trigger avenues of research elucidating the interplay between
immune system and oncology. From a practical perspective,
it is important for radiologists /nuclear medicine physicians
to recognize imaging features of this rare effect of COVID-19
vaccination, which can pose a challenge in assessing ®F-FDG
PET/CT scans in cancer patients.

Conclusion

COVID-19 vaccinations can have relevant implications on 8F-
FDG PET/CT scan interpretation in cancer patients poten-
tially leading to false positive findings particularly in cases
of prolonged generalized immune response. This rare but im-
portant manifestation can present as multi-station hyperme-
tabolic reactive lymph nodes and diffuse splenic uptake up
to 8 months following the vaccination. Therefore, 8F-FDG
PET/CT scans should be interpreted with caution in patients
with COVID-19 vaccines.

Patient consent

A written informed consent and permission was obtained
from the patient.
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