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Rationale and Objectives: Despite all the benefits and effectiveness of the coronavirus disease 2019 (COVID-19) vaccines mentioned in
recent clinical trials, some post-vaccination side effects such as lymphadenopathy (LAP) were observed. The present study reviewed all
studies with imaging findings presentation of LAP after COVID-19 vaccination.

Materials and Methods: We conducted a literature search in online databases, including Scopus, Medline (PubMed), Web of Science,
Embase (Elsevier), Cochrane library, and Google Scholar.

Results: A total of 19 studies (68 cases), including 60 (88.2%) females and eight (11.8%) males with a presentation of LAP after COVID-19
vaccination, were reviewed. LAP was identified after first or second dosages of three types of COVID-19 vaccines, including Pfizer-BioN-
Tech (n =30, 44.1%), Moderna (n =17, 25%), and Oxford-AstraZeneca (n =1, 1.5%). In 20 (29.4%) cases, vaccine type was not reported
or only reported as mRNA COVID-19 vaccine. The median days of LAP presentation after the first and second dosages of COVID-19 vac-
cination, were 12 and 5 days, respectively. Most of the LAP imaging findings related to COVID-19 vaccination (n =66, 97%) were seen
from first day to 4 weeks after vaccination. However, LAP remained after 5 and 6 weeks of the first and second dosages of COVID-19 vac-
cination with decreased lymph nodes’ size and residual cortical thickening in two cases.

Conclusion: This review study of cases with LAP-associated COVID-19 vaccination guides radiologists and physicians to rely on patient’s
clinical context and updated resources to prevent potential disease upstaging and change in therapy.
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Abbreviations: COVID-19 Coronavirus disease 2019, LAP Lymphadenopathy, LN Lymph node, BC, Breast cancer, EUA Emergency use
authorization, FDA Food and Drug Administration, CDC Centers for Disease Control and Prevention, BIRADS Breast Imaging Reporting and
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INTRODUCTION died (2). After implementing various methods to deal with the

destructive effects of the virus, efforts to develop an effective

i D ber 2019 i di 2019 : .
mee - iecember ) COTONAVITUS - dIsease vaccine as the final solution accelerated (3,4).

(COVID-19) has faced the world with a considerable
challenge affected many other items besides health
(1). According to the World Health Organization (WHO) sta-
tistics, as of March 27, 2021, more than 125 million people
worldwide have been infected, and more than 2.700.000 have

Since December 2020, various vaccines with mRINA, vec-
tor, and protein subunit mechanisms marketed over time.
Pfizer-BioNTech and Moderna are among the first vaccines
approved emergency use authorization (EUA) from the
United States Food and Drug Administration (FDA) (5—7).
Vaccination began immediately in the United States, and
until March 27, 2021, more than 91 million (27.6%) of the
USA population have received one or more doses (8). In the
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latest update, the FDA issued EUA for the Janssen vaccine on
February 27, 2021 (9).

Despite all the vaccines' benefits and effectiveness, as men-
tioned previously, mild and negligible side effects have been
observed. Some of them include local pain at the injection
site, fatigue, headache, muscle or joint pain, fever, and chills.
Furthermore, some severe adverse effects were noted in phys-
ical exams, including lymphadenopathy (LAP), which was
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reported in 0.3% and 1.1% of Pfizer-BioNTech and Moderna
vaccines, respectively (10—12).

Over time, with increasing vaccination rates in the general
population, regional adenopathy on the same side of vaccina-
tion was frequently reported as an incidental finding in differ-
ent imaging modalities (13). Determining whether the
adenopathy is benign or malignant has critical importance fol-
lowing detecting it in imaging examinations. It can affect
some plans in the screening or follow-up of cancerous
patients simultaneously (14). Comprehensive clinical practice
and analysis have confirmed that COVID-19 is a heteroge-
neous multisystem disorder; consequently, it can have various
imaging features. Chest images such as CXR and CT illus-
trate characteristics that display lower lobe and peripheral
ground-glass opacities in the lungs. These characteristics for
the gastrointestinal system in COVID-19 patients are enteritis
or mesenteric ischemia. Findings on imaging of pediatric
patients are relatively similar to adults, particularly in the
respiratory system. The notable CT findings are feeding vessel
sign, halo sign, and pleural thickening (15—17). Here, we
reviewed the imaging findings of cases with the presentation
of LAP after COVID-19 vaccination.

MATERIALS AND METHODS
Study Selection and Eligibility Criteria

We searched various online data sources, including Scopus,
Medline (PubMed), Web of Science, The Cochrane Library,
Embase (Elsevier), and Google Scholar from January 1, 2019,
to February 28, 2021, and updated on March 25, 2021. All
types of studies, including original research studies, clinical
perspective, case series/reports, editorials, and commentaries
were assessed. Studies on COVID-19 vaccinated individuals
(with any type of COVID-19 vaccine with the United States
FDA approval) presented with LAP by various imaging
modalities such as sonography, mammography, MRI, PET/
CT scan, and PET/MRI were included. Duplicates, studies
reported other adverse events of COVID-19 vaccines rather
than adenopathy, and studies without available full text were
excluded. Keywords of literature search included “COVID-
19,” “coronavirus disease,” “SARS-CoV-19,” “Vaccin*,”
and “Vaccination,” “Immunization,” “side effect*,” “adeno-
path*,” and “Lymphadenopathy.” The details of the PubMed
keywords search strategy are presented in appendix A.

Data Extraction

Two independent authors screened the reference lists of
included studies to increase the sensitivity of our search pro-
cess, and the corresponding author resolved any disagree-
ments. The following data from each study were extracted:
First author’s name, country and region, study type, popula-
tion characteristics, vaccine type, a dosage of vaccination, site
and location of adenopathy, size of adenopathy, presence of
cortical thickening and hilar fat, type of imaging modality,

Records identified through
database searching:
e Scopus: =434
* PubMed: n=347
o Web of Science: n=203
e EMBASE: n= I270

i |

Records after duplicates
removed (n = 1103)

|

Records screened
(n=1103)

> Records excluded

(n=1047)
Full-text articles assessed for E—
eligibility (n = 56) excluded (n = 37)

Studies included in the final
review (n = 19)

Flow diagram of the study selection process.

Additional records identified through
other sources:
o Google Scholar: n= 769
® The Cochrane library: n= 20

Figure 1.

and imaging findings. Furthermore, we reported a series of
imaging findings from two included studies after obtaining
formal permissions (34,36) (Figs. 2—4).

RESULTS
Overview of Included Study

We identified a total of 2043 records through the initial
search in databases. Following the removal of duplicates,
1103 studies remained for a title and abstract screening, 56
studies were selected as the candidates for assessment accord-
ing to our eligibility criteria. Finally, nineteen studies were
identified to be eligible for this study. Figure 1 reveals the
flow diagram of the study selection process.

Patients Characteristics

The present study reviewed 68 cases, including 60 (88.2%)
females and 8 (11.8%) males with the age range of
32—76 years old. The majority of cases (n =56, 82.3%) had
previous or active history of malignancy, including breast can-
cer (BC; n = 40; such as triple-negative, HER2 positive, inva-
sive ductal, BRCA mutation carrier, breast focal lesion or had
positive family history of BC), smoldering myeloma (1= 1),
malignant melanoma (n = 3), oligometastatic myxoid liposar-
coma (n = 1), oligosecretory myeloma (1 = 1), mantle cell lym-
phoma (n=1), lung cancer (n =4, including, two squamous
cell, one solitary pulmonary nodule, and one another type),
cervical cancer (n = 1), diffuse large B-cell lymphoma (n = 1),
cutaneous melanoma (1 =1), parotid malignancy (secretory
carcinoma; n =1), and oral cavity squamous cell carcinoma
(n=1). Five (7.4%) cases presented with left palpable painful/
painless axillary or supraclavicular LAP. In seven (10.3%) cases,
the accurate characteristics of cases were not reported (Table 1).

Imaging Findings after COVID-19 Vaccination

Among 68 cases, the most applied radiologic modality for
evaluating the suspicious LNs was the United States, which
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LEFT BREAST AXILLA

LEFT BREAST AXILLA

LEFT BREAST AXILLA

RIGHT BREAST AXILLA

Figure 2. Forty-two-year-old female with unilateral left axillary adenopathy noted 5 days after receiving the second dose of the Pfizer-BioN-
Tech COVID-19 vaccine in her left upper extremity. (a) Gray-scale and (b) color Doppler images of an enlarged left axillary lymph node with cor-
tical thickening (arrow). (c) Multiple additional morphologically abnormal left axillary lymph nodes were also present (arrows). Unremarkable
right axilla was documented (d). Images obtained from Mehta et al., (38) Clinical Imaging, 2021, Vol. 75:12-15, and permission to use granted
by Elsevier and Copyright Clearance Center. (Color version of figure is available online.)

revealed LNs enlargement with diffuse or focal cortical thick-
ening in 29 (42.6%) cases, preserved nodal hilar fat reported
in one case. Six (8.8%) cases were screened only by mam-
mography (18). Additionally, LNs demonstrated a necrotic
pattern evidenced by homogenous hypo-echogenicity and
absence of internal vascular flow in a single case (19). In two
(2.9%) cases, abnormal LNs were detected in the chest CT
scan performed due to other reasons (13, 20).

Abnormal axillary adenopathy was detected in 12 (17.6%)
cases who underwent MR imaging for other reasons (such as
BC screening or follow-up). Except for the LNs enlargement,
the feature reported was nodal cortical thickening ranging
from 3 to 7 mm in five cases, irregular nodal cortex in one
case, and preserved hilar fat reported in two cases. Otherwise,
no discriminative characteristic of LNs involved by the
COVID-19 infection was detected in this modality.

Another modality was '®F-FDG-PET/CT that demon-
strated abnormal LNs in 18 (26.4%) cases as increased FDG
uptake with the mean SUV max of 6.8 & 3.4 g/ml (range,
1.8—13). Moreover, associated increased FDG uptake at the
injection site and in ipsilateral superficial soft tissue was
detected in three cases with a mean SUV max of 7.6 &
3.3 g/ml, and preserved nodal hilar fat was reported in one
case. An incidental note was taken of abnormal FDG uptake
in axillary nodes in the performed cardiac PET/MRI in one
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(1.5%) case (21). The mean of maximum LNs dimension
reported in all modalities was 20.9 £ 5.8 mm (range,
13—30), with a mean short axis of 12 £ 2.9 mm, and cortical
thickness of 6.2 £ 0.8 mm. A summary of the imaging find-
ings is provided in Table 2.

Vaccination-associated LAP

LAP was reported after first or second dosages of three types
of COVID-19 vaccines, including Pfizer-BioNTech (n = 30,
44.1%), Moderna (n =17, 25%), and Oxford-AstraZeneca
(n=1, 1.5%). In 20 (29.4%) cases, vaccine type was not
reported or only reported as mRNA COVID-19 vaccine.
Location of LAP was reviewed, including axillary 82.3% (65/
79), supraclavicular 11.4% (9/79), infraclavicular 1.2% (1/79),
and subpectoral or neck regions 5.1% (4/79; Table 3).

LAP was observed in imaging examinations after the first
and second dosages of Pfizer-BioNTech vaccine with median
days of 10.5 (range, 5—18 days) and 5 (range, 1—7 days),
respectively. About the Moderna vaccine, LAP was observed
with median days of 11 (range, 3—26 days), 3 (range, 1—22
days), respectively. Overall, the median days of LAP presenta-
tion after the first and second dosages of COVID-19 vaccines
were observed 12 (range, 3—26 days) and 5 (range, 1—22
days), respectively.
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Figure 3. Thirty-two-year-old female. A, Axial fused 18-FDG PET/CT showed hypermetabolic biopsy proven intraparotid lymph node with
metastatic malignant melanoma. B, Three-month follow-up axial fused 18-FDG PET/CT shows complete resolution of the neck mass following
chemotherapy, C, while left arm shows hypermetabolic triangular shaped inflammation (arrow) at the COVID vaccine injection site. D, Axial
fused images at the axilla level shows multiple new hypermetabolic lymph nodes. E, Axial contrast enhanced CT demonstrates mild fat strand-
ing surrounding the ovoid lymph nodes with preserved fatty hilum. Images obtained from Oziitemiz et al., (39) Radiology, published online:
February 24, 2021, and permission to use granted by LaShundra Carson, Coordinator, Journal Business Publications, Radiological Society of

North America (RSNA). (Color version of figure is available online.)

DISCUSSION

This study is a first review study of LAP presentation followed
by COVID-19 vaccination. Several radiologic findings are
consistent with a reactive LAP, such as diffuse or focal cortical
thickening and preserved hilar fat in the imaging modalities,
reported in some cases of present study. Moreover, it was
found that 97% of imaging findings of LAP after COVID-19
vaccination were seen from the first day to four weeks after
vaccination. Although, LAP remained after 5 and 6 weeks of

the first and second dosages of COVID-19 vaccination with
decreased LNs size and residual cortical thickening in two
cases (21,22). Fernandes et al. reported LAP in 20 cases after
injection of both Pfizer-BioNTech and Moderna vaccines
and observed the resolution of LAP after five days to more
than 4 weeks (23). Thereby, most studies recommended rou-
tine imaging screening before or at least 4—6 weeks after the
second dose of COVID-19 vaccines to prevent potential dis-
ease upstaging and change in therapy.
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Centers for Disease Control and Prevention (CDC)
reported the average duration presentation of LAP after
COVID-19 vaccines to 2—4 days after either dosage of
Pfizer-BioNTech and Moderna vaccines, and around 10 and
1—2 days, in Pfizer-BioNTech and Moderna vaccines,
respectively (11,12). Our results revealed that this duration

was more than the CDC average, and in the recent studies,
LAP was observed with the median days of 12 and 5 days
after the first and second dosages of these COVID-19 vac-
cines, respectively.

More than a year after the inception of the COVID-19
pandemic, various vaccines have been developed to boost
immunity and human resistance to the virus with different
mechanisms (24). Global immunization has been started, with
the first FDA- approved vaccines (Pfizer and Moderna) for
EUA. It continues with other vaccines such as Sputnik V,
Oxford-AstraZeneca, and Sinopharm in different countries
(25). LAP is one of the rare complications of immunization
before COVID-19 vaccination. Thereby, new image interpre-
tation conflicts appear due to LAP-related vaccination (6,7,26).

Figure 4. Forty-six-year-old female with triple negative left breast cancer, disease free for three years. A, Axial fused 18-FDG PET/CT three
years earlier with no concerning lymph node in the left axilla. B, Surveillance contrast enhanced axial chest CT showed new left axillary lymph-
adenopathy with fat stranding 15 days after the first Covid-19 vaccine. Further evaluation with PET/CT six days after the 2nd dose of vaccine,
demonstrated, C, multiple enlarged hypermetabolic left axillary lymph nodes and, D, a hypermetabolic round shaped left supraclavicular lymph
node in axial fused 18-FDG PET/CT images. E, A subtle wedge-shaped intramuscular hypermetabolism (white arrow) was also noted in this
case, similar to first and third cases. Ultrasonography guided core needle biopsy was performed. F, On ultrasonography, axillary lymph nodes
had thickened cortex while the supraclavicular lymph node demonstrated, G, thickened cortex with loss of normal fatty hilum. I, Hematoxylin
and eosin staining under 40x magnification shows enlarged germinal center with interfollicular expansion by small lymphocytes. 100x magnifi-
cation images show, J, prominent germinal center with tingible body macrophage and, K, reactive germinal center with expansion of interfollic-
ular regions by small lymphocytes and focally prominent endothelial cells. Images obtained from Oziitemiz et al. (39) Radiology, published
online: February 24, 2021, and permission to use granted by LaShundra Carson, Coordinator, Journal Business Publications, Radiological
Society of North America (RSNA). (Color version of figure is available online.)
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Figure 4 Continued.

Based on former experiences, HIN1 Influenza, smallpox,
measles, Bacille Calmette-Guerin, and human papillomavirus
(HPV) vaccines can cause infrequent axillary LAP (27—31).
Several studies showed increased axillary nodal FDG uptakes
following H1N1 influenza vaccination in the FDG PET/CT
imaging. Most of them recommended interpreting radiologic
findings in the setting of the location and time since vaccina-
tion. HIN1 virus vaccination can induce increased FDG
uptake at the needle site and in ipsilateral axillary LNs if the
PET/CT is conducted within 14 days after vaccination. Also,
in vital situations of evaluation of same regions LNs, a cau-
tious interval of 30—50 days from vaccination to PET scan is
considered (27,32,33). Although, we reviewed two recent
studies with persistent LAP even after five and six weeks of
COVID-19 vaccination (21,22).

According to the safety clinical trials of Moderna and
Pfizer-BioNTech vaccines, outcomes exhibited that 10.2% of
cases manifested localized axillary swelling or tenderness on
the same side to the vaccination arm in seven days of the first
dose (vs. 4.8% of controls) and 14.2% of cases among seven
days of the second vaccine dose (vs. 3.9% of controls) of
Moderna vaccine. This rate is lower with the Pfizer-BioN-
Tech vaccine considering severe adverse reactions, including
LAP, which was observed in 0.3% or 64 of participants
occurred up to 4.6% of partners and were more frequent after
the second dose and adults less than 55 years of age (6,7,34).

Different factors come to the radiologists' and physicians'
aid to distinguish a malignant versus benign focal LAP in
selected patients. Such factors include both the clinical and
radiological findings. For instance, in physical examination,
palpable focal axillary LAP ipsilateral to the injection site in a
BC patient (of the contralateral side of vaccination) is more
likely to be reactive in nature. However, since one case of
necrotic LAP was reported in post-COVID19 vaccination
(19), differentiation of the adenopathy caused solely by this
feature should be cautioned. The other reported radiologic
characteristic of abnormal LNs was cortical thickening,
defined as more than 3 mm thickness of the affected node
(35). Although this feature does not help distinguish a reactive
process from a neoplastic one, both diffuse and focal cortical
thickenings were reported in approximately 25% of the pres-
ent study. Furthermore, regarding the cases who underwent
nuclear imaging, normal-sized LNs with normal cortical
thickness also could be involved by the associated pathologic
process (26).

Recommendations for Clinical and Imaging Centers

Among the modalities in use for abnormal LN detection, the
FDG PET/CT could be one of the most confusing. We
reviewed fourteen cases with known underlying malignancies
presented with increased uptake in focal LNs draining the
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TABLE 1. Characteristics of Cases with LAP Following COVID-19 Vaccination

First Author (Ref) Region Study design (N) Population Characteristics (age) Vaccine Type (dosage) Location of LAP
Becker et al. (22) USA Special Report 1) Female with breast focal lesion 1) NR! 1) Lt. axillary, CT*
(n=2) (41y/o) 2) NR 2) Lt. axillary
2) Male with smoldering myeloma
(60y/0)
Mehta et al. (38) USA Case Series (n=4) 1) Female with palpable lump* (59y/ 1) Pfizer-BioNTech (1st) 1) Lt. axillary, CT

Washington et al. (40) USA

Mortazavi et al. (18) USA
Edmonds et al. (37) USA
Oziitemiz et al. (39) USA
Hiller et al. (19) Israel

Editorial: Images in Radiology
(n=1)

Short report: Retrospective
HIPAA'Compliant Study
(n=23)

Clinical Perspective

(n=2)

Case series: Retrospective
HIPAA-Compliant Study
(n=5)

Case Report (n=3)

0)

2) Female, routine breast screening*
(42y/0)

3) Female with suspicious benign
breast masses (42y/0)

4) Female, routine breast screening
(57y/0)

1) Female with palpable Lt. supra-
clavicular LAP (37y/0)

Twenty-three females, including
BIRADS-2‘ (n=1), BIRADS-3
(n=21), BIRADS-4 (n=1) (49+21y/0)

1) Female with BRCA1 mutation car-
rier* (48y/o)

2) Female, Diagnostic follow-up
breast MRI* (33y/0)

1) Female with Lt. intraparotid mass
(metastatic lymph node with
malignant melanoma) (32y/0)

2) Female* (57y/0)

3) Male with oligometastatic myxoid
liposarcoma of the Lt. thigh (41y/0)

4) Female with Lt. triple-negative
BC® (46y/0)

5) Female with Lt. axillary pain*(38y/
o)

1) Female presented with painless
Lt. infraclavicular lump (47y/0)

2) Female presented with painful Lt.
supraclavicular and axillary lump
(46y/0)

3) Female with BRCA mutation car-
rier (42y/0)

2) Pfizer-BioNTech (2nd)
3) Moderna (1st)
4) Pfizer-BioNTech (1st)

1) Moderna (159

Moderna (n=5)
Pfizer-BioNTech (n=12)
NR (n=6)

NR

1) Pfizer-BioNTech (2nd)
2) Pfizer-BioNTech (2nd)
3) Pfizer-BioNTech (2nd)
4) Pfizer-BioNTech (2nd)
5) Pfizer-BioNTech (1st)

1) Pfizer-BioNTech (1st)
2) Pfizer-BioNTech (1st)
3) Pfizer-BioNTech (1st)

2) Multiple Lt. axillary, CT
3) Lt. axillary, CT
4) Lt. axillary, CT

1) Lt. axillary and supraclavicular, CT

Axillary regions

1) Lt. axillary, CT
2) Lt. axillary

1) Multiple Lt. axillary

2) Lt. axillary, CT

3) Lt. axillary, CT

4) Multiple Lt. axillary, Lt. supraclavicu-
lar

5) Lt. axillary, CT

1) Lt. infraclavicular

2) Multiple Lt. axillary, supraclavicular,
and low lateral neck

3) Lt. axillary

(continued on next page)
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TABLE 1. (Continued)

First Author (Ref) Region Study design (N) Population Characteristics (age) Vaccine Type (dosage) Location of LAP
Ahn et al. (20) USA Editorial: Images in Cardio- 1) Male (32y/0) 1) mRNA COVID-19 (2nd) 1) Lt. axillary
thoracic imaging (n=3) 2) Female (34y/0) 2) mRNA COVID-19 (1st) 2) Lt. axillary, CT
3) Female (39y/0) 3) mRNA COVID-19(NR) 3) Lt. axillary
Nawwar et al. (41) UK Images of the month (n=1) 1) Female with oligosecretory 1) Oxford-AstraZeneca (NR) 1) Lt. axillary
myeloma (76y/0)
Mitchell et al. (42) UK Short Communication 1) Female (47y/0) NR 1) Lt. supraclavicular
(n=2) 2) Female (55y/0) 2) Lt. supraclavicular
Eifer et al. (43) Israel Images in Radiology (n=1) 1) Female with BC (HER2 positive) 1) Pfizer-BioNTech (NR) 1) Rt. axillary
(72y/0)
Hanneman et al. (21) Canada Images in Radiology (n=1) 1) Female (56y/0) 1) Pfizer-BioNTech (2nd) 1) Lt. axillary
Xu et al. (44) USA Interesting Image (n=1) 1) Male with mantle cell ymphoma 1) mRNA COVID-19(NR) 1) Lt. axillary
(72y/0)
Cellina et al. (36) Italy Letter to the editor (n=2) 1) Female with painful, enlarged LAP 1) Pfizer-BioNTech (1st) 1) Lt. axillary, CT
(60y/0) 2) Pfizer-BioNTech (2nd) 2) Rt. axillary, CT
2) Female with headache and pain-
ful LAP (45y/0)
Mcintosh et al. (26) USA Clinical Perspective (n = 6) 1) Female with BC (40y/0) 1) Moderna (NR) 1) Lt. axillary, supraclavicular, and
2) Female with BC (72y/0) 2) Pfizer-BioNTech (1st) cervical
3) Female with solitary pulmonary 3) NR (2nd) 2) Rt. axillary
nodule (72y/o) 4) Moderna (NR) 3) Rt. axillary, CT
4) Female (40 y/o) 5)NR 4) Lt. axillary
5) Male with lung cancer (squamous 6) Moderna (NR) 5) Lt. axillary, supraclavicular, and
cell) (59y/0) cervical
6) Female with treated cervical 6) Lt. axillary, CT
cancer (68y/0)
Lehman et al. (45) USA Original Research (n=7) 1) Female with invasive ductal BC 1) Moderna (2nd) 1) Lt. axillary
(BIRADS Il (52y/0) 2) Moderna (2nd) 2) Lt. axillary
2) Female, routine breast screening* 3) Moderna (1st) 3) Lt. axillary
(BIRADS II) (33y/0) 4) Moderna (2nd) 4) Lt. axillary
3) Male with lung cancer (64y/0) 5) Moderna (1st) 5) Lt. axillary and subpectoral
(Lung-RADS Il) 6) Pfizer-BioNTech (2nd) 6) Lt. axillary

4) Female with diffuse large B-cell
lymphoma (70y/0)

5) Female with cutaneous mela-
noma (51y/0)

6) Female with metastatic squa-
mous cell lung cancer (stage IV)
(59y/0)

7) Moderna (1st)

7) Lt. axillary, CT

(continued on next page)
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axillary territory. Therefore, for the accurate image interpre-
tation by the radiologists and to avoid false-positive results in
such patients, the date and the side of the vaccination were
recommended to be mentioned on patients’ history records
(36). Also, the radiologist should add the post-vaccination
reactive changes to the top of their list of differential diagno-
ses in patients with relevant vaccination history.

1) Lt. axillary, supraclavicular
2) Lt. axillary, supraclavicular

o Meanwhile, several recommendations have been suggested
:j_ > > to lower the burden of diagnostic mistakes. The vaccine
2 = = should be injected in the arm contralateral to the primary or
'% é 8 suspected malignancy side, specifically in the BC case, with
§ g 2‘ both dosages administered in the same arm (26). Recent stud-
ies suggested routine imaging screening for all individuals
who presented LAP followed by COVID-19 vaccination
5 before or at least 4—6 weeks after the second dose of
g; & COVID-19 vaccination (18,22). In the case of screening for
8 '§ . BC, it is recommended to assign the patients with reactive
% E g LNs changes as BIRADS 0. After ipsilateral breast diagnostic
E‘. 2 g o workup, the BIRADS score upgrades to III which mandates
@ é % = follow-up US. The follow-up schedule is controversial from
g i - 2Z 4—8 weeks (36,37) to 4—12 weeks (18,38) after the second
B = zZ =« dose of the COVID-19 vaccine.

Study Limitations

At first, the number of reported cases after COVID-19 vacci-
nation was limited due to the recent emergency use authori-
zation from the United States FDA-approved vaccination.
Second, few studies published cases with the presentation of
LAP-associated COVID-19 vaccination till now. Addition-
ally, most of them reported the observational data of a small
number of cases, and there is not any control group in these
studies to be able to accurate comments on the incidence of
LAP-associated COVID-19 vaccination. Third, the results
and recommendations of recent related studies were varied in

noma of right thigh with multiple
malignancy (secretory carcinoma)
2) Female with oral cavity SCC®®

metastases organs (57y/0)
1) Male with melanoma of right arm

mography* (42y/o)
1) Male with BRAF-mutant mela-

(71y/0)
1) Female with left side parotid

Population Characteristics (age)
7) Female with suspicious mam-

terms of population characteristics, follow-up days after the

1)

first or second dosages of vaccination, type of vaccine, rate of

I -~ « . . .
£ o [ LAP, size and number of affected LNs, and image modalities
c = L. .
€ £ = 5 that they used. A standard guideline regarding the report of
= 5 o o . )
Z £ 2 3 é - suspicious LNs should be introduced. Thereby, all the imag-
= o O . . .
5 2 E 5 2 < ing reports may contain LN description items such as short or
‘D - o £ [ 2 o . .
8 5 £ 5 3 = long axis dimensions, presence or absence of hilar fat, and the
(%] + = . . .
> o 3 3 2 E E pattern of cortical thickening.
ko) o = Q o9 c
2 E £ % =2 2
w «©
. cg < CONCLUSION
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g, e g % % g > d This review study of cases with LAP-associated COVID-19
o 2 © > £ 2 3 E vaccination guides radiologists and physicians to rely on
- 2 ZE §o patient’s clinical context and updated resources to prevent
k) o o © . . . .
g _ g8 §' o O potential disease upstaging, start or change in therapy such as
~ ) o a2 o3 - . . .
-é 3 & = = £ .c82: 6 8 chemotherapy and radiotherapy with more invasive interven-
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s £ < T © S3c-9¢ 39 tions, particularly in patients with underlying disease.
e S - B o £ £ 5 g & 23
. ] = o=z 9 =
T 5| s E £ |YEZEgpEs
< = E @ ToESTSE
a 3 2 '§> £ £3 § 22 & 23 FUNDING INFORMATION
o= > o [

The authors state that this work has not received any funding.

1066



Academic Radiology, Vol 28, No 8, August 2021 LYMPHADENOPATHY FOLLOWING COVID-19 VACCINATION

TABLE 2. Radiological Findings of Cases with LAP Following COVID-19 Vaccination

First Author (Ref)

Imaging Findings

Becker et al. (22)

Mehta et al. (38)

Washington et al. (40)

Mortazavi et al. (18)

Edmonds et al. (37)

Oziitemiz et al. (39)

Hiller et al. (19)

Ahn et al. (20)

Nawwar et al. (41)
Mitchell et al. (42)

Eifer et al. (43)

1) Follow-up breast MRI: asymmetric Lt. sided axillary LN’ enlargement (30 x 17 mm) with irregular cortex and
preserved hilar fat (within 5 days of vaccination), Follow-up US: The decreasing size of adenopathy (22x 11
mm) with a residual cortical thickness (within 42 days of vaccination)

2) '8F-FDG-PET/CT: FDG uptake in the injection site, Lt. deltoid muscle (SUV max 5.9 g/ml), and the draining
Lt. sided axillary LNs (SUV max 9.6 g/ml)

1) Targeted axillary US: Lt. axillary LN enlargement (26 x15x16 mm) with diffuse 0.7 cm cortical thick-
ening (within 9 days of vaccination)

2) Screening breast US: Multiple enlarged Lt. axillary LNs with diffuse cortical thickening, largest mea-
suring 27 x12x10 mm (within 5 days of vaccination)

3) Follow-up breast US: Diffuse cortical thickening in a single Lt. axillary LN (within 13 days of vaccina-
tion)

4) Screening breast US: Single enlarged LN in Lt. axilla (10 mm in short axis) with diffuse cortical thick-
ening (within 8 days of vaccination)

1) Diagnostic Mammogram and confirmatory US: Enlargement of Lt. sided intramammary, axillary and
supraclavicular LNs (level I) associated with cortical thickening (within 12 days of vaccination), Fol-
low-up US: No significant changes in LAP* (within 26 days of vaccination)

Total of 23 patients, 5 Mammography, 12 in US, 4 in Mammography and US, 2 in MRI: Abnormal LNs (in
Mammograms: with size, density or shape disproportionate to other nodes, in US: focal or diffuse
cortical thickening more than 3 mm, in MRI: nodes asymmetric in size and/or number compared to
the contralateral side) ipsilateral to the injection site (median interval between vaccination and imag-
ing findings: 9.5 days)

1) Screening Baseline breast MRI in a high-risk patient: Several enlarged Lt. sided axillary LAP (level I),
with cortical thickening up to 6 mm and preserved hilar fat (within 13 days of vaccination)

2) Diagnostic follow up breast MRI: Lt. sided axillary LAP (levels | and Il) (within 16 days of vaccination)

1) Follow-up '8F-FDG-PET/CT: Multiple enlarged Lt. axillary LNs with associated surrounding fat
stranding with largest measuring 14x10 mm and SUV max of 7.7 g/ml. Also, triangular intramuscular
uptake was detected at the site of injection (within 6 days of vaccination)

2) Screening baseline breast MRI in a high-risk patient: Several enlarged Lt. axillary LNs with 5mm cor-
tical thickness and longest nodes measuring 21 mm (within 5 days of vaccination)

3) Whole-body MRI: Enlarged Lt. axillary LNs largest measuring 20 mm with 7mm cortical thickness
(within 4 days of vaccination)

4) Follow-up chest CT scan and subsequent '®F-FDG-PET/CT: Multiple enlarged Lt. axillary LNs with
increased uptake, the largest measuring 20x12 mm and SUV max of 9 g/ml, also in Lt. supraclavicu-
lar region measuring 138 mm with SUV max of 13.4 g/ml (within 7 days of vaccination)

5) Follow-up breast US: Single enlarged LN in Lt. axilla with diffuse cortical thickening 6 mm (within
8 days of vaccination)

1) Diagnostic axillary US: Enlarged benign looking LNs with preserved vascular architecture, in Lt.
infraclavicular region on the side of injection (within 15 days of vaccination)

2) Diagnostic axillary US: Multiple enlarged LNs in Lt. sided axillary, supraclavicular, and low lateral
neck regions. LNs were homogeneously hypoechoic and with no identifiable blood flow consistent
with necrosis (within 5 days of vaccination)

3) Screening Baseline breast MRI and subsequent US: Enlarged benign-looking Lt. axillary LNs up to
20 mm in diameter with normal architecture and vascular flow (within 18 days of vaccination)

1) CT angiography of chest: Unilateral Lt. sided axillary LN enlargement with the maximum short axis of
15 mm (within 7 days of vaccination)

2) Screening baseline breast MRI and US in a high-risk patient: Single Lt. axillary LN (20 mm) with dif-
fuse cortical thickening (within 13 days of vaccination)

3) Screening baseline breast MRI and US: Lt. axillary LAP up to 14 mm in short axis (within 8 days of
vaccination)

1) Follow-up '®F-FDG-PET/CT: Low-grade uptake in the subcutaneous region of the Lt. arm and a sin-
gle axillary LN (level I) (within 14 days of vaccination)

1) US of Lt. supraclavicular region: Benign looking reactive LNs (within 3 days of vaccination)

2) US of Lt. supraclavicular region: Benign looking reactive LNs (within 3 days of vaccination)

1) Follow-up '8F-FDG-PET/CT in a proven BC® case in her Lt. breast: Mild focal increased uptake in Rt.
deltoid muscle and moderate increased uptake in two ipsilateral axillary LNs of normal size

(continued)
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TABLE 2. (Continued)

First Author (Ref)

Imaging Findings

Hanneman et al. (21)

Xu et al. (44)

Cellina et al. (36)

Mclintosh et al. (26)

Lehman et al. (45)

Avner et al. (46)

Moghimi et al. (47)

Johnson et al. (48)

1) Research Cardiac '®FDG PET/MRI: Lt. sided enlarged axillary LNs with moderate increased uptake
(SUV max of 5.6 g/ml and maximum short axis of 13 mm) (1 day after vaccination), Follow-up 8FDG
PET/MRI: Mild decreasing size of Lt. sided axillary LNs without FDG uptake (within 35 days of
vaccination)

1) Follow-up '®F-FDG-PET/CT in a case of mantle cell ymphoma: Multiple sub centimeter Lt. axillary
LNs with avid uptake (SUV max of 1.8-2.7 g/ml) associated with focal uptake in the ipsilateral superfi-
cial soft tissue of the arm, the injection site demonstrating SUV max of 3.4 g/ml (within 2 days of
vaccination)

1) Diagnostic axillary US: Multiple enlarged Lt. axillary LNs with diffuse cortical thickening (within
14 days of vaccination)

2) Diagnostic axillary US: Single enlarged Rt. Axillary LN measuring 17.3x10.3 mm with significant cor-
tical thickening and preserved hilar fat (within 3 days of vaccination)

1) Diagnostic '®F-FDG-PET/CT in a case of BC: Moderate uptake in Lt. axillary region at I, Il and Il lev-
els, also in supraclavicular and lower neck nodes (within 2 days of vaccination)

2) Diagnostic '®F-FDG-PET/CT in a case of BC in Lt. breast: Barely perceptible uptake in normal
appearing Rt. axillary LNs (within 11 days of vaccination)

3) Surveillance '®F-FDG-PET/CT in a case with solitary pulmonary nodule: Moderate to avid uptake in
mildly prominent Rt. axillary LNs in levels | and Il, associated diffuse cortical thickening with pre-
served hilar fat is demonstrated (within 4 days of vaccination)

4) '8F-FDG-PET/CT: Mildly enlarged Lt. axillary LN with avid uptake, which demonstrates rounded mor-
phology and no visible hilar fat (within 3 days of vaccination)

5) Diagnostic '®F-FDG-PET/CT in a case of lung cancer: Avid uptake in Lt. sided levels | and Il axillary,
supraclavicular and lower neck LNs (within 14 days of vaccination)

6) Diagnostic '8F-FDG-PET/CT in a case of cervical cancer: Mild FDG uptake in Lt. axillary levels | and II
associated with mild cortical thickening (within 9 days of vaccination)

1) Screening mammogram: Single enlarged LN of Lt. axilla (within 22 days of vaccination)

2) Follow-up breast MRI in a high-risk patient: Multiple enlarged Lt. axillary LNs (levels | and Il) (within a
day of vaccination)

3) Follow-up chest CT in a case of lung cancer: Multiple mild enlargements of Lt. axillary LNs (within
10 days of vaccination)

4) Surveillance '®FDG PET/CT in a known case of diffuse large B-cell lymphoma: Mild enlargement of
Lt. axillary LNs with the maximum short axis of 7 mm associated with intense FDG uptake (within
3 days of vaccination)

5) Surveillance contrast-enhanced chest CT scan in a case with the history of cutaneous melanoma:
Mild enlargement of Lt. axillary and subpectoral LNs with the maximum short axis of 13 mm (within
3 days of vaccination)

6) Surveillance '®FDG PET/CT in a case of metastatic squamous cell lung cancer: Lt. axillary LN
enlargement associated with moderate to intense FDG uptake (within 5 days of vaccination)

7) Diagnostic MRI and subsequent US in a case with suspicious mammography finding: Levels | and Il
Lt. axillary LNs enlargement and cortical thickening up to 6 mm (within 12 days of vaccination)

1) Surveillance '®FDG PET/CT in a case of metastatic melanoma: Lt. axillary and subpectoral LNs show
enlargement and increased uptake with SUV max of 9.4. (within 6 days of vaccination)

1) "®FDG PET/CT for staging in a case of melanoma: Lt. axillary and base of neck LAP with increased
uptake (SUV: 4.9), Lt. deltoid muscle hematoma at the injection site, associated with increased
uptake (SUV: 9.9). (within 6 days of vaccination)

1) '8FDG PET/CT for work-up in a case of Lt. sided parotid malignancy: increased uptake in Lt. sided
axillary and single supraclavicular LNs with SUV max of 4.5. (within 10 days of vaccination)

2) Surveillance '®FDG PET scan in a case of oropharyngeal SCC:*® increased uptake in Lt. axillary and
supraclavicular LNs with SUV max of 5.1. (within 14 days of vaccination)

Note - Lt., Left; Rt., Right.

1 Lymph node.

{ Lymphadenopathy.

$ Breast cancer.

$$ Squamous Cell Carcinoma.
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TABLE 3. Frequency of Location of LAP Based on the Type
of Vaccine

Vaccine Type Location of LAP Number (%)
Pfizer-BioNTech Axillary 29 (36.7)
Supraclavicular 2(2.5)
Infraclavicular 1(1.2)
Lateral neck 1(1.2)
Moderna Axillary 17 (21.5)
Supraclavicular 2(2.5)
Lateral neck 1(1.2)
Subpectoral 1(1.2)
Oxford-AstraZeneca  Axillary 1(1.2)
Total' Axillary 65 (82.3)
Supraclavicular 9(11.4)
Infraclavicular 1(1.2
Neck and subpectoral 4(5.1)

T We included the LAP location of 20 cases who vaccine type was
not reported or only reported as mMRNA COVID-19 vaccine in the
total section.
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LYMPHADENOPATHY FOLLOWING COVID-19 VACCINATION

APPENDIX
Search Strategy

PubMed Keywords

("coronavirus 2" [Title/Abstract] OR "coronavirus 2"[Mesh]
OR "coronavirus infections"[Title/Abstract] OR "coronavirus
infections"[Mesh]  OR  "COVID-19"[Title/Abstract] OR
"COVID-19"[Mesh] OR "coronavirus"[Title/Abstract] OR
"coronavirus"[Mesh] OR  "2019-nCoV"[Title/Abstract] OR
"COVID-2019"[Title/Abstract] OR  "COVIDI19"[Title/
Abstract] OR "nCoV"[Title/Abstract] OR "coronavirus disease
2019"[Title/Abstract] OR "2019 novel coronavirus"[Title/
Abstract] OR "severe acute respiratory syndrome"[Title/
Abstract] OR "SARS-CoV-19"[Title/Abstract] OR "SARS-
CoV-2"[Title/Abstract] OR  "2019-CoV-19"[Title/Abstract]
OR "SARS-CoV"[Title/Abstract] OR "2019nCoV"[Title/
Abstract] OR "coronavirinae"[Title/Abstract] OR "2019
Novel Coronavirus Infection"[Title/Abstract] OR "2019
nCoV Infection"[Title/Abstract] OR "Bat coronavirus"[-
Title/Abstract] OR  "betacoronavirus*"[Title/Abstract]
OR "coronavirus Infection Disease 2019"[Title/Abstract]
OR "covid*"[Title/Abstractf OR "Novel Coronavirus
Pneumonia"[Title/Abstract] OR  "Wuhan virus"[Title/
Abstract]) AND  ("Vaccination"[Title/Abstract] OR
"Vaccination"[Mesh] OR "Vaccines"[Title/Abstract] OR
"Vaccines"[Mesh] OR "Mass Vaccination"[Title/Abstract]
OR  "Mass Vaccination"[Mesh] OR  "Immunization"
[Title/Abstract] OR "Immunization"[Mesh] OR "Immu-

nization Programs"[Title/Abstract] OR "Immunization

Programs"[Mesh] OR "Vaccination*"[Title/Abstract] OR
"Vaccin*"[Title/Abstract] OR "Vaccination program"|[Ti-
tle/Abstract] OR "Vaccine"[Title/Abstract] OR "Vaccine-
mediated protection"[Title/Abstract] OR "Post-vaccine"[-
Title/Abstract] OR "Post vaccine"[Title/Abstract] OR
"Vaccination-induced"[Title/Abstract] OR "Post-vaccina-
tion"[Title/Abstract] OR  "Post  vaccination"|[Title/
Abstract] OR  "Immunisation*"[Title/Abstract] OR
"Immunization*"[Title/Abstract]) AND ("Side effect*"[Ti-
tle/Abstract] OR  "Side-effect*"[Title/Abstract] OR
"adverse effect*"[Title/Abstract] OR "adverse-effect*"[Ti-
tle/Abstract] OR  "adverse event*"[Title/Abstract] OR
"adverse-event*"[Title/Abstract] OR "adverse reaction*"[-
Title/Abstract] OR  "adverse-reaction*"[Title/Abstract]
OR "Vaccine Adverse Event Reporting System'"[Title/
Abstract] OR "negative effect*"[Title/Abstract] OR "neg-
ative  consequence*"[Title/Abstractf OR  "negative-
effect*"[Title/Abstract] OR  "negative-consequence*"[Ti-
tle/Abstract] OR  "negative outcome*"[Title/Abstract]
OR "Lymphadenopathy"[Title/Abstract] OR "Lymphade-
nopathy"[Mesh] OR "Lymphadenopath*"[Title/Abstract]
OR "Adenopath*"[Title/Abstract] OR "Adenopathy"[Ti-
tle/Abstract] OR  "Axillary adenopathy"[Title/Abstract]
OR "Axillary lymphadenopathy"[Title/Abstract] OR "Supra-
clavicular adenopathy"[Title/Abstract] OR "Supraclavicular
lymphadenopathy"[Title/Abstract] OR  "Enlarged lymph
node*"[Title/Abstract] OR "Lymph node enlargement"[Ti-
tle/Abstract] OR "LAP"[Title/Abstract])
Time: Jan, 01, 2019 — Feb 28, 2021
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