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Axillary lymphadenopathy caused by the high immunogenicity of
messenger RNA (mRNA) COVID-19 vaccines presents radiologists
with new diagnostic dilemmas in differentiating vaccine-related be-
nign reactive lymphadenopathy from that due to malignant causes.
Understanding axillary anatomy and lymphatic drainage is key to
radiologic evaluation of the axilla. US plays a critical role in evalu-
ation and classification of axillary lymph nodes on the basis of their
cortical and hilar morphology, which allows prediction of meta-
static disease. Guidelines for evaluation and management of axil-
lary lymphadenopathy continue to evolve as radiologists gain more
experience with axillary lymphadenopathy related to COVID-19
vaccines. General guidelines recommend documenting vaccination
dates and laterality and administering all vaccine doses contralateral
to the site of primary malignancy whenever applicable. Guidelines
also recommend against postponing imaging for urgent clinical in-
dications or for treatment planning in patients with newly diagnosed
breast cancer. Although conservative management approaches to
axillary lymphadenopathy initially recommended universal short-
interval imaging follow-up, updates to those approaches as well

as risk-stratified approaches recommend interpreting lymphade-
nopathy in the context of both vaccination timing and the patient’s
overall risk of metastatic disease. Patients with active breast cancer
in the pretreatment or peritreatment phase should be evaluated with
standard imaging protocols regardless of vaccination status. Tissue
sampling and multidisciplinary discussion remain useful in manage-
ment of complex cases, including increasing lymphadenopathy at
follow-up imaging, MRI evaluation of extent of disease, response to
neoadjuvant treatment, and potentially confounding cases.

An invited commentary by Weinstein is available online.
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Introduction
In December 2020, approximately 1 year after identification of
the first cases of COVID-19, the U.S. Food and Drug Administra-
tion (FDA) granted emergency use authorization for the Pfizer-
BioNTech and Moderna two-dose messenger RNA (mRNA)-based
vaccines, followed by emergency use authorization for Johnson &
Johnson’s single-dose viral vector vaccine in February 2021 (1-3). As
of February 2022, over 215 million people have been fully vaccinated
in the United States, with an additional 93 million having received a
booster dose (4).

Axillary symptoms attributed to the mRNA-based vaccines,
including axillary swelling, tenderness, and lymphadenopathy, were
commonly reported in FDA submission documents. Specifically,
axillary swelling or tenderness in the vaccinated arm was the second
most frequently reported solicited (specifically queried) local reac-
tion in the Moderna clinical trials, after injection site pain. Up to
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TEACHING POINTS

B Awareness of evolving data and practice guidelines regard-
ing vaccine-induced lymphadenopathy, with special consid-
eration of risk-based management algorithms, can reduce
unnecessary biopsies in low-risk patients and avoid potential
diagnostic delays in oncologic patients.

B Breast lymphatic drainage is predominantly to the pectoral
(anterior) group of level |, while upper extremity lymphatic
drainage is predominantly to the humeral (lateral) group
of level I.

B US evaluation and classification of axillary lymph nodes based
on cortical thickness and appearance of the hilum have been
shown to be more accurate predictors of malignancy than the
overall size of the lymph node.

B |maging for urgent clinical indications including acute breast
or axillary symptoms or urgent treatment planning for pa-
tients with newly diagnosed breast cancer should not be
postponed owing to vaccination timing.

B patients with active breast cancer in the pretreatment or
peritreatment phase should be evaluated with standard imag-
ing protocols regardless of vaccination status. Timely biopsy
should be performed when histologic analysis is required for
patient management, especially in the setting of type 5 or 6
lymph nodes.

16% of Moderna vaccine recipients reported axil-
lary symptoms compared with 4.3% of placebo
recipients after the second dose (5). Although

an unsolicited (not specifically queried) reaction
in the Pfizer-BioNTech clinical trials, axillary
symptoms were more common in vaccinated
recipients, with 64 vaccine recipients reporting
lymphadenopathy after vaccination compared
with six placebo recipients (6).

Unilateral axillary lymphadenopathy has mul-
tiple causes, but before the mass COVID-19 vac-
cination effort, vaccine-related axillary lymphade-
nopathy was a rarely reported finding at breast
imaging (7). Vaccine-related lymphadenopathy
has been reported for different vaccines, includ-
ing the bacillus Calmette-Guérin (BCG), human
papillomavirus (HPV), and influenza vaccines
(Fig 1) (8-10).

More common causes of unilateral axillary
lymphadenopathy include axillary spread of
invasive breast cancer and reactive lymphade-
nopathy. Reactive lymphadenopathy is often
seen with infectious conditions (breast or skin
abscess) or inflammatory conditions (mastitis
and idiopathic granulomatous mastitis). Lymph-
adenopathy that is considered reactive owing to
infectious or inflammatory conditions can be
assessed as Breast Imaging Reporting and Data
System (BI-RADS) category 2 without addi-
tional evaluation.

Unilateral lymphadenopathy without a clear
cause can be assessed as BI-RADS 3 with short-
interval imaging follow-up or as BI-RADS 4

radiographics.rsna.org

with tissue sampling recommended, depending
on the morphologic appearance of the lymph
node and the radiologist’s level of concern after
factoring in the clinical history and examination
results. Benign silicone axillary lymphadenopa-
thy related to breast augmentation can manifest
unilaterally and is associated with characteristic
snowstorm shadowing (11).

Causes of bilateral axillary lymphadenopathy
include benign and malignant entities. Benign
causes include autoimmune diseases (rheuma-
toid arthritis, systemic lupus erythematosus)
(12), granulomatous diseases (tuberculosis,
sarcoidosis) (13), and systemic infections (HIV,
mononucleosis). Malignant causes include
lymphoma, leukemia, and metastatic disease
(thyroid, lung, gastrointestinal, pancreas, ovar-
ian) (14). Although this is less common, any of
the systemic processes listed can manifest asym-
metrically or unilaterally.

The ACR BI-RADS Atlas (fifth edition) (15)
offers general guidance on management of axil-
lary lymphadenopathy, advising that “enlarged
axillary lymph nodes may warrant comment,
clinical correlation, and additional evalua-
tion, especially if they are new or considerably
larger or rounder when compared to previous
examination.” The BI-RADS atlas concurrently
acknowledges that “a review of the patient’s
medical history may elucidate the cause for axil-
lary adenopathy, averting recommendation for
additional evaluation” (15).

The high immunogenicity of mRNA
COVID-19 vaccines presents radiologists with
new diagnostic dilemmas in differentiating benign
reactive lymphadenopathy due to vaccination
from that potentially due to malignant causes,
especially in high-risk oncologic patients. Radi-
ologists should be familiar with axillary anatomy
and lymphatic drainage patterns, as well as with
the spectrum of benign and pathologic lymph
node morphologies. Moreover, careful review of
patients’ clinical and vaccination history, as well
as ancillary imaging findings, will help inform
management decisions of reassurance, short-
term surveillance, or further workup including
biopsy. Awareness of evolving data and practice
guidelines regarding vaccine-induced lymphade-
nopathy, with special consideration of risk-based
management algorithms, can reduce unnecessary
biopsies in low-risk patients and avoid potential
diagnostic delays in oncologic patients.

The purpose of this article is to review essen-
tial aspects of evaluation of axillary lymphade-
nopathy, illustrate clinical scenarios, and discuss
management of axillary lymphadenopathy in the
setting of COVID-19 vaccinations and onco-
logic risk factors.
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Figure 1. (A) Vaccine-related lymphadenopathy in a 57-year-old man who presented for evaluation of the
left axilla after surgical resection of melanoma along his back and positive axillary sentinel lymph node biopsy
(SLNB). US image several weeks after an influenza vaccination shows a type 5 lymph node with asymmetric
nodular cortical thickening (arrow). Results of core needle biopsy were benign, with no evidence of melanoma.
(B-D) Vaccine-related lymphadenopathy in a 59-year-old woman who presented for evaluation of left axillary
swelling after recently receiving a tetanus, diphtheria, and pertussis (Tdap) vaccination. Mammogram (B) shows
multiple enlarged lymph nodes superiorly within the axilla. US images (C, D) show a type 5 lymph node with
asymmetric nodular cortical thickening (arrow in C), which resolved at 3-month follow-up (arrow in D).

Axillary Anatomy and Lymphatic
Drainage of Breast and Upper
Extremity

Understanding axillary anatomy and lymphatic
drainage is key to radiologic evaluation of the
axilla. There are three anatomic levels within the
axilla, defined by their relationship to the pectora-
lis minor muscle. Level I lymph nodes are infero-
lateral to the pectoralis minor and are divided
into three groups: the pectoral (anterior) group
(located near the lateral thoracic vessels along the
inferior border of the pectoralis minor), the sub-
scapular (posterior) group (located along the in-
ferior border of the subscapularis on the posterior
wall of the axilla), and the humeral (lateral) group
(located on the lateral wall of the axilla) (16).
Level II lymph nodes are posterior or deep to
the pectoralis minor. In addition, interpectoral
(Rotter) lymph nodes located between the pec-
toralis minor and pectoralis major muscles are

considered level II nodes. Level III lymph nodes
are superomedial to the pectoralis minor (Fig 2).
Breast lymphatic drainage is predominantly
to the pectoral (anterior) group of level I, while
upper extremity lymphatic drainage is predomi-
nantly to the humeral (lateral) group of level
1. However, primary lymphatic drainage of the
breast and of the upper extremity are both typi-
cally to the level I axillary lymph nodes before
proceeding to the level IT nodes, to the level III
nodes, and ultimately into the thorax (16).

Cortical Morphologic Features of
Axillary Lymph Nodes

Although short-axis measurements are used with
other imaging modalities and intrathoracic or intra-
abdominal lymph node locations to classify normal
and abnormal lymph nodes (17-19), axillary nodal
morphology including shape, cortical thickness and
uniformity, and presence or absence of a central
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Figure 2. Axillary nodal anatomy (p )
and lymphatic drainage. The relation- Pectoral — |
ship to the pectoralis minor muscle :

defines the three anatomic levels of (anterlor nodes)

lymph nodes within the axilla. Initial
lymphatic drainage of the breast (gray
arrow) is predominantly to the level |
pectoral group, while initial lymphatic
drainage of the upper extremity (white
arrow) is predominantly to the level |
humeral group.

fatty hilum are considered the most important
criteria for distinguishing normal from abnormal
axillary lymph nodes (20). Normal and benign
nodes appear oval or reniform, with cortical thick-
ness less than or equal to 3 mm and a preserved
fatty hilum (20).

US evaluation and classification of axillary
lymph nodes based on cortical thickness and
appearance of the hilum have been shown to be
more accurate predictors of malignancy than the
overall size of the lymph node (21-23). Nodal
vascularity at color Doppler US also helps distin-
guish benign from metastatic lymph nodes, with
benign nodes demonstrating hilar perfusion and
most metastatic nodes demonstrating eccentric or
peripheral perfusion (24,25).

Cortical morphologic features as described by
Bedi et al (21) are used in a six-type classifica-
tion system, as follows: type 1 = hyperechoic,
little to no visible cortex; type 2 = uniform thin
hypoechoic cortex less than 3 mm; type 3 =
uniform hypoechoic cortex greater than or equal
to 3 mm; type 4 = mildly thickened evenly lobu-
lated hypoechoic cortex; type 5 = focally lobulated
hypoechoic cortex; and type 6 = completely hy-
poechoic node with no hilum (21,26) (Fig 3). Use
of this classification system showed negative pre-
dictive values for malignancy for type 1-4 lymph
nodes of 89%-100% and positive predictive values
for malignancy for type 5 and type 6 lymph nodes
of 29% and 58%, respectively. This classification
system had 80% overall accuracy (21).

In a prospective study that compared axillary
US evaluations of the ipsilateral vaccinated arm
at three distinct time points (before vaccination,
the week after the first dose, and the week after
the second dose), a statistically significant increase

LEVEL Il
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in number of total nodes, maximum diameter,
cortical thickness, Bedi classification grade, and
Doppler signal was noted in COVID-19 disease-
naive patients compared with previously infected
patients, indicating a greater lymph node response
to the COVID-19 vaccine in patients without pre-
vious COVID-19 infection (27). More specifically,
this study reported that the most common lymph
node morphology in disease-naive patients after
vaccination was benign Bedi classification type 3
morphology compared with type 2 morphology in
patients with prior COVID-19 infection (27).
Although the Bedi classification system is
not widely used in clinical practice and is not
included in the fifth edition of the BI-RADS
atlas, cortical morphology—on which the Bedi
classification is based—is an important aspect of
assessing lymph nodes. Therefore, critical evalua-
tion of cortical-hilar morphology combined with
the anatomic location of lymph node involve-
ment will aid radiologists in deciding appropri-
ate management of axillary lymphadenopathy.
Lymph nodes with type 1-4 morphology located
in the humeral (lateral) group are most consistent
with reactive lymphadenopathy in the setting of
ipsilateral COVID-19 vaccination, whereas lymph
nodes with type 5 or type 6 morphology located
in the pectoral (anterior) group are concerning
for malignancy.

General Considerations regarding
COVID-19 Vaccination and Imaging
Examinations

As COVID-19 vaccinations continue, vaccine-
induced axillary lymphadenopathy should be
considered a frequent and expected imaging find-
ing. In a published study of 1217 patients who
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Figure 3. US images of lymph node morphology classified according to the system of Bedi et al (21). (A) Type
1 has a very thin almost imperceptible cortex (arrow). (B) Type 2 has a cortex of 3 mm or less. (C) Type 3 has
a diffusely thickened cortex greater than 3 mm. (D) Type 4 has a lobulated cortex (arrows). (E) Type 5 has ec-
centric cortical thickening or focal lobulation with displacement of the fatty hilum. (F) Type 6 has a completely
effaced fatty hilum.

received a COVID-19 vaccine, subsequent breast
imaging revealed axillary lymphadenopathy in
44% of patients with at least one modality (28).
In the months after the rollout of the Pfizer-
BioNTech and Moderna vaccines, multiple au-
thors, professional societies, and expert panels
released general guidelines for the timing of im-
aging in patients vaccinated for COVID-19. Im-
aging persistence of axillary lymphadenopathy
from COVID-19 vaccination has been reported
in the literature, with one retrospective study of
23 women after recent COVID-19 vaccination
reporting a median interval between the first
vaccine dose and abnormal imaging results of
9.5 days (range, 2-29 days) (29). Wolfson et al

(28) reported persistent lymphadenopathy up
to 43 weeks after vaccination, although the au-
thors showed that lymphadenopathy was more
likely to be seen within 14 days of vaccination
and rarely after 50 days following the second
vaccine dose (28).

Of patients who underwent follow-up exami-
nations within 12 weeks, 25% were given BI-
RADS category 3 recommendations; no patient
in this group was diagnosed with a subsequent
malignancy (28). A separate retrospective study
of patients presenting with axillary lymphade-
nopathy after the second dose reported benign
results for all biopsies recommended within 12
weeks of vaccination (30).
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Table 1: Risk-stratified Management Guidelines Issued between February 2021 and March 2021

RSNA University of Massachusetts Massachusetts General Hospital
(Issued February 24, 2021) (Issued March 1, 2021)* (Issued March 4, 2021)
Low risk of nodal metastasis: Nodal uptake unlikely to represent dis-  Ipsilateral lymphadenopathy without
expectant management ease: no dedicated follow-up additional imaging findings: assess as
BI-RADS 2 with clinical follow-up
Higher risk of nodal metasta- Indeterminate nodal uptake, normal Additional imaging findings: shared
sis: short-interval follow- nodal morphology: repeat FDG PET/ decision making between radiologist
up at least 5 weeks later CT in 2—-6 weeks or lymph node biopsy  and referring provider
Highest risk of nodal metas- Indeterminate nodal uptake, abnormal Oncologic patients: biopsy versus
tasis: lymph node biopsy nodal morphology: follow-up US or imaging or clinical follow-up with
CT in 2—6 weeks, lymph node biopsy if  shared decision making between
findings persist clinical care team and radiology

Sources.—References 32, 33, and 44.
Note.—FDG = fluorodeoxyglucose, RSNA = Radiological Society of North America.
* Refers to PET/CT findings only.

Table 2: Risk-stratified Management Guidelines Issued between August 2021 and February 2022

European Society of Breast Imaging Society of Breast Imaging
(Issued August 20, 2021) (Issued February 28, 2022)
No history of breast cancer, isolated finding (no other sus- For average-risk women with screening-detected
picious breast imaging findings): ipsilateral lymphadenopathy and no other suspi-
Assess as BI-RADS 2 if asymptomatic cious mammographic findings:
Assess as BI-RADS 3 if axillary symptoms present Assess as BI-RADS 2, no dedicated follow-up
No history of breast cancer, additional suspicious breast At short-term imaging follow-up (>12 weeks):
imaging findings: If improving lymphadenopathy, assess as BI-
Clinical management, including biopsy when appropriate RADS 2
History of breast cancer: At short-term imaging follow-up (>12 weeks):
If low risk of nodal metastasis, then expectant management If unchanged lymphadenopathy, assess as BI-
If higher risk of nodal metastasis, then short-interval US RADS 3, consider additional 6-month follow-up
follow-up If increased lymphadenopathy, then consider

If highest risk of nodal metastasis, then lymph node biopsy lymph node sampling

Sources.—References 34 and 35.

All guidelines recommend that vaccination when applicable, both vaccine doses should be
date and laterality be documented on intake administered on the side contralateral to the pri-
forms or be readily available to radiologists in the mary malignancy (32-34).
electronic medical record (31-34). Guidelines
also recommend that screening mammography Axillary Lymphadenopathy at
be performed without regard to vaccination Screening and Surveillance
status or timing of vaccinations (33,35). Given Mammography
the concern for decreased use of breast cancer Management approaches to axillary lymphade-
screening during the pandemic, every effort nopathy in patients who have recently received
should be made to minimize or reduce barriers to a COVID-19 vaccine are found in Tables 1 and
screening and to have women return to screening 2. Although an expert opinion initially released
without delay. by the Society of Breast Imaging (SBI) in Janu-

At our institution, screening mammography is ary 2021 was “by design a conservative one,
recommended regardless of recent vaccination. In which stressed an abundance of caution” and
addition, imaging for urgent clinical indications recommended assigning a BI-RADS category 0
including acute breast or axillary symptoms or for all unilateral axillary adenopathy at screen-
urgent treatment planning for patients with newly ing examinations to allow further assessment
diagnosed breast cancer should not be postponed and documentation of medical and COVID-19

owing to vaccination timing (32-34). Finally, vaccination history (31), these conservative
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Figure 4. Vaccine-induced axillary lymphadenopathy in a 63-year-old woman with a retropectoral
silicone gel implant who underwent screening mammography over 3 different years. (A) Left medio-
lateral oblique (MLO) mammogram in 2019 shows normal left axillary lymph nodes. (B) Left MLO
mammogram in 2021, 2 weeks after she received the first dose of Pfizer-BioNTech SARS-CoV-2 vaccine
in the left arm, shows several mildly enlarged superiorly located left axillary lymph nodes (arrow), con-
sidered to reflect vaccine-induced lymphadenopathy and assessed as benign (BI-RADS 2). The inferiorly
located lymph nodes are unchanged. (C) Left MLO mammogram in 2022 shows normalization of the

left axillary lymph nodes.

guidelines have since been updated. Updated
guidelines issued by the SBI in February 2022
now recommend that radiologists consider giv-
ing a BI-RADS 2 to average-risk women pre-
senting with unilateral axillary lymphadenopathy
at screening mammography without suspicious
findings in the breast after recent COVID-19
vaccination in the ipsilateral arm (35).

Risk-stratified approaches interpret lymph-
adenopathy in the context of both vaccination
timing and the patient’s overall risk of metastatic
disease. For patients with a COVID-19 vaccina-
tion within the preceding 6 weeks who present
with isolated ipsilateral axillary lymphadenopa-
thy and no other health concerns, Lehman et
al (33) recommend clinical follow-up in lieu of
additional imaging. Similarly, risk-based recom-
mendations released by the European Society of
Breast Imaging advise clinical management and
benign classification (BI-RADS 2) for imaging-
detected axillary lymphadenopathy ipsilateral to
the injection site in asymptomatic patients with-
out a breast cancer history or suspicious breast
imaging findings (34) (Fig 4).

In our experience, lymphadenopathy su-
periorly located on the mediolateral oblique
(MLO) view, with normal inferiorly located
lymph nodes, is often seen with vaccination-
induced reactive lymphadenopathy (Fig 4). This
risk-based approach allows evaluation of pa-
tients at high risk for axillary metastatic disease

(eg, breast, head and neck malignancy, upper
extremity or trunk melanoma, lymphoma) (32)
while decreasing the number of unnecessary
imaging examinations and possible biopsies in
low-risk patients.

In addition to axillary lymphadenopathy,
imaging-detected ipsilateral axillary edema that
can also extend into the axillary tail and breast
after COVID-19 vaccination has also been
reported (36-39). Axillary edema in the setting
of recent COVID-19 vaccination without associ-
ated lymphadenopathy can be considered benign
(BI-RADS 2) (Fig 5), while risk-based stratifi-
cation should be used for axillary edema with
concurrent lymphadenopathy.

Patients with suspicious imaging findings in the
breast and axillary lymphadenopathy ipsilateral
to the vaccination arm should be evaluated with
additional diagnostic imaging, including US of the
axilla. In the study by Wolfson et al (28), four pa-
tients who demonstrated axillary lymphadenopa-
thy and were subsequently diagnosed with meta-
static breast cancer all had suspicious concurrent
mammographic findings in the ipsilateral breast.
For a patient without a history of breast cancer
who has axillary lymphadenopathy and an ipsilat-
eral suspicious breast finding, the axilla should be
managed on the basis of the level of suspicion for
the breast finding (33,34) (Fig 6).

However, for patients with a history of breast
cancer and new axillary lymphadenopathy
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Figure 5. Axillary edema in a 51-year-old woman
who underwent screening mammography 3 days
after receiving the first dose of the Pfizer-BioNTech
SARS-CoV-2 vaccine in the left arm. Bilateral MLO
mammograms show asymmetric soft-tissue stranding
(arrow) in the left axilla without an associated breast
abnormality. This finding is most consistent with axil-
lary edema in the setting of recent vaccination and is
benign (BI-RADS 2). Note that the edema is centered
around superiorly located lymph nodes, not the inferi-
orly located lymph nodes.

radiographics.rsna.org

Figure 6. Atypical lobular hyperplasia and radial scar in a 57-year-old woman
recalled from screening for an abnormality in the left breast 6 days after receiv-
ing the second dose of the Pfizer-BioNTech SARS-CoV-2 vaccine in the left arm.
(A, B) MLO (A) and craniocaudal (B) spot-compression tomosynthesis images
show architectural distortion (arrow) at the 1-o’clock position. There was no US cor-
relate for the architectural distortion. (C, D) US images of the axilla show a type 6
lymph node (arrow in C), which decreased in size at 8-week follow-up (arrow in D).
Stereotactic biopsy of the distortion yielded atypical ductal hyperplasia, while exci-
sion yielded atypical lobular hyperplasia and radial scar.

(ipsilateral or contralateral to the prior breast
cancer) who do not have suspicious breast
findings, overall nodal metastatic risk based on
cancer type, stage, and location as well as the
timing of the vaccination must be considered.
Patients at low risk for axillary nodal metastases
with lymphadenopathy including type 3 and 4
lymph nodes, which can be overwhelmingly at-
tributed to vaccination, should be managed on a
case-by-case basis with a cautious strategy (34).
For patients at higher risk, short-interval follow-
up with axillary US at 12 weeks or lymph node
biopsy should be considered (34). High-risk
patients, including those with a history of breast
cancer, should also be evaluated with diagnostic
imaging, including US evaluation of the axilla,
with management based on the final BI-RADS
assessment category (32-34) (Fig 7).

Axillary Lymphadenopathy during
Diagnostic Evaluation

Patients with active breast cancer in the pretreat-
ment or peritreatment phase should be evalu-
ated with standard imaging protocols regardless
of vaccination status. Timely biopsy should be
performed when histologic analysis is required
for patient management, especially in the setting
of type 5 or 6 lymph nodes. However, a lower
threshold for timely biopsy of typically less-con-
cerning type 3 or 4 lymph nodes may be required
in this population.
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Figure 7. Sclerosing intraductal papilloma and high-grade metastatic carcinoma in a 48-year-old woman who was recalled from
routine screening of the right breast for an asymmetry. She received the second dose of the Pfizer-BioNTech SARS-CoV-2 vaccine in
the right arm 1 day earlier. In 2020, she underwent left mastectomy for grade 3 invasive ductal carcinoma. (A) Right MLO mam-
mogram shows an asymmetry (arrow) in the superior right breast, 3 cm from the nipple, and an enlarged right axillary lymph node
containing several amorphous calcifications (arrowhead). (B) US image of the right breast shows a complex cystic and solid mass
(arrow). Biopsy yielded a sclerosing intraductal papilloma. (C) US image of the right axilla shows a suspicious type 5 lymph node with
asymmetric cortical thickening of up to 0.6 cm (arrowhead). Biopsy of the lymph node yielded high-grade metastatic carcinoma,

consistent with a breast primary.

Figure 8. Type 3 lymph node in a 70-year-old woman with right axillary swelling and pain 1 month after

receiving the second dose of the Moderna SARS-CoV-2 vaccine in the right arm. In 2005, she underwent
left partial mastectomy and chemoradiation therapy for invasive lobular carcinoma. (A) Bilateral MLO
mammograms show lymphadenopathy in the right axilla (arrow) and post-partial mastectomy changes in
the superior left breast (arrowhead). (B) US image of the right axilla shows a type 3 lymph node (arrow),
with cortical thickness of 3-4 mm. The node was considered reactive in the setting of recent COVID-19

vaccination (BI-RADS 2).

Guidelines for evaluation of painful or palpable
lymphadenopathy after recent COVID-19 vac-
cination are less well-defined. Clinical follow-up
alone may be sufficient for certain cases including
type 2—4 lymph nodes (Fig 8), while US follow-up
may be reserved for persistent clinical or imaging
concerns (type 3-5 lymph nodes) (33,40) (Fig 9).
In these patients with persistent concerns, axillary

US is performed and a final BI-RADS assessment
is rendered on the basis of careful consideration
of the imaging findings, including cortical-hilar
lymph node morphology, clinical presentation, site
and timing of vaccinations, and personal risk fac-
tors for nodal metastasis (34) (Fig 10).

With data showing persistence of axillary
lymphadenopathy for up to 43 weeks, current
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Figure 9. Type 4 lymph node in a 41-year-old woman with no pertinent medical his-
tory who presented with palpable concerns in the left axilla 6 days after receiving the
second dose of the Pfizer-BioNTech SARS-CoV-2 vaccine in the left arm. (A, B) MLO
mammograms of the left breast show axillary lymphadenopathy (arrow in A), which is
new from 1 year earlier (arrow in B). (C, D) US images show a type 4 lymph node (ar-
row in C), which normalized to a type 2 morphology at 6-week follow-up (arrow in D).

BT -

guidelines now support a longer initial follow-up

interval of 12 or more weeks for patients as-
signed a BI-RADS 3 for presumed COVID-19
vaccine—-induced lymphadenopathy (28,35). In
addition, previous guidelines for biopsy of any
persistent unilateral axillary lymphadenopathy
seen at short-interval follow-up examinations
(31) have now been revised to consider an ad-
ditional 6-month follow-up, with BI-RADS 3
assessment of unchanged axillary lymphade-
nopathy after initial presentation and BI-RADS
2 assessment for improving axillary lymphade-
nopathy (35). Finally, for increasing or enlarg-
ing axillary lymphadenopathy, biopsy should be
considered (35).

Axillary lymphadenopathy that cannot
be attributed to vaccination (eg, bilateral or
contralateral) should be managed according
to standard diagnostic protocols, which may
include short-interval imaging follow-up and,
when appropriate, tissue sampling (34,35). Ad-
ditional cross-sectional chest or body imaging
or PET/CT may also be of benefit when there
are clinical concerns for systemic processes or
malignancy (33).

Lymphadenopathy Identified at
Breast MRI

Breast MRI is performed for screening of pa-

tients at high lifetime risk of breast cancer, as

radiographics.rsna.org
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Figure 10. Type 5 lymph node in a 63-year-old BRCA2 muta-
tion carrier with a palpable lump in the left axilla 9 days after
receiving the first dose of the Moderna SARS-CoV-2 vaccine in
the left arm. In 2006, she underwent left mastectomy for inva-
sive ductal carcinoma. US image shows a type 5 lymph node
(arrow), which has associated hyperemia on a power Doppler
image (inset) (BI-RADS 4). US-guided core biopsy yielded reac-
tive follicular hyperplasia.

well as for diagnostic indications such as extent
of disease and pathologic nipple discharge. Al-
though there are limited data on the time course
of MRI visibility of vaccine-related axillary
lymphadenopathy, Wolfson et al (28) showed
that lymphadenopathy was rare after 50 days
following the second dose but also demonstrated
persistent lymphadenopathy for up to 43 weeks.
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Figure 11. Recently diagnosed invasive ductal carcinoma of the right breast with right axillary nodal metastasis in a 48-year-old
woman who presented for MRI for extent of disease evaluation. Three days earlier, she received the first dose of the Pfizer-BioNTech
SARS-CoV-2 vaccine in the left arm. (A) Axial contrast-enhanced subtraction MR image shows the known malignancy (arrow) in the
right breast. (B, C) Pretreatment axial MR images through the axilla show the known right axillary nodal metastasis (arrow) and left
axillary lymphadenopathy (arrowhead in B). On a T2-weighted image (C), there is substantial edema (arrowheads) throughout the
left axilla and axillary tail region. US-guided biopsy of an enlarged left axillary lymph node yielded reactive changes. (D) Three-month
follow-up axial MR image after neoadjuvant chemotherapy shows decreased extent of disease (arrow). (E) Posttreatment axial MR
image through the axilla shows decreased right axillary lymphadenopathy (arrow) and normalized left axillary lymph nodes (arrow-

head), as well as resolution of the axillary edema.

In addition, extrapolation from fluorodeoxyglu-
cose (FDG) PET/CT may offer insight into this
clinical question. One retrospective study found
persisting axillary nodal FDG uptake 7-10
weeks after the second vaccine dose in 29% of
patients (41). In patients undergoing high-risk
screening MRI, axillary lymphadenopathy ipsi-
lateral to the site of vaccination without suspi-
cious breast findings may be considered benign
(BI-RADS 2) (33).

Unilateral axillary lymphadenopathy at
breast MRI may present additional diagnostic
challenges, especially in patients with a known
cancer. For complex cases such as determin-
ing extent of disease (Fig 11) or response to
neoadjuvant treatment or for potentially con-
founding cases, such as axillary lymphadenopa-

thy ipsilateral to the cancer and side of recent
vaccination at any imaging modality (Figs 12,
13), radiologists should (@) exercise caution in
image interpretation, (b) consider timely tissue
sampling (34), and (¢) consider multidisci-
plinary discussion (32) as clinically appropriate.
Specifically for these patients, tissue sampling
may be required for typically less-concerning
type 3—4 axillary lymph nodes out of an abun-
dance of caution.

Lymphadenopathy Identified with
Other Imaging Modalities

As COVID-19 mRNA vaccination continues,
radiologists are increasingly encountering normal
or enlarged FDG-avid axillary, supraclavicular,
and cervical lymph nodes, potentially confound-
ing interpretation of staging PET/CT studies in
oncologic patients. One retrospective cohort study
of 650 patients reported the presence of hypermet-
abolic axillary lymph nodes in 14.5% of recently
vaccinated patients after dose 1 and 43.3% of
recently vaccinated patients after dose 2 (42). A
separate study of 951 patients found that while
most cases of hypermetabolic axillary lymphade-
nopathy at PET/CT could be categorized as ma-
lignant or vaccine associated, 14.8% were deemed
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Figure 12. Metastatic carcinoma in a
53-year-old woman with a suspicious mass in
the left breast at staging CT, performed after
spinal biopsy yielded pathologic findings sug-
gestive of a breast primary. She received the
first dose of the Pfizer-BioNTech SARS-CoV-2
vaccine in the left arm 2 days before diagnos-
tic breast imaging. (A) Axial image from stag-
ing CT shows the suspicious mass (arrow) in
the upper outer left breast. (B) MLO tomosyn-
thesis image shows the corresponding irregu-
lar mass (arrow) in the superior left breast. An
oval mass (arrowhead) in the subareolar left
breast was stable when compared with prior imaging (not shown). (C) US image shows a 1.7-cm mass with irregular margins (arrow)
in the left breast at the 2-o’clock position. US-guided core needle biopsy yielded invasive ductal carcinoma. (D) US image of the left
axilla shows a corresponding type 6 lymph node (arrow) (BI-RADS 5). Fine-needle aspiration yielded single and clusters of atypical
epithelial cells, indicative of metastatic carcinoma.

Figure 13. Type 5 lymph node in a 62-year-old woman with human epidermal
growth factor receptor 2 (HER2)—positive invasive ductal carcinoma of the left breast,
who presented for MRI evaluation of response to neoadjuvant chemotherapy. Three
weeks earlier, she received the third (booster) dose of the Moderna SARS-CoV-2 vac-
cine in the left arm. (A) Pretreatment axial MR image shows a normal-appearing level
1 lymph node (arrow). (B) Posttreatment axial MR image shows enlargement of the
lymph node (arrow). (C) Same-day US image of the left axilla shows a type 5 lymph
node (arrow) (BI-RADS 4). US-guided core biopsy yielded lymphoid tissue with lym-
phocytes and histiocytes, without evidence of metastatic carcinoma.

equivocal, even after consideration of the clinical
context, detailed oncologic history, and presence or
absence of other abnormal imaging findings (43).
Despite these challenges, general guidelines
recommend against unduly delaying COVID-19
vaccination, suggesting postponing PET/CT
examinations for nonurgent indications only, such

as routine surveillance for low-risk malignancies. One risk-based institutional management ap-
In these instances, imaging is ideally performed proach recommends no further imaging follow-up
at least 4-6 weeks after vaccination to decrease for FDG-avid nodes that are unlikely to represent

confounding findings (44). disease or are clinically irrelevant. For clinically
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Figure 14. Type 2 axillary lymph node in a 32-year-old woman who underwent neoadjuvant chemotherapy and left mastectomy
for invasive ductal carcinoma in 2019 and who presented for restaging with PET/CT. Seven days earlier, she received the first dose of
the Pfizer BioNTech SARS-CoV-2 vaccine in the right arm. (A, B) Axial PET/CT images show mild to moderate FDG activity associated
with right axillary nodes (arrow in A), new from 4 months earlier (arrow in B). (C) US image of the right axilla 2 months later shows
a type 2 axillary lymph node (arrow) (BI-RADS 2).

Figure 15. Type 1 axillary lymph node and type 6 infraclavicular lymph node in a 46-year-old woman who underwent bilateral
mastectomy in 2014 for invasive ductal carcinoma in the left breast and who presented for SPECT/CT evaluation of a suspected
right parathyroid adenoma. Fourteen days earlier, she received the second dose of the Moderna SARS-CoV-2 vaccine in the left arm.
(A) Axial image from technetium 99m-sestamibi SPECT/CT shows mild left axillary lymphadenopathy with mild sestamibi uptake
(dashed circle). (B, C) US images from short-term follow-up 5 weeks later show a normalized type 1 axillary lymph node (arrow in
B) (BI-RADS 2) and a type 6 left infraclavicular lymph node (arrow in C) (BI-RADS 4A). * in C = clavicle. Fine-needle aspiration of the

infraclavicular lymph node yielded benign lymphocytes and macrophages.

relevant morphologically normal FDG-avid nodes,
repeat PET/CT in 2-6 weeks or US-guided lymph
node sampling is advised. For clinically relevant
morphologically abnormal FDG-avid nodes, US
or CT follow-up in 2—-6 weeks is recommended,
followed by biopsy for persistent lymphadenopa-
thy (44) (Fig 14). While no specific guidelines are
available regarding other functional imaging mo-
dalities, these general management strategies may
be reasonably applied to other imaging studies
performed to detect metabolic abnormalities, such
as SPECT/CT (Fig 15).

Occasionally, axillary lymphadenopathy may
be incidentally detected at other CT examina-
tions performed for nonstaging indications, such
as in the setting of trauma. For these clinical
scenarios, radiologists should apply clinical judg-
ment in deciding to recommend further imaging
evaluation or follow-up and—when applicable—
biopsy for abnormal lymph nodes or increasing
axillary lymphadenopathy seen at short-interval
follow-up (Fig 16).

Conclusion
Management of axillary lymphadenopathy in the
COVID-19 era is complex. We discuss a risk-
stratified approach that encourages COVID-19
vaccination without any delay in the timing of
breast cancer screening with mammography
or breast MRI. US evaluation of lymph node
morphology and location in combination with the
clinical presentation, presence or absence of con-
comitant breast abnormalities, and overall likeli-
hood of metastatic axillary disease allows prompt
biopsy in patients at high risk for metastatic dis-
ease, while also reducing the number of unneces-
sary biopsies of transient benign lymphadenopa-
thy from COVID-19 vaccination. With ongoing
implementation of booster vaccines through the
course of the evolving COVID-19 pandemic,
radiologists will continue to play a pivotal role in
implementing and updating guidelines for man-
agement of axillary lymphadenopathy.
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Figure 16. Type 3 lymph node in a 45-year-old woman with no pertinent medical history in whom left axillary lymphadenopathy
was incidentally noted at chest CT. One day earlier, she received the second dose of the Pfizer-BioNTech SARS-CoV-2 vaccine in the
left arm. (A) Coronal image from chest CT shows an enlarged abnormal-appearing lymph node (arrow). (B) US image of the axilla
2 days later shows a type 3 lymph node (arrow) (BI-RADS 3). Similar morphology was observed at 6-week follow-up (not shown).
(C) US image from 12-week follow-up shows a persistent type 3 lymph node (arrow), which was biopsied at the patient’s request
and yielded benign lymphoid tissue.
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