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A B S T R A C T   

Background: Axillary lymph node characteristics on axillary ultrasound (US), breast MRI and 18F-FDG PET/CT 
are relevant at breast cancer diagnosis. Axillary lymphadenopathy after COVID-19 vaccination has been 
frequently reported. This may cause a diagnostic dilemma, particularly in the ipsilateral axilla in women who 
have a either a recent diagnosis of breast cancer or a history of breast cancer. This review provides an overview of 
the current evidence regarding axillary lymph node characteristics at breast cancer diagnosis versus “post- 
COVID-19 vaccination”. 
Methods: A non-systematic narrative review was performed. Studies describing axillary lymph node character-
istics per imaging modality (axillary US, breast MRI and 18F-FDG PET/CT) in breast cancer patients versus post- 
COVID-19 vaccination were selected and used for the current study. 
Results: The morphologic characteristics and distribution of abnormal nodes on US may differ from the 
appearance of metastatic adenopathy since diffuse cortical thickening of the lymph nodes is the most observed 
characteristic after vaccination, whereas metastases show as most suspicious characteristics focal cortical 
thickening and effacement of the fatty hilum. Current evidence on MRI and 18F-FDG on morphologic charac-
teristics of axillary lymphadenopathy is missing, although it was suggested that vaccine related lymphadenop-
athy is more likely to be present in level 2 and 3 nodes than metastatic nodes. Reported frequencies of 
lymphadenopathy post-COVID-19 vaccination range from 49% to 85% (US), 29% (breast MRI) and 14.5% to 
53.9% (18F-FDG PET/CT). Several factors may impact the presence or extent of lymphadenopathy post-COVID- 
19 vaccination: injection site, type of vaccine (i.e., mRNA versus vector), time interval (days) between vacci-
nation and imaging, previous history of COVID-19 pneumonia, and first versus second vaccine dose. 
Conclusion: Although lymph node characteristics differ at breast cancer diagnosis versus post-COVID-19 vacci-
nation, clinical information regarding injection site, vaccine type and vaccination date needs to be documented 
to improve the interpretation and guide treatment towards the next steps of action.   

1. Introduction 

Presence of axillary lymph node metastases at time of breast cancer 
diagnosis is considered to be one of the most important prognostic fac-
tors, as it decreases the general five-year overall survival rate from 98% 

to 85% [1]. Consequently, European guidelines recommend axillary 
ultrasound (US) at time of breast cancer diagnosis, followed by the 
proper axillary treatment strategy depending on imaging findings 
(including biopsy results): patients without suspicious axillary lymph 
node findings (cN0) versus patients with suspicious axillary lymph node 

Abbreviations: cN0, patients without suspicious axillary lymph node findings; cN+, patients with suspicious axillary lymph node findings; US, ultrasound; MRI, 
magnetic resonance imaging; 18F-FDG, fluorodexoyglucose; PET/CT, positron emission tomography / computed tomography. 
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findings (cN+) [2,3]. Besides axillary US, other imaging modalities like 
breast MRI and 18F-FDG PET/CT can be used for the evaluation of 
axillary lymph node status in breast cancer patients, although 18F-FDG 
PET/CT is only used for more advanced disease [4]. 

The COVID-19 pandemic created dilemmas in the evaluation of 
axillary lymph nodes in newly diagnosed breast cancer patients. Axillary 
lymphadenopathy was frequently observed in patients after the intro-
duction of COVID-19 vaccinations, although multiple studies also 
confirmed occurrence of lymphadenopathy in patients diagnosed with 
COVID-19 pneumonia (albeit relatively uncommon when compared to 
other viral pneumonia), [5–7]. The COVID-19 vaccines are commonly 
injected intramuscularly in the deltoid muscle of the (preferably) non- 
dominant arm, causing relatively frequent lymph node swelling at 
physical examination in the ipsilateral axilla and supraclavicular region 
in up to 16% [8–10]. 

When considering a recent breast cancer diagnosis, lymphadenopa-
thy ‘post-COVID-19 vaccination’ might create clinical dilemmas, since 
differentiation between benign versus malignant lymph nodes will 
become even more challenging, especially after breast cancer diagnosis 
on the ipsilateral side of the COVID-19 vaccine site [11,12]. The aim of 
this report is to provide an overview of the characteristics of lymph-
adenopathy using axillary US, breast MRI and 18F-FDG PET in women 
with breast cancer and a recent history of COVID-19 vaccination and 
how best to approach them. 

2. Methods 

A non-systematic narrative review was performed. Studies 
describing axillary lymph node characteristics per imaging modality 
(axillary US, breast MRI and 18F-FDG PET/CT) in breast cancer patients 
were selected in accordance of all three authors, based on experience 
and expertise of the three authors (T.v.N., M.J., M.L.). Next, a search to 
select studies describing axillary lymph node characteristics ‘post- 
COVID-19 vaccination’ per imaging modality (axillary US, breast MRI 
and 18F-FDG PET/CT) was performed in the medical database of 
PubMed until March 30, 2022. Search terms included axilla or lymph-
adenopathy and COVID-19. Next, manual cross-reference search was 
performed to select additional studies. All studies were selected in 
accordance by the three authors (T.v.N., M.J., M.L.). 

2.1. Axillary ultrasound 

At breast cancer diagnosis, axillary US is performed with a high 
frequency linear array transducer. Normal axillary lymph nodes are oval 
shaped, have a well-defined margin with an hypoechoic thin cortex 
(with a thickness 2.3–3 mm, depending on guidelines in different 
countries) [4,13]. Suspicious US characteristics include diffuse or focal 
cortical thickening, irregular margins, and effacement of the fatty hilum. 
Focal cortical thickening and effacement of the fatty hilum can be 
considered highly suspicious of malignancy when compared to the other 
US characteristics [14]. In addition, extranodal extension can be seen 
[15]. 

After administration of the COVID-19 vaccine, the most frequent US 
characteristic of lymphadenopathy post-COVID-19 vaccination, which 
can occur in the ipsi- and/or contralateral axilla of the injection site, 

includes diffuse cortical thickening similar to the suspicious US char-
acteristics of axillary lymph nodes at breast cancer diagnosis [16]. Igual- 
Rouilleault et al. evaluated a cohort of 90 healthy volunteers with 
axillary ultrasound before and one week after first and second vaccines 
and demonstrated lymphadenopathy in 64% and 85% of these volun-
teers (Comirnaty, Table 1) [16]. Diffuse cortical thickening was the most 
frequent sonographic finding in this cohort. Interestingly, a significantly 
greater cortical thickness was observed in patients without a previous 
history of COVID-19 pneumonia. Park et al. demonstrated lymphade-
nopathy post-COVID-19 vaccination in 49% of the healthy women 
referred to a breast cancer unit within 12 weeks after vaccination in a 
cohort of 413 women [17]. Unfortunately, the true number of false 
positive characteristics due to post-COVID-19 vaccination remains un-
clear because no tissue sampling was performed. In addition, they re-
ported significantly more frequent lymphadenopathy post-COVID-19 
vaccination after mRNA vaccine (Comirnaty, Spikevax) when compared 
to a vector vaccine (Vaxzevria) [17]. On the other hand, in a cohort of 24 
patients with lymphadenopathy at physical examination, Cocco et al. 
found no differences in the frequency of lymphadenopathy among 
different COVID-19 vaccines (Comirnaty, Vaxzevria and Spikevax, 
respectively) detected at US [18]. 

To reduce the number of false positive cases of lymphadenopathy in 
healthy women who are scheduled for routine breast evaluation 
including axillary US, evaluation imaging should be performed prior to 
or at least 12 weeks after the vaccination date [11,19]. In patients with 
newly diagnosed breast cancer, clearly, breast and axillary should be 
performed without any delays. The follow-up time of at least 12 weeks 
post-COVID-19 vaccination is in line with the studies of Mehta et al. and 
Nguyen et al. demonstrating normalization of axillary lymph nodes at 
US 12–16 weeks post-COVID-19 vaccination in most of the patients 
[20,21]. There are currently no reports of persistant vaccine induced 
lymphadenopathy on US after a follow-up period more than 16 weeks. 

2.2. Breast MRI 

Breast MRI can be used for primary (intramammary) tumor staging 
at breast cancer diagnosis. Axillary lymph nodes can be evaluated on 
breast MRI as well, although lymph node evaluation should not be 
considered an indication to perform breast MRI. One should be aware 
that the complete axillary region, in particularly level II/III, is not al-
ways included in the field of view during breast MRI [22]. The 
appearance of normal axillary lymph nodes on MRI is similar to that on 
ultrasound if the nodes can be adequately seen: oval shaped nodes, thin 
cortex (although less appreciated at MRI when compared to US) and 
symmetric contralateral axillary lymph nodes and presence of fatty 
hilum [23]. Enhancement of lymph nodes is a poor discriminator be-
tween benign and malignant axillary lymph nodes. Suspicious nodes 
have cortical thickening, loss of fatty hilum, round shape, irregular 
margin, inhomogeneous cortex, irregular enhancement and perinodal 
edema [4,24]. 

After administration of COVID-19 vaccine, morphological MRI 
characteristics of lymphadenopathy post-COVID-19 vaccination have 
not yet been described in detail. Interestingly, Plaza et al. suggest a 
different distribution of suspicious lymph nodes with abnormal high 
level II/III axillary lymph nodes and normal level I axillary lymph nodes 
post-COVID-19 vaccination when compared to the most common dis-
tribution of abnormal lymph nodes in level I / II (lower part) at breast 
cancer diagnosis [25]. According to the authors, this difference in nodal 
distribution may be due to a difference in lymphatic drainage of intra-
muscularly injected COVID-19 vaccine in the deltoid muscle when 
compared to the lymphatic drainage pattern originating from the breast. 

The frequency of lymphadenopathy on MRI post-COVID-19 vacci-
nation (Comirnaty, Spikevax, COVID-19 Vaccine Janssen) was reported 
by Horvat et al., 29% in a cohort of 357 patients that underwent breast 
MRI for screening or preoperative staging [26]. Detailed data on 
morphologic characteristics of the lymphadenopathy was missing in this 

Table 1 
Overview of reported COVID-19 vaccines in current report.  

Developer Commercial name Type of vaccine 

Oxford-AstraZeneca Vaxzevria Adenovirus 
vector 

Johnson and Johnson – Jannssen 
Pharmaceuticals 

COVID-19 Vaccine 
Janssen 

Adenovirus 
vector 

Moderna Spikevax mRNA 
Pfizer-BioNTech Comirnaty mRNA  
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Fig. 1. Example of a 51-year old woman who presented with a palpable lump in her left breast. After mammography and ultrasound with tissue sampling, invasive 
lobular cancer (ER+,PR+,HER2+) was confirmed. Axillary ultrasound demonstrated no suspicious lymph nodes, a lymph node (green arrow) with a maximum 
cortical thickness of 1.4 mm was observed and considered benign (Fig. 1a). Breast MRI demonstrated a multicentric mass of approximately 7 cm in her left breast (red 
arrow). No suspicious axillary, internal mammary or periclavicular lymph nodes were detected bilateral (Fig. 1b). 18F-FDG PET/CT was requested by the clinician to 
rule out distant metastasis. Yet, six days prior to 18F-FDG PET/CT, after ultrasound and breast MRI, the patient received COVID-19 Vaccine Janssen in her right arm. 
18F-FDG PET/CT demonstrated hypermetabolic axillary lymph nodes in the contralateral axilla (orange arrows), which were considered lymphadenopathy post- 
COVID-19 vaccination (Fig. 1c). Patient was treated with neoadjuvant systemic therapy (9 cycles of TCHP regimen (docetaxel, carboplatin, trastuzumab and per-
tuzumab). Breast MRI, performed mid-way and after neoadjuvant systemic therapy prior to surgical treatment, demonstrated no suspicious axillary lymph nodes 
bilateral (Fig. 1d). Patient underwent a left-sided mastectomy with sentinel lymph node biopsy. Three ipsilateral sentinel lymph nodes were removed, demonstrating 
no lymph node metastases at final histopathology. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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Fig. 2. Example of a 57-year old woman who presented with a palpable lump in her right axillary region. Patient underwent a right sided mastectomy and 
autologous breast reconstruction six years earlier because of breast cancer diagnosis. After recent ultrasound examination of the reconstructed breast with tissue 
sampling, invasive carcinoma of no special type (ER+,PR-,HER2-) was confirmed. Axillary ultrasound demonstrated a suspicious lymph node with a diffuse enlarged 
cortical thickness of 5,1 mm (green arrow; Fig. 2a). Ultrasound-guided tissue sampling was performed, axillary lymph node metastasis was confirmed. Breast MRI 
demonstrated an unifocal mass in the upper outer quadrant of the reconstructed breast (blue arrow) and multiple suspicious axillary lymph nodes in the right axillary 
region (red arrow; Fig. 2b). 18F-FDG PET/CT was requested by the clinician to rule out distant metastasis. Four days prior to 18F-FDG PET/CT, after ultrasound and 
breast MRI, the patient received Spikevax in her (contralateral) left arm. 18F-FDG PET/CT demonstrated bilateral hypermetabolic lymph nodes (orange arrows; 
Fig. 2c). Ultrasound-guided biopsy of the most suspicious axillary lymph node in the left axillary region after 18F-FDG PET/CT demonstrated no metastasis with 
visible lymphoid tissue after histopathological evaluation. Patient is currently treated with neoadjuvant systemic therapy (8 cycles of dose-dense AC-P (doxorubicine, 
cyclofosfamide and paclitaxel). Mid-way neoadjuvant systemic therapy breast MRI was performed. The axillary lymph nodes in the left axillary region were 
normalized, which can be explained by normalization of lymphadenopathy post-COVID-19 vaccination. The axillary lymph nodes in the right axillary region 
remained suspicious, though a reduced cortical thickness was observed when compared to the previous breast MRI, which can be explained by lymphadenopathy due 
to breast cancer diagnosis (red arrow; Fig. 2d). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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study. 11% of vaccine induced lymphadenopathy persisted at follow-up 
(axillary US, breast MRI, 18F-FDG PET/CT or chest CT), performed 
4–10 weeks after the second dose of the vaccine. 

2.3. 18F-FDG PET/CT 

18F-FDG PET/CT may be performed in patients with locally 
advanced breast cancer, particularly patients with stage IIB or III dis-
ease. It is rarely performed to evaluate for axillary lymphadenopathy in 
early-stage disease as the sensitivity for all comers is only approximately 
60% [27–29]. Therefore, 18F-FDG PET/CT does not improve axillary 
lymph node assessment when compared to axillary US and MRI. Yet, 
hypermetabolic axillary lymph nodes can be considered highly sugges-
tive of malignancy in patients in the non-infectious setting [30]. 

After administration of COVID-19 vaccine, hypermetabolic axillary 
lymph nodes on 18F-FDG PET/CT can be detected representing 
lymphadenopathy post-COVID-19 vaccination [31]. This phenomenon 
was described as uncommon finding in earlier studies with vaccines such 
as influenza and human papillomavirus [32,33]. The frequency of hy-
permetabolic axillary lymphadenopathy on 18F-FDG PET/CT post- 
COVID-19 vaccination was investigated by Bernstine in a cohort of 
650 cancer patients with recent Comirnaty vaccination: 14.5% after first 
dose and 43.3% after second dose [34]. Besides the difference in fre-
quency of hypermetabolic axillary lymphadenopathy, there was no 
difference in amount of metabolic uptake between the two vaccination 
doses. The increased frequency of hypermetabolic lymphadenopathy 
post-COVID-19 vaccination (Comirnaty) after the second dose when 
compared to the first dose was confirmed by Cohen et al. in a cohort of 
728 patients that underwent 18F-FDG PET/CT: 36.4% versus 53.9% 
[35]. 

Persistence of hypermetabolic lymphadenopathy was detected at 
least 70 days after latest vaccination (Comirnaty) in 19% of the 205 
cases [36]. This is different from earlier studies demonstrating normal-
ization of initial hypermetabolic lymphadenopathy within 40 days after 
vaccination for influenza [37]. 

Figs. 1 and 2 represent two example case of patients with recent 
breast cancer diagnosis, including findings of hypermetabolic axillary 
lymphadenopathy on 18F-FDG PET/CT. 

3. Summary 

Morphologic characteristics of axillary lymph nodes on axillary US 
might differ when considering suspicious lymph nodes at breast cancer 
diagnosis versus lymphadenopathy post-COVID-19 vaccination, since 
after vaccination the most frequent characteristic includes diffuse 
cortical thickening of the lymph nodes in contrast to the most suspicious 
findings of focal cortical thickening or effacement of the fatty hilum in 
breast cancer patients [14]. However, regardless of the type of nodal 
abnormality or vaccination history, any axillary nodal abnormality on 
the ipsilateral side of a woman presenting with breast cancer should be 
biopsied. Current evidence on morphologic characteristics on breast 

MRI and 18F-FDG PET/CT is missing. Yet, the distribution of affected 
axillary lymph nodes may be different due to different lymphatic 
drainage patterns: level I/II (lower part) at breast cancer diagnosis and 
high level II/III post-COVID-19 vaccination [25] (Table 2). 

Reported frequencies of lymphadenopathy post-COVID-19 vaccina-
tion range from 49% to 85% (US), 29% (breast MRI) and 14.5% to 
53.9% (18F-FDG PET/CT). Several items were considered relevant to 
increase frequency and/or extent of lymphadenopathy post-COVID-19: 
injection site, type of vaccine (mRNA versus vector), interval between 
vaccination date and imaging examination date, previous history of 
COVID-19 pneumonia, first versus second vaccine dose. Consequently, 
in the case of lymphadenopathy potentially caused after vaccination 
clinical information needs to be documented in each patient to improve 
the interpretation and guide treatment towards the next steps of action. 
In patients with a recent breast cancer diagnosis and recent COVID-19 
vaccination with ipsilateral lymphadenopathy, tissue sampling is 
advised to determine lymph node status. In the case of contralateral 
lymphadenopathy after recent breast cancer diagnosis and recent 
COVID-19 vaccination, follow-up in 12–16 weeks can be considered 
rather than immediate tissue sampling. 
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