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Abstract Introduction: The coronavirus disease 2019 (COVID-19) pandemic has changed the

lives of people around the world. Fortunately, sufficient vaccines are now available. Local re-

actions with ipsilateral lymphadenopathy are among the most common side effects. We inves-

tigated the impact of lymphadenopathy after COVID-19 vaccination on the value of

ultrasound in tumour patients.

Patients and methods: Patients with melanoma or Merkel cell carcinoma were included who

underwent lymph node excision and received COVID-19 vaccination within 6 weeks before

surgery. The consistency of the preoperative ultrasound findings with the histopathologic find-

ings was investigated.

Results: Eight patients were included (two Merkel cell carcinoma and six melanoma patients)

who underwent lymph node excision between 16th April 2021 and 19th May 2021 and had

previously received COVID-19 vaccination. In three of the eight patients (one Merkel cell car-

cinoma and two melanoma patients), lymph node metastases were erroneously diagnosed pre-

operatively during tumour follow-up with physical examination, ultrasound, and or

fluorodeoxyglucose (FDG)epositron emission tomography (PET)/computed tomography

(CT). In these three patients, the suspected lymph node metastases were located in the left ax-

illa after COVID-19 vaccination in the left upper arm, which resulted in selective lymph node

removal in two patients and complete lymphadenectomy in one patient.

Conclusion: COVID-19 vaccineeassociated lymphadenopathy is expected to be observed
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much more frequently in the near future because of increasing vaccination rates. This cause of

lymphadenopathy, which may in ultrasound as well as in FDG PET/CT resemble lymph node

metastases, must be considered, especially in oncologic patients undergoing tumour follow-up.

In addition, COVID-19 vaccination should be given as far away as possible from an underly-

ing primary on the contralateral side to avoid oncologic misdiagnosis followed by malpractice.

ª 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The introduction of modern systemic therapies such as

immune checkpoint blockade has led to a significant

improvement in the prognosis of tumour patients with

advanced skin tumours, for example, melanoma, Merkel

cell carcinoma, and squamous cell carcinoma [1e3].

However, early detection of metastases is of crucial

importance for patient outcome. Currently, computed

tomographic and magnetic resonance techniques are
used as standard of care in suspected distant metastases

and in the follow-up of skin cancer patients [4e6]. As

another important method lymph node ultrasound with

transducers of 7.5e18 MHz has been successfully used

for many years for the detection of metastases in pri-

mary spread diagnostics as well as in the follow-up of

aggressive tumours, such as melanoma [7]. Ultrasound

has a higher sensitivity and specificity with regard to the
question of lymph node metastases than the other

radiological imaging procedures [8]. The coronavirus

disease 2019 (COVID-19) pandemic has been raging

worldwide since late 2019, with more than 160 million

people infected and more than 3.5 million people who

have died so far [9]. Fortunately, several vector-based

and messenger RNA (mRNA) vaccines have become

available in recent months that provide adequate pro-
tection against infection [10]. All COVID-19 vaccines

licensed in Europe and the United States show good

patient safety. Patients often experience modest systemic

side effects after COVID-19 vaccination, such as fatigue,

fever, chills, headache, or local side effects, such as

swelling at the injection site. Younger patients seem to

be more affected by side effects [11]. Another common

side effect after COVID-19 vaccination is ipsilateral
lymph node swelling, with recent reports of increased

fluorodeoxyglucose (FDG) uptake on positron emission

tomography (PET)-computed tomography (CT) being

observed in patients up to 6 weeks after vaccination [12].

Furthermore, sonographically detectable lymphade-

nopathy after COVID-19 vaccination has already been

reported in a recent case report [13]. The following work

aims at investigating the impact of COVID-19 vaccina-
tion on the validity of lymph node ultrasound in pri-

mary spread diagnosis and follow-up in skin cancer

patients.
2. Patients and methods

2.1. Patients

The study included patients with histologically confirmed

melanoma or Merkel cell carcinoma who underwent

sentinel lymph node biopsy, selective lymph node extir-

pation, or complete lymph node dissection. Only patients

who have received COVID-19 vaccination within the past

6 weeks were included. Patient characteristics were ob-

tained from the clinical database of Essen University

Hospital. These characteristics included tumour type,
tumour stage, preoperative sonographic findings, further

preoperative radiological imaging, clinical symptoms,

type of surgery, location of lymph node removal, and

pathologic findings of the removed lymph nodes. The

study was approved by the ethics committee of Duisburg-

Essen University and conducted in accordance with the

Declaration of Helsinki (BO 21-10115). All surgical

procedures were performed according to the German
guideline recommendations after discussion in the inter-

disciplinary tumour conference.
2.2. Lymph node ultrasound

Ultrasound examinations of lymph nodes were per-

formed by specially trained dermatologists (according to

the German Society for Ultrasound in Medicine/

DEGUM) using a high-resolution real-time scanner with

a 13 MHz transducer (MyLab Xvision, Esaote, Cologne,

Germany). Ultrasound scanning of the regional lymph

nodes was standardised. The lymph node regions were

examined with the patient lying down. To examine the
cervical region, the patient’s head was turned to the

opposite side. Initially, the parotid gland was examined in

two directions. The transducer was then moved to the

retroauricular area. After the cervical vessels, the com-

plete neck was examined, including the surrounding tis-

sue from the insertion of the sternocleidomastoid muscle

to the upper thoracic aperture. Evaluation of the sub-

mandibular and, finally, the supraclavicular and the
infraclavicular regions followed. Axillary examination

was performed with the patient’s arm abducted to 120�.
We used the axillary artery as a ‘leading structure’ for

scanning the upper axillary region, moving toward the
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brachial artery and the proximal third of the upper arm

heading toward the opposite side to the subclavian ar-

tery. Finally, the area between the musculus latissimus

dorsi (posterior axillary line), the pectoral muscles

(anterior axillary line), and the proximal parts of the

upper arm were completely investigated.

To examine the inguinal lymph nodes, we followed

the inguinal ligament from the anterior superior iliac
spine to the symphysis crossing the inguinal and

femoral vessels. The transducer followed the vessels in

a horizontal plane 5e10 cm above the inguinal liga-

ment. Inferior to the inguinal ligament, the adductor

canal was completely scanned. The upper third of the

thigh, lateral and medial to the femoral vessels, was

examined in two directions. The investigations were

performed in longitudinal and transversal sections. All
suspect lymph nodes were documented using a longi-

tudinal and transverse documentation system. Ultra-

sound assessment was based on morphological criteria

(size, shape, echogenicity of the centre, and cortex of

the lymph node). To interpret the two-dimensional

shape of lymph nodes, we adhered to the criteria pro-

posed by Solbiati et al. and Vassallo et al. [14,15]. The

respective index (ratio of maximal and minimal lymph
node diameters) was calculated for suspicious lymph

nodes. Lymph nodes were considered suspicious of

malignancy when at least one of the following criteria

was applied: Solbiati�Vasallo index less than two,

predominance of low echogenicity of the whole lymph

node structure, lymph node centre with low echoge-

nicity, or asymmetric regions with low echogenicity in

the lymph node margin. The Doppler technique was
only used to distinguish blood vessels and other low

echogenic structures.

2.3. Histopathological analysis

For histopathological examination, standard staining

consisting of haematoxylin and eosin staining was per-

formed. In addition, immunohistochemical workup of

lymph node tissue was performed according to the un-

derlying tumour type on an automated platform (Ven-

tana Benchmark Ultra, Ventana Medical Systems, AZ,

USA) adherent to manufacturer’s protocols as follows:

Melan-A (Clone: A103, ready to use kit; Ventana
Medical Systems) and MITF (Clone: D5, 1:100; Agilent

Dako, CA, USA) for melanoma and CK20 (Clone:

Ks20.8, 1:1000; Agilent Dako) and Synaptophysin

(Clone: MRQ-40, ready to use kit; Ventana Medical

Systems) for Merkel cell carcinoma. Histopathologic

evaluation of the lymph nodes was performed by an

experienced pathologist from the Institute of Pathology

or by an experienced dermatopathologist from the
Department of Dermatology, Essen University Hospi-

tal. Histopathological lymph node specimens were

digitised with the Aperio AT2 whole-slide scanner

(Leica, Wetzlar, Germany) at 20� resolution.
2.4. Statistical analysis

Statistical analysis was performed with SPSS Statistics
(Version 27; IBM Corp.; Armonk, NY). For statistical

testing, the chi-square test and ManneWhitney U test

were performed. A P value of <0.05 was considered

statistically significant.
3. Results

3.1. Patients

Between 16th April 2021 and 19th May 2021, a total of

eight patients with melanoma or Merkel cell carcinoma

were identified in whom the indication for lymph node

surgery and at least one COVID-19 vaccination had
previously taken place in the Department of Derma-

tology at the University Hospital Essen. Vaccination

was performed in the left upper arm in all patients. The

mean age was 52.5 years (28-91 years), with equal

numbers of male and female patients. Six patients had

melanoma as their underlying disease, and two patients

had Merkel cell carcinoma, with two patients having

received prior systemic therapy, one with targeted
BRAF/MEK inhibition and one with anti-PD1ebased

immune checkpoint blockade. Five patients underwent

sentinel lymph node excision, two patients underwent

targeted lymph node extirpation, and one patient un-

derwent complete lymphadenectomy. Half of the pa-

tients had previously received one COVID-19

vaccination, and the other half of the patients had

already received two vaccinations. All patients received
mRNA-based vaccines; seven patients received Bio-

NTech and Pfizer vaccine and one patient received

CureVac vaccine within the scope of an approved study.

On average, patients had received the last vaccination 23

days (7e50 days) before surgery (Table 1).

3.2. Impact of COVID-19 vaccination on preoperative

significance of lymph node ultrasound

In the present study, five patients underwent routine ul-

trasound examination before sentinel lymph node sam-
pling; here, three patients showed unremarkable lymph

nodes preoperatively, and histopathological evaluation

did not reveal evidence of metastases. In the other two

patients, malignancy could not be excluded with certainty

on ultrasound, and targeted lymph node removal was

performed in addition to sentinel lymph node sampling,

each of which showed evidence ofmetastases. Thus, five of

eight patients (62.5%) showed a concordant result on
preoperative ultrasound and histology. In the remaining

three patients (37.5%), ultrasound examination of the

lymph nodes was performed as part of tumour follow-up.

All patients showed enlarged lymph nodes suspected of

metastasis in the left axilla with partial marginal



Table 1
Patient characteristics.

Patient 1 2 3 4 5 6 7 8

Age (years) 54 28 58 77 91 44 43 84

Sex Female Female Male Male Male Male Female Female

Primary tumour Melanoma Melanoma MCC Melanoma MCC Melanoma Melanoma Melanoma

Previous tumour

therapy

None None None None None Dabrafenib and

trametinib

None

Type of vaccine CureVac BioNTech/

Pfizer

BioNTech/

Pfizer

BioNTech/

Pfizer

BioNTech/

Pfizer

BioNTech/

Pfizer

BioNTech/

Pfizer

BioNTech/

Pfizer

Number of vaccines 2 1 1 1 2 1 2 2

Time between

vaccine and

ultrasound (days)

30 28 7 11 16 15 50 12

Performed surgery Sentinel

lymph node

excision

Selective

lymph node

excision

Selective

lymph node

excision

Sentinel

lymph node

excision

Sentinel

lymph node

excision

Sentinel

lymph node

excision

Complete

lymph-

adenectomy

Sentinel

lymph node

excision

MCC, Merkel cell carcinoma.
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vascularisation and decreased echogenicity. After lymph

node removal, histopathology showed no evidence of

metastasis in these patients.

Subsequently, various patient characteristics were

examined as influencing factors that may have contrib-

uted to the misdiagnosis. Patients in whom the sono-

graphic and histologic results of the lymph nodes

matched had received the vaccine a mean of 16.8 days
(11.8e30 days) before surgery. In contrast, patients with

different sonographic and histologic results had received

the vaccine on average 28.3 days (7-50 days) before

surgery, whereas the difference was not statistically

significant (P Z 0.65; Fig. 1). Regarding surgical

localisation, it was found that all sonographically clas-

sified false-positive lymph nodes were localised in the

left axilla. With a small number of cases, the statistical
difference was not significant (P Z 0.091; Fig. 2).

Regarding gender, two women and one man showed

false-positive lymph nodes preoperatively. Regarding
Fig. 1. Boxplots show the time between the last COVID-19
the number of vaccinations, two patients had received

only one vaccination, and one patient had received two

vaccinations.

3.3. Selected patient cases demonstrating that COVID-19

vaccination is a potential pitfall in the diagnosis of lymph

node metastasis by ultrasound

3.3.1. Case 1

A 27-year-old female patient had an initial diagnosis of

a 0.4-mm-thick melanoma on the left scapula in

September 2020, followed by removal of a melanoma in

situ on the left lower leg in January 2021. On 29th

March 2021, the first vaccination with BioNTech’s
vaccine took place. On 15th April 2021, an FDG PET/

CT scan ordered by the primary care physician showed

highly malignant lymph nodes in the left axilla

(Fig. 3A). One week later, the patient presented to our

clinic for the first time. A lymph node ultrasound was
vaccination and ultrasound examination for patients.



Fig. 2. The bar graph show the distribution of surgical locations of

sonographically correct and false estimation regarding metastasis.
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performed, which showed multiple lymph nodes, some
of which were echo-deficient, with increased marginal

vascularisation and a maximum diameter of 1.6 cm in

the left axilla, so there was a high suspicion of lymph

node metastases (Fig. 3B). Together with the patient, the

performance of a diagnostic lymph node removal was

determined. A total of four intraoperatively conspicuous

lymph nodes were removed from the left axilla. Histo-

pathologically, there was no evidence of infiltration by
melanoma but marked lymphofollicular hyperplasia in

all lymph nodes (Fig. 3C). The patient’s postoperative

clinical course was without complications.
Fig. 3. Case 1. (A) PET-CT examination of the patient, which shows a

the left axilla ( ). (B) Lymph node ultrasound shows pronounced e

picture of the lymph node showing follicular hyperplasia ( ). Metas
3.3.2. Case 2

A 43-year-old woman was first diagnosed with mela-

noma with a tumour thickness of 1.4 mm in the left

mammillary area in June 2020. Sentinel lymph node

excision was performed in the left axilla, which showed a

metastasis with a maximum diameter of 0.8 mm.

Consecutive tumour staging by CT and magnetic reso-

nance imaging showed no evidence of metastasis. Sub-
sequently, with the BRAF V600E mutation present,

adjuvant therapy with dabrafenib and trametinib was

initiated in August 2020. On 2nd March 2021, the first

vaccination and on 23rd March 2021, the second

vaccination with BioNTech’s vaccine took place. In late

April 2021, lymph node metastases were suspected

sonographically in the left axilla during tumour follow-

up (Fig. 4A). Consecutive radiologic imaging with CT
scanning also revealed suspicious lymph nodes for

metastasis in the left axilla (Fig. 4B). Therefore, the

indication for complete lymphadenectomy was decided

in the interdisciplinary tumour conference. In mid-May

2021, a complete lymph node removal of the left axilla

was performed. Intraoperatively, there were several

black coloured lymph nodes measuring a maximum of

1 cm. Histologically, there was no evidence of melanoma
metastasis in the 15 harvested lymph nodes; instead,

there were histologic signs of a sarcoid-like reaction. The

black discolouration of the lymph nodes was a pigment

deposit from a long-standing tattoo on the patient’s left

scapula (Fig. 4C and D). Postoperatively, the patient

showed marked lymphorrhea, requiring multiple
pronounced FDG accumulation in the area of the lymph nodes of

nlargement with a clear decrease in echogenicity. (C) Histological

tases from the melanoma cannot be seen (HE).



Fig. 4. Case 2. (A) (Left) Ultrasound shows an enlarged lymph node with preserved vascular hilus and unilaterally widened, echo-poor

margin. (Right) In the other plane, the enlarged area is echo-poor and rounded. (B) CT scan shows multiple lymph nodes suspicious for

malignancy in the left axilla ( ). (C) Histopathologic image of the lymph node. (D)The sarcoidosis-like granulomas/lesions are visible in

addition to distinct pigmentary deposits associated with the patient’s underlying tattooing.
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sclerotherapy with ethoxysclerol. The patient was hos-

pitalised for a total of 14 days.

4. Discussion

In this study,we describe for the first time to the best of our

knowledge sonographically detectable lymph node

changes after COVID-19 vaccination in skin cancer pa-

tients during tumour follow-up. Lymph node changes
resembling lymphnodemetastases in termsof enlargement

and peripheral vascularisation occurred relatively

frequently in patients, especially after inoculation into the

left upper arm in the areaof the left axilla. The time interval

betweenvaccination andultrasounddid not appear toplay

a significant role, although in one patient vaccination had

occurred 50 days before the abnormal ultrasound. This

observation is consistent with the results of a recent
radiological study, which showed that increased FDG

uptake on PET/CTwas still detectable in ipsilateral lymph

node stations in patients vaccinated with COVID-19 up to

70 days after vaccination [12]. Histologically, one of the

patients whose lymph nodes were misjudged to be malig-

nant preoperatively showed marked follicular hyperplasia

in all lymph nodes. Marked reactive follicular hyperplasia

of the lymph nodes is otherwise frequently observed in the
context of infections, such as syphilis, toxoplasmosis,HIV,

infectiousmononucleosis, or in the context of autoimmune

diseases, such as rheumatoid arthritis or Sjögren’s syn-

drome [16]. Interestingly, another patient whose lymph
node was misclassified as malignant showed histopatho-

logically a lymphofollicular hyperplasia and pronounced

sarcoidosis-like lymphadenopathy. The granulomatous

changes can be triggered by activated T-lymphocytes and

macrophages through their secretion of interferon gamma,

tumour necrosis factor a, and interleukin 12 [17]. Granu-

lomatous lymph node changes have also been described

extensively in patients under immune checkpoint blockade
therapy [18,19]. Our patient was under adjuvant therapy

with BRAF and MEK inhibition, and granulomatous

changes are not typical for this therapy. It should be noted

that in rare cases, sarcoidosis is also induced by targeted

therapy with BRAF and MEK inhibition, in which case

mainly the hilar lung lymph nodes are affected [20].

Of course, our study has some limitations, such as the

small number of cases. Furthermore, it is not a controlled
randomised trial, and it covers a very short observation

period of only one month. Nevertheless, because of the

high clinical relevance with COVID-19 vaccination rates

continuing to increase rapidly in the future, we believe it

is important to report the sonographic and histopatho-

logic observations of patients after COVID-19 vaccina-

tion in the context of tumour follow-up.

In conclusion, lymph node enlargements suspicious
for malignancy are likely to be detected more frequently

during follow-up of tumour patients with imaging

techniques, such as ultrasound and or FDG PET/CT

after COVID-19 vaccination. Patients should be asked

about previous COVID-19 vaccinations if lymph node
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enlargement is unclear, especially axillary. In these cases,

a repeat ultrasound examination of the affected lymph

node region should be considered after 6e8weeks. As

part of the preoperative ultrasound diagnosis before

sentinel lymph node removal, the suspicion of metas-

tasis, especially axillary, should also be critically ques-

tioned in a condition after COVID-19 vaccination. In

these cases, the indication for lymphadenectomy should
not be rushed. Finally, in tumour patients, the vacci-

nating physician should perform the vaccination

contralateral to the primary to avoid oncologic misdi-

agnosis and malpractice because of unnecessary lymph

node surgery.
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