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Abstract

As of September 2022, approximately 606 million cases of COVID-19 have been reported and 6.5 million deaths have
occurred worldwide ['!. COVID-19 vaccination programs are in progress around the world to control the pandemic?..
Till September 2022 approximately 12.6 billion doses of the vaccine have been globally administered [°l. It has been
found that reactive hyperplasia of the ipsilateral axillary nodes and sometimes contralateral node is a side effect of
vaccination [*. The frequency of imaging-detected lymphadenopathy ranged between 14.5 to 53%°.. Cancer patients
undergoing active treatment or follow-up surveillance undergo frequent cross-sectional imaging which incidentally
detects vaccine-related lymphadenopathy. A Chest CT scan is the most used imaging modality for lung cancer
monitoring and lung screening for metastasis of other malignancies. Thus, incidentally detected COVID-19-associated
axillary lymph node enlargement is seen in these patients who undergo frequent chest CT scans including the axilla. It
is difficult to differentiate lymph node enlargement due to Covid vaccination from lymph node metastasis on imaging.
This can lead to unnecessary fine needle aspiration cytology or biopsy thus increasing the patient’s cost and public

health burden 78],

This systematic review aims to evaluate the published literature evidence of axillary lymphadenopathy after COVID-19

vaccination and its imaging features on Chest CT.
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The systematic review was performed as per the PRISMA guidelines and checklist. Since this was a systematic review,
institutional review board approval was not needed. PubMed database was searched for relevant English language
articles up till September 2022. The search terms “Vaccine" OR "Vaccination" AND "Axillary Lymphadenopathy" OR
"Axillary Lymph node" AND "Covid-19" AND “CT Chest”. 7 studies or reports were identified using the predefined
keywords. One of them described myocardial perfusion imaging findings and others described PET/CT imaging findings.

Only 1 study was initially found to describe exclusively CT chest findings of covid 19 associated axillary lymphadenopathy.
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From the “similar articles section” of this paper few additional studies were found describing CT chest findings in covid 19
associated axillary lymphadenopathy. Studies that described findings on ultrasound or mammography or PET/ CT or MRI
were included only if Chest CT images were also described. Studies describing non-axillary lymphadenopathy were
excluded. Letter to Editors, conference abstracts, and non-research articles (such as opinions and commentaries) were
excluded. Identical articles and abstracts were identified to avoid duplication. Similar studies published by the same
institution were analyzed and only the most recent comprehensive study was included to avoid data duplication. Data

extraction was performed by 3 investigators independently and results were cross-checked and merged for analysis.

Ahn et al. describe Axillary Lymphadenopathy after mRNA COVID-19 Vaccination on CT Chest images!®.. It occurred 7
days after the second dose of MRNA COVID-19 in a 32-year-old man. The lymph node measured 15mm in its short axis.
Axial CT Chest imaging in a 39-year-old woman initially revealed normal lymph nodes. However, 8 days after vaccination
with mRNA Covid-19 vaccine patient demonstrated left axillary lymph nodes measuring 1.4 cm on the short axis. All

patients were asymptomatic.

Lane et al. describe COVID-19 Vaccine-Related Axillary Lymphadenopathy in Patients with Current or Prior Breast
Cancer and Other Malignancies on Cross-Sectional Imaging including MRI, CT, and PET-CT. They found that vaccination
can cause level I-IIl axillary lymphadenopathy ['%. They found axillary adenopathy in the left level Il axilla lymph node in a
70-year-old female with a history of right breast cancer and bilateral mastectomy. Enlarged lymph nodes were seen five
days after the second COVID-19 vaccine. Follow-up ultrasounds showed an enlarged lymph node with focal cortical bulge

and loss of fatty hilum.

Viana et al. '] describe the first Brazilian case report of post-COVID-19 adenopathy within 24 hours of the COVID-19
vaccine. The patient developed fever, axillary discomfort, and also a convulsion episode after administration of the Pfizer
BioNTech COVID-19 vaccine in the right arm. He underwent Chest computer tomography on the same day which showed

axillary fat standing with lymph node enlargement.

Nishino et al.. '] utilized prevaccine and postvaccine chest CT data of lung cancer patients who had received two doses
of MRNA-based COVID-19 vaccinations. The incidence rate was found to be 9%. The median time of development of
lymph node enlargement was 1.7 weeks after the second booster shot. Vaccine type (MRNA1273 vaccine) and female
sex were revealed to be predisposing factors. The median number of enlarged nodes was four and the median short-axis

diameter of the largest node was 7 mm.

Yu et al.. present a misdiagnosed case of lymphadenopathy after COVID-19 vaccination from SinoVac. 34-year-old lady
presented with left axillary pain and fever. She received her first and second doses of the SinoVac COVID-19 vaccine five
and four months ago respectively. Both doses were administered to the left arm. She developed left axillary swelling and
pain. Computer tomography demonstrated left axillary lymphadenopathy. Follow-up was performed using ultrasound
which showed an initial increase in the size of the lymph nodes. Initial ultrasounds misreported necrotic lymph nodes and
fine needle aspiration cytology was negative for tuberculosis or malignancy. Follow-up ultrasound showed a decrease in
the size of the lymph nodes and eventual resolution after 8 months. The lymphadenopathy was attributed finally to side

effects of the COVID-19 vaccine based on clinical, imaging, and histopathological findings, and this was confirmed in the

Qeios ID: 9QSTN6 - https://doi.org/10.32388/9QSTN6 2/8



Q Qeios, CC-BY 4.0 - Atrticle, September 7, 2023

prognosis as it resolved on its own.

Placke et al. ["?l studied 8 patients with melanoma or Merkel cell carcinoma who underwent lymph node excision and
received Covid-19 vaccination within 6 weeks before surgery. They found that the lymphadenopathy images of Covid-19

were similar to lymph nodal metastasis.

Wolfson et al. ['°! studied 1217 patients who had taken Covid-19 vaccine and had undergone breast imaging. 9% (29
patients) had lymph node enlargement identified with mammography alone, 61% (203 patients) hade lymph node
enlargement detected on sonography. 44 % (537 patients) had lymph node enlargement on atleast one imaging. The
average lymph node size was 1.8 cm. Lymphadenopathy was typically seen within 14 days of vaccination and was rare

after 50 days of second dose.

The majority of lymphadenopathy after Moderna vaccination occurred within 2 to 4 days and radiological observations
lasted between 4 days to 10 weeks. The lymphadenopathy that occurred with Sinovac vaccine occurred at 4 months and
resolved at 8 months. All the studies discussed above had initial CT chest imaging. The CT features of Covid axillary
lymphadenopathy in all these studies were similar to lymph nodal metastasis or any other infectious cause of lymph node
enlargement. Follow-up by ultrasound was done, which showed resolution of lymphadenopathy in all the studies without

any treatment, confirming COVID-19 as the etiology.

Guidelines and algorithms for management of lymphadenopathy in current setting of Covid-19 vaccinations -

Current Society of Breast Imaging Guidelines ['*]:

1. For average-risk women with screening-detected ipsilateral lymphadenopathy and no other suspicious mammographic
findings: Assess as BI-RADS 2, no dedicated follow-up

2. At short-term imaging follow-up (=12 weeks): If improving lymphadenopathy, assess as Bl- RADS 2

3. At short-term imaging follow-up (=12 weeks): If unchanged lymphadenopathy, assess as BI-RADS 3, consider

additional 6-month follow-up If increased lymphadenopathy, then consider lymph node sampling

Schiaffino et al. '] recommended in European Society of Breast Imaging that 1) vaccination should be administered in
the contralateral arm or in the thigh in cases with previous history of breast cance, (2) all vaccination data has to be
collected for all patients referred to breast imaging services (3) breast imaging examinations should be performed before
vaccination or at least 12 weeks after the last vaccine dose; (4) apply standard imaging protocols regardless of
vaccination status in newly diagnosed breast cancer, (5) in any case of symptomatic or imaging-detected axillary
lymphadenopathy before vaccination or at least 12 weeks after, examine with appropriate imaging the contralateral axilla
and both breasts to exclude malignancy; (6) perform standard work-up in case of axillary lymphadenopathy contralateral
to the vaccination side, (7) Lymphadenopathy only ipsilateral to the vaccination side within 12 weeks after vaccination can
be considered benign or probably-benign, in patients without breast cancer history and no suspicious breast imaging
findings, (8) post-vaccination lymphadenopathy coupled with suspicious breast finding requires standard work-up,
including biopsy when appropriate in patients without breast cancer history, (9) interpret lymphadenopathy considering the

timeframe from vaccination and overall nodal metastatic risk in patients with breast cancer history, interpret and manage
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post-vaccination (10) complex or unclear cases should be managed by the multidisciplinary team.

Zhang et al.['! have state in their paper that risk-based management algorithm scan significantly reduced unnecessary
biopsies in low-risk patients. They also describe the imagin features to differentiate benign from malignant
lymphadenopathy. In axilla not only the size but the morphology of the lymph node including its shape, cortical thickness,
uniformity, and presence or absence of central fatty hila are considered important criteria for differentiating normal from
abnormal lymph nodes. Normal and benign nodes appear oval or reniform, with cortical thickness less than or equal to 3
mm and a preserved fatty hilum. Ultrasound evaluation and classification of axillary lymph nodes based on the cortical
thickness and appearance of the hilum have been found to be more accurate in predicting malignancy than overall size of
the lymph node. Nodal vascularity at color Doppler US also helps distinguish benign from metastatic lymph nodes, with
benign nodes demonstrating hilar perfusion and most metastatic nodes demonstrating eccentric or peripheral perfusion.

Patients with active breast cancer should be evaluated with standard imaging protocols regardless of vaccination status.

Ryogo Minamimoto et al.['7]

describe in their paper the imaging features of FDG-PET/CT imaging after Covid-19
vaccination. There is normal to moderate increase in lymph node size with thickening of cortex and fatty hilum, suggesting
benign lesions. Sometimes the lymph node can show abnormal size or loss of fatty hilum shortly after vaccination that can
be confused for malignancy. FDG uptake has been shown in axillary lymph nodes following vaccination. It tends to occir
within 7 dasy of vaccination and resolves by 12-14 days. It can even persisit for 10 weeks. Generally ipsilateral lymph

nodes are involvd however contralateral lymph nodes can also be affected.

Cohen et al.. ['8] categorized vaccine-associated hypermetabolic lymphadenopathy (VAHL) according to the intensity and
area of FDG uptake in axial lymph nodes as follows: grade 1, mild FDG-uptake intensity (SUVmax < 2.2); grade 2,
moderate FDG-uptake intensity (2.2 < SUVmax < 4); grade 3, high FDG- uptake intensity (SUVmax > 4) in normal-size
nodes; and grade 4, high FDG-uptake intensity (SUVmax = 4) in enlarged nodes. The incidence of VAHL was 36.5%
among all subjects who were vaccinated but was significantly higher after the 2nd vaccination (45.8%) compared with the
1st vaccination (26.3%). Node size, FDG uptake in axial lymph nodes beyond level 1, and the site of vaccination were all
more prominent after the 2nd vaccination. After the first vaccination, the incidence of VAHL was higher at 6-12 days after
vaccination compared with that in the first 5 days and at 13 days. After the second vaccination, the incidence and grade of
VAHL were highest in the first 6 days, decreased gradually over time, and were significantly low at more than 20 days
after vaccination. VAHL was recognized in 29% of vaccinated patients at 3 weeks after the second vaccination, but only
7% had grade 3 or 4 VAHL. After the first vaccination, there was a higher incidence and higher grade of VAHL in subjects
aged < 62 years than in others; whereas after the second vaccination, there was a higher incidence and higher grade of
VAHL in subjects aged < 64 years than in others (26). Regarding FDG uptake in lymph nodes, greater uptake was
associated with second vaccination; in contrast, lower uptake was associated with older age, immunosuppressive

treatment, and hematologic disease (30).

Conclusions
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Vaccine-related lymphadenopathy in patients with lung cancer can lead to diagnostic dilemmas. In the initial stage, axillary
lymphadenopathy can alter staging and can result in unnecessarily invasive procedures. Second, it can make the
evaluation of the effectiveness of neo-adjuvant therapy difficult. Finally, new lymph node enlargement in post-operative

patients makes it difficult to distinguish it from recurrence.

List of Abbreviations

o Chest CT: Chest Computed Tomography
o MRI: Magnetic Resonance Imaging.

o PET /CT: Positron Emission Tomography / Computerized Tomography.

Tables and Figures

Table 1. Details of Studies with CT chest imaging of Covid-19 post vaccination axillary lymphadenopathy.

AUTHOR  PUBLICATON  STUDY SAMPLE  MAXIMAL NODE DIAMETER ON VACCINE TO VAGCINE USED
YEAR ORIGIN SIZE SHORT AXIS LYMPHADENPATHY TIME
Ahn RW et RNA Covid
NRWEL o024 USA 3 2.cm 7 days MARA LoV
al.. vaccine
Lane DW M
ane DWet 501 USA 6 1.3cm 15 days oderna and
al.. Pfizer
Viana JA et
al'a"a e 2021 Brazil 1 - 1 day Pfizer
Nishino M et mRNA1273
o 2021 USA 232 1.4cm 6.6 weeks T1650
Qian Y etal.. 2022 China 1 1.5cm 4 months CoronaVac
Placke JM et
i’ acke e 5024 Germany 8 1.6cm 50 days BioNTech Pfizer
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Fig.1. CT Chest non-contrast axial images: Measurement of left axillary enlarged lymph node post vaccination.
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Fig.2. Follow up ultrasound images after 1 month showing resolution of axillary lymphadenopathy.
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