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ABSTRACT

Objectives: Axillary lymphadenopathy from coronavirus
disease 2019 (COVID-19) vaccine is an emerging phenom-
enon during unprecedented mass vaccinations, which can
be incidentally found on computed tomography (CT) scans.
This study investigated the incidence, predisposing factors,
and imaging characteristics of vaccine-related axillary
lymphadenopathy in patients with thoracic malignancy who
underwent CT scans before and after COVID-19 vaccinations.

Methods: The study included patients with thoracic ma-
lignancies who received two doses of mRNA-based COVID-
19 vaccinations and had prevaccine and postvaccine chest
CT scans. Postvaccine chest CT scan results were reviewed
for increase in size of lymph nodes in the axilla and sub-
pectoral areas, comparing with the prevaccine scan results.
The cases with lymphadenopathy were further reviewed
independently by two radiologists referring to clinical in-
formation to find whether lymphadenopathy was attributed
to the vaccinations.

Results: Vaccine-related axillary lymphadenopathy was
noted in 21 of 232 patients (9.0%). The median short-axis
diameter of the largest node was 7 mm (range: 5–14 mm).
The median number of increased nodes was 4 (range: 1–10).
The median time to the postvaccine scan revealing lymph-
adenopathy was 1.7 weeks (range: �2.9 to 6.6) from the
second dose. Vaccine-related lymphadenopathy was noted
more often in women than in men (18 of 144, 12.5% versus
3 of 88, 3.4%, respectively; p ¼ 0.019) and with mRNA-1273
vaccines than BNT162b2 vaccines (6 of 28, 21% versus 15 of
204, 7.4%, respectively; p ¼ 0.026).

Conclusions: The incidence of lymphadenopathy was 9%,
with a median onset time of 1.7 weeks after the second
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vaccine dose. Female sex and vaccine type (mRNA-1273
vaccine) were associated with higher frequency of lymph-
adenopathy, providing initial observations to inform further
investigations in larger cohorts.

� 2021 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic

has affected tens of millions of people worldwide,
prompting urgent needs for effective vaccinations. The
mRNA-based vaccines have been given widely since the
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end of 2020, leading to emerging vaccine-related ob-
servations, including axillary lymphadenopathy noted on
imaging.1 Patients with cancer under active treatment or
surveillance undergo frequent cross-sectional imaging,
leading to the incidental detection of vaccine-related
lymphadenopathy.1,2 Although sporadic reports exist
for axillary lymphadenopathy on imaging after COVID-19
vaccinations, the details of this phenomenon remain to
be investigated for its incidence, predisposing factors,
and imaging characteristics.1–3 A recent report described
the findings in patients who underwent 18F-fluorodeox-
yglucose (FDG)-positron emission tomography (PET)/
computed tomography (CT) for various malignancies.4

CT scan is by far the most often used imaging modality
for cancer monitoring, and patients with thoracic ma-
lignancy provide a unique opportunity to investigate this
phenomenon on CT because they undergo frequent chest
CT scans that provides detailed evaluations of the axilla.

The purposes of this report are to find the incidence
of vaccine-related axillary lymphadenopathy on post-
vaccine CT scan results in patients with thoracic malig-
nancy, identify predisposing factors, and describe
imaging characteristics.
Materials and Methods
The study included patients with thoracic malig-

nancies who received two doses of COVID-19 vaccinations
(Pfizer-BioNtech BNT162b2 or Moderna mRNA-1273)
between December 2020 and April 2021. All patients
had at least one prevaccine chest CT within 6 months
before the first vaccine dose and underwent at least one
chest CT or FDG-PET/CT after the vaccination. Patients
with existing axillary lymph node enlargement (�10 mm
in short axis) on prevaccine CT were excluded. The
medical records and imaging studies were retrospectively
reviewed in these patients who had consented to a
correlative research study approved by the institutional
review board at the Dana-Farber Cancer Institute.

Postvaccine chest CT scan results were reviewed by a
board-certified thoracic radiologist (MN) for increase in size
of lymphnodes in the axilla and subpectoral areas, based on
side-by-side comparison with the prevaccine scan results.
The increase of lymph nodes was visually assessed, and
when noted, the short axis of the largest node was
measured. The number of increased nodes was counted.
The radiologist was aware of the vaccination dates but was
not aware of the type or the side (right or left) of vaccina-
tions at the time of the initial review.

After the initial review, the cases that were positive
for lymphadenopathy on the postvaccine scan results
were reviewed independently by two radiologists (MN,
the first reader, and HH, another board-certified thoracic
radiologist), referring to the side of vaccinations and the
detailed clinical history, including the disease status and
treatment information, to find whether lymphadenopa-
thy was attributed to the COVID-19 vaccinations.

Demographics and disease characteristics were
compared between patients with and without vaccine-
related lymphadenopathy, using a Fisher’s exact test
and chi-square test for categorical variables and a Wil-
coxon ranked sum test for continuous variables.
Results
Among a total of 232 vaccinated patients with pre-

vaccine and postvaccine CT scans without preexisting
axillary adenopathy, the initial imaging review identified28
patientswith new unilateral lymphadenopathy in the axilla
and subpectoral areas on the postvaccine scans. Lymph-
adenopathy was not considered to be attributed to the
vaccinations in seven patients in the second review, owing
to contralateral vaccine injections (n¼ 6) and because of a
recent ipsilateral breast surgery with breast inflammation
on the postvaccine PET/CT (n ¼ 1). After excluding these
seven patients, vaccine-related lymphadenopathy was
noted in 21 of 232 patients (9.0%) (Table 1). The median
short-axisdiameterof the largestnodewas7mm(range: 5–
14 mm) (Fig. 1). Only two of the 21 patients (9.5%) had
nodes greater than or equal to 10 mm in the short axis
(Fig. 1A). The median number of increased nodes was 4
(range: 1–10).More thanonenodewasnoted in 17patients
(81%), and greater than or equal to five nodes were noted
in six patients (28%; Fig. 1B). Both axilla and subpectoral
nodes were noted in 11 patients, whereas 10 patients had
only axillary nodes. Lymphadenopathywas on the left in 20
patients, and on the right in one patient. Three of the 21
patientswith lymphadenopathyhadpostvaccineFDG-PET/
CT, and nodes were FDG-avid in two patients (Fig. 1C). A
total of 14 patients had advanced-stage thoracic malig-
nancies at the time of vaccination and seven had early stage
disease. A total of 11 patients were on systemic anticancer
treatment and 10 were not on treatment.

Lymphadenopathy was noted on the scans performed
after the second vaccine dose in 18 patients, whereas
three patients developed lymphadenopathy on the scans
performed between the first and second doses. The me-
dian time to the postvaccine scan revealing lymphade-
nopathy in the 21 patients was 4.9 weeks (range: 1.0–9.6)
from the first dose and 1.7 weeks (range: �2.9 to 6.6)
from the second dose. Only one lymphadenopathy-
positive patient had more than one postvaccine scans,
and lymphadenopathy persisted on the second scan four
weeks after the first scan (6.3 wk after the first dose and
2.3 wk after the second dose).

Vaccine-related lymphadenopathy was significantly
more common in women than men (18 of 144, 12.5%
versus 3 of 88, 3.4%, respectively; p ¼ 0.019) and in



Table 1. Demographics, Clinical Characteristics, and Postvaccine Scan Details of Patients With and Without Vaccine-Related
Lymphadenopathy

Demographics, Clinical Characteristics, and Scan Details
With Adenopathy
(n ¼ 21)

Without Adenopathy
(n ¼ 211)

All Patients
(N ¼ 232)

p
Value

Age (y) Median [range] 69 [52–82] 71 [40–96] 71 [40–96] 0.49
Sex Male 3 85 88 0.019

Female 18 126 144
Race White 19 185 204 0.54

Asian 2 11 13
Black 0 7 7
Other 0 8 8

Smoking Never 6 67 73 0.21
Former 14 106 120
Current 1 38 39

Tumor types NSCLC 18 182 200 0.90
SCLC 1 11 12
Mesothelioma 1 9 10
Other 1 9 10

Tumor stage at vaccination Advanced 14 162 176 0.29
Not advanced 7 49 56

Vaccine types BNT162b2 15 189 204 0.026
mRNA-1273 6 22 28

Postvaccine scan type CT only 18 192 210 0.092
PET/CT onlya 0 10 10
CT and PET/CTa 3 9 12

Postvaccine scan time point 1 time point 20 161 181 0.052
2–4 time points 1 50 51

Postvaccine scan timing Between two dosesb only 2 44 46 0.13
After second dose only 18 135 153
Between two doses and after

second dose
1 32 33

Median time between vaccine dose
and scan (wk)

Pre-CT to first dose 5.4 5.4 5.4 0.58
First dose to post-CTc 4.8 5.0 5.0 0.95
Second dose to post-CTc 1.7 1.7 1.7 0.80

aThe rate of lymphadenopathy did not differ significantly between patients with and without postvaccine PET/CT (3 of 22 versus 18 of 210, respectively; p ¼
0.43).
b“Between two doses” indicates the scans performed after the first vaccine dose before the second dose.
cTime was calculated from each vaccine dose to the postvaccine scan, using the first postvaccine scan in patients with more than one postvaccine scans.
CT, computed tomography; PET, positron emission tomography.
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those who received the mRNA-1273 vaccine than those
who received the BNT162b2 vaccine (6 of 28, 21%
versus 15 of 204, 7.4%, respectively; p ¼ 0.026). No
significant differences were noted between patients with
and without lymphadenopathy for other factors,
including age, race, smoking, tumor types, and stages
(Table 1). Postvaccine scan timing, number of time
points, scan types, and intervals between scans and
vaccines did not significantly differ between the two
groups (Table 1). Undergoing postvaccine PET/CT scan
had no significant impact on the incidence of lymph-
adenopathy (p ¼ 0.43).

Discussion
Vaccine-related lymphadenopathy was noted in 9%

of the patients with thoracic malignancy on postvaccine
CT scan results. Female sex and vaccine type (mRNA-1273)
were associated with higher rates of lymphadenopathy.
The study provides the first report on the incidence, pre-
disposing factors, and imaging characteristics of vaccine-
related lymphadenopathy on CT using the currently
available cohort during the mass vaccinations for COVID-
19, which can provide a basis for further studies.

Clinically, “axillary swelling or tenderness” was noted
as a local reaction in 16.0% in patients aged 18 to 64
years and in 8.4% of patients aged more than 65 years in
a trial of mRNA-1273 vaccine.5 The rate of lymphade-
nopathy identified on CT (9.0%) in this study is com-
parable with the rate of clinically noted axillary
swelling/tenderness in the trial. In a recent study of 169
patients who underwent FDG-PET/CT after BNT162b2
vaccinations, 29% of the patients had FDG uptake in the
axillary nodes,6 which is higher than 9% on the basis of
CT size increase. This is expected because PET/CT can
detect FDG-avid nodes without size increase. The inci-
dence of lymphadenopathy among those who underwent



Figure 1. COVID-19 vaccine-related axillary and subpectoral lymphadenopathy on CT and FDG-PET/CT. Patient A. A 67-year-
old woman with SCLC who received two doses of COVID-19 vaccine in the left deltoid and underwent a prevaccine CT (4.4 wk
before the first dose) and a postvaccine CT (0.6 wk after the second dose) for tumor surveillance. Postvaccine CT results
revealed increased lymph nodes in the left axilla (A2, white arrow) and the subpectoral region measuring up to 14 mm in the
short axis (A2, yellow arrows), compared with the prevaccine CT results (A1, arrows). There was no increase of other thoracic
nodes or lung lesions on the chest CT. The patient underwent PET/CTat the outside institution 7 weeks after the postvaccine
CT, which reportedly revealed decrease of these nodes without FDG uptake (the images are not available and not illustrated).
Patient B. A 57-year-old woman with stage IV NSCLC undergoing systemic therapy who received two doses of COVID-19
vaccine in the left deltoid and underwent a prevaccine CT (8.7 wk before the first dose) and a postvaccine CT (0.3 wk af-
ter the second dose) for treatment monitoring. Postvaccine CT results revealed increase of the left axillary and subpectoral
lymph nodes (B2, white oval) measuring up to 8 mm in the short axis, compared with the prevaccine CT results (B1). The CT
scan results otherwise revealed stable disease without new or increasing lesions. Patient C. A 52-year-old man with stage IV
NSCLC who received two doses of COVID-19 vaccine in the left deltoid and underwent a prevaccine CT (4.4 wk before the first
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PET/CT in our cohort is lower (3 of 21; 14.2%), which
can be due to a small number of patients evaluated by
PET/CT.

The median short-axis diameter of the largest node
was 7 mm, ranging from 5 to 14 mm. Knowledge on the
size of the affected nodes is important to establish im-
aging criteria for this new phenomenon.1 No size criteria
were available to define vaccine-related adenopathy, and
thus this study was specifically designed to carefully
compare pre- and postvaccine CT scan results to identify
visually notable increase of axillary and subpectoral
nodes, rather than applying criteria developed for other
purposes, such as the Response Evaluation Criteria in
Solid Tumors (RECIST).7 The present cohort with
thoracic malignancies at an academic cancer center with
frequent serial chest CT scans provided unique advan-
tages, with pre-CT scans with a median of 5.4 weeks
before the first dose. The focus on thoracic malignancy
was also advantageous as unilateral axillary lymphade-
nopathy is not a frequent manifestation of metastatic
disease in this population, compared with other diseases
such as breast cancer, melanoma, and lymphoma.6 Most
patients (19 of 21, 90%) who developed new lymph-
adenopathy had nodes less than 10 mm in the short axis
which would be considered nonpathologic by RECIST,7

consistent with the recent PET/CT report that
described “normal size” of most FDG-avid nodes after
vaccinations with a mean short axis of 5 mm (range: 1–
16 mm).6 Nevertheless, in a few patients, the nodes can
be bigger, measuring up to 14 mm in the short axis in
one patient of our study, who reportedly had decrease of
the nodes on follow-up PET/CT. The maximal short axis
in the PET/CT study was 16 mm, which is similar to the
upper range of our observation.6 As the differentiation of
reactive and metastatic nodes is crucial for patients with
cancer, further studies with a larger cohort with longer
follow-up are needed to identify robust size criteria for
vaccine-related lymphadenopathy.

The number of nodes in vaccine-related lymphade-
nopathy has not been previously reported and ranged
from one to 10 with the median of four nodes in this
study. In the setting of lymphadenopathy, an increase in
the number of nodes can be noted along with size in-
crease, and thus the attention to the number of nodes is
important for documenting this phenomenon. The axilla
was involved in all patients, and the subpectoral region
was also involved in a half of the cases. It remains to be
dose), PET/CT between two doses (3.4 wk after the first dose),
for tumor surveillance. Postvaccine PET/CT results revealed an
2.2) (C2, arrows), compared with the prevaccine CTresults (C1)
decreased right lower lobe lesion, without any other FDG-a
computed tomography; FDG, 18F-fluorodeoxyglucose; PET, pos
uptake value.
investigated whether the size, number, and extent of
lymphadenopathy are related to the degree of immune
response to vaccines.

Three patients had vaccine-related lymphadenopathy
on CT scans performed after the first dose before
receiving the second dose, as early as 1 week after the
first dose. Though the timing of lymphadenopathy
detection largely depends on the timing of scans, it
seems that lymphadenopathy occurs shortly after
vaccination, and even with one dose. The maximum time
from the second dose to the positive CT scan result was
6.6 weeks, with two patients having positive CT results
after 6 weeks since the second dose. The recent article
recommended postponing imaging at least 6 weeks after
the final vaccination dose,1 which is intuitively reason-
able but is not evidence based owing to a lack of data.
The recent study reported persistence of FDG-avid nodes
beyond 6 weeks in one-third of the vaccinated patients
assessed by PET/CT.6 These accumulating data are
indicative of longer duration of vaccine-related lymph-
adenopathy beyond 6 weeks. Considering the needs of
frequent serial scanning in patients with cancer espe-
cially for those on active treatment, it is likely more
realistic to precisely define the imaging characteristics of
vaccine-related lymphadenopathy and establish criteria
for accurate diagnosis of the phenomenon, rather than
delaying imaging studies that are necessary for treat-
ment decisions. A follow-up study is planned once a
larger number of patients with longer postvaccine
follow-up become available.

This study identified the factors associated with
vaccine-related lymphadenopathy, including female sex
and mRNA-1273 vaccine. The difference of the incidence
rates between women and men was quite notable
(12.5% versus 3.4%; p ¼ 0.019), which may aid diag-
nosis when imaging findings are equivocal. Given the
small number of patients who received the mRNA-1273
vaccines (n ¼ 28), the significance of the differences
between the two types of mRNA-based vaccines remains
to be validated. The incidence of lymphadenopathy from
other COVID-19 vaccines, such as viral vector vaccines,
along with predisposing factors and imaging character-
istics needs to be addressed as well.

In conclusion, vaccine-related axillary lymphadenop-
athy was noted in 9% on postvaccine CT scan results
in patients with thoracic malignancy who received
mRNA-based vaccinations. The imaging features were
and CT after the second dose (3.6 wk after the second dose)
increased left axillary lymph node with FDG uptake (SUVmax:
. The PET/CTresults revealed tumor response to therapy with
vid lymph nodes. COVID-19, coronavirus disease 2019; CT,
itron emission tomography; SUVmax, maximum standardized
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characterized and candidates for predisposing factors
were identified, providing the initial data for further
investigations of this emerging phenomenon amid mass
vaccinations against the COVID-19 pandemic.
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