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Background: Women who received a COVID-19 vaccination may display subclinical unilateral axillary lymphadenopathy on screening
mammography, which can appear suspicious for malignancy, leading to additional diagnostic evaluation.

Purpose: To evaluate the prevalence of subclinical unilateral axillary lymphadenopathy (sLAD) on screening mammogram in women who
received either the first or second dose of the Pfizer-BioNTech (Pfizer) or Moderna COVID-19 vaccines compared to women who have not.

Materials and Methods: In this IRB-approved, HIPAA complaint study from 12/14/2020 to 4/14/2021, 1027 patients presented for
screening mammography and met study inclusion criteria. Patients with history of baseline lymphadenopathy or prior cancer diagnosis
were excluded.

Results: : Of the 1027 women, 43 were recalled for unilateral sLAD. 34 women received a COVID-19 vaccination ipsilateral to the sLAD
(Pfizer n=19, 44.2%; Moderna n=15, 34.9%), 9 did not (20.9%). Incidence of unilateral axillary sLAD was significantly higher (p-val-
ue<0.01) in those who received a COVID-19 vaccination within approximately 7 weeks preceding screening mammogram. 13.2% of
patients who received the Pfizer vaccine and 9.5% of patients who received the Moderna vaccine developed sLAD. Moderna’s vaccine
elicited a more robust reaction in the elderly (Moderna 63.7 years vs. Pfizer 59.7 years). For both vaccines, sLAD resolved on average
46.5 days after the last COVID-19 vaccine (p=0.44).

Conclusion: Women who have received either mRNA COVID-19 vaccines may benefit from scheduling their screening mammogram
before vaccination or consider delaying screening mammography 8 weeks. While Pfizer may have an overall more robust immune
response, Moderna may elicit a stronger immune response in elderly women.

Summary: Women who received a COVID-19 vaccination before screening mammography were significantly more likely to present with
subclinical axillary lymphadenopathy than women who did not receive the vaccine.

Key Results: 13.2% of women who received a Pfizer-BioNTech vaccine exhibited subclinical axillary lymphadenopathy compared to
9.5% of those who received the Moderna vaccine. Only 1.2 % of those who did not receive a vaccine presented with subclinical unilateral
axillary lymphadenopathy. The average time of resolution of the lymphadenopathy on diagnostic mammogram was 46.5 days overall, with
Pfizer-BioNTech taking 50.7 days and Moderna 41.5 days.

© 2021 Published by Elsevier Inc. on behalf of The Association of University Radiologists.
Abbreviation: LAD lymphadenopathy, sLAD subclinical lymphadenopathy, DM diagnostic mammogram, Pfizer Pfizer-BioNTech
INTRODUCTION
T his retrospective study aims to analyze the proportion
of female screening mammography patients who
develop subclinical unilateral axillary lymphadenopa-

thy in response to receiving either the Pfizer-BioNTech
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(Pfizer) or Moderna COVID-19 vaccine, starting with the
date the first COVID-19 vaccination was given in the United
States, December 14, 2020, in order to determine if screening
mammogram institutional guidelines should be updated to
include COVID-19 vaccination status and timeline. This
research will help guide clinical decision-making in regards to
breast cancer screening in women who have received the
COVID-19 vaccine in order to decrease the number of
unnecessary diagnostic tests as more patients in the US receive
these vaccines, or receive booster vaccinations in the future.

Unilateral axillary lymphadenopathy in the setting of
uncertain etiology on a routine screening mammogram can
be concerning for breast cancer, and warrants further diagnos-
tic workup in the form of diagnostic mammography, ultra-
sound, biopsy, or a combination of these. However, this
unilateral axillary lymphadenopathy can be a normal sign of
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an immune response in the setting of vaccination such as the
flu vaccine, and more recently the two COVID-19 vaccines
approved for use in the United States (1). Other benign etiol-
ogies include infection, inflammation, or trauma (1,2).

Women who have received either the Pfizer or Moderna
COVID-19 vaccine have presented with unilateral axillary
lymphadenopathy after both the first and second doses of
these vaccines. A previous review study noted that this
occurred most commonly in between 1-4 weeks post vacci-
nation, and is usually subclinical in nature (3,4). If the lymph-
adenopathy is due to an immune response from the vaccine,
and not malignancy, this represents additional cost for the fol-
low up diagnostic studies as well as undue psychological dis-
tress for the patient (5). Further, it represents wasted
healthcare resources in the form of primary care office visits,
additional visits to referring physicians, and follow up. Updat-
ing institutional screening recommendations to suggest
patients receive their mammograms either before vaccination
or a number of weeks after the vaccine has been administered
to allow resolution of the localized immune response.

Though it is known that vaccination is a possible cause of
palpable axillary lymphadenopathy, it is not known what per-
centage of patients will develop subclinical unilateral axillary
LAD after receiving either the Pfizer or Moderna COVID-
19 vaccine. Given that the vaccines were designed to elicit a
powerful immune response, we expect that the proportion of
patients who will have unilateral axillary lymphadenopathy is
much higher than for other vaccines. Therefore, there is a
high likelihood that patients who may not have breast malig-
nancy will be subjected to additional costly diagnostic tests, as
well as additional radiation exposure, if institutional screening
guidelines do not consider patient COVID-19 vaccination
status. We hypothesize that the incidence of unilateral axillary
lymphadenopathy will be higher in women who received a
COVID-19 vaccination in the 4-6 weeks prior to performing
mammography compared to women who were not vacci-
nated in this timeframe.
MATERIALS ANDMETHODS

In this IRB-approved, HIPAA complaint study, data was
sourced from Penrad Mammography Tracking and Report-
ing software used by our institutions Breast Imaging depart-
ment, its satellite centers, and online medical records. The
IRB determined informed consent was not necessary for this
study, as the study was purely retrospective, had no impact
on patient treatment or standard of care, and all protected
health information was de-identified prior to analysis. Starting
with December 14, 2020 � the day the first COVID-19 vac-
cine was approved for use in the United States, the COVID-
19 vaccination status of the patient, the date of vaccine
administration, laterality of the administered vaccination, the
type of vaccine received (Pfizer or Moderna), presence or
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absence of unilateral axillary lymphadenopathy on mammog-
raphy, additional diagnostic studies, findings and recommen-
dations of the interpreting physician after subclinical
unilateral axillary lymphadenopathy was revealed were com-
piled. Data collection continued for all patients who pre-
sented for screening mammography until April 14, 2021.
Prior imaging results were cross-referenced to ensure the
patient did not have baseline axillary lymphadenopathy. All
women who received a screening mammogram and met
inclusion criteria since December 14, 2020 were included in
the study, regardless of whether or not they had a COVID-
19 vaccination. To qualify for the COVID-19 vaccinated
cohort, the patient should have been administered a dose (first
or second) of the Pfizer or Moderna vaccines within 8 weeks
of screening mammogram. Exclusion criteria included male
sex, receiving a mammogram before the aforementioned
date, receiving a COVID-19 vaccine longer than 8 weeks
away from screening mammogram, women who presented
for diagnostic mammography including women with a palpa-
ble axillary lump or pain, or any woman with a prior history
of breast cancer. For the purpose of this study, women who
had baseline axillary lymphadenopathy at the time of their
mammogram were considered to not have reactive lymph-
adenopathy so as not to artificially inflate the number of
women with reactive lymphadenopathy.
Statistical Analysis

Continuous variables were presented as mean and standard
deviation, while categorical variables as the frequencies and
percentages of events. Differences between continuous data
were compared by the Student’s t-test, while the Pearson
chi-square test used to compare differences in proportion
between the groups. (Table 1)
RESULTS

There were 1027 women included in the study, 29.4% of
women (n = 302) received a COVID-19 vaccine (Moderna,
n = 158, 15.4%; Pfizer n = 144, 14.0%). Of these 1027
patients, 4.2% had unilateral axillary lymphadenopathy
(n = 43), and 79.1% of these women received a COVID-19
vaccine (n = 34; Moderna, n = 15, 44.1%; Pfizer n = 19,
55.9%). Of the study population, only 0.9% presented with
axillary LAD and did not receive a COVID-19 vaccine
(n = 9), while 3.3% of the study population (n = 34) who
received a COVID-19 vaccine presented with axillary LAD
on screening mammogram (p < 0.01).

The incidence of unilateral axillary lymphadenopathy was
significantly higher for those who received a Pfizer COVID-
19 vaccination at 13.2% of patients compared to the Moderna
vaccine at 9.5% of patients (Table 1). Incidence of unilateral
sLAD in unvaccinated women was much lower at 1.2%, and



TABLE 1. Descriptive Summary of Patient Characteristics and Outcomes by COVID-19 Vaccination Type and Status

Moderna
(N=158)

Pfizer
(N=144)

No Vaccine
(N=725)

p-value

Age (years) �mean§ SD 63.7 § 12.7 59.7 § 11.8 56.4 § 10.7 < 0.011

Vaccine Arm < 0.012

Left 100 (63.3%) 103 (71.5%)
Right 55 (34.8%) 34 (23.6%)
Not reported 3 (1.9%) 7 (4.9%)

Lymphadenopathy < 0.012

No 143 (90.5%) 125 (86.8%) 716 (98.8%)
Yes 15 (9.5%) 19 (13.2%) 9 (1.2%)

Lymphadenopathy - ipsilateral to vaccine site 14 (93.3%) 19 (100%)
Lymphadenopathy - contralateral to vaccine site 1 (6.7%) 0 (0%)

Student t-test
Pearson’s Chi-squared test
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in our study follow-up etiology was yet unknown, but these
patients did not have malignancy (Table 1).
Of the 43 women recalled from screening mammography

for sLAD, all women reported for initial diagnostic imaging
evaluation and confirmed LAD identified on screening either
utilizing mammography or a combination of mammography
and sonography. Short-term follow-up imaging (BI-RADS
3) of 6-8 weeks was explicitly stated in the recommendation
of these diagnostic evaluations. 88.4% of women (n = 38)
returned for the recommended short-term diagnostic imag-
ing. 11.6% of women were lost to follow-up (n = 5; Table 2).
Vaccine related adenopathy was more likely to resolve on
imaging follow-up compared to unvaccinated women, with
79.3% being returned to their previous screening schedule
(n = 23; Table 2) compared to 66.7% of unvaccinated
women (n = 6; Table 2).
In women who had their sLAD resolve, the diagnostic

imaging follow-up was on average 46.5 days since their last
COVID-19 vaccine, with those who received the Pfizer
vaccine taking 50.7 days to resolve, slightly longer on aver-
age than those who received Moderna at 41.5 days
(Table 3). It is critical to note that the actual time to LAD
resolution is likely sooner than the resolution on imaging,
time to resolution is influenced by the follow-up interval,
and patients were given a window of 6-8 weeks to follow
up versus a precise interval of days, thus limiting the value
of this follow-up data.
TABLE 2. Number of Patients with Resolved Subclinical LAD, Unre
from Initial Screen/Diagnostic

LAD resolved on imaging follow-up - returned to previous screening s
LAD not resolved - recommended continued imaging follow-up (prese
Lost to follow-up
DISCUSSION

Women who had an mRNA COVID-19 vaccine within a
few weeks of mammography were more likely to present
with subclinical unilateral axillary lymphadenopathy com-
pared to those who had unilateral axillary sLAD but did not
have a mRNA COVID-19 vaccine. According to the Cen-
ters for Disease Control and Prevention (CDC), 11.6% of
recipients of the first dose of the Moderna COVID-19 vac-
cine developed unilateral axillary lymphadenopathy ipsilateral
to the vaccination site (1). This percentage increased to 16%
of those who received the second dose of the Moderna vac-
cine among those aged 18-641. This axillary swelling was the
second most reported local reaction to the Moderna vaccine
for both doses, second only to localized pain and tenderness
around the injection site (6). The CDC did not report
lymphadenopathy for the Pfizer vaccine, but noted both axil-
lary and head and neck lymphadenopathy as an unsolicited
adverse event that occurred more often in the treatment
group than placebo, and considered it plausibly due to the
vaccine (7).

Our results support the hypothesis that mRNA COVID-
19 vaccinations result in a 267% increase in subclinical unilat-
eral axillary lymphadenopathy compared to women who did
not receive the vaccine. At the time of this study, these
women with sLAD on screening required further imaging
evaluation with diagnostic mammography or sonography.
Please note since the time this study was conducted, there has
solved Subclinical LAD, and Lost to Follow-Up After 6-8 Weeks

No vaccine Moderna Pfizer Total

chedule (BIRADS 2) 6 12 11 29
ntly BIRADS 3) 3 2 4 9

0 1 4 5
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TABLE 3. Distribution of Days to Subclinical LAD Resolution on Mammography in Vaccinated Women

Total (N=29) Moderna (N=14) Pfizer (N=15) p value

LAD resolved - # days since last COVID-19 vaccine (Mean, SD) 46.5 (29.6) 41.5 (30.9) 50.7 (29.0) 0.44
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been greater recognition of these vaccines’ ability to cause
reactive lymphadenopathy, and thus some practices have
adopted different follow-up recommendations. However, to
date, no study has quantified the significance of sLAD in rela-
tion to screening mammography.

Evaluation of these women with suspected vaccine-related
sLAD resulted in extensive wasted healthcare costs in the
form of unnecessary appointments, procedures, and resources
as well as having to endure emotional and financial burdens
associated with an unnecessary workup. The CDC reports
that in 2016 there were 17.3 million screening mammograms
either ordered or performed, but does not report an average
cost nationwide (8). Rim et. al. reports that the average cost
of screening mammography in the United States in 2019 was
$297, and diagnostic mammograms were even more expen-
sive, costing $490 on average (9). Given the large number of
screening mammograms performed in the United States
annually, the additional studies recommended by the inter-
preting radiologist � at the hospitals in this study most com-
monly a combination of an ultrasound with a diagnostic
mammogram—this represents a sizable additional cost to the
U.S. healthcare system if guidelines are not updated. In this
study alone, just the cost to the healthcare system of the initial
additional unnecessary follow-up diagnostic mammograms
alone is estimated to be in excess of $20,000, as no patients
who presented with sLAD on screening resulted in a final
diagnosis of malignancy upon further study. This cost does
not include additional diagnostic mammograms that were
performed some weeks later to ensure resolution, ultrasounds
that were conducted in conjunction with the diagnostic
mammograms, nor performance of biopsies and processing of
tissue. It also does not take into account the burden these
additional healthcare costs place on women of low socioeco-
nomic status, who were not only disproportionately affected
by the economic consequences of the pandemic, but are also
more likely to die due to delays in screening (10).

Previous studies have recommended a broad range of rec-
ommendations for screening delay, around 4-12 weeks
depending on the source (3,11,12). Their data showed that
unilateral axillary sLAD can occur as early as one day after
COVID-19 vaccination and persist well beyond one-month
post-vaccine, but based their recommendations mostly off
previous institutional guidelines (11). The Society of Breast
Imaging recommends erring on the side of caution by post-
poning screening mammography in patients where it is fea-
sible by 4-6 weeks so long as patient care is not
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compromised (12). In our study, the mean number of days
it took for the reactive lymphadenopathy to resolve was
46.5 days from date of the most recent vaccination for both
vaccine groups, or a little over 7 weeks (Table 3). It should
be noted that this is time to resolution on follow-up imag-
ing � the actual time to resolution of the sLAD is some
time before the actual follow-up appointment. Further,
there are additional reasons for lymphadenopathy on screen-
ing mammogram since a prior study, including administra-
tion of other vaccines, recent illness, inflammatory
conditions, or other metastatic processes beyond the breast.
Based upon these results, we recommend that patients and
providers endeavor to either perform screening mammo-
grams prior to COVID-19 vaccination, or postpone screen-
ing at least 8 weeks after most recent vaccination. This will
not only reduce the number of costly and unnecessary diag-
nostic studies, but also help alleviate the psychological bur-
den associated with an abnormal mammogram for patients.
This may not be feasible or desirable for patients who are
very behind on their regular screening schedule, and the
best course of action for this patient population should be
decided on a case-by-case basis. For those patients who do
not have resolution of the lymphadenopathy on follow-up,
additional studies such as biopsy are then recommended
(12).

However, it must be impressed that the recommendation is
to perform screening mammography within a reasonable
timeframe, bearing in mind that older patients are at increased
risk (5). It is estimated that there will be 2,500 additional
deaths due to breast cancer because of delay in screening dur-
ing the COVID-19 pandemic (13). Further, a patient in the
vaccinated cohort in our study who received the Moderna
vaccine on screening mammography had a mass without axil-
lary lymphadenopathy, resulting in biopsy-proven malig-
nancy. As she was asymptomatic, had her screening
mammogram not been performed or significantly delayed,
her breast cancer would have not been detected, likely result-
ing in increased morbidity or mortality due to a delay in diag-
nosis. Additionally, presence of reactive lymphadenopathy
does not exclude the possibility of malignancy (4).

While a minority of patients in both cohorts are still in a
BIRADS 3 (short-term imaging follow-up) algorithm, the
trend is that patients with sLAD and short-term imaging fol-
low-up, 79.3% returned to their previous screening schedule
(BIRADS 2) in the vaccinated group compared to 66.7% of
the unvaccinated group. This is to be expected, as the



Fig 1. 55-year-old clinically asymptomatic woman with COVID-19 vaccine-induced lymphadenopathy. (1a) Screening mammogram medio-
lateral oblique view from 2020 demonstrating no right axillary lymphadenopathy. (1b) Screening mammogram mediolateral oblique view in
2021 � with patient reporting history of COVID-19 vaccination in the right deltoid 3 weeks before � reveals an enlarged, abnormal axillary
lymph node. Otherwise, no suspicious mammographic abnormalities are identified in either breast. (1c) Patient returns for diagnostic ultra-
sound evaluation 5 days after abnormal screening mammogram. Sonogram shows multiple abnormally enlarged lymph nodes with prominent
eccentric cortices. Of note, there is some preservation of the fatty hila. (1d) The patient returns in 5 weeks for short-term diagnostic mammo-
gram follow-up which reveals a return of normal appearing axillary lymph nodes and a recommendation to return to normal screening mam-
mography.
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immunologic effect of the vaccine will eventually subside,
and evidently resolve more quickly than unexplained axillary
LAD due to other causes.
The age of the patients presenting with subclinical unilat-

eral axillary LAD varied depending on vaccination as well as
type of vaccine. Though the Pfizer vaccine in this study was
more likely to cause subclinical axillary LAD, as a greater pro-
portion of patients who received the vaccine developed sLAD
(13.2% of all Pfizer vaccine recipients vs 9.5% of all Moderna
recipients), the data shows a trend towards significance that
Moderna may be more likely to cause lymphadenopathy in
the elderly. The mean age of women presenting with unilat-
eral axillary LAD who received the Moderna vaccine was
63.7 years compared to 59.7 years for the Pfizer vaccine and
56.4 years for the non-vaccinated group. Providers or patients
who have a choice in deciding vaccine preference may con-
sider that Pfizer tends to have an overall more robust immune
response while Moderna may elicit a stronger immune
response in elderly women specifically.
Furthermore, our study understates the true prevalence of

vaccine-induced lymphadenopathy. As mentioned previ-
ously, the CDC’s data shows that clinical lymphadenopathy
occurs 11.6% of the time in those who got the first dose of
the Moderna vaccine and 16% of the time with the second
vaccine (1). The Pfizer vaccine is likely similar given it has a
similar mechanism of action, though it was not reported by
the CDC. Any woman who presents with clinical lymphade-
nopathy is immediately sent for a diagnostic mammogram,
not a screening mammogram. Thus, as in our study the
women who presented with sLAD were largely caught
because they were due for their yearly screening mammo-
gram and coincidentally had a COVID-19 within only a few
weeks prior, and their subclinical axillary lymphadenopathy
was an incidental finding. Thus, our data may understate the
true incidence of lymphadenopathy within vaccinated indi-
viduals, as some women who would have been included did
not meet the inclusion criteria as they received diagnostic
mammograms.

Given that the SARS-CoV-2 virus continues to mutate, it is
possible that receiving an COVID-19 vaccination booster will
become an annual offering to patients � much like the sea-
sonal influenza vaccine. Additionally, as time progresses, data
may support that the mRNA vaccines will require boosters
irrespective of mutations, which will represent additional
505



Fig 2. 38-year-old clinically asymptomatic woman presents for
high-risk breast cancer screening Breast MRI with Contrast. Patient
reports history of a COVID-19 vaccine administered 2.5 weeks
before MRI. In the right axilla, there are multiple enlarged axillary
lymph nodes. No suspicious breast MRI evidence of malignancy is
otherwise identified in either breast.
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exposure to the vaccine, and may be more likely to cause reac-
tive lymphadenopathy due to immunogenic memory. Thus it
is imperative that not only the date of vaccination is noted in
patient records, but also injection site laterality. Awareness of
the possibility of reactive lymphadenopathy due to the mRNA
COVID-19 vaccines can improve scheduling screening mam-
mograms around these vaccinations, decreasing unnecessary
healthcare costs for both the patient and the healthcare system.
Moreover, vaccine-induced adenopathy represents an impor-
tant finding regardless of imaging modality, as reactive lymph
nodes are also visualized on breast MRIs but can also be inci-
dentally discovered on any image of the chest such as x-ray or
CT (11). Thus, awareness of possible vaccine-induced axillary
lymphadenopathy is crucial not just for the field of breast radi-
ology, but the field of radiology as a whole.

Limitations of this study include regional bias, although
there is some mitigation of this flaw as this is a multicenter
study with different patient populations including socioeco-
nomic class diversity. Patients born male were also not
included in this study, and thus this data is not applicable to
that population, although there is data that males also can
develop lymphadenopathy after COVID vaccine administra-
tion. Due to sample size and rarity of sLAD, significance of all
data endpoints was often challenging to attain, however,
trends to significance were often appreciated.

We expect that as additional studies are performed and
more data is collected, there will be more evidence nationally
to support institutionally delaying screening mammograms
for some time from last COVID-19 mRNA vaccine (anec-
dotally, we have suggested to referring providers and patients
to try to delay screening 8 weeks from last vaccine dose, if
506
feasible). Additional studies could also include the newer
Johnson & Johnson vaccine, which none of the patients in
this dataset received due to the timeframe included. We also
recommend follow up studies with larger sample sizes in
effort to determine the average timeframe of resolution of
reactive lymphadenopathy to support more precise screening
guidelines.

To conclude, women who received a COVID-19 vaccine
within 8 weeks of their screening mammogram were signifi-
cantly more likely to present with subclinical axillary lymph-
adenopathy compared to women who were not administered
a COVID-19 vaccine, leading to unnecessary diagnostic eval-
uations. Providers should consider either delaying screening
mammogram 8 weeks in patients who have received either
the Pfizer-BioNTech or Moderna COVID-19 vaccines or
boosters, or performing mammography before vaccination to
avoid unnecessary, costly, and emotionally taxing follow-up.
Fig. 1, Fig. 2
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