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a b s t r a c t 

Axillary lymphadenopathy ipsilateral to the vaccination site has been clinically and radiologically reported after 
administration of COVID-19 vaccines. This can be an important diagnostic dilemma, particularly in cancer pa- 
tients who are being staged or re-staged, as this benign entity may mimic metastasis, cause unnecessary biopsies 
and changes in therapy. Here we present a breast cancer patient and a patient with squamous cell carcinoma of 
the head and neck, who had already received the first two doses of mRNA type COVID-19 vaccines before, now 

presenting with new hypermetabolic reactive lymphadenopathy on FDG PET/CT after the third booster dose. 
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The United States Food and Drug Administration (FDA) has ap-
roved the use of Pfizer-BioNTech COVID-19 vaccine on August 23,
021 ( FDA Approves First COVID-19 Vaccine 2021 ). The other most
ommonly used vaccine, Moderna, received emergency use authoriza-
ion on December 18, 2020 ( Moderna COVID-19 Vaccine 2021 ). As
f September 4, 2021, 52.3% of the USA population was fully vac-
inated, and 9.3% received one dose of vaccination ( Covid vaccine
ata tracker 2021 ). Recently, both vaccines have been approved for
 booster dose in certain immunocompromised individuals to help
ecrease COVID-19 infection and death. According to the Center for
isease Control (CDC), 955,000 people received a booster dose af-

er approval [( Coronavirus (COVID-19) Update: FDA Authorizes Addi-
ional Vaccine Dose for Certain Immunocompromised Individuals 2021 ;
r, 2021 )]. At the time we were writing this paper, on October 11, 2021,
DA approved the emergency use authorization for the Pfizer-BioNTech
OVID-19 Vaccine single booster dose, to be administered at least six
onths after completion of the first two doses in individuals 65 years

f age and older; individuals 18 through 64 years of age at high risk of
evere COVID-19; and individuals 18 through 64 years of age whose fre-
uent institutional or occupational exposure to SARS-CoV-2 puts them at
igh risk of serious complications of COVID-19 including severe COVID-
9, such as health care workers, teachers, daycare staff, grocery workers
nd those in homeless shelters or prisons. ( FDA Authorizes Booster Dose
f Pfizer-BioNTech COVID-19 Vaccine for Certain Populations 2021 ).
Abbreviations: RAL, Reactive ipsilateral axillary lymphadenopathy; FDA, The Unit
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DC also recommends an additional dose of mRNA COVID-19 vaccine at
east 28 days after the second dose of Pfizer-BioNTech COVID-19 vaccine
r Moderna COVID-19 Vaccine in people with moderately to severely
ompromised immune systems ( COVID-19 Vaccines for Moderately to
everely Immunocompromised People 2021 ). 

Reactive ipsilateral axillary lymphadenopathy (RAL) has been clin-
cally and radiologically very well reported after administration of
OVID-19 vaccines ( Local Reactions 2021 ; Local Reactions 2021 ,
0 , Mehta et al., 2021 , Michal Eifer, 2021 , Özütemiz et al., 2021 ,
ecker et al., 2021 , Mortazavi, 2021 , D Cohen et al., 2021 , Eshet et al.,
021 , D Cohen et al., 2021 , Adin et al., 2021 , Schapiro et al., 2021 ).
his can be an important diagnostic dilemma in oncology patients with
ll imaging modalities, and this is particularly a problem in staging or
e-staging imaging since this benign entity may mimic metastasis, cause
nnecessary biopsies, and changes in therapy ( Özütemiz et al., 2021 ,
ecker et al., 2021 ). 

We commonly observed RAL in vaccine recipients after the ini-
ial two doses with mRNA type vaccines, particularly in the first half
f 2021. Now, we have started to observe a new surge of COVID-19
accine-induced RAL coinciding with the initiation of the third booster
ose in immunocompromised patients. To our knowledge, RAL after the
hird booster has not been described before. In this report, we present
wo cases with RAL after COVID-19 vaccine booster dose. 

ase series 

An institutional review board approved this Health Insurance Porta-
ility and Accountability Act–compliant retrospective case series. Writ-
ed States Food and Drug Administration; CDC, The Center for Disease Control. 
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Fig. 1. 62-year-old woman with a history of metastatic breast cancer. Each row represents PET/CT exams from top to bottom, dating from January, April, July, 
and September 2021. Each column represents axial PET, CT, fused PET/CT, and coronal MIP images from left to right. Initially, in January, the patient presented 
with a right scapular hypermetabolic bone lesion (green arrows), which later biopsy-proven as metastasis from breast cancer. MIP images show a mildly metabolic 
new nodule in the left lung (purple arrow). In April, two weeks after COVID-19 vaccine, the scapular lesion improved (green arrows) following treatment with 
chemotherapy, but there were new hypermetabolic right axillary lymph nodes (blue arrows). Lung nodule was stable (purple arrow). In July, the lymphadenopathy 
completely resolved, consistent with vaccine-related reactive lymphadenopathy, and there was further decreased size and metabolic activity of the scapular lesion 
(green arrow). The lung lesion was slightly more conspicuous (purple arrow). In September, while under chemotherapy, the right scapular lesion was more improved 
(green arrows). However, the known left lung nodule was increased in size (purple arrow), and there was new right axillary hypermetabolic lymphadenopathy (blue 
arrows). Chart review showed that the patient had her third vaccine one day ago; thus lymph nodes were more compatible with vaccine-induced reactive lymph 
nodes. Wedge resection of the lung nodule confirmed osteosarcoma metastasis. 
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en, informed consent for publication of each case was obtained from
he patients. Cases were observed on 9.2.2021 and 9.3.2021. 

Case 1: 62-year-old woman with a history of metastatic breast can-
er. The patient presented with left knee pain in late 2014, and an MRI
emonstrated a bone tumor in the left distal femur. The patient under-
ent surgical resection of the lytic lesion with internal fixation. Pathol-
gy revealed metastatic undifferentiated ER + /HER2- adenocarcinoma
f the breast. This was followed by a PET/CT scan which then showed a
.1 cm spiculated mass in the medial left breast and scattered metastatic
one lesions. The patient received radiotherapy targeted to the left dis-
al femur and started chemotherapy with letrozole and was stable for
ve years under treatment with letrozole. Unfortunately, she developed
 radiation-related high-grade osteosarcoma of the left distal femur in
anuary 2020 and started neoadjuvant chemotherapy with doxorubicin
nd cisplatin, and continued treatment with letrozole. Later, on follow-
p PET/CT in January 2021, she was found to have an FDG avid right
capula lesion which was biopsy-proven to be metastatic breast lesion
 Fig. 1 ). She started treatment with fulvestrant and abemaciclib; how-
2 
ver, abemaciclib was later substituted with palbociclib secondary to
ash. Later, the patient received the first dose of Moderna COVID-19
accination on March 15th and the second dose on April 12th, 2021. A
ET/CT obtained between two doses on April 1st, 2021, showed positive
esponse to treatment in the scapular lesion while there were two ovoid-
haped hypermetabolic lymph nodes in the right axilla. These were in-
erpreted as vaccine-induced RAL as they disappeared in the follow-up
ET/CT in July 2021 ( Fig. 1 ). Despite a favorable response to treat-
ent regarding the known bone metastasis, this new PET/CT showed
 growing hypermetabolic calcified nodule in the left lung, which was
oncerning for osteosarcoma metastasis. The decision was restaging of
he lung disease with PET/CT to confirm its oligometastatic status. The
ost recent PET/CT from September 2nd, 2021 demonstrated new hy-
ermetabolic right axillary lymph nodes (14 mm - maxSUV: 5.23, 15 mm
 maxSUV 3.55, MaxSUV mediastinum 

:2.8). The metabolic activity of the
ight scapular lesion was further decreased, while the hypermetabolic
alcified lesion was slightly bigger in size ( Fig. 1 ). The result of a ques-
ionnaire before the PET/CT revealed that she received her third dose of
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Fig. 2. 62-year-old man with a history of squamous cell cancer. The upper row is the PET/CT from 2019, which was obtained for cancer staging. The fused PET/CT 
axial image at the axilla level is unremarkable. MIP image on the right shows hypermetabolic tongue cancer and metastatic left cervical lymphadenopathy (pink 
circle). The lower row is the PET/CT obtained in early September in 2021, 1 day after the third dose of COVID-19 vaccine targeted to the left arm. Yellow arrows 
show hypermetabolic lung nodules, consistent with metastasis, and new hypermetabolic left axillary lymph nodes (blue arrows). Bilateral symmetric uptake in the 
deltoid muscles in the lower right MIP image was considered physiologic muscle uptake. 
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oderna COVID-19 vaccine one day before the PET/CT. Based on lack
f other sites of osteosarcoma metastasis, the solitary lung metastasis
as resected. The pathology confirmed an osteosarcoma diagnosis for

he lung nodule. 
Case 2: 62-year-old man with history of squamous cell cancer of

he tongue status post treatment with radiation and prostate cancer sta-
us post treatment with prostatectomy/radiation, presented with exer-
ional dyspnea in June 2021. A coronary CT angiography was ordered
or symptoms, which showed minimal non-obstructive coronary artery
isease in August 2021 but also revealed multiple pulmonary nodules
ith concern of malignancy. Subsequent PET/CT on September 3rd,
021 showed multiple hypermetabolic pulmonary nodules (Largest is
0 mm - maxSUV: 6.54, MaxSUV mediastinum 

:1,5) along with new hyper-
etabolic left axillary lymph node clusters (Largest is 10 mm – maxSUV:
.7). The activity in the lymph nodes was not as high as the lung nodules,
nd further investigation of the electronic medical records revealed that
3 
he patient received three Pfizer COVID-19 vaccines on 3/2021, 4/2021,
nd 9/2021 (2 days before PET/CT), respectively. Based on imaging and
istory, the axillary lymph nodes were considered benign and reactive,
ut the lung nodules were highly suspicious for malignancy, and due to
istory of two separate cancers, the patient was referred for lung nodule
iopsy. 

iscussion 

We have highlighted two cases with RAL secondary to the third
ooster dose of mRNA type COVID-19 vaccines. In the first case, there
ere two ongoing cancers which demonstrated mixed response to treat-
ent, where the metastatic breast cancer was responding to treatment
hile the osteosarcoma was progressing. On top of all, there was new
evelopment of axillary lymphadenopathy, which can be highly chal-
enging for the oncologist and radiologist. Similarly, in the second pa-
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ient, there was history of two previously treated cancers with new hy-
ermetabolic lung nodules and ipsilateral axillary lymph nodes. Despite
he prior story of routine COVID-19 vaccination, the radiologist checked
or vaccination status and found out that a third booster dose was ad-
inistered to explain the lymphadenopathy. This led to a decision of

iopsy of lung nodules. If that information was not sought, the clinician
nd radiologist might have preferred doing a biopsy of axillary lymph
odes as they are relatively easier and safer for biopsy. 

With the start of worldwide COVID-19 vaccine campaigns, RAL sec-
ndary to COVID-19 vaccine has become a routine consideration in on-
ologic imaging. Initially, the radiology community made recommenda-
ions, including planning radiology scans in oncologic follow-up cases
rior to vaccination, injection of the vaccine in the contralateral extrem-
ty in certain cancers, for example, breast cancer or melanoma, delaying
ollow-up imaging after vaccination up to 6 weeks, preparing pre-scan
uestionnaires regarding vaccination status, and using ultrasonography
n the follow up of these RALs ( Becker et al., 2021; Grimm et al ). This
eing said, the value of timely imaging may outweigh the issue of spuri-
us detection of vaccination-related RAL. Eshet et al. later showed that
AL could still persist within 7–10 weeks after the vaccination using
ET/CT imaging in 30% of the cases ( Eshet et al., 2021 ). Moreover,
ohen et al. reported that the RAL occurred more frequently and with
igher intensity in PET/CTs after the second dose with Pfizer vaccine
 D Cohen et al., 2021 ). Therefore, with the addition of third booster
oses, clinicians and radiologists should prepare themselves for these
eactive lymph nodes on imaging, even after 60 days. 

Many cancer patients may still have concerns about these hyper-
etabolic and enlarged lymph nodes after reading the radiology re-
ort. It should be clearly stated that these are benign and transient,
nd the clinician should take the necessary time to explain the finding
n order to avoid unnecessary stress and request for biopsy. One recent
tudy suggests that having hypermetabolic lymph nodes after vaccina-
ion may reflect a robust immune response, which may be beneficial.
ohen et al. reported a high correlation between the presence of hyper-
etabolic lymph nodes after COVID-19 vaccine and serologic antibody

esting after vaccination. In contrast, the rate of hypermetabolic lymph
odes was significantly lower in patients who recently received anti-
D20 antibody therapy in hematologic malignancies, which directly af-

ects humoral immunity. Overall, their paper suggests that the presence
f hypermetabolic lymph nodes is, in fact, a sign of effective humoral
mmunity ( D Cohen et al., 2021 ). 

Overall, a third booster campaign is about to start, and we have al-
eady begun to see its effects in routine oncologic imaging practice.
adiologists, oncologists, and internists should be aware of this phe-
omenon, and the booster dose history should be meticulously evalu-
ted in each patient before image interpretation with the knowledge
hat it may occur quickly as it was present in 1–2 days post-vaccination.
inally, imaging that is needed should not be delayed, and it is impor-
ant for the treating physicians and the patients to understand that lym-
hadenopathy ipsilateral to the vaccination site is likely to be vaccine-
elated and can occur even after a third vaccination. 

onsent statement 

An institutional review board approved this Health Insurance Porta-
ility and Accountability Act–compliant retrospective case series. Writ-
en, informed consent for publication of each case was obtained from
he patients. 
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