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A sigh of relief: vaccine-associated hypermetabolic lymphadenopathy
following the third COVID-19 vaccine dose is short in duration

and uncommonly interferes with the interpretation of ['®F]FDG PET-CT
studies performed in oncologic patients
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Abstract

Purpose The incidence of COVID-19 vaccine-associated hypermetabolic lymphadenopathy (VAHL) is high following the
administration of the first and second BNT162b2 vaccine doses. The impact of this finding on ['®F]FDG PET-CT interpreta-
tion and its correlation with the induced humoral immunity have been reported. Assuming the amnestic immune response is
different following the third vaccine dose, we aimed to explore the incidence of VAHL over time after the third BNT162b2
dose administration, and its relevance to ['*FJFDG PET-CT interpretation in oncologic patients.

Methods A total of 179 consecutive oncologic patients that underwent ['®F]FDG PET-CT after a third BNT162b2 vaccine
dose were included. The presence of VAHL was assessed. On VAHL-positive scans, the SUVmax, number, location, and
size of the “hot” nodes were recorded. The median time interval between vaccination and imaging was 8 (IQR, 5-14) days.
Results The incidences of all-grade VAHL and grade 3—4 VAHL were 47.5% and 8.9%, respectively. VAHL was identified
on 82.5% of studies performed within the first 5 days from vaccination. Grade 3—4 VAHL was observed on 28.1% of studies
performed within the first 5 days from vaccination, but was not detected on studies performed more than 5 days from vaccina-
tion. Separation between VAHL and malignant lymphadenopathy was not possible in only 2 of the 179 study patients. On a
multivariable logistic regression, independent predictors of grade 3—4 VAHL were short time interval between vaccination
and imaging (Pv <0.01), younger age (Pv <0.01), and lower BMI (Pv=0.03).

Conclusion VAHL is commonly identified on ['®F]FDG PET-CT performed within the first 5 days from the third BNT162b2
vaccine dose administration. High-grade VAHL is unlikely to be observed on a scan performed 6 days or longer from vac-
cination, and is even less likely in older and obese patients.
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Pv P Value

IQR Interquartile range

OR Odds ratio

CI Confidence interval

CD20 Cluster of differentiation 20

Introduction

Vaccination against SARS-CoV-2 has become one of the
main strategies to control the evolving COVID-19 pandemic.
Since late 2020, mass COVID-19 vaccination campaigns are
being conducted around the world. In Israel, the two-dose
regimen of the Pfizer BNT162b2 mRNA vaccine [1], given
21 days apart, was the most common vaccination regimen
[2].

Emerging new SARS-CoV-2 variants [3] as well as evi-
dences of lower vaccine-induced immunogenicity in some
patient populations [4—6] are among the causes that raised
a need to consider a third vaccine dose administration.
The administration of a third BNT162b2 dose has started
in Israel during July 2021, first in patients > 60 years and
later in younger populations. As of the end of August 2021,
more than 1.92 million people have received the third vac-
cine dose [7].

During the mass vaccination with the first and second
vaccine doses, our group and others reported the high inci-
dence of the BNT162b2 vaccine-associated hypermetabolic
lymphadenopathy (VAHL) on ['*F]JFDG PET-CT studies.
Following the second vaccine dose, we observed VAHL in
45.8% of the studies [8]. Eshet et al. reported that VAHL
persisted in 29% of patients between 7 and 10 weeks after
the second BNT162b2 dose [9]. Following the administra-
tion of the Moderna mRNA-1273 vaccine, Skawran et al.
reported a VAHL incidence of 72% [10]. The finding of
VAHL was found relevant when interpreting ['*FJFDG
PET-CT of oncologic patients [8, 10-13], more commonly
in patients with breast cancer, lymphoma, and malignancies
of the upper limb, when “hot” axillary nodes may reflect
malignant involvement [8].

In a study our group conducted on patients with hema-
tologic malignancy, we presented the positive correlation
between the imaging finding of VAHL and the post-vacci-
nation antibody titers. We concluded that VAHL on imag-
ing may reflect a potent germinal center response in lymph
nodes draining the vaccine injection site [14]. The relation-
ship between VAHL and immune status was observed by
Eifer et al. as well [15].

Assuming that the amnestic immune response following
a third vaccine dose may differ from the response elicited by
the first and second vaccine doses, we hypothesized that the
characteristics of VAHL following the third dose are differ-
ent from those previously reported. We therefore conducted

this study to explore the incidence of VAHL over time after
the third COVID-19 vaccine administration and its relevance
to ['®F]FDG PET-CT interpretation of oncologic patients.

Methods
Patient population

After receiving the consent of the institutional ethical com-
mittee, all oncologic patients over 16 years of age that under-
went whole-body ['*F]FDG PET-CT in our department
were interviewed regarding their COVID-19 vaccination
status. Between August 1 and August 25, 2021, a total of
179 consecutive patients reported they had received a third
BNT162b2 vaccine dose before imaging, and were included
in the study. For each patient, we recorded the following
parameters in the dataset: (1) the time interval between vac-
cination and imaging, and the vaccination site; (2) age, sex,
and body mass index (BMI); (3) the indication for PET-CT,
including type of malignancy and types of systemic anti-can-
cer therapies received during the 3 months prior to imaging.

Table 1 summarizes the characteristics of the study
cohort.

Imaging and categorization of lymphadenopathy

["®FIFDG PET-CT studies were performed on PET-CT scan-
ners (GE Healthcare; DISCOVERY 690 and DISCOVERY
MI; 7 to 8 frames; frame time 1.5-3 min), according to
our standard protocol, with the administration of a diluted
oral contrast agent and injection of 3.7 MBg/kg ['*FIFDG
approximately 60 min prior to the study. Final PET-CT inter-
pretation was carried out by at least one nuclear medicine
specialist with PET-CT experience of at least 8 years.

For each patient, the presence or absence of “hot” axil-
lary or supraclavicular lymph nodes ipsilateral to the vac-
cine injection site was recorded. Based on the interpretation
that appeared in the PET-CT report, the “hot” nodes were
further categorized as benign vaccine-associated, malignant,
or equivocal. VAHL was recorded if the lymphadenopathy
was reported as benign vaccine-associated. In case the
hypermetabolic lymphadenopathy could not be confidently
categorized as neither benign vaccine-associated nor malig-
nant, the case was recorded as equivocal. The type and site
of the primary tumor, the stage of the disease, the presence
and location of other abnormal findings (mainly malignant
lymphadenopathy in other nodal stations), and findings on
previous studies were all considered when interpreting the
nature of the hypermetabolic lymphadenopathy.

In all VAHL cases, the number of the “hot” nodes, their
location, the size of the biggest “hot” node (short-axis diam-
eter), and the ['®F]FDG uptake intensity measured in the
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Table 1 Patient characteristics

Variable All patients
(n=179)
General Female 93 (52%)
Age (years) 71.5 (65-78)
BMI (kg/m?) 26.1 (23.4-29.6)
Primary malignancy Hematologic malignancies 32 (18%)
Lower gastrointestinal 27 (15%)
cancers
Breast cancer 26 (15%)
Lung cancers 24 (13%)
Skin cancers and sarcomas 16 (9%)
Hepatobiliary-pancreatic 14 (8%)
cancers
Gynecological cancers 13 (7%)
Genitourinary cancers 10 (6%)
Upper gastrointestinal 8 (5%)
cancers
Head and neck cancers 4 2%)
Others 5 (3%)
PET-CT indication ~ Staging 36 (20%)
Monitor response to therapy 70 (39%)
Recurrence detection 20 (11%)
Follow-up (with NED) 53 (30%)
Recent therapy Any systemic anti-cancer 70 (39%)
therapy
Chemotherapy 38 (21%)
Biologic therapy 33 (18%)
Immunotherapy 13 (7%)

Categorical variables are reported as frequency and percentage. Con-
tinuous variables are reported as median and IQR. BMI, body mass
index; NED, no evidence of disease

“hottest” node (using maximal standardized uptake value
(SUVmax)) were recorded. The presence or absence of a
regional ['®F]FDG uptake (higher than the background del-
toid uptake) in the vaccination side reported by the patient
was recorded as well. All VAHL cases were graded on the
4 grade scale described in our previous paper [8]: Grade 1,
mild uptake intensity (SUVmax <2.2); Grade 2, moderate
uptake intensity (2.2 <SUVmax <4); Grade 3, high uptake
intensity (SUVmax >4) in normal-size nodes; and Grade
4, high uptake intensity (SUVmax >4) in enlarged nodes.
Grade 3—4 VAHL were considered high grade.

Statistical analysis

Categorical data were described with contingency tables
that included frequency and percent. Continuous vari-
ables were evaluated for normal distribution and reported
as mean =+ standard deviation (SD) or as median and inter-
quartile range (IQR). Pearson’s y° test and Fisher’s exact
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test were applied to compare proportions between groups.
The Mann—Whitney U test was applied to compare medi-
ans of continuous variables between two groups. Univariate
and bivariable logistic regression analyses were applied to
study the association between possible predictors and VAHL
status. A multivariable logistic regression analysis was per-
formed in order to identify independent predictors of VAHL
status. Variables with a trend or a significant association
with VAHL status, as well as those known to be of important
clinical significance, were tested in the multivariable model.
A two-sided P value of <0.05 was considered statistically
significant. SPSS software (IBM SPSS Statistics for Win-
dows, version 27, IBM corp., Armonk, NY, USA, 2017) was
used for statistical analyses. Plots were generated using the
open-source statistics software R (version 4.0.5, R Founda-
tion for Statistical Computing).

Results

VAHL characteristics following the third BNT162b2
vaccine dose

With a median time interval of 8 (IQR, 5-14, range, 1-36)
days between vaccination and imaging, 85 (47.5%) of the
patients had any-grade VAHL on their ['*F]FDG PET-CT
studies. Only 16 (8.9%) of the vaccinated patients had high-
grade VAHL on imaging. Figure 1A illustrates the propor-
tion of vaccinated patients that had VAHL on imaging and
their VAHL grades at four time intervals post vaccination.
All-grade VAHL was significantly more common on stud-
ies done during the first 5 days from vaccination compared
to studies done > 6 days from vaccination (82.5% vs 31.1%,
Pv <0.01). Cases of grade 3-4 VAHL were only detected
on scans performed during the first 5 days following vac-
cination (in 28.1% of studies, compared with 0% of stud-
ies done > 6 days from vaccination, Pv<0.01). Later than
day 5 from vaccination, the incidence of VAHL decreased
gradually. The incidence of VAHL on studies performed
11-15 days from vaccination was 17.6%, and dropped to
2.8% on studies performed > 16 days from vaccination.
Table 2 summarizes the grade, SUVmax, number, loca-
tion, and size of the VAHL cases reported after the third
vaccine dose, as well as the rate of increased uptake in the
vaccination site. VAHL on scans performed within the first
5 days from vaccination was of higher uptake intensity with
significantly higher median SUVmax (3.4 vs 1.9, Pv<0.01)
and involved significantly higher number of “hot” nodes
(median 4 vs 3, Pv=0.03). Supraclavicular involvement in
VAHL was observed only on scans performed within 5 days
from vaccination (in 15% of cases, compared with 0% of
scans performed > 6 days from vaccination, Pv=0.02).
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Fig. 1 Vaccine-associated hypermetabolic lymphadenopathy (VAHL) following the third COVID-19 vaccine dose. A Rates of VAHL and their
grade at different time intervals from vaccination. B Distribution of SUVmax measured in VAHL cases over time from vaccination

Table2 VAHL characteristics following the third COVID-19 vaccine dose

All VAHL cases VAHL cases <5 days VAHL cases > 6 days Pv
from vaccination from vaccination
(n=85) (n=47) (n=38)
Grading Grade 1-2 VAHL 69 (81%) 31 (66%) 38 (100%) <0.01*
Grade 3-4 VAHL 16 (19%) 16 (34%) 0 (0%) <0.01*
Intensity SUVmax of the “hottest” node 2.4 (1.7-3.5) 3.4 (2.0-4.6) 1.9 (1.5-2.6) <0.01*
Number Number of “hot” nodes 3(2-5) 4 (2-6) 324 0.03*
Number of “hot” nodes >3 39 (46%) 26 (55%) 13 (34%) 0.05%
Location Axilla - level 1 85 (100%) 47 (100%) 38 (100%) >0.99
Axilla — level 2/3/interpectoral 35 (41%) 23 (49%) 12 (32%) 0.11
Supraclavicular 7 (8%) 7 (15%) 0 (0%) 0.02%*
Size Enlarged lymph node 11 (13%) 7 (15%) 4 (11%) 0.75
Injection site Increased uptake 56 (66%) 42 (89%) 14 (37%) <0.01*

Pv refers to the comparison between the cases of VAHL observed <5 days from vaccination and the cases of VAHL observed > 6 days from vac-
cination. Categorical variables are reported as frequency and percentage. Continuous variables are reported as median and IQR. VAHL, vaccine-
associated hypermetabolic lymphadenopathy; SUVmax, maximum standardized uptake value

The overall 85 cases of VAHL had a median SUVmax
of 2.4 (IQR 1.7-3.5). The distribution of SUVmax over
time from vaccination is presented in Fig. 1B, illustrating
the gradual decrease in ['®F]FDG uptake intensity.

In only two cases (1.1%) of the total vaccinated patients,
the recent vaccination interfered with PET-CT interpreta-
tion: a patient referred for staging of upper limb mela-
noma, and a patient with an indolent lymphoma.

Predictors of VAHL appearance on PET-CT scans
(other than time from vaccination)

On a univariate logistic regression, short time interval since
vaccination was found predictive of the imaging identifi-
cation of any-grade VAHL (OR, 0.73; 95% CI, 0.67-0.80;
Pv<0.01) and of grade 3—4 VAHL (OR, 0.61; 95% ClI,
0.47-0.80; Pv<0.01).
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To identify other predictors of VAHL appearance on
['8F]FDG PET-CT, bivariable logistic regression analyses
were performed (Table 3). Each analysis included two var-
iables: the interval between vaccination and imaging, and
the investigated variable. Beyond the time interval vari-
able, younger age was identified as an independent predic-
tor of all-grade VAHL and of high-grade VAHL (Pv=0.01
for both). BMI showed trends toward significance on the
bivariable analyses for all-grade VAHL (Pv =0.08) and for
high-grade VAHL (Pv=0.10). Types of malignancy and
systemic therapies were not found predictive of VAHL.

On a multivariable logistic regression for grade
3-4 VAHL, days from vaccination (OR, 0.54; 95% CI,
0.38-0.77; Pv<0.01), age of the patient (OR, 0.90; 95%
CI, 0.83-0.97; Pv<0.01), and the BMI of the patient
(OR, 0.83; 95% CI, 0.70-0.98; Pv=0.03) were all iden-
tified as independent predictors. The model is detailed
in Table 4. Indeed, patients with grade 3—4 VAHL were
younger (median age 65.5 vs 72 years, Pv=0.01) and their
median BMI was significantly lower (23.9 vs 26.1 kg/m?,
Pv=0.05).

Table 3 Bivariable analyses for all-grade VAHL and grade 3—4 VAHL

Table 4 A multivariable model for prediction of grade 3-4 VAHL

Pv OR 95% CI
Interval (days) <0.01* 0.54 0.38-0.77
Age (years) <0.01* 0.90 0.83-0.97
BMI (kg/m?) 0.03* 0.83 0.70-0.98

A multivariable model for the prediction of grade 3—4 VAHL. The
odds ratios (OR) with 95% confidence intervals (CI) of the independ-
ent predictors are presented

Discussion

The frequent appearance of VAHL on ['®F]FDG PET-
CT studies in recently vaccinated oncologic patients has
become a major concern in the era of the COVID-19 pan-
demic [8, 11-13].

The current study demonstrates that the overall inci-
dence of any-grade VAHL following the third COVID-19
vaccine dose is basically similar to that reported follow-
ing the first and second COVID-19 vaccine doses [8-10,

Variable 1 Variable 2

All grade VAHL

Grade 34 VAHL

Pv

(Numbers refer to variable 2)

OR 95% CI Pv OR 95% CI

(Numbers refer to variable 2)

Interval between vaccina-
tion and imaging (days)

Gender (female)

Age (years)

BMI (kg/m?)

Hematologic malignancies
Lower gastrointestinal cancers
Breast cancer

Lung cancers

Skin cancers and sarcomas
Hepatobiliary-pancreatic cancers
Gynecological cancers
Genitourinary cancers

Upper gastrointestinal cancers
Head and neck cancers

Active malignancy

Recent systemic anti-cancer therapy
Recent chemotherapy

Recent biologic therapy

Recent immunotherapy

0.10 1.91 0.89—4.11 0.31 1.85 0.57-6.06
0.01* 0.93 0.89-0.98 0.01* 0.92 0.86-0.98
0.08 1.01 0.99-1.17 0.10 0.88 0.76-1.03
0.41 0.64 0.23-1.83 0.42 0.40 0.04-3.77
0.58 0.74 0.26-2.10 0.72 0.74 0.14-3.96
0.83 1.12 0.39-3.25 0.38 0.37 0.04-3.29
0.90 1.07 0.36-3.22 0.62 0.65 0.12-3.56
0.15 0.40 0.11-1.39 0.43 0.41 0.04-3.79
0.23 2.29 0.59-8.93 0.08 4.80 0.84-27.32
0.23 2.67 0.53-13.33 0.58 L.77 0.23-13.59
0.94 0.94 0.19-4.58 0.99 - -

0.94 1.07 0.18-6.32 0.14 5.30 0.58-48.46
0.65 1.89 0.12-30.54 0.15 8.69 0.46-162.69
0.50 0.74 0.31-1.77 0.46 1.72 0.41-7.26
0.30 0.66 0.30-1.45 0.43 1.59 0.50-5.04
0.77 0.87 0.35-2.18 0.22 2.12 0.65-6.91
0.41 0.68 0.27-1.71 0.78 0.81 0.19-3.46
0.57 0.64 0.14-2.92 0.26 291 0.45-18.80

Each parameter was analyzed together with the time interval between vaccination and imaging on a bivariable logistic regression. Analyses were
performed for the prediction of all-grade VAHL and grade 3—4 VAHL. The odds ratio (OR) with 95% confidence interval (CI) for each analyzed
variable are presented for the prediction of all-grade VAHL and grade 3-4 VAHL. VAHL, vaccine-associated hypermetabolic lymphadenopathy;
BMI, body mass index. Active malignancy, this variable was considered positive in cases of treatment-naive patients, those who received recent
anti-cancer therapy, and those with recurrent disease identified on their ['*F]JFDG PET-CT scan. Recent therapy was considered if given during

the 3 months before the scan
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14-16]. However, VAHL cases following the third dose
were found to have shorter duration and low uptake inten-
sity after the first 5 days from vaccination. VAHL follow-
ing a third vaccination does not usually persist for weeks,
and only rarely interferes with imaging interpretation.

In view of these findings, previous published recommen-
dations to postpone imaging to even 6 weeks away from
vaccination [13] are not applicable after the third vaccine
dose, and we recommend to schedule [18F]FDG PET-CT for
oncologic patients starting 6 days from the third BNT162b2
vaccine dose.

Advising oncologic patients to be vaccinated in the arm
contralateral to the tumor expected nodal drainage is still
relevant in the context of the third COVID-19 vaccination.
Actually, the two cases of equivocal reports included in the
current study could have both been prevented had the vac-
cination sites been chosen as recommended [8].

The previously described association between VAHL and
immunogenicity [14, 15] may be implied also in the results
of the current study. Older age [17] and obesity [18] were
both reported to be associated with weaker vaccine-induced
immunity. The results of the current study that younger age
and lower BMI are independent predictors of high-grade
VAHL (which correlates with humoral immunity [14])
further strengthen the association between VAHL and the
vaccine-induced immunity.

In this study, no association was found between systemic
anti-cancer therapies and VAHL. It is not unlikely that such
association does exist, but could not have been found in this
study patients, whose anti-cancer therapies were heteroge-
neous. In particular, the association we previously reported
between VAHL and anti-CD20-containing therapies [14]
could not have been investigated in the current study. Only
four cohort patients received such therapies in the year prior
to vaccination, probably due to the published recommenda-
tion to postpone COVID-19 vaccination to at least 6 months
after completion of anti-CD20-containing treatment [19].

The characteristics of VAHL following the first and sec-
ond vaccine doses were reported to be different [8, 10, 16].
This probably reflects the difference between the immune
response elicited by a first vaccine dose and the amnestic
response induced by a booster given 3 weeks later. Unlike
the naive cells involved in the primary immune response
following a first vaccination, the memory B cell and T cell
responses are different following booster vaccinations [20].
The memory cells have already undergone clonal expan-
sion, differentiation, and affinity maturation, so the amnes-
tic immune response has a minimal lag period. The VAHL
characteristics observed in the current study correspond to
the lymph node reaction to a booster given several months
after a previous dose, probably reflecting the transient lymph
node involvement in the tertiary immune response. At this
point in the management of the COVID-19 pandemic, it is

still unclear whether more vaccine doses will be indicated in
the future. In case another dose will be recommended several
months apart from a previous dose, it seems possible that
the incidence and characteristics of VAHL described in the
current study will be the most relevant in clinical practice.

Conclusions

VAHL is common during the first 5 days following the
administration of the third BNT162b2 vaccine dose. High-
grade VAHL is unlikely to be observed on ['®F]FDG PET-
CT performed at least 6 days from inoculation of the third
vaccine dose, and is even less likely in older and obese
patients. Albeit the low risk of equivocal findings on ['®F]
FDG PET-CT in the context of the third COVID-19 vaccine
dose, oncologic patients should be advised about the timing
of imaging and about the site of vaccination, especially those
with potential axillary tumor involvement.
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