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Abstract

Purpose: SARS-CoV-2 vaccines cause acute ipsilateral lymph node swelling in
an important proportion of vaccines. Thus far, no malignant lymphadenopathies
have been reported in temporal context to vaccination in the ipsilateral draining
lymph node areas.

Experimental design: Prompted by two cases with unilateral axillary lympho-
mas that occurred ipsilaterally to prior SARS-CoV-2 vaccination, we systemati-
cally retrieved all B-cell non-Hodgkin lymphomas at two German University
Medical Centers diagnosed before and after introduction of SARS-CoV-2 vaccines
in Germany. Available lymphoma tissue (n=19) was subjected to next-generation
immunosequencing of the IGH locus. Malignant clonotypes were mined in the
CoVabDab database and published data sets from 342 uninfected individuals, 55
individuals 28 days after anti-SARS-CoV-2 vaccination and 139 individuals with
acute COVID-19 together encompassing over 1 million CDR3 sequences in total.
Results: Of 313 newly diagnosed cases in the two centers and observation pe-
riods, 27 unilateral manifestations in the defined deltoid draining regions were
identified. The majority thereof were diffuse large B-cell lymphomas (18 of 27
cases). Eleven unilateral cases were diagnosed in the era of SARS-CoV-2 vacci-
nation and 16 in the control period before introduction of such vaccines. Of the
11 unilateral lymphomas that occurred during the vaccination period, ten had
received a SARS-CoV-2 vaccine prior to lymphoma diagnosis. These cases were
further evaluated. While left-sided were more frequent than right-sided lympho-
mas (19 vs 8 cases), no statistically significant association of vaccination site and
laterality of the lymphoma manifestation was found. The unilateral lymphomas
showed a normal range of B-cell receptors typically found in these lymphoma
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1 | INTRODUCTION

Vaccination-associated lymphadenopathy is a well-
known phenomenon frequently observed upon applica-
tion of different vaccines. With the advent of worldwide
SARS-CoV-2 immunizations, vaccination-associated
benign ipsilateral axillary and supraclavicular lymph-
adenopathies have been reported.' the observed lymph-
adenopathies are well compatible with the recommended
injection site of SARS-CoV-2 vaccines, which is the del-
toid region draining into axillary and supraclavicular
lymph node areas.** in some healthy individuals, major
lymph node enlargement has prompted investigation
for suspected malignancy.” Some studies suggested that
axillary swelling and tenderness caused by the immuno-
logical reaction to the vaccine were more common with
the Moderna SARS-CoV-2 vaccine (up to 16% versus <2%
with the BioNTech vaccine).>® While clinically detect-
able lymphadenopathy by physical examination remains
a rare adverse event (5% of all lymphadenopathies in a
literature review with a total of 2057 patients included),
a number of imaging studies including positron emission
tomography (PET)/computed tomography (CT), mag-
netic resonance imaging, and ultrasound reported an
incidence of postvaccination lymphadenopathy between
14.5% (after a single dose) and 53% (after >1 doses).*
These case series alerted oncologists to interpret unex-
pected axillary or supraclavicular signals on such scans
with caution and always in the context of prior SARS-
CoV-2 vaccination.*’

In 2021, we newly diagnosed two lymphoma cases in-
volving almost exclusively the axillary lymph nodes that
occurred after ipsilateral SARS-CoV-2 immunization.
This prompted us to systematically analyze unilateral
lymphomas arising in lymph nodes within the potential
draining area of SARS-CoV-2 vaccines in two independent
University Medical Centers in Germany. This analysis
yielded no evidence for lymphoma association with prior
ipsilateral SARS-CoV-2 vaccination further supporting the
safety of these vaccines.

subtypes with no evidence for anti-SARS-CoV-2 sequences in the malignant

Conclusions: Together, we found no evidence that the current SARS-CoV-2 vac-
cines could serve as a trigger for lymphomagenesis in the draining lymph node
areas of the deltoid region used for vaccination.

B-cell non-Hodgkin lymphoma, malignant B-cell receptor, SARS-CoV-2 vaccination, unilateral
lymphoma site, VDJ rearrangement

2 | METHODS

2.1 | Cohorts

Two cohorts were retrospectively assembled at two
University Medical Centers (Halle and Augsburg) ac-
cording to the same algorithm (schematically shown in
Figure 1).5*! In brief, defined information on all B-cell
non-Hodgkin lymphoma (B-NHL) cases newly diagnosed
in the era after the introduction of SARS-CoV-2 vaccines
(01/01/2021-31/03/2022; 2021/2022 cases) as well as in a
control period prior to introduction of SARS-CoV-2 vac-
cines (01/10/2019-12/31/2020; 2019/2020 cases) was
retrieved from electronical records. This included informa-
tion on lymphoma subtype, age, sex, pattern of involved
sites, CT/PET CT scans (reports and images), and vaccina-
tion history. All cases with unilateral manifestations in the
following regions that represent the potential draining area
of the deltoid vaccine injection site were included: cervical,
supraclavicular, axillary, pectoral, and infraclavicular. This
analysis was performed by a blinded radiologist. Patients
with bilateral lymphadenopathy and unilateral manifes-
tation others than specified were excluded. The only ex-
cluded type of B-cell non-Hodgkin lymphoma was primary
central nervous system lymphoma (PCNSL), since this type
of lymphoma—by definition—cannot be located in the
draining region of SARS-CoV-2 vaccines. Of all unilateral
cases meeting the inclusion criteria, paraffin-embedded tis-
sue from diagnostic samples was retrieved from the pathol-
ogy archive and all cases were subsequently anonymized.

2.2 | Next-generation sequencing of the
immunoglobulin heavy chain (IGH) locus
to determine the malignant lymphoma's
B-cell receptor clonotype

Amplification of V-D-J rearrangements from the IGH locus
was done as described elsewhere on genomic DNA ex-
tracted from diagnostic lymphoma tissue.'? Sequencing and
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All new B-NHL cases
n=329

Exclusion of PCNSL
——>
n=16

,2019/2020“ cohort
n=164

Extraction of demographic
and lymphoma-related data

Anonymization

Exclusion of cases with tumor
sites other than specified
below n=148

v

,2021/2022" cohort
n=149

Extraction of demographic,

lymphoma- and vaccination-
related data

Exclusion of cases with tumor

sites other than specified
below n=138

All cases with unilateral* lymphadenopathy in CT or PET CT scans in one of the following regions:

cervical - supraclavicular « axillary « pectoral + infraclavicular
n=27

FIGURE 1 Schematic study overview. A list of all B-cell non-Hodgkin lymphoma (B-NHL) cases (apart from primary central nervous system
lymphomas, PCNSL) newly diagnosed in the era after the introduction of SARS-CoV-2 vaccines (01/01/2021-31/03/2022; 2021/2022 cases) as well as
in a control period prior to introduction of SARS-CoV-2 vaccines (01/10/2019-12/31/2020; 2019/2020 cases) was extracted from electronical records.
Consecutively, information on lymphoma subtype, age, sex, pattern of involved sites, CT/PET CT scans (reports and images), and vaccination history

was retrieved from electronical records. All cases with unilateral manifestations in regions that represent the draining area of the deltoid vaccine

injection site were included. This analysis was performed by a blinded radiologist. Patients with bilateral lymphadenopathy were excluded.

demultiplexing were performed on the Illumina MiSeq plat-
form with 2 x301cycles at a coverage of 80,000 reads per
sample. Analysis of the immunoglobulin heavy chain IGH)
locus was computed using the MiXCR analysis tool V.3.0.12.

We retrieved a set of 2778 SARS-CoV-2 binding human
BCR sequences from CoVAbDab" (accessed 2nd March
2022) and searched for exact matches or similar sequences up
to Levenshtein distance 2 with the malignant CDR3 amino
acid sequences of the unilateral lymphoma cases from Halle
and Augsburg (n = 5). As there was no overlap, we next
mined previously published IGH repertoires of 342 unin-
fected, unvaccinated healthy donors (HD) covering 678,620
unique CDR3 sequences, 55 individuals within 28 days after
anti-SARS-CoV-2 vaccination covering 149,862 unique CDR3
sequences'* and 139 individuals at acute COVID-19 infection
covering 354,971 unique CDR3 sequences.'>'® We searched

these repertoires for exact matches of the CDR3 amino
acid sequence with the unilateral lymphoma cases (n = 5)
and with the SARS-CoV-2 binding human sequences from
CoVAbDab (n = 2778). All analyses were performed using
RStudio and R version 4.2.0. and packages vwr and ggplot2."’

3 | RESULTS

31 |
HC2

Description of index cases HC1 and

During the year 2021, when SARS-CoV-2 vaccines first
became available in Germany, two cases with left-sided
axillary lymphadenopathy presented at the University
Medical Center Halle (Saale). The lymphadenopathy was
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histologically confirmed as diffuse large B-cell lymphoma
(DLBCL) in both patients. The respective index patients
reported prior SARS-CoV-2 vaccination at the left arm
raising our suspicion that the lymphoma could have been
promoted or even induced by the vaccination.

3.2 | Lymphoma cases with unilateral
lymph node involvement diagnosed

in 2021/2022 versus a control period in
2019/2020

To systematically analyze a potential association of lym-
phomas in the draining region of SARS-CoV-2 vaccines
with prior ipsilateral vaccination, we extracted data from
all consecutive newly diagnosed B-NHL patients at the
University Medical Center Halle (Halle cohort) and—as
a second independent cohort—at the University Medical
Center Augsburg (Augsburg cohort). The 2021/2022
cases comprised lymphoma patients that had been di-
agnosed after licensing of SARS-CoV-2 vaccines in
Germany. In the Halle cohort, overall 65 B-NHL cases
(excluding PCNSL) were diagnosed in this period. Of
these, five cases were unilaterally located in the poten-
tial draining region of SARS-CoV-2 vaccines as defined
by our algorithm (Figure 1). Four of them were left-sided
and one case right-sided. The four left-sided lymphomas
included the two index patients that had triggered this
analysis. All of the five lymphoma cases were DLBCL,
three of germinal-center B-cell (GCB) subtype and two
of non-GCB subtype. In the Augsburg cohort, overall 84
B-NHL cases (excluding PCNSL) were diagnosed in this
period. Of these, six unilateral cases were diagnosed in
2021/2022 that fulfilled the criteria defined by our algo-
rithm. Four cases were left-sided and two cases right-
sided. These included three follicular lymphomas (FL),
two DLBCL (one non-GCB subtype, the other undefined)
and one mantle cell lymphoma (MCL). Of these cases,
the left-sided mantle cell lymphoma had not received a
SARS-CoV-2 vaccination prior to lymphoma diagnosis
and was therefore excluded from the vaccination cohort-
specific analysis.

As a historical control, all unilateral lymphomas cases
in the defined regions were retrieved at the two centers in
a corresponding time period before introduction of SARS-
CoV-2 vaccines. In the Halle 2019/2020 control cohort, a
total of 72 cases were diagnosed, thereof five unilateral
cases with three left-sided and two right-sided lympho-
mas. Histologically, these were four DLBCL, all non-GCB
subtype, and one FL. In the Augsburg 2019/2020 control
cohort, of 92 total cases, 11 lymphomas were unilateral,
including eight left-sided and three right-sided cases.
Histologic subtypes comprised seven DLBCL and four FL.

Taking together, 27 unilateral lymphomas in the de-
fined locations were retrieved from the records of both
medical centers making up a frequency of 8,6% of all di-
agnosed lymphomas. This frequency of unilateral lym-
phomas in the defined regions was similar before (9.8%)
and after (7.4%) the introduction of SARS-CoV-2 vaccines.
Interestingly, with 19 left-sided out of 27 unilateral cases,
these were more frequent than right-sided cases. The
numbers of left- and right-sided cases were significantly
different across all four subgroups (Halle and Augsburg
cohorts, both observation periods; T-test p = 0.024).
Detailed information on all unilateral cases from both
cohorts is summarized in Table 1. Figure 2 illustrates the
sidedness of all cases.

3.3 | Vaccination history

Ten of the 11 unilateral lymphoma cases in the Halle and
Augsburg 2021/2022 cohort had been vaccinated with
SARS-CoV-2 vaccines prior to lymphoma diagnosis.

All four patients with the left-sided lymphomas
from the Halle 2021/2022 cohort had received a dose of
Moderna as their last vaccine in the left deltoid region.
This last vaccination had been received 2-5months prior
to lymphoma diagnosis as shown in Figure 3. The patient
with right-sided lymphoma from the Halle 2021/2022 co-
hort had received one dose of AstraZeneca in the left del-
toid region prior to lymphoma diagnosis.

In the Augsburg 2021/2022 cohort, all four patients
with vaccinations prior to lymphoma diagnosis received
the BionTech vaccine with one patient additionally receiv-
ing the Moderna vaccine. In one case, the type of vaccine
could not be clarified. Three patients were vaccinated in
the left deltoid region, two in the right deltoid region.

Taking together data from both medical centers, 5 out
of 11 patients showed concordance of side of vaccination
and lymphoma. The contingency table reflects the pre-
dominant left-sidedness of the lymphomas and the pref-
erential use of the left deltoid region for vaccination, as
most people are right-handed (Table 2). However, no sta-
tistically significant association (p = 1.0000) by Fisher's
exact test was found between ipsilateral vaccination and
lymphoma.

3.4 | Molecular profiling of unilateral
lymphomas in the deltoid draining region

All lymphomas with unilaterality from both cohorts
were subjected to IGH sequencing to determine the re-
spective V-D-J rearrangement of the malignant clone's
B-cell receptor. Of 19 available samples, 13 revealed an
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TABLE 1 Unilateral lymphoma cases in the deltoid draining lymph node regions.

Case number Cohort Sex
HC1 Halle 2019/2020 Female
HC2 Halle 2019/2020 Female
HC3 Halle 2019/2020 Female
HC4 Halle 2019/2020 Male
HC5 Halle 2019/2020 Female
HC6 Halle 2021/2022 Male
HC7 Halle 2021/2022 Male
HCS8 Halle 2021/2022 Female
HC9 Halle 2021/2022 Female
HC10 Halle 2021/2022 Male
AC1 Augsburg 2019/2020 Female
AC2 Augsburg 2019/2020 Male
AC3 Augsburg 2019/2020 Male
AC4 Augsburg 2019/2020 Female
AC5 Augsburg 2019/2020 Male
AC6 Augsburg 2019/2020 Male
AC7 Augsburg 2019/2020 Female
AC8 Augsburg 2019/2020 Female
AC9 Augsburg 2019/2020 Male
AC10 Augsburg 2019/2020 Female
AC11 Augsburg 2019/2020 Female
AC12 Augsburg 2021/2022 Male
AC13 Augsburg 2021/2022 Male
AC14 Augsburg 2021/2022 Male
AC15 Augsburg 2021/2022 Male
ACl16 Augsburg 2021/2022 Female
AC17 Augsburg 2021/2022 Female

unambiguous IGH sequence reflecting the known sensi-
tivity of the method for detecting the malignant clonotype
in B-NHL. These clonotypes showed a typical distribu-
tion of IGHV gene usage as previously published for these
types of lymphoma entities'® (Table 3). Prior studies have
generated extensive knowledge on the B-cell receptor
sequences able to recognize SARS-CoV-2 spike protein
epitopes (e.g.'*'®). We reasoned that if vaccines encoding
the spike protein of SARS-CoV-2 triggered lymphomas
in the draining lymph node areas of the deltoid region,
the B-cell receptor of these lymphomas may belong to a
class with known SARS-CoV-2 specificity. To test this, we
aligned the sequences of the malignant lymphoma clono-
types with n = 2778 unique SARS-CoV-2 binding human
CDR3 sequences retrieved from CoV-AbDab."® This anal-
ysis did not show evidence for typical anti-SARS-CoV-2
B-cell receptor sequences in the lymphoma cases with
unilateral presentation. Next, we screened B-cell receptor

Age at diagnosis Lymphoma Involved
(decade) subtype side
81-90 DLBCL Right
61-70 DLBCL Left
71-80 DLBCL Left
21-30 DLBCL Left
61-70 FL Right
51-60 DLBCL Left
61-70 DLBCL Left
71-80 DLBCL Left
71-80 DLBCL Left
71-80 DLBCL Right
61-70 FL Left
31-40 DLBCL Left
51-60 DLBCL Left
71-80 FL Left
81-90 DLBCL Left
61-70 DLBCL Left
61-70 FL Right
71-80 IEIL, Left
71-80 DLBCL Right
71-80 DLBCL Left
71-80 DLBCL Right
N/A MCL Left
71-80 FL Left
71-80 DLBCL Right
61-70 FL Left
61-70 DLBCL Right
91-100 FL Left

repertoires from healthy donors prevaccination and post-
vaccination and from individuals with an acute COVID-19
infection for the presence of the unilateral lymphoma se-
quences. While the set of SARS-CoV-2-specific sequences
derived from CoVAbDab showed a clear enrichment in
postvaccinated and COVID-19-infected individuals, no
such pattern was observed for unilateral lymphoma se-
quences (Figure 4).

4 | DISCUSSION

The need to quickly immunize the world population
against SARS-CoV-2 has resulted in emergency authori-
zation of a considerable number of vaccines at unprec-
edented speed. Evidence of safety as an essential part
of a vaccine‘s regulatory approval is gathered during all
phases of the vaccine development process. In case of
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Right 2019/2020 - FIGURE 2 Sidedness of newly
g’ Left 2019/2020 diagnosed B-NHL in the 2019/2020 and
@, Right 2020/2021 2021/2022 cohorts.
2 Left 2020/2021
Right 2019/2020
% Left 2019/2020
T  Right 2020/2021
Left 2020/2021
Right 2019/2020
= Left 2019/2020
< Right 2020/2021
Left 2020/2021 ! ]
\ \ \ \
0 4 8 12
Number of newly diagnosed unilateral lymphomas
Time (weeks) FIGURE 3 Individual disease courses
Patient - AT . .
and timing of vaccination in patients with
HC6 newly diagnosed B-NHL in the 2021/2022
HC7 cohort. In Patient AC17, the date of the
HC8 first vaccination could not be determined.
HC9 We included an approximated time
HC10 of vaccination four weeks prior to the
documented second vaccination.
AC13
AC14
AC15
AC16
AC17
0
Pre-symptomatic phase
syimptoms ¥ vaccinations
| Treatment and follow-up v presumed time of first vaccination
.. TABLE 2 Contingency table of
SARS-CoV-2 vaccination . . .
lymphoma sidedness and site of prior
Left deltoid SARS-CoV-2 vaccination.?
region Right deltoid region
B-NHL
Left-sided (deltoid draining region) 5 2
Right-sided (deltoid draining region) 3 0

Sidedness of lymphoma and vaccination were independent of each other as assessed by Fisher's exact

test.

SARS-CoV-2 vaccines, some of the respective trials have
lasted only very few months before regulatory approval
thereby limiting the reporting of adverse events. This
calls for caution and diligent reporting of potential ad-
verse events after licensing by healthcare professionals.

While it has been clear from all licensing studies that
SARS-CoV-2 vaccines may cause local pain, swelling,
fever, and temporary malaise in a large proportion of pa-
tients,"**"2 a few rarer side effects have been increasingly
reported after licensing such as myocarditis, autoimmune
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TABLE 3 V-D-J gene rearrangements of the malignant lymphoma clonotypes of unilateral cases. The mutation status reflects the

number of mutations within the IGHV nucleotide sequence from the closest germline sequence. Unmutated (UM): more than 98%

similarity, mutated (M): less than 98% similarity. Read depths information is included in Table S1.

Case number
HC1
HC2
HC3
HC4
HC5

HC6
HC7

HCS8
HC9

HC10
AC1

AC2
AC3
AC4
AC5
AC6
AC7

AC8
AC9
AC10
AC11
AC12

AC13
AC14
AC15
AC16
AC17

Cohort
Halle 2019/2020

Halle 2021/2022

Augsburg
2019/2020

Augsburg
2021/2022

roups
o o o

Number of matches in
immune repertoires from
indicated
N
o

o

CDR3 amino acid sequence

CARGFGRGGYILTGYYYW
No dominant clone identified
CARENADTGRALDSW

No dominant clone identified

CARHWETLQE_
TNCLHYFDYW

CARHSRSSTGPSDPFDPW

CTRNFYDSSGYFSWGGT
FDYW

CTRETHQFGSGSSDVW

CARVLSTTAVRDTETHITSF
YYGVDVW

No dominant clone identified

No dominant clone identified

No material available

No dominant clone identified
CTQSTGTFRFDPW

No material available
CVKEYPIEGLAGYW

CARDKGGIFFGQLLPRE
GYFDCW

CARHYTNYANWFEDPW

No material available
CARGQLSESYCFDYW

No material available
CAGTVNYDDYSGNYAMDVW

CARDPDHADYPFFDYW

No material available

No dominant clone idenitified
No material available

No material available

B unilateral lymphoma (n=6)

[ SARS-CoV-2 specific
sequences (n= 2778)

HD pre-vacc HD post-vacc COVID19

IGHV

IGHV4/0R15-8
NA

IGHV4-31

NA

IGHV1-8

IGHVS5-51
IGHV3-71

IGHV3-7
IGHV4/OR15-8

NA
NA

NA
NA
IGHV3-23D
NA
IGHV3-23D
IGHV4-30-4

IGHV3-23D
NA
IGHV4/OR15-8
NA
IGHV1-69-2

IGHV3-7
NA
NA
NA
NA

IGHD
IGHD3-9
NA
IGHD6-6
NA
IGHD2-8

IGHD2-15
IGHD3-22

IGHD3-10
IGHD6-6

NA
NA

NA

NA

IGHD2-8

NA
IGHD3/OR15-3a
IGHD3-3

IGHD2-8
NA
IGHD2-2
NA
IGHD4-17

IGHD2-2
NA
NA
NA
NA

no overlap

IGHJY
IGHJ4
NA
IGHI4
NA
IGHJ4

IGHIJ5
IGHI4

IGHJ6
IGHJ6

NA
NA

NA
NA
IGHJ5
NA
IGHI4
IGHI4

IGHIJ5
NA
IGHI4
NA
IGHJ6

IGHJ4
NA
NA
NA
NA

Mutation
status

M
NA
M
NA
UM

UM

NA
NA

NA
NA
UM
NA

UM

UM
NA
UM
NA
UM

UM
NA
NA
NA
NA

FIGURE 4 Mining B-cell receptor repertoires of healthy, SARS-CoV-2 vaccinated or COVID-19-infected individuals for clonotypes of
unilateral postvaccination lymphomas (n = 6) und anti-SARS-CoV-2 clonotypes (n = 2778). Number of exact matches in CDR3 amino acid
sequence with sequences from unvaccinated, uninfected healthy donors (HD pre-vacc, n = 678,620), postvaccinated healthy donors (HD

post-vace, n = 149,862) or individuals with active COVID-19 infection (COVID-19, n = 354,971).
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cytopenias, vaccine-induced thrombotic thrombocy-
topenia, Guillain-Barré syndrome, or inflammatory
arthritis.?*°

Two cases of unilateral axillary lymphomas diagnosed
after ipsilateral SARS-CoV-2 vaccination in 2021 prompted
us to systematically investigate unilateral lymphomas in
the deltoid draining regions after and prior to introduction
of SARS-CoV-2 vaccines. We reasoned that if SARS-CoV-2
vaccines triggered lymphomas in ipsilateral draining lymph
node regions, a higher incidence of such ipsilateral lym-
phoma presentations should be expected in the era after
introduction of the SARS-CoV-2 vaccines as compared to
the era prior to SARS-CoV-2 vaccination. Moreover, we
aimed to explore whether such unilateral lymphomas were
associated with the side of vaccination. The study on 313
lymphoma cases revealed a frequency of 8,6% of unilat-
eral lymphomas in the deltoid draining region, 7.4% after
and 9.8% before introduction of SARS-CoV-2 vaccines.
No indication for association of the sidedness of vaccina-
tion and lymphoma was found. Together with the normal
B-cell receptor profiles of these lymphomas without evi-
dence for SARS-CoV-2 directed sequences, these data did
not provide any support for the notion that SARS-CoV-2
vaccines trigger or promote ipsilateral lymphoma develop-
ment. This finding is consistent with previous data from
clinical trials evaluating SARS-CoV-2 vaccines, in which
no suspicious findings were reported that might point in
this direction.>® Moreover, it complements several case se-
ries evaluating acute postvaccination lymphadenopathies
which uniformly showed benign alterations.'™

While this represents the major finding of our study,
we made the unexpected observation that left-sided lym-
phomas in the deltoid draining region appear to be more
frequent than right-sided lymphomas. This was similar in
both observation periods with 2.7 times more left-sided
cases in the era of SARS-CoV-2 vaccines and 2.2 times
more left-sided cases before introduction of such vaccines.
To our knowledge, a bias for lymphoma on the left side
has not been previously reported and, in our opinion,
there is no evident reason explaining such a location bias.
Future analyses of larger cohorts and inclusion of addi-
tional lymph node regions may, however, be necessary to
confirm this finding.

Overall, a major limitation of our work is (i) the re-
striction to two University Medical Centers, (ii) the over-
all limited number of cases studied, and (iii) the lack of
data from cancer registries. The second limitation is hard
to address under the conditions of german cancer regis-
tration which suffers from significant reporting delays.
Such analyses may, however, be performed at a later point
in time, when all cases from 2019 to 2022 will have been
completely registered.

Together, our analysis speaks in favor of the safety of
SARS-CoV-2 vaccines. Even if our data do not suggest a
relationship between SARS-CoV-2 vaccination and lym-
phomagenesis, future population-based analyses are
necessary to definitively rule out this and other potential
long-term risks of SARS-CoV-2 vaccines.

AUTHOR CONTRIBUTIONS

Luise Claaf3: Conceptualization (supporting); data
curation (lead); formal analysis (equal); methodology
(equal); project administration (lead); visualization
(equal); writing - original draft (supporting). Patrick
Mayr: Data curation (supporting); investigation (equal);
methodology (lead); resources (equal). Lisa Paschold:
Formal analysis (equal); methodology (equal); visu-
alization (equal); writing - original draft (supporting);
writing - review and editing (equal). Thomas Weber:
Data curation (supporting); resources (equal). Denis
Terziev: Data curation (supporting); resources (equal).
Bertram Jehs: Formal analysis (equal); validation
(equal). Richard Brill: Formal analysis (equal); valida-
tion (equal). Johannes Dober: Formal analysis (equal);
validation (equal). Bruno Mirkl: Resources (equal);
writing — review and editing (supporting). Claudia
Wickenhauser: Resources (equal). Piotr Czapiewski:
Resources (equal). Martin Trepel: Resources (equal);
writing - review and editing (supporting). Rainer
Claus: Conceptualization (lead); methodology (equal);
supervision (equal); writing — original draft (support-
ing); writing — review and editing (supporting). Mascha
Binder: Conceptualization (lead); funding acquisi-
tion (lead); supervision (equal); writing — original draft
(lead); writing — review and editing (equal).

ACKNOWLEDGMENTS

We thank Christoph Wosiek and Aline Patzschke for
excellent technical assistance. Financial support from
Martin-Luther-University Halle (Saale) is acknowledged
Open Access funding enabled and organized by Projekt
DEAL.

FUNDING INFORMATION
This project was funded by the Martin-Luther-University
Halle (Saale).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interests.

DATA AVAILABILITY STATEMENT

The NGS datasets generated for this study can be found in
the European Nucleotide Archive (ENA) under accession
number PRJEB54819.

85U8017 SUOWIWIOD BAEa.D 8|qe!|dde 8Ly Aq pausenob ae sspiie YO ‘8sN JO Sa|nJ 1o} Alq18UlUO AB|IAA UO (SUORIPLOD-PUR-SWBIAL0D A8 |IM AeIq 1 U1 |UO//SANY) SUORIPUOD Pue SWie 13U} 88 *[£202/80/£0] Lo Arigi]auliuo A(im ‘Bingsbny [qigsselsielun Aq 2895 #Ued/Z00T 0T/I0p/w0d A8 | Azelq1jeuljuo//sdny Wouy pepeojumod ‘8 ‘€202 ‘VE9.SH0Z



CLAASS ET AL.

.. 0321
Cancer Medicine “WI LEYJ—

ETHICS STATEMENT

This retrospective anonymized analysis of unilateral lym-
phoma cases was conducted according to the guidelines of
the Declaration of Helsinki. Itisin accordance with local gen-
eral data protection regulation (§15 of the professional regu-
lations of the Medical Association of Saxony-Anhalt) and the
Bavarian Hospital Act (“Bayerisches Krankenhausgesetz”).
Written informed consent was received from participants
who donated blood for NGS analysis prior to inclusion in
the study. The study has been performed in accordance with
the declaration of Helsinki of 1975.

ORCID
Lisa Paschold @ https://orcid.org/0000-0003-0020-1315
Mascha Binder (© https://orcid.org/0000-0003-0663-3004

REFERENCES

1. Mitchell OR, Dave R, Bekker J, Brennan PA. Supraclavicular
lymphadenopathy following COVID-19 vaccination: an in-
creasing presentation to the two-week wait neck lump clinic?
BrJ Oral Maxillofac Surg. 2021;59:384-385.

2. Oziitemiz C, Krystosek LA, Church AL, et al. Lymphadenopathy
in COVID-19 vaccine recipients: diagnostic dilemma in onco-
logic patients. Radiology. 2021;300:E296-E300.

3. Mehta N, Sales RM, Babagbemi K, et al. Unilateral axillary ad-
enopathy in the setting of COVID-19 vaccine. Clin Imaging.
2021;75:12-15.

4. Garreffa E, Hamad A, O'Sullivan CC, et al. Regional lymph-
adenopathy following COVID-19 vaccination: literature review
and considerations for patient management in breast cancer
care. Eur J Cancer. 2021;159:38-51.

5. The Moderna COVID-19 Vaccine's Local Reactions, Systemic
Reactions, Adverse Events, and Serious Adverse Events. Centers
for Disease Control and Prevention; 2022. https://www.cdc.
gov/vaccines/covid-19/info-by-product/moderna/reactogeni
city.html

6. Pfizer-BioNTech COVID-19 Vaccine Reactions & Adverse Events.
Centers for Disease Control and Prevention; 2022. https://
www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/react
ogenicity.html#persons-18yrs-older

7. Edmonds CE, Zuckerman SP, Conant EF. Management of
unilateral axillary lymphadenopathy detected on breast MRI
in the era of COVID-19 vaccination. AJR Am J Roentgenol.
2021;217:831-834.

8. Padhani AR. Recommendations for cross-sectional imaging in
cancer management. Imaging in the Evaluation of Cancer. 2nd
ed. The Royal College of Radiologists; 2014.

9. Costa ESSLMB, Leung KJ, O'Neill A, Jayender J, Lee TC.
Jugulodigastric lymph node size by age on CT in an adult
cancer-free population. Clin Imaging. 2018;47:30-33.

10. Lucey BC, Stuhlfaut JW, Soto JA. Mesenteric lymph nodes:
detection and significance on MDCT. Am J Roentgenol.
2005;184:41-44.

11. Munden RF, Carter BW, Chiles C, et al. Managing incidental
findings on thoracic CT: mediastinal and cardiovascular find-
ings. A white paper of the ACR incidental findings committee.
J Am Coll Radiol. 2018;15:1087-1096.

Open Access.

12. Schultheiss C et al. Next-generation Immunosequencing re-
veals pathological T-cell architecture in autoimmune hepatitis.
Hepatology. 2021;73:1436-1448.

13. Raybould MIJ, Kovaltsuk A, Marks C, Deane CM. CoV-AbDab:
the coronavirus antibody database. Bioinformatics. 2020;37:734-
735. doi:10.1093/bioinformatics/btaa739

14. Paschold L, Klee B, Gottschick C, et al. Rapid hypermutation B
cell trajectory recruits previously primed B cells upon third SARS-
Cov-2 mRNA vaccination. Front Immunol. 2022;13:876306.

15. Paschold L, Simnica D, Willscher E, et al. SARS-CoV-2-specific
antibody rearrangements in prepandemic immune repertoires
of risk cohorts and patients with COVID-19. J Clin Invest.
2021;131(1): e142966. doi:10.1172/JCI1142966

16. Schultheify C, Paschold L, Simnica D, et al. Next-generation se-
quencing of T and B cell receptor repertoires from COVID-19
patients showed signatures associated with severity of disease.
Immunity. 2020;53:442-455.e4.

17. Wickham H. Mastering the grammar. In: ggplot2. Use R.
Springer. doi:10.1007/978-0-387-98141-3_3

18. Young RM, Wu T, Schmitz R, et al. Survival of human lym-
phoma cells requires B-cell receptor engagement by self-
antigens. Proc Natl Acad Sci USA. 2015;112:13447-13454.

19. Falsey AR, Sobieszczyk ME, Hirsch I, et al. Phase 3 safety and
efficacy of AZD1222 (ChAdOx1 nCoV-19) Covid-19 vaccine. N
Engl J Med. 2021;385:2348-2360.

20. Baden LR, el Sahly HM, Essink B, et al. Efficacy and safety
of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med.
2021;384:403-416.

21. Heath PT, Galiza EP, Baxter DN, etal. Safety and efficacy of NVX-
CoV2373 Covid-19 vaccine. N Engl J Med. 2021;385:1172-1183.

22. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy
of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med.
2020;383:2603-2615.

23. Sadoff J, Gray G, Vandebosch A, et al. Safety and efficacy of
single-dose Ad26.COV2.S vaccine against Covid-19. N Engl J
Med. 2021;384:2187-2201.

24. David P, Shoenfeld Y. ITP following vaccination. Int J Infect Dis.
2020;99:243-244.

25. Chen'Y, Zhang J, Chu X, Xu Y, Ma F. Vaccines and the risk of
Guillain-Barre syndrome. Eur J Epidemiol. 2020;35:363-370.

26. Watad A, Bragazzi NL, McGonagle D, et al. Autoimmune/in-
flammatory syndrome induced by adjuvants (ASIA) demon-
strates distinct autoimmune and autoinflammatory disease
associations according to the adjuvant subtype: insights from
an analysis of 500 cases. Clin Immunol. 2019;203:1-8.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Claafl LV, Mayr P,
Paschold L, et al. No association of malignant
B-cell non-Hodgkin lymphomas with ipsilateral
SARS-CoV-2 vaccination. Cancer Med.
2023;12:9313-9321. d0i:10.1002/cam4.5687

85U8017 SUOWIWIOD BAEa.D 8|qe!|dde 8Ly Aq pausenob ae sspiie YO ‘8sN JO Sa|nJ 1o} Alq18UlUO AB|IAA UO (SUORIPLOD-PUR-SWBIAL0D A8 |IM AeIq 1 U1 |UO//SANY) SUORIPUOD Pue SWie 13U} 88 *[£202/80/£0] Lo Arigi]auliuo A(im ‘Bingsbny [qigsselsielun Aq 2895 #Ued/Z00T 0T/I0p/w0d A8 | Azelq1jeuljuo//sdny Wouy pepeojumod ‘8 ‘€202 ‘VE9.SH0Z


https://orcid.org/0000-0003-0020-1315
https://orcid.org/0000-0003-0020-1315
https://orcid.org/0000-0003-0663-3004
https://orcid.org/0000-0003-0663-3004
https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html#persons-18yrs-older
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html#persons-18yrs-older
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html#persons-18yrs-older
https://doi.org//10.1093/bioinformatics/btaa739
https://doi.org//10.1172/JCI142966
https://doi.org//10.1007/978-0-387-98141-3_3
https://doi.org/10.1002/cam4.5687

	No association of malignant B-­cell non-­Hodgkin lymphomas with ipsilateral SARS-­CoV-­2 vaccination
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Cohorts
	2.2|Next-­generation sequencing of the immunoglobulin heavy chain (IGH) locus to determine the malignant lymphoma's B-­cell receptor clonotype

	3|RESULTS
	3.1|Description of index cases HC1 and HC2
	3.2|Lymphoma cases with unilateral lymph node involvement diagnosed in 2021/2022 versus a control period in 2019/2020
	3.3|Vaccination history
	3.4|Molecular profiling of unilateral lymphomas in the deltoid draining region

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


