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Abstract

Lymph node swelling is a side effect of the mRNA COVID-19 vaccines, a distressing side effect for women treated for
breast cancer. The purpose of this study is to present side effects reported by a cohort of patients treated for breast cancer.
A survey link was sent to 4945 women who received breast cancer treatment and were prospectively screened for breast
cancer-related lymphedema. In total, 621 patients who received an mRNA vaccine and responded to the survey were included
in analysis. We assessed the frequency and predictors of side effects. The most frequent side effects reported were injection
site soreness, fatigue, generalized muscle soreness, headache, and chills, with median duration <48 h. Lymph node swelling
occurred most often in the axilla ipsilateral to the vaccine. The median duration was 1 week or less after all doses. These
data will inform patient education regarding future vaccine doses, including reassurances about which side effects to expect,
particularly lymph node swelling which may impact mammograms after vaccination. Type and duration of side effects were
similar to that reported by the general population in Phase 3 testing trials of the mRNA vaccines. Clinical Trial Registration
NCT04872738 posted May 4, 2021.
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Abbreviations Background
LN Lymph node
BC Breast cancer Since the introduction of the COVID-19 vaccines, some
BCRL Breast cancer-related lymphedema patients have voiced concerns regarding vaccination, espe-
BMI Body mass index cially vaccine-associated side effects. Side effects, specifi-
MGH Massachusetts General Hospital cally lymph node (LN) swelling associated with the mRNA
GMS Generalized muscle soreness vaccines, are of particular concern for patients with a history
J&J Johnson & Johnson of breast cancer (BC), as lymphadenopathy is also a sign
D1, D2,D3 Dose 1, Dose 2, Dose 3 of BC recurrence [1-3]. Research focused specifically on
COVID-19 vaccination in women treated for BC is limited
53 Alphonse G. Taghian but warranted to assuage their unique concerns [4]. Both
ataghian@mgh.harvard.edu the Moderna and Pfizer vaccines elicit a strong immune

response [5, 6]. In the lymph nodes, white blood cells rec-
ognize the antigen from the vaccine and create antibodies
to fight the virus. It is this cellular activity that can lead to
inflammation and swelling of the lymph nodes, specifically
the lymph nodes closest to the injection site [7, 8]. Since
vaccines are typically given in the deltoid muscle [3], the
lymph nodes that would be most impacted are the axillary
and supraclavicular lymph nodes which are also the lymph
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is given, this swelling is a sign that the immune system is
acting as it should.

For patients with BC and breast cancer-related
lymphedema (BCRL), a dysfunction of the lymphatic sys-
tem, LN swelling can be a concerning side effect. BCRL is
a devastating sequelae of BC treatment that affects over 20%
of treated women and is caused by fluid buildup after dam-
age (surgery or radiation) to the lymph nodes [10]. BCRL is
highly feared in this population [9]. Risk factors for BCRL
include axillary lymph node dissection, regional lymph node
radiation, and high body mass index (BMI) at time of breast
cancer diagnosis [10-16]. Although sentinel lymph node
biopsy significantly reduces the risk of BCRL compared to
axillary lymph node dissection, the risk is not negligible [10,
14, 16—18]. Patients with BCRL may experience a range of
symptoms, including heaviness, pain, tightness, changes in
skin quality, and decreased range of motion, and they are at a
higher risk for infection in the affected area(s) [19—22]. The
morbidity resulting from BCRL is significant and negatively
impacts almost all aspects of patients’ lives, contributing to
anxiety and depression [23-26].

The Lymphedema Research Program at Massachusetts
General Hospital (MGH) prospectively screens patients
with BC for BCRL and has screened >6,500 women since
2005 [27] (ClinicalTrials.gov identifier: NCT01521741;
institutional review board identifiers: 2008P000540 and
2005P001038). Upon the advent of the COVID-19 vaccines,
the program received many calls of concern from patients
at MGH and across the country. Patients were concerned
about the newly announced side effect of the COVID-19
vaccine and worried that LN swelling may incite or worsen
BCRL. We initiated the LymphVAX study to better under-
stand vaccine side effects experienced by patients treated for
BC and to provide patient education, increase knowledge,
and empower patient self-advocacy. In addition to LN swell-
ing, other side effects of COVID-19 vaccines that may also
be experienced secondary to BC treatment include fatigue,
generalized muscle soreness (GMS), nausea, and vomiting
[28-30]. Due to the inherent activity of mRNA vaccines and
the immune system, as well as the role of the lymph nodes
in BC and in BCRL, this study analyzed the side effect pro-
file in patients treated for BC and who received up to three
doses of the COVID-19 vaccinations [Moderna, Pfizer]. A
separate analysis is presented on results from participants
who received the Johnson & Johnson (J&J) vaccine as lymph
node swelling is not a listed side effect of this non-mRNA
vaccine and only a small proportion of the population
received this vaccine (n=49).

Older participants and participants who had received
more intense cancer treatment (i.e., radiation, chemother-
apy) were hypothesized to experience fewer side effects than
younger participants and those with less intense treatment.
The former group was anticipated to experience a lower
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immune response to a vaccine than the latter group due
to the natural weakening of the immune system as adults
age, and certain cancer treatments which may weaken the
immune system temporarily [31-35]. Additionally, more
participants were expected to experience side effects with
their second dose than after their first dose, as the immune
system should recognize the vaccine and initiate a more
intense immune response to subsequent doses.

This study aims to assess side effect profiles for patients
treated for BC across vaccine doses and whether age and
BMLI, BC surgery type, axillary surgery, chemotherapy, or
radiation therapy influenced side effects experienced after
the COVID-19 mRNA vaccinations (Moderna and Pfizer).

Methods

Beginning in April 2021, a survey link was sent to 4,945
women over the age of 18 who had been treated for BC
and prospectively screened for BCRL with perometry
(Mitaka USA, Inc. Wheat Ridge, CO, USA) by the MGH
Lymphedema Research Program. Study data were col-
lected and managed using REDCap (Research Electronic
Data Capture) electronic data capture tools hosted at MGH,
a secure, web-based software platform designed to sup-
port data capture for research studies. BC treatment data
were collected through medical record review, and addi-
tional survey links and phone calls were made as reminders
and to obtain booster dose information. The MGH Insti-
tutional Review Board approved this study in April 2021
(2021P000528), and data were collected prospectively
through June 2022. Recall bias is a potential concern for
this study; therefore, data collection ended roughly a year
after survey distribution.

Participants were asked about each dose of the vaccine
they received. This included the first two doses for the Mod-
erna (mMRNA-1273) and Pfizer (BNT162b2) vaccinations
along with a third booster dose, if received, or one dose of
J&J (Ad26.COV2.S) along with a booster dose, if received.
First, participants were asked about vaccine type, education
received regarding the vaccine, where on the body the vac-
cine was received and reasons behind that decision. Second,
participants were asked which side effects they experienced
and duration of side effects after vaccination. Solicited side
effects included: injection site symptoms (soreness, swell-
ing, or redness), symptoms in the arm on the side of injec-
tion (swelling, numbness, or heaviness), and generalized
symptoms [muscle soreness, feeling tired (fatigue), head-
ache, joint pain, chills, nausea, vomiting, fever, Bell’s palsy],
other, or none of the above. Lastly, participants were asked
specifically about LN swelling after each dose of the vac-
cine. LN swelling was defined as “discomfort or noticeable
swelling when looking or touching” and questions specified
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whether this occurred in the axilla (underarm/armpit) or in
the supraclavicular region (lower neck/above the collarbone)
and laterality of the swelling. While it was not feasible for
this study to have a professional examine participants’ lymph
nodes, the definitions likely standardized any bias that would
be a result of the patient-reported outcome. Survey questions
were compiled based on clinician expertise from a certified
lymphedema therapist and a breast radiation oncologist. The
side effects list was derived from side effects published by
Moderna and Pfizer. A patient advocate was consulted for
ease of completion of the survey, and ensuring questions
were appropriately worded. All survey questions are pre-
sented in the supplementary information (Additional File 1).

Statistical Methods

Side effect frequencies and median duration for each mRNA
dose were analyzed. To investigate predictors of side effects,
multivariable logistic regression models across all doses
were fit separately for each side effect, with random effects
for participants to account for clustered responses. We inves-
tigated age, BMI (<25, 25-30, >30 kg/m?), surgery type
(lumpectomy, mastectomy, mastectomy with reconstruc-
tion), axillary surgery (none, sentinel lymph node biopsy,
axillary lymph node dissection), radiation (yes/no), and
chemotherapy (none, neoadjuvant, adjuvant only). Analysis
was conducted across all three doses to determine any dif-
ferences in side effect profiles. Coefficients with p < 0.05
were considered significant predictors of that side effect.
Because lymph node swelling is not a listed side effect of
the J&J vaccine, and because far fewer patients received that
vaccine, we analyzed side effects among those receiving the
J&J vaccine separately.

General Population

Data from the LymphVAX study were compared to two
randomized, placebo-controlled, phase 3 trials conducted in
adults who were healthy or with stable chronic medical con-
ditions for the Pfizer and Moderna vaccines [5, 6]. The Pfizer
study enrolled participants over the age of 16 to receive two
doses of the BNT162b2 vaccine (n=21,720) or a placebo
(n=21,728) 21 days apart at 152 sites worldwide, with 8183
participants reporting on reactogenicity up to 7 days after
each injection. The Moderna study enrolled participants over
the age of 18 to receive two doses of the mRNA-1273 vac-
cine (n=15,210) or a placebo (n=15,210) 28 days apart at
99 centers across the USA, monitoring reactogenicity for 7
days after each injection.

The solicited side effects listed in the general population
studies were also solicited in the LymphVAX study, with
the addition of swelling, heaviness, and arm numbness in
the LymphVAX study as these are symptoms which have

been found to be predictive of BCRL [21, 22]. The Pfizer
study of the general population did not include LN swelling
as a solicited event; however, it was reported as an adverse
unsolicited event in 64 participants compared with 6 par-
ticipants in the placebo group [6]. In contrast, the Moderna
study of the general population included lymphadenopathy
(LN swelling) as a solicited event, similar to the LymphVAX
study. Therefore, LN swelling in patients in the LymphVAX
study is compared to the Moderna group in the general pop-
ulation to maximize similarities between study designs.

In addition, an international, randomized, placebo-con-
trolled, phase 3 trial tested the efficacy and safety of the J&J
vaccine in the general population over the age of 18. The
cohort included 3,356 participants who received the Ad26.
COV2.S vaccine and reported on reactogenicity for 7 days
after the injection [36].

Results

We received 714 survey responses regarding patients’ pri-
mary vaccination series (two doses of Pfizer or Moderna and
one dose of J&J). We excluded 44 incomplete surveys or sur-
veys from patients who received the first vaccine prior to BC
treatment, resulting in data from 670 patients for analysis.
For booster dose surveys (either a third dose of Moderna or
Pfizer or a second dose of any vaccine after receiving J&J),
503 responses were received from patients who had com-
pleted the initial vaccination survey (75%). An additional
24 patients indicated over the phone that they had not yet
received a booster dose when the survey was distributed.

Patient Population

In total, 621 patients who received an mRNA vaccine (259
Moderna, 362 Pfizer) and responded to the survey were
included in the analysis, and 469 of those participants com-
pleted booster dose surveys. In total, 49 participants received
the J&J vaccine and 34 of these participants completed
booster surveys (23 received a Moderna booster, 8 received
a Pfizer booster, 3 received a J&J booster). The primary
analysis was restricted to the sample with mRNA primary
doses, and we report results for the J&J recipients separately
as previously discussed (Fig. 1).

Demographic and breast cancer-related characteristics for
the 621 patients receiving an mRNA primary vaccine series
are presented in Table 1. The median age was 53.0 years
with a median BMI of 26.0 kg/m?. 43.9% of participants
underwent mastectomy, 28.3% underwent axillary lymph
node dissection, 57.3% had BMI > 25 at time of BC diag-
nosis, and 30.3% of participants underwent regional lymph
node radiation. The median follow-up time between breast
surgery and date of first vaccine dose was 69.0 months.
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A

Electronic survey link sent to 4,945
potential participants

v

714 survey responses were received

A

e Incomplete responses

44 survey responses were excluded:

e Participants who had received vaccine
the first dose of the vaccine
prior to breast cancer treatment

49 participants received a first
dose of the Johnson & Johnson

621 survey responses for the
primary series were analyzed
* 259 Modema series

A

e 362 Pfizer series

34 of these participants responded
to the booster dose survey
e 23 Modema booster

152 of these participants did not reply Y *  8Pfizer booster
to the booster survey 469 of these participants responded to * i::’)s}:::on & Jobmeon
. > e the booster dose survey and received
24 of these participants indicated they cither Moderna or Pfizer booster
had not yet received a booster dose
Fig. 1 Study Population
Table 1 Demographics and treatment-related characteristics Most Frequently Reported Side Effects
Factor Total Cohort
(n=621) The most frequently reported local side effects were injec-
tion site soreness, injection site swelling, injection site red-
Number (%) ness, LN swelling, and arm heaviness (Figure 2A). The
Age* 53.0 (26.2, 83.6) most frequently reported systemic side effects were fatigue,
BMI* 26.0 (15.8, 50.4) GMS, headache, chills, and joint pain (Figure 2B). Aside
BMI> 25 356 (57.3%) from injection site soreness, all systemic side effects were
Missing Data 2 more commonly reported than the other local side effects.
Surgery After the first, second, and booster doses, 14.3%, 12.1%, and
Mastectomy with Reconstruction 222 (35.7%) 15.4% of patients reported experiencing no side effects at all.
Mastectomy without Reconstruction 51 (8.2%)
Lumpectomy 348 (56.0%) Multivariable model results: Systemic side effects
Nodal surgery
Axillary Lymph Node Dissection 176 (28.3%) In the multivariable model, fatigue, GMS, headache, chills,
Sentinel Lymph Node Biopsy 393 (63.3%) and joint pain were reported by a significantly lower per-
No Nodal Surgery 52 (8.4%) centage of older participants (set linearly with odds ratios at
Regional Lymph Node Radiation 188 (30.3%) 10-year increments) than younger participants (p <0.001).
Neoadjuvant + adjuvant chemotherapy 109 (17.6%) These side effects were also all reported significantly more
Adjuvant chemotherapy, only 196 (31.6%) after dose 2 compared with dose 1 (p <0.001). Headache

Time between breast surgery & first
dose*

69.0 months (0.13, 361.5) (p=0.046), chills (p <0.001), and joint pain (p =0.014) were
reported significantly more after dose 3 compared with dose

*median (range)
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1. Complete results from the multivariable models are pre-
sented in the supplementary information (Additional File 2).
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Fig 2 Most Frequently Reported Local (a) and Systemic (b) Side
Effects among Participants receiving mRNA Vaccines as a Primary
Series (n=621 Dose 1, n=621 Dose 2, n=469 Booster)

Multivariable model results: Local side effects

Injection site soreness was reported significantly less in older
participants (p <0.001) and after dose 3 compared with dose
1 (p=0.004). Injection site swelling was reported signifi-
cantly more after dose 2 compared with dose 1 (p <0.001).
Arm heaviness was reported significantly less after dose 3
compared with dose 1 (p <0.033).

Lymph Node Swelling

After the first, second, and booster doses, 9.8% (61/621),
12.9% (80/621), and 11.3% (53/469) of participants reported
LN swelling, respectively. Of note, 54.1% (33/61), 62.5%
(50/80), and 71.7% (38/53) of participants who reported
LN swelling reported it in the axilla ipsilateral to the vac-
cine after each dose. LN swelling was also reported in the
axilla contralateral to the vaccine [45.9% (28/61) D1, 45.0%
(36/80) D2, 24.5% (13/53) D3], supraclavicular region ipsi-
lateral to [29.5% (18/61) D1, 26.3% (21/80) D2, 32.1%
(17/53) D3], and contralateral to the vaccine [18.0% (11/61)
D1, 20.0% (16/80) D2, 9.4% (5/53) D3] (Figure 3). Next,
LN swelling was analyzed in relation to side of vaccine and
side of BC and whether the swelling occurred on the affected
side. 10.8% (67/621) of participants for the first 2 doses and
13.6% (64/469) of participants who received the booster

Laterality of Reported Lymph Node Swelling
Among those who Reported this Side Effect
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Fig.3 Laterality of Lymph Node Swelling among those who
Reported this Side Effect (n=61 Dose 1, n=80 Dose 2, n=53
Booster)

were excluded from this analysis due to bilateral cancer or
receiving a vaccine in the leg. For dose 1, dose 2, and dose
3, respectively, 78% (432/554), 78.5% (435/554), and 81.7%
(331/405) of participants received the vaccine contralateral
to side of BC treatment. LN swelling was reported on the
side opposite to the vaccine on the side of BC treatment
by 6.9%, 9.7%, and 3.6% of these participants, respectively.
Conversely, 22.0% (122/554), 21.5% (119/554), and 18.3%
(74/405) received the vaccine on the side of BC treatment.
11.5%, 14.3%, and 13.5% of these participants had LN swell-
ing on the side of the vaccine and side of BC treatment (Fig-
ure 4). The median duration of LN swelling either in the
supraclavicular region or the axilla was 1 week or less after
all 3 doses. A higher percentage of participants reported
longer duration of axillary LN swelling than supraclavicu-
lar swelling, although few participants experienced swelling
after 1 week.

Lymph Node Swelling in Relation to Side of BC
Treatment and Side of Vaccine Receipt
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Fig.4 Lymph Node Swelling in Relation to Side of BC Treatment
and Side of Vaccine Receipt (n=>554 Dose 1, n=554 Dose 2, n=405
Booster)
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Side Effect Duration and Progression

The median duration of side effects for all three doses was 48
h or less, with the duration ranging from 24 h or less (41.0%
D1, 38.7% D2, 44.1% D3) to more than 4 weeks (2.6% D1,
5.2% D2, 2.5% D3). Of the participants who reported side
effects for multiple doses, 32.1% had side effects that lasted
the same duration in each dose. 39.2% had side effects for
a longer duration in at least one subsequent dose compared
to an earlier dose, and 28.7% experienced their longest side
effects after the first dose.

General Population

Compared with the general population, fatigue, GMS (new
or worsening muscle pain/myalgia), and chills were reported
by a similar but slightly higher percentage of the Lymph-
VAX cohort after dose 1 (fatigue: 42.7% vs. 38.1%; GMS
23.0% vs. 21.7%; chills 9.5% vs. 8.8%) [5-8]. Additional
comparisons are presented in Table 2. A very similar per-
centage of patients in the LymphVAX study reported LN

participants in this study reported LN swelling on the side
of vaccine (three in the axilla and one in the supraclavicular
lymph nodes). Side effects reported by those participants
who received the J&J vaccine are presented in Table 3. Injec-
tion site soreness and fatigue were more common in women
treated for BC who received the J&J vaccine in the Lymph-
VAX study than the general population (63.3% vs. 48.6%
injection site soreness; 42.9% vs. 38.2% fatigue); headache
and GMS were less common in women who received J&J
in the LymphVAX study (30.6% vs. 38.9% headache; 18.4%
vs. 33.2% GMS). Due to study methodology, the data were
not suitable for statistical analysis.

Discussion

When a vaccine is given in the deltoid muscle, LN swelling
in the axillary and supraclavicular lymph nodes is a sign that
the immune system is responding to the vaccine as it should

Table 3 Johnson & Johnson Cohort — Reported Side Effects

swelling (9.8% and 12.9% after dose 1 and 2) to that in the  Side effect reported Dose 1 (n=49)  Booster

general population (10.2% and 14.0% after dose 1 and 2), (%) (n=34)

although due to study methodology, the data were not suit- (%)

able for statistical analysis. Injection site soreness 63.3 55.9
Fatigue 429 294

Johnson & Johnson (J&J) Cohort Headache 306 235
Chills 20.4 14.7

Of the 49 patients who received the J&J vaccine, 69.4%  Generalized muscle soreness 18.4 14.7

(34/49) received a booster and responded to that survey.  joint pain 16.3 118

67.6% (23/34) received Moderna, 23.5% (8/34) received  Fever 143 14.7

Pfizer, and 8.8% (3/34) received a second dose of J&J.  [njection site swelling 102 5.9

73.5% reported experiencing any side effect for dose 1, and  Nausea 82 118

70.6% reported experiencing any side effect for dose 2. The  pjection site redness 82 29

five most frequently reported side effects included injection  [ymph node swelling 82 29

site soreness (63.3% D1, 55.9% D2), fatigue (42.9% D1,  Arm heaviness 4.1 5.9

29.4% D2), headache (30.6% D1, 23.5% D2), chills (20.4%  Arm swelling 2.0 2.9

D1, 14.7% D2), and GMS (18.4% D1, 14.7% D2). For dose  Other 20 0

2, 14.7% of participants experienced a fever. The median  vomiting 0 2.9

duration of side effects for both doses 1 and 2 was 48 h or  Arm numbness 0 0

less, with many participants reporting side effects lasting  Belr's palsy 0 0

24 h or less (44.4% D1, 50% D2). Although LN swelling

is not a listed side effect of the J&J vaccine, 8.2% (4/49) of

Table 2 MOSt frequently Injection site soreness Fatigue Generalized muscle ~ Headache Chills

reported. side effects: soreness (GMS)

Comparison of women treated

for BC with GP Dosel  76.0%BC 427%BC  23.0%BC 184%BC  9.5%BC

82.4% GP 38.1% GP 21.7% GP 33.1% GP 8.8% GP
Dose 2 76.2% BC 59.3% BC 31.9% BC 32.4% BC 23.7% BC
85.0% GP 63.2% GP 52.5% GP 55.9% GP 40.8% GP

*BC = women treated for breast cancer (n=621 Dose 1, n=621 Dose 2)
*GP = general population reported by NEIM (n=19256 Dose 1, n=17702 Dose 2)
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[37]. However, LN swelling can also raise concerns of can-
cer progression or recurrence, or that the swelling may incite
or worsen lymphedema [1, 3, 38]. The CANVAX study was
conducted in multiple cancer centers at MGH and found
that patients with a history of or active cancer, including
BC, had a lower immune response to the COVID-19 vac-
cines; however, most still had antigen concentrations and
neutralization titers predicted to be protective against illness
[39]. In addition, participants in the CANVAX study who
reported more systemic symptoms after receiving the vac-
cines were more likely to have a higher immune response.
While it is promising that the COVID-19 vaccine was found
to be effective in patients with cancer, side effects such as
LN swelling remain a serious concern for this population.
The results of the LymphVAX study are therefore imperative
to inform patient education regarding side effect profiles for
women treated for BC.

Based on the results of this study, the vast majority of
women treated for BC may expect to experience at least
one side effect after any dose of the mRNA COVID-19
vaccines, most commonly injection site soreness, fatigue,
GMS, headache, and chills. Side effects commonly last 24
h or less, with a median of 48 h or less; however, for some
participants, the duration of side effects increased in a sub-
sequent dose. Aside from injection site soreness, systemic
side effects were much more common than local side effects,
including LN swelling and arm swelling, which is promising
for women at risk of BCRL.

Older participants reported significantly less fatigue,
GMS, headache, chills, joint pain, and injection site sore-
ness, consistent with the hypothesis that participants with
weaker immune systems would experience fewer side effects
[31-34]. Reports of fatigue, GMS, headache, chills, joint
pain, and injection site swelling all significantly increased
for the second dose of the vaccine compared to the first dose.
This is consistent with the hypothesis that after repeated
vaccine doses, the immune system already has the antigens
ready to fight the virus; thus, the side effects may worsen as
the immune response has increased [40].

General Population

We felt it important to comment on whether the side effect
profile looks different in patients who have been treated for
BC than in the general population. This information may
assist patients in making informed decisions about the
COVID-19 vaccine.

It should be noted that although numbers between the two
studies are very close, due to study methodology, statistical
analysis was not possible. The value that stands out most
is that the percentage of patients reporting fatigue after the
vaccination was higher in the LymphVAX cohort. Given
these participants had endured cancer treatment in the past,

it is possible that some could still be experiencing cancer-
related fatigue, a known long-term side effect of treatment
that can result in functional deficits [29]. This, in combi-
nation with the COVID-19 vaccine, may result in higher
numbers of participants previously treated for BC reporting
fatigue after vaccination. Otherwise, injection site soreness
(pain) and headache after dose 1, and all most frequently
reported LymphVAX side effects after dose 2 occurred more
in the general population than in women treated for BC.

Perhaps the most distressing side effect of COVID-19
vaccination reported by patients who have been treated for
BC is LN swelling, which is particularly prominent after
COVID-19 vaccinations compared with others as these
elicit higher immune responses [4—6]. As previously dis-
cussed, this mimics signs of BC recurrence or progression;
therefore, this side effect has received great attention from
patients treated for BC who have found it difficult to find
information or advice to help guide their decisions around
COVID-19 vaccination. The Society of Breast Imaging no
longer suggests delaying screening mammograms; however,
previous recommendation was to receive the first dose of the
vaccine after screening mammogram or to delay screening
until 4-6 weeks after second dose of the vaccine. Guide-
lines continue to be updated as information regarding further
doses of the COVID-19 vaccines becomes available [41].
Additionally, MGH guidelines suggest that patients with BC
receive the vaccine in the arm opposite to BC (i.e., without
node removal), or in the case of bilateral cancer, in the thigh
if possible, or alternatively in the arm where fewer lymph
nodes were removed if thigh administration is not possible
[42-46]. Further research is required to determine the long-
term impact of LN swelling as a result of the vaccine and
to draw conclusions regarding the impact of the COVID-
19 vaccine on risk of BCRL after BC treatment. Although
lymph node swelling is not a listed side effect of the J&J
vaccine, side effects are still a concern to the study popula-
tion. Women treated for BC should receive education about
expected side effects, particularly LN swelling, in order to
make informed decisions regarding their health.

Lymph Node Swelling and Patient Education

The proportion of patients in this study who reported LN
swelling was qualitatively similar to those who reported LN
swelling in the Phase 3 Moderna trial. Furthermore, it is
reassuring that LN swelling was found to be more common
ipsilateral to the vaccine, regardless of side of BC. Although
less common, some patients reported swelling contralateral
to the vaccine, and for the majority of these patients, the
swelling did occur on the side of BC. It is important that
patients are aware that LN swelling may occur contralat-
eral to the site of vaccination. As doses progressed, fewer
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patients received the vaccine on the side of BC, which is
expected due to more prominent patient education prior to
booster doses that the vaccine should be administered on the
contralateral side to BC [42-46].

As a precautionary measure, women treated for BC were
historically told to avoid injections in the arm at risk of
BCRL. However, ipsilateral injections were not associated
with increased arm volume in a prospective study of 632
patients who were prospectively screened for BCRL with
3041 arm volume measurements [47]. However, this study
did not analyze data from vaccines that specifically target the
immune system and carry a known side effect of LN swell-
ing. Therefore, the conclusions from this study cannot be
applied to patients treated for BC receiving the COVID-19
vaccine. The thigh or the arm opposite to BC (i.e., without
nodal removal) is recommended in the interim as the saf-
est option as more research is required to make informed
decisions. As previously stated, for women with bilateral
cancer, the thigh is a recommended alternative vaccination
site to the deltoid for COVID-19 vaccination [48, 49]. Fur-
ther research is warranted and will be conducted with the
results of the LymphVAX study, to determine the relation-
ship between LN swelling from the vaccine and BCRL risk.

Limitations

It is difficult to determine the exact response rate for this
study as the survey link was sent at a time when many
patients had not yet received the vaccine and institutional
barriers limited survey dissemination; therefore, recall bias
may have played a role. Questions regarding LN swelling
relied on self-report as it was not feasible to include imag-
ing or clinical examination within the scope of this study.
The surveys do not include questions regarding the sever-
ity of the side effects reported; therefore, conclusions about
severity of side effects cannot be drawn. Methodological
limitations prevent statistical comparisons with studies of
the general population.

Future Directions

Patients are prospectively screened for BCRL as standard
of care at MGH [27]. As patients receive further COVID-19
vaccinations, additional analysis will be conducted to ana-
lyze the effect of mMRNA COVID-19 vaccinations on BCRL
risk, comparing reported side effects with immunogenic-
ity data, and investigating patterns in side effects among
patients infected with COVID-19 prior to vaccination. These
data, collected specifically for patients with BC, provide an
evidence base to enhance guidelines for more structured and
universal education regarding future booster doses of the
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vaccine. This will allow patients to have a better understand-
ing of COVID-19 vaccine side effect profiles after BC treat-
ment, empowering women treated for BC to make informed
decisions prior to future doses.

Conclusions

In summary, patients treated for BC experience injection
site soreness, fatigue, GMS, headache, and chills most
commonly after COVID-19 vaccination. These symptoms
resolve in less than 1 week in most cases. The percent-
age of patients experiencing each symptom is similar to
that in the general population (including LN swelling),
although statistical conclusions cannot be made. These
side effect profiles for a cohort of women treated for BC
can be used to provide evidence-based patient educa-
tion regarding future COVID-19 vaccine administration.
Finally, the effect of the COVID-19 vaccines on BCRL
risk is currently unknown and more research is required.
In the interim, we would recommend vaccination away
from the side of LN removal, either in the thigh or the con-
tralateral arm. We believe that more patients would take
advantage of having the vaccination in the thigh if it were
available; however, this is proving difficult for patients as
many locations where vaccines are administered do not
offer the thigh as an option. It would be beneficial for
patients treated for BC if national organizations would
make this option more widely available. The goal of this
study was to address concerns surrounding side effects,
and the informed education that can be produced based on
these results will hopefully ease the fears of women treated
for BC and empower them to make informed decisions
regarding future vaccine doses.

Supplementary Information The online version contains supplemen-
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