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ABSTRACT

Vaccination against COVID-19 is critical for immuno-
compromised individuals, including patients with cancer.
Systemic reactogenicity, a manifestation of the innate
immune response to vaccines, occurs in up to 69% of
patients following vaccination with RNA-based COVID-19
vaccines. Tumor regression can occur following an intense
immune-inflammatory response and novel strategies

to treat cancer rely on manipulating the host immune
system. Here, we report spontaneous regression of
metastatic salivary gland myoepithelial carcinoma in a
patient who experienced grade 3 systemic reactogenicity,
following vaccination with the mRNA-1273 COVID-19
vaccine. Histological and immunophenotypic inspection
of the postvaccination lung biopsy specimens showed

a massive inflammatory infiltrate with scant embedded
tumor clusters (<5%). Highly multiplexed imaging

mass cytometry showed that the postvaccination lung
metastasis samples had remarkable immune cell
infiltration, including CD4+ T cells, CD8+ T cells, natural
killer cells, B cells, and dendritic cells, which contrasted
with very low levels of these cells in the prevaccination
primary tumor and lung metastasis samples. CT scans
obtained 3, 6, and 9 months after the second vaccine
dose demonstrated persistent tumor shrinkage (50%,
67%, and 73% reduction, respectively), suggesting that
vaccination stimulated anticancer immunity. Insight: This
case suggests that the mRNA-1273 COVID-19 vaccine
stimulated anticancer immunity and tumor regression.

INTRODUCTION
Vaccines against COVID-19 are a promising
approach to prevent and mitigate COVID-19.
Overall, systemic reactogenicity events have
been reported by 50% and 69% of patients
after the first and second doses of RNA-based
COVID-19 vaccines, respectively.! These
events, such as fever, headache, myalgias, and
chills, are direct manifestations of the innate
immune response to vaccination that results
in the production and release of pyrogenic
cytokines and inflammatory mediators, acti-
vation of complement, and recruitment of
immune cells.”

Interestingly, spontaneous tumor regression
following an intense immune-inflammatory
response, usually triggered by a pathogen
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infection, has been recognized for centuries
and guided the first steps toward immuno-
modulation of the microenvironment to
treat cancer. The first reported immuno-
therapy against cancer was the inoculation
of streptococcal organism into patients with
unresectable sarcomas,3 and for over three
decades, administration of the BCG vaccine
to promote local inflammation has been used
to treat non-muscle-invasive bladder cancer.
Here, we describe dramatic tumor regres-
sion in a patient with metastatic myoepithelial
carcinoma of the parotid who experienced
intense reactogenicity following the second
dose of the mRNA-1273 COVID-19 vaccine.

CASE REPORT

In March 2020, a 6l-year-old woman was
diagnosed with a T2NOMX (AJCC cancer
staging manual, 8th edition) myoepithelial
carcinoma of the left parotid. She underwent
left parotidectomy and postoperative radio-
therapy (60Gy) to the left neck and tumor
bed. CT scans performed in July 2020, after
treatment completion, revealed increase in
size of bilateral pulmonary nodules sugges-
tive of metastasis (figure 1A). A CT-guided
biopsy of a lung lesion confirmed metastatic
disease. Given the absence of curative-intent
treatment for the metastatic disease, lack of
standard systemic therapy for myoepithelial
carcinoma, low disease burden, and lack of
symptoms, the decision was made to proceed
with close surveillance.

In January 2021, approximately 10 months
after the initial diagnosis of myoepithelial
carcinoma, the patient received the first dose
of mRNA-1273 COVID-19 vaccine. Adverse
events reported were mild injection-site pain
on day 1 and mild fatigue on day 2.

In February 2021, a surveillance CT scan
of the chest showed a significant increase in
the size of the pulmonary nodules compared
with their size on the previous CT scan
(figure 1B,C), obtained in November 2020.
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Figure 1 Temporal overview of a metastatic nodule in right lower lobe at different timepoints, before and after COVID-19
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vaccination with mRNA-1273. Other bilateral pulmonary metastases (not shown) have presented the same behavior overtime.
(A) In July 2020, when metastasis was initially confirmed by biopsy, the nodule measured 1.4cm. (B) In November 2020, the
nodule measured 2.6cm. (C) In February 2021, a few days after the patient received the first dose of the mRNA-1273 vaccine,
the nodule measured 3.0cm. (D) In March 2021, 1 month after the patient received the second dose of the mRNA-1273 vaccine,
the nodule measured 2.5cm. CT images acquired approximately 3 months (E), 6 months (F), and 9 months (G) after vaccination,
show progressive decrease in size of the lesion, measuring 1.5cm, 1.0cm, and 0.8 cm, respectively. (H) The timeline at

the bottom of the figure shows the timing of events. (I) Representative images demonstrating changes in tumor immune
microenvironment composition of the primary parotid tumor (pre vaccine) and the lung metastasis (post vaccine; lung-met Il)
using imaging mass cytometry (750x750 pixels, lengthxwidth, respectively). (J) Imaging mass cytometry cell subpopulation

clusters. PORT, postoperative radiation therapy; vax., vaccination.

The decision was made to start systemic therapy in a clin-
ical trial.

Later in February 2021, before systemic therapy was
initiated, the patient received the second dose of the
COVID-19 vaccine. Reported side effects were more severe
than after the first dose: the patient reported a fever of
38.3°C and chills that started approximately 9 hours after
vaccine administration and lasted for 2 hours. The patient
also reported grade 3 fatigue, grade 2 myalgias, grade 2
muscle weakness, grade 2 headache, and mental foggi-
ness; these symptoms persisted for 7 days after vaccination
and then subside over an additional 7 days.*

Intriguingly, in March 2021, a CT scan of the chest
revealed 13% shrinkage of the pulmonary nodules
(figure 1D). Therefore, the decision was made to not
proceed with the clinical trial treatment, which had been
scheduled to start the day after the CT. A biopsy of a
pulmonary nodule was performed at this point. Reverse
transcription PCR tests for COVID-19 were performed
prior to the CT of the chest and prior to the lung biopsy,
both negative for COVID-19 infection.

Persistent tumor shrinkage was demonstrated on
follow-up CT scans: 50%, 67%, and 73% reduction
(figure 1E-G) at 3, 6, and 9 months, respectively, after the

second dose of the vaccine. A timeline summarizing these
events is shown in figure 1H. Therefore, we hypothesized
that the tumor shrinkage was attributed to a systemic
inflammatory response induced by the COVID-19 vaccine.

METHODS

The patient gave written informed consent for analysis
of tumor specimens and publication of this report. All
CT scans were reviewed by the same thoracic radiologist.
Details of tumor molecular profiling, including immu-
nohistochemical analysis, targeted-exome sequencing,
and imaging mass cytometry, are provided in the online
supplemental.

RESULTS

Molecular profiling and immunohistochemistry suggest a
poorly immunogenic tumor

Molecular profiling performed with next-generation
sequencing of the primary tumor sample revealed
pathogenic somatic mutations in NOTCH3 and TP53
(online supplemental). The tumor was microsatellite
stable and mutational burden was low (<5 mutations/
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megabase). Histological analysis of H&E-stained sections
revealed both primary tumor and lung metastasis prior
to COVID-19 vaccination had rare and scattered immune
cells restricted to the tumor border (online supplemental
figure 1). Consistently, immunohistochemistry showed
negative staining for PD-L1 (antibody clone 22C3).

Imaging mass cytometry reveals robust tumor immune cell
infiltration following the second dose of mMRNA-1273 vaccine
On histological and immunophenotypic inspection of
the tumor samples, a massive inflammatory infiltrate with
scant tumor clusters (<5%) embedded in was observed in
the postvaccination lung biopsy specimen (online supple-
mental figure 1), suggesting that the tumor regression
was associated with induction of an anticancer immune
response.

To comprehensively profile the tumor immune micro-
environment (TIME), we performed highly multiplexed
imaging mass cytometry on representative prevaccination

(primary tumor and lung metastasis) and postvaccina-
tion (lung metastasis) samples (figure 11-]). Notably, the
postvaccination lung metastasis samples had remarkable
immune cell infiltration, including infiltration by CD4+
T cells, CD8+ T cells, natural killer cells, B cells, and
dendritic cells, which contrasted with very low levels of
these cells in the prevaccination samples (figure 2A). As
results for replicate biopsies for each condition clustered
together, we pooled data for each condition for further
analysis. In the tumor cell compartment, the fraction of
proliferating tumor cells was reduced fivefold following
vaccination (figure 2B). In the lung metastases, the post-
vaccination samples exhibited higher fractions of T cells,
granzyme B+ cells, B cells, and dendritic cells (figure 2C),
as well as a higher ratio of CD8+ T cells to regulatory T
cells (figure 2D). In contrast, the prevaccination samples
exhibited higher fractions of M2 macrophages and
neutrophils (figure 2C). Further phenotypic analysis of T
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Figure 2 Imaging mass cytometry indicates robust anti-tumor immune response following COVID-19 vaccination. (A)

Clustergram of imaging mass cytometry quantification in biopsy specimens from primary tumor and prevaccination (Pre-Vax.),
and postvaccination (Post-Vax.) lung metastases (Lung Met.). | and Il indicate specimens from different regions taken at the
same time. Color axis represents each phenotype subpopulation frequency (z-normalized density [cells/mm?] values), red for
high frequency and blue for low frequency or absence (-2); (B) Percentage of proliferative (Ki67+) tumor cells (pan-CK+ and/or
p63+) in Pre-Vax. and Post-Vax. lung metastasis specimens. (C) Percentage of indicated immune cell populations as percentage
of total immune cells in Pre-Vax. and Post-Vax. lung metastasis specimens. (D-F) Comparison of Pre-Vax. and Post-Vax. lung
metastasis specimens for (D) ratio of CD8+ T cells to regulatory T cells (Tregs), (E) percentages of CD8+ T cells and CD4+ T
cells positive for TIGIT, and (F) percentages of CD8+ T cells and CD4+ T cells positive for TIM3. +, positive.
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cells demonstrated that the percentage of cells expressing
T-cell immunoglobulin and ITIM domain (TIGIT) was
increased following vaccination (figure 2E), poten-
tially indicative of antigen exposure.” Conversely, the
percentage of T cells expressing the inhibitory receptor
T-cell immunoglobulin and mucin domain-containing
protein 3 (TIM3)® was decreased following vaccination
(figure 2F). Taken together, these results suggest a robust
anticancer immune response stimulated by COVID-19
vaccination with mRNA-1273.

DISCUSSION

Severe hyperinflammatory response occurs in a frac-
tion of patients with COVID-19.” Similarly, COVID-19
vaccines have the potential to evoke intense immunologic
responses.” Here, we describe a case of an anticancer
response after COVID-19 vaccination. Histology analysis
and tumor molecular profiling suggested that the primary
tumor was poorly immunogenic, which is associated with
poor responses to the most commonly used cancer immu-
notherapy. Notably, the patient reported grade 3 systemic
adverse events after the second dose of the COVID-19
vaccine, which was preceded by spontaneous tumor
regression, indicating that an intense inflammatory host
response stimulated by the vaccine may have promoted
an antitumor response.

The changes we observed in the TIME between the
prevaccination and postvaccination tumor specimens,
including increases in CD8+ and CD4+ T cell tumor infil-
tration and granzyme B+ cytolytic cells, are associated
with immune cell activation. Moreover, we found notable
reduction in the absolute number of tumor cells and the
fraction of remaining cells actively proliferating, indi-
cating an effective anti-cancer response, consistent with
the patient’s radiological findings.

CD8+ cytotoxicT cells have a pivotal role in the anti-cancer
immune response; in fact, enhancing their activity is the
main strategy of current successful cancer immunotherapies.
Interestingly, although the efficacy of most vaccines is largely
related to induction of antibody responses, T-cell-mediated
immunity has emerged as an important mechanism of host
defense against severe respiratory syndrome coronavirus-2’;
COVID-19 vaccine has been shown to induce both virus-
specific antibodies and Tcell responses,” which align with the
TIME changes found in our analysis.

Dendritic cells, macrophages, and B cells are major popu-
lations of antigen-presenting cells critical for the initiation of
adaptive immune response through T-cell activation, which is
crucial for both vaccine-induced and anti-cancer immunity.
Our finding of a substantial increase in antigen-presenting
cell tumor infiltration in postvaccination samples is consistent
with the robust innate and adaptative anticancer responses
experienced by this patient.

Notably, we observed a shift in the TIME composition
from myeloid predominant to lymphocytic predominant.
Fractions of immune suppressive cells, represented by
M2-macrophages, regulatory T cells, and cancer-associated

fibroblasts, were higher in prevaccination samples than in
postvaccination samples, which align with previous litera-

ture showing that immune suppressive cells are associated

. . . PO 10
with immune evasion and worse Prognosis i cancer.

Finally, dysfunctional and exhausted T cells, represented
by expression for TIM3,° were also more prevalent in the
pre-vaccination samples, whereas TIGIT expression in T
cells was higher after vaccination and may be associated
with T-cell activation.

In summary, this patient’s clinical course and the anal-
ysis of prevaccination and postvaccination tumor samples
support the hypothesis that stimulation of the innate
immune system by the mRNA-1273 COVID-19 vaccine
induced systemic immune activation and led to a robust
and persistent anticancer response, represented by radio-
logical tumor shrinkage and an ‘anticancer’ TIME compo-
sition. To our knowledge, this is the first reported case of
COVID-19 vaccine-induced tumor regression and the first
report of spontaneous tumor regression in a patient with
salivary myoepithelial carcinoma. Host and tumor char-
acteristics that led to this phenomenon remain unclear.
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