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Abstract

Recipients of anti-CD19 targeted therapies such as chimeric antigen receptor (CAR)-T cell are
considered at high risk for complicated Severe Acute Respiratory Syndrome Coronavirus (SARS-
CoV-2) infection due to prolonged B cell aplasia and immunosuppression. These patients represent
a unique cohort and so far, immune responses to SARS-CoV-2 have not been well characterized in
this setting. We report a pediatric patient with B-cell acute lymphoblastic leukemia (B-ALL)

who had asymptomatic SARS-CoV-2 infection while receiving blinatumomab, followed by
lymphodepletion (LD) and tisagenlecleucel, a CD19 targeting CAR-T therapy. The patient had

a complete response to tisagenlecleucel, did not develop cytokine release syndrome, or worsening
of SARS-CoV-2 during therapy. The patient had evidence of ongoing persistence of 1gG antibody
responses to spike and nucleocapsid after LD followed by tisagenlecleucel despite the B-cell
aplasia. Further we were able to detect SARS-CoV-2 specific T-cells recognizing multiple viral
structural proteins for several months following CAR-T. The T-cell response was polyfunctional
and predominantly CD4 restricted. This data has important implications for the understanding of
SARS-CoV-2 immunity in patients with impaired immune systems and the potential application of
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SARS-CoV-2-specific T-cell therapeutics to treat patients with blood cancers who receive B cell
depleting therapy.

Introduction

Children diagnosed with Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-2),
even those with underlying malignancies, seem to have less severe symptoms than adults
with similar conditions.12 SARS-CoV-2 can result in significant lymphopenia especially in
severe disease leading to suppression of interferon and cytokine expression, inhibition of
effector cell activation and cellular mimicry.34

Immunocompromised patients, including those receiving lymphodepleting chemotherapy
(LD) and hematopoietic stem cell transplant have depressed T cell function and humoral
immunity.>8 Evidence suggests that in such individuals, prolonged viral shedding can occur
potentially increasing the risk of within host evolution and emergence of novel mutant
strains.’

Recipients of CD19 targeting chimeric antigen receptor (CAR)-T therapy experience
prolonged B cell aplasia or hypogammaglobinemia and hence are at high risk of
complications from SARs-CoV-2 including hospitalization, ICU admission and death due
to COVID-19.8-10 They also frequently have comorbidities such as cardiovascular and renal
dysfunction that can lead to worse outcomes. In addition to the immunosuppression these
patients experience, CAR-T recipients often experience complications such as cytokine
release syndrome (CRS) and immune cell associated encephalopathy syndrome (ICANS)
marked by intense systemic inflammation,1.12 all of which may place these patients at high
risk for severe COVID-19 were they to contract the virus while receiving these targeted
therapies.13 CAR-T recipients often receive intravenous immunoglobulin replacement to
protect them against viral infections, but this may not confer complete protection,14-16
Although there have been recent reports describing the clinical course of COVID-19 in
recipients of CAR-T therapy,13-17 few studies have examined how the immune system in
such patients responds to SARS-CoV-2 infection or to the SARS-CoV-2 vaccine.18:19

We and others have shown that polyclonal and polyfunctional SARS-Cov-2 specific T cells
can be recovered from healthy convalescent donors.1920 The role of T-cell and antibody
responses to SARS-CoV-2 for long-term immunity is largely unknown especially in patients
who receive CD19-directed therapies. Here we evaluate the T-cell and antibody responses
to structural SARS-CoV-2 antigens in a pediatric patient with B-cell acute lymphoblastic
leukemia (B-ALL) who had SARS-CoV-2 while receiving blinatumomab, a bispecific T-cell
engager antibody against CD19 followed by lymphodepleting chemotherapy and CD19
directed CAR-T cell (tisagenlecleucel) infusion.

Case description

Patient is a 17-year-old male referred to our institution for tisagenlecleucel, anti-CD19
CAR-T for treatment of relapsed B-ALL with involvement of bone marrow and testes. He
was diagnosed with SARS-CoV-2, while receiving blinatumomab, by real time polymerase
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chain reaction (PCR) testing on nasopharyngeal swab performed in a clinical laboratory
improvement amendments of 1998 (CLIA) facility using the BDMAX BioGX SARS-
CoV-2 EUA test. Patient was asymptomatic but was tested due to exposure from a
virus-positive family member. He did not develop any complications of COVID-19 while
receiving blinatumomab and had persistent bone marrow disease after completion of the
blinatumomab cycle. Given the uncertainty of the course of COVID-19 in this population
at the onset of the pandemic, the patient’s leukapheresis was delayed by 2 weeks until he
had a negative PCR test. He underwent leukapheresis for CAR-T manufacturing 37 days
after the initial positive PCR test. Since the patient remained asymptomatic, he proceeded
with the prescribed lymphodepletion (LD) with fludarabine and cyclophosphamide. Patient
tested positive by PCR result at the time of LD (Cycle threshold 37 for target gene 1

and negative for target gene 2) and demonstrated SARS-CoV2 immunoglobulin G (IgG)
antibodies and all subsequent PCR tests were negative. He received tisagenlecleucel without
any further delay 75 days after his initial SARS-CoV-2 infection. Patient did not develop
cytokine release syndrome or worsening of SARS-CoV-2 during therapy. Patient had
minimal residual disease in the bone marrow at the time of CAR-T infusion and achieved
complete remission (CR) of his B-ALL by morphology, minimal residual disease and next
generation sequence testing at Day 30 post CAR-T. He has maintained a durable CR at 6
months with functional persistence of CAR-T cells as evident by persistent B cell aplasia in
the peripheral blood.

Clinical data were obtained from the patient’s medical record. Peripheral blood (PB) for
immune assays was collected at time of leukapheresis, Day 0 of CAR-T, Day 30, and Day
60 after obtaining informed consent on an IRB approved protocol in accordance with the
Declaration of Helsinki.

Ex vivo expansion

Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll and plasma
cryopreserved for batch antibody testing. PBMCs were pulsed with a mix of overlapping
peptide pools encompassing viral structural proteins in presence of cytokines and expanded
in T cell medium as recently described.20 Cells were harvested on Day 10 and evaluated
for immunophenotype, antigen specificity and functionality using IFN-y enzyme-linked
immunospot (ELISpot) assay (Millipore, Burlington, MA) and flow cytometry as recently
described.20

Antibody serologies

Luciferase Immunoprecipitation Systems (LIPS) was used for measuring antibodies against
the SARS-CoV-2 spike and nucleocapsid proteins as recently described.20

Results and Discussion

Given this patient’s SARS-CoV-2 infection in the context of B-cell depleting treatments, we
evaluated the immune profile of the patient at various timepoints. Patient had diminished
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total absolute lymphocyte counts, and absolute T and B-cell counts at the time of SARS-
CoV-2 infection as expected following LD and CAR-T. He had no B-cells detected in the
peripheral blood consistent with effective CD19 targeting (Figure 1A).

Despite the lymphopenia, antibody responses to spike and nucleocapsid proteins using the
LIPS assay were detected in the plasma pre and post CAR-T at follow-up and remained
elevated above the positivity threshold of 125, 000 LU and 45, 000 LU for nucleocapsid and
spike antibodies respectively (Figure 1A) and are highly consistent with our observations in
healthy adult control individuals in the 4-6 weeks following infection or a second vaccine.
Furthermore, numerous studies have reported antibody responses to different vaccines, but
the specific assays have varied and thus numerical values are not directly comparable.23
Next, we evaluated SARS-CoV-2 specific T-cell responses at the time of leukapheresis
prior to LD and CAR-T infusion and days 30 and 60 post CAR-T. Post-expansion T-cells
were predominantly CD4+ with central and effector memory subsets (Figure 1B). There
was low level T-cell reactivity to SARS-CoV-2 antigens detected by the IFN-y ELISpot
assay following overnight stimulation of PBMCs with overlapping peptides of the structural
proteins at all timepoints (denoted as pre-expansion in Figure 1C). To amplify this response,
we expanded the PBMCS ex vivo for 10-14 days and repeated the ELISpot assay. T-

cells recognizing spike, membrane and nucleocapsid proteins were detected from samples
obtained pre and post CD19-CAR-T infusion (Figure 1C). The SARS-CoV-2 specific T-cells
were polyfunctional with the highest TNF-a. and IFN-y responses observed to membrane
protein (2.66% CD4+ T-cells) in CD4+ subsets (Figure 2A, C) at Day 60. No SARS-CoV?2
CD8+ T-cell responses were detected (Figure 2B). This CD4+ specific T-cell response

with a predominance to membrane was similar to our observations in healthy convalescent
donors or following vaccination.21: 22 The absolute percentage of polyfunctional T cells
detected /n vitrothat corresponds to a clinically significant /77 vivo response is unknown,
but from our previous experience with many studies interrogating virus antigen specific and
tumor associated antigen specific T cells, values consistently above negative controls and
unstimulated cells in T cell products may correlate with clinical responses.24-26

Our patient had an asymptomatic infection prior to receiving CAR-T while receiving
blinatumomab and had evidence of acquired immunity as evident by positive SARS-CoV-2
IgG antibodies. Equivocal PCR tests and chronic viral shedding has been reported in patients
undergoing cancer therapy.2” The presence of IgG antibodies to spike and nucleocapsid
proteins over time is suggestive of persistent humoral immune response after infection
despite having no new B cells due to CD19-directed therapies. Recent evidence suggests
that CD-19 negative plasma cells may contribute to long-term humoral immunity,28 as
evidenced in one study which demonstrated that preexisting humoral immunity to vaccine-
related antigens can persist in patients despite marked B-cell aplasia in patients receiving
anti-CD19 CAR-T.2? Indeed evidence has shown that mature CD-19 negative plasma cells
exist in substantial amounts within the bone marrow and seem to be somewhat protected
from mobilization into the peripheral blood and may be important in maintaining humoral
memory.30 The presence of IgG antibodies to various SARS-CoV-2 antigens several
months after the primary infection and ongoing B-cell aplasia in our patient supports this
observation and needs to be further explored in larger cohorts after primary infections or
vaccination to understand the breadth of humoral immune deficiency induced by anti-CD19
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CAR-T therapy. Of note, our patient started receiving IVIG replacement approximately 1
month after CAR-T therapy. At the time the patient was treated, IVIG produced in the
US did not have high titers of neutralizing antibodies against SARS-CoV-2 but there are
now reports of IVIG having substantial SARS-Co-V2 neutralizing antibodies that were
not present in the pre-pandemic lots.3! Ongoing IVIG in our patient to current date could
possibly provide additional level of protection against COVID-19.

Stimulation of patient T-cells with SARS-CoV-2 proteins ex vivo effectively expanded
polyclonal and polyfunctional SARS-CoV-2 specific T-cells over time suggesting that

this patient could mount an antigen-specific T-cell response when re-challenged.2 This

data which has important implications regarding the ability for such individuals to elicit
potentially protective immune responses, as well as for the application and timing of
SARS-CoV-2 specific T-cell therapeutics to treat patients with blood cancers who receive
B-cell depleting therapy. While the T-cells responding to SARS-CoV-2 in this patient

were expanded ex vivo using a rapid expansion protocol stimulating the endogenous T

cell receptors to different viral antigens; whether they contain the CD19 specific chimeric
antigen receptor remains to be elucidated. Transgene levels of tisagenlecleucel have been
detected up to 780 days in the peripheral blood with higher levels notable in patients in
remission32 and we did not sort the peripheral blood mononuclear cells for lymphocytes
prior to the ex vivo expansion of SARS-CoV-2 specific T cells. While the T-cells responding
to SARS-CoV-2 in this patient are unlikely to contain the CD19 CAR, given their polyclonal
and polyfunctional nature, it is possible that the T cells gain cross reactivity to non-CD19
antigens and future studies should explore the feasibility of dual antigen chimeric receptors
targeting both CD19 and SARS-CoV-2. Indeed, previous studies have shown that virus
specific T cells transduced with a retroviral vector expressing a CD19 CAR are effectively
able to recognize CD19 and confer anti-tumor activity in vivo.33

Our study has limitations of it being a single case report and retrospective nature and
larger longitudinal studies to analyze the cellular and humoral responses will help fully
elucidate the clinical implications of preexisting T cell responses to SARS-CoV-2 antigens.
While there is growing evidence about the efficacy of the SARS-CoV-2 vaccine in patients
with hematologic malignancies,3* the vaccine is still limited to patients older than 5 years
and emergence of variants remains a concern in this vulnerable population. The current
guidelines from The American Society of Transplant and Cellular Therapy and American
Society of Hematology support vaccinating all eligible patients, if feasible, prior to the
CAR-T infusion without delaying this potentially curative therapy.3® Further studies are
needed to explore the cellular and humoral immune responses to the SARS-CoV-2 vaccines
to determine their efficacy and longevity in this high-risk population.

In summary, we provide unique longitudinal data in a pediatric patient with relapsed B-ALL
who developed SARS-CoV-2 infection while receiving CD19-directed therapies. Further,
this is the first report demonstrating robust adaptive immune responses to SARS-CoV-2 after
CD19 CAR-T therapy.
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Figure 1. Serologic and cellular immune responsesto Sars-CoV-2 before and after CD19-CAR-T.
A T- and B-cell counts and antibody responses to spike and nucleocapsid as detected by

LIPS assay over time. Antibody levels were tested using the Luciferase Immunoprecipitation
assay (LIPS) and measured in luminescence units (LU). B Memory phenotype of SARS-
CoV-2 specific T cells recovered at various timepoints. T-cell populations following
expansion were determined by flow cytometry and denoted as central memory (CD45RO +
CCR7+), effector memory (CD45RO - CCR7-), Naive (CD45R0O - CCR7+) and terminally
differentiated (CD45R0O - CCR7-). C. Detection of T-cell responses to SARS-CoV-2 from
peripheral blood at various timepoints. Peripheral blood mononuclear cells (PBMC) from
patient were tested for response to peptide libraries encompassing SARS-CoV-2 structural
proteins by IFN-y ELISpot pre-expansion and following ex vivo expansion for 10-12 days
(D). Results are reported as spot forming cells (SFC) per 1 x 10° cells per well. Actin was

used as negative control.
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Figure 2. Functional immuneresponse of Sars-CoV-2 specific T cells.

e R e e P

A, B. Polyfunctional T cell responses to SARS-CoV-2 antigens were tested via intracellular
staining following 10-12 days of ex vivo expansion in the CD4+ (A) and CD8+ (B)
subsets. C. Dot plots showing polyfunctional SARS-CoV-2 specific CD4+ T cells at various
timepoints as detected by the secretion of proinflammatory cytokines TNFa and IFN-y in

response to restimulation to SARS-CoV-2 antigens.
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