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ABSTRACTS

The incidence of medium-term and long-term adverse events are critical factors determin-
ing the utility of CAR T-cell therapy and research of risk factors and timeline of late effects
will be critical for optimal survivorship care. The most commonly reported toxicities during
long-term follow-up after anti-CD19 CAR T-cell therapy are decreased blood B-cell counts,
hypogammaglobulinemia, prolonged cytopenias and infections. Common determinants of
late toxicities are age, underlying tumor type, previous therapy and CAR construct. Here we
will provide some recommendations for patient monitoring during medium-term and long-
term follow-up and management of the late adverse effects.

OBJECTIVES

- Describe the clinical, laboratory and radiological
follow-up after CAR Cell Treatment.

- Standardize and optimize medical care with
screening and therapeutic and preventive inter-
ventions of the main complications related to CAR
T cell treatment.

- Monitor immune reconstitution during the fol-
low-up and follow-up period.

- Monitor the persistence and expansion of CAR T
Cells.

INTRODUCTION

Long-term follow-up of patients who have received
treatment with CAR T cells involves collaboration
between the hematology team that referred the pa-
tient and the cell therapy multi-disciplinary team.
Therefore, the center that referred the patient must
receive specific instructions and contact information
so that the necessary support can be maintained af-

. 18

ter the patient returns. After CAR T cell therapy, the
patient will require close monitoring to deal with
possible late complications of therapy: prolonged
cytopenias; late neurological toxicity such as trem-
ors, memory changes, increased risk of infection, etc.

Cytopenias

Haematological toxicity has a cumulative 1-year inci-
dence of 58% post-CD19-CAR-T, is often prolonged
and can follow an biphasic temporal course. The first
phase is attributed to the lymphodepletion regi-
mens, bridging therapy before CAR-T infusion, se-
vere CRS, etc.

An analysis of hematological reconstitution in CAR
T-treated patients published in 2020 showed that
blood count normalization occurs in only about 15%
of patients after 3 months and about 60% after 9
months of CART cell infusion. In ZUMA-1, about 17%
remained with grade 3 or greater cytopenias after
3 months of infusion'. About 30% of patients may
have late, beyond D+30, severe neutropenia, and
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20% late thrombocytopenia. In addition, up to 20%
of patients have neutropenia lasting, longer than 90
days. The pathogenesis of the prolonged cytopenia
is not yet well understood, but is likely contributed
to by multiple factors, such as the occurrence of a
more severe cytokine release syndrome, large tumor
mass and low marrow reserve. Furthermore, the cy-
tokine profile in these patients with prolonged cy-
topenia, revealed elevations in serum levels of IFNy,
IL-6 and IL-8 in patterns similar to those seen in ac-
quired bone marrow failure states. Cytopenias after
CART anti-BCMA, are intense after lymphodepletion:
97% grade 3 or greater, and tend to recover within
1 month. Rejeski and in a multicenter, retrospective
analysis of 258 patients, found a positive correlation
between baseline thrombocytopenia and hyperfer-
ritinemia and day+60 cytopenia. They developed a
score: CAR-HEMATOTOX, which included hemoglo-
bin, platelet count, absolute neutrophil count and
baseline inflammatory markers: C-reactive protein,
and ferritin. This score can predict the incidence of
severe neutropenia more, or less than 14 days.

B-cell aplasia and hypogammaglobulinemia

In along-term follow-up study of CD19-directed CAR
T therapy in relapsed/refractory (R/R) B cell NHL or
CLL, 67% of patients had hypogammaglobulinemia
beyond 90 days and can persist for months or even
years?. Updated results of the ZUMA-1 trial, which
tested axi-cell in R/R aggressive B cell NHL, show that
31% of patients received intravenous immunoglobu-
lin (IVIG), Generally, polyclonal CD19+ B cells recover
in 50% of cases in remission around 6 to 12 months
after infusion and can mean an increased chance of
relapse. On the other hand, persistence of CART cells
can result in profound hypogammaglobulinemia or
agammaglobulinemia.

Due to immunological immaturity, immunoglob-
ulin replacement is routine in paediatric CAR-T cell
patients to obtain a serum level &gt; 400 mg/dL re-
gardless the clinical picture®. In adults, some specific
anti-pathogen antibodies may remain, due to CD19
negative plasma cells, and in this population, the
Immunoglobulin replacement can be titrated by the
incidence of breakthrough infection.

Immune Reconstitution

Several studies with anti-Cd19 CART show that CD8+
counts recover quickly, while CD4+ T cells may per-
sist low, with a count less than 200 cells/uL in about
33% in those who remained on remission 1 year after
treatment.
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Cardiovascular toxicity

Cardiovascular events are common in adult patients
after CAR-T, with a correlation between the occur-
rence of CRS &gt;2, elevated troponin and a longer
time between the onset of CRS and the administra-
tion of tocilizumab®.

Secundary Malignancies

Most patients treated with CART cells have received
several previous oncological treatment lines, and
therefore are more susceptible to secondary neo-
plasms, mainly myelodysplasia or acute myeloid
leukemia. A study with 86 patients by Cordeiro et al
(2020)° showed that 15% developed secondary neo-
plasms. This percentage rose to 29% in the popula-
tion that achieved prolonged complete remission. It
is noteworthy that 62% of these patients had already
undergone hematopoietic stem cell transplantation.

The follow-up after infusion of CAR T cells should
also include analysis of persistence and expansion of
CART cells, either by direct methods, such as flow
cytometry or PCR, or by indirect methods, such as
recovery of lymphopenia after infusion of CAR cells
T. The ELIANA study (CAR T cells for ALL) showed
that recovery of B lymphocyte count: &gt;1%/total
leukocytes or &gt;3% of lymphocytes before the 6th
month was related with lower relapse-free survival.

PROCEDURE

In the pre-treat possibility of evaluation by special-
ists from other areas, such as: psychology, neurolo-
gy, infectology and specific exams (depending on
the underlying disease), during the follow-up period
after hospital discharge.

The frequency of evaluations will vary according
to the status of the underlying disease, associated
complications, risk of infections and possible need
for transfusion. Some patients with prolonged cyto-
penia may require the use of growth factors or even-
spinal cord evaluation.

Up to 30 days from the infusion of CAR T cells, the
patient must stay at a place for a maximum of 30-
45 minutes from the hospital with a companion who
knows how to identify signs of treatment toxicity:
CRS (cytokine release syndrome, ICANS (Immune ef-
fector cell-associated neurotoxicity Syndrome) . Pa-
tient should not drive until 8 weeks after infusion of
CART cells.

In addition to cytopenias and infections, other late
adverse events that should be monitored after CAR

19

——— JBMICT. 2022;3(2)



T treatment: immune events (pneumonitis, dermati-
tis); neurological, psychiatric, secondary neoplasms.
The proposal assessment after CAR T cell therapy
should be individualized for each patient, according
to the disease of: CLL, ALL or non-Hodgkin&#39;s
lymphoma; and patient characteristics: co-morbidi-
ties, toxicities, infectious history and risk, etc.

Management Recommendations

- Cytopenias

Granulocyte growth factor (G-CSF) has been used
for the treatment of neutropenia, however, to avoid
interaction with the risk of peak CRS and CAR T cell
expansion, its use is avoided until 14 days after cell
infusion. T CAR. Up to 28 days after infusion of CART
Cells, bone marrow evaluation is not indicated, only
follow-up with blood count is sufficient. Clinically,
stable patients can be discharged from the hospital,
even with cytopenia, using antimicrobial and anti-
fungal prophylaxis.

If cytopenias persist after 28 days, a myelogram and/
or bone marrow biopsy are indicated, as well as in-
vestigation of infection by viral pathogens®. In cyto-
penias grade 3: anemia: 10-8.0/dL; neutropenia: 500-
1000/mm3; thrombocytopenia: 25.000-50,000 per
mm3, the use of G-CSF should be considered, as well
as the use of corticosteroids. In grade 4 cytopenias:
neutropenia less than 500/mm3 and thrombocyto-
penia &It; 25,000/mm3, high-dose corticosteroids
and the use of granulocytic growth factor may be
considered, besides Blood product transfusion and
prophylactic antibacterial and antifungal agents in
patients with prolonged neutropenia.

Hypogammaglobulinemia

Patients with serum IgG levels &It;400 mg/dL pro-
phylactic replacement should be considered and
when the patient has recurrent infections replace-
ment is indicated.

Replacement: IVIG or s.c. formulation, dosing every
3-4 weeks at 400-600 mg/kg body weight to main-
tain an IgG through level of &gt;400 mg/dL and con-
tinuing until B cell recovery with spontaneous.

Monitoring Recommendations:
From hospital discharge to D+100

- Weekly visits until D+60, which can be fortnight-
ly after D+60.

- Weekl y exams up to D+60, which can be biweek-
ly: Blood count, reticulocytes, biochemistry, DHL,
Liver Profile, Blood glucose, C-reactive protein,
Creatinine, urea, fibrinogen.
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- Quantitative CMV blood PCR in cases of cytope-
nias, fever or other clinical indication in patients
previously submitted to HSCT. PCR for EBV or ade-
novirus only on clinical suspicion.

- Tests requested monthly: ferritin, Immunoglobu-
lins (IgA, IgM, IgG); peripheral blood immunophe-
notype: CD3/CD4/CD8/CD16/CD19/CD56.

- Assessment for persistence of CART. From D+100
a D+365

- Monthly visits up to D+180, which can be every 2
months after D+180.

- Exams requested monthly: Blood count, reticulo-
cytes, biochemistry, DHL, AST, ALT, bilirubin, Blood
glucose, C-reactive protein, Creatinine, Urea, fi-
brinogen, ferritin.

- Monthly visits up to D+180, which can be every 2
months after D+180.

- Every 2 months up to D+180: Quantitative immu-
noglobulins or serum protein electrophoresis and
peripheral blood immunofenotyping: CD3/CD4/
CD8 /CD16/CD19/CD56. After the 6th month, ex-
ams can be done every 3 months.

Monitoring the loss of B cell aplasia is useful to as-
sess the risk of CD19+ disease relapse, definitions
vary, but an increase of 50% of CD19 cells or 3%
of the B cell population can mean recovery. The
loss of B cell aplasia before 6 months of infusion is
associated with an increased risk of relapse.

- Other tests according to age and patient: Iron
Profile, Hormone Profile (TSH, T4, FSH, LH, estra-
diol, progesterone, ACTH, cortisol, total and free
testosterone, PTH, GH, IGF-1, Prolactin). Lipid pro-
file, Bone assessment, Autoantibody profile (ANA,
ENA, Rheumatoid factor, ANCA, anti-TPO, anti-Thy-
roglobulin) in cases with suspected autoimmunity
diseases.

- Transthoracic echocardiogram and high-resolu-
tion chest CT (depending on age, symptoms and
previous treatments).

In case of persistent grade 3 or 4 cytopenias, bone
marrow aspiration or biopsy should be performed to
assess cellularity and rule out hematophagocytosis,
myelodysplasia, or leukemia recurrence.

After 1 year: Visits at least every 3 to 6 months. - Start
screening for secondary neoplasms after 1 year
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(D+365) and according to general age recommen-  tion decision. As CART cells is a therapy with increas-

dations (total/free PSA, Mammography, Pap smear, ing and continuous advances, we suggest training

Colonoscopy and Endoscopy). and annual assessment of the competence of teams
annually.

Training and updates should be defined by institu-
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