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ABSTRACT

A systematic review of published articles based on randomized clinical trials was
conducted to ascertain the efficacy or perspective of using CAR-T cell therapy for
refractory multiple myeloma. The PubMed database was searched with the combination
of terms “multiple myeloma”, “refractory multiple myeloma”, “CAR T-cell”, and the PRISMA
criteria were followed. Of the 78 articles found, only 5 were selected. The studies used
different treatment protocols and four different types of CAR-T cells. All studies obtained
interesting results in terms of increased progression-free survival and negative minimal
residual disease responses. Some authors detected an expansion of CAR-T cells and
noted dose-dependent relationship between treatment effectiveness and serum BCMA
levels. Although the results were promising, a small number of patients still relapsed a
few months after CAR-T cell infusion. Therefore, this new line of therapy should be further
investigated, as it significantly increases progression-free survival and improves quality
of life.
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RESUMO

Uma revisdo sistematica de artigos publicados com base em ensaios clinicos
randomizados foi realizada para verificar a eficacia ou perspectiva do uso da terapia
com células CAR-T para mieloma multiplo refratario. Foi pesquisada a base de dados
PubMed com a combinac¢do dos termos “multiple myeloma", “refratory multiple myeloma”,
“CAR T-cell" e foram seguidos os critérios PRISMA. Dos 78 artigos encontrados, apenas 5
foram selecionados. Os estudos utilizaram diferentes protocolos de tratamento e quatro
tipos diferentes de células CAR-T. Todos os estudos obtiveram resultados interessantes
em termos de aumento da sobrevida livre de progressao e respostas negativas a
doenca residual minima. Alguns autores detectaram uma expansao das células CAR-T
e observaram uma relacdo dose-dependente entre a eficacia do tratamento e os
niveis séricos de BCMA. Embora os resultados tenham sido promissores, um pequeno
numero de pacientes ainda apresentou recaida alguns meses apés a infusdo de células
CAR-T. Portanto, esta nova linha de terapia deve ser mais investigada, pois aumenta
significativamente a sobrevida livre de progressao e melhora a qualidade de vida.

Palavras-chave: Mieloma multiplo; Imunoterapia adotiva; Antigeno de maturagdo de

células B; Recorréncia.

INTRODUCTION

Multiple myeloma (MM) is characterized by
monoclonal  multiplication and  accumulation
of malignant plasma cells in the bone marrow,
accounting for approximately 10% of all hematologic
neoplasms. It remains incurable, and most patients
have an overall survival following diagnosis of up to 5
years."”y However, treatment advances such as new
drugs and improvement in symptom management
have increased overall survival up 10 years.“*

Although testing of new chemotherapy agents
has shown good outcomes for duration of disease
remission,'® some patients do not respond well
to the chosen therapy, experiencing relapses or
becoming refractory to drugs.’#Chim et al. (2018)®
suggest that MM cells acquire additional mutations
or genetic alterations that make them more
resistant, leading to decreased duration of remission
or response to treatment. Ria and Vacca (2020)
@ report that one of these mechanisms involves
interactions of MM plasma cells with the bone
marrow microenvironment, providing conditions for
multiplication of clonal plasma cells as well as for
prevention of the action of antineoplastic agents.
Also, stromal, mesenchymal, and osteoblastic cells
tend to induce the secretion of substances that
protect plasma cells, resulting in drug resistance and
disease progression.

Because of different mechanisms that may be
involved in the development of drug resistance
in MM, the treatment of patients with refractory
disease is challenging and needs to be continuously
studied.™ Choosing a new treatment regimen for
these patients requires caution and depends on
factors such as timing of the relapse, response to

prior therapy, aggressiveness of the relapse, and
performance status.!

Treatment options for primary or refractory
MM generally include different combinations of
drugs with different mechanisms of action, such
as corticosteroids, immunomodulatory drugs, and
monoclonal antibodies, as well as autologous stem
cell transplantation.®”’However, development of drug
resistance has been observed even in those cases.
I Therefore, in order to assist in the treatment of
patients with refractory or relapsed MM, different
chemotherapy protocols are being used or revised,
and alternative therapies are being tested, such as
chimeric antigen receptor T (CAR-T) cells.ls#2

CAR-T cells are the patient's own T cells that
were genetically modified to obtain enhanced and
specific cytotoxic activity.?™) However, for CAR-T
cells to act and eliminate tumor cells, antigens
must be specifically expressed on the surface of cell
membranes.? An advantage of CAR-T cells is that
they recognize tumor cells independently of the
presentation of major histocompatibility complex
molecules, thus overcoming one of the forms of
immune escape of tumor cells.l""

CAR-T cell therapies have shown good outcomes
in cancer treatment, especially for relapsed or
refractory hematologic neoplasms, and they are
rapidly evolving.l»“19 Some CAR-T cell therapies
have been approved in the United States for the
treatment of acute lymphoblastic leukemia and some
B-cell ymphomas, for example.”?”Most clinicalstudies
on the use of CAR-T cells against leukemias and
lymphomas specifically target the surface marker
CD19.1"" The promising results of these studies
on anti-CD19 CAR-T cell therapy have encouraged
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the development of new CAR-T cell therapies for
MM.7 Currently, randomized clinical trials on the
treatment of refractory MM are being carried out to
investigate the surface antigens CD38 and CD138 and
B-cell maturation antigen (BCMA).'" Although CAR-T
cell therapy is specific and has curative potential
for patients with malignancies considered incurable
until now, such as refractory MM, on anti-MM CAR-T
cell therapy is yet approved by health authorities.!™>™!
Furthermore, although new therapeutic approaches
with more effective and safer drugs have been used
against MM, some patients still relapse and develop
mechanisms of drug resistance.?? Thus, the aim of
this review is to systematically gather data from
randomized clinical trials on CAR-T cell therapy for
refractory MM and to ascertain the efficacy or the
perspective of effectively using this treatment.

MATERIAL AND METHODS

The is a systematic review based on the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) criteria."® A research protocol
was previously established to systematically
examine the available literature and to identify
randomized clinical trials on the use of CAR-T cells
for the treatment of refractory MM. The study was
registered on PROSPERO (Centre for Reviews and
Dissemination) with ID number 277607.

Search strategy

The PubMed database (MEDLINE) was used
to search for the combination of terms “multiple
myeloma” [MeSH Terms] OR “refractory multiple
myeloma” [Title/Abstract] AND “CAR T-cell” [Title/
Abstract]. The terms should appear in at least one of
three search fields, i.e., title, keywords, or abstract.
No other filters were added. The search strategy was
used in October 2020. All identified records were
exported and contained at least information about
the authors, year and journal of publication, title,
and abstract.

Study selection and eligibility criteria

Potentially eligible articles were evaluated using
Microsoft Excel®. The articles were initially selected
by title and abstract screening. The inclusion criteria
were as follows: being an original article based on
a randomized clinical trial; investigating primary
treatment with CAR-T cells; having refractory MM
as an outcome or exposure; and being written in
English. The articles selected for full-text screening
were located and exported in PDF format,

and the evaluation followed the same criteria
previously established. Finally, the selected studies
had their references analyzed to identify possible
new articles as well as gray literature.

The entire selection process was carried out by
the two authors (SS and VS) independently. Articles
selected by both authors were included, and those
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not selected by any author were excluded. The
articles included by only one of the authors were
analyzed in a meeting, and the judgmentforincluding
or excluding them, according to the eligibility criteria,
was discussed.

Data extraction

Data were extracted using Microsoft Excel® to
identify the studies, including main author, year of
publication, place where the study was developed,
study phase, CAR-T cell target, number of patients,
and others. Data extraction was performed by
one author (SS) and analyzed by the other (VS)
independently.

Risk-of-bias assessment

A risk-of-bias assessment of included studies
improves the reliability of the results of a systematic
review!™ and is shown in Chart 1. The assessment
was based on the Cochrane tool, which divides bias
into six domains: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and
other types of bias. Each domain is rated as high,
unclear, or low risk of bias.??“Unclear” risk occurs if
there are insufficient data to rate it as high or low.["!

RESULTS

Study selection

Seventy-eight articles were identified as
potentially eligible. An initial evaluation following
the established criteria resulted in 11 articles, and
eight were selected for full-text screening. Three
articles were then excluded because their results
did not mention whether the treatment used
was effective. Thus, five articles were included in
qualitative analysis, as shown in the flow diagram
below (Figure 1).

Identification and extraction of data from
selected articles

The five included articles were then analyzed.
An overview of reviewed studies is shown in Chart
2, and a summary of study results is described in
Chart 3.

The selected articles were published by research
teams in the United States (2 articles) and China (3
articles) between 2018 (2 articles)and 2019 (3 articles),
having BCMA as a common target. Three articles
refer to open-label, phase | studies, one article refers
to a single-arm, phase Il study, and one article does
not mention the clinical phase but indicates that it
refers to a clinical study.

All articles state that patients received previous
lines of anti-MM therapy, not responding to them,
and two articles inform those patients underwent
autologous stem cell transplantation. Also, all study
patients received lymphodepletion before CAR-T cell
infusion.
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Chart 1. Risk-of-bias assessment of included studies.

Bias domain

Source of bias

Support for authors’ judgment

Risk of bias

Selection

Performance

Detection

Attrition

Random sequence generation

Allocation concealment

Blinding of participants and
personnel

Blinding of outcome assess-
ment

Incomplete outcome data

Describe the method used to generate
the allocation sequence to determine
whether the study groups are
comparable.

Describe the method used to conceal
the allocation sequence to determine
whether allocations could have
been foreseen before or during the
intervention.

Describe the measures used to blind
trial participants and researchers from
knowledge of which intervention a
participant received.

Describe the measures used to blind
outcome assessment from knowledge
of which intervention a participant
received.

Describe the completeness of
outcome data for each main outcome,
including exclusions from the analysis,

as well as the numbers ineach

High

Unclear

Low*

Low*

High

intervention group (compared with
total randomized participants) and
reasons for attrition or exclusions.

Reporting Selective reporting

Other Any other type of bias

State how selective outcome reporting
was examined and what was found.

State any important concerns about
bias not covered in the other domains.

High

Low

* All participants received the expected treatment.

There were differences in the CAR-T cell infusion
protocols used in the studies. Raje et al. (2019),'Yan
etal.(2019),2"and Brudno etal. (2018)"administered
a single infusion on day 0. Zhao et al. (2018)" split the
dose into three infusions (20%, 30%, and 50% of total
dose) administered over 7 days. Xu et al. (2019)1
divided their patients into two groups — one group
received three infusions on days 0, 3, and 6, and the
other received a single infusion on day 0.

The dosages used in the studies were also
different. Raje et al. (2019)"® tested dose escalation
(50x10¢, 150x10¢, 450x10%, and 800x10¢ cells) to
evaluate treatment response and dose expansion
(150%10°to 450x10°) to evaluate CAR-T cell expansion.
Both Zhao et al. (2018)"and Xu et al. (2019)"@ used
different doses depending on the patient, and the
median infused dose was, respectively, 0.5x10¢cells/
kg (ranging from 0.07x10°to 2.1x10°¢) and 0.70x10Q¢
CAR+ T cells/kg (ranging from 0.21x10°to 1.52x%10¢
cells/kg). Yan et al. (2019)?"used a dose of 1x10¢cells/
kg, and Brudno et al. (2018)l"escalated the doses at
0.3x10¢, 1x10¢, 3x10¢, and 9x10¢cells/kg.

Despite the use of different doses, anti-BCMA
CAR-T cells were detected in the peripheral blood of
all patients, persisting for at least 1 month to up to
1 year.l

Raje et al. (2019)'¢ divided the patients who
received a dose of 450x10°CAR+ T cells at screening
into two groups, BCMA expression <50% and =50%,
and observed that the percentage of response was
similar. Zhao et al. (2018)"also found no correlation
between effect and BCMA expression, as the patient
groups (BCMA expression <40% and 240% post
treatment) had the same percentage of response.

Zhao et al. (2018)" showed a rapid (median
time, 1 month) and durable (median progression-
free survival, 15 months) treatment response with
LCAR-B38M, and complete response with negative
minimal residual disease (MRD) were present in
63% of patients. and status was negative for 63% of
patient. Raje et al. (2019)"found a dose-dependent
effect on the frequency and duration of response in
the dose-escalation phase. Complete or very good
partial responses were achieved only with doses of
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Figure 1. PRISMA flow diagram of study selection.

at least 150x10°CAR+ T cells, and all patients who
responded to treatment were MRD-negative at
1-month assessment. Most of these patients had
two consecutive negative assessments, leading to a
median progression-free survival of 11 months.

Yan et al. (2019)2Y observed that the combination
of CAR-T cells with different targets for the treatment
of refractory or relapsed MM achieved a partial
response or better in most patients, with 43%
having a complete response and 81% achieving an
MRD-negative status. They also noted that 17 of
20 patients who responded to treatment did not
relapse or progress during follow-up (602 days),
and those who responded well to treatment had a
median progression-free survival of 243 days.

Some studies evaluated persistence of CAR-T cells
in peripheral blood. Raje et al. (2019)'8 observed
that bb2121 CAR-T cells were detected in 96% of
patients at 1 month post infusion, 86% at 3 months,
57% at 6 months, and 20% at 12 months. Xu et al.
(2019)"% reported that LCAR-B38M levels persisted
in some patients for up to 9 months. However,
Zhao et al. (2018)" found that LCAR-B38M levels
were detectable up to 3 months post infusion in
most of their patients, and only 5 patients showed
persistence up to 10 months. Yan et al. (2019)2"
simply demonstrated a gradual decrease in anti-
CD19 and anti-BCMA CAR-T cell levels. Only Brudno
et al. (2018)'""1did not report what happened after
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the detection of peak CAR-BCMA T cell levels post
infusion.

In all studies”®721 the authors evaluated the
safety of CAR-T cells and reported the manifestations
of adverse effects, summarized in Chart 4. They
identified and classified the toxicity of adverse
effects based on National Cancer Institute Common
Terminology.

Criteria for Adverse Events, version 4.0.22 The
common adverse event reported was Cytokine
Released Syndrome (CRS), that was evaluated using
previous published criteria. Zhao et al. (2018),/"! Raje
et al. (2019),1' Brudno et al. (2018),/'7 and Yan et
al. (2019)2" used the article published by Lee et al.
(2014),2 whereas Xu et al. (2019)"® adopted the
report of Neelapu et al. (2018).124

The CRS was reported by all authors and most of
the manifestation was classified in Grade 1 to/or 2
(Chart 4). About 51 patients (90%) on study of Zhao
et al. (2018)""had CRS and were assigned in grade
1-2: 47 patients (83%) or grade 3-4: 4 patients (7%).
For Xu et al. (2019),1 10 cases of CRS were grade
1-2, 6 cases were grade 3 and 1 case wasgrade 5. To
Raje et al. (2019),1'® a total of 25 patients developed
CRS that was classified in grade 1 or 2: 23 patients
(70%) or grade 3: 2 patients (6%). Brudno et al. (2018)
lobserved and classified CRS in different grades: 2
cases in grade 1, 7 cases in grade 2, 4 cases in grade
3, and 2 cases in grade 4. Further Yan et al. (2019)2"
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Chart 3. Results of the reviewed studies.

Author/Title Efficacy Expansion and
persistence
- Overall response: 81% (1 patient had a marked

Brudno et al. (2018)"" decrease in MM markers, 13/16 patients had a partial

T cells genetically modified response or better); - Peak levels between
to express an anti-B - Progression-free survival (median, 31 weeks): 6 7 and 14 days in all
cell maturation antigen continued to respond and 10 progressed. patients.

chimeric antigen receptor - 6 months after infusion, 1gG, IgM, and IgA increased, - CD8+ T cells acquired
cause remissions of indicative of plasma cell recovery. different phenotypes
poor-prognosis relapsed - Patients with anti-MM responses had decreased BCMA after infusion.

multiple myeloma levels.

- Objective response: 88.2% (13 patients with stringent
complete responses and 2 with very good partial

responses).
- At 1 month: 1 had no obvious response; 15 had a
Xu et al. (2019)79 response, of which 13 had a complete response and 2
Exploratory trial of a had a partial response.
biepitopic CAR T-targeting - Sustained response (11 months after infusion): 7 - Durable persistence:
B cell maturation antigen ~ complete responses up to 9 months.
in relapsed/refractory + 1 partial response.
multiple myeloma - Relapse (5 to 11 months after response): 6 patients

relapsed after complete response and 1 patient
progressed after very good partial response.

- Progression-free survival: 82.4% at 6 months and
52.9% at 12 months.

- BCMA expression:
Zhao et al. (2018)" - Median follow-up: 8 months. 26/53 patients (49%) had
phase 1, open-label study - Overall response: 88% (39 patients [68%] had a <40% expression and
of LCAR B38M, a chimeric  complete response, 3 [5%] had a very good partial 27/53 patients (51%) had
antigen receptor T cell response, and 8 [14%] had a partial response). >40% expression.
therapy directed against - MRD: 36 patients were MRD-negative and achieveda - In 71% of patients,
B cell maturation antigen, complete response. LCAR-B38M was not
in patients with relapsed - Progression (median progression-free survival, 15 detectable at 4 months.
or refractory multiple months): 10 patients (20%) who achieved a partial - Only 5 patients showed
myeloma response then progressed. persistence up to 10
months.

- Objective response: 85% (9% with complete responses

and 36% with stringent complete responses).

- Dose-dependent effect on the frequency and duration

of response.

- Very good partial response or better at a dose of

150%108 CAR+ T cells. - Variable proportion of

- Response rate >74% among patients who progressed  CAR+ T cells: 85% CD4

after most recent therapy, those who received and 13% CD§;

daratumumab, or those who had plasmacytomas. - bb2121 was detectable

Raje et al. (2019)"¢1
Anti-BCMA CAR-T cell
therapy bb2121 in

- At a dose of 450x106, the same response was obtained at a dose of 50x106
in patients with BCMA expression above or below 50%. CAR+ T cells;

- Early treatment response: median time to 1%t partial - Durable persistence:
relapsed b h % of pati
or refractory multiple response or .etter was 1 mont . 96% of patients at .1
mveloma - MRD: 18 patients (16 had a partial response or better  month, 86% of patients
y and 2 had no response). At first assessment: 16 MRD- at 3 months, 57% of
negative patients at 10 nucleated cells, 15 MRD- patients at 6 months,
negative patients at 10 nucleated cells, and 3 MRD- 20% of patients at 12
negative patients at 10 nucleated cells. Of these, 12 months.

had at least two consecutive negative assessments;

- Median duration of follow-up: 11.3 months;w

- Progression: 17 patients (52%) progressed, including
12 who had a response (6 with complete responses and
6 with MRD-negative responses).
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- Overall response: 95% (9 patients [43%] had a
stringent complete response, 3 (14%) had a complete
response, 5 [24%] had a very good partial response,
and 3 [14%] had a partial response).

- Median follow-up: 268 days.

- Relapse: 17/20 (85%) did not relapse or progress.

- Progression-free survival (median, 243 days, partial
response or better): 9/21 (43%) maintained a complete
response or better for more than 6 months, 4 (19%)
maintained a stringent complete response for more
than 1 year, and 1 (5%) had no relapse at 602 days.

- MRD: 17/21 (81%) were MRD-negative, with 16/17
(94%) remaining MRD-negative 1 month after infusion.

Yan et al. (2019)?"

A combination of
humanised anti-CD19
and anti-BCMA CAR T
cells in patients with
relapsed or refractory
multiple myeloma; a
single arm, phase 2 trial

- BCMA expression:
detected in 20 patients.
- CD19-CAR
amplification: peak on
day 7 followed by a
decrease.

- BCMA-CAR
amplification: peak
between days 7 and 14
followed by a gradual
decrease.

- Number of plasma
cells in bone marrow
was associated with
peak BCMA-CARs.

observed in 19 (90%) of 21 patients the development
of CRS and classified in grade 1 or 2, 18 patients
(86%), or in grade 3, 1 patient (5%).

When it was necessary, they used mainly
tocilizumab to treat toxicities. Raje et al. (2019)
'l and Brudno et al. (2018)'" additionally used
glucocorticoids, whereas Zhao et al. (2018)" used
too in their patients’ vasopressor and supplemental
oxygen. Only two groups reported the time to onset
the CRS manifestation. Raje et al. (2019)'® describe
the median time to manifestin 2 days and the median
duration of 5 days, while Zhao et al. (2018)"identified,
as well as the median time to onset and the median
duration of effects, in 9 days. Other manifestations
of adverse effects were related in common. They
reported hematological effects (including anemia,
thrombocytopenia, and leukopenia), hypotension
and fever,101677211 gspartate aminotransferase (AST)
increase, 0121 hypokalemia, hyponatremial's"!
classified in different grades.

DISCUSSION

BCMA was a common target in the reviewed
studies. This antigen is expressed on the surface of
both normal and malignant plasma cells, and can
be found in a soluble form (sBCMA) in circulation.
252691 Together with B cell-activating factor receptor
(BAFF-R), BCMA is responsible for regulating the cell
cycle of plasma cells, thus promoting proliferation,
survival, and drug resistance.’*®! Some authors
report that BCMA levels are higher in patients
with MM compared to healthy individuals. High
levels of circulating BCMA are associated with a
poor prognosis because these can be detected even
during the progression of monoclonal gammopathy
of undetermined significance (MGUS) to MM.
% Furthermore, different reviews show that
BCMA expression is similar in patients recently
diagnosed with MM and those who relapsed or not
responded to treatment.? This demonstrates the
potential of this protein as a diagnostic, prognostic,
predictive marker of treatment response as well as a
therapeutic target.2?

Brudno et al. (2018)" found a significant
decrease in serum BCMA levels in treated patients
who achieved a partial response, very good partial
response, and stringent complete response.
However, Raje et al. (2019)'" and Zhao et al. (2018)
I demonstrated that the percentage of treatment
response was similar between patients with high and
low BCMA levels. This may indicate an independent
effect of BCMA expression by monoclonal plasma
cells in MM, which occurs when patients are treated
with proteosome inhibitors and immunomodulatory
drugs, for example.l®

Although they did not find a correlation between
BCMA expression and treatment response, Zhao
et al. (2018)"! observed a variation in progression-
free survival of 15 months in patients with BCMA
expression <40% and 11 months in those with BCMA
expression >40%. These findings reinforce the
correlation of BCMA levels with disease burden and
patient clinical status during treatment.?s>

Another common result in the reviewed studies
was the absence of MRD in treated patients,
especially those who achieved a complete response
orverygood partial response. Although the definition
of MRD negativity depends on the method used,?”
the reviewed articles showed that CAR-T cell therapy
was able to increase progression-free survival in
most patients, with a durability close to or above 1
year, while sustaining an MRD-negative status during
this period.

However, even with high rates of MRD negativity
after CAR-T cell therapy, some patients relapsed.2s
Xu et al. (2019)" observed that some of the patients
who relapsed or progressed after treatment (5 to 11
months) had undetectable MRD 1 or 2 months after
CAR-T cell infusion and remained MRD-negative until
relapse. Also, Raje et al. (2019)"® reported that 52%
of patients with a complete response or an MRD-
negative status relapsed 11 months after bb2121
infusion.

A decrease in response durability in patients who
were MRD-negative following CAR- T cell therapy
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Chart 4. Results of the adverse events.

Author/Title

Others adverse events
- Hematological: anemia (11/16 - grade 3);
lymphopenia (5/16 grade 3; 10/16 grade
4), neutropenia (6/16 grade 3; 8/16 grade
4), platelet count decreased (3/16 grade 3;
7/16 grade 4).
- Others Grade 3: hypophosphatemia
(11/16); fever (9/16); hypotension (5/16);
sinus tachycardia (5/16); hypokalemia
(5/16); hyponatremia (4/16); hypoxia
(4/16); dyspnea (4/16); AST increase (3/16).

Cytokine release syndrome

Brudno et al. (2018)'"

T cells genetically modified to
express an anti-B cell matura-
tion antigen chimeric antigen
receptor cause remissions of
poor-prognosis relapsed multiple
myeloma

- Reported only results for dose 9 x 106 CAR+
T cells/kg.

- Grade 1: 2 cases; Grade 2: 7 cases; Grade 3:
4 cases; Grade 4: 2 cases.

- Use of tocilizumab and glucocorticoids to
treat syndrome.

- All 17 patients had an adverse event.
- Fever: Grade 1-2: 8 patients; Grade 3-4:

9 patients.
- Grade 1-2: 10 cases; Grade 3: 6 cases; Grade ) . . :
Xu et al. (2019)17 5:1 case. 7Acz'ls' ézcreased in 16 patients and ALT in
Exploratory trial of a biepitopic - The grades were associated with the X Tumo.r Ivsis svndrome was observed in
(AR T-targeting B cell maturation abundance of BCMA. 3 patientz Y

- Increased of IL-6, IL-10 and TNF-a.
- Tocilizumab was used to treat 3 cases which
complicated.

antigen in relapsed/refractory

multiple myeloma - Others: hypotension (5/17); hypoxemia

(4/17); prolonged activated partial
thromboplastin time (2/17); systemic
edema (1/17); renal impairment (1/17).

- All 57 patients reported an adverse

event.
- About 51 patients (90%). - Most patients (65%) had Grade 3
- Grade 1-2:47 patients (83%); Grade 3-4: 4 adverse events.

patients (7%).

- Median time to onset: 9 days.

- Median duration: 9 days.

- The syndrome was managed with

- Neurotoxicity: observed in 1 patient
atdose 1.0 x 106 CAR+T cell/kg, who
developed grade 1 aphasia, agitation, and
seizure-like activity.

Zhao et al. (2018)"1
A phase 1, open-label study of
LCAR B38M, a chimeric antigen

receptor T cell therapy directed
against B cell maturation anti-
gen, in patients with relapsed or
refractory multiple myeloma

Raje et al. (2019)®

Anti-BCMA CAR-T cell therapy
bb2121 in relapsed or refractory
multiple myeloma

tocilizumab, vasopressor and supplemental
oxygen.

- One patient developed Grade 2 cytokine
release syndrome with dose 1.8x106 CAR+
T cell/kg, and evolved to ventilator support,
dying after reported Grade 5 pulmonary
embolism and acute coronary syndrome.

- Total of 25 patients.

- Grade 1 or 2: 23 patients (70%); Grade 3: 2
patients (6%); Grade 4 or higher: none.

- Median time to onset: 2 days.

- Median duration: 5 days.

- Correlated with the dose: > 150x10° CAR+ T

cells.

- Associated with a higher peak level of serum

C-reactive protein and TNF-a.

- Tocilizumab and glucocorticoids were used

to manage the syndrome.

- Others: pyrexia (91%);
thrombocytopenia (90%); leukopenia
(47%); ALT increased (39%); anemia (30%);
hypotension (21%); ALT increased (18%);
cough (18%); disseminated intravascular
coagulation (18%); hypocalcemia (16%);
hyponatremia (14%); dyspnea (11%);
nausea (11%).

- All 33 patients had an adverse event.

- Hematologic: neutropenia (in 83%);
leukopenia (in 58%); anemia (in 45%);
thrombocytopenia (in 45%) (all expected
because of lymphodepleting chemother-
apy).

- Neurological: 13 patients had grade 1 or
2 (42%); 1 patient had grade 4 neurologic
toxicity after 11 days of infusion.

- Infection development; 14 patients
(42%); 2 patients had grade 3 (anal ab-
scess and parvovirus infection); no grade
4 occurred.

- Gastrointestinal: constipation (27%); nau-
sea (21%); diarrhea (21%), vomiting (18%).
- Other: fatigue (42%); headache (30%);
hypocalcemia (27%); hypokalemia (24%);
hypophosphatemia (21%); peripheral
edema (18%); hyperglycemia (18%); hy-
poalbuminemia (18%); cough (18%); sinus
tachycardia (15%); hypotension (15%);
hyponatremia (15%).
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Yan et al. (2019)2"

A combination of humanised
anti-CD19 and anti-BCMA CAR T
cells in patients with relapsed or
refractory multiple myeloma; a
single arm, phase 2 triol

patient (5%).

- Observed in 19 (90%) of 21 patients.
- Grade 1 or 2: 18 patients (86%); Grade 3: 1

- Principal manifestation: Fever - occurred
median: 9 days; Median duration: 4 days

- Encephalopathy syndrome: Two (10%)
of 21 patients.

- Hematological: Grade 3 to 4 Leukopenia
in 18 patients (86%); Grade 3 Anemia in
13 patients (62%); Grade 3to 4
Thrombocytopenia in 13 patients (62%).
- All 21 patients had B-cell aplasia.

- One patient (5%) had Grade 5 cerebral
hemorrhage.

- Other: muscle weakness (90%);
prolonged activated partial
thromboplastin time (38%); hypoxemia
(29%); AST increase (29%); ALT increase
(19%); nausea (10%); vomiting (10%);
myalgias (10%); hypotension (10%).

Legend: ALT = Alanine aminotransferase; AST = Aspartate aminotransferase; IL-6 = Interleukin 6; IL-10 = Interleukin 10; TNF-a: Tumor

necrosis factor-a.

may be related to a number of factors such as
level of BCMA expression, absence of BCMA, or
loss of BCMA function in MM cells.? Xu et al. (2019)
"% detected anti-CAR-T antibodies in patients who
relapsed or progressed after LCAR-B38M infusion,
which may represent another risk factor for a failed
anti-MM treatment. They noted that, one month after
treatment, patients who had the anti-CAR-T antibody
showed a significant drop in LCAR-B38M residual
cell counts. Brudno et al. (2018)'"" reported that
antigen-recognition domains used in their study and
others are derived from mouse antibodies that are
potentially immunogenic and possibly susceptible to
immunologic rejection.

For all reviewed studies, safety of CAR-T cell
infusion was analyzed. The common adverse event
reported was CRS. To Raje et al. (2019)¢, the
development of CRS was correlated with the higher
dose. Those who received more than 150x10° CAR+
T cells, had more chance to manifested CRS and,
consequently, have a higher peak level of serum C-
reactive protein and TNF-a. For Xu et al. (2019)'"%the
CRS was associated with the abundance of BCMA and
increased of IL-6, IL-10, and TNF-a too. Additionally,
Xu et al. (2019)"% noted that in one patient, the IL-6
and TNF-a levels were higher than compared to
baseline levels.

Brudno etal. (2018)"only reported results for the
dose 9 x 106CAR+ T cells/kg. In addition to CRS, they
reported hematological manifestations like anemia
(11/16 - grade 3), lymphopenia (5/16 grade 3; 10/16
grade 4), neutropenia (6/16 grade 3; 8/16 grade 4),
platelet count decreased (3/16 grade 3; 7/16 grade
4), attributing to cyclophosphamide and fludarabine
conditioning chemotherapy. Raje et al. (2019)"® also
related neutropenia (in 83%), leukopenia (in 58%),
anemia (in 45%), and thrombocytopenia (in 45%)
as an expected effect because of lymphodepleting
chemotherapy.

Zhao et al. (2018)" reported an adverse event in
all 57 patients, most patients (65%) were classified
in grade 3. For them, one patient developed

neurotoxicity at dose 1.0 x 10°CAR+ T cell/kg, who
manifested grade 1 aphasia, agitation, and seizure-
like symptoms. Also, in study of Raje et al. (2019)
el thirteen patients had grade 1 or 2 (42%) for
neurotoxicity and one patient had grade 4 neurologic
toxicity after 11 days of infusion.

During the research, Xu et al. (2019)'"® observed
the development of infections in some patients. Four
cases had upper respiratory tract infection, three
cases of pulmonary infection, one case suffered
from herpes zoster virus infection, and 1 case had
severe oral mucosa infection. For Raje et al. (2019)
Ul the infection developed in 14 patients (42%), 2
of them had anal abscess and parvovirus infection
(classified in grade 3).

Despite all articles reporting adverse events, the
reviewed studies also found positive and promising
results, including responses to CAR-T cell therapy
higher than 80%. Brudno et al. (2018)"""! observed
that the higher the blood CAR+ cell level, the greater
the anti-MM activity. Xu et al. (2019)"® attributed an
increase in antigen specificity and affinity to a dual
recognition of BCMA epitopes in the design of LCAR-
B38M, leading to a robust anti-MM effect. Zhao et
al. (2018)"also inferred that a dual binding of LCAR-
B38M epitopes confers greater activity and avidity to
CAR-T cell therapy, resulting in a noticeable clinical
response at lower doses.

Both Xu et al. (2019)"? and Zhao et al. (2018)
"l observed a therapeutic effect of LCAR-B38M on
plasmacytomas in patients with extramedullary
involvement. According to Xu et al. (2019),1 one
patient exhibited an extramedullary mass in the
forehead, which was eliminated 4 months after
treatment, and one patient with plasmacytomas on
the skin, liver, and lower jaw, after quickly achieving
an MRD-negative status, had a gradual reduction of
these masses over time. Another positive outcome
of CAR-T cell therapy was described by Yan et al.
(2019),2"who observed a significant decrease in the
concentration of monoclonal immunoglobulins in
peripheral blood of patients 1 month after combined
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treatment of anti-CD19 and anti-BCMA CAR-T cells.
Furthermore, plasma cell levels in bone marrow
are associated with peak BCMA-CARs.?" Brudno et
al. (2018)'" performed bone marrow biopsies in
9 patients before and 2 months after CAR-BCMA
infusion, finding a decrease in plasma cell levels.

Given the encouraging results of the use of CAR-T
cells in anti-MM therapy, all authors suggested that
they should be incorporated into treatment options
and evaluated in new studies. Xu et al. (2019)1'™
suggested the introduction of LCAR-B38M therapy
into the treatment options of patients recently
diagnosed with MM and with a poor prognosis, while
Brudno et al. (2018)"demonstrated that CAR-BCMA
T cells have potential anti-MM activity, although the
outcomes varied substantially between patients.

FINAL CONSIDERATIONS

Despite all advances in research into new
treatments, MM remains an incurable disease.
The use of anti-MM CAR-T cell therapy has shown
promising results and must continue to be studied,
even if some patients still relapse or progress after
treatment. Most types of CAR-T cell therapy discussed
in this review are able to maintain undetectable MRD
levels and increase progression-free survival time,
resulting in an improved quality of life for patients.
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