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Abstract: Relapsed and refractory (R/R) mantle cell lymphoma (MCL) remains an incur-
able lymphoma with a poor prognosis. Recently, there are a few studies demonstrating the
efficacy of anti-CD19 chimeric antigen receptor T (CAR-T) cell therapy in MCL, including
ZUMA-2 study in which CD28-based CAR-T cells were used. However, long-term efficacy
and safety associated with 4-1BB-based CAR-T therapy in MCL are not defined well. Here,
we report three male patients with R/R classical MCL, who received CD19-directed 4-1BB
CAR-T therapy and achieved complete remission, showed mild symptoms of cytokine-
release syndrome (CRS) and had no neurological toxicity. During a follow-up of 24-35
months, all three patients remained in complete remission. Persistent B-cell depletion was
observed in two patients. Recovery of CD19" polyclonal B cells was detected in one patient
at 6 months after CAR-T cell infusion. Recovery of serum immunoglobulin, including IgG,
IgA and IgM, was not observed in two patients at the last follow-up. Only one patient
developed herpes zoster, and the other two patients had no serious infection. This is the first
report about the efficacy, long-term remission and safety of CD19-directed 4-1BB CAR-T
therapy in R/R MCL.

Keywords: mantle cell lymphoma, CAR-T cell therapy, long-duration remission, B-cell
depletion

Introduction

Mantle cell lymphoma (MCL) is a heterogeneous lymphoma that generally has a
highly aggressive clinical course, accounting for 2% to 6% of non-Hodgkin lym-
phoma (NHL) in Asians.'” MCL remains an incurable disease despite the emer-
gence of new targeted agents including Bruton’s tyrosine kinase (BTK) inhibitors
that have greatly improved outcomes in patients with relapsed or refractory (R/R)
disease. In the pre-BTK inhibitor era, five-year overall survival (OS) and progres-
sion-free survival (PFS) rates were 35.5% and 8.8%, respectively, in China.® In the
relapse/refractory setting, there are a number of agents now licensed for MCL
treatment, which included lenalidomide, bortezomib, temsirolimus, and BTK inhi-
bitor such as ibrutinib and acalabrutinib.*> Ibrutinib, a first in class BTK inhibitor,
demonstrated an OR rate (ORR) of 67% with a complete remission (CR) rate of
23% leading to its FDA approval after at least one prior line of therapy.® However,
treatment with ibrutinib can provide durable remissions only in a subset of patients
with R/R MCL, especially those with nonblastoid morphology non-bulky disease,
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good ECOG performance status (ECOG score 0—1), and
low/intermediate risk MCL International Prognostic Index
(MIPI).”® In addition, the outcomes of patients who are
primary resistance to BTK inhibitors or progress after
BTK inhibitor treatment are extremely poor with an
ORR ranging between 25% and 42% and median OS
between 6 and 10 months with salvage therapies,* suggest-
ing that new methods of overcoming this clinical problem
are needed.

Anti-CD19 chimeric antigen receptor T (CAR-T) cells
have emerged as an effective therapy for the treatment of
R/R B-NHL, specifically diffuse large B-cell lymphoma
(DLBCL). In a recent study, Kochenderfer et al treated
nineteen DLBCL, one follicular lymphoma (FL), and one
MCL patients with CD28-based CD19-CAR-T cells. This
MCL patient achieved CR after CAR-T cell therapy.” In
another clinical trial, in which 4-1BB-based CD19-CAR-T
cells manufactured from defined T cell subsets (1:1 CD4":
CDS8" ratio of CAR-T cells) were used to treat R/R B-cell
NHL, 4 patients with MCL were enrolled.'® More recently,
KTE-X19, the CD28-based anti-CD19 CAR-T-cell ther-
apy, demonstrated durable remission in 68 patients with
R/R MCL (93% ORR, 67% CR, with progression-free
survival (PFS) of 61% and OS of 83% at 1 year); the
majority of these patients are refractory to BTK inhibitor
or relapsed after treatment with BTK inhibitor.'" Here we
retrospectively analyzed 3 R/R MCL patients who under-
went 4-1BB-based CD19-CAR-T therapy in our hospital,
which show that all 3 patients achieved durable remissions
and meaningful OS benefit after CAR-T cell treatment.

Case Reports

In this study, we performed retrospective analysis of an R/R
B-cell lymphoma cohort, in which 3 patients with MCL under-
went  4-1BB-based  CDI19-CAR-T  cell therapy
(NCT0253977). This study was approved by Medical Ethics
Committee of the First Affiliated Hospital, College of
Medicine, Zhejiang University. All enrolled MCL patients
meet the inclusion and exclusion criteria that were described
in Supplementary Materials and Methods section, and gave

informed consent in accordance with the Declaration of
Helsinki. The clinical characteristics of the patients are
detailed in Table 1. Immunohistochemical staining of tumor
sections showed: CD5 (+), CD20 (+), CD79a (+), CD21 (+),
CD23 (+), BCL-2 (+), BCL-6 (-), CD43 (+), Cyclin-D1 (+),
SOX11 (+), Ki-67 (25%—50%). All patients received at least
four line of such as

prior immunochemotherapy

R-HyperCVAD (Rituximab, cyclophosphamide, vincristine,

doxorubicin, dexamethasone, alternating with high-dose
methotrexate and cytarabine), VR-CAP (bortezomib, rituxi-
mab, cyclophosphamide, doxorubicin, prednisone), R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone), R-GDP (rituximab, gemcitabine, dexametha-
sone, cisplatin), R-DHAP (rituximab, dexamethasone, cytar-
abine, cisplatin), Bortezomib-GDP, lenalidomide combined
with ICE (ifosfamide, carboplatin, and etoposide), ibrutinib,
and autologous stem cell transplantation (ASCT). These
patients received the lymphodepleting chemotherapy as
described previously'? before CAR-T infusion. In this study,
4-1BB-based CD19-specific CAR construct was established
in the Dr. Liang’s certified CAR-T Laboratory and the pro-
ducts of CD19-CAR-T were prepared in the Institute of
Hematology, Zhejiang University. The nature of the CD19-
CAR and manufacture of the CAR-T cells were also described
in Supplementary Materials and Methods section. After con-

ditioning therapy, the patients received a single infusion of
CDI19-CAR-T cells (about 2 x 10° cells/kg) at day 0. Adverse
events (AEs) of special interest that might be related to CAR-T
cell therapy are listed in Table 1. The most common grade 3 or
grade 4 AEs observed within the first few weeks after infusion
included neutropenia, fever and fatigue. Both of Patient 1 and
Patient 2 experienced grade 1 cytokine-release syndrome
(CRS), but Patient 3 suffered from a persistent high fever
and significant drop in blood pressure that were resolved
with fluid infusion. He also received tocilizumab treatment,
which successfully relieved him from fever and hypotension
(Table 1). Three months after CAR-T infusion, FDG-PET/CT
was unable to detect any disease in all 3 patients, suggesting an
achievement of CR (95% C. L. from 39% to 99%, Figure 1A).
Responses are ongoing at 35, 24.5, and 24 months in 3
patients, respectively (Table 1).

In the present study, the CAR-T cell levels in patients’
peripheral blood were determined by qPCR described in
Supplementary Materials and Methods section. The peak

number of CAR-T cells appeared in 1-2 weeks after infusion
and then decreased (Figure 1B(a)). A PCR examination con-
firmed the long-time existence of CAR-T cells in peripheral
blood of all patients. We could still detect 0.03% of CAR"
cells at 26 months after CAR-T infusion in Patient 1. The last
time-point at which CAR" cells could be detected was 9
months and 15 months for Patient 2 and Patient 3, respec-
tively (Figure 1B(b)). CD19-CAR-T cell therapy has been
reported to cause persistent B-cell depletion and hypogam-
maglobulinemia in patients with leukemia and lymphoma.'?
We found a significant decrease of serum IgG and IgA levels
after CAR-T therapy (Figure 2A). B-cell aplasia was
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Table | Baseline Characteristics and Outcomes

Pt No | 2 3
Age/Sex 52/M 65/M 55/M
Ki67 50% 25% 30%
Disease stage I\ 1l 1]
Prior lines of therapy 4 4 6
Prior therapies R-HyperCVAD R-CHOP R-CHOP
VR-CAP R-DHAP R-DHAP
Lenalidomide R-GDP Bortezomib+GDP
ASCT Lenalidomide VR-CAP
Lenalidomide+ICE
Ibrutinib
Performance status (ECOG) | | 2
MIPI 4 6 6
Time from diagnosis to CAR-T therapy (months) 6l 63 35
Time between last therapy and CAR-T therapy (months) | 2 |
CAR-T cell dose (x10%/kg) 1.89 1.93 1.87
CAR-T cell dose (cells) 1.08x10° 1.12%108 1.33x10°
CRS (Grade) | | 2
CRES (Grade) 0 0 0
Grade 3/4 AEs Fever Fatigue Fever
Neutropenia Neutropenia Fatigue
Neutropenia
Thrombocytopenia
Hypofibrinogenemia
Response at 3 Months CR CR CR
PFS (months) 35 24.5 24
OS (months) 35 24.5 24

Abbreviations: R-HyperCVAD, rituximab, cyclophosphamide, vincristine, doxorubicin, dexamethasone, alternating with high-dose methotrexate and cytarabine; VR-CAP,
bortezomib, rituximab, cyclophosphamide, doxorubicin, prednisone; ASCT, autologous stem cell transplant; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone; R-DHAP, rituximab, dexamethasone, cytarabine, cisplatin; R-GDP, rituximab, gemcitabine, dexamethasone, cisplatin; ICE, ifosfamide, carboplatin, and
etoposide; ECGO, Eastern Cooperative Oncology Group; MIPI, Mantle Cell Lymphoma International; CR, complete remission. CRS, cytokine release syndrome; CRES,
CAR-T cell related encephalopathy syndrome; AEs, adverse events; PFS, progression free survival; OS, overall survival.

monitored and results showed persistent B-cell depletion in
Patient 1 and Patient 2, whereas we could detect 4.05% of
normal B-cells in Patient 3, which indicates the recovery of
B-cell at 6 months after the CAR-T therapy. We also ana-
lyzed the phenotypes of blood B cells after the recovery of B
cells. The recovering B cells were polyclonal, as evidenced
by a normal ratio of kappa to lambda light chains on these B
cells (Figure 2B). However, the recovery of serum immuno-
globulin, including IgG, IgA and IgM, was not observed in
Patient 3 at the same time. He also suffered from herpes

zoster that was resolved after treatment with intravenous
immunoglobulin and ganciclovir. The other two patients in
long-term remission did not have any other severe infections.

Discussion

It was well known that CD28 and 4-1BB domain are the
most commonly used costimulatory signal molecules in
CDI19-CAR. Milone et al'* demonstrated that human
T-cells expressing CD19-CAR containing 4-1BB were
significantly more effective than CD19-CAR-T cells with
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Figure | Patients with refractory or relapsed mantle cell lymphoma achieved durable remission after CD19-4-1BB CAR-T cell treatment. (A) PET-CT scans at baseline and
3 months after CAR-T infusion in three patients who responded with complete remission. Examples of sites of lymphoma in this patient are indicated by the black arrows.
(B) CD19-CAR+ cells in PBMCs were detected by quantitative PCR. Limit of detection of the qPCR assay is 0.001% or 1x107°. (a) The first 6 months after CAR-T infusion,

(b) Last time that CAR+ cells were detectable.

CD28 in leukemia model. Moreover, published clinical
trial results show that CAR-T cells expressing CD28 per-
sisted for up to 3 months, while CAR-T containing 4-1BB
persisted for up to 5 years and more than 6 months in a
majority of cases.'> The efficacies and adverse events of
CD28-based CD19-CAR-T vs 4-1BB-based CD19-CAR-T
in acute lymphoblastic leukemia (ALL) have been inves-
tigated, which showed that both CD28 CAR-T and 4-1BB
CAR-T differed in response pattern, adverse events.'>
Zhao et al'® manufactured 4-1BB- and CD28-based
CD19-CAR-T cells using the same process and further
evaluated their efficacy and safety in R/R B-ALL. In
vivo experiment shows 4-1BB-based CAR-T exhibited
more potent in eradicating tumor cells and longer persis-
tence than CD28-based CAR-T cells. Moreover, retrospec-
tive analysis of a clinical study demonstrated that 4-1BB-
based CAR-T resulted in higher anticancer efficacy and
less severe events. However, Ying et al'” performed par-
allel comparison of 4-1BB or CD28 co-stimulated CD19-
CAR-T cell therapy for B-NHL that included DLBCL, FL,

and marginal zone B cell lymphoma. In this Phase I/l
clinical trial, 4-1BB-based CAR-T was well tolerated
although similar antitumor efficacies were observed
between two different types of CAR-T. As mentioned
above, KTE-X19, a CD28-based CDI19-specific CAR-T,
induced durable remissions in a majority of patients with
R/R MCL. However, this therapy led to serious toxic
effects that included grade 3 or higher CRS (15%) and
neurologic events (31%). Infection of grade 3 or higher
also occurred in 32% of the patients.''

Up to data, long-term efficacy and safety associated
with 4-1BB-based CAR-T therapy in MCL are not defined
well. Here, we report the results of treatment with 4-1BB
CAR-T cells targeting CD19 in R/R MCL. All three
patients with R/R MCL achieved a durable CR despite
the small numbers in this study, suggesting that CD19
CAR-T containing 4-1BB costimulatory molecule may be
a promising approach to treat MCL. Interestingly, there are
no grade 3 or higher CRS occurred in all 3 patients. More
importantly, any grade neurological events were also not
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Figure 2 Assessment of serum immunoglobulins and B-cell recovery. (A) Immunoglobulins including IgG, IgA and IgM were monitored from all three patients before and
after treatment with CD19-CAR-T cells. (B) Assessment of B cell recovery and phenotype of recovering B cells in Patient 3.

observed in these patients (Table 1). The use of CDI19-
CAR-T cells resulted in prolonged B cell aplasia and
resultant hypogammaglobulinemia.'® In our study, B cell
aplasia was observed in all treated patients while hypo-
gammaglobulinemia was found in 2 out of the 3 patients.
Nevertheless, there were no severe infections among these
patients although sustained depletion of B cells and resul-
tant hypogammaglobulinemia can place the patient at risk
of life-threatening infections.'®

It is reported that in vivo expansion and persistence of
CAR-T cells seem to be associated with remission in
B-cell malignancies.'®'® In the present study, peak expan-
sion of CAR-T cells in the blood occurred at 10-12 days.
A longer persistence of CAR-T cells was also observed in
all 3 patients. Previously, a Phase I trial reported that no
CAR T cells were detected after day 68 in any patients,
who received CD28-based CD19-CAR-T cells.*® Taken
together, these data support that CD28-based CAR-T
cells have a greater peak expansion whereas 4-1BB-
based CAR-T cells show a longer persistence.”!

In conclusion, although the small sample size precludes
any conclusions, our study suggests that CD19-directed
4-1BB CAR-T cells elicit a potent and durable anticancer
response in patients with R/R MCL. No significant toxi-
cities, especially neurotoxicity, were observed.

Abbreviations

MCL, mantle cell lymphoma; CAR-T, chimeric antigen
receptor T; R/R, relapsed and refractory; CRS, cytokine-
release syndrome; OS, overall survival; PFS, progression-
free survival, ORR, overall response rate; CR, complete
remission; ASCT, autologous stem cell transplantation;
PBMC:s, peripheral blood mononuclear cells.
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