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Objective: Acute lymphoblastic leukemia (ALL) is a malignant disease characterized by the
accumulation of lymphoblasts, and a poor prognosis for adults with ALL is closely associated
with disease recurrence. Thus far, treatment approaches have been limited, particularly in
patients who are unable to tolerate chemotherapy. In this study, we report an effective treat-
ment for such patients.

Materials and methods: A 52-year-old man diagnosed with Ph-negative B-precursor ALL
went into remission after inductive treatment. Unfortunately, when he subsequently relapsed,
severe complications drove him to refuse intensive chemotherapy. Instead, he received a cycle
of dendritic cells-cytokine-induced killer cells (DC-CIK) before chemotherapy.

Result: The patient tolerated rituximab in combination with a vincristine, daunorubicin,
L-asparaginase, and prednisone regimen without complications, and was in remission after
DC-CIK infusion. After consolidation chemotherapy, including rituximab followed by eight
cycles of DC-CIK, the patient has been free of leukemia for 2 years since the relapse.
Conclusion: This case of relapsed ALL was successfully treated with DC-CIK combined with
a rituximab regimen.
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Introduction
Acute lymphoblastic leukemia (ALL) is an aggressive malignant disease characterized
by the accumulation of lymphoblasts in peripheral blood and bone marrow. Adults,
historically, have had a poorer prognosis than children, with a 5-year event-free
survival of only 30%—45%."* Twenty percent of adults with ALL do not achieve
complete remission after induction therapy, and relapsed ALL in adults carries a
dismal prognosis despite intensive treatment.** Standard regimens seem to provide
limited benefits in a subset of relapsed or refractory ALL.’ Recently, new strategies
such as monoclonal antibodies, antibody drug conjugates, and immunotherapy have
provided effective alternative treatments.®

The use of cytokine-induced killer cells (CIK) has been categorized as passive
adoptive T cell immunotherapy.” Dendritic cells-CIK (DC-CIK) has exhibited anti-
tumor activity in a variety of hematologic malignancies, including acute and chronic
myeloid leukemia® and lymphoma, mainly in vivo.” However, little data exist regard-
ing the effects of DC-CIK in adults with relapsed B cell ALL. In the present study,
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rituximab combined with DC-CIK was administered in the
case of an early relapsed B cell ALL patient, who could not
tolerate intensive chemotherapy.

Materials and methods

A 52-year-old man first presented with persistent fever and
weakness in May 2014. Blood analysis showed reduced
white blood cell (1.8x10°L) and platelet counts (63x10°/L).
A bone marrow aspirate revealed 72% immature blast cells,
and immunophenotypic analysis showed that the blast cells
expressed CD10, CD19, CD22, CD79a, and human leuko-
cyte antigen-D related cells. Cytogenetics showed a normal
male karyotype. The MLL gene rearrangement, and BCR/
ABLI and ETV6/RUNXI translocations were also negative.
A diagnosis of B-lymphoblastic leukemia not otherwise
specified was made based on the 2016 revision of the World
Health Organization classification criteria.'’

The patient received the standard VDCLP regimen
consisting of vincristine, daunorubicin, cyclophosphamide,
L-asparaginase, and prednisone. At first, he achieved com-
plete remission with 3.5% blast cells in the bone marrow.
However, severe side effects caused by induction therapy,
including febrile neutropenia, hyperglycemia, and hepatic
toxicity eventually followed. After the administration of
high-dose methotrexate combined with L-asparaginase
and MA (mitoxantrone combined with intermediate-dose
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cytarabine) consolidation therapies, neutropenia persisted
for 2 months, during which he was affected by pulmonary
infection, sepsis, and liver dysfunction. He refused to
receive any maintenance therapy because of significant
complications.

Six months later, the patient presented with fatigue and
petechiae with a short CR1. His bone marrow with 31%
blast cells was consistent with relapsed B cell ALL (CD19%,
CD34*,CD45", and CD10"; Figure 1 A-a to A-d). Therapeutic
approaches for this patient in such a poor performance status
were limited. The option of DC-CIK was then adopted.

DC-CIK culture and analysis

As described previously,'" peripheral blood mononuclear
cells from the patient was collected using a blood cell separa-
tor. The DCs and CIK cells were induced in vitro and then
cocultured. Immunophenotypic changes were analyzed by
flow cytometry. The MTT assay was used to evaluate the
cytotoxic effect of DC-CIK cells against K562 cells. After
a quality control assay, qualified DC-CIK cells were admin-
istered to the patient.

Ethics statement

This study was approved by the Ethics Committee of the
Fourth Affiliated Hospital of Zhejiang University. Before
collecting clinical isolates from the patient, we informed him
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Figure | Bone marrow aspirate film in April 2015 showed relatively small blast cells (A-a). Scatterplot of flow cytometry immunophenotyping in ALL; there are expressions
of CDI9, CD34 (A-b), CD45 (A-c), and CDI0 (A-d). While after infusion of DC-CIK cells and subsequent chemotherapy, bone marrow remission was observed in
September 2017 (B-a), there are no blasts in scatterplot of flow cytometry immunophenotyping (B-b, B-c, B-d).

Abbreviations: ALL, acute lymphoblastic leukemia; DC-CIK, dendritic cells-cytokine-induced killer cells.
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of our research purposes and written informed consent was
obtained. We advised that his specimens were for scientific
purposes only, and the patient and specimens information
were anonymous to protect the health, safety, and privacy
of the patient. The patient also provided written informed
consent for publication of the case details.

Results

At the first infusion, the proportion of CD3*CD56* cells
among the DC-CIK cells was 42%. The cultured DC-CIK
cells inhibited the K562 cells by 58.3%. The ratio of CD8*
and CD56" cells in the peripheral blood of the patient after
the first infusion was 42.23% and 53.04%, respectively.
During the infusion, no malfunctions in electrocardiog-
raphy and no liver-renal abnormalities were observed.
Subsequently, the rituximab combined with the vincristine,
daunorubicin, L-asparaginase, and prednisone regimen was
adopted, and a second remission was achieved without sig-
nificant side effects.

Thereafter, four rounds of consolidation therapy including
rituximab were administered, during which seven cycles
of DC-CIK cells were infused alternately (each infusion
comprised (4-6)x10° cells in a volume of 300 mL). Before
administration, cocultured DC-CIK cells were collected. The
patient had no complaints during the infusion.

Thereafter, the patient received rituximab alone every
3 months for a year, and took thioguanine and methotrexate
tablets at specific intervals of immunotherapy until March 11,
2017. Impressively, the patient has been in bone marrow
remission since his last relapse (Figure 1B-a to B-d).

Discussion
Chemotherapy resistance and disease recurrence are
impediments to the effective management of ALL patients.
Although therapeutic options such as intensive chemo-
therapy, allogeneic hematopoietic cell transplantation,
experimental treatments, and immunotherapy are available
for ALL, management of relapsed ALL remains an urgent
clinical challenge. In this case, the patient first refused one
form of chemotherapy. Owing to cell immunotherapy, the
patient responded well to reduction and chemotherapy.
Data pertaining to the response and efficacy of immuno-
therapy are limited. Yang et al reported on an 85-year-old
patient with acute myeloid leukemia, who was success-
fully treated with ultralow decitabine and autologous CIK
cells,'? suggesting that CIK cells may help to improve
antileukemic potency and specificity. Furthermore, owing
to the downregulation of regulatory T cells (Tregs) and the
improvement of T cell immunity by DC-CIK, the quality

of life in patients with malignant tumors is significantly
elevated.”" In this case, the patient tolerated conventional
chemotherapy well, which is consistent with the findings
of previous studies.

Recent studies have demonstrated that rituximab anti-
CD20 monoclonal antibody therapy may play a critical role
in the enhancement of CIK-mediated cytotoxicity to leukemia
cells.'* An increase in the expression of cytotoxic factors in
CIK cells and activation of the mitogen-activated protein
kinase signaling pathway by rituximab are both possible
mechanisms for the antiapoptotic effect on the proliferation
of CIK cells.”” Furthermore, one study demonstrated that
increased cytotoxicity of CIK cells, as induced by ritux-
imab, was associated with increased expression of cytotoxic
factors.!® In the present case, initiating DC-CIK therapy
combined with a rituximab-based regimen helped to improve
the therapeutic efficacy in a patient with refractory ALL.
In addition, consolidation therapy that included DC-CIK and
rituximab greatly enhanced progression-free survival.

Conclusion
To the best of our knowledge, this is the first report on DC-
CIK combined with a rituximab-based regimen for recurrent
ALL. The use of DC-CIK is evidently safe and effective
in relapsed ALL and could improve clinical symptoms in
leukemia patients.
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