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Summary
About 85-90% of patients with acute lymphoblastic leu-
kemia (ALL) recover after modern program therapy. 
However, the disease may relapse, or acquires a refrac-
tory course in 10-15% of the children. For this catego-
ry of patients, second-line chemotherapy is standardly 
provided, followed by allogeneic hematopoietic stem cell 
transplantation (allo-HSCT). However, achievement of 
molecular/immunological remission is not always possi-
ble. In the era of targeted therapy, great hopes are placed 
on molecularly targeted drugs in order to reach complete 
molecular/immunological remission and obtain higher 
survival rates with allo-HSCT. Blinatumomab is among 
the targeted drugs used to achieve remission in ALL. Its 
effectiveness depends on a sufficient level of CD3-lym-
phocytes, CD19 expression, and the number of blast cells 
in peripheral blood and bone marrow. Our purpose was 
to present the experience of blinatumomab therapy with 
transfusions of autologous CD3 lymphocytes in children 
with recurrent ALL and to evaluate the efficiency of this 
technique in achieving remission.

Materials and methods
This article presents three clinical cases of patients with 
recurrent ALL treated at the Research Institute of Pediat-
ric Oncology and Hematology at N. N. Blokhin Nation-
al Cancer Research Center from July 2021 to February 
2022. 

Results
Two patients from our series were treated with blina-
tumomab and received 3 transfusions of CD3-lympho-
cytes followed by clinical and hematological remission 
with MRD-negative disease status. One patient, due to 
concomitant somatic pathology, received only 2 auto- 
transfusions, but ALL remission was not achieved.

Conclusion
Our experience of using autologous CD3+ lymphocyte 
transfusions in combination with blinatumomab showed 
that this technique is safe, reproducible, and may be ef-
fective in patients with ALL relapses. In 2 out of 3 pa-
tients with weekly infusion of autologous lymphocytes, 
a complete clinical, hematological and immunological 
remission of the disease was registered.
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Introduction
Acute lymphoblastic leukemia (ALL) is one of the most com-
mon malignant diseases in children. Despite the fact that 
overall survival rate in pediatric ALL reaches 90%, unfor-
tunately, 10-15% of patients develop relapses after achieving 
first clinical and hematological remission [1]. Prior to the 
advent of immunotherapy, the only treatment for relaps-
ing and refractory ALL was a more intensive second-line 
chemotherapy which usually included alternating blocks of 
high-dose chemotherapy, followed by allogeneic bone mar-
row or hematopoietic stem cell transplantation (allo-HSCT). 
However, this therapy increased the degree of toxicity and 
contributed to development of complications, with mor-
tality of up to lethal in 10-15% of cases [2]. Moreover, it is 
necessary to achieve MRD-negative status prior to HSCT 
procedure. This task may represent a difficult challenge [3]. 
The success of allo-HSCT in pediatric ALL depends on the 
level of minimal residual disease (MRD) before transplanta-
tion. At the present time, all therapeutic options are aimed at 
achieving clinical and hematological remission and reducing 
the MRD level [4].

MRD-negative status in relapses and refractory forms of ALL 
may be achieved by usage of targeted drugs, e.g., bispecific 
antibodies BiTE (AT), which may activate effector T-cells 
providing antitumor effect [5]. Blinatumomab is a bispecific 
anti-СD19/CD3 antibody, consisting of 2 single-chain vari-
able fragments (scFv), specific for to CD19 (B-lymphocyte 
marker) and epsilon chains of CD3+ T-lymphocytes [6]. 
The mechanism of the drug action is to "redirect" effector 
functions of the patient’s own T-lymphocytes to the target 
cells that carry CD19 including blast cells in B-ALL patients. 
Given the opportunity of such "redirection" at the time of 
blinatumomab administration, a mediated cytolytic effect 
is induced (with subsequent activation and proliferation 
of T cells) towards the CD19-expressing cells. Of note, the 

anti-CD19-scFv has a higher affinity than the anti-CD3 frag-
ment, which may cast doubt on the drug efficiency at low 
levels of CD3 cells in the patient's peripheral blood [7], as 
seen in Fig. 1.

The advantage of blinatumomab is independence of this ef-
fect on the specificity of T-cell receptors (TCR), or presence 
of class 1 MHC molecules on the surface of antigen-pre-
senting cells. T-cell activation increases the secretion of 
cytokines, especially IL-2, IFN-y, TNF-a, IL-4, IL-6, and IL-
10. Moreover, at the moment of T-lymphocyte activation, 
granzyme B and perforin are released, which penetrate into 
CD19-positive tumor cells and activate apoptosis [9].

Taking into account the mechanism of action of the drug, 
one may assume that, during the period of immunothera-
py, additional transfusions of autolymphocytes may increase 
the number of lymphocytes, thus promoting favorable effect 
of the drug and enhance its effectiveness. The transfusions 
should be performed at 7-day intervals, to maintain a stable 
concentration of CD3+cells in peripheral blood [10].

Despite the lack of convincing data on the correlation be-
tween the absolute levels of peripheral lymphocytes, espe-
cially, CD3+ cells, before starting the immunotherapy and 
transfusions of auto-lymphocytes may be reasonable, espe-
cially in severe aplasia of hematopoiesis [11].

Materials and methods
Transfusions of autologous CD3+ lymphocytes were per-
formed in three patients with recurrent ALL who underwent 
immunotherapy with blinatumomab from July 2021 to Feb-
ruary 2022 at the Research Institute of Pediatric Oncology 
and Hematology, N. N. Blokhin National Research Cancer 
Center. All patients were MRD-positive, and blinatumomab 
was administered as a bridge therapy to HSCT (Table 1). 

Figure 1. The mechanism of action of blinatumomab (bispecific BiTE molecule consisting of 2-single-chain variable 
fragments (scFv) specific for the CD19 and CD3 epsilon chain. The main mechanism involves recruitment of the own 
T-cells and redirecting their effector functions into target cells carrying the CD19 marker, which include B-lineage 
blast cells [8]
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Previously, the 3 patients at the N. N. Blokhin National Me- 
dical Research Center of Oncology underwent consolidation 
and anti-relapse therapy according to the ALL IC-BFM 2009 
and ALL-REZ BFM 2002 protocols, which included dis-
tinct chemotherapy blocks with the following chemotherapy 
drugs:
• F1- dexamethasone, vincristine, PEG-asparaginase, metho- 

trexate, 
• F2- dexamethasone, cytarabine, PEG-asparaginase,
• R1- vincristine, methotrexate, cytarabine, dexamethasone, 

6-mercaptopurine,
• R2- dexamethasone, 6-mercaptopurine, vincristine, metho- 

trexate, ifosfamide, daunorubicin,
• FLAI- fludarabine, cytarabine, idarubicin.

Cell apheresis procedure
The lymphocyte collection was carried out at the confirmed 
levels of >107CD3+( cells per µL of peripheral blood, blood 
hemoglobin levels of >90 g/l; platelets, >50×109/L, without 
prior cell mobilization. To adjust correct anticoagulant ra-
tio during cell collection, the blood clotting coagulation pa-
rameters were monitored a day before the procedure, due to 
possible hypocoagulation in excess of the ACD-A solution is 
possible with the introduction of anticoagulant [12].

Apheresis of autologous lymphocyte was performed at the 
Department of Bone Marrow Transplantation, using "Spec-
tra Optia" cell separator (Terumo BCT Inc, USA). Detailed 
information on the technical features of collecting lympho-
cytes from patients of different groups and types of device 
software is described in the manufacturer’s instructions, as 
well as recommendations on the optimal procedure modes 
[13]. Central venous catheter (CVC) was pre-installed on 
the day of scheduled apheresis. Four units of the lymphocyte 
concentrates with predominant CD3+cells were prepared 
for each patient, at the median of 44.8% (32.8-55.7) of the 
nucleated cells in the mononuclear concentrat. Each patient 
received from 2 to 4 transfusions of autologous lympho-
cytes with the concentration of cells in the dose, respectively 
25-36×106 cells in 35 mL. The number of transfusions de-
pended on the total level of leukocytes, efficiency of lympho-

Table 1. Characteristics of patients included in the study

Patient 
№

Age
(years)

Sex Diagno-
sis

Disease status 
prior to blinatum-
omab therapy

Number of 
CD3+lymphocytes 
transfusions

Effect HSCT

1 10 M BII ALL 1st relapse 4 Complete clinical and 
hematological remis-
sion, MRD-negative 
status

No
Reason:-Сovid-19

2 15 F ВII ALL, 
t(12;21)

Partial remission 2 Disease progression No

3 5 F BII ALL Remission 4 Complete clinical and 
hematological remis-
sion, MRD-negative 
status

Yes
Type: haploidenti-
cal from father

cyte harvesting, somatic and infectious status of the patient 
on the day of reinfusion.

An informed consent was obtained of the legal representa-
tive of the child before each session of lymphocyte apheresis.

Efficiency of the procedure was determined by achieving the 
target levels of CD3+ cells in apheresis product (>20 cells/
µl). The average level of separated CD3+lymphocytes in 
the study group was 30.0 cells/µl, indicating a sufficient cell 
harvest. Lymphocyte concentration in the final product was 
assigned to the distinct patient. The lymphocyte-containing 
products underwent volume reduction up to 140 ml, and 
concentration 23-36×107 cells in 35 mL. The separated cells 
have been sent to the cryostorage being immersed in liquid 
nitrogen (-196°C).

The method for determining minimal residual disease(MRD) 
is represented by flow cytometry. The studies were carried 
out on a FACSCantoII cytometer (Becton Dickinson, USA). 
Flow cytometry data were analyzed with FACSDiva 6.1 
software (Becton Dickinson)[14]. The result was given tak-
ing into account changes in the antigenic profile under the 
influence of therapy according to the ALL-REZ BFM 2002 
protocol.

Therapy with blinatumomab
In all 3 patients, blinatumomab was administered by con-
tinuous intravenous infusion through a pre-installed central 
venous catheter (CVC). The initial dose was 5 µg/m2/day for 
7 days followed by 15 µg/m2/day for 21 days. In one case, the 
patient's body weight exceeded 45 kg. Therefore, according 
to the official prescriptions, this patient received a dose of 
9 μg/m2/day for 7 days then 15 μg/m2/day for 21 days. CD3+ 
lymphocytes have been infused to all three patients, at cours-
es of every 7 days. Two patients from our group received the 
lymphocyte transfusions at +14, +21 and +28 days of thera-
py, one patient received only +7 and +14 days therapy, due 
to poor somatic condition. On the first day of therapy, all 
patients underwent spinal puncture with endolumbar chem-
oprophylaxis with methotrexate (at the age-matched dos-
es) followed by bone marrow puncture, myelogram counts 
and MRD determination. When using blinatumomab 
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in combination with lymphocyte transfusions, 2 out of 3 pa-
tients experienced skin allergic reactions [15].

Laboratory studies 
Technical recommendations ISHAGE (International Socie-
ty of Hematotherapy and Graft Engineering) were used to 
determine the numbers of CD3+ cells in peripheral blood 
before apheresis procedure. The results were presented both 
as a percentage and absolute values. The number of lympho-
cytes was determined by the expression of membrane CD3 
and CD45 markers in the direct immunofluorescence reac-
tion [14]. The result was evaluated by flow cytometry in the 
CD3+ PE-A population.

Case reports
Patient 1
The patient, a 10-year-old boy, was diagnosed with acute 
lymphoblastic leukemia LI-II according to the FAB classifi-
cation, B-linear variant, BII immunosubvariant (pre-pre-B, 
common) with a chimeric gene TEL/AML 1, CNS 3, relapse I.

He received treatment according to the ALL-REZ BFM 2002, 
1 course of induction anti-relapse blocks F1 and F2 were per-
formed, given the lack of sanitation of cerebrospinal fluid af-
ter F1. After the end of therapy, control bone marrow punc-
tures were performed. According to the myelograms, the 
presence of a blast population in the bone marrow remains 
27% blast cells, as well as the persistence of minimal resid-
ual disease (MRD)-positive status. In the post-block period, 
complications were noted in the form of oropharyngeal mu-
cositis and vincristine polyneuropathy (with following com-
plete resolving). Next, the patient underwent an anti-relapse 
block R1 according to the ALL-REZ BFM 2002 protocol. The 
child tolerated the block of therapy satisfactorily, there were 
no complications. After the block of chemotherapy, repeated 
bone marrow punctures were performed which showed nor-
mal levels of blast cells. However, the MRD-positive status of 
the disease still persisted. Taking into account these results, 
the child has received the anti-relapse R2 block, according 
to the ALL-REZ BFM 2022 protocol. The block of therapy 
was tolerated satisfactorily, on control studies according to 
bone marrow punctures, the minimal residual disease posi-
tive status of the disease remains, which requires the start of 
an additional block of FLAI chemotherapy. After the chemo-
therapy, some complications were observed, i.e., febrile neu-
tropenia, accompanied by multiple episodes of fever, requir-
ing correction of antibacterial and supportive therapy. Upon 
restoration of hematopoiesis, control bone marrow punc-
tures were performed which have shown MRD-positive sta-
tus retained in the patient. Taking into account persistence of 
the MRD-positive status, the patient was administered im-
munotherapy with a bispecific T-cell activator drug – blina-
tumomab as part of the "bridge"-therapy with the reinfusion 
of CD3 autolymphocytes weekly. Control of MRD status on 
days 14 and 28 of immunotherapy. The patient received 4 
transfusions of autologous CD3+lymphocytes, and achieved 
MRD-negative status, which further required HSCT, but 
during the pre-transplant examination he was infected with 
COVID-19. The persistence of the virus had been recorded 
for 2 months, on the 60th day of the disease, control punc-

tures were carried out, which revealed a relapse of the under-
lying disease. The relapse occurred 55-60 days after the start 
of immunotherapy.

Patient 2
The patient, a 15-year-old girl, was diagnosed with acute 
lymphoblastic leukemia L-1 morphological variant, B-II 
immune subvariant. After therapy according to the ALL-
MB-2015 protocol, her clinical condition corresponded to 
Relapse I. No specific gene aberration was found.

The patient maintained long-term clinical and hematological 
remission I, but 4 years later the disease relapsed, and she 
was administered the ALL-REZ BFM 2002 protocol, with 
second-line anti-relapse blocks been performed according to 
the F1, F2, R2, R1 blocks. After the end of anti-relapse thera-
py, control bone marrow punctures were performed. The my-
elograms revealed a remaining blast population in the bone 
marrow 38%, as well as the preservation of the MRD-posi-
tive status 0.8%. In the post-block period, the following com-
plications were noted, i.e., grade 2 oropharyngeal mucositis. 
Further, according to the results of the myelogram, in view 
of the progression of the disease, a decision was made to in-
tensify chemotherapy by the FLAI block regimen. The child 
tolerated the therapy block satisfactorily, there were no com-
plications. After the end of this chemotherapy, the repeated 
bone marrow punctures were performed which have shown 
reduced level of blast cells (from 38 to 18%), but the bone 
marrow was not completely purged and the MRD-positive 
disease proved to persist (0.5%). Taking into account these 
results, the second course of the FLAI block was started 
for the child. The therapy block was satisfactorily tolerated, 
there were no pronounced infections. Examination of the 
bone marrow punctures still showed MRD-positive status, 
but the level of marrow blast cells was less than 5%. The fol-
lowing complications were associated with chemotherapy: 
febrile neutropenia, episodes of fever, requiring correction 
of antibacterial and supportive therapy. Due to persistence 
of MRD-positive status, the patient has received immuno-
therapy with blinatumomab, a bispecific T-cell activator 
drug as an anti-relapse treatment, with reinfusion of CD3+ 
autologous lymphocytes once every 7 days. Control of MRD 
status was performed on days 14 and 28 of immunotherapy. 
The patient received 2 transfusions of auto-lymphocytes, at 
+7 and +14 days from the start of Blinatumomab therapy. 
Then, according to the results of the bone marrow study on 
day +14 (during immunotherapy), an increased level of blast 
cells and MRD-positive status of the disease were noted, thus 
indicating the progression of the disease. The patient contin-
ued therapy with blinatumomab until the 21st day. Later on, 
the therapy was completed, due to worsening of the patient's 
somatic condition (development of pulmonary and renal 
failure).

Patient 3
The patient, a 5-year-old girl, was diagnosed with acute 
lymphoblastic leukemia B II immune subvariant, CNS 1. Re-
lapse I. No specific gene aberration was found.

As part of intensive care, she received treatment according 
to the ALL-REZ BFM 2002 protocol, one course of induc-
tion anti-relapse blocks F1 and F2 were performed, due to 
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the lack of CSF sanitation after F1. After the end of therapy, 
control bone marrow punctures were performed showing a 
detectable blast population in the bone marrow, as well as 
persistence of MRD-positive status. In the post-block peri-
od, some complications were noted, including oropharyn-
geal mucositis and vincristine polyneuropathy. Later on, 
the patient underwent an anti-relapse block R1 according to 
the ALL-REZ BFM 2002 protocol. The block of therapy was 
tolerated satisfactorily, without complications. At the end of 
chemotherapy block, a repeated bone marrow puncture has 
shown normal level of blast cells, however, with persistent 
MRD-positive status. In view of these findings, the child 
was subjected to the anti-relapse R2 block, according to the 
ALL-REZ BFM 2022 protocol. This block of therapy was 
tolerated satisfactorily, however, bone marrow examination 
revealed MRD-positive status of the disease, which required 
an additional block of FLAI chemotherapy. This therapy was 
followed by several complications including febrile neutro-
penia accompanied by multiple episodes of fever, requiring 
correction of antibacterial and accompanying therapy. Upon 
recovery of hematopoiesis, the control bone marrow punc-
tures still confirmed the MRD-positive status. Taking into 
account the persistence of MRD-positive status, the patient 
was administered immunotherapy with blinatumomab in 
the frames of "bridge"-therapy along with weekly reinfu-
sions of CD3+ autologous lymphocytes. MRD status was 
controlled on days +14 and +28 of immunotherapy. The pa-
tient received 4 auto-transfusions of CD3 lymphocytes, and 
achieved MRD-negative status, which allowed him to enter 
the next stage of treatment, i.e., HSCT. Two weeks later, after 
the pre-transplant examination, the patient underwent hap-
loidentical transplantation from her father.

Discussion
The presented experience of using transfusions of CD3+ au-
tolymphocytes in combination with blinatumomab showed 
that this technique is safe, reproducible, and can be effective 
in patients with relapses of ALL. In 2 out of 3 patients with 
the introduction of auto-lymphocytes, we have achieved a 
complete clinical, hematological and immunological remis-
sion of the disease.

Modern cellular and targeted technologies have improved 
the survival rate of patients with recurrent ALL. When con-
ducting therapy with blinatumomab, it is necessary to take 
into account the level of CD3+ lymphocytes, which are an 
integral component of effect of blinatumomab against lym-
phoid malignancies. The drug is able to attract T-regulatory 
CD3+lymphocytes (Treg), which induce an immunosup-
pressive response, due to local increase in the IL-10 and 
TGF-b concentrations [16]. Thus, the transfusions of auto- 
logous lymphocytes with high contents of CD3+ cells is well 
justified, due to elevation of their contents in the patients’ 
blood and probable anti-leukemic effect of blinatumomab 
[11]. Infusions of donor lymphocytes to the patients after 
allogeneic HSCT may be also potentially effective, pursuing 
the goal of both replacing the pool of CD3 + cells (in case of 
lymphopenia), and contributing to the general phenomenon 
of "graft against leukemia" effect [17]. Both immunothera-
peutic approaches require more detailed study.

Conclusion
Transfusion of CD3+ autologous lymphocytes in combina-
tion with blinatumomab therapy in pediatric patients with 
relapses and refractory forms of ALL is a quite safe therapeu-
tic option being effective in achieving the disease remission, 
and as a tool of bridge therapy before allo-HSCT.
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Резюме
Около 85-90% пациентов с острым лимфобластным 
лейкозом (ОЛЛ) после проведения современной 
программной терапии выздоравливают, но у 10-15%  
детей заболевание рецидивирует или приобретает 
рефрактерное течение. Для данной категории па-
циентов стандартно предусмотрена химиотерапия 
второй линии с последующей аллогенной транс-
плантацией гемопоэтических стволовых клеток 
(алло-ТГСК). Тем не менее, не всегда удается достичь 
молекулярной/иммунологической ремиссии. В эру 
таргетной терапии большие надежды возлагаются 
на молекулярно-направленные препараты для до-
стижения полной молекулярной/иммунологической 
ремиссии и получения более высоких показателей 
выживаемости при проведении алло-ТГСК. Одним 
из таргетных препаратов, применяемых для дости-
жения ремиссии при ОЛЛ, является блинатумомаб, 
эффективность терапии которым зависит от доста-
точного уровня СD3-лимфоцитов, экспрессии СD19 
и количества бластных клеток в крови и костном 
мозге. Целью работы было представить опыт тера-
пии блинатумомабом с трансфузиями СD3-ауто-
лимфоцитов у детей с рецидивом ОЛЛ и оценить 
эффективность данной методики для достижения 
ремиссии.

Материалы и методы
В настоящей статье представлены 3 клинических 
случая пациентов с рецидивом ОЛЛ, получавших ле-
чение с июля 2021 года по февраль 2022 года в НИИ 
детской онкологии и гематологии НМИЦ онкологии 
им. Н. Н. Блохина.

Результаты
Два пациента из данного наблюдения, проходившие 
терапию блинатумомабом, получили 4 трансфузии 
CD3-лимфоцитов, достигли клинико-гематологиче-
ской ремиссии c МОБ-негативным статусом болез-
ни. Один пациент, ввиду сопутствующей соматиче-
ской патологии, получил только 2 ауто-трансфузии, 
но ремиссия ОЛЛ не была достигнута.

Заключение
Опыт применения трансфузий СD3+ауто-лимфоци-
тов в сочетании с блинатумомабом показал, что дан-
ная методика безопасна, воспроизводима и может 
быть эффективна у пациентов с рецидивами ОЛЛ. 
У двух пациентов из трех при введении ауто-лим-
фоцитов каждые 7 дней была зафиксирована полная 
клинико-гематологическая и иммунологическая ре-
миссии заболевания. 
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Острый лимфобластный лейкоз, блинатумомаб, лим-
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Оценка эффективности блинатумомаба 
с аутологичными трансфузиями СD3-лимфоцитов 
в лечении рецидивов острого лимфобластного 
лейкоза: опыт одного центра
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