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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.
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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-CD19/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
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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).

e
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Figure 1. The mechanism of action of blinatumomab (bispecific BiTE molecule consisting of 2-single-chain variable
fragments (scFv) specific for the (D19 and (D3 epsilon chain. The main mechanism involves recruitment of the own
T-cells and redirecting their effector functions into target cells carrying the (D19 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:

o F1- dexamethasone, vincristine, PEG-asparaginase, metho-

trexate,

o 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 >10’CD3+( cells per uL of peripheral blood, blood
hemoglobin levels of >90 g/l; platelets, >50x10°/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
25-36x10° 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
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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/
ul). The average level of separated CD3+lymphocytes in
the study group was 30.0 cells/pl, 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 23-36x107 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 FACSCantoll 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 pg/m?/day for
7 days followed by 15 pg/m?/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 ug/m?/day for 7 days then 15 pug/m?/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

Patient Age Sex | Diagno- | Disease status Number of Effect HSCT
Ne (years) sis prior to blinatum- | CD3+lymphocytes
omab therapy transfusions

1 10 M BII ALL Tt relapse 4 Complete clinical and | No
hematological remis- | Reason:-Covid-19
sion, MRD-negative
status

2 15 F BII ALL, Partial remission 2 Disease progression | No

t(12,21)

3 5 F BIl ALL Remission 4 Complete clinical and | Yes
hematological remis- | Type: haploidenti-
sion, MRD-negative | cal from father
status
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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 .

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 BEM 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 60* 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 1. 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 21* 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 IT 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

CTT JOURNAL | VOLUME 11 | NUMBER 3-4 | SEPTEMBER-DECEMBER 2022 73



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.
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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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Pe3some

Oxomo 85-90% MaIeHTOB C OCTPhIM MTMMQOOIACTHBIM
nerikosoM (OJIJI) mocne IpoBefeHNS COBPEMEHHOI!
NPOrpaMMHOJ TepaINy BBI3OPaBaNBaloT, HO ¥ 10-15%
meTeil 3ab6oneBaHNe PELVAMBYUPYET WM IIpurobperaeT
pedpakTepHoe TeueHye. [ [AHHOI KaTeropuu IIa-
LIMEHTOB CTaHJAPTHO IPELYyCMOTPEHA XMMMOTEPANs
BTOPOJI JIMHUM C IIOCTIEAYIOLEN a/VIOTEHHOM TpaHC-
IUTAaHTALMeEl TeMOMOSTUYECKMX CTBOJIOBBIX KJ/IETOK
(anmmo-TT'CK). Tem He MeHee, He Bceryja yRAETCS JOCTIYD
MOJIEKY/IAPHOJ/MMMYHONIOTMYECKO) pemuccun. B apy
TApreTHON Tepammyu OOoJblMe HafIeXXAbl BO3TATaloOTCA
Ha MOJIEKY/IAPHO-HAIIPaB/IeHHbIE IIpENnapaThl Al JI0-
CTVYKEHNSA TIOTHOVM MOJIEKY/LIPHO/IMMYHOIOTMY€ECKO
peMuccuu U ToTydeHus 6ojee BBICOKMX IOKasaTerel
BbDKMBaeMocTy npy nposepenun awio-TTCK. Oganm
13 TapreTHHIX MPENapaToB, IPUMEHAEMbIX I/ JOCTH-
xenust pemuccyy npu OJIJL, ABnseTcss 6nuHaTyMOMa0,
3 PEKTUBHOCTD Tepalyy KOTOPBIM 3aBUCHUT OT JIOCTa-
To4HOro ypoBHa CD3-mumdonnTos, sxcnpeccun CD19
U KOMMYeCTBa OMIACTHBIX K/IETOK B KPOBU U KOCTHOM
Mosre. Llenblo paboThI OBIIO TPENCTABUTD OIBIT Tepa-
my 6mHatymMomaboM ¢ TpaHcdysmsamu CD3-ayto-
muMmponntoB y geteit ¢ penyauBoM OJIJI u oueHuTH
3 PEKTUBHOCTD TAHHON METONVIKM JUIA JOCTVDKEHMS
peMuccum.

Matepuans u MeTogpbl

B HacTosmlell cTaTbe NpefCTaBIeHbl 3 KIMHUYIECKUX
crnydas mauyeHToB ¢ peunaysoM OJIJI, momryyasimmx e-
venne ¢ mions 2021 roga mo despans 2022 roga B HUU
nmeTcKovt onkonoruu u rematonoruyu HMUII onkonmorun
uM. H. H. broxuna.
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Pe3synbrarthl

IIBa maleHTa U3 JaHHOTO HAO/IONEH N, IPOXONMBIINE
Tepamuio OGruHaTyMOMaboM, monydman 4 TpaHcdysun
CD3-nmmdonnToB, FOCTUIIN KINHUKO-T€MaTONOTIYe-
ckoit pemriccuu ¢ MOB-HeratBHBIM CTaTycoM 6ortes-
HY. OfMH MalMeHT, BBUJY COIyTCTBYIOLIEN cOMaTuye-
CKOJI TIATOJIOTVM, OTYYM/I TOZIBKO 2 ayTO-TpaHCysuu,
Ho pemuccus OJII He ObUIa JOCTUTHYTA.

3aKnyeHune

OmnsiT npumeHeHus TpaHcdysuit CD3+ayTo-mimdoru-
TOB B COYETAHNY C 6TMHATyMOMabOM ITOKa3aJl, 4To JjaH-
Hasd MeTofyKa 6e30IacHa, BOCIPOU3BOAVIMA M MOXKET
ObITh 9 exTVBHA y manueHToB ¢ penmpuBamu OJIL.
Y IByX IAIVIeHTOB M3 TPeX IPY BBEJECHUM ayTO-TUM-
¢douuToB KaXKAble 7 HHel 6blIa 3apuKCUpoBaHa IOTHASA
KIVHVKO-TeMaTOIOIMYecKasl M MIMMYHO/IOTMYeCKasi pe-
MIccu 3a60eBaHMA.

KnioyeBble /10Ba

Ocrpblit MM 06TaCTHBII TeJIKO03, 6/IMHATYMOMA0, M-
¢o1yThl, ayToNnornyHele, adepes, xetn, MOB-cTaryc.
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