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Summary
Bispecifi c monoclonal antibody blinatumomab is target-
ing CD19, being applied for treatment of acute lympho-
blastic leukemia (ALL). Several additional targets could 
be used for combined chemo-free treatment with thy-
rosine kinase inhibitors: BCR-ABL, FLT3 and IKZF1 
deletions are amongst them. In the following study, we 
aimed to assess toxicity and clinical eff ectiveness of the 
combination of blinatumomab and several thyrosine ki-
nase inhibitors. 

Patients and methods
From October 2015 to October 2018, we treated 11 re-
lapsed/refractory (R/R) ALL patients (pts). Th e blinatu-
momab treatment consisted of 4-5 cycles with 2-week 
intervals (28 mcg/day by continuous infusion during 28 
days per cycle with 9 mcg/day during the fi rst week of the 
fi rst cycle). Seven BCR-ABL-positive and 2 IKZF1-de-
leted pts received initially dasatinib at 140 mg/day, one 
case, with FLT3-ITD received sorafenib (800 mg/day). 
One BCR-ABL-positive pt with T315I mutation was

administered ponatinib (45 mg/day). Pts with IKZF1 
deletions received ATRA (45 mg/m2/day for 4 weeks) of 
the 1st blinatumomab cycle and during fi rst 2 weeks of 
subsequent blinatumomab cycles. 

Results
In the patients responding to blinatumomab treat-
ment, we observed a statistically signifi cant increment 
of absolute values in T-helper (p=0.0034), T-cytotox-
ic (p<0.0001) and NK (p=0.0006) cell subpopulations 
in peripheral blood over the entire treatment period. 
T-regulatory and double-negative T-cells as potentially 
inhibitors of T cell response to blinatumomab remained 
within low values of normal ranges. Hypogammaglobu-
linemia was observed in 8 of 11 pts. CR was achieved in 
10 pts aft er 1st cycle of blinatumomab, progressive dis-
ease was detected in 1 pt. Nine cases of complete molec-
ular remissions (MolCR) and one cytogenetic complete 
remission were achieved in ten CR pts. Nine allo-BMT 
and one auto-BMT were performed in 10 CR pts. Th ree 
CNS relapses aft er allo-BMT and one molecular relapse 
aft er auto-BMT were diagnosed. One pt died from septic 
shock aft er allo-BMT.  
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Conclusion
Blinatumomab combined with TKI has high therapeutic 
potential as induction remission treatment in targeted 
ALL population without conventional chemotherapy. 
High rate of potential CNS relapses could be decreased 
with more intensive intrathecal prophylaxis.
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Introduction
Bispecifi c monoclonal antibodies for targeting tumor cells 
have a long story from 1980's to produce approved drug 
in 2014 [1-3]. Several trials for relapsed/refractory acute 
lymphoblastic leukemia (R/R ALL) treatment including 
ALCANTARA for Philadelphia chromosome-positive 
(Ph-positive) R/R ALL were performed and showed clini-
cal eff ectiveness and even an advantage over chemotherapy 
(TOWER Study) [4-8]. Recently published results on blina-
tumomab combined with TKI for therapy of Ph-positive R/R 
ALL characterized this approach to be safe and eff ective [11]. 
Combination of Blinatumomab and TKI could elicit lower 
toxicity and improve primary results in managing heavily 
pretreated R/R ALL patients. In preclinical studies, retinoids 
have shown antileukemic activity in IKZF-deleted ALL [12]. 
We previously reported about eff ective combination of blina-
tumomab with tyrosine kinase inhibitors (TKI) for the treat-
ment of Ph-positive and FLT3-ITD R/R ALL and blinatum-
omab with TKI and all-trans retinoic acid in IKZF-deleted 
R/R ALL patients [9, 10]. Th e aim of our study was to present 
the data on 11 R/R ALL patients treated with Blinatumomab 
and TKI+/-ATRA, omitting simultaneous standard chemo-
therapy. 

Patients and methods
Eleven patients (pts) with R/R ALL were treated with Blinatu-
momab + TKI/TKI+ATRA at the National Research Center 
for Hematology, Moscow, Russia, and in Raisa Gorbacheva 
Memorial Institute of Pediatric Oncology, Hematology and 
Transplantation, Saint Petersburg, Russia, from October 
2015 to October 2018. Th e study was approved by the Insti-
tutional Review Board. Th e treatment was administered aft er 
the patient has signed informed consent. Blinatumomab was 
provided by Amgen as part of the expanded access program. 
Th e treatment consisted of 4-5 cycles of blinatumomab 28 
mcg/day by continuous infusion for 4 weeks each cycle. Over 
1st week of 1st cycle, Blinatumomab was administered at the 
dose of 9 mcg/day. Th e 2-week intervals followed between 
the rounds of blinatumomab treatment. All the patients were 
administered one of TKIs: 7 Ph-positive and 2 IKZF1-delet-
ed ALL pts were initially treated with dasatinib (140 mg/day) 
per os, 1 FLT3-ITD ALL patient received sorafenib (800 mg/
day) per os, and one Ph-positive ALL patient with a T315I 
mutation received ponatinib (45 mg/day). All the TKIs were 
administered continuously, from the 1st day of starting bli-
natumomab. All-trans-retinoic acid (ATRA) at a dose of
45 mg/m2/day was administered per os in the IKZF1-deleted 
pts during 4 weeks of the 1st blinatumomab cycle, and during 
fi rst two weeks of subsequent blinatumomab cycles. 

Complete remission (CR) was diagnosed if less than 5% of 
blasts were present in bone marrow. Cytogenetic remission 
(CyR) was diagnosed in the absence of BCR-ABL positive 
nuclei per 200 nuclei by fl uorescence in situ hybridization 
(FISH). Molecular CR (MolCR) was diagnosed if BCR-ABL/
ABL at a ratio of <0.01 was detected in bone marrow sam-
ples by RT-qPCR. Th e CD3+/CD4+/CD8- T-helper, CD3+/
CD4-/CD8+ T-cytotoxic, CD3+/CD4-/CD8- T-Double-neg-
ative, CD3+/CD4+/CD25+ T-regulatory, CD3-/CD56+ NK 
subpopulations were measured in peripheral blood lympho-
cytes by fl ow cytometry weekly during blinatumomab treat-
ment in all the pts (1 to 16 samples, 4 points per each blina-
tumomab cycle). Serum immunoglobulins (Ig) G, M and A 
were measured during each cycle of blinatumomab (a total 
of 4 sampling points).

Th e SAS soft ware was used for statistical evaluation using 
regression analysis. Th e MIXED SAS procedure was used to 
perform repeated measures analysis and to estimate param-
eters of linear regression of average time-dependent trend.

Results
Median follow-up was 23 months (19 to 36 months). Median 
age is 32 years (24 to 49 years). Eight pts were females and 3, 
males. 7 pts received 4 cycles; 1 pt, 5 cycles; 2 pts underwent 
2 cycles, and 1 pt was subjected to 1 cycle of blinatumomab 
treatment. Nine patients had febrile reactions during fi rst 
two weeks at the 1st cycle of blinatumomab. No one cycle of 
blinatumomab therapy was not interrupted. Neurological 
toxicity (1-2 grades) was observed in 2 cases manifesting as 
headaches in 1 patient, and ulnar neuropathy in 1 case. One 
patient treated with sorafenib has hand-foot skin syndrome. 
Th e syndrome completely resolved aft er 2 weeks interrup-
tion of sorafenib treatment. 

Pulmonary infi ltrates and pleural eff usion in one dasatin-
ib-treated case were completely resolved aft er switching to 
nilotinib. Diarrhea associated with dasatinib therapy was ob-
served in 3 patients and resolved aft er its replacement with 
bosutinib in 2 cases, and with nilotinib in 1 patient. CMV-as-
sociated colitis was diagnosed in 2 cases using virus-specifi c 
PCR in stool samples. Massive intestinal bleeding and mul-
tiple intestinal ulceration were observed in one patient with 
CMV colitis, as confi rmed by colonoscopy. Facial edema and 
hyperemia were evident in 1 patient upon dasatinib treat-
ment. Th ese symptoms resolved aft er passage from dasatin-
ib to nilotinib. Greyness of hair was detected in one patient 
treated with ponatinib. Th e main clinical characteristics of 
individual patients and the events are listed in Table 1.

Th e weekly performed counts of T-cytotoxic, NK, T-helper 
and T-regulatory cells in peripheral blood were decreased 
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Table 1. Basic clinical characteristics of blinatumomab + TKI-treated ALL patients, response to therapy, and adverse 
effects

Pt 
No

Age,
sex

Mol 
var

ALL 
status

ABL
muta-
tion 

TKI, ATRA Cycles 
No

Response to 
Blinatumomab 
+ TKI +/- ATRA

BMT Status OS, 
months

Toxicity Late events

1 42, 
female

Ph+ 1st early 
relapse

Dasatinib, 
Nilotinib

4 MolCR Allo Alive in 
MolCR

36 pulmonary 
infiltrates,
pleural 
effusion
CMV colitis

2 27,
male

Ph+ 1st cyt 
rel

Dasatinib 4 MolCR Allo 
haplo

Aliva in 
MolCR

32 CNS relapse

3 24, 
female

Ph+ 1st early 
relapse

T315I Ponatinib 2 MolCR Allo Alive in 
MolCR

22 Grey hair CNS relapse

4 32,
male

Ph+ 1st early 
relapse

Dasatinib 5 MolCR Auto 
Allo 
haplo

Alive in 
MolCR

19 Mol relapse 
after Auto 
BMT

5 30, 
female

Ph+ 1st early 
relapse

Dasatinib 4 CyCR Allo Alive in 
MolCR

21

6 34, 
female

Ph+ 1st early 
relapse

T315I Dasatinib 1 Progressive 
disease

Allo Alive 
in 4th 
relapse

27 2nd, 3rd , 4th 
relapses    

7 25,
male

FLT3-
ITD

Primary 
refra-
tory

Sorafenib 4 MolCR Allo 
haplo

Alive in 
MolCR

19 hand-foot 
syndrome

8 37, 
female

Ph+ 1st early 
relapse

Dasatinib 4 MolCR Allo Alive 
in Mol 
relapse

22 CMV colitis, 
intestinal 
ulcerations, 
in

CNS relapse, 
Mol relapse

9 36, 
female

Ph+ MRD+ Dasatinib 
Bosutinib

4 MolCR Allo Alive in 
MolCR

23 diarrhea 

10 27, 
female

IKZF1 
del

MRD+ Dasatinib 
ATRA

2 MolCR Auto Alive in 
MolCR

21

11 49, 
female

IKZF1 
del

Primary 
refrac-
tory

Dasatinib 
Nilotinib 
ATRA

4 MolCR Allo Death 
from 
septic 
shock

16 face edema 
and hyper-
emia

Graft failure, 
2nd haploi-
dentical
Allo-BMT  
prolonged 
neutropenia

during the 1st blinatumomab cycle. T-cytotoxic and NK cells 
returned to normal ranges over the 2nd to 4th blinatumomab 
cycles. T-regulatory cell counts remained decreased or ap-
proached low-normal limits at all terms, except of 2nd blina-
tumomab cycle (Fig. 1).

Regression analysis (the MIXED procedure in SAS system) 
was performed for each cell subpopulation, in order to detect 
signifi cant changes of the T cell subpopulation kinetics (Ta-
ble 2 and Fig. 2 a-e). As seen in table 2 in T-helper, T-cyto-
toxic and NK-subpopulations the weekly gaining eff ect was 
statistically signifi cant.

Hypogammaglobulinemia during blinatumomab treatment 
was frequently observed (Fig. 3), and, in eight patients, treat-
ment with intravenous human normal immunoglobulin 
was used. To check if the IgG, IgA and IgM kinetics were

Table 2. Weekly gaining effect in distinct T-cell sub-
populations. Each sampling point was measured once a 
week (four points per cycle measured weekly) during 4 
cycles of blinatumomab

T-cell subpopulation Estimate Standard
Error

Pr > |t|

T-helper 0.01868 0.006220 0.0034

T-cytotoxic 0.04245 0.008265 <.0001

T-regulatory 0.000016 0.000227 0.9454

NK-cells 0.009474 0.002677 0.0006

Double negative 
T-cells

0.000953 0.001138 0.4045
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Figure 1. Time kinetics of T-helper cells (A), T cytotoxic
cells (B), T-regulatory cells (C), natural killer cells (D), 
and double-negative cells (E). Median values and 95%CI 
(confidence interval) are shown for each time point.
16 samples were taken into analyses during 4 cycles 
of blinatumomab, 4 weekly sampling points for each
cycle. Blue band indicates normal ranges for appro-
priate cell subpopulations. Abscissa, sampling terms, 
weeks. Ordinate, absolute cell counts in peripheral 
blood, *109/L
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Table 3. Weekly decrement in serum IgG, IgA and IgM 
upon blinatumomab therapy. Each measurement was 
performed at every treatment cycle (four points week-
ly over 4 cycles)

statistically signifi cant, the regression analysis (the MIXED 
procedure in SAS system) was performed for each Ig
(Table 3 and Fig. 4). As seen in Table 3, a gradual decrease 
in immunoglobulins with each cycle of blinatumomab was 
statistically signifi cant for IgG, IgA and IgM. Fig. 4 shows the 
statistically signifi cant eff ects of Blinatumomab treatment 
upon IgG (p=0.0446), IgA (p<.0001), and IgM (p=0.0186) 
(Table 3).

In 10 cases of 11, complete remission (CR) was achieved 
aft er 1st blimatumomab cycle. Progression of the disease 
was observed in 1 patient during 1st cycle of blinatumom-
ab treatment, thus urging us to stop this therapy. Molecular 

Ig Estimate Standard
Error

Pr > |t|

IgG -5.8542 2.7618 0.0446

IgA -3.6165 0.7595 <.0001

IgM -18.7529 7.4245 0.0186
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Figure 2. Weekly incremental trends for T-helper cells 
(A), T cytotoxic cells (B), T-regulatory cells (C), natural 
killer cells (D), and double-negative cells (E) during bli-
natumomab + TKI treatment. 16 samples were taken into 
analyses during 4 cycles of blinatumomab, 4 weekly 
sampling points for each cycle. Blue band indicates nor-
mal ranges for appropriate cell subpopulations. Abscis-
sa, sampling terms, weeks. Ordinate, absolute cell counts 
in peripheral blood *109/L. Bottom lane depicts numbers 
of individual patients (see Table 1)
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CR (MolCR) was achieved in 9 cases, and cytogenetic CR 
was detected in 1 patient during consequent blinatumom-
ab cycles. Allogeneic BMT was performed in 9 cases, and 
auto-BMT, in 1 patient with MolCR. Overt rapid hemato-
logical relapse was diagnosed in 1 patient under bosutinib 
maintenance therapy while waiting for alloBMT. Subsequent 
MolCR was achieved in the patient with bortezomib-based 
chemotherapy + dasatinib. One cytogenetic relapse was 
observed in 1 patient with complete cytogenetic remission 
before alloBMT. One patient treated with dasatinib as main-
tenance therapy aft er auto-BMT had molecular relapse, and 
second MolCR was achieved aft er Blinatumomab retreat-
ment + dasatinib + ATRA. Allo-BMT from haploidentical 
donor was performed in this case. One patient treated with 
ponatinib and one patient receiving dasatinib maintenance 

aft er allo-BMT had CNS relapse and CNS lesions that re-
gressed aft er intrathecal chemotherapy and cranial irradia-
tion. One patient in MolCR died from septic shock 5 months 
aft er allo-BMT.

Discussion
Each patient in the study received combined treatment with 
blimatumomab immunotherapy and TKI target therapy. Th e 
treatment was well tolerated and complications were rare 
and curable. Hypogammaglobulinemia was common dur-
ing blinatumomab treatment refl ecting strong mature B-cell 
depletion on anti CD19 treatment. High rate of hypogam-
maglobulinemia lead to high rate of CMV infection, that 
was severe in 1 case. Rapid CR achievement and granulocyte 



CTT JOURNAL | VOLUME 9 | NUMBER 1 | MARCH-APRIL 2020 43

CLINICAL STUDIES

Figure 3. Time kinetics of serum IgG (A), IgA (B), and IgM 
(C) during Blinotumomab therapy. Median values and 
95%CI (confidence interval) are shown for each time 
point. 16 samples were taken into analyses during 4 
cycles of blinatumomab, 4 measurement points per 4 
cycles of blinatumomab, 1 assay per cycle. Blue band 
indicates normal ranges for appropriate parameters. 
Abscissa, numbers of sampling points. Ordinate, IU/ml

Figure 4. Individual time-dependent dynamics in serum 
IgG (A), IgA (B), and IgM (C) during therapy with bli-
notumomab + TKI. One sampling point per each cycle 
of blinatumomab, 4 measurement points during the 
treatment period. Blue band indicates normal ranges
for appropriate parameters. Abscissa, numbers of 
sampling points. Ordinate, IU/ml. Bottom: registration 
numbers of the patients under study (see Table 1)
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recovery permits to treat almost all patients from 2nd to 4th 
cycles in outpatient settings. Nine molCR and one CyR with 
only one case of progressive disease permit to recognize this 
approach as highly eff ective, with low toxicity profi le. Com-
plementary treatment with ATRA in IKZF-deleted pts was 
also eff ective strategy though the number of such cases is too 
small. TKI treatment allows to perform prolonged mainte-
nance, in order to control remaining leukemic populations 
in some cases. Th ough the rate of relapses is high, i.e., one 
half of the pts. However, a cohort of patients had extremely 
high risk of subsequent relapses and our approach did not 
exclude this risk entirely. In a single case, replacement of ef-
fective TKIs due to toxicity resulted in overt hematological 
relapse. 

Prolonged neutropenia aft er Allo-BMT resulted in postpon-
ing of TKI maintenance and, in all these cases, the dose of 
eventually administered TKI was lowered by half. Heavily 
pre-treated patients have higher post-Allo-BMT toxicity, 
and the maintenance therapy aft er BMT was not proper. Au-
to-BMT in Ph-positive patient was not a curative strategy, 
though in IKZF-deleted patient, AutoBMT with lower tox-
icity regimen enables us to perform adequate maintenance 
with two agents, i.e., TKI and ATRA. Recently published re-
sults of combined treatment with blinatumomab and TKIs 
in Ph-positive relapsed ALL had also shown high rates of 
subsequent remissions and OS values (73% to 75%) in a 
small cohort of patients [11]. Statistical evaluation of chang-
es observed for diff erent lymphoid subpopulations revealed 
a strong evidence for T-cytotoxic and NK cells recovery in 
the course of eff ective combined treatment with blinatumo-
mab and TKI. Duell et al. have demonstrated that lower fre-
quency of T-regulatory cells correlates with higher response 
to blinatumomab in B-ALL patients [13]. T-regulatory and 
double-negative cells may potentially inhibit cytotoxic and 
other eff ector lymphocytes subpopulations and we observed 
their fl uctuation within lower values of absolute peripheral 
blood counts in responders to the drug. Rapid and strong 
B-cell depletion as demonstrated by Zugmaier et al. [14], 
could explain the dropping immunoglobulin synthesis and 
prolonged hypogammaglobulinemia in most patients treat-
ed with blinatumomab.

Conclusion
Combined treatment with blinatumomab and TKI has ac-
ceptable and curable toxicity and demonstrates high rate of 
MolCR in high risk R/R ALL pts. Th e results are promising, 
with respect of using this treatment as induction and con-
solidation therapy without standard chemotherapy. IKZF 
deletions and FLT3-ITD are the new targets for chemo-free 
combined immunotherapy and TKI in ALL patients.
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BCR/ABL, делеции IKZF и FLT3-ITD как мишени для 
лечения рецидивов и рефрактерных форм острых 
В-лимфобластных лейкозов: блинатумомаб в соче-
тании с ингибиторами тирозинкиназ и ATRA   

Резюме
Биспецифическое моноклональное антитело блина-
тумомаб против антигена CD19 используется для 
лечения острого лимфобластного лейкоза (ОЛЛ). 
Несколько дополнительных молекулярных мише-
ней могут быть использованы для комбинирован-
ного лечения без обычной химиотерапии, а именно 
ингибиторы тирозинкиназ, в т.ч. BCR-ABL, FLT3 и 
делеции IKZF1. Целью данного исследования было 
определение токсичности и клинической эффектив-
ности  комбинированного лечения блинатумома-
бом и несколькими ингибиторами тирозинкиназы. 

Пациенты и методы
С октября 2015 по октябрь 2018 г. нами пролечены 
11 пациентов с рецидивируюшим/рефрактерным 
течением ОЛЛ. Терапия блинатумомабом состояла 
из 4-5 циклов с 2-недельными интервалами (28 мкг/
день посредством постоянной инфузии в течение 
28 дней, при дозе 9 мкг/день в течении 1-й недели 
1-го цикла). Семь BCR-ABL-позитивных больных и 
2 пациента с делецией IKZF1 получали исходно да-
затиниб (140 мг/день), один пациент с FLT3-ITD –
сорафениб (800 мг/день). Один BCR-ABL-позитив-
ный больной с мутацией T315I получал понатиниб
(45 мг/день). Пациентам с делециями IKZF1 назна-
чалась ATRA (45 мг/м2/день в течение 4 недель) на 
1-м цикле блинатумомаба и в первые 2 недели по-
следующих циклов лечения антителом.

Результаты
У пациентов, отвечающих на лечение блинатумо-
мабом, отмечалось статистически достоверное по-
вышение абсолютного количества Т-хелперных 

лимфоцитов (p=0.0034), T-цитотоксических клеток 
(p<0.0001) и субпопуляций естественных киллеров 
(p=0.0006) в периферической крови на протяжении 
всего периода лечения. T-регуляторные и дубль-не-
гативные T-клетки – потенциальные ингибиторы 
Т-клеточного ответа на блинатумомаб оставались 
в пределах нижних значений нормы. Гипогаммагло-
булинемия наблюдалась у 8 из 11 пациентов. Полная 
ремиссия (ПР) была получена у 10 больных после 
1-го цикла блинатумомаба, прогрессия заболева-
ния – в одном случае. Из 10 пациентов, в 9 случаях 
достигнута полная молекулярная ремиссия (ПМР) 
и в одном – полная цитогенетическая ремиссия. 
Выполнены девять аллогенных трансплантаций 
гемопоэтических стволовых клеток (ТГСК) и одна 
аутологичная ТГСК в 10 случаях ПР. Выявлены три 
рецидива в ЦНС после алло-ТГСК и один молеку-
лярный рецидив после ауто-ТГСК. Один пациент 
скончался от септического шока после алло-ТГСК. 

Выводы
Блинатомомаб в коимбинации с ингибиторами ти-
розинкиназ имеет высокий терапевтический потен-
циал для индукции ремиссии в определенных слу-
чаях ОЛЛ без применения обычной химиотерапии. 
Высокая частота потенциальных рецидивов в ЦНС 
может быть снижена за счет более интенсивной ин-
тратекальной профилактики.   

Ключевые слова
Острый лимфобластный лейкоз, блинатумомаб, ин-
гибиторы тирозинкиназ.  
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