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Summary

Bispecific 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 effectiveness 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). The 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 first week of the
first cycle). Seven BCR-ABL-positive and 2 IKZFI-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
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administered ponatinib (45 mg/day). Pts with IKZF1
deletions received ATRA (45 mg/m?*/day for 4 weeks) of
the 1% blinatumomab cycle and during first 2 weeks of
subsequent blinatumomab cycles.

Results

In the patients responding to blinatumomab treat-
ment, we observed a statistically significant 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 after 1** 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. Three
CNS relapses after allo-BMT and one molecular relapse
after auto-BMT were diagnosed. One pt died from septic
shock after 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.

Introduction

Bispecific 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 effectiveness 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 effective [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 effective 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]. The 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. The study was approved by the Insti-
tutional Review Board. The treatment was administered after
the patient has signed informed consent. Blinatumomab was
provided by Amgen as part of the expanded access program.
The treatment consisted of 4-5 cycles of blinatumomab 28
mcg/day by continuous infusion for 4 weeks each cycle. Over
1* week of 1* cycle, Blinatumomab was administered at the
dose of 9 mcg/day. The 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 1* day of starting bli-
natumomab. All-trans-retinoic acid (ATRA) at a dose of
45 mg/m?/day was administered per os in the IKZF1-deleted
pts during 4 weeks of the 1* blinatumomab cycle, and during
first two weeks of subsequent blinatumomab cycles.

Keywords

Acute lymphoblastic leukemia, blinatumomab, tyrosine
kinase inhibitors.

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 fluorescence 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. The 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 flow 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).

The SAS software was used for statistical evaluation using
regression analysis. The 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 first
two weeks at the 1 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.
The syndrome completely resolved after 2 weeks interrup-
tion of sorafenib treatment.

Pulmonary infiltrates and pleural effusion in one dasatin-
ib-treated case were completely resolved after switching to
nilotinib. Diarrhea associated with dasatinib therapy was ob-
served in 3 patients and resolved after its replacement with
bosutinib in 2 cases, and with nilotinib in 1 patient. CMV-as-
sociated colitis was diagnosed in 2 cases using virus-specific
PCR in stool samples. Massive intestinal bleeding and mul-
tiple intestinal ulceration were observed in one patient with
CMV colitis, as confirmed by colonoscopy. Facial edema and
hyperemia were evident in 1 patient upon dasatinib treat-
ment. These symptoms resolved after passage from dasatin-
ib to nilotinib. Greyness of hair was detected in one patient
treated with ponatinib. The main clinical characteristics of
individual patients and the events are listed in Table 1.

The 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 | Age, Mol ALL ABL TKI, ATRA | Cycles | Response to BMT | Status | OS, Toxicity Late events
No | sex var status | muta- No Blinatumomab months
tion + TKI +/- ATRA
1 |42 Ph+ Ttearly Dasatinib, | 4 MolCR Allo Alive in |36 pulmonary
female relapse Nilotinib MolCR infiltrates,
pleural
effusion
CMV colitis
2 |2, Ph+ Tt cyt Dasatinib | 4 MolCR Allo Alivain |32 CNS relapse
male rel haplo | MolCR
3 |24 Ph+ Ttearly | T315I Ponatinib |2 MolCR Allo Alive in | 22 Grey hair CNS relapse
female relapse MolCR
4 |32 Ph+ Tt early Dasatinib |5 MolCR Auto | Alivein |19 Mol relapse
male relapse Allo MolCR after Auto
haplo BMT
5 130, Ph+ Ttearly Dasatinib | 4 CyCR Allo Alive in | 21
female relapse MolCR
6 |34 Ph+ Ttearly | T315I Dasatinib |1 Progressive Allo Alive 27 2nd, 30 4th
female relapse disease in 4th relapses
relapse
7 |25 FLT3- | Primary Sorafenib | 4 MolCR Allo Alive in |19 hand-foot
male ITD refra- haplo | MolCR syndrome
tory
8 |37, Ph+ Tt early Dasatinib | 4 MolCR Allo Alive 22 CMV colitis, | CNS relapse,
female relapse in Mol intestinal Mol relapse
relapse ulcerations,
in
9 |36 Ph+ MRD+ Dasatinib | 4 MolCR Allo Alivein |23 diarrhea
female Bosutinib MolCR
10 | 27, IKZF1 | MRD+ Dasatinib |2 MolCR Auto | Alivein |21
female | del ATRA MolCR
m |49, IKZF1 | Primary Dasatinib | 4 MolCR Allo Death |16 face edema | Graft failure,
female | del refrac- Nilotinib from and hyper- | 2" haploi-
tory ATRA septic emia dentical
shock Allo-BMT
prolonged
neutropenia

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

Regression analysis (the MIXED procedure in SAS system)
was performed for each cell subpopulation, in order to detect
significant 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 effect was
statistically significant.

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

40
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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 | Pr> |t]
Error

T-helper 0.01868 0.006220 | 0.0034
T-cytotoxic 0.04245 0.008265 | <.0001

T-requlatory 0.000016 | 0.000227 | 0.9454

NK-cells 0.009474 | 0.002677 0.0006
Double negative 0.000953 | 0.00m38 0.4045

T-cells
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statistically significant, 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 significant for IgG, IgA and IgM. Fig. 4 shows the
statistically significant effects 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
after 1 blimatumomab cycle. Progression of the disease
was observed in 1 patient during 1% cycle of blinatumom-
ab treatment, thus urging us to stop this therapy. Molecular

median +-95%Cl
o

T
0 5 10 15
#measurement
N= O norm band @ Median Median
B 9 11 10 10 6 6 6 6 6 6 8 6 5 5 6 6
1.0+
0.9+
0.8 4
0.7 4
g
ﬂ\) 0.6 4
N
+ 054
c
o
g 044
£
0.3
0.2
b
0.1
0.0 = = DL Tliiiiiiiiooo -
T T T T
° 5 10 15
#measurement
N= O norm band @ Median Median
D 9 1 10 10 6 6 6 6 6 5 7 6 5 6 7 6

Figure 1. Time kinetics of T-helper cells (A), T cytotoxic
cells (B), T-requlatory cells (C), natural killer cells (D),
and double-negative cells (E). Median values and 95%(I
(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, *10°/L

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)

Ig Estimate Standard Pr> |t
Error

1gG -5.8542 2.7618 0.0446

IgA -3.6165 0.7595 <.0001

IgM -18.7529 1.4245 0.0186
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CR (MoICR) 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
MOolCR 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 after auto-BMT had molecular relapse, and
second MolCR was achieved after 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
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C-tox cells

NK-cells

Figure 2. Weekly incremental trends for T-helper cells
(A), T cytotoxic cells (B), T-requlatory 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 *10°/L. Bottom lane depicts numbers
of individual patients (see Table 1)

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

Discussion

Each patient in the study received combined treatment with
blimatumomab immunotherapy and TKI target therapy. The
treatment was well tolerated and complications were rare
and curable. Hypogammaglobulinemia was common dur-
ing blinatumomab treatment reflecting 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
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Figure 3. Time kinetics of serum IgG (A), IgA (B), and IgM
(C) during Blinotumomab therapy. Median values and
95%(l (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, [U/ml

IgA

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, IlU/ml. Bottom: registration
numbers of the patients under study (see Table 1)
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recovery permits to treat almost all patients from 2" to 4™
cycles in outpatient settings. Nine molCR and one CyR with
only one case of progressive disease permit to recognize this
approach as highly effective, with low toxicity profile. Com-
plementary treatment with ATRA in IKZF-deleted pts was
also effective 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. Though 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 after 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 after 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 different lymphoid subpopulations revealed
a strong evidence for T-cytotoxic and NK cells recovery in
the course of effective 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 effector lymphocytes subpopulations and we observed
their fluctuation 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
MOolCR in high risk R/R ALL pts. The 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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Pe3slome

Bucnernudnyeckoe MOHOKIOHA/IbHOE AHTUTENTO O/MMHA-
TymoMab mpotuB aHtureHa CD19 mcmonbsyercs pis
nedeHnss octporo numdobmactHoro neitkosa (OJLT).
Heckonmbko AOMOTHUTENbHBIX MOEKYIAPHBIX MMIIe-
Heil MOTYT OBITh JICIIO/Ib30BAHBI /I KOMOMHMPOBAH-
HOTO JIedeHNs 6e3 0OBIYHON XMMIOTEPANNM, & UIMEHHO
MHTUOUTOPBI TUPO3UHKIHA3, B T.4. BCR-ABL, FLT3 n
menenyu IKZF1. Ienpio JaHHOTO MCCAEROBaHUs ObIIO
oIpefie/ieHIie TOKCUYHOCTY ¥ KIIMHMIeCKoit 9 exTuB-
HOCTV KOMOMHMPOBAHHOTO JIeYeHusl OIMHATyMOMa-
60M 1 HECKO/TbKUMI IHTMOUTOPAaMI THPO3MHKIHA3BIL.

”aLlVIEHTbI n Metoabl

C okts16pst 2015 10 OKTs16pb 2018 I. HAMM IIPOJIEYEHBI
11 manueHTOB ¢ peluAuBUPYIOMUM/pedpaKTepHbIM
teqerneM OJIJI. Tepamust 6mrHaTYMOMAabOM COCTOSIIA
13 4-5 IMKIIOB C 2-Hefle/IbHbIMY UHTepBanamu (28 Mkr/
leHb MIOCPEACTBOM IIOCTOSIHHON MH(Y3UN B TedeHMe
28 pHeit, Ipu fo3e 9 MKT/[leHb B Te4eHUM 1-ii Hemenn
1-ro umxa). Cemb BCR-ABL-1103UTUBHBIX 6O/IBHBIX 1
2 manuenTa ¢ genenyeit IKZF1 momyyanm ncxopHo fa-
3aTuHN6 (140 Mr/menn), oguH manuent ¢ FLT3-ITD -
copacdenn6 (800 mr/mens). Opna BCR-ABL-mo3nuTuB-
Hbli1 6071bHOI ¢ MyTanmeit T315] mony4dan OHATUHNG
(45 mr/pgenn). ITaunentam ¢ penenusamvu IKZF1 nasHa-
ganach ATRA (45 mr/m?/meHb B TedeHue 4 HeJeNlb) Ha
1-M nuKkiIe 6nuHaTyMOMaba 11 B IepBble 2 HefeNu Io-
CIEAYIOLIVX LIUK/IOB JIEYeHNSI QHTUTEIOM.

Pe3synbrarthl

Y manyeHTOB, OTBEYAIOIMX Ha JIedeHMe OIMHATYMO-
MaboM, OTMEYasnoch CTATUCTUYECKN JOCTOBEPHOE MO-
BBILIEH)E aOCOTIOTHOIO KO/MMYecTBa T-XeNlIepHBIX
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mmbonutos (p=0.0034), T-IUTOTOKCUYECKUX KIETOK
(p<0.0001) 1 cy6momynALuil eCTeCTBEHHBIX KIUIJIEPOB
(p=0.0006) B mepudepryecKoit KpOBY Ha MPOTHKEHNN
BCETO IIepHOfa IedeHNA. T-perynaTopHble 1 Ty6/b-He-
raTyBHbIe T-K/IE€TKM — IIOTEHIMa/IbHbIE MHTMOUTOPEI
T-kmeToyHOro OTBETa Ha OMMHATYMOMab OCTaBaVCh
B IIpefieNiax HYDKHMX 3HaYeHMIT HOpMbL. [1morammarsio-
OynuHemus Habmoganach y 8 u3 11 maryenrtos. [lomHas
pemuccys (ITP) 6p1a momydeHa y 10 60/IbHBIX moCrie
l-ro nukma 6muHaTyMOMaba, mporpeccus 3abojeBa-
HIUA — B OFHOM ciydvae. VI3 10 manueHTos, B 9 cryyasax
HOCTUTHYTa IIO/Has MOJIeKy/sipHasa pemuccus (IIMP)
U B OJHOM — IIOJIHAsA IMTOT€HEeTMYeCKas pPeMUCCHA.
BuInosHeHbl  [IEBATh  A/ITIOT€HHBIX TpPaHCIUIAHTAIINiA
reMoIo3TnYecKux cTBonoBbIX KineTok (TTCK) m ogHa
ayronornmyHass TT'CK B 10 cnygasax I1P. Berasienst Tpu
peuyayBa B IIHC mocne amno-TI'CK u oguH Moneky-
nsApHBIT penyans nocne ayro-TTCK. OpmH manmeHt
CKOHYAJICA OT CENTUYECKOro Ioka mocye amno-TTCK.

BbiBopbI

BrnnatomMomab B KOMMOMHALIMY C MHIMOUTOPAMU TH-
PO3VHKIHA3 MMeeT BBICOKIIT TePAaNeBTIYEeCKIIT IIOTEeH-
IVajl Al MHAYKIUY PEMIICCUU B OIIPefe/IeHHBIX CIIy-
vasgx OJIJI 6e3 mpyMeHeHMsT OOBIYHOI XUMMUOTEPAIINHA.
Bricokas yacTtora moTeHIManpHbIX pennansos B ITHC
MOXKET OBITh CHIUKEHA 32 CUeT 00jiee MHTEHCUBHO MH-
TpaTeKanbHOI IPOGUIaKTUKY.
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