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Summary
Blinatumomab is the first bi- specific T- cell engager approved for relapsed or refrac-
tory B- cell precursor acute lymphoblastic leukaemia (B- ALL). Despite remarkable 
clinical results, the effects of blinatumomab on the host immune cell repertoire are 
not fully elucidated. In the present study, we characterized the peripheral blood 
(PB) and, for the first time, the bone marrow (BM) immune cell repertoire upon 
blinatumomab treatment. Twenty- nine patients with B- ALL received blinatumomab 
according to clinical practice. Deep multiparametric flow cytometry was used to 
characterize lymphoid subsets during the first treatment cycle. Blinatumomab in-
duced a transient redistribution of PB effector T- cell subsets and Treg cells with a 
persistent increase in cytotoxic NK cells, which was associated with a transient up-
regulation of immune checkpoint receptors on PB CD4 and CD8 T- cell subpopula-
tions and of CD39 expression on suppressive Treg cells. Of note, BM immune T- cell 
subsets showed a broader post- treatment subversion, including the modulation of 
markers associated with a T- cell- exhausted phenotype. In conclusion, our study 
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I N TRODUC TION

Relapsed or refractory (R/R) B- cell precursor acute lym-
phoblastic leukaemia (B- ALL) is an entity with no es-
tablished therapeutic approach and a very poor 1- year 
overall survival (OS).1 Bi- specific T- cell engagers (BiTEs) 
are a class of monoclonal antibodies (mAbs) that by 
bringing patients' autologous T cells and target tumour 
cells into close proximity can potently activate cyto-
toxic T cells.2 Blinatumomab is the first approved BiTE 
for the treatment of R/R CD19- positive B- ALL and of 
minimal residual disease- positive (MRD+) Philadelphia 
chromosome- negative (Ph−) B- ALL. Patients with R/R 
B- ALL have a superior OS if treated with blinatumomab 
over standard salvage chemotherapy.3– 5 Of note, blina-
tumomab can induce a deep response with a high rate of 
MRD negativity in responding patients, which translates 
into prolonged and durable complete remissions (CR).3– 5

Despite these remarkable clinical results, the effects of 
blinatumomab treatment on the host immune cell reper-
toire are still poorly elucidated. In patients treated with bli-
natumomab as maintenance therapy after allogeneic stem 
cell transplantation, an increase of effector memory (EM) 
CD8 T cells has been reported6 and, intriguingly, NK cells 
have been shown to increase in Ph+ ALL patients treated 
frontline with the combination of blinatumomab and da-
satinib in the absence of systemic chemotherapy.7,8 A re-
duction of T- regulatory (Treg) cells after blinatumomab 
treatment was shown,7 whereas the baseline frequency of 
Treg cells was inversely correlated with the response to bli-
natumomab.9 Along with these effects on the number of 
immune cell subsets, blinatumomab can also modulate the 
expression of some immune- related receptors, which are 
associated with immune cell functions. To fully exploit the 
potential of T- cell- engaging immunotherapies, including 
blinatumomab, T- cell functionality has been postulated 
to represent a relevant issue.10,11 Particularly, it has been 
shown that in vitro and ex vivo blinatumomab can upreg-
ulate the T- cell expression of immune checkpoint recep-
tors, such as PD- 1, Lag- 3 and Tim- 3,12 the in vitro blocking 
of which enhances an anti- leukaemia immune response.12 
Indeed, upon blinatumomab treatment, CD8 T cells have 
been shown to express Lag- 3 and Tim- 3, suggestive of an 
exhausted phenotype, which is associated with a reduced 
response.11

These data have been obtained on peripheral blood (PB) 
samples; to our knowledge, the bone marrow (BM) immune 

cell repertoire after blinatumomab treatment has so far 
not been investigated, which limits our understanding of 
blinatumomab- driven effects on the immune microen-
vironment of ALL patients. Within the Campus ALL net-
work in Italy, we aimed at expanding the characterization 
of blinatumomab- driven immune cell changes in the PB by 
specifically addressing the expression kinetics of immune 
checkpoint receptors upon the first treatment cycle. More-
over, we evaluated if the changes induced by blinatumomab 
in the PB immune cell repertoire may differ from those oc-
curring in the BM.

M ETHODS

Patients

From December 2019 to November 2021, we studied 29 
adult patients with R/R B- ALL who received blinatumomab 
according to normal clinical practice or an expanded ac-
cess programme. This is a multicentric, prospective study, 
which was approved by the institutional review boards of 
each participating centre (Ethical Committee approval code: 
217/2019/Sper/AOUBo). PB samples were collected before 
the start of the first cycle (at baseline), and at Days 14 and 28 
(end of treatment). BM samples were collected before treat-
ment and at Day 28. The PCR technique (RQ- PCR) was used 
to measure MRD levels with a lower limit of detection of 
10−4– 10−5.

Flow cytometry analysis

The same panel of reagents was purchased from Becton 
Dickinson Biosciences (BD) and used across the different 
laboratories of participating centres, where the same 
protocols for instrument set- up and sample preparation 
had been preliminarily standardized. Fresh whole blood 
was used for extra- cellular f low cytometry staining. The 
mononuclear cells were freshly isolated by Ficoll– Hypaque 
centrifugation (Cedarlane) from patients' PB and BM 
samples and used for intracellular staining of Treg cells. 
Multiparametric f low cytometry was used to provide 
an extensive characterization of lymphoid subsets such 
as B, T and NK cells. Percentages and absolute numbers 
for each antigen were analysed. All mAbs and staining 
reagents were purchased from BD and used according 

indicates that blinatumomab differentially modulates the PB and BM immune cell 
repertoire, which may have relevant clinical implications in the therapeutic setting.

K E Y W O R D S
acute lymphoblastic leukaemia, blinatumomab, immune cells, immune checkpoint receptors
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to the manufacturer's instructions. The following mAbs 
were used (clone and catalogue number): CD19 (SJ25C1, 
341 113), CD3 (SK7, 332 771), CD4 (SK3, 641 398), CD8 
(SK1, 647 457), CD45RA (L48, 337 186), CD197 (CCR7; 
150 503, 560 816), CTLA- 4 (CD152; BNI3, 562 743), CD279 
(PD- 1; EH12, 564 494), Gal- 9 (9M1- 3, 565 890), Tim- 3 
(CD366; 7D3, 565 568), Lag- 3 (CD223; T47- 530, 565 616), 
PD- L1 (CD271; MIH1, 563 738), CD45 (2D1, 655 873), 
CD3 (SK7, 332 771), CD4 (SK3, 641 398), CD25 (M- A251, 
562 442), FOXP3 (259D/C7, 560 045), CD127 (HIL- 
7R- M21, 558 598), CD45RA (L48, 337 186), CD39 (TU66, 
565 469), CD45 (2D1, 655 873), CD3 (SK7, 332 771), CD16 
(3G8, 557 744) and CD56 (NCAM16.2, 562 751).

Statistical analysis

Descriptive statistics of sample populations were used. The 
distribution of immune biomarkers is depicted with their 
mean and standard deviation (SD), while the absolute and 
relative frequencies are reported for categorical variables. 
The paired t- test was used to evaluate the modifications of 
biomarkers' expression over time. The conversion on a log 
scale guaranteed the normal distribution approximation of 
each biomarker and allowed us to interpret its expression 
over time as fold change. All estimates objected of statistical 
inference are reported with their 95% confidence intervals, 
and the threshold of 0.05 was considered for statistical sig-
nificance. Boxplots and the entire analysis were performed 
using R language and environment for statistical computing 
(R Foundation for Statistical Computing).

R E SU LTS

Patients' characteristics

We studied 29 B- ALL patients (11 BCR- ABL+ and 18 BCR- 
ABL−) treated with blinatumomab according to normal 
clinical practice in a real- life setting. Eligibility criteria 
were relapse or refractory disease or MRD positivity after 
at least one prior therapy. Patients with R/R disease were 10 
(34.5%), and patients with MRD+ disease were 19 (65.5%). 
Among 19 MRD+ patients, 7 were BCR- ABL+ and 12 were 
BCR- ABL−. Among 10 R/R patients, 4 were BCR- ABL+ and 
6 were BCR- ABL−. The demographic and clinical patients' 
characteristics are summarized in Table 1. The median age 
was 43 years (range 18– 66). Nineteen patients (65.5%) were 
male and 10 (34.5%) were female. The median number of 
prior therapies was 1 (range 1– 5). At the time of starting 
treatment with blinatumomab, the median white blood cell 
count was 5.2 × 109/L, and the median percentage of BM 
blasts of patients with R/R disease prior to treatment was 
24% (Table 1). Five out of 10 R/R patients (50%) achieved 
a morphological CR, while 15 out of 19 MRD+ patients 
(78.9%) achieved a MRD negativity. Nine of the 29 patients 
were non- responders to blinatumomab. Thirteen patients 

(52%) underwent an allogeneic stem cell transplant after 
blinatumomab. At the last follow- up, 21 of the 29 patients 
(72.4%) are in CR.

Blinatumomab induces a transient 
redistribution of PB effector T- cell subsets and 
Treg cells with a persistent increase in cytotoxic 
NK cells

In an attempt to identify early PB modifications in the 
immune cell repertoire occurring upon blinatumomab 
treatment, we sought to characterize changes in the 
immune cell subsets during and after the first cycle of 
blinatumomab compared to baseline. As expected, total 
B lymphocytes were reduced at all time points (Table 2). 
When focussing on T lymphocytes, CD3 and CD8 T cells 
decreased at Day 14 compared to baseline (1.68-  and 

T A B L E  1  Patients' characteristics and demographics.

Characteristics
All patients 
(N = 29)

Sex (M/F) 19/10 (65.5/34.5)

Median age 43 (range 18– 66)

BCR- ABL pos 11 (37.9)

BCR- ABL neg 18 (62.1)

Risk (BCR- ABL neg)

Standard 11 (61.1)

High 3 (16.7)

Very high 4 (22.2)

SNC involvement 1 (3.4)

Cytogenetic characteristics

Wild- type karyotype 9 (2.6)

Complex karyotype 2 (0.6)

t(9;22) 4 (1.16)

Tetraploid 1 (0.3)

i(7) 1 (0.3)

t(5;11) 1 (0.3)

t(9;22), del(7) 1 (0.3)

del(7), der(22), t(9;22), +22 1 (0.3)

t(9;22), t(8;12), delETV6, i (8) 1 (0.3)

del(4), −7p 1 (0.3)

46,XX, dup(3), i(7), t(9;22), +17 1 (0.3)

Molecular characteristics

KMT2A mutated None

MYC mutated 1 (0.3)

TCF3– PBX1 gene fusion 1 (0.3)

Number of prior therapies (median) 1 (range 1– 5)

At blinatumomab treatment

Peripheral WBC count (×109/L median) 5.3 (range 2.1– 223)

BM blast percentage (% median) 24 (range 2– 87)
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1.65- fold decrease; p = 0.0322 and p = 0.046, respectively) 
and thereafter increased at Day 28 compared to Day 14 
(1.41-  and 1.89- fold increase; p = 0.0233 and p = 0.0357, 
respectively), whereas total CD4 T cells did not change 
significantly (Table  2). A more in- depth analysis of T- 
cell subpopulations based on the CD45RA and CCR7 
expression revealed a significant decrease of terminally 
differentiated (TD) CD4 T cells at Day 14 compared to 
baseline (1.42- fold decrease; p = 0.0322), followed by an 
increase at Day 28 compared to Day 14 (1.47- fold increase; 
p = 0.009) (Table 2). Moreover, naïve (N), EM and TD CD8 
T cells were significantly increased at Day 28 compared 
to Day 14 (1.33- , 2.15-  and 2.15- fold increase; p = 0.0126, 
0.0301 and 0.0301, respectively), but not to baseline 
(Table  2). With regard to NK cells, a subset of cytotoxic 
CD56dim NK cells was significantly increased from 
baseline to Day 14 (1.37- fold increase; p = 0.0211) and Day 
28 (1.41- fold increase; p = 0.0062) (Figure 1A). Finally, both 
total and effector Treg cells were significantly decreased at 
Day 28 compared to Day 14 (1.37-  and 1.54- fold decrease; 
p = 0.0302 and p = 0.0041) (Figure 1B,C), but not to baseline.

Interestingly, when R/R and MRD+ patients were anal-
ysed separately, some relevant differences in the immune cell 
repertoire after blinatumomab treatment were observed. In 
particular, an increase of PB CD4 and CD8 EM T- cell sub-
sets was observed at Day 28 as compared to baseline only 
in R/R patients (Figure S1A,B). Moreover, effector Treg cells 
were downregulated at Day 28 as compared to baseline only 
in MRD+ patients (Figure S1C,D).

Taken together, these data indicate that blinatumomab 
induces an early but transient redistribution of PB CD4 and 
CD8 T- cell subsets, whose frequencies at the end of the first 
cycle were not different from the baseline. In contrast, cir-
culating cytotoxic NK cells and Treg cells followed different 
kinetics with a continuous increase and a trend towards re-
duction respectively. Of note, some effects of blinatumomab 
on the immune cell repertoire are different in R/R compared 
to MRD+ patients.

Blinatumomab induces a transient 
upregulation of immune checkpoint 
receptors on PB effector CD4 and CD8 
T- cell subpopulations which is paralleled by 
a transient increase of CD39 expression on 
suppressive Treg cells

To evaluate the expression of checkpoint molecules on 
various circulating T- cell subsets, the mean fluorescence 
intensity was analysed. We first evaluated the expression 
of immune checkpoint receptors on CD8 and CD4 T cells. 
 Figure  2 shows that a significant increase of PD- 1, Tim- 3 
and Lag- 3 was observed on both CD4 and CD8 T cells 
predominantly at Day 14 compared to Day 28. In particular, 
PD- 1, Tim- 3 and Lag- 3 were increased on EM CD8 T cells 
at Day 14 compared to baseline (1.41- , 1.57-  and 1.60- fold 
increase; p = 0.0026; p = 0.0179 and p = 0.0181 respectively). T
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PD- 1 and Tim- 3 expression was increased on TD CD8 T cells 
at Day 14 compared to baseline (1.33-  and 1.57-  fold increase; 
p = 0.0059 and p = 0.0179 respectively) (Figure  2A– C). Of 
note, N CD8 T cells showed an increase of Tim- 3 expression 
at both Days 14 and 28 compared to baseline (3.14-  and 
1.75- fold increase; p = 0.0201 and p = 0.0382 respectively) 
(Figure  2B; Table  3). Regarding CD4 T cells, we found a 
similar expression pattern to CD8 T cells. In particular, 
PD- 1 was increased on CM CD4 T cells (1.32- fold increase; 
p = 0.0473) (Figure  2D), whereas CTLA- 4 and Gal- 9 were 
upregulated on EM CD4 T cells at Day 14 (1.51-  and 1.47- fold 
increase; p = 0.013 and p = 0.0393, respectively), but not at 
Day 28 compared to baseline (Table 2). In contrast to CD8 T 
cells, N CD4 T cells showed an increase of Lag- 3 expression 
at Day 28 compared to Day 14 (1.13- fold increase; p = 0.0236) 
(Figure  2E). We then, tested Treg cells for the expression 
of immune checkpoint receptors across the different Treg 
subsets. Interestingly, in the fraction of effector Treg cells, a 

significant upregulation of CD39 expression was observed at 
Day 14 compared to baseline (1.42- fold increase; p = 0.0029) 
(Figure 2F), suggesting a transient increase in the suppressive 
potential of effector Treg cells during treatment.

Furthermore, a separate analysis of R/R and MRD+ pa-
tients revealed some differences in immune checkpoints 
expression. In particular, in the PB of MRD+ patients 
 (Figure  S2), but not in R/R patients (data not shown), we 
observed an upregulation of Lag- 3 on most of the CD4 and 
CD8 T- cell subsets (Figure S2A– C) and an increased expres-
sion of Tim- 3 and PD- 1on CD8 N T cells at Day 28 as com-
pared to baseline (Figure S2D).

These findings indicate that treatment with blinatum-
omab can modulate markers associated with a T- cell ex-
hausted phenotype in the PB, including the upregulation 
of immune checkpoint receptors, on effector CD4 and CD8 
T cells, which is paralleled by a transient increase of CD39 
on suppressive Treg cells. Interestingly, in the N CD8 T- cell 

F I G U R E  1  Modulation of peripheral blood (PB) immune cell subsets during blinatumomab treatment. Box plot of the comparison of CD56dim NK 
cells (A; n = 28), total Treg cells (B; n = 28) and Treg cell subpopulations (C; n = 28) at baseline, Days 14 and 28 after the start of blinatumomab treatment. 
The y- axis shows the log2 value of the expression percentage. 95% CI are plotted in the graph. *p = 0.05; **p = 0.01; CI, confidence interval. 
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subset, a persistent upregulation of Tim- 3 during and after 
blinatumomab treatment was observed. Moreover, a dis-
tinct analysis of immunological changes in MRD+ and R/R 

patients revealed some differences in the kinetics of immune 
checkpoint expression on CD4 and CD8 T- cell subsets be-
tween the two groups.

F I G U R E  2  Modulation of immune checkpoint receptors on peripheral blood (PB) T cells during blinatumomab treatment. Box plot of the 
comparison of median fluorescence intensity (MFI) of PD- 1 (A; n = 29), Tim- 3 (B; n = 14) and Lag- 3 (C; n = 29) expression on CD8 T cells and their 
subsets, and PD- 1 (D; n = 29) and Lag- 3 (E; n = 29) expression on CD4 T cells and their subsets at baseline, Days 14 and 28 after the start of blinatumomab 
treatment. Box plot of the comparison of MFI of CD39 on Treg cells (F; n = 29). The y- axis shows the log2 value of the expression percentage. 95% CI are 
plotted in the graph. Only statistically significant modulations are reported. * p = 0.05; **p = 0.01; CI, confidence interval. 
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Blinatumomab induces an increase of BM 
effector T cells and an upregulation of 
immune checkpoint receptors on various 
subpopulations of BM T cells, including 
Treg cells

The effect of blinatumomab on BM immune cell subsets, 
including their expression of immune checkpoint receptors, 
has not been previously investigated. In parallel with PB, we 
evaluated the changes of the immune cell repertoire in BM 
samples obtained after the first cycle of blinatumomab. As 
shown in Figure 3, the percentages of BM CD3, CD8 and CD8 
EM T cells were significantly increased at Day 28 compared 
to baseline (1.61- , 1.67-  and 1.49- fold increase; p = 0.0063; 
p = 0.0060 and p = 0.0297 respectively). The expression lev-
els of immune checkpoint molecules, such as PD- 1, Tim- 3, 
Lag- 3, and CTLA- 4 in T cells, and CD39 in Treg cells, were 
also evaluated. Interestingly, immune checkpoint receptors 
were significantly increased after treatment. Particularly, 
Tim- 3 on N and PD- 1 on CM CD4 T cells were upregulated 
at Day 28 compared to baseline (1.66-  and 1.59- fold increase; 
p = 0.0336 and p = 0.0451 respectively) (Figure  4A,B). With 
regard to CD8 T cells, an increased expression of Lag- 3 on 
EM and TD subsets (2.48-  and 2.38- fold increase, respec-
tively; p = 0.0297 and p = 0.0281, respectively) and of CTLA- 4 
on CM subset (1.95- fold increase; p = 0.0191) was observed 
after treatment (Figure  4C,D). With regard to Treg cells, 
the expression of CD39 was increased on N Treg cells (1.24- 
fold increase; p = 0.0432) after blinatumomab treatment 
(Figure 4E).

Regarding the separated analysis of BM cells from R/R 
and MRD+ patients, a similar pattern was observed as that 
depicted in the PB. In particular, an increase of CD3, CD4 
CM, CD8 and CD8 EM T cells was observed at Day 28 as 
compared to baseline in R/R patients (Figure S3A), but not 
in MRD+ ones (data not shown). Moreover, similarly to what 
observed in the PB, an upregulation of immune checkpoints 
on effector T cells at Day 28 was mainly observed in MRD+ 
and not in R/R patients. In particular, an upregulation of 
CTLA- 4 on both CD4 and CD8 EM, and on CD8 TD T cells 
was observed in MRD+ patients (Figure S3A).

Taken together, these findings indicate that, along with its 
effects on circulating immune cells, blinatumomab can also 
modulate the BM immune cell repertoire. Of note, a distinct 
analysis of the immunological changes in the BM of MRD+ 
and R/R patients revealed the same pattern observed in the 
PB in terms of kinetics of immune checkpoint expression on 
CD4 and CD8 T- cell subsets in the two groups.

BM and PB show a differential modulation of the 
immune cell repertoire after blinatumomab 
treatment, including the expression of immune 
checkpoint receptors

The results obtained from the analysis of PB and BM at 
Day 28 after blinatumomab treatment indicate that in the 

two compartments, a differential modulation of immune 
cell repertoire is induced by blinatumomab. In particular, 
CD3, CD8 and CD8 EM T cells were upregulated in the BM, 
whereas no changes in T cells and their composition were 
observed in the PB (Table 3). Of note, NK cells, namely the 
cytotoxic CD56dim NK cells subset, were upregulated only in 
the PB but not in the BM (Table 3). With regard to immune 
checkpoint receptors, an increase of Tim- 3 on N CD8 T cells 
was observed in the PB, whereas various checkpoint recep-
tors were upregulated at the end of the first treatment cycle 
in the BM. Particularly, PD- 1 on CM CD4, Tim- 3 on N CD4, 
CTLA- 4 on CM CD8, Lag- 3 on EM and TD CD8 T cells 
were significantly increased. These data suggest the modula-
tion of markers associated with an exhaustion phenotype by 
both CD4 and CD8 T- cell subsets after treatment, the effect 
of which is observed mostly in the BM (Table 3). Moreover, 
CD39 was also increased on N Treg cells only in the BM 
compared to PB, suggesting a predominant impact of blina-
tumomab on Treg cells in the BM compartment (Table 3).

These data indicate that at the end of the first treatment 
cycle, the composition of immune cell repertoire in the BM 
is different from PB. Regarding immune checkpoint recep-
tors, a more pronounced modulation of their expression was 
observed in the BM as compared to PB.

DISCUSSION

In the present study, we investigated the immunologic rep-
ertoire of 29 B- ALL patients who were R/R or had persistent 
MRD positivity and had received the first cycle of blinatu-
momab. We have extended previous data regarding the ca-
pacity of blinatumomab to modulate effector and regulatory 
immune subsets by focussing on the expression of immune 
checkpoint and inhibitory receptors. For the first time, we 
compared the data obtained by flow cytometry on PB cells 
with those collected from the BM. Interestingly, our data 
indicate that, along with its effects on circulating immune 
cells, blinatumomab can also modulate the BM immune cell 
repertoire.

Some recent evidence indicates that during treatment, the 
most evident effect of blinatumomab is the modulation of 
the PB T- cell subset distribution.6,7,13 In particular, circulat-
ing T cells were shown to decrease within the first day of 
infusion before recovering to baseline after approximately 
1 week. This kinetic has been associated with an increase 
of T- cell adhesion to blood vessel endothelium as demon-
strated by the upregulation of activated cell adhesion mole-
cules, such as lymphocyte function- associated antigen 1, on 
T cells.13 Our data confirm and expand these results on the 
redistribution kinetics of peripheral T cells, showing an on- 
treatment decrease of CD3, CD8 and TD CD4 T cells, fol-
lowed by a recovery to baseline levels at the end of treatment 
(Table 2). Of note, blinatumomab was previously shown to 
induce an expansion of some T- cell subsets, namely EM 
CD4 and CD8, and TD CD8 T cells, after the first treatment 
cycle.14 Our data also revealed an expansion of CD4 and 

 13652141, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.19104 by Sbbl- Sistem

a B
ibliotecario B

iom
edico L

om
bardo, W

iley O
nline L

ibrary on [29/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



646 |   BLINATUMOMAB MODULATES BONE MARROW IMMUNE CELLS

CD8 EM T cells at Day 28 in the PB but only of R/R patients. 
A possible explanation for this phenomenon could be an in-
crease of leukaemic antigen spread due to the higher levels 
of tumour burden in R/R patients, as compared to MRD+ 
patients, which may result in an increased T- effector cell 
expansion. Since tumour burden is known to affect the im-
mune response to immunotherapy,15– 17 these findings may 
suggest that the capacity of blinatumomab to affect the com-
position and kinetics of circulating effector T- cell subsets 
may vary according to the disease status. Indeed, blinatum-
omab seems to induce an increase of immune checkpoint ex-
pression in both CD4 and CD8 effector T- cell subsets in the 
PB of patients with low tumour burden (MRD+) compared 
to R/R patients. These data support the hypothesis that the 
tumour burden may influence the capacity of blinatumomab 
to modulate the immune cell repertoire.

Interestingly, our data reveal a gradual increase, which also 
persists after treatment, of a subpopulation of CD3− cytotoxic 

NK cells. A similar pattern has been recently reported in 
Ph+ ALL patients receiving the frontline combination of 
dasatinib followed by blinatumomab without systemic che-
motherapy.7,8 Although the mechanisms underlying a NK 
cell increase after blinatumomab therapy are unknown, an 
off- target effect of blinatumomab may be hypothesized. Bli-
natumomab is known to induce an inflammatory milieu, 
where the T- cell production of cytokines, such as IL- 2 and 
IFN- γ, may enhance NK cell- mediated antibody- dependent 
cellular cytotoxicity.18 Future functional studies will help to 
dissect the contribution of inflammatory signals in regulat-
ing NK cell function upon blinatumomab treatment.

Our characterization of the patients' immunological 
repertoire reveals a scenario where contrasting effects 
may be in place. Indeed, the above- mentioned T- cell re-
distribution of EM and TD CD8 T cells also coincided 
with an upregulation of immune checkpoint receptors, 
such as PD- 1, Tim- 3 and Lag- 3. These data extend to the 

F I G U R E  3  Modulation of immune cell subsets in the bone marrow (BM) after blinatumomab treatment. Box plot of the comparison of CD3 T cells 
(A; n = 10), CD8 T cells (B; n = 10) and EM CD8 T- cell subpopulation (C; n = 10) at baseline and at Day 28 after the start of blinatumomab treatment. The 
y- axis shows the log2 value of the expression percentage. 95% CI are plotted in the graph. *p = 0.05; **p = 0.01; CI, confidence interval. 
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setting of blinatumomab therapy the notion that antigen 
encounter by EM and TD CD8 T cells may be paralleled 
by the concomitant upregulation of immune checkpoint 
receptors on antigen- primed effector subsets.19 Accord-
ingly, blinatumomab- induced recognition of target cells 

has been shown to drive a dose-  and target- cell- dependent 
increase in the expression of T- cell exhaustion markers, 
such as CTLA- 4, PD- 1, Tim- 3 and Lag- 3.12 Notably, the 
blockade of the PD- 1– PD- L1 axis can restore T- cell func-
tionality, for example, IFN- γ secretion and proliferation, 

F I G U R E  4  Modulation of immune checkpoint receptors on bone marrow (BM) T cells after blinatumomab treatment. Box plot of the comparison of 
MFI of Tim- 3 (A; n = 6) and PD- 1 (B; n = 10) on CD4 T cells and their subsets, and Lag- 3 (C; n = 10) and CTLA- 4 (D; n = 6) on CD8 T cells and their subsets 
at baseline and at Day 28 after the start of blinatumomab treatment. Box plot of the comparison of MFI of CD39 expression on Treg cells (E; n = 2). The 
y- axis shows the log2 value of the expression percentage. 95% CI are plotted in the graph. *p = 0.05; CI, confidence interval. 
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and further enhance effector T- cell response against 
ALL.12 These and other data suggest that blinatumomab- 
induced modulation of effector T cells is associated with 
the induction of exhaustion pathways.10 Of note, our 
findings on the Treg compartment indicate that, along 
with a ‘transient’ decrease of total and effector Treg cells 
after blinatumomab, an early, albeit transient, increase 
of CD39 expression was observed on effector Treg cells. 
CD39 is an ectonucleotidase that is responsible, together 
with CD73, for converting ATP into immunosuppressive 
adenosine released in the tumour microenvironment.20,21 
Adenosine binds A2A receptors on various immune 
cells, including Treg cells, thus favouring adenosine- 
dependent suppression signalling and redirection of 
pro- inf lammatory response.22 Importantly, adenosine 
has been shown to increase the number of Treg cells and 
to further promote their immunoregulatory activity.22 
Taken together, the analysis of immune checkpoint and 
inhibitory receptors on T- cell subsets, including Treg 
cells, suggests a potent effect of blinatumomab in mod-
ulating immunosuppressive pathways, which may have 
a relevant impact for the full exploitation of its immu-
nomodulatory activity. Of note, the induction of Tregs 
was shown to be more evident in R/R patients compared 
to MRD+ patients, again suggesting a role of the tumour 
burden in affecting the effects of blinatumomab on the 
immune cell composition.

Since leukaemic cells mainly reside in the BM, a broader 
characterization of the immunological effects of blinatu-
momab should also take into consideration its capacity to 
modulate the BM immune cell repertoire. Since no data are 
available on blinatumomab- induced changes within the 
immune BM microenvironment,6,9 we sought to compare 
the immunological effects induced by blinatumomab after 
the first cycle of treatment in the PB and in the BM. Our 
data indicate that the distribution pattern of T cells in the 
BM was different from that observed in the PB. Particu-
larly, an increase of T cells, that is total and EM CD8 T 
cells, was observed in the BM but not in the PB. In con-
trast, a NK cell modulation was shown in the PB but not in 
the BM. Regarding the expression of immune checkpoint 
receptors, an increase of Tim- 3 on N CD8 T cells was ob-
served in the PB but not in the BM, where a greater mod-
ulation of immune checkpoint receptors was observed. 
Indeed, PD- 1, Tim- 3, Lag- 3 and CTLA- 4 were upregu-
lated on a wide variety of BM T cells, mostly belonging 
to antigen- experienced subsets, and CD39 was increased 
on BM effector Treg cells. These data point to a different 
modulation of the PB and BM immune cell repertoire after 
blinatumomab treatment, which seems to act on the BM 
compartment through a more profound dysregulation of 
exhaustion and immunosuppressive signals. This diversity 
should be taken into consideration for a comprehensive 
characterization of the changes induced by blinatumomab 
on the host immune system and may ref lect the differ-
ent cellular compositions of the BM microenvironment. 
Indeed, it is well known that the immunological tumour 

microenvironment plays a crucial role in promoting tu-
mour growth and progression and in affecting treatment 
efficacy.23,24 The immune microenvironment is emerging 
as a hallmark for many haematological malignancies, in-
cluding ALL.25– 27 However, a systematic and extensive 
characterization of the BM immune landscape correlated 
to the effects of immunotherapies is still lacking. BiTes, 
such as blinatumomab, act by bringing patients' autologous 
T cells and target tumour cells into close proximity, thus 
activating cytotoxic T cells against tumour antigens.11 As a 
consequence of this mode of action, it is not surprising that 
the changes occurring during and after blinatumomab 
treatment on immune cells collected from the PB may dif-
fer from those observed in the BM, where leukaemic cells 
mostly reside and grow. Very few studies have made a com-
parison between the PB and BM immune cell repertoire in 
response to immunotherapies.23,24 To our knowledge, this 
is the first report addressing the differential capacity of bli-
natumomab to modulate PB and BM immune landscapes.

Our study has some limitations. The study design was 
not powered to address the potential association of the mod-
ifications of immune cell subsets with the clinical response 
and outcome. However, the reported differences between PB 
and BM in the capacity of blinatumomab to modulate the 
composition of immune cell subsets and their phenotype 
may lead to consider that to fully evaluate the impact on 
clinical outcome of blinatumomab- induced modifications of 
immune repertoire, the characterization of both compart-
ments is necessary. Moreover, it will be important to conduct 
the study when patients receive more than one cycle of bli-
natumomab to confirm previous results that have shown an 
increase in T and NK lymphocyte cells after multiple cycles 
of drug administration.7,8

In conclusion, our results provide for the first time a 
comparison of the impact of blinatumomab on PB and BM 
immune cells with a special focus on immune checkpoint 
and inhibitory molecules. Our study indicates that various 
subsets of NK and T cells, including Treg cells, are differ-
ently modulated in the PB and in the BM by blinatumomab 
treatment. More in particular, the induction of markers as-
sociated with a T- cell exhausted phenotype seems to be more 
evident in the BM. Studies addressing the impact of these 
immunological changes on clinical response and outcome in 
a larger cohort of patients after repeated cycles of blinatum-
omab are warranted.
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