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ORIGINAL ARTICLE
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ABSTRACT

This open-label, multicenter, single-arm, phase 2 study assessed the safety and efficacy of blina-
tumomab consolidation therapy in adult patients with newly diagnosed, high-risk diffuse large
B-cell lymphoma (DLBCL; International Prognostic Index 3–5 and/or double-/triple-hit or double
MYC/BCL-2 expressors) who achieved complete response (CR), partial response (PR), or stable
disease (SD) following run-in with 6 cycles of R-chemotherapy (NCT03023878). Of the 47 patients
enrolled, 28 received blinatumomab. Five patients (17.9%) experienced grade 4 treatment-emer-
gent adverse events of interest (neutropenia, n¼ 4; infection, n¼ 1). Two deaths reported at the
end of the study were unrelated to treatment with blinatumomab (disease progression, n¼ 1;
infection, n¼ 1). 3/4 patients with PR and 4/4 patients with SD after R-chemotherapy achieved
CR following blinatumomab. Consolidation with blinatumomab in patients with newly
diagnosed, high-risk DLBCL who did not progress under R-chemotherapy was better tolerated
than in previous studies where blinatumomab was used for treatment of patients
with lymphoma.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most

common subtype of non-Hodgkin lymphoma (NHL).

DLBCL accounts for approximately 31% of all NHLs in

Western countries [1]. The addition of rituximab to

chemotherapy (R-chemotherapy; rituximab, cyclophos-

phamide, doxorubicin, vincristine, and prednisone)

around 20 years ago significantly improved outcomes

in patients with DLBCL and has since been the

standard of care (SOC) [2–6]. Despite success with

R-chemotherapy, 30–40% of patients with DLBCL

relapse, and 10% of patients are refractory to

R-chemotherapy [7]. Furthermore, outcomes are poor

among patients who relapse within 1 year of treat-

ment; overall survival (OS) is estimated at less than

17% at the end of 3 years [8].

A subset of patients with DLBCL harbor genetic

abnormalities such as translocations/rearrangement

involving myc and bcl-2 or bcl-6 (double-hit) or myc and

bcl-2 and bcl-6 (triple-hit), which are associated with dis-

mal clinical outcomes following R-chemotherapy [9].

Patients with these disease subtypes progress rapidly
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and are generally refractory to salvage therapy.

Additionally, double protein expression of MYC and

BCL-2 (activated by mechanisms such as nuclear factor

jB activation) in the absence of rearrangement has

also been associated with poor outcomes following

R-chemotherapy [10]. Given the challenges associated

with poor outcomes following salvage therapy, novel

frontline regimens are needed to extend survival in

patients with these difficult-to-treat subtypes

of DLBCL.

Blinatumomab, an immunotherapy based on the

BiTE
VR

(bispecific T-cell engager) immuno-oncology

platform, redirects CD3-positive T-cells to engage and

lyse CD19-expressing target cells. Blinatumomab has

demonstrated initial efficacy as salvage therapy in

patients with relapsed/refractory (R/R) DLBCL, which

suggests that addition of blinatumomab to the front-

line regimen could improve outcomes in patients with

newly diagnosed DLBCL [8,11–13]. This open-label,

multicenter, phase 2 study assessed the safety and

efficacy of blinatumomab consolidation therapy in

patients with newly diagnosed, high-risk DLBCL who

did not progress under R-chemotherapy as part of a

frontline regimen.

Methods

Patients

Patients aged �18 years who had untreated, histologi-

cally proven high-risk DLBCL defined by an

International Prognostic Index (IPI) score of 3–5 [14]

and/or double-hit/triple-hit (rearrangement involving

myc and bcl-2 and/or bcl-6) disease and/or double pro-

tein expression of MYC and BCL-2 per local laboratory

analysis, and an Eastern Cooperative Oncology Group

performance status of �2 were enrolled (N¼ 47). The

study was conducted in accordance with the

International Council for Harmonization Good Clinical

Practice Guideline and conformed to the provisions of

the Declaration of Helsinki.

Study design and treatment

This open-label, multicenter, single-arm, phase 2 study

was conducted at 24 centers across North America and

Europe (ClinicalTrials.gov, NCT03023878) and was

designed to investigate the safety and efficacy of treat-

ment with blinatumomab following induction with R-

chemotherapy in patients with newly diagnosed, high-

risk DLBCL. The study protocol was approved by the ethics

committee or the institutional review board at each clin-

ical site. Enrolled patients were required to complete a

run-in period, wherein patients were administered six

cycles of R-chemotherapy (Figure 1(A)). Patients who

demonstrated complete response (CR), partial response

(PR), or stable disease by positron emission tomog-

raphy/computed tomography (PET/CT) done 3weeks

(±3 days) after six cycles of R-chemotherapy and

assessed by a central radiology reviewer per Lugano

classification and size of the target lesions went on to

receive treatment with blinatumomab [15]. Patients

with adequate organ and bone marrow function were

included per criteria described in Supplemental

Methods. Fluorescence in situ hybridization, histological,

and immunochemical analyses were performed by local

laboratories. Patients were excluded per criteria

described in Supplemental Methods. Blinatumomab

was administered by continuous intravenous (cIV) infu-

sion in a single 84-day (12-week) cycle 1 (9 lg/day for

7 days, 28lg/day for 7 days, and 112 lg/day for 42 days,

followed by a 28-day treatment-free interval). For

patients without disease progression assessed by PET/

CT after blinatumomab cycle 1, an optional 28-day cycle

2 (9 lg/day for 7 days, 28 lg/day for 7 days, and 112 lg/

day for 14 days) was administered at the discretion of

the investigator.

Blinatumomab treatment period was followed by a

30-day safety follow-up visit. A long-term follow-up

period began after the safety follow-up visit and

ended 1 year from the first dose of blinatumomab or

patient death, whichever came first. During this period

patients were assessed every 3months (±3weeks) for

detection of relapse per institutional SOC disease

evaluation, concomitant anti-lymphoma medication,

serious adverse events (SAEs) related to blinatumo-

mab, and levels of lactate dehydrogenase.

The primary endpoint was the incidence and sever-

ity of adverse events (AEs) during the blinatumomab

treatment period per Common Terminology Criteria

for Adverse Events (CTCAE) version 4.0. Secondary

endpoints included objective response rate (ORR;

CRþ PR) based on PET/CT scans for 28 patients

treated with blinatumomab using pre-blinatumomab

disease status as the baseline, OS, progression-free

survival (PFS), duration of response (DoR), and blinatu-

momab pharmacokinetic (PK) parameters.

Study assessments

Safety

AEs, graded per CTCAE and coded per Medical Dictionary

for Regulatory Activities (MedDRA) version 22.0, were

recorded for all patients. Treatment-emergent AEs (TEAEs)

experienced between the first administration of
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blinatumomab and 30days after the last administration of

blinatumomab were also recorded.

Efficacy

Clinical response was assessed by PET/CT at screening

and 3weeks after the R-chemotherapy run-in. Clinical

response to blinatumomab treatment was assessed by

PET/CT 3weeks (±3 days) after completion of

blinatumomab on day 78 of cycle 1 and on day 50 of

cycle 2 using the Lugano classification and size of the

target lesion [15]. Bone marrow samples were col-

lected at screening; an additional bone marrow sam-

ple was required to confirm a CR at the end of

treatment with blinatumomab if occult bone marrow

involvement was suspected with an ambiguous or

negative PET/CT.

Figure 1. Study design and patient disposition. The figure shows (A) Study design. (B) Patient disposition. �All patients (whether
enrolled prior to cycle 1 or prior to cycle 2 of R-chemotherapy) who completed 6 cycles of SOC R-chemotherapy. †In patients who
were receiving radiation therapy to bulky disease, this occurred after cycle 6 SOC R-chemotherapy and PET/CT was completed.
‡PET/CT was performed 3 weeks (±3 days) after cycle 6 SOC R-chemotherapy. §PET/CT must be performed 3 weeks (þ3 days)
after the last blinatumomab dose of cycle 1 (day 78 of cycle 1). jjAt the discretion of the investigator, a second cycle of blinatu-
momab was administered to patients who did not have progressive disease. ¶PET/CT was performed 3 weeks (±3 days) after the
last blinatumomab dose of cycle 2 (day 50 of cycle 2). #Safety follow-up visit was completed 30 days (±3 days) after the last dose
of blinatumomab. **Patients should be followed for 1 year since the first dose of blinatumomab. ††If only cycle 1 of blinatumomab
was given, long-term follow-up began 3 months (±3 weeks) after the last scan (day 78 of cycle 1). ‡‡If cycle 2 was given, long-
term follow-up began 3 months (±3 weeks) after cycle 2 day 50. DLBCL: diffuse large B-cell lymphoma; IV: intravenous; PET/CT:
positron emission tomography/computed tomography; R-chemotherapy: rituximab with chemotherapy; SOC: standard of care.
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T-cell kinetics

Lymphocytes from the peripheral blood of patients

treated with blinatumomab were analyzed by fluores-

cence-activated cell sorting (FACS). Briefly, blood

samples were drawn at the end of run-in with

R-chemotherapy (baseline), and at 6, 24, and 48 h after

the start of treatment with blinatumomab on day 1,

and subsequent dose-steps on days 8, 15, and 57.

Samples were stained with fluorescence-labeled anti-

bodies against CD19 as a marker for B-cells; CD3, CD4,

and CD8 as markers for subpopulations of T-cells; and

CD69 as a marker for T-cell activation. Samples were

analyzed on a BD FACSCantoTM cytometer (BD

Biosciences). The percentage of a specific lymphocyte

subpopulation was correlated with the absolute

lymphocyte number from a differential blood count to

calculate the absolute subpopulation numbers for that

type of lymphocyte.

Pharmacokinetics

Blood samples for blinatumomab PK measurements

were taken on day 1 at pre-dose, on day 2 at least

24 h after blinatumomab was started, and on days 9

and 16 at least 24 h after blinatumomab dose was

increased in cycles 1 and 2. A validated enzyme-linked

immunosorbent assay was used to quantify serum bli-

natumomab concentrations.

Statistical analysis

The primary analysis of safety was based on data from

all patients who received at least one dose of blinatu-

momab. Objective response in patients who received

at least one dose of blinatumomab was summarized

with exact binomial 95% confidence intervals (CIs).

The Kaplan-Meier (KM) method was used to estimate

OS, PFS, and DoR. All other data were summarized

descriptively. To normalize the error of flow cytometry

endpoints for regression analyses, the results were

presented as a fold-change from baseline for cell

counts or as an absolute change from baseline for per-

centage of a parent population.

Results

Patients

Between 28 March 2017, and 17 May 2018, 47 patients

with newly diagnosed DLBCL were enrolled (data cut-

off 4 April 2019) to receive R-chemotherapy run-in.

Patient demographics and baseline disease characteris-

tics are summarized in Table 1.

Disposition and exposure

Overall, 47 patients were enrolled in the R-chemotherapy

run-in period, of which 17 (36%) patients discontinued

treatment. Patient disposition is shown in Figure 1(B)

and Supplemental Figure 1. Twenty-eight patients pro-

ceeded to receive blinatumomab, of which 26 com-

pleted cycle 1. Eleven of the 26 patients who

completed cycle 1 of blinatumomab proceeded to

receive cycle 2, of which 10 patients completed cycle

2 and one patient discontinued blinatumomab due to

an AE. Overall, 26 patients completed the study and

two deaths were reported at the end of the study.

The fatalities (disease progression, n¼ 1; infection,

n¼ 1) were not related to blinatumomab. Twenty-six

(93%) patients received �80% of the intended dose

and the mean dose received was 92.9% of the

intended dose (Supplemental Table 1).

Safety and tolerability

Of the 28 patients treated with blinatumomab, 5

(17.9%) patients experienced TEAEs of interest at

grade 4 (infection, n¼ 1; neutropenia and febrile neu-

tropenia, n¼ 4); none of the patients experienced

neurologic events or cytokine release syndrome (CRS)

at grade 4 (Table 2). Grade �3 TEAEs of interest

occurred in 9 (32.1%) patients (infections, n¼ 3; neuro-

logic events, n¼ 3; neutropenia and febrile neutro-

penia, n¼ 4; 1 patient had more than 1 TEAE).

Infections and neurologic events at grade �3 were

experienced by 3 patients each; however, these events

were resolved in all patients (infections, median dur-

ation [Q1, Q3] of 11 days [7, 16; range, 7–16]; neuro-

logic events, median duration [Q1, Q3] of 2 days [2, 3;

range, 2–3]). Treatment-emergent SAEs were experi-

enced by 7 (25.0%) patients; however, no fatal TEAEs

were reported (Supplemental Tables 2 and 3).

Response and survival

Twenty-eight patients had CR, PR, or stable disease

upon treatment with frontline R-chemotherapy and

prior to initiation of treatment with blinatumomab

(Table 3). At the end of 12weeks of treatment with

blinatumomab, the ORR in patients who had a CR

in response to prior treatment with frontline

R-chemotherapy was 90% (18/20; 95% CI, 68.3, 98.8).

Seven of 8 patients who demonstrated persistence of

disease (3/4 patients with PR and 4/4 patients with

stable disease) at the end of treatment with

R-chemotherapy achieved CR following treatment with

one cycle of blinatumomab. Median OS, PFS, and DoR

2066 D. A. KATZ ET AL.



were not reached. The median follow-up time for OS

and PFS was 12 months and the KM estimate for OS

and PFS at 12 months was 92.9% (95% CI, 74.3, 98.2)

and 82.0% (95% CI, 62.0, 92.1), respectively

(Supplemental Figures 2(A,B); Supplemental Table 4).

The median follow-up time for DoR was 11.5months

and the KM estimate for DoR at 12months was 90.9%

(95% CI, 68.1, 97.7) (Supplemental Figure 2(C) and

Supplemental Table 5). Of the 28 patients who

received at least one dose of blinatumomab, 26

(92.9%) patients were alive at a median follow-up

of 12months.

T-cell kinetics

Of the 27 patients treated with blinatumomab for

whom data for T-cell counts were available, the median

(Q1, Q3) T-cell count for 23 responders (patients with

CR or PR following treatment with R-chemotherapy)

was 628 (442, 816; range, 44–1298) cells/mL

(Supplemental Table 6). The T-cell count for the four

patients who had stable disease following treatment

with R-chemotherapy was 448 (329, 511; range,

260–523) cells/mL (normal range, 100–600 cells/mL [16]).

Similar to the effect seen in the responders, peripheral

T-cells in patients who had stable disease redistributed

rapidly after the start of blinatumomab infusion; a swift

drop of T-cell counts within the first few hours of expos-

ure to blinatumomab was followed by a recovery to

pretreatment levels within subsequent days (Figure

2(A)). Interestingly, the T-cell counts in most patients in

both groups (responders and patients with stable dis-

ease after R-chemotherapy) not only returned to base-

line in the days following the drop in the count, but

also modestly exceeded baseline levels. Importantly, bli-

natumomab also induced a transient increase in the

percentage of activated circulating T-cells as was

assessed by FACS analysis of the surface expression of

immediate early activation marker CD69. Similar to the

effect seen in the responders, the percentage of periph-

eral CD4þCD69þ and CD8þCD69þ T-cells in the four

patients with stable disease following treatment with R-

chemotherapy increased transiently, with peak activa-

tion occurring within 6–24 h after the start of infusion

with blinatumomab (Figure 2(B,C)). A comparison of T-

cell redistribution and expansion profiles between

patients who achieved PR/stable disease and those who

progressed during or at the end of one cycle of

Table 1. Patient demographics and baseline disease characteristics.

Characteristics
R-Chemotherapy

Run-In Only (n¼ 19) Blinatumomab (n¼ 28) Total (N¼ 47)

Age, median (range), years 65.0 (50–81) 64 (35–81) 64 (35–81)
Age group, n (%)
18–64 years 8 (42.1) 18 (64.3) 26 (55.3)
65–74 years 7 (36.8) 7 (25.0) 14 (29.8)
75–84 years 4 (21.1) 3 (10.7) 7 (14.9)

Gender, n (%)
Men 8 (42.1) 10 (35.7) 18 (38.3)
Women 11 (57.9) 18 (64.3) 29 (61.7)

Disease stage at diagnosis, n (%)
I and IE 1 (5.3) 1 (3.6) 2 (4.3)
II 1 (5.3) 0 (0.0) 1 (2.1)
III 4 (21.1) 5 (17.9) 9 (19.1)
IV 11 (57.9) 22 (78.6) 33 (70.2)
Not available 2 (10.5) 0 (0.0) 2 (4.3)

IPI risk score at diagnosis,a n (%)
1 1 (5.3) 0 (0.0) 1 (2.1)
2 2 (10.5) 2 (7.1) 4 (8.5)
3 6 (31.6) 17 (60.7) 23 (48.9)
4 8 (42.1) 7 (25.0) 15 (31.9)
5 2 (10.5) 2 (7.1) 4 (8.5)

Double-hit,b n (%) 2 (10.5) 7 (25.0) 9 (19.1)
Triple-hit,c n (%) 2 (10.5) 1 (3.6) 3 (6.4)
Double protein expression, n (%) 8 (42.1) 10 (35.7) 18 (38.3)
Cell of origin determination, n (%)
GCB 10 (52.6) 16 (57.1) 26 (55.3)
Non-GCBd 4 (21.1) 8 (28.6) 12 (25.5)
ABCd 0 (0.0) 1 (3.6) 1 (2.1)
Not done 5 (26.3) 3 (10.7) 8 (17.0)

ABC: activated B-cell; GCB: germinal center B-cell; IPI: International Prognostic Index; R-chemotherapy, rituximab with chemotherapy.
aLow, 0 or 1; low-intermediate, 2; high-intermediate, 3; high, 4 or 5.
bRearrangement of myc and either bcl-2 or bcl-6.
cRearrangement of myc, bcl-2, and bcl-6.
dThe non-GCB subtype is the same as the ABC subtype. Patients were classified per site-specific nomenclature followed by local institu-
tions where genetic screening was performed.
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blinatumomab did not show any notable difference in T-

cell redistribution and expansion profiles. Two patients

who progressed on blinatumomab had slightly lower

percentage of activated T-cells that expressed CD69 dur-

ing cycle 1 (Supplemental Figures 3(A–C)).

Pharmacokinetics

Over the 8-week cIV infusion in cycle 1 at dose-steps

of 9 mg/day (week 1), 28mg/day (week 2), and 112 mg/

day (weeks 3–8), mean (standard deviation [SD])

steady-state concentration (Css) values of serum blina-

tumomab were 288 (289), 795 (280), and 3160 (782)

pg/mL, respectively (Figure 3). Mean Css in cycle 1

increased approximately dose proportionally over the

dose range of 9–112 mg/day, with an 11.0-fold increase

for a 12.4-fold increase in dose. Over the 4-week cIV

infusion in cycle 2 at dose-steps of 9 mg/day (week 1),

28 mg/day (week 2), and 112 mg/day (weeks 3–4), mean

(SD) Css values of serum blinatumomab were 244

(64.5), 1040 (945), and 3710 (1270) pg/mL, respect-

ively. Similar to cycle 1, mean Css in cycle 2 also

increased approximately dose proportionally over the

dose range of 9–112 mg/day, with a 15.2-fold increase

for a 12.4-fold increase in dose.

Discussion

This phase 2 pilot study, which assessed the safety of

single-agent blinatumomab consolidation therapy

Table 2. Incidence of TEAEs of interest.

Blinatumomab (N¼ 28)

Any grade Grade � 3 Grade 4 only

TEAEs of interest, n (%) 23 (82.1) 9 (32.1) 5 (17.9)
Cytokine release syndrome, n (%) 5 (17.9) 0 (0.0) 0 (0.0)
Elevated liver enzyme, n (%) 1 (3.6) 0 (0.0) 0 (0.0)
Embolic and thrombotic events, n (%) 1 (3.6) 0 (0.0) 0 (0.0)
Infusion reaction,a n (%) 2 (7.1) 0 (0.0) 0 (0.0)
Infections, n (%) 12 (42.9) 3 (10.7) 1 (3.6)
Lung infection 2 (7.1) 1 (3.6) 0 (0.0)
Upper respiratory tract infection 2 (7.1) 0 (0.0) 0 (0.0)
Bacteremia 1 (3.6) 1 (3.6) 0 (0.0)
Cellulitis 1 (3.6) 0 (0.0) 0 (0.0)
Conjunctivitis 1 (3.6) 0 (0.0) 0 (0.0)
Device related infection 1 (3.6) 0 (0.0) 0 (0.0)
Nasopharyngitis 1 (3.6) 0 (0.0) 0 (0.0)
Oral candidiasis 1 (3.6) 0 (0.0) 0 (0.0)
Sepsis 1 (3.6) 1 (3.6) 1 (3.6)
Skin infection 1 (3.6) 0 (0.0) 0 (0.0)
Staphylococcal bacteremia 1 (3.6) 0 (0.0) 0 (0.0)
Urinary tract infection 1 (3.6) 0 (0.0) 0 (0.0)

Neurologic events, n (%) 17 (60.7) 3 (10.7) 0 (0.0)
Tremor 10 (35.7) 1 (3.6) 0 (0.0)
Headache 7 (25.0) 0 (0.0) 0 (0.0)
Insomnia 4 (14.3) 0 (0.0) 0 (0.0)
Ataxia 2 (7.1) 0 (0.0) 0 (0.0)
Dizziness 2 (7.1) 0 (0.0) 0 (0.0)
Dysphonia 2 (7.1) 0 (0.0) 0 (0.0)
Paresthesia 2 (7.1) 0 (0.0) 0 (0.0)
Amnesia 1 (3.6) 0 (0.0) 0 (0.0)
Anxiety 1 (3.6) 0 (0.0) 0 (0.0)
Aphasia 1 (3.6) 1 (3.6) 0 (0.0)
Confusional state 1 (3.6) 0 (0.0) 0 (0.0)
Encephalopathy 1 (3.6) 0 (0.0) 0 (0.0)
Euphoric mood 1 (3.6) 0 (0.0) 0 (0.0)
Lethargy 1 (3.6) 0 (0.0) 0 (0.0)
Neurotoxicity 1 (3.6) 1 (3.6) 0 (0.0)
Oral paresthesia 1 (3.6) 0 (0.0) 0 (0.0)

Neutropenia and febrile neutropenia, n (%) 5 (17.9) 4 (14.3) 4 (14.3)
Neutropenia 3 (10.7) 2 (7.1) 2 (7.1)
Neutrophil count decreased 2 (7.1) 2 (7.1) 2 (7.1)

aInfusion reaction without considering duration included cytokine release syndrome, pyrexia, and rash.
TEAEs were coded per MedDRA version 22.0 and severity was graded per CTCAE version 4.0 wherein 1¼mild,
2¼moderate, 3¼ severe, 4¼ life-threatening, and 5¼ fatal.
Some patients who had treatment-emergent infections and neurologic events of any grade and TEAEs of interest at
grade � 3 had more than one AE. No patient experienced grade 5 TEAEs.
AE: adverse event; CTCAE: Common Terminology Criteria for Adverse Events; MedDRA: Medical Dictionary for
Regulatory Activities; N: number of patients who received at least one dose of blinatumomab; SAE: serious adverse
event; TEAE: treatment-emergent adverse event.
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following induction with R-chemotherapy as part of

the frontline regimen in patients with newly diag-

nosed, high-risk DLBCL, is the first study of its kind.

Patients who completed a ‘run-in’ with SOC R-chemo-

therapy received one cycle of blinatumomab and an

optional second cycle at the discretion of the on-site

investigator, which was intended as a bridge for

autologous hematopoietic stem cell transplant (HSCT).

Most patients did not proceed to cycle 2 of blinatu-

momab since they were in remission upon completion

of 8weeks of cycle 1.

Five of 28 (17.9%) patients treated with blinatumo-

mab experienced TEAEs at grade 4. Notably, none of

the patients experienced neurologic TEAEs at grade 4

or CRS at grade �3. Furthermore, infections and

neurologic events at grade �3 resolved within a

median duration of 11 and 2 days, respectively, follow-

ing discontinuation of treatment. The percentage of

patients who had grade �3 TEAEs in the current study

(39.3%) was lower compared with the percentage

reported in a phase 2 study (95.7%), which evaluated

the safety and efficacy of blinatumomab in patients

with R/R DLBCL [13]. The percentage of patients with

grade �3 neurologic TEAEs observed in the current

study (10.7%) was lower than the percentage reported

in patients with R/R DLBCL (21.7%) [13], and in previ-

ous studies in patients with R/R B-cell NHL (22%–24%)

[12,17]. Furthermore, the incidence of grade �3 neuro-

logic events in the current study was consistent with

the incidence reported in patients with R/R

Philadelphia chromosome–negative acute lympho-

blastic leukemia (ALL; 9.4%) from the phase 3 TOWER

study despite the difference in the dose of blinatumo-

mab administered (112 mg/day in the current study

versus 28mg/day for patients in the TOWER study)

[18]. Thus, consolidation therapy with blinatumomab

was better tolerated in patients with newly diagnosed

high-risk DLBCL treated with six cycles of induction

SOC R-chemotherapy compared with patients with R/R

DLBCL or other lymphomas. However, a direct com-

parison of the incidence of TEAEs observed in patients

with R/R DLBCL or other aggressive lymphomas with

the rate of incidence in the current study should be

treated with caution since these patients have a worse

prognosis. In a separate study based on a randomized

phase 3 trial which compared lenalidomide as main-

tenance therapy with placebo in elderly patients with

untreated DLBCL who achieved a CR or PR in response

to R-chemotherapy, the most common grade �3

TEAEs were neutropenia (lenalidomide, 56% vs pla-

cebo, 22%), infection (lenalidomide, 8% vs placebo,

6%), and cardiac disorders (lenalidomide, 6% vs pla-

cebo, 3%) [19]. Incidence of most common grade �3

TEAEs—neutropenia, infections, and cardiac disorders

in this study by Thieblemont et al. was greater than or

comparable to the incidence reported in the current

study (neutropenia, 56.0% vs 14.3%; infections, 8.0%

vs 10.7%; cardiac disorders, 6.0% vs 0%). Since many

patients with DLBCL are cured with frontline R-chemo-

therapy alone, careful evaluation of the risks and ben-

efits rationale should be undertaken at the time of

introduction of a new agent into frontline R-chemo-

therapy. Predictive parameters are currently being

studied to identify a subgroup of patients with high-

risk DLBCL and a poor prognosis where even though

addition of a novel agent such as blinatumomab to

the frontline regimen may lead to additional toxicity

compared with R-chemotherapy alone, but it could

also provide a beneficial outcome [20].

PK parameters of blinatumomab were approxi-

mately linear over the dose range of 9–112 mg/day cIV

and were similar between the two cycles. These results

were consistent with those in the previous studies

[21]. At the end of 12weeks of treatment with blinatu-

momab (cycle 1), 17 of 20 (85.0%) patients who had

a CR in response to induction therapy with

Table 3. Summary of best response before and at the end of cycle 1 of blinatumomab.

Responsea after
R-chemotherapy run-in

Best responseb at cycle 1 of blinatumomab treatment, n (%c) (95% CId)

CR PR Stable disease PD ORR (CRþ PR)

CR (n¼ 20) 17 (85.0) (62.1, 96.8) 1e (5.0) (0.1, 24.9) 0 (0.0) (0.0, 16.8) 2 (10.0) (1.2, 31.7) 18 (90.0) (68.3, 98.8)
PR (n¼ 4) 3 (75.0) (19.4, 99.4) 0 (0.0) (0.0, 60.2) 0 (0.0) (0.0, 60.2) 1 (25.0) (0.6, 80.6) 3 (75.0) (19.4, 99.4)
Stable disease (n¼ 4) 4 (100.0) (39.8, 100.0) 0 (0.0) (0.0, 60.2) 0 (0.0) (0.0, 60.2) 0 (0.0) (0.0, 60.2) 4 (100.0) (39.8, 100.0)
Total (n¼ 28) 24 (85.7) (67.3, 96.0) 1 (3.6) (0.1, 18.3) 0 (0.0) (0.0, 12.3) 3 (10.7) (2.3, 28.2) 25 (89.3) (71.8, 97.7)

Best response per Lugano criteria [15] and size of the target lesion.
CI: confidence interval; CR: complete response; ORR: objective response rate; PD: progressive disease; PR: partial response; R-chemotherapy: rituximab
with chemotherapy.
aPer assessment by the local laboratory.
bPer assessment by the central laboratory.
c% is based on row total.
d95% CI is calculated using Clopper and Pearson methodology.
eThe response status for this patient after R-chemotherapy was assessed as CR by the local lab; however, the response status upon treatment with blina-
tumomab was assessed as PR by the central lab. This patient was reported to be in continuous remission during the long-term follow-up following treat-
ment with blinatumomab.
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Figure 2. Effect of cIV infused blinatumomab on peripheral T-cells during the first treatment cycle. (A) T-cell counts in four
patients with stable disease (blue lines) and in other patients for whom data were available (gold lines) are presented as a fold-
change from baseline during the first treatment cycle with blinatumomab. The expression of the immediate early activation
marker CD69 on the surface of gated (B) CD4þ and (C) CD8þ T-cell subpopulations was determined by flow cytometry at baseline
and throughout treatment for four patients with stable disease (blue lines) and other patients for whom data were available (gold
lines). The percentages of activated, CD69þ T-cell subpopulations were calculated and presented as an absolute fold-change from
baseline during the first treatment cycle with blinatumomab. Fold-change was calculated as c� 2 raised to the power of the
c� log2 ratio of the post-treatment result over the pretreatment result, where c ¼ þ1 for log2 ratios �0 or c¼�1 for log2 ratios
<0. Absolute change for percentage endpoints was calculated as a difference between the post-treatment and pretreatment
result. C: cycle; CD: cluster of differentiation; cIV: continuous intravenous; CR: complete response; D: day; HR: hour; PR: partial
response; R-chemotherapy: rituximab with chemotherapy.
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R-chemotherapy maintained their status of CR. Seven

of 8 patients who demonstrated persistence of disease

after induction with R-chemotherapy (4 patients with

PR and 4 patients with stable disease) achieved CR

upon consolidation therapy with blinatumomab.

Treatment responses for all patients from the current

study who were treated with R-chemotherapy and

subsequently with blinatumomab are shown in

Supplemental Table 7. Although the number of

patients treated with blinatumomab in the current

study were limited, and since this was the first study

where blinatumomab was used as consolidation ther-

apy, the results from this study could form a basis for

a future randomized trial with a large patient pool.

The pharmacodynamic profile for the peripheral

CD3þ T-cells and the CD4þCD69þ and CD8þCD69þ

T-cell subtypes for patients treated with one cycle of

blinatumomab for whom data were available,

including the four patients with stable disease after

treatment with R-chemotherapy who achieved CR fol-

lowing treatment with one cycle of blinatumomab,

was consistent with the pharmacodynamic profile of

T-cells in patients treated with blinatumomab

described in previous studies [22–24]. The CD3þ T-cell

counts in a few patients not only returned to baseline

in the days following the drop, but also modestly

exceeded baseline levels, which could be indicative of

a beneficial effect considering that these patients

were heavily immunocompromised after treatment

with R-chemotherapy. Additionally, treatment with bli-

natumomab induced an increase in the percentage of

activated circulating T-cells, which was consistent with

its previously reported BiTE
VR

mechanism of

action [22,25].

This trial has several limitations such as small sam-

ple size, median PFS, OS, and DoR not reached, and

Figure 3. Assessment of pharmacokinetics of blinatumomab during cycle 1 and cycle 2. Mean (SD) blinatumomab serum concen-
tration-time profiles after cIV blinatumomab at 9mg/day (week 1), 28mg/day (week 2), and 112mg/day (week 3 onward) for cycles
1 and 2 in adult patients with newly diagnosed, high-risk DLBCL. cIV: continuous intravenous; DLBCL: diffuse large B-cell
lymphoma; SD: standard deviation.
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lack of a control arm. Furthermore, 17 of 47 patients

did not proceed to blinatumomab after run-in with

R-chemotherapy. Of these 17 patients, a subset of

patients discontinued the run-in with R-chemotherapy

due to disease progression (7 patients) or AEs

(3 patients) and thus could not be treated with blina-

tumomab, which may have introduced a pre-selection

bias against these patients. In the current study, blina-

tumomab demonstrated efficacy in patients with per-

sistent disease; 7 of 8 patients who had stable disease

or PR after six cycles of R-chemotherapy achieved CR

after treatment with blinatumomab. Thus, it could be

speculated that the introduction of blinatumomab in

the frontline regimen at an earlier cycle (such as after

cycle 2 or cycle 4) of R-chemotherapy may result in

more patients achieving a CR.

Consolidation with blinatumomab therapy following

induction with R-chemotherapy in patients with newly

diagnosed, high-risk DLBCL was better tolerated with

no new safety signals compared with previous studies

in patients with R/R lymphomas. In patients with

newly diagnosed high-risk DLBCL and suboptimal

response to 6 cycles of R-chemotherapy, treatment

with blinatumomab converted PR/stable disease

responses to CR in 7 of 8 patients. This study demon-

strates that blinatumomab may be active in patients

with DLBCL and future randomized trials to demon-

strate the activity of blinatumomab in combination

with standard chemotherapy are warranted.
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