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ORIGINAL ARTICLE

Open-Label, phase 2 study of blinatumomab as second salvage therapy in
adults with relapsed/refractory aggressive B-cell non-Hodgkin lymphoma

Luke Coylea, Nicholas J. Morleyb, Alessandro Rambaldic, Kylie D. Masond, Gregor Verhoefe,
Caroline L. Furnessf�, Alicia Zhangg, A. Scott Jungh, David Cohanh and Janet L. Franklinh

aDepartment of Haematology, Royal North Shore Hospital, St. Leonards, Australia; bDepartment of Haematology, Sheffield Teaching
Hospitals NHS Foundation Trust, Sheffield, UK; cDepartment of Oncology-Hematology, University of Milan and Azienda Ospedaliera
Papa Giovanni XXIII, Bergamo, Italy; dDepartment of Clinical Haematology, Peter MacCallum Cancer Centre and The Royal Melbourne
Hospital, Melbourne, Australia; eDepartment of Hematology, UZ Leuven, University Hospitals Leuven, Leuven, Belgium; fDepartment
of Paediatric Haemato-Oncology, Royal Marsden NHS Foundation Trust, London, UK#; gGlobal Biostatistical Science, Amgen Inc,
Thousand Oaks, CA, USA; hGlobal Development, Amgen Inc, Thousand Oaks, CA, USA

ABSTRACT
The phase 2 portion of this open-label phase 2/3 study assessed the efficacy and safety of blina-
tumomab as second salvage for aggressive relapsed or refractory (r/r) aggressive B-cell non-
Hodgkin lymphoma (B-NHL) following platinum-based first salvage chemotherapy. Forty-one
patients with aggressive disease (32% relapsed; 68% refractory) enrolled and received stepwise
blinatumomab (9–28–112lg/day) in a 70-day cycle 1 and an optional 28-day cycle 2; 19 (46%)
completed cycle 1 and 3 (7%) completed cycle 2. The overall response rate after 12weeks was
37%, including 9 (22%) complete metabolic responses. Eight (20%) patients (all responders) sub-
sequently received stem cell transplants. Grade �3 adverse events were reported in 29 (71%)
patients. Grade 3 cytokine release syndrome occurred in one patient. Grade 3 neurologic events
occurred in 10 (24%) patients; all resolved. Blinatumomab monotherapy appears effective as
second salvage therapy in patients with r/r aggressive B-NHL.

Trial registration: NCT02910063.
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Introduction

Between one-third to one-half of patients with diffuse
large B-cell lymphoma (DLBCL), the most common
type of B-cell non-Hodgkin lymphoma (B-NHL) are
either refractory to or relapsed following first-line
treatment with rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP) [1].
Rituximab combined with platinum-based chemother-
apy followed by autologous hematopoietic stem cell
transplant (autoHSCT) is a commonly used first salvage
regimen in transplant-eligible patients with relapsed
or refractory (r/r) B-NHL. However, only 30–40% of
patients with r/r B-NHL respond to first salvage and
potentially benefit from autoHSCT, and half of the
patients relapse after first salvage and autoHSCT [2–7].
Outcomes among patients with r/r B-NHL following

first salvage or later lines of therapy are poor, with
median overall survival (OS) of 6months or less [8,9].
Although CAR-T cell therapy has recently been
accepted as a second salvage for B-NHL, there is an
unmet need for novel treatments.

Blinatumomab, a bispecific T-cell engager (BiTEVR )
immunotherapy that directs cytotoxic T cells to lyse B
cells expressing CD19 [10], has demonstrated benefits
in median OS and relapse-free survival benefit in
patients with r/r B-cell precursor ALL, including those
with minimal residual disease [11,12]. There is also
early clinical evidence for blinatumomab activity in
patients with aggressive r/r B-NHL. Among patients
with r/r B-NHL who received the blinatumomab target
dose (60lg/m2/day) in a phase 1 study, the overall
response rate (ORR) was 69% across B-NHL subtypes
(n¼ 35) and 55% for diffuse large B-cell lymphoma
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(DLBCL; n¼ 11) [13]. In a phase 2 study of blinatumo-
mab in patients (N¼ 25) with heavily pretreated r/r
DLBCL, the ORR was 43% among 21 evaluable
patients, with complete response (CR) in 19% [14].

The phase 2 portion of this open-label phase 2/3
study assessed the efficacy and safety of blinatumo-
mab as second salvage in patients with aggressive r/r
B-NHL who did not achieve complete metabolic
response (CMR) with platinum-based first salvage.

Materials and methods

Patients

Patients aged �18 years with biopsy-confirmed B-NHL
that was relapsed (prior CMR) or refractory (no prior
CR or CMR) following first-line treatment with anthra-
cycline-based chemotherapy and anti-CD20 therapy
were eligible. Additional eligibility criteria were pro-
gressive metabolic disease (PMD), no metabolic
response (NMR), or partial metabolic response (PMR)
by centrally assessed PET/CT scan following �2 cycles
of the standard of care platinum-based first salvage
chemotherapy or PMD by centrally assessed PET/CT
scan following �1 cycle of platinum-based first salvage
chemotherapy; Eastern Cooperative Oncology Group
performance status �2; intention to proceed to high-
dose chemotherapy; absolute neutrophil count (ANC)
�1.0� 109/L, platelets �75� 109/L, creatinine clear-
ance �50mL/min, aspartate aminotransferase and ala-
nine aminotransferase <3� upper limit of normal
(ULN), and total bilirubin <2�ULN within 14 days
before enrollment and after last first salvage chemo-
therapy. A pre-salvage scan was submitted to the
central reader for patients with only one cycle of pre-
salvage chemotherapy. Patients with prior radiother-
apy were required to be PET positive �6weeks after
the last treatment. Key exclusion criteria included
lymphoblastic, Burkitt, or mantle cell lymphoma; prior
anti-CD19 therapy, autologous hematopoietic stem
cell transplant (HSCT) with high-dose chemotherapy,
or allogeneic HSCT; investigational drug/device within
30 days before enrollment; and central nervous system
(CNS) involvement of NHL or clinically relevant CNS
pathology. All patients provided written, informed
consent before enrollment. Institutional review board
approval was obtained for all study procedures.

Study design and treatment

This is the primary analysis of the open-label, phase 2
portion of an adaptive phase 2/3 study (NCT02910063)
that was conducted at 19 centers. The phase 3 portion

of the study did not enroll. Blinatumomab was given
by continuous intravenous infusion for a single 70-day
cycle 1 (9lg/day for 7 days, 28lg/day for 7 days, and
112lg/day for 42days, followed by a 14-day treatment-
free interval) and an optional 28-day second cycle
(9lg/day for 7 days, 28lg/day for 7 days and 112lg/
day for 14days) at the investigator’s discretion.
Dexamethasone 20mg was required within one hour
before each blinatumomab dose for the prevention of
cytokine release syndrome (CRS) and within one hour
before restarting blinatumomab after any interruption
lasting >4h due to an adverse event (AE).
Dexamethasone was administered at a daily maximum
of three doses of 8mg (24mg/day) for up to 3 days for
symptoms of CRS. Dexamethasone was administered at
a dose of at least 24mg/day for up to 3days for neuro-
logic events (NEs), depending on the grade of NE.
Patients could receive HSCT at the investigator’s discre-
tion at any time after primary endpoint assessment.

Blinatumomab treatment was interrupted for grade
3 NEs, CRS, or other clinically relevant AEs or certain
liver enzyme increases (total bilirubin [TBL]> 2�ULN;
alkaline phosphatase >8�ULN; aspartate aminotrans-
ferase [AST] or alanine aminotransferase
[ALT]> 8�ULN; AST or ALT >5�ULN but <8� for
�2weeks; AST or ALT >3�ULN with clinical signs of
hepatitis [e.g. right upper quadrant abdominal pain/
tenderness, fever, nausea, vomiting, and jaundice) but
could be restarted (after dexamethasone premedica-
tion) when the AE had resolved to grade 1 or baseline,
either at the same dose or at 9 lg/day. If the grade
�3 NE or CRS occurred while the patient was receiv-
ing blinatumomab 112 lg/day, the patient restarted at
28 lg/day; if it occurred while the patient was receiv-
ing blinatumomab 9 or 28lg/day, the patient
restarted at 9 lg/day. Blinatumomab was discontinued
for grade 4 NEs, CRS, or other grade 4 AEs; grade 3
NEs or CRS that did not return to grade 1 or baseline
within 7 days; grade 3 clinically relevant AEs not
returning to grade 1 or baseline within 14 days; two or
more seizures; TBL >2�ULN or international normal-
ized ratio >1.5; or AST or ALT >3�ULN when base-
line was<ULN, and when no cause for the elevations
was apparent. Hematologic toxicity was managed at
the discretion of the investigators.

Study assessments

Clinical tumor assessments based on changes in the
size of previously abnormal lymph nodes or extrano-
dal sites or the development of new lesions were per-
formed at baseline, on days 1, 57, and 70 during cycle
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1, and on days 1 and 42 of optional cycle 2. PET/CT
was performed at baseline and on day 70 of cycle 1
and following optional cycle 2. Central assessment of
diagnostic biopsies included fluorescent in situ hybrid-
ization (FISH) and immunohistochemistry. A bone mar-
row biopsy and aspirate was performed at baseline
and on day 70 of cycle 1 if there was prior evidence
of bone marrow involvement. Scans were assessed by
central review. Response was assessed per Lugano
classification (PET/CT response, CMR, PMR, NMR, or
PMD) [15]. All AEs occurring during the study were
recorded and graded per the National Cancer Institute
Common Terminology Criteria for Adverse Events, ver-
sion 4.0 [16]. Determination of cell of origin (immuno-
histochemistry and gene expression profiling) and
assessment of BCL-2, BCL-6, and MYC (FISH) and dou-
ble expression (immunohistochemistry) was performed
by NeoGenomics Laboratories, Inc., and was cen-
trally reviewed.

Statistical analysis

The primary endpoint was CMR by central PET.
Additional endpoints included median OS (time from
enrollment to death), ORR (CMR plus PMR), progres-
sion-free survival (PFS; time from enrollment to disease
progression or death, whichever occurred first), dur-
ation of response (time from earliest assessment of
CMR or PMR to relapse or death, whichever occurred
first), post-response HSCT rate, and the incidence and
severity of AEs. Endpoints were assessed based on
intent to treat (ITT).

The sample size was determined by a 1-sample test
of the rate of CMR after 1 cycle of blinatumomab. With
the 1-sided type I error rate of 0.025, a null hypothesis
response probability of 15%, and an alternative
response probability of 40%, a sample size of 36
patients was estimated to provide 90% power to
reject the null hypothesis that the response probability
is no more than 15%.

The proportion of patients achieving CMR after the
first or second cycle was summarized with a two-sided
95% confidence interval (CI). Median OS, PFS, and dur-
ation of CMR were estimated using the Kaplan-Meier
method and were summarized with hazard ratios and
two-sided 95% CIs. All other data were summarized
descriptively. SAS version 9.4 was used for all analyses.

Qualified researchers may request data from
Amgen clinical studies. Complete details are available
at the following: http://www.amgen.com/datasharing.

Results

Patients

Between 23 January 2017 and 15 January 2018, 41
patients were enrolled in the phase 2 study. At enroll-
ment, this population of patients manifested aggres-
sive disease, given that 28 (68%) patients were
refractory to first-line therapy and 27 (66%) had dem-
onstrated progressive disease following first salvage
(Table 1). Seventeen (42%) patients were non-
responsive to both first-line therapy and first salvage.
At enrollment, R-CHOP was the most common first-
line regimen received, and R-ICE was the most com-
mon first salvage regimen (Table S1).

Of 33 patients with known cell of origin using
immunohistochemistry and gene expression profiling,
17 (42%) were germinal center B-cell (GCB), and 16
(39%) were non-GCB per central review (Table 1). High
proportions of patients had double or triple expressor
B-NHL (n¼ 15 [37%]). Nine (22%) patients had C-myc
and Bcl-2 or Bcl-6 rearrangements, with five (12%)
patients being double hit and four (10%) patients
being triple hit.

Disposition and exposure

All 41 patients in the ITT analysis received blinatumo-
mab (Figure 1). Overall, 19 (46%) patients completed
cycle 1 of blinatumomab, and 22 (54%) discontinued
due to disease progression (n¼ 17), AEs (n¼ 4), or
death (n¼ 1). Four (10%) patients initiated the
optional cycle 2 of blinatumomab, 3 (7%) completed
the cycle, and 1 (2%) discontinued due to an AE.
Treatment interruptions occurred in 23 (56%) patients:
13 due to AEs, two per protocol, and nine for unspeci-
fied reasons. In total, 24 (59%) patients received �80%
of the intended dose of blinatumomab (Table S2). The
mean dose received was 67% of the intended dose.

Response and survival

In the ITT analysis, 15 of 41 (37%; 95% CI, 22–53) patients
had an objective response per central review after
12weeks of treatment, including 9 (22%; 95% CI, 11–38)
with CMR and 6 (15%; 95% CI, 6–29) with PMR (Table 2).
Five (12%) patients had NMR and 12 (29%) had PMD.
Median duration of response was not estimable; how-
ever, 64% (95% CI, 28–86) of objective responders and
86% (95% CI, 33–98) of patients achieving CMR were esti-
mated to still be in response at 9months. CMR was
achieved by 5 of 13 (39%) patients who had relapsed dis-
ease following first salvage therapy, 4 of 28 (14%)
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patients with disease refractory to first-line therapy, and
3 (8%) of patients who were non-responsive to both first-
line therapy and first salvage. Six (15%) patients non-
responsive to both first-line therapy and first salvage had
objective responses (CMR or PMR). Among 36 patients
who completed �7 days of infusion at the highest
intended dose level, 13 (36%) had an objective response,
including eight (22%; 95% CI, 10–39) with CMR and five
(14%; 95% CI, 5–30) with PMR.

Treatment with blinatumomab led to CMR in 4 of 9
(44%) patients who had previously achieved PMR

following first salvage, in 3 (33%) who had NMR fol-
lowing first salvage, and 2 (22%) who had PMD follow-
ing first salvage. In a prespecified subgroup analysis,
there was a trend toward CMR favoring patients who
had relapsed versus refractory disease after first-line
therapy, those who achieved PMR vs PMD following
first salvage, and those with GCB versus non-GCB cell
of origin (Figure 2).

Among patients with CMR after 12weeks of treat-
ment, 85.7% (95% CI, 33.4–97.9) were estimated to still
be in CMR at 9months (median follow-up, 8.8months

Table 1. Demographics and baseline disease characteristics.

Characteristics
Patients
(n¼ 41)

Median (range) age, years 56 (19–75)
Sex, n (%)
Men 28 (68)
Women 13 (32)

Race, n (%)
White 38 (93)
Black 1 (2)
Asian 1 (2)
Not reported 1 (2)

ECOG performance status, n (%)
0 19 (46)
1 18 (44)
2 3 (7)
Missing 1 (2)

Disease type, n (%)
Diffuse large B-cell lymphoma 34 (83)
Primary mediastinal (thymic) large B-cell lymphoma 4 (10)
High grade B-cell lymphoma with C-myc, Bcl-2, and/or Bcl-6 rearrangements 2 (5)

T-cell/histiocyte–rich large B-cell lymphoma 1 (2)
Disease stage, n (%)
I 1 (2)
II 4 (10)
IIE 3 (7)
III 10 (24)
IV 20 (49)
Missing 3 (7)

International Prognostic Index at study entry, n (%)
Low risk 15 (37)
Low-intermediate risk 11 (27)
High-intermediate risk 11 (27)
High risk 4 (10)

Disease status after first-line therapy, n (%)
Relapsed 13 (32)
Refractory 28 (68)

Response after first salvage, n (%)
NMR 5 (12)
PMR 9 (22)
PMD 27 (66)

Prior indolent lymphoma, n (%) 6 (15)
Extranodal disease, n (%) 25 (61)
Cell of origin determination, n (%)
Known 33 (81)

GCB 17 (42)
Non-GCB 16 (39)

Unknowna 8 (20)
C-myc, Bcl-2, and Bcl-6 rearrangement, n (%) 9 (22)
Double hit,b 5 (12)
Triple hit,c 4 (10)

Double or triple expressor, n (%) 15 (37)

GCB: germinal center B cell–like.
aReasons for no cytogenetics reporting included no cytogenetics or FISH reports in hospital records; data
not available; and cell of origin determination not performed by IHC or gene expression profiles/arrays.
bDefined as rearrangement of C-myc and either Bcl-2 or Bcl-6.
cDefined as rearrangement of C-myc, Bcl-2, and Bcl-6.
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[95% CI, 0.3–9.4]). Median PFS was 2.5months (95% CI,
2.3–4.9), with a median follow-up of 2.4months (95%
CI, 2.3–4.7). At a median follow-up for OS of
4.9months (95% CI, 3.5–9.7), 13 (32%) patients had
died, and median OS was not estimable (Figure 3). At
9months, 50.9% (95% CI, 28.3–69.6) of patients were
estimated to be alive.

Stem cell transplant

Eight (20%) patients, who had responded to blinatu-
momab treatment (CMR, n¼ 6; PMR, n¼ 2), subse-
quently received HSCT, 5 (12%) within 30 days of first
responding (Table 2). Three patients who achieved
CMR did not receive HSCT: one due to investigator
decision, one proceeding to cycle 2, and one for
unknown reasons. One (2%) patient received allogen-
eic HSCT following PMR. Seven (17%) patients under-
went autologous HSCT, 6 (15%) following CMR and 1
(2%) following PMR. Among the eight patients who
received HSCT, 80.0% (95% CI, 20.4–96.9) were esti-
mated to be alive at 9months.

Safety and tolerability

All (100%) patients had an AE of any grade, the most
frequent of which were back pain (n¼ 10 [24%]), pyr-
exia (n¼ 10 [24%]), headache (n¼ 9 [22%]), tremor
(n¼ 9 [22%]), and peripheral edema (n¼ 9 [22%];
Table 3). Overall, 29 (71%) patients had grade �3 AEs,

Enrolled (N = 41)

Received blinatumomab (n = 41)

Intent-to-treat analysis set (N = 41)

Cycle 1
 Started cycle 1 (n = 41)
 Completed cycle 1 (n = 19)
 Discontinued cycle 1 (n = 22)
  Disease progression (n = 17)
  Adverse event (n = 4)
  Death (n = 1)

Cycle 2
 Started cycle 2 (n = 4)
 Completed cycle 2 (n = 3)
 Discontinued cycle 2 (n = 1)
  Adverse event (n = 1)

Completed study (n = 0)
Continuing in study (n = 26)
Discontinued study (n = 15)
 Death (n = 13)
 Consent withdrawn (n = 2)

Figure 1. Patient disposition. aOne patient with progressive
disease also had an AE discontinuation event (superior vena
cava occlusion). bDeath attributed to sepsis.

Table 2. Response and transplant realization.
Characteristics Patients Proportion (95% CI)

Best response after 12 weeks of treatment
Objective response rate (CMRþ PMR) 15/41 37% (22–53)
CMR 9/41 22% (11–38)
PMR 6/41 15% (6–29)
NMR 5/41 12% (4–26)
PMD 12/41 29% (16–46)
Not performeda 9/41 22%

Patients with HSCT 8/41 20%
Autologous HSCT 7/41 17% (7–32)
Allogeneic HSCT 1/41 2% (<1–13)

Patients with HSCT within 30 days of first response 5/41 12%
Patients with delayed or not done HSCT 35/41 85%
No CMR (PMR only) 4/41 10%
NMR or unknown 1/41 2%
PMD 17/41 42%
Toxicity/adverse event 4/41 10%
Patient preference 1/41 2%
Missing 1/41 2%
Otherb 8/41 20%

CI: confidence interval; CMR: complete metabolic response; HSCT: hematopoietic stem cell transplant; NMR: no
molecular response; PMD: progressive metabolic disease; PMR: partial metabolic response.
aReasons for missing post-baseline assessment were death (n¼ 5), withdrawn consent (n¼ 2), patient refusal (n¼ 1),
and logistical issue (n¼ 1).
bOther includes more than 30 days to organize transplant (n¼ 2), logistical issue (n¼ 2), investigator decision (n¼ 1),
initiated cycle 2 without transplant (n¼ 1), transplant 9 days after completion of cycle 2 (n¼ 1), and started another
line of treatment without transplant (n¼ 1).
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the most frequent of which were neutropenia (n¼ 4
[10%]), anemia (n¼ 3 [7%]), confusional state (n¼ 3
[7%]), aphasia (n¼ 2 [5%]), lower respiratory tract
infection (n¼ 2 [5%]), lymphocyte count decreased
(n¼ 2 [5%]), neurotoxicity (n¼ 2 [5%]), extremity pain
(n¼ 2 [5%]), sepsis (n¼ 2 [5%]), and decreased white
blood cell count (n¼ 2 [5%]). NEs were reported in 23
(56%) patients and were predominantly grades 1 or 2
(n¼ 14 [61%]). Grade 3 NE were reported in 10 (24%)
patients; all resolved with dexamethasone and/or bli-
natumomab interruption (n¼ 10 [24%]) or discontinu-
ation (n¼ 3 [7%]). The median duration of NEs was
26 days (95% CI, 7–NE) for any grade and 3 days (95%
CI, 1–5) for grade �3. One patient (2%) had grade 3
CRS lasting 5 days that temporarily resolved before

another event of grade 3 CRS lasting 5 days that
resulted in blinatumomab discontinuation.

In total, 5 (12%) patients discontinued blinatumo-
mab due to 6 AEs. In addition to discontinuations
resulting from NEs (n¼ 3) and CRS (n¼ 1), blinatumo-
mab was also discontinued following acute pancrea-
titis (n¼ 1), and chest pain (n¼ 1). No patients had
grade 4 or fatal NEs.

Overall, nine (22%) patients had fatal treatment-
emergent AEs, most (n¼ 6) of which were related to
disease progression (Table 3). The other treatment-
emergent fatal AEs were multiple organ dysfunction
syndrome and pancytopenia. The only fatal AE consid-
ered potentially related to treatment with blinatumo-
mab was sepsis.

Responses/PatientsSubgroup

0.1 1 10
Reference Better   Comparator Better

Yes vs no
Triple Hit

Yes vs no
Double Hit
NMR/SD vs PMD/PD
PMR/PR vs PMD/PD

Baseline response to S1

Relapsed vs refractory
Disease Status

ND vs GCB
Non-GCB vs GCB

Cell of Origin
6/17 (35.3)
6/17 (35.3)

4/28 (14.3)

4/27 (14.8)
4/27 (14.8)

8/36 (22.2)

8/37 (21.6)

Comparator vs Reference
Odds Ratio and 95% CI

1/16 (6.3)
2/8 (25.0)

5/13 (38.5)

4/9 (44.4)
1/5 (20.0)

1/5 (20.0)

1/4 (25.0)

Figure 2. Response by baseline parameter.
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Figure 3. Kaplan–Meier estimated overall survival.
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Discussion

In this open-label phase 2 portion of an adaptive
phase 2/3 multicenter study, the ORR was 37% and
the CMR rate was 22% after 12weeks of treatment
with single-agent blinatumomab as second salvage in
patients with aggressive r/r B-NHL. As anticipated,
fewer (15%) patients who were non-responsive to
both first-line therapy and first salvage had objective
responses during the study. Overall, responses were
durable, with 85.7% of patients who achieved CMR
estimated to have remained in remission at 9months.
Furthermore, eight (20%) patients, all of whom

achieved CMR or PMR, went on to receive HSCT,
including five within 30 days of response. Median OS
was not reached at the follow-up of 4.9months; how-
ever, 50.9% of patients were estimated to be alive at
9months. Median PFS was 2.5months. The activity of
blinatumomab as second salvage therapy in this study
is consistent with observations made in two earlier
studies in which the ORR was 69% in patients with r/r
B-NHL and 43% in patients with r/r DLBCL [13,14].

The 37% ORR and 22% CMR rates observed in this
study are especially noteworthy considering the highly
aggressive disease in this study population, of whom
68% had disease refractory to first-line therapy, 66%

Table 3. Summary of adverse events.
Any grade Grade �3

Patients with any treatment-emergent AE, n (%) 41 (100) 29 (71)
Patients with any treatment-emergent serious AE, n (%) 19 (46) 18 (44)
Patients with a fatal AE,a n (%) 9 (22)
AEs occurring in �10% of patients, n (%)
Back pain 10 (24) 1 (2)
Pyrexia 10 (24) 1 (2)
Headache 9 (22) 0
Tremor 9 (22) 1 (2)
Peripheral edema 8 (20) 1 (2)
Confusional state 6 (15) 3 (7)
Constipation 6 (15) 0
Nausea 6 (15) 1 (2)
Abdominal pain 5 (12) 1 (2)
Anemia 5 (12) 3 (7)
Neutropenia 5 (12) 4 (10)
Arthralgia 4 (10) 1 (2)
Diarrhea 4 (10) 0
Fatigue 4 (10) 1 (2)
Hypoalbuminemia 4 (10) 1 (2)
Hypomagnesemia 4 (10) 0
Insomnia 4 (10) 0
Pain in extremity 4 (10) 2 (5)

Patients with neurologic events, n (%) 23 (56) 10 (24)
Headache 9 (22) 0
Tremor 9 (22) 1 (2)
Confusional state 6 (15) 3 (7)
Insomnia 4 (10) 0
Aphasia 3 (7) 2 (5)
Lethargy 2 (5) 0
Neurotoxicity 2 (5) 2 (5)
Oral paresthesia 2 (5) 0
Agitation 1 (2) 0
Anxiety 1 (2) 0
Depression 1 (2) 0
Dissociative amnesia 1 (2) 0
Dizziness 1 (2) 0
Dysesthesia 1 (2) 1 (2)
Dysarthria 1 (2) 0
Facial paresis 1 (2) 0
Hemiparesis 1 (2) 1 (2)
Hypoesthesia 1 (2) 0
Intention tremor 1 (2) 0
Oral paresthesia 1 (2) 0
Presyncope 1 (2) 0
Somnolence 1 (2) 0
Speech disorder 1 (2) 0
Tension headache 1 (2) 0
Vertigo 1 (2) 0

aDiffuse large B-cell lymphoma (n¼ 2), lymphoma (n¼ 1), non-Hodgkin lymphoma (n¼ 1), squamous cell carcin-
oma of the lung (n¼ 1), pancytopenia (n¼ 1), multiple organ dysfunction syndrome (n¼ 1), treatment-related
sepsis (n¼ 1), and adult failure to thrive (n¼ 1).
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had progressive disease following first salvage, 42%
were nonresponsive to induction and first-line salvage,
37% were double or triple expressors, 12% had double
hit disease, and 10% had triple hit disease. In contrast,
in the SCHOLAR-1 pooled retrospective analysis of
patients with r/r DLBCL (n¼ 636) treated with various
standard of care chemotherapy regimens, the ORR
was 26%, with a CR rate of 7%, and the ORR was only
20% among those who were refractory to first-line
therapy and 26% among those who were refractory to
second-line or later-line therapy [8]; however differen-
ces in the patient populations limit comparison with
the present study. Given the subgroup analyses and
the CMR rates of 39% among patients who had
relapsed disease after first-line therapy and 14%
among those with disease refractory to first-line ther-
apy, it is plausible that patients with aggressive r/r B
NHL might benefit from earlier salvage treatment (e.g.
first salvage) with blinatumomab.

There is no standard of care second salvage regi-
men for patients with aggressive r/r B-NHL following
platinum-based first salvage. Current strategies include
alternate salvage chemotherapies (e.g. GDP, DHAP,
ICE, and ESHAP) followed by autoHSCT for transplant-
eligible patients, CAR-T cell therapy, and investiga-
tional therapies (e.g. brentuximab vedotin and polatu-
zumab vedotin) [17,18]. Comparison of the efficacy of
blinatumomab as salvage in this study with that of
other studies is not objectively possible due to inher-
ent differences in study design, patient populations,
and smaller number of patients. For example, efficacy
with blinatumomab in this study (ORR, 37%; CR rate,
22%) is less than with the CAR-T cell therapies axicab-
tagene ciloleucel in the ZUMA-1 study (ORR, 83%; CR
rate, 58%) [19] and tisagenlecleucel in the JULIET
study (ORR, 52%; CR rate, 40%) [20]. However, unlike
the present study, efficacy evaluation in ZUMA-1 and
JULIET was not based on the ITT population, thereby
inflating the response and survival rates. Patients
enrolled in ZUMA-1 had less advanced/aggressive dis-
ease than the patients in the current study, with fewer
being refractory to first-line treatment (26% vs 68%),
and fewer patients had double-hit disease (9% vs
12%) and triple-hit disease (2% vs 10%). In JULIET,
45% of patients had relapsed and 55% were refractory
to the last therapy. Furthermore, the degree of
confounding of the apparent efficacy by mandatory
condition regimens in ZUMA-1 (low-dose cyclophos-
phamide 500mg/m2 and fludarabine 30mg/m2)
and JULIET (either fludarabine 25mg/m2 with cyclo-
phosphamide 25mg/mg2 or bendamustine 90mg/m2)
is unclear.

The AE profile of blinatumomab monotherapy in
this study was consistent with that observed in previ-
ous studies of blinatumomab in patients with r/r
B-NHL and in patients with B-ALL [11–14]. NEs have
been previously documented during treatment with
blinatumomab and typically resolve following interrup-
tion of treatment and/or with dexamethasone admin-
istration [21], as was the case in this study. In this
study, grade 3 NEs occurred in 10 (24%) patients, con-
sistent with prior phase 1 and phase 2 studies of bli-
natumomab in B-NHL in which grade 3 NEs occurred
in 22% of patients who received stepwise dosing of
blinatumomab [13,14]. Consistent with previous
reports, all of the grade 3 NEs in this study resolved.
CRS is another AE of interest that has been infre-
quently reported (2% to 3%) in patients treated with
blinatumomab [11,12]. In this study, one (2%) patient
experienced grade 3 CRS. Both NEs and CRS have
been observed in real world practice and in studies of
patients with r/r B-NHL treated with CAR-T cell therapy
[22]. The incidences of both of these AEs were greater
in the ZUMA-1 study of axicabtagene ciloleucel [23]
than in this study (grade �3 NEs, 32% vs 24%; grade
�3 CRS, 11% vs 2%), as was the incidence of grade
�3 CRS in the JULIET study of tisagenlecleucel (22%
vs 2%) [20]. Notably, CRS in ZUMA-1 and JULIET was
scored using the Lee grading system [24], potentially
underestimating the incidences compared with this
study, which graded CRS using CTCAE. These data
highlight the greater manageability of NEs and CRS
with blinatumomab, especially through the temporary
interruption of treatment, which is not an option after
administration of CAR-T cells.

This study was limited by a relatively high rate of
treatment discontinuation during the first treatment
cycle, primarily due to disease progression (n¼ 17)
rather than to AEs (n¼ 4). Overall, 46% of patients
completed cycle 1 and 7% completed the optional
cycle 2. Consequently, exposure to blinatumomab was
lower than anticipated, with 34% of patients receiving
<50% of the intended dose, and only 59% receiving
�80% of the intended dose. Although at least 1week
of treatment at the target dose of 112 lg/d appears
necessary for efficacy [13,14], investigating other dos-
ing strategies may be appropriate. Despite this limita-
tion, the ORR and CMR rates seen with blinatumomab
were encouraging given the aggressive nature of
heavily pretreated r/r disease in this population of
patients. The longer follow-up period at the final ana-
lysis will allow for better estimation of the effects of
blinatumomab on OS and relapse-free survival in
this cohort.
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In conclusion, the results of this study suggest con-
siderable single-agent activity and a manageable
safety profile with blinatumomab as second salvage in
patients with aggressive r/r B-NHL following platinum-
based first salvage regimens. These results imply a
potential for effective use of blinatumomab earlier in
the salvage treatment continuum and raise the ques-
tion of whether efficacy could be improved in combin-
ation with other conventional or experimental
therapies; however, additional investigation is needed.
In the primary analysis of an open-label phase 2 study
(ClinicalTrials.gov, NCT03023878), blinatumomab treat-
ment after first-line rituximab-based chemotherapy led
to an 89% ORR in patients with newly diagnosed
DLBCL [25]. Blinatumomab combined with pembrolizu-
mab is also under investigation in patients with r/r
DLBCL (ClinicalTrials.gov, NCT03340766).
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