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Blinatumomab after R-CHOP bridging
therapy for patients with Richter
transformation: a phase 2 multicentre trial

Romain Guièze 1,2 , Loïc Ysebaert3, Damien Roos-Weil 4,
Luc-Mathieu Fornecker5, Emmanuelle Ferrant6, LysianeMolina7, ThérèseAurran8,
Aline Clavert9, Sophie de Guibert10, Anne-Sophie Michallet11, Alain Saad12,
Bernard Drénou13, Philippe Quittet14, Bénédicte Hivert15, Kamel Laribi16,
Julie Gay 17, Anne Quinquenel18, Julien Broseus19,20, Valérie Rouille21,
David Schwartz21, Benoit Magnin 22, Grégory Lazarian23, Lauren Véronèse2,24,
Marie de Antonio25, Camille Laurent26, Olivier Tournilhac 1,2, Bruno Pereira25 &
Pierre Feugier20,27

Richter transformation (RT) is an aggressive lymphoma occurring in patients
with chronic lymphocytic leukaemia. Here we investigated the anti-CD3/anti-
CD19 T-cell-engager blinatumomab after R-CHOP (i.e. rituximab, cyclopho-
sphamide, doxorubicin, vincristine, and prednisone) in patients with
untreated RT of diffuse large B-cell lymphoma histology (NCT03931642). In
this multicentre phase 2 study, patients without complete response (CR) after
two cycles of R-CHOP were eligible to receive an 8-week blinatumomab
induction via continuous vein infusion with stepwise dosing until 112μg/day.
The primary endpoint was the CR rate after blinatumomab induction and
secondary endpoint included safety, response duration, progression-free and
overall survival. Thirty-nine patients started the first cycle of R-CHOP, 25 of
whom received blinatumomab. After blinatumomab induction, five (20%)
patients achieved CR, four (16%) achieved partial response, and six (24%) were
stable. Considering the entire strategy, the overall response rate in the full-
analysis-set was 46% (n = 18), with CR in 14 (36%) patients. The most common
treatment-emergent adverse events of all grades in the blinatumomab-safety-
set included fever (36%), anaemia (24%), and lymphopaenia (24%). Cytokine
release syndrome (grade 1/2) was observed in 16% and neurotoxicity in 20% of
patients. Blinatumomab demonstrated encouraging anti-tumour activity (the
trial met its primary endpoint) and acceptable toxicity in patients with RT.

Richter transformation (RT) is defined as the onset of aggressive lym-
phoma, mostly diffuse large B-cell lymphoma (DLBCL), in patients with
chronic lymphocytic leukaemia (CLL). Eighty percent of RT cases are
clonally related to the prior CLL and result from a transformation pro-
cess involving complex genomic events with dramatic lesions, resulting

in highmutational load1. The outcome of patients with RT is usually very
poor. Chemoimmunotherapy (CIT), analogous to the treatment of de
novo DLBCL, results in low response rates with a median overall survival
(OS) of 6–12 months2,3. The combination of rituximab, cyclopho-
sphamide, doxorubicin, vincristine, and prednisone (R-CHOP) remains a
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frequently used regimen for RT, modelled on its use in de novo DLBCL,
and yields a complete response rate (CRR) of 7%, an overall response rate
(ORR) of 67%, andmedian progression-free survival (PFS) of 10months4.
Bruton tyrosine kinase and BCL2 inhibitors have transformed the man-
agement of patients with CLL but fail to prevent the onset of RT. As
single agents, these drugs demonstrate only a transient effect in some
patients with RT5–7. The combination of venetoclax with CIT has pro-
vided promising efficacy results, but toxicities were limiting8. Haemato-
poietic stem cell transplantation (HSCT) can improve remission duration
in selected patients able to receive this consolidation procedure; less
than 15% of patients can undergo transplantation because of primary
refractory disease9.

The modulation of antitumour immunity may be an appealing
strategy for RT. Immune checkpoint inhibition has been shown to
induce reasonable responses in RT but not in CLL10,11. Bispecific con-
structs that recruit T cells to tumour B cells are emerging as a promising
approach for treating B-cell lymphoproliferative disorders. Blinatumo-
mab is a CD19 × CD3 bispecific monoclonal antibody approved for the
treatment of acute lymphoblastic leukaemia and has demonstrated
clear efficacy in relapsed or refractory DLBCL. A phase II study involving
stepwise dosing (9, 28, and 112μg/d) of blinatumomab by continuous
infusion has shown encouraging results, with an ORR of 43% (including
19% complete response (CR)) after a single 8-week cycle12.

We hypothesised that blinatumomab would improve the
response of patients with RT who without CR after two cycles of
R-CHOP. Thisdebulking therapy aimed to inducea tumour response to
minimise the risk of cytokine release syndrome (CRS) and neurologic
events and to identify good responders to CIT without needing an
experimental approach. Here, we report the results of the BLINART
(BLINAtumomab after R-CHOP debulking therapy for patients with
Richter Transformation) phase 2 study showing the efficacy and the
acceptable safety profile of blinatumomab after R-CHOP in patients
with previously untreated RT.

Results
Patient population
A total of 45 patients were screened, and 41 were subsequently
enrolled in the study at 18 sites between 5 July 2019 and 19 July 2021
(Fig. 1, Supplementary Table 1). After 35 patients were initially inclu-
ded, the protocolwas amended to include sixmore patients to achieve
the estimated sample size. Of the 41 enrolled patients, two were
excluded from the study before receiving any therapy because of
misdiagnosis in one case and because of prohibited concomitant
medication (high-dose cortico-therapy) in the other case. The full
analysis set included 39 patients who started their first cycle
of R-CHOP.

As of the data cut-off date of 20 December 2022, a blinatumomab
induction course had been initiated in 25 patients (blinatumomab
efficacy/safety set). Fourteen patients did not receive blinatumomab
for the following reasons: nine patients achieved CR after R-CHOP and
did not pursue blinatumomab therapy according to the trial design,
one patient progressed during the first cycle of R-CHOP, three patients
died (two because of febrile neutropenia and one following intracra-
nial haemorrhage) after R-CHOP, and one patient presented with
severe pneumonia after R-CHOP. Seventeen (68%) patients received
the planned blinatumomab induction regimen and doses. Blinatumo-
mab was temporarily discontinued in three (12%) patients and per-
manently discontinued in seven (28%),whichwasdue toprogression in
six patients and neurotoxicity in one. Four (16%) patients required
dose modifications. Six patients underwent blinatumomab con-
solidation therapy, none of whom required dose modification or
treatment interruption.

Baseline demographic and clinical characteristics of the study
participants are summarized in Table 1. Regarding the full analysis
set, themedian agewas67 years (range, 38–83), 26 patients weremale,

and 13 were female. CLL genetic features at baseline were as follows:
19/35 (54%) had 17p deletion, 21/34 (62%) had TP53 mutations, and
20/32 (63%) had highly-complex karyotype (≥five chromosomal
aberrations)13. The median number of prior therapeutic lines for CLL
was two (range, 0–11). Twenty-two (56%) patients had previously
undergoneCIT, and24 (62%)hadbeen exposed to ibrutinib, 11 (28%) of
whom had also been exposed to venetoclax.

RegardingRT features, 33 (85%) patients presentedwith advanced
disease (stages 3–4 as per Ann Arbor staging), and the international
prognostic index (IPI) was 0–1 in two (5%), 2–3 in 28 (72%), and 4–5 in
nine (23%). All patients were previously untreated for RT according to
the selection criteria. For all 35 patients with available pathology spe-
cimens, the central pathology reviewfindingswere concordantwith an
RT diagnosis of diffuse large B-cell histology (DLBCL) or high-grade B-
cell lymphoma-not otherwise specified (NOS). Four cases with DLBCL-
NOS (non-GC) were unavailable for central review. In the 8 (20.5%)
patients with available data for clonal relatedness based on immu-
noglobulin heavy chain rearrangement analysis, 6 RT were related to
the prior CLL.

Efficacy
Among the 39 patients who started R-CHOP, 34 were evaluable at
evaluation #1 after two cycles (Fig. 1). Nine patients achieved CR and
did not receive blinatumomab. The remaining 25 patients, including 10
with partial response (PR), three with SD, and 12 with progressive
disease, underwent blinatumomab induction therapy (Fig. 2). Of these
25 patients (blinatumomab efficacy/safety analysis set), five achieved
CR, four achieved PR, and six were stable. The five patients who
achieved CR after blinatumomab induction showed a partial response
after the 2 cycles of R-CHOP. Four of these five patients carried
aggressive CLL genetic features with three having TP53 alterations and
a hypercomplex karyotype and one having an 11q deletion. Three had
mutated IGHV. The CRR at the end of induction (primary endpoint)
was 20% (95% confidence interval (CI), 10%–40.7%), and the ORR was
36% (95% CI, 12%–42%).

Comparing the responses after R-CHOP (evaluation #1) with those
obtained after blinatumomab induction (evaluation #2), blinatumomab
induction increased the response in seven (28%) patients (Fig. 2). Con-
sidering the entire trial cohort (including all patients who started
R-CHOP) (n=39, evaluations #1 and #2), the ORR was 46% (95% CI,
30–63%) and the CRR was 36% (95% CI, 21–53%). Blinatumomab con-
solidation treatmentwas administered to six patients, including twowith
CR after blinatumomab induction, and three with PR. Blinatumomab
consolidation therapy led to CR in one patient and PR in two patients.

After a median follow-up period of 23.2 months, the nine
responding patients among the 25 treated with blinatumomab (blina-
tumomab efficacy/safety set) showed a median duration of response
to blinatumomab of 14.9 months (95% CI, 1.9–non-estimable) (Fig. 3a).
None of the patients received allogeneic HSCT as consolidation after
blinatumomab. Of note, patient 31 experienced short-duration CR but
eventually underwent allogeneic HSCT despite metabolic progression
at the post-consolidation evaluation (evaluation #3), with no addi-
tional therapy prior to transplantation, and was still alive with CR
20 months at the last follow-up. In the blinatumomab efficacy/safety
set, the median PFS was 2 months (95% CI, 1.5–4.1) with a 1-year rate of
20% (95% CI, 7.3–37.2) (Fig. 3b), and the median OS was 7.5 months
(95%CI, 4–16.6)with a 1-year rate of 40% (95%CI, 21.3–58.1) (Fig. 3c). To
date, four blinatumomab-treated patients have shown late CR during
follow-up without other anti-lymphoma therapies. Two patients had
TP53 disruption but mutated IGHV and one had unrelated RT. In the
full analyses set, themedian PFSwas 3.8months (95%CI, 3.3–13.5) with
a 1-year rate of 35.9% (95% CI, 21.4–50.6), and the median OS was
9.1months (95%CI, 5.8–18)with a 1-year rate of 48.4% (95%CI, 32–62.9)
(Supplementary Fig. 2). Of the nine patients who achieved CR after R-
CHOP, only 2 were dead at the last follow-up.
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Twenty-six patients were dead at the time of analysis, including 22
patients whose deaths were related to RT progression, three to infec-
tions (one febrile neutropenia with sepsis on day 9 of R-CHOP cycle 2,
one with pneumonia on day 16 of R-CHOP cycle 1, one SARS-COV-2-
related respiratory failure 14 months after second-line RT-directed
therapy), and one to cerebral hematoma in the context of thrombo-
cytopenia on day 20 of R-CHOP cycle 1.

Safety
In total, 134 treatment-emergent adverse events (TEAEs)were reported
in 23 (92%) (Table 2) of the 25 patients who received at least one dose
of blinatumomab (blinatumomab efficacy/safety analysis set). The
most common TEAEs of all grades (>1 case), regardless of their rela-
tionship with blinatumomab, included fever (36%), anaemia (24%),
decreased lymphocyte count (24%), and hyperglycaemia (24%). CRS
was observed in four (16%) patients (grade 1 in three and grade 2 in
one), and neurological events consistent with neurotoxicity occurred
in five (20%) patients (grade 2 ataxia in one, grade 1 tremor in one and
grade 2 tremor in one, grade 4 confusion in one, and grade 3 ence-
phalopathy in one). All neurological events resolved, except in one
patient in whomgrade 1 confusion continued for two additional weeks
and until the time of death due to disease progression. None of the
patients received tocilizumab therapy. Grade > 2 haematological
toxicities included anaemia (8%), neutropenia (4%), lymphopenia
(16%), and thrombocytopenia (4%). Adverse events (AEs) led to tran-
sient blinatumomab interruption in three (12%) patients (confusion in
one, gastrointestinal perforation in one, and cholestasis in one) and
permanent interruption in only one (4%) patient (neurotoxicity).
Moreover, AEs resulted in dose modification in four (16%) patients for
the following reasons: confusion in one patient, intestinal perforation
in one, and cholestasis in two.

Nine serious AEs (SAEs) were reported in eight (32%) patients
during blinatumomab induction. These included encephalopathy,
fever, sepsis (Staphylococcus aureus), catheter-related infections,
thromboembolic events, hyperglycaemia, hip pain, tremors with dys-
graphia, and ileal perforation. The investigators considered the SAEs as
treatment-related in five (56%) patients. No fatal AEs were observed
during blinatumomab therapy.

During blinatumomab consolidation, a total of 16 TEAEs were
reported in five (83%) patients, and toxicities are shown in Supple-
mentary Table 2.

45 patients assessed for eligibility

41 patients included

4 patients excluded
1 transformation from marginal zone lymphoma
1 had neurological signs
1 had active hepatitis B
1 had lung cancer

39 started R-CHOP

25 received blinatumomab induction

14 patients withdrew from the study
9 achieved complete responses
3 died (2 infections, 1 cerebral haemorrhage)
1 progressed after R-CHOP cycle 1
1 experienced severe pneumonia

7 discontinued blinatumomab
1 had neurotoxicity
6 progressed during induction

18 completed blinatumomab induction

2 patients did not receive the planned treatment
1 receiving a prohibited concomitant medication
1 misdiagnosed

6 received blinatumomab optional consolidation

blinatumomab 
efficacy/safety set

n=25

Fig. 1 | Trial profile with patient disposition. R-CHOP, rituximab, cyclopho-
sphamide, doxorubicin, vincristine, and prednisone.

Table 1 | Patient characteristics

Overall cohort
Full analysis
set (n = 39)

Blinatumomab cohort
Blinatumomab efficacy/
safety set (n = 25)

Age, years 67 [38–83] 66 [38–83]

Sex, male/female 26/13 16/9

Comorbidities

Past history of cancer 10 (26%) 4 (16%)

Median creatinine clear-
ance, mL/min
(Cockroft formula)

78 [34–148] 78 [34–148]

CIRS > 6 6 (15%) 4 (16%)

ECOG performance status

0–1 25 (64%) 16 (64%)

2 14 (36%) 9 (36%)

CLL features

Binet stage at diagnosis

A 21 (54%) 11 (44%)

B 13 (33%) 11 (44%)

C 5 (13%) 3 (12%)

Absolute lymphocytes count
(G/L)

2.8 [0.28–453] 2.24 [0.28–109]

Genomic features

del(17p) 19/35 (54%) 14/25 (56%)

TP53 mutation 21/34 (62%) 13/22 (59%)

del(11q) 5/34 (15%) 3/23 (13%)

Karyotype
Simple (<3 abn)
Complex (3 or 4 abn)
Highly complex (≥5 abn)

11/32 (34%)
1/32 (3%)
20/32 (63%)

8/23 (35%)
1/23 (4%)
14/23 (61%)

Unmutated IGHV 23/33 (70%) 16/23 (70%)

Prior therapeutic lines for CLL

Number 2 [0–11] 1 [0–11]

None 5 (13%) 2 (8%)

Chemo-immunotherapy 22 (56%) 16 (64%)

Ibrutinib 24 (62%) 15 (60%)

Idelalisib 4 (10%) 3 (12%)

Venetoclax 13 (33%) 7 (28%)

Double exposed to ibrutinib
and venetoclax

11 (28%) 7 (28%)

Transplantation (auto-
HSCT/allo-HSCT)

2 (8%) (1/2) 2 (8%) (1/2)

Richter transformation features

Time fromCLL diagnosis to
RT, years

7 [0–27] 7 [0–26]

B symptoms 16 (41%) 13 (52%)

Ann Arbor staging

I–II 4 (10%) 3 (12%)

III–IV 35 (90%) 22 (88%)

IPI

0–1 2 (5%) 2 (8%)

2–3 28 (80%) 17 (68%)

4–5 9 (23%) 6 (24%)

Histology

DLBCL, NOS 38 (97%) 24 (96%)

non-GC 31 (79%) 20 (80%)

GC 6 (15%) 4 (16%)

not determined 1 (3%) 0 (0%)

HGBL, NOS 1 (3%) 1 (4%)
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Discussion
Highly effective targeted therapies are now available for treating
patients with CLL; however, RT remains a major obstacle to long-term
CLL control. This phase 2 trial evaluated the efficacy and safety of the
first-in-class anti-CD3/anti-CD19 bispecific molecule blinatumomab in
patients with RT. Our results showed that an 8-week course of blina-
tumomab induced CR in 20% of the patients without CR after R-CHOP
debulking. The CR rate obtained in the whole population treated with
R-CHOPwas in the range of two recently reported RT trials (18.8–50%),
whereas our population included a higher proportion of patients with
adverse features (TP53 alterations, prior CLL-directed therapeutic
lines)8,14. A durable clinical response lasting six months or more was
observed in five (20%) patients with a unique induction course in four
and an additional consolidation course in one. The role of allo-HSCT in
prolonging the response in these patients remain to be determined. In
a recent retrospective study, chimeric antigen receptor T-cell therapy
yielded a limited median PFS of 4.7 months15.

Major challenges face clinical trials dedicated to patients with RT,
such that fewer than 10 trials have been reported when the present
study started. First, RT is a rare condition, and the annual rate of
transformation from CLL to RT is estimated to range from 0.5% to 1%.
Second, as urgent interventions are usually needed to combat RT
owing to its aggressive features, enrolment in trials evaluating targeted
therapies or modern immunotherapies is difficult. To overcome this
challenge, we used R-CHOP as a bridging therapy to rapidly initiate a
tumour response and subsequently minimise the risk of CRS and
neurological events. This strategy also aimed to identify good
responders to CIT without the need for an experimental approach. We
have observed a higher proportion of patients achieving CR after
debulking than expected, which may be due to the use of positron
emissions tomography to assess the responseor to the suggestion that
certain RT patients rapidly respond to R-CHOP. How this translates
into prolonged survival remains to be established, as a rapid response
is not necessarily correlated with a long response in CLL16. Finally, the
pathological features of RT can be confused with those of other con-
ditions such as CLL progression and prolymphocytic evolution17.
Therefore, we performed a meticulous central review of our cohort,
and all patients with available specimens were confirmed to have RT.

Bispecific antibodies are currently emerging as effective strate-
gies for treating patients with de novoDLBCL. The anti-CD3/anti-CD20
antibodies glofitamab and epcoritamab have both been very recently
approved for the treatment of relapsed or refractory DLBCL after two
or more lines of systemic therapy18,19. In line with our data, evidence
supporting the efficacy of bispecific antibodies in RT has been
increasing. In a recent report of nine cases treatedwith blinatumomab,
four showed a reduction in nodal disease (including one CR)20. Pre-
liminary and subgroup analyses also recently suggested the efficacy of
epcoritamab (CR in 5/10 patients)21 and glofitamab (CR in 5/11
patients)22. There remains a need to improve the duration of response,

which could result from a better detection of residual disease in RT
through cell-free DNA approaches1. Regarding safety, the incidence of
CRS during this trial was lower than that reported elsewhere for de
novo DLBCL or RT with either epcoritamab or glofitamab, indicating a
potential benefit for CIT bridging therapy in RT or a better safety
profile of blinatumomab regarding CRS12. The incidence and severity
of neurological events were comparable to those observed with glo-
fitamab and higher than those with epcoritamab. However, cross-trial
comparisons should be interpreted with caution. No grade 5 TEAEs
were observed during blinatumomab induction, and the cause of
death was disease progression in the vast majority of patients.

Recent data have provided evidence of the role of the immune
microenvironment in RT. T-cell exhaustion is driven by immune
checkpoint deregulation, including an increased expression of
checkpoint inhibitory molecules such as programmed cell death pro-
tein 1 (PD-1). Neoplastic B-cell PD-1 expression was found to be weak in
both CLL and de novo DLBCL and strong in RT23. Interestingly, this
observation was linked to clinical responses to the PD-1 blocking
antibodies such as pembrolizumab or tislelizumab in RT, whereas no
clear anti-tumour activity was observed in CLL10,14. Furthermore, high
tumour cell mutational burden, such as that observed in RT1, is
emerging as a predictor of an improved therapeutic response to these
agents. One potential underlying mechanism could be that the
increased neoantigen load at transformation leads to a subsequent
immune response. Further studies are warranted to explore the
immune environment of RT and factors affecting the response to
immunotherapies.

A limitation of our study is the lack of assessment of the clonal
relationship between CLL and RT. Although this feature affects
response and patient outcome, its timely assessment remains difficult
owing to the limited size of the RT specimen and the need to start
urgent therapy in the setting of clinical trials. To limit the con-
sequences of this missing information, we propose excluding patients
who achieve a CR from the investigation of blinatumomab effects,
assuming that clonally unrelated caseswould respond best to R-CHOP.
Another limitation of our study is that the statistical power was
insufficient to identify the determinants of response and outcome
because of the small number of patients.

In summary, blinatumomab demonstrated encouraging anti-
tumour activity and acceptable toxicity in patients with RT. Our study
opens new avenues for further strategies employing bispecific anti-
bodies against RT.

Methods
Study design and patients
TheBLINART studywas an investigator-sponsoredphase 2, single-arm,
open-label, prospective trial conducted across 28 French centres in
the setting of the French Innovative Leukemia Organization.
Eligible patients were ≥ 18 years old with previously untreated RT,
defined as a confirmed diagnosis of CLL or small lymphocytic lym-
phoma with biopsy-proven DLBCL based on standard criteria24,25, had
an EasternCooperativeOncologyGroupperformance status of <3, and
had to meet the following haematologic criteria at screening unless
they had a biopsy-confirmed significant bone marrow involvement
of either CLL or RT cells: an absolute neutrophil count of ≥ 1.0 G/L,
a platelet count of ≥ 50G/L, and independence of transfusion
within seven days of screening. The exclusion criteria included having
a of history or the presence of clinically relevant disorders affecting
the central nervous system (CNS) or known active DLBCL in the
CNS (confirmed by cerebrospinal fluid analysis). The full eligibility
criteria are provided in the Supplementary Information (Study
protocol).

For a patient to be included, a histologic diagnosis of RT had to be
made by a local pathologist. A centralised pathology review was per-
formed by a panel of expert hematopathologists from the Lymphoma

Table 1 (continued) | Patient characteristics

Overall cohort
Full analysis
set (n = 39)

Blinatumomab cohort
Blinatumomab efficacy/
safety set (n = 25)

Clonal relationship

Related 6 (15.4%) 3 (12%)

Unrelated 2 (5.1%) 2 (8%)

Unknown 31 (79.5%) 20 (80%)

Data are presented as n (%), n/N (%), or median [range]. CIRS Cumulative Illness Rating Scale,
ECOG Eastern Cooperative Oncology Group, Abn abnormalities, CLL chronic lymphocytic leu-
kaemia, IGHV immunoglobulin heavy-chain variable, HSCT haematopoietic stem-cell trans-
plantation, auto- autologous, allo-, allogeneic, RT Richter transformation, IPI international
prognostic index, DLBCL diffuse large B-cell lymphoma, GC germinal center, HGBL high-grade
B-cell lymphoma, NOS not otherwise specified.
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Study Association (LYSA). Karyotypes were classified as simple, com-
plex, or highly complex according to a previous report26.

Patients were enrolled in the study between 5 July 2019 and 19
July 2021.

The protocol was approved by the Comité de Protection des
Personnes Nord-Ouest III (Caen, France) and the institutional review
board or ethics committee of each participating institution in accor-
dance with the Good Clinical Practice guidelines and the ethical prin-
ciples originating from the Declaration of Helsinki. Informed consent
was obtained from all patients. The study is registered with clinical-
trials.gov, number NCT03931642, and the European Union Drug Reg-
ulating Authorities Clinical Trials Database, EudraCT number 2018-
003483-32. All authors had access to the study data.

Treatment and response assessment
The treatment and response assessment schedules are summarised in
Supplementary Fig. 1. The response was assessed by investigators and
defined according to the Lugano 2014 classification for the

fluorodeoxyglucose-avid lymphomas using the Deauville Score27. First,
the patients underwent debulking therapy with two cycles of standard
R-CHOP administered every three weeks, which comprised intrave-
nous (IV) rituximab at 375mg/m2, cyclophosphamide at 750mg/m2,
doxorubicin at 50mg/m2, and vincristine at 1·4mg/m2 (capped at
2·0mg) on day 1, and oral prednisone at 60mg/m2/d on days 1–5. The
first response evaluation (evaluation #1) was performed between days
15 and 21 of the second R-CHOP cycle. Patients who achieved CR were
managed at the discretion of the treating physician. All patients with-
out CR received blinatumomab induction according to a schema pre-
viously evaluated in patients with de novo DLBCL12. This consisted of a
single 8-week courseof blinatumomabby continuous vein infusionat a
stepwise dose of 9μg/d in the first week, 28μg/d in the second week,
and 112μg/d thereafter. The second response evaluation (evaluation
#2) was performed 8–10 weeks after the initiation of blinatumomab
induction therapy. Patients who achieved anobjective response (CR or
PR) after induction were eligible to receive one further optional cycle
of blinatumomab consolidation. This consisted of a single 4-week

a b c

Fig. 3 | Duration of response (a) in the 9 patients responding to blinatumomab
induction; progression-free survival (b), and overall survival (c) in the 25
blinatumomab-treatedpatients.Related Kaplan-Meier curves are denoted by red

lines, with plots representing censored data. Dashed grey lines indicate 95% con-
fidence intervals. Source data are provided as a Source Data file.

Fig. 2 | Characteristics of response and progression during the study for the 25 patients treated with blinatumomab. R-CHOP, rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone. Source data are provided as a Source Data file.
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course of blinatumomab 9μg/d by continuous vein infusion in the first
week, 28μg/d in the secondweek, and 112μg/d thereafter. Any further
salvage or consolidation strategies, including autologous or allogeneic
HSCT, were to be performed at the discretion of the treating
physicians.

Before each rituximab infusion, premedication, including an
antihistaminic and paracetamol, was administered to minimise
infusion-related reactions. Methylprednisolone was administered
before the first infusion. During each R-CHOP cycle, granulocyte
colony-stimulating factor was given from days 6 to 12 or until the
neutrophil count reached ≥ 1 G/L. Before the first blinatumomab dose
in each cycle andwith every dose increase, the patients received 20mg
of prophylactic dexamethasone orally 6–12 h and 1 h prior to infusion
tominimise the risk of CRS and neurologic events. If signs of CRS were
noted, dexamethasone was administered at 8mg orally three times
daily for up to 72 h. Antipyretics were recommended to prevent fever

within the first two days of blinatumomab administration. Recombi-
nant erythropoietin was administered at the treating physician’s dis-
cretion. Prophylaxis for Pneumocystis jirovecii infection with
sulfamethoxazole/trimethoprim and antiviral prophylaxis with valaci-
clovir were recommended.

Statistical analysis
The trial was designed to detect CRR improvement after blinatumo-
mab induction from a baseline of 7% (as observed in a prospective
study evaluating R-CHOP4). The blinatumomab efficacy and safety
analysis sets included all patients in whom blinatumomab induction
therapywas initiated. The sample sizewas calculated based on Simon’s
two-stage design with the following assumptions: p0 = 0.10, p1 = 0.30,
type I error of 5%, and type II error of 20%. According to Simon’s
estimation, six or more CRs out of the 29 evaluable patients would be
required to declare overall success. An evaluable patient was defined
as one who started the first blinatumomab infusion. A maximum
dropout rate of 15% after debulking therapy was considered based on
the expected CRR reported with R-CHOP. Subsequently, a total of 35
patients were initially planned to be included at baseline; 10were to be
enrolled in the first stage, and the remaining 25 were to be enrolled in
the second stage. If one or none of the ten patients showed CR at the
first stage, the trial was to be stopped.

The dropout rate after the debulking therapy was higher than
expected. Accordingly, six additional patients were included, and the
sample size was re-estimated. Based on the sample size calculation by
Simon’s two-stage design with the aforementioned assumptions for p0

and p1, five or more CRs out of the 25 evaluable patients guarantee a
satisfactory statistical power, greater than 85%, for declaring overall
success, with a one-sided type I error of 5%.

The primary analysis will be performed in intention-to-treat. The
full analysis set included all patients who started their first cycle of
R-CHOP. The blinatumomab efficacy/safety analysis set corresponded
to all patients who started the blinatumomab induction course.

The primary endpoint was CRR according to the Lugano 2014
classification27 after an8-week induction course of blinatumomab.CRR
was the proportion of patients achieving CR after the blinatumomab
induction course among those who started blinatumomab; patients
who did not complete the induction course for any reason were con-
sidered non-responders at evaluation #2. The secondary endpoints
were the ORR after blinatumomab induction and consolidation treat-
ments according to the Lugano 2014 classification27, CRR after blina-
tumomab consolidation treatment according to the Lugano 2014
classification27, PFS, OS, duration of response, and blinatumomab
toxicity. AEs were evaluated in accordance with the National Cancer
Institute Common Terminology Criteria for Adverse Events, version 5.

All statistical analyses were performed using the Stata software
(version 13, StataCorp, College Station, TX, USA), GraphPad Prism
(version 9, GraphPad Software, Boston, MA, USA), and the R software
(version 4.1.3, R Core Team 2023), according to the International
Conference on Harmonisation-Good Clinical Practice guidelines.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Source data related to Figs. 2, 3, and Supplementary Fig. 2 are pro-
vided with this paper. The study protocol is available in the Supple-
mentary Information file. Aggregated data underlying the findings
described in this article and supporting clinical documents can be
obtained within 12 weeks after requesting and for unlimited time.
Requests will be made to the corresponding author (R.G.; rguie-
ze@chu-clermontferrand.fr) and reviewed by the FILO CLL committee
for scientific rationale and feasibility. The datasets generated and/or

Table 2 | Safety of blinatumomab induction therapy

All grades Grades
1–2*

Grades
3–4*

Fever 9 (36%) 9 (36%) 0

Anaemia 6 (24%) 4 (16%) 2 (8%)

Lymphocyte count decrease 6 (24%) 2 (8%) 4 (16%)

Hyperglycaemia 6 (24%) 5 (20%) 1 (4%)

White blood cell count decrease 4 (16%) 3 (12%) 1 (4%)

Platelet count decrease 4 (16%) 3 (12%) 1 (4%)

Hypoalbuminaemia 4 (16%) 3 (12%) 1 (4%)

Cytokine release syndrome 4 (16%) 4 (16%) 0

Dyspnea 4 (16%) 4 (16%) 0

Limb oedema 4 (16%) 4 (16%) 0

Headache 4 (16%) 4 (16%) 0

Hypomagnesaemia 4 (16%) 4 (16%) 0

Neutrophil count decrease 3 (12%) 2 (8%) 1 (4%)

Diarrhoea 3 (12%) 3 (12%) 0

GGT level elevation 2 (8%) 0 2 (8%)

Sepsis 2 (8%) 0 2 (8%)

Alkaline phosphatase level elevation 2 (8%) 1 (4%) 1 (4%)

Tremors 2 (8%) 2 (8%) 0

Constipation 2 (8%) 2 (8%) 0

Paresthesia 2 (8%) 2 (8%) 0

Hyperkalaemia 2 (8%) 2 (8%) 0

Hypocalcaemia 2 (8%) 2 (8%) 0

Hypokalaemia 2 (8%) 2 (8%) 0

Hyponatraemia 2 (8%) 2 (8%) 0

Immune system disorders - Others:
hypogammaglobulinaemia

2 (8%) 2 (8%) 0

Confusion 1 (4%) 0 1 (4%)

Encephalopathy 1 (4%) 0 1 (4%)

Anxiety 1 (4%) 0 1 (4%)

Fatigue 1 (4%) 0 1 (4%)

Ileal perforation 1 (4%) 0 1 (4%)

Musculoskeletal and connective tis-
sue disorder - Others: hip pain

1 (4%) 0 1 (4%)

Thromboembolic event 1 (4%) 0 1 (4%)

Catheter-related infections 1 (4%) 0 1 (4%)

Cholecystitis 1 (4%) 0 1 (4%)
*Comprising grades 1–2 treatment-emergent adverse events (AEs) that occurred in at least 2
patients and all grade 3 or higher AEs during induction in the blinatumomab safety/efficacy set
(n = 25).
AEs were reported and graded according to the Common Terminology Criteria for Adverse
Events guidelines, version 4. Data are presented as n (%).
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analysed during the current study are not publicly available due to
proprietary considerations. All data provided are anonymized to
respect the privacy of patients who have participated in the trial, in line
with applicable laws and regulations. The remaining data are available
within the Article, Supplementary Information, or Source Data
file. Source data are provided in this paper.
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