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Background: Patients with diffuse large B-cell lymphoma (DLBCL) relapsing early

(within 12 months) or primary refractory to induction therapy with rituximab (R)

and CHOP have a poor prognosis. We therefore initiated a study with

obinutuzumab and venetoclax.

Study design andmethods: Twenty-one patients with DLBCL (relapsed within 12

months or primary refractory), detectable Bcl-2 protein expression, and CD20

positivity were included in this prospective single-arm study between 2016 and

2021. Obinutuzumabwas administered i.v. at a dose of 1,000mg on days 1, 8, and

15 in cycle 1 and on day 1 of each of the following 21-day cycles. Venetoclax was

given at 800 mg daily p.o. continuously. Treatment was repeated for up to three

cycles. Eligible patients were planned to either proceed to cellular therapies or

receive up to nine cycles of maintenance. The primary endpoint was objective

response rate (ORR) after three cycles (Eudract Nr. 2016-001760-10

and NCT02987400).
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Results: Twenty-one patients (median age, 64 years) with refractory or early

relapsed DLBCL after one (N = 11) to four previous lines of therapy were included.

The majority of patients received three cycles of obinutuzumab/venetoclax

(range, 1–8). The regimen was well tolerated with manageable cytopenias and

infections. Severe adverse events related to treatment were observed in 9.5%.

The ORR was 38.1% (8/21 patients) with a best response of five complete

remissions (CRs; 23.8%) and three partial remissions (PRs; 14.2%). The primary

endpoint (45%ORR) was notmet. Response duration was 83.3% at 84 days, with a

progression-free survival of 38.8% at 84 days and 25.9% at 168 days and amedian

overall survival of 169.1 weeks. All deaths were due to underlying disease. Seven

patients became eligible for autologous transplant. Overall, nine patients (42.8%)

received 11 cellular therapies (5 ASCT and 6 CAR-T). Three patients went directly

from obinutuzumab/venetoclax to CAR-T therapy. All patients had successful

peripheral stem cell or T-cell harvests. Characteristics of responders include

relapsed disease (response rate, 6 of 11 = 54%), very good or good R-IPI (7 of 8),

and low number of previous therapies (median = 1).

Conclusion: Obinutuzumab/venetoclax represents an effective chemo-free

relapse regimen with low toxicity that can be followed by cellular therapies,

particularly CAR-T cells.
KEYWORDS

diffuse large B-cell lymphoma, early relapsed or refractory, obinutuzumab, venetoclax,
chemo-free
Introduction

One-third of patients with diffuse large B-cell lymphoma

(DLCBL) relapse after induction with rituximab (R) and

anthracycline-containing therapy or have primary refractory

disease (1, 2). Patients relapsing early (within 12 months) or

primary refractory to induction therapy with rituximab (R) and

CHOP or CHOP-like regimens have a particularly poor prognosis

(3–5). Sequencing of treatment is of great importance, particularly

with novel therapies emerging. Dose intensification of

chemotherapy is ineffective in most cases of refractory DLBCL

and many patients never achieve a remission, making them

ineligible for stem cell transplantation. Patients with initially

chemoresistant DLBCL have a 1-year survival of only 22% after

treatment with high-dose therapy and autologous stem cell

transplantation (6). Patients with DLBCL relapsing within 12

months and treated with conventional immunochemotherapy

with R, followed by autologous stem cell transplantation, have a

3-year progression-free survival (PFS) of 23% (7–9). The new

standard for refractory and early relapsing large B-cell

lymphomas has been set by two seminal trials showing that

therapy with chimeric antigen receptor T-cells (CAR-T)

(axicabtagene ciloleucel and lisocabtagene maraleucel) is superior

to autologous transplantation in eligible patients (10, 11). While

bridging to CAR-T cell therapy was not allowed in one trial, 63%
02
received bridging therapy before CAR-T infusion in the other. In

the real world, the majority of patients are currently bridged

(12–17).

Moreover, patients not eligible for transplantation may receive

CAR-T cells or alternative therapies in the second or third line

(12, 17).

This indicates the importance of sequencing therapies. Bridging

to cellular therapies can be achieved by conventional

immunochemotherapy in some patients, but lymphomas with

molecular aberrations such as TP53 mutations or alterations of

the MYC and BCL2 genes are frequently resistant to chemotherapy

(18, 19). Therefore, agents like ibrutinib, lenalidomide, selinexor, or

polatuzumab vedotin have been used (20–23). Importantly, the

inclusion of agents like bendamustin in some of these therapies

will hamper the quality of T-cell harvests for further treatment

(24, 25).

The second-generation anti-CD20 antibody obinutuzumab

(GA-101) and the BH3-mimetic/Bcl-2 inhibitor venetoclax (ABT-

199, GDC-0199) have shown excellent activity in other B-cell

lymphomas (26, 27). Obinutuzumab and venetoclax for initial

treatment of DLBCL have been studied as singular additions to

R-CHOP in the GOYA and CAVALLI trials (28, 29). Of note,

venetoclax was able to overcome in part the poor prognostic effect

of TP53 deletions in CLL (30). This is in line with the action of BH3-

mimetics downstream of TP53 (31). In a recent study, a few
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complete remissions (CRs) with venetoclax monotherapy have been

observed in r/r DLBCL (32).

Given the chemoresistance of refractory and early relapsing

DLBCL, there was a strong rationale to use obinutuzumab and

venetoclax in a “chemo-free” combination as novel targeted agents

instead of classical relapse chemotherapies such as cisplatin-

containing regimens. The immediate goal of such studies is to

improve outcome in patients in whom intensification of

chemotherapy is expected to fail.

The study presented here wanted to
Fron
• establish safety of the obinutuzumab/venetoclax

combination therapy in r/r DLBCL including a 9-month

consolidation phase

• prepare patients for cel lular therapies without

chemotherapy or to maintain remission in patients not

eligible for transplant.
While novel antibodies and bispecific agents have shown

superior activities since the study was conducted, the results of

the NHL15B study serve as a proof of principle for chemo-free

reinduction or bridging on the way to cellular therapies.
Patients and methods

Patients

Twenty-one patients with DLBCL (according to the WHO 2016

classification) were included in this prospective pilot trial between

09/2016 and 09/2021 (33). The last patient was treated in 06/2020.

Major inclusion criteria were as follows: A histologically confirmed

relapse within 12 months after having achieved a partial remission

(PR) or CR after initial R-anthracycline containing therapy, or

refractoriness to initial R-anthracycline containing therapy (not

achieving at least a partial response), detectable Bcl-2 protein

expression, and CD20 positivity (Supplementary 1 – Study

Protocol). The study was approved by the EC of the Medical

University of Vienna.
Treatment

Patients received obinutuzumab i.v. at a dose of 1,000 mg on

days 1, 8, and 15 in cycle 1 and on day 1 of each of the following 21-

day cycles (Supplementary 2.1). Venetoclax was given at 800 mg

daily p.o. starting from day 1 of cycle 1. Treatment was repeated for

up to three cycles. Eligible patients were initially planned to proceed

to autologous stem cell transplantation or maintenance with up to

nine cycles if ineligible for ASCT. During the conduct of the study,

CAR-T cells became another option for these patients. While this is

not formally amended in the Protocol, we refer to ASCT and CAR-

T cell therapy as “cellular therapies” in this report.

The trial was registered under EudraCT Nr. 2016-001760-10

and NCT02987400.
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Study design and statistical methods

The study was conducted as a non-comparative, Fleming-

design Phase II single-arm study (Supplementary 1 – NHL15B

protocol). A run-in phase for the first 6 patients and a futility

analysis (after 10 patients) were done. The first response assessment

(including PET-CT) was performed after the first cycle of

obinutuzumab/venetoclax and patients with at least stable disease

(SD) or better were planned to receive two additional cycles of

therapy and then have assessment after a total of three cycles.

Patients with CR or PR after three cycles of therapy could either go

on to cellular therapy or receive nine further cycles of the

combination therapy (if transplant ineligible). In this case,

assessments were performed after 6, 9, and 12 cycles.

Patients with progressive disease at any time point or SD after

three cycles were taken off study.

The recruitment period was 35 months after amendment #4.

Data cutoff was conducted in July 2020, with a final overall survival

follow-up in December 2022.

The primary endpoint was objective response rate (ORR) by the

Lugano 2014 criteria after three cycles (investigator-assessed) (34).

Responses were assessed based on local PET-CT results. There was

no review adjudication committee (RAC) or centralized PET-CT

review. Secondary objectives included dose-limiting toxicities,

response duration, progression-free survival, overall survival, and

ability to proceed to further stem cell therapy.

A Phase II Fleming design with a = 0.05 and b = 0.2 (power =

80%) was applied. The null hypothesis that the ORR is not greater

than 20% was tested against the alternative hypothesis that the ORR

is at least 45%. A total of 21 evaluable patients were analyzed at the

end of the study, and the null hypothesis is rejected if at least eight

responders are observed.
Biomarkers

A biomarker program investigated histopathologic, genomic,

and biological factors associated with outcome. Genomic analysis

from tumor samples was conducted by FoundationOne®Heme.
Results

Patient characteristics

Basic characteristics of the 21 patients with refractory or early

relapsed DLBCL confirm the poor prognostic features of the intent-

to-treat (ITT) study population (Table 1) (Supplementary 2.2. –

CONSORT Flow Diagram). This includes advanced clinical stage

and poor R-IPI at first diagnosis (35). Almost half of the patients

were refractory to first-line treatment. Of note, 3 patients needed

additional therapy between their first-line therapy and

obinutuzumab and venetoclax, due to logistic delays. Patients

received a median of three cycles of obinutuzumab/venetoclax

(range, 1 to 8).
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Response

The primary endpoint of the study was response rate (best

overall response after three cycles of obinutuzumab and venetoclax

at 45%). This endpoint was not met. An objective response was

achieved in 8 of 21 patients (38.1%, 95% CI: 20.8, 59.1), namely, 5
Frontiers in Hematology 04
complete responses (23.8%) and 3 partial responses (14.2%) (ITT

population). Five patients had stable (25%) and eight had

progressive disease (38%). Two complete responses were observed

after cycle 1 and three complete responses were observed after cycle

3. After cycle 1, two CRs, five PRs, and six SDs were observed.

The PFS was 38.8% at 84 days and 25.9% at 168 days, while the

median overall survival was 169.1 weeks (Figure 1; Supplementary

2.3.). At final visit, 20% were in complete response. Progressive

disease was treated with various regimens including chemo-

immunotherapy, bispecific agents, antibody–drug conjugates,

immunomodulators, or small molecules. At the end of the study,

7 patients (33.3%) had died. All deaths were attributable to

progressive disease.
Eligibility for cellular therapy
and maintenance

One goal of this study was to enable patients to receive cellular

therapies. Seven patients became eligible for autologous transplant

due to their response status. Overall, nine patients (42.8%%)

received 11 cellular therapies (5 ASCT and 6 CAR-T). Three

patients went directly from obinutuzumab/venetoclax to cellular

therapies (three CAR-T). All patients receiving ASCT had

intermittent immunochemotherapies. Two patients had

consecutive ASCT as well as CAR-T cell therapies. All patients

had successful peripheral stem cell or T-cell harvests, indicating that

obinutuzumab/venetoclax does not affect the ability to collect cells

for further therapies.
Maintenance

Three patients went on to receive obinutuzumab/venetoclax

maintenance after achieving a response. Two patients elected not to

go on to cellular therapy at this stage.
TABLE 1 Patient characteristics at study entry.

Patients N = 21

Median age 64 (range, 47–77)

Sex, m/f 9/12

ECOG status

0/1/2/3/unknown 9/6/1/1/4

Clinical stage at diagnosis

I/II/III/IV 0/3/9/9

Bone marrow involvement 2

LDH > UNL 16

Bulky disease 6

Extranodal involvement 7

R-IPI

Very good 2

Good 8

Poor 11

Refractory/relapsed within 12 months/unknown 9/11/1

Lines of previous treatment

1/2/3 18/1/2

DLBCL subtype/COO

GCB/non-GCB 11/10
FIGURE 1

Kaplan–Meier estimate for overall survival.
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Subgroup analysis

Characteristics of responding patients corresponded to good risk

features of their DLBCL: 7 of 8 responding patients had an initial R-IPI

of very good or good, while 10 of 13 non-responders had a poor R-IPI

(p = 0.015) (Supplementary 2.4). Six of eight responding patients had

relapsed as opposed to refractory disease. The response rate in relapsed

patients was 6/11 (54%). Overall, responders were characterized by

favorable R-IPI, only one line of pretreatment, and early relapse (not

refractory). The cell of origin (GCB vs. non-GCB) did not seem to have

an impact on response in this small patient group. There was also no

impact of double-hit translocations.

Mutational analysis was available in 10 patients (Supplementary

2.5). There were no obvious findings associated with response. Of

note, two TP53 aberrations were noted in non-responders. IGH-

BCL2 rearrangements as well as BCL2 mutations were observed in

responders and non-responders.
Safety

The study treatment was well tolerated (Table 2; Supplementary

2.6). Eleven patients had related adverse events, with only 9.5%

related serious adverse events. Nausea, diarrhea, fatigue, pyrexia,

and hypokalemia were frequent adverse events. Of note,

hematologic toxicity (neutropenia and thrombocytopenia) was

acceptable and was managed with G-CSF and antibiotics. None of

the patients needed a transfusion of blood components.
Discussion

The NHL15B trial was intended to induce responses in

refractory or early relapsing DLBCL with a chemo-free regimen
Frontiers in Hematology 05
with low toxicity. While it was not expected to produce durable

responses, one major goal was to prepare these patients for cellular

therapies. The rationale was that many of these patients are already

refractory to conventional immune-chemotherapy and may not

reach a partial or complete response to make them eligible for

autologous transplantation, which was still the preferred second-

line treatment at the start of the trial (36). This was also confirmed

by the fact that in the ZUMA-7, TRANSFORM, and BELINDA

trials, only 32% to 46% could be transplanted in the second line (10,

11, 37). On the other hand, more than 90% could receive CAR-T

cells in all three trials investigating this cellular therapy as second-

line therapy for DLBCL (10, 11, 37). Therefore, we have later also

included patients who were able to receive CAR-T cells after

obinutuzumab/venetoclax. Patients eligible for CAR-T cell

treatment do not necessarily have to be in response; however,

patients with (rapidly) progressive disease have a poorer outcome

(38, 39). While the primary endpoint of the study (45% best ORR)

was not met, obinutuzumab/venetoclax may be seen as a reasonable

bridging therapy since 62% of patients in NHL15B had a CR, PR, or

SD, making them good candidates for CAR-T cells. Indeed, in this

trial, eight patients went on to cellular therapies including six CAR-

T cell treatments.

While this trial was recruiting, novel chemo-free therapies were

studied and recently approved. Table 3 shows the response rates of

these regimens in poor-risk relapsing or refractory patients (20, 21,

40–43). Only two of these studies (with bispecific antibodies) had

ORRs above 45%. There are no data for most of these therapies in

the second line. However, obinutuzumab/venetoclax in the second-

line refractory or early relapsing patients was equally effective as

other chemo-free regimens (albeit mostly administered in heavily

pretreated patients) with the exception of the novel bispecific agents

(42, 43). However, glofitamab or epcoritamab may currently not be

accessible everywhere. The addition of a checkpoint inhibitor did

not seem to add efficacy as compared to the study by Herbaux

et al. (40).

Obinutuzumab/venetoclax was particularly effective in patients

after first-line treatment with a relapse after initial response (not

refractory) with a favorable IPI. The response rate in these patients

makes this treatment an alternative bridging strategy to be

considered. Obinutuzumab/venetoclax was less effective in

refractory patients with a high R-IPI. Of note, three patients

responded for longer than three cycles and went on to

maintenance therapy.

While the obinutuzumab/venetoclax combination has not been

studied in the second line except for this trial, both single substances

have been used with (R)-CHOP therapy (28, 29). Obinutuzumab

with CHOP showed benefit over R-CHOP in patients with GCB-

DLBCL (28). This was not obvious in our study but we note that

three patients with a GCB-type DLBCL were among the CR patients

(Supplementary 2.2). Venetoclax showed a slightly improved long-

term outcome compared with R-CHOP controls mainly in the Bcl-2

ICH-positive subgroup in the CAVALLI study (29). Since the

NHL15B study required Bcl-2 positivity as entry criterion, this

observation cannot be made. Nevertheless, inhibition of Bcl-2 may

increase the rate of apoptosis in expressing cells in addition to

obinutuzumab monotherapy (31, 44–47).
TABLE 2 Adverse events (ITT population).

Adverse Events ITT Population

Any AE 18 (85.7%)

Any related AE 11 (52.4%)

Any SAE 10 (47.6%)

Any related SAE 2 (9.5%)

Any AE leading to dose modification 7 (33.3%)

AE or SAE >10% Nausea, diarrhea, fatigue,
pyrexia, hypokaliemia

Hematologic toxicity:

Neutropenia CTC G ≥ 3 8 in 7 patients (33.3%)

Thrombocytopenia CTC G ≥ 3 4 in 3 patients (19.0%)

Infections 19%, Pneumonia 9.5%, Candida 4.8%,
URT 4.8%, COPD infection 4.6%

Polyneuropathy 4.8%

Cardiac disorders 4.8%
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In this study, we also obtained genetic analysis of the initial

tumor in half of the patients. With these low numbers, no definitive

statements can be made. In a study investigating mutations in

GOYA and CAVALLI, a trend towards improved survival outcomes

for patients in the BCL2/EZH2 cluster upon treatment with the Bcl-

2 inhibitor venetoclax was found (48).

We observed IGH-BCL2 or BCL2 as well as EZH2 mutations in

both responding and non-responding patients. BTG1 and

CDKN2A/B mutations that had been associated with resistance to

venetoclax in CLL were also found in both subgroups (49). We note

that the two TP53 mutations occurred in non-responders, pointing

towards some resistance to the obinutuzumab/venetoclax

combination as shown for CLL or immunotherapies in DLBCL

(18, 19, 50, 51). We and others have shown that female patients

respond better to CD20-antibody therapies (52). In this study, five

of eight responders were female.

An increased myelotoxicity was observed with venetoclax in

combination with immunochemotherapy (29). Based on the results

of the CAVALLI 1b study, we applied 800 mg of venetoclax without

ramp-up since tumor lysis was rarely observed in DLBCL (53, 54).

In addition, venetoclax at a dose of 800 mg was given daily

throughout the treatment, while in CAVALLI, an intermittent

schedule was applied (29). We reasoned that hematologic toxicity

should still be acceptable without concomitant chemotherapy.

Toxicity in NHL15 was manageable with acceptable rates of

neutropenia and infections. This could represent argument for the

use of obinutuzumab/venetoclax as bridging to cellular therapies. The

therapy creates a window of approximately 3 months in responding

patients. Another argument for its use for bridging before CAR-T

cells would be that the seven patients responded and six patients had

SD already after cycle 1 of obinutuzumab/venetoclax. Since late

complications of CAR-T cell therapies may also be a function of

preceding toxic treatments, a chemo-free regimen may help to avoid

these events (55, 56). Finally, obinutuzumab/venetoclax did not

impair the ability to harvest peripheral blood stem cells or T cells,

even if followed by other treatments. Together with novel therapeutic

possibilities, including CAR-T cells and bispecific antibodies is

probably reflected in a reasonable overall survival.
Frontiers in Hematology 06
Limitations

While this pilot study showed the feasibility and low toxicity

of the therapy, and even though the study was designed to have

enough power for the primary endpoint of the ORR, the

ambitiously high assumption of 45% response rate contributed

to the negative outcome of the study. Recruitment was slow due

to the initiation of trials with other novel agents, particularly

bispecific antibodies. Owing to logistic delays, three patients have

received one (two patients) or two (one patient) additional cycles

of R-DHAP while being prepared for the study. Two of these

patients also progressed during obinutuzumab/venetoclax,

while one patient responded with a CR. Given the 38%

ORR, it is unlikely that this 2:1 distribution has influenced the

study outcome.

The initial assumption that patients would go on to autologous

stem cell transplant had to be revised for CAR-T cells/cellular

therapies. Effective bispecific antibodies have now been approved

after the second line and will probably be also used in the second

line. Nevertheless, obinutuzumab/venetoclax may be a good

alternative in some instances.
Conclusion

The NHL15B study showed that responses can be induced in

38% of patients with refractory or early relapsing DLBCL and can be

followed by cellular therapies, particularly CAR-T cells. The low

toxicity of this treatment may make it a useful alternative to other

options in selected, low-risk DLBCL patients.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
TABLE 3 Selected novel chemo-free regimens for relapsed/refractory DLBCL.

Treatment ORR CR Comment Ref

Obinutuzumab/venetoclax 38.1% 23.8% NHL15B, BOR, EOT 20% This study

Obinutuzumab/venetoclax/atezolizumab 23.6% 18% End of induction/8 cycles Herbaux et al. (40)

Ibrutinib 25.8% 10.3% 37% ORR, 16% CR in ABC-DLBCL Wilson et al. (20)

Lenalidomide 33% 16% Meta-analysis Li et al. (21)

Selinexor 28% 12% 2–5 prior lines Kalakonda et al. (22)

Mosunetuzumab 42% 23.9% Heavily pretreated DLBCL Bartlett et al. (41)

Glofitamab 52% 39% 3 prior lines median Dickinson et al. (42)

Epcoritamab 63.1% 38.9% 3 prior lines median Thieblemont et al. (43)
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