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Key Points

• Atezo–R-CHOP
appeared to improve
CR rates compared
with historical controls
but not so much as to
warrant further study.

• The atezo–R-CHOP
combination
introduced immune-
related AEs; however,
these did not interfere
with the delivery of
R-CHOP.
 by guest on 18 M
ay 2024
Rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) is

the current standard therapy for patients with diffuse large B-cell lymphoma (DLBCL) and is

curative in ~60% of patients. Atezolizumab is a humanized immunoglobulin G1 monoclonal

antibody that targets programmed death–ligand 1 and has previously shown antitumor

activity in several tumor types. In a phase 1b/2 trial (NCT02596971), we evaluated the safety

and efficacy of atezolizumab in combination with R-CHOP (atezo–R-CHOP; for 6-8 cycles) in

patients with previously untreated DLBCL. Patients achieving a complete response (CR) at

the end of induction received consolidation therapy with atezolizumab on day 1 of each

21-day cycle for an additional 17 cycles. Overall, 42 patients with DLBCL were included in

this analysis. The primary endpoint, CR rate at the end of induction, as assessed by an

independent review committee (modified Lugano 2014 criteria), was 77.5% (95%

confidence interval [CI], 64.0-87.7; n = 40). Investigator-assessed progression-free survival

and overall survival at 3 years were 77.4% (95% CI, 59.7-88.0) and 87.2% (95% CI, 71.9-94.5),

respectively. All treated patients experienced ≥1 adverse event (AE; 32 patients [76.2%] had

grade 3-4 AE). One patient had a fatal AE (unconfirmed progressive multifocal

leukoencephalopathy) that was considered related to atezolizumab and rituximab, and 17

patients (40.5%) experienced atezolizumab-related AEs of special interest. In previously

untreated patients with DLBCL, atezo–R-CHOP demonstrated encouraging clinical efficacy

and a safety profile consistent with the known toxicities of the individual drugs. This trial

was registered at www.clinicaltrials.gov as #NCT02596971.
ber 2022; prepublished online on Blood
l version published online 14 April 2023.
008344.

individual patient-level data through the
at https://vivli.org/ourmember/roche/.

the Sharing of Clinical Information are
g.

Anonymized records for individual patients across more than one data source external
to Roche cannot and should not be linked because of the potential increase of patient
re-identification.

The full-text version of this article contains a data supplement.

© 2023 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

25 APRIL 2023 • VOLUME 7, NUMBER 8

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://www.clinicaltrials.gov/
https://doi.org/10.1182/bloodadvances.2022008344
https://vivli.org/ourmember/roche/
https://go.roche.com/data_sharing
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2022008344&domain=pdf&date_stamp=2023-04-14


D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/7/8/1488/2045843/blooda_adv-2022-008344-m

ain.pdf by guest on 18 M
ay 2024
Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common type
of aggressive non-Hodgkin lymphoma.1 Rituximab, an anti-CD20
monoclonal antibody, in combination with chemotherapy (cyclo-
phosphamide, doxorubicin, vincristine, and prednisone [R-CHOP])
is the current standard front-line therapy for advanced-stage
DLBCL, significantly improving survival compared with chemo-
therapy alone.2,3 Although standard R-CHOP therapy is curative in
~60% of patients with DLBCL, the remainder of patients experi-
ence refractory or relapsed disease due to R-CHOP resistance,
and poor outcomes are observed in these patients.4 An interna-
tional study (SCHOLAR-1) reported the median overall survival
(OS) to be 6.3 months for patients with DLBCL refractory to first-
line treatment.5

R-CHOP remains the standard of care for patients with previously
untreated DLBCL.3,6 The addition of the type 2 anti-CD20 anti-
body, obinutuzumab, to chemotherapy has not improved
progression-free survival (PFS) compared with the standard
rituximab-based chemoimmunotherapy.6,7 Various attempts have
been made to improve outcomes in patients with DLBCL; in recent
years, multiple novel targeted agents have been added to
R-CHOP, including lenalidomide, bortezomib, and ibrutinib.4,8-10

However, until recently, none of these combination therapies had
improved outcomes in randomized phase 2/3 trials compared with
R-CHOP alone. Recent data from a phase 3 trial (NCT03274492)
evaluating polatuzumab vedotin plus R-cyclophosphamide, doxo-
rubicin, and prednisone demonstrated a prolongation of PFS
compared with R-CHOP (hazard ratio, 0.73; 95% confidence
interval [CI], 0.57-0.95; P = .02; 2-year PFS, 76.7% vs 70.2%),
with no OS benefit.11,12

Atezolizumab, a humanized immunoglobulin G1 monoclonal anti-
body that targets programmed death–ligand 1 (PD-L1), prevents
the interaction between PD-L1 and its receptor, programmed cell
death protein 1 (PD-1). Atezolizumab was engineered to eliminate
the Fc-effector function via a single amino acid substitution at
position 298 on the heavy chain, resulting in a nonglycosylated
antibody that has minimal binding to Fc receptors and conse-
quently eliminates detectable Fc-effector function. By eliminating
the Fc-effector function and antibody-dependent cell-mediated
cytotoxicity, the antibody-mediated clearance of activated effector
T cells is also eliminated.13 Atezolizumab has previously shown
promising antitumor activity in several tumor types and hematologic
malignancies.14-17

Furthermore, preclinical studies and phase 1 clinical trials have
demonstrated that the combination of targeted therapies and PD-1
inhibition can lead to durable responses not achieved with either
agent alone, thereby potentially enhancing therapeutic activity.18,19

A phase 1 trial (NCT02541565) with the anti–PD-1 antibody
pembrolizumab in combination with R-CHOP demonstrated a
2-year PFS rate of 83% in patients with previously untreated
DLBCL.20 We hypothesized that the addition of atezolizumab to
R-CHOP (atezo–R-CHOP) may enhance antitumor immune acti-
vation, leading to robust and long-lasting antitumor responses, with
the potential to improve patient outcomes.

To evaluate this hypothesis, we performed a phase 1b/2 clinical
trial (NCT02596971) to assess the safety and efficacy of induction
25 APRIL 2023 • VOLUME 7, NUMBER 8
therapy with atezo–R-CHOP followed by consolidation with single-
agent atezolizumab in patients with previously untreated DLBCL.
The safety and efficacy of atezolizumab and obinutuzumab plus
bendamustine in patients with follicular lymphoma were also eval-
uated in this trial; the results of this analysis will be published
separately.
Methods

Trial design

This open-label, nonrandomized, phase 1b/2 trial in patients with
previously untreated follicular lymphoma or DLBCL included an
initial safety run-in phase with intensive safety monitoring before the
main enrollment (expansion phase). Here, we report the data from
patients with previously untreated DLBCL who were enrolled in the
expansion phase.

The trial was conducted in accordance with the declaration of
Helsinki and Good Clinical Practice. The trial protocol was
approved by participating center ethics committees. All patients
provided written informed consent.

Patients and treatment

Patients aged ≥18 years with previously untreated advanced
DLBCL (defined as stage III or IV, with an International Prognostic
Index (IPI) ≥ 2, or stage II with bulky disease) and an Eastern
Cooperative Oncology Group performance status (ECOG PS) of
0 to 2 were eligible to participate. All details of the inclusion and
exclusion criteria are outlined in supplemental Methods.

Induction treatment consisted of R-CHOP therapy during cycle
1, followed by atezo–R-CHOP from cycle 2 onwards: atezoli-
zumab 1200 mg intravenously (IV) every 3 weeks; rituximab
375 mg/m2 IV for cycles 1 to 8; plus 6 or 8 cycles of standard-
dose CHOP. Eligible patients achieving complete response (CR)
at the end of induction (EOI) received consolidation therapy
consisting of atezolizumab 1200 mg IV on day 1 of each 21-day
cycle for an additional 17 cycles. Atezolizumab was added to
rituximab starting with cycle 2 to mitigate the risk of increased
infusion-related reactions (IRRs) during the first infusion of ritux-
imab. The incidence and severity of IRRs related to rituximab
decreased substantially with the second and subsequent
infusions.

Study endpoints and assessments

The primary efficacy endpoint was a CR rate at EOI (by positron
emission tomography–computed tomography [PET-CT]) deter-
mined by an independent review committee (IRC) using modified
Lugano 2014 criteria, whereby the designation of a partial
response (PR) per PET-CT required the response to meet the
criteria for a PR or CR per CT scan, and if there was bone marrow
involvement at baseline, a CR had to be confirmed by a negative
bone marrow biopsy at EOI.21

Secondary efficacy endpoints included an investigator-assessed
CR rate at EOI using the Lugano 2014 criteria, CR rate at EOI
by the IRC and investigator (modified Cheson 2007 criteria),22 and
an objective response rate (ORR) at EOI by the IRC and investi-
gator (Lugano 2014 and modified Cheson 2007 criteria).
ATEZOLIZUMAB COMBINATION THERAPY IN DLBCL 1489



Table 1. Baseline characteristics (safety population)

Patient characteristic

DLBCL safety

population (N = 42)

Median age (range) at baseline, y 65 (22-84)

Age category, n (%)

≥65 y 22 (52)

<65 y 20 (48)

Sex, n (%)

Male 26 (62)

Female 16 (38)

Ann Arbor stage at diagnosis, n (%)

III/IV 40 (95)

IPI risk group at diagnosis, n (%)

Low-intermediate (2) 11 (26)

High-intermediate/high (3-5) 29 (69)

ECOG PS, n (%)

0-1 37 (88)

Bone marrow involvement, n (%) 6 (14)

Extranodal involvement, n (%) 31 (74)

Bulky disease (≥7.5 cm), n (%) 20 (48)

Cell-of-origin classification, n (%) (N = 33)

ABC 11 (33)

GCB 18 (55)

Unclassified 4 (12)

ABC, activated B-cell like; GCB, germinal center B-cell-like.
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The exploratory efficacy endpoints included OS, PFS, and minimal
residual disease (MRD) (centrally assessed using next-generation
sequencing). MRD as an exploratory endpoint was centrally
assessed by the next-generation sequencing of the B-cell recep-
tor’s variable, diversity, and joining region (Adaptive Biotechnologies
Corp, Seattle, WA), as previously described.23 In brief, clones were
identified from a baseline tissue using the ClonoSEQ assay
(version 2; Adaptive Technologies).24 The test for sequence accu-
racy assessed ~442.5 million nucleotides for sequence agreement
between the original calibrating clonotype sequence and the
sequences identified in the MRD assessment. The overall observed
sequence error rate was ~3.5 parts per 100 000.

The relationship between the EOI response and PD-L1 or CD8
expression (the median cutoff was used to study the association
between expression and response), measured using immunohis-
tochemistry (IHC), was evaluated post hoc as an exploratory
endpoint. IHC assays were performed on pretreated, formalin-fixed,
paraffin-embedded tissue samples for PD-L1 using clones SP142
and SP263 and for CD8 using clone SP57. PD-L1 was scored
based on the tissue area occupied by PD-L1+ cells using the
following algorithm: IHC 0 ≤ 1%, IHC 1 = 1%–5%, IHC 2 = 5%–

10%, and IHC 3 ≥10%. CD8 staining was scored based on the
tumor area occupied by CD8+ cells (scored as the percentage of
CD8+ cells in the tumor area).

Gene expression profiling was carried out using the NanoString
nCounter analysis system (NanoString Technologies, Inc., Seattle,
WA) for cell-of-origin analysis. The quality control of RNA samples,
analysis of samples, and provision of raw data files were carried out
by NanoString Technologies, Inc, who performed the data analysis
and provided the final cell-of-origin results.

Safety and tolerability were assessed, including documentation of
adverse events (AEs), serious AEs (SAEs), and AEs of special
interest (AESIs; related to atezolizumab). AESIs related to atezoli-
zumab were defined as pneumonitis, colitis, endocrinopathies,
hepatitis, systemic lupus erythematosus, neurological disorders,
hypersensitivity reactions, nephritis, ocular toxicities, myositis,
myopathies, vasculitis, and grade ≥2 cardiac disorders.

Statistical analysis

The first patient was enrolled on 28 December 2015, and the final
data cutoff date for the results presented here was 8 May 2020.

Up to 40 patients with DLBCL were planned to be enrolled and
receive atezo–R-CHOP treatment. Assuming an observed PET-
CT–defined CR rate of 72% was achieved, the sample size was
deemed to be sufficient for providing adequate precision for the
CR rate and for the lower limit of the 90% CI to rule out a clinically
uninteresting CR rate of <59%, a value selected based on the CR
rate for R-CHOP reported in the GOYA study.6

All PET-evaluable patients who received at least 1 dose of ate-
zolizumab were included in the efficacy population. All patients
who received any study drug were analyzed for safety. The pro-
portion of patients achieving CR at EOI and the two-sided 90%
Clopper–Pearson exact CI were calculated. Patients without a
postbaseline tumor assessment were considered nonresponders.
Kaplan-Meier analysis was used to assess PFS and OS, with a
Cox proportional hazards model used to calculate hazard ratios
and 95% CIs.
1490 YOUNES et al
Results

Patients

A total of 42 patients with previously untreated DLBCL were
enrolled and received treatment with R-CHOP. Two patients were
withdrawn from the study before starting atezolizumab treatment
(withdrawn consent, n = 1; physician decision, n = 1). As shown in
Table 1, 52% of the patients were aged ≥65 years and 62% were
male. Most patients had advanced-stage disease at diagnosis (Ann
Arbor stage III/IV: 95%), 69% were in the high-intermediate/high
(3-5) IPI risk group, and 74% had extranodal involvement.

Seven patients discontinued the study treatment before EOI (AE,
n = 4; progressive disease [PD], n = 1; other, n = 2); 4 additional
patients (9.5%) discontinued at EOI (PD, n = 2; PR, n = 2)
(supplemental Figure 1). Of the 31 patients with a CR-initiated
consolidation treatment, 16 discontinued treatment during the
consolidation phase (AE, n = 8; PD, n = 3; physician decision,
n = 1; withdrawal by subject, n = 4).

Clinical activity

At the time of data cutoff (8 May 2020), the median observation
time in the study population was 32.3 months (range, 0.7-38.6
months), and the median length of time on treatment was 11.1
months (range, 0.0-20.4 months). The median time from the initial
diagnosis to treatment was 0.74 months (range, 0.1-2.4 months).
Patients who received at least 1 dose of atezolizumab were eval-
uated for efficacy at EOI (N = 40). The clinical response rates for
25 APRIL 2023 • VOLUME 7, NUMBER 8



Table 2. IRC- and investigator-assessed responses at EOI (efficacy-evaluable population; N = 40)

Modified Lugano 2014

criteria (PET-CT) Lugano 2014 criteria (PET)

Modified Cheson 2007

criteria (CT or MRI and PET)

IRC Investigator IRC Investigator IRC Investigator

ORR, n (%) 35 (87.5) 35 (87.5) 35 (87.5) 35 (87.5) 36 (90.0) 35 (87.5)

CR 31 (77.5) 30 (75.0) 32 (80.0) 31 (77.5) 31 (77.5) 30 (75.0)

PR 4 (10.0)* 5 (12.5)*,† 3 (7.5) 4 (10.0) 5 (12.5)* 5 (12.5)*

SD, n (%) — — — — 1 (2.5) —

PD, n (%) 2 (5.0) 2 (5.0) 2 (5.0) 2 (5.0) 2 (5.0) 2 (5.0)

NE, n (%)‡ 3 (7.5) 3 (7.5) 3 (7.5) 3 (7.5) 1 (2.5) 3 (7.5)

MRI, magnetic resonance imaging; NE, nonevaluable; SD, stable disease.
*One patient response was downgraded from CR to PR because of missing bone marrow biopsy.
†One patient had a PR at EOI by investigator, confirmed CR with biopsy after patient started consolidation. This patient was evaluated as CR by IRC at EOI.
‡Two patients from the same site were missing EOI PET, 1 patient had PD by CT, and 1 patient discontinued treatment after cycle 3 because of AEs, in PR by CT. One patient withdrew

consent before EOI assessment.
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EOI are outlined in Table 2. The IRC-assessed CR rate (primary
endpoint) by PET-CT at EOI (modified Lugano 2014 criteria) was
77.5% (95% CI, 64.0-87.7), and 10.0% of the patients had a PR
(Table 2). The IRC-assessed CR rates at EOI, as assessed using
the Lugano 2014 and modified Cheson 2007 criteria (secondary
endpoint), were 80.0% and 77.5%, respectively. The investigator-
assessed CR rates were 77.5% (Lugano 2014 criteria) and
75.0% (modified Cheson 2007 criteria). The corresponding ORR
at EOI ranged from 87.5% to 90.0% (Table 2). At 3 years,
investigator-assessed PFS and OS rates were 77.4% (95% CI,
59.7-88.0) and 87.2% (95% CI, 71.9-94.5), respectively
(Figure 1).

Exploratory analyses

Overall, 14 of 40 patients were MRD evaluable at EOI (ie, tested
positive at baseline and had an available sample at EOI); MRD
negativity at baseline was the most common reason for patients
1.0
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A

Figure 1. Kaplan-Meier assessments of
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not being MRD evaluable at EOI (supplemental Figure 2). Of the
patients who were MRD evaluable, 13 were MRD negative at
10−5 sensitivity at EOI, of whom 11 (84.6%) were in CR and 1
(7.7%) was in PR for both the investigator and IRC assessments;
1 sample was not available at the time of analysis (Table 3). These
response rates were similar to those of the total efficacy-
evaluable population. One patient was MRD positive at EOI and
achieved a PR; this patient did not experience PD or death at the
time of data cutoff. Two patients who were MRD negative at EOI
later relapsed.

PD-L1 expression levels were measured in 26 patients with avail-
able tissue samples. High PD-L1 expression (IHC 2-3), measured
using the monoclonal antibody SP263, was not associated with a
significantly improved CR rate at EOI in this study. There was a
trend toward greater response rates in the germinal center B-cell-
like patient subtype at EOI (supplemental Figure 3).
B
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investigator-assessed PFS and OS.
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Table 3. Clinical response at EOI for MRD-negative patients

Clinical response at EOI*

MRD negative at

EOI† (N = 13)

IRC assessed, n (%)

CR 11 (84.6)

PR 1 (7.7)

NA 1 (7.7)

Investigator assessed, n (%)

CR 11 (84.6)

PR 1 (7.7)

NA 1 (7.7)

NA, not available.
*Assessed according to the modified Lugano 2014 criteria.
†Patients were MRD positive at baseline and had repeated testing at EOI; all were

negative at EOI.
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Safety

In the safety population (N = 42), all patients experienced at least 1
AE, and 32 patients (76.2%) experienced at least 1 grade 3-4
AE. The most common grade 3/4 AEs were neutropenia (45.2%)
and febrile neutropenia (11.9%) during the induction phase
(Table 4). The most common all-grade AEs were neutropenia
(52.4%), constipation (42.9%), and fatigue (40.5%; Table 5).
Fifteen patients (35.7%) discontinued treatment due to AEs,
including 6 patients (14.3%) who discontinued treatment during
the induction phase (Table 4). The most frequently (>5%) reported
AEs that led to discontinuation of any study treatment were neu-
tropenia and increased lipase (7.1% for each).

Atezolizumab-related AESIs were observed in 17 patients (40.5%),
and the majority of events occurred during consolidation treatment
(28.6%). The most frequent AESIs related to atezolizumab were
increased lipase (9.5%), increased amylase (7.1%), hypothyroidism
(7.1%), and pancreatitis (4.8%); of the 17 AESIs reported, most
events (65%), including lipase and amylase increase, were
reversible at the time of analysis (Table 6).

The most common SAE was febrile neutropenia (14.3%). The most
frequent treatment-related SAEs were febrile neutropenia (7.1%),
Table 4. Summary of AEs by treatment phase

Induction phase

(n = 42)

Co

Patients with any AE, n (%) 42 (100.0)

Grade 3-4 AE, n (%) 28 (66.7)

Neutropenia 19 (45.2)

Febrile neutropenia 5 (11.9)

Anemia 3 (7.1)

Leukopenia 2 (4.8)

Fatigue 2 (4.8)

Lipase increased 2 (4.8)

Syncope 1 (2.4)

AE leading to any study treatment
discontinuation, n (%)

6 (14.3)

SAE, n (%) 11 (26.2)

1492 YOUNES et al
pneumonia (7.1%), and IRRs (4.8%). A total of 5 deaths (11.9%)
were reported. Four deaths (9.5%) were recorded because of PD,
and 1 grade 5 event (2.4%) was recorded as death due to an AE
(unconfirmed progressive multifocal leukoencephalopathy consid-
ered to be related to atezolizumab and rituximab; this patient was in
PR when the AE occurred). This grade 5 event was reported
during the follow-up phase and required prolonged inpatient
hospitalization.

Overall, 23 patients (54.8%) experienced AEs that led to dose
interruptions of any study treatment. By system organ class, the
most frequently (≥20%) reported category was blood and
lymphatic system disorders (23.8%). The most frequently (≥10%)
reported AEs by preferred term that led to dose interruption were
neutropenia (16.7%) and peripheral sensory neuropathy (11.9%).
The mean dose intensities for atezolizumab and rituximab were
98.3% (range, 60%-100%) and 99.4% (range, 88%-104%),
respectively, and the number of dose reductions was not evaluable.
In addition, there was no effect on the dose intensity of R-CHOP
because of AEs related to atezolizumab. There were no delays in
R-CHOP treatment due to atezolizumab immune-related AEs.

Discussion

In patients with previously untreated DLBCL, atezo–R-CHOP
combination therapy resulted in a high PET-CR rate of 77.5% and
ORR of 87.5% at EOI. The overall safety profile of the
atezo–R-CHOP combination was manageable. However, the
combination of atezo–R-CHOP seemed to introduce AEs not
typically associated with R-CHOP, but which were consistent with
the known safety profile of atezolizumab, including elevated
amylase and lipase levels, pancreatitis, and hypothyroidism.

In recent years, several randomized clinical trials have investigated
the potential of adding targeted agents to R-CHOP; however, at
the time of this analysis, these novel agent combinations had failed
to demonstrate an improved OS over R-CHOP alone.8-10 Results
from a phase 2 trial with the anti–PD-1 inhibitor, durvalumab, in
combination with R-CHOP, demonstrated no greater benefit
compared with R-CHOP alone in patients with previously
untreated, high-risk DLBCL.25 In this study, atezo–R-CHOP ach-
ieved encouraging efficacy. The 3-year PFS and OS rates were
nsolidation phase

(n = 42)

Follow-up phase

(n = 42)

Overall

(N = 42)

28 (66.7) 12 (28.6) 42 (100.0)

14 (33.3) 7 (16.7) 32 (76.2)

4 (9.5) 1 (2.4)

1 (2.4) 0 (0.0)

0 (0.0) 1 (2.4)

0 (0.0) 0 (0.0)

0 (0.0) 0 (0.0)

3 (7.1) 0 (0.0)

2 (4.8) 0 (0.0)

9 (21.4) 0 (0.0) 15 (35.7)

5 (11.9) 5 (11.9) 18 (42.9)
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Table 5. All-grade AEs reported in >5% of patients (N = 42)

All-grade AE n (%)

Hematologic toxicity

Neutropenia 22 (52.4)

Febrile neutropenia 6 (14.3)

Anemia 6 (14.3)

Nonhematologic toxicity

Constipation 18 (42.9)

Fatigue 17 (40.5)

Infusion-related reaction 16 (38.1)

Diarrhea 14 (33.3)

Nausea 13 (31.0)

Peripheral sensory neuropathy 13 (31.0)

Cough 12 (28.6)

Alopecia 10 (23.8)

Arthralgia 9 (21.4)

Vomiting 9 (21.4)

Back pain 8 (19.0)

Headache 8 (19.0)

Insomnia 7 (16.7)

Upper respiratory tract infection 7 (16.7)

Abdominal pain 6 (14.3)

Dysgeusia 6 (14.3)

Sinusitis 6 (14.3)

Myalgia 5 (11.9)

Pyrexia 5 (11.9)

Rhinorrhea 5 (11.9)

Table 6. Patients with AEs of special interest related to

atezolizumab (N = 42)

Induction phase,

n (%)

Consolidation and

follow-up phase, n (%)

Any AESI 4 (9.5) 13 (31.0)

Increased lipase 1 (2.4) 3 (7.1)

Increased amylase — 3 (7.1)

Hypothyroidism 1 (2.4) 2 (4.8)

Pancreatitis — 2 (4.8)

Increased transaminases 1 (2.4) —

Infusion-related reaction 1 (2.4) —

Immune-mediated enterocolitis — 1 (2.4)

Eczema — 1 (2.4)

Rash — 1 (2.4)

Autoimmune hemolytic anemia — 1 (2.4)

Increased blood bilirubin — 1 (2.4)

Hepatitis — 1 (2.4)

Hyperbilirubinemia — 1 (2.4)

Basal cell carcinoma — 1 (2.4)

Malignant melanoma — 1 (2.4)
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77.4% (95% CI, 59.7-88.0) and 87.2% (95% CI, 71.9-94.5),
respectively. The PET-CR at EOI and PFS rates at 18 months were
77.5% and 80.6% (95% CI, 63.5-90.3), respectively. In the
R-CHOP arm of GOYA, 58% of patients were in the low/low-
intermediate IPI risk groups (IPI scores 1-2), and 43% of patients
were in the high-intermediate/high IPI risk groups (IPI scores 3-5),
whereas herein 26% of patients were in the low-intermediate risk
group and 69% were in the high-intermediate/high IPI risk groups.
In addition, 74% of the patients in this trial had extranodal disease,
whereas 66% of the patients in the R-CHOP arm of GOYA pre-
sented with extranodal involvement. Although the patients in our
study had higher-risk baseline characteristics than those in the
randomized phase 3 GOYA study (NCT02541565), the PET-CR
at EOI (59.1%) and the PFS rate (72.0%) at 18 months in the
R-CHOP arm of GOYA26 were not superior to the 18-month
results reported herein with atezo–R-CHOP. Certainly, other con-
founding factors can skew cross-trial comparisons, and these
should be taken into consideration. Moreover, immunosuppression
due to concurrent chemotherapy might have inadvertently sup-
pressed atezolizumab-mediated activation of the immune system,
resulting in a lack of long-term additive benefits of the atezo–R-
CHOP combination.

Seventeen patients had no clones identifiable for MRD assessment
or were MRD negative at baseline. In addition, only 14 of the 40
efficacy-evaluable patients were MRD evaluable at EOI. Patients
25 APRIL 2023 • VOLUME 7, NUMBER 8
who were MRD negative at EOI achieved a high CR rate (84.6%);
of these, 2 patients had PD. The low rate of MRD evaluable sam-
ples suggests that the ClonoSEQ assay may have limited wide-
spread use as a monitoring test for MRD detection in patients with
DLBCL. However, the ClonoSEQ assay may not accurately reflect
the potential of MRD testing in DLBCL, and other assays may have
prognostic or predictive values. Two patients with MRD negativity
at EOI relapsed, indicating that MRD negativity did not accurately
predict cure.

Studies in patients with non–small cell lung cancer, metastatic
triple-negative breast cancer, and melanoma have shown a corre-
lation between improved survival with atezolizumab therapy and
high PD-L1 and CD-8 IHC expression levels on tumor cells, sug-
gesting that biomarker expression is predictive of clinical
benefit.14,27,28 In contrast, the prognostic ability of PD-L1 could not
be confirmed in this study. This might have been because of the
small number of available biomarker-evaluable samples, and a
larger sample size would be required to confirm the prognostic
ability of biomarkers and establish a strong association between
PD-L1/biomarker expression and response. Alternatively, this may
also be because of intrinsic differences in innate immune tumor
tolerance between solid and hematologic cancer models.

The overall safety profile of atezo–R-CHOP seemed manageable,
and most AEs were consistent with the known safety profile of
atezolizumab. Overall, 15 patients (35.7%) discontinued treatment
because of an AE, including 6 patients (14.3%) who discontinued
treatment during the induction phase. Fewer than half of the
patients experienced an SAE (42.9%), of which the most frequently
reported was febrile neutropenia (14.3%). AESIs related to ate-
zolizumab were reported in 17 patients, most commonly, increased
lipase (n = 4), increased amylase (n = 3), hypothyroidism (n = 3),
and pancreatitis (n = 2). The events of lipase increase were mostly
reversible and not serious. Immune-related AEs, including pneu-
monitis, hepatitis, colitis, endocrinopathies, and infections, are
ATEZOLIZUMAB COMBINATION THERAPY IN DLBCL 1493
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documented side effects of checkpoint inhibitors.29,30 However,
given the known tolerability profile of R-CHOP alone, the increased
toxicity observed with atezolizumab should be considered in the
context of overall clinical benefit.

To our knowledge, this is the first report to demonstrate the long-
term clinical activity and safety of the atezo–R-CHOP combina-
tion in patients with DLBCL. It is limited by its single-arm study
design, preventing direct comparisons with standard DLBCL
treatment. A comparative study would be needed to ascertain
whether the atezo–R-CHOP combination provides significant
benefits vs R-CHOP alone, but the available data suggest that the
efficacy differences between the 2 treatments are likely to be
modest, and the additional AEs introduced by atezolizumab should
be taken into consideration. Therefore, this combination will not be
investigated further. Regardless, these analyses provide useful
insights into the efficacy and safety of atezolizumab in the treatment
of DLBCL and have the potential to guide further clinical
development.

In conclusion, this study in patients with previously untreated
DLBCL demonstrated that the atezo–R-CHOP combination pro-
vided durable clinical activity, and the safety profile was consistent
with the known toxicities of the individual drugs.
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