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Key Points

• Copanlisib plus R-B
did not demonstrate
improved PFS or
overall survival in
patients with relapsed
iNHL.

• Copanlisib plus R-B
was associated with
more serious TEAEs,
TEAE-related deaths,
and discontinuations
than placebo plus R-B.
st on 22
Copanlisib, a pan-class I phosphatidylinositol 3-kinase inhibitor with predominant activity

against the α and δ isoforms, previously demonstrated durable responses as monotherapy

and improved progression-free survival (PFS) in combination with rituximab in patients

with relapsed indolent non-Hodgkin lymphoma (iNHL). CHRONOS-4 was a phase 3,

randomized, double-blind, placebo-controlled study to investigate the efficacy and safety of

copanlisib in combination with standard immunochemotherapy in patients with relapsed

iNHL. Patients (n = 524) were randomized (1:1) to copanlisib (60 mg IV) plus

immunochemotherapy (rituximab and bendamustine [R-B] or placebo plus R-B). Copanlisib/

placebo were administered with R-B (days 1, 8, and 15 of each 28-day cycle) for ≤6 cycles

and as monotherapy from cycle 7 up to 12 months. The primary study end point was PFS.

Median exposure was 8.5 months (0.2-12.9) for copanlisib plus R-B and 11.4 months

(0.1-12.6) for placebo plus R-B. Median PFS was 32.9 months (95% confidence interval [CI],

24.4-38.6) for copanlisib plus R-B and 33.3 months (95% CI, 27.8-42.8) for placebo plus R-B

(hazard ratio, 1.13; 95% CI, 0.88-1.44; P = .83). No differences between treatment arms were

observed in overall survival (data not yet mature), objective response rate, and duration of
ne 2024; prepublished online on Blood
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response for the overall population or individual histology types. Overall, copanlisib plus
24 SEPTEM
R-B was associated with higher rates of serious treatment-emergent adverse events (TEAEs),

grade 4 and 5 TEAEs, and treatment discontinuation. A number of serious TEAEs were

infections. Overall, copanlisib plus R-B did not provide clinical benefit vs placebo plus R-B

and was associated with worse tolerability in patients with relapsed iNHL. This trial was

registered at www.ClinicalTrials.gov as #NCT02626455.
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Introduction

Rituximab-based treatment as monotherapy or in combination with
chemotherapy is a standard treatment for B-cell malignancies,
including indolent non-Hodgkin lymphoma (iNHL) subtypes.1 Many
patients become refractory to treatment and relapse, requiring mul-
tiple lines of treatment.2 Because dysregulation of pathways asso-
ciated with phosphatidylinositol 3-kinase (PI3K) overactivation is
common in B- and T-cell lymphoid malignancies,3 several PI3K
inhibitors have been investigated and have shown preclinical and
clinical activity in the context of relapsed and refractory iNHL,
including the IV-administered PI3K inhibitor copanlisib.3 In a phase 2,
single-arm study (CHRONOS-1),4 copanlisib monotherapy resulted
in significant and durable responses with a manageable safety profile
in heavily pretreated patients with relapsed iNHL, which led in 2017
to the accelerated approval of copanlisib in the United States and
other countries, for the treatment of patients with relapsed follicular
lymphoma (FL) after ≥2 systemic lines of therapy.4,5 After
CHRONOS-1, a phase 3 study (CHRONOS-3) was conducted to
compare the combination of copanlisib plus rituximab with standard
rituximab monotherapy in patients with relapsed iNHL who were
ineligible or unwilling to receive chemotherapy. CHRONOS-3 met
the primary end point of improved progression-free survival (PFS) for
copanlisib plus rituximab over placebo plus rituximab, without
improvement in interim overall survival (OS) during a limited follow-up
for OS assessment.6 In line with US Food and Drug Administration
(FDA) postmarketing requirements to further demonstrate the clinical
benefit of copanlisib,7 a phase 3 study was conducted to investigate
copanlisib plus standard immunochemotherapy in patients with
relapsed iNHL. Here, we report efficacy and safety results from that
additional confirmatory phase 3 study, CHRONOS-4.

Methods

Study design and treatments

CHRONOS-4 (NCT02626455) was a phase 3, randomized, double-
blind, placebo-controlled, multicenter, 2-arm study in patients with
relapsed rituximab-sensitive iNHL to evaluate the efficacy and safety of
copanlisib in combination with standard immunochemotherapy (ritux-
imab and bendamustine [R-B] or rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone/prednisolone [R-CHOP])
compared with R-B or R-CHOP. Patients who met the eligibility
criteria of histologically confirmed CD20+ iNHL that had relapsed or
progressed after 1 to 3 lines of therapy (supplemental Materials) were
randomized (1:1) to receive copanlisib in combination with R-B or R-
CHOP or placebo in combination with R-B or R-CHOP.

R-B treatment was administered every 4 weeks and included ritux-
imab 375 mg/m2 IV on day 1 and bendamustine 90 mg/m2 IV on
BER 2024 • VOLUME 8, NUMBER 18
days 1 and 2. R-CHOP treatment was administered every 3 weeks
and included rituximab 375 mg/m2 IV, cyclophosphamide 750 mg/m2

IV, doxorubicin 50 mg/m2 IV, and vincristine 1.4 mg/m2 IV (maximum
dose 2 mg), all on day 2, plus prednisone/prednisolone 100 mg daily
orally from days 2 to 6. Based on findings from the safety run-in part,8

copanlisib was administered at 60 mg as a 1-hour IV infusion in
combination with R-B on days 1, 8, and 15 of each 28-day cycle or in
combination with R-CHOP on days 1 and 8 of each 21-day cycle.
Owing to slow enrollment after initiation of the phase 3 trial, only 2
patients (1 in each treatment arm) received treatment with R-CHOP.

Combination therapy (copanlisib/placebo with R-B) was adminis-
tered for a maximum of 6 cycles; then copanlisib or placebo mono-
therapy was started on cycle 7 with the same copanlisib dose used
during immunochemotherapy. Monotherapy and combination therapy
were continued until completion of the study treatment period (up to
12 months) or the occurrence of progressive disease (PD; per
central independent blinded radiology review defined by the Lugano
classification or Owen criteria for patients with Waldenström
macroglobulinemia9,10), clinical progression (eg, Eastern Cooperative
Oncology Group performance status of ≥3), or unacceptable toxicity
or until a withdrawal criterion was met, whichever came first. The
maximum duration of treatment including combination therapy and
monotherapy was 12 months. Prophylactic therapy for opportunistic
infections was not mandated for all patients but could be initiated
based on the local standard of care per investigator discretion for any
patient, irrespective of whether a high-risk feature was present (ie, ≥2
lines of myelosuppressive cytotoxic therapy, history of cytomegalo-
virus or herpes, history of lower respiratory tract infection, history of
immunodeficiency in the last 12 months [excluding lymphoma], or
lymphocyte count < 0.5 x 109/L while on treatment).

An end-of-treatment visit was performed within 7 days of treatment
discontinuation, and a safety follow-up visit was conducted 30 days
after the last study treatment. Patients who completed a 12-month
study treatment period without PD or discontinued study treatment
for reasons other than PD entered the active follow-up period for
further tumor assessments until radiologic PD.

Study end points and assessments

The primary study end point was PFS defined as the time (days)
from randomization to the occurrence of PD as assessed by inde-
pendent central review or death from any cause (if no progression
occurred). Efficacy assessments were based on radiologic tumor
evaluations via enhanced computed tomography/magnetic reso-
nance imaging and positron emission tomography–computed
tomography. Radiologic assessments were conducted every
12 weeks from cycle 1, day 1 during years 1 and 2, and every
24 weeks during year 3 and beyond. Secondary end points included
objective response rate (ORR), duration of response (DoR),
COPANLISIB PLUS RITUXIMAB-BASED IMMUNOCHEMOTHERAPY 4867
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Table 1. Patient demographics and baseline characteristics

Copanlisib + R-B

(n = 262)

Placebo + R-B

(n = 262)

Sex, n (%)

Male 159 (60.7) 134 (51.1)

Female 103 (39.3) 128 (48.9)

Median age, y (range) 61.0 (29-96) 61.0 (26-85)

ECOG performance status, n (%)

0 155 (59.2) 156 (59.5)

1 105 (40.1) 96 (36.6)

2 2 (0.8) 10 (3.8)

Histology of lymphoma, n (%)

FL 175 (66.8) 178 (67.9)

MZL 43 (16.4) 49 (18.7)

SLL 19 (7.3) 20 (7.6)

LPL/WM 25 (9.5) 14 (5.3)

Other 0 1 (0.4)

Previous systemic anticancer therapy
lines, median (range)

1.0 (1-3) 1.0 (1-7)

Previous systemic anticancer

therapy lines, n (%)

262 (100) 262 (100)

1 170 (64.9) 164 (62.6)

2 73 (27.9) 73 (27.9)

≥3 19 (7.3) 25 (9.5)

Median time since last systemic
anticancer therapy, mo (range)

28.3 (0.5-155.5) 24.8 (0.3-171.9)

Previous systemic anticancer

therapy*, n (%)

Rituximab 260 (99.2) 262 (100)

Bendamustine 12 (4.6) 15 (5.7)

Cyclophosphamide 254 (96.9) 256 (97.7)
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complete response rate (CRR), OS, time to improvement and time
to deterioration in disease-related symptoms–physical (DRS-P) of
≥3 points, and safety and tolerability. ORR was reported according
to the Lugano classification or Owen criteria.9,10

Exploratory objectives included pharmacokinetics of copanlisib and
biomarkers of efficacy, mode of action-related effect, safety, and/or
the pathomechanism of the disease (supplemental Materials).

Safety evaluations were conducted at screening, during treatment,
and during the safety follow-up visit. The intensity and frequency of
adverse events (AEs) and the occurrence of new and unexpected
AEs were monitored and graded using Common Terminology
Criteria for Adverse Events version 4.03. Doses were delayed or
reduced following predefined rules if clinically significant hemato-
logic or other toxicities that were possibly, probably, or definitely
related to study treatment were observed.

The study protocol was approved by the relevant institutional review
board/independent ethics committee at each study site in accor-
dance with the updated Declaration of Helsinki. All participants
provided a written informed consent before initiating the study.

Statistical analysis

The efficacy analysis was conducted using the full analysis set. The
primary analysis of PFS was based on tumor assessments of the
central independent blinded review and was performed using a log-
rank test, using the same stratification factors as in randomization.
Similar analyses were conducted for OS, DoR, time to deteriora-
tion, and time to improvement in DRS-P of ≥3 points. ORR and
CRR were compared between the 2 treatment arms using a
Cochran-Mantel-Haenszel test with the randomization factors as
strata. Descriptive statistics were used for the analysis of safety
data using the safety analysis set, which included all randomized
patients in the phase 3 part who received ≥1 dose of the study
drug.
Doxorubicin 131 (50.0) 146 (55.7)

Vincristine 206 (78.6) 225 (85.9)

ECOG, Eastern Cooperative Oncology Group; LPL, lymphoplasmacytic lymphoma;
MZL, marginal zone lymphoma; SLL, small lymphocytic lymphoma; WM, Waldenström
macroglobulinemia.
*Patients may have had >1 entry.
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Results

Patients

Of 524 randomized patients, an equal distribution of 262 patients
were assigned to receive copanlisib or placebo in combination with
R-B (supplemental Figure 1). One patient in each treatment arm (of
the 520 patients who received ≥1 dose of treatment) received
R-CHOP in place of R-B. In the copanlisib arm vs the placebo arm,
a smaller number of patients completed treatment (108 vs 153)
and a higher number of patients discontinued treatment (153 vs
106). The primary cause of treatment discontinuation among
patients in the copanlisib arm was the occurrence of AEs not
associated with clinical PD in 65 patients (24.8%); in the placebo
arm, treatment discontinuation was mainly caused by patient
decision or radiologic PD in 22 patients each (8.4%).

Baseline characteristics and demographics were relatively well
balanced between treatment arms (Table 1). Most patients were
male (55.9%) and the median patient age was 61 years (range,
26-96). FL was the predominant histologic subtype (67.4%), fol-
lowed by marginal zone lymphoma (17.6%), small lymphocytic lym-
phoma (7.4%), lymphoplasmacytic lymphoma/Waldenström
macroglobulinemia (7.4%), and other (0.2%). Among the 524
patients, 334 (63.7%) had received only 1 line of anticancer therapy.
4868 ZINZANI et al
Study treatment

Median duration of exposure to copanlisib was shorter than
exposure to placebo at 8.5 months (range, 0.2-12.9) vs
11.4 months (range, 0.1-12.6), respectively (Table 2). This differ-
ence was greater in the FL subgroup, who had a median copanlisib
exposure of 6.8 months (range, 0.2-12.6) vs 11.3 months (range,
0.1-12.6) of placebo exposure. Overall, R-B exposure was com-
parable between treatment arms, with 5.6 months (range, 0.2-12.4)
in the copanlisib arm vs 5.5 months (range, 0.1-7.2) in the placebo
arm. Dose modifications (ie, delays, interruptions, reductions)
occurred in 83.3% and 66.9% of patients in the copanlisib and
placebo arms, respectively. A greater proportion of dose reduc-
tions occurred in the copanlisib arm than the placebo arm
(Table 2). Dose reductions to 45 mg were reported in 30.8% of
patients receiving copanlisib vs 10.9% of patients receiving pla-
cebo, and reductions to 30 mg were reported in 11.4% vs 1.6% of
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18



Table 2. Summary of treatment duration and exposure

Copanlisib + R-B

(n = 263)

Placebo + R-B

(n = 257)

Median extent of copanlisib/

placebo exposure for patients

receiving R-B, mo (range)*,†

Overall iNHL 8.5 (0.2-12.9) 11.4 (0.1-12.6)

FL 6.8 (0.2-12.6) 11.3 (0.1-12.6)

Median extent of R/B exposure, mo

(range)*,†

Overall iNHL 5.6 (0.2-12.4) 5.5 (0.1-7.2)

FL 5.5 (0.9-8.7) 5.5 (0.1-7.2)

Copanlisib/placebo dose modifications
(any), n (%)

219 (83.3) 172 (66.9)

Copanlisib/placebo dose

reductions, n (%)

Reduction to 45 mg 81 (30.8) 28 (10.9)

Reduction to 30 mg 30 (11.4) 4 (1.6)

Copanlisib/placebo dose interruptions/
delays, n (%)

215 (81.7) 169 (65.8)

Median duration of delay from
copanlisib/placebo, d (range)

7 (1-173) 7 (1-50)

Rituximab dose interruptions/delays‡,
n (%)

136 (51.7) 95 (37.0)

Bendamustine dose interruptions/delays,
n (%)

137 (52.1) 93 (36.2)

An interruption is when an infusion is either stopped earlier than specified in the protocol or
stopped and restarted. A delay is when an infusion is not given as expected and 0 dose is
administered during this period. Multiple interruptions with the same start date were counted
as 1 interruption.
*Includes interruptions/delays and drug holidays. If the treatment ended with

interruptions, the day of the last actual dose was considered the last day.
†One patient with FL received R-CHOP in each treatment arm.
‡Per protocol, there are no dose reductions or re-escalations for rituximab in any cycle.
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patients, respectively. Dose interruptions or delays were observed
in 81.7% of patients in the copanlisib arm vs 65.8% of patients in
the placebo arm, and overall median duration of delay was 7 days
(range, 1-173). R-B dose interruptions or delays were also more
frequent among patients in the copanlisib arm vs the placebo arm
(51.7% and 52.1% vs 37.0% and 36.2%, respectively).

PFS

The primary end point of improved PFS for copanlisib plus R-B vs
placebo plus R-B (including 1 patient in each treatment arm treated
with R-CHOP) was not met for CHRONOS-4. After a median
follow-up of 47.1 months, median PFS in the overall iNHL popu-
lation was 32.9 months (95% confidence interval [CI], 24.4-38.6)
in the copanlisib arm vs 33.3 months (95% CI, 27.8-42.8) in the
placebo arm (hazard ratio [HR], 1.13; 95% CI, 0.88-1.44; P = .83;
Table 3; Figure 1A). In patients with FL, the largest histology
subgroup, the copanlisib arm had a median PFS of 22.4 months
(95% CI, 19.1-33.4) vs 33.1 months (95% CI, 27.6-47.0) in the
placebo arm (HR, 1.29; 95% CI, 0.97-1.73; P = .96; Table 3;
Figure 1B). In the second largest histology subgroup (marginal
zone lymphoma), median PFS was 63.8 months (95% CI, 30.7-not
estimable) for the copanlisib arm vs 41.0 months (95% CI, 22.0-not
estimable) for the placebo arm (HR, 0.73; 95% CI, 0.37-1.42;
P = .17; Table 3; Figure 1C). Similarly, numerical improvements in
PFS were noted in the copanlisib arm vs the placebo arm across all
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18
the other iNHL subtypes, including for pooled PFS values for
patients with “other/non-FL” subtype (supplemental Table 1;
supplemental Figure 2).

Analysis of PFS across several stratification factors showed no
improvement in PFS for the copanlisib arm vs the placebo arm
(Figure 2; supplemental Figures 3 and 4). However, although the
placebo arm had fewer patients, it showed a longer median PFS of
60.5 months vs 19.3 months in the copanlisib arm for patients who
had received ≥3 lines of systemic anticancer therapy (HR, 6.06;
95% CI, 2.14-17.20; P = .20; supplemental Figure 3). In addition,
for patients aged ≥65 years, median PFS was higher in the pla-
cebo arm at 35.0 months vs 27.5 months in the copanlisib arm
(HR, 1.38; 95% CI, 0.94-2.03; P = .95; supplemental Figure 4).

Overall response

In the overall iNHL population, ORR was 85.5% (224/262) in the
copanlisib arm vs 86.6% (227/262) in the placebo arm (Table 3;
supplemental Table 2). CRR was 38.5% (101/262) in the copan-
lisib arm vs 41.2% (108/262) in the placebo arm. No difference in
ORR was observed between copanlisib and placebo across
the different histologic subtypes (Table 3; supplemental Tables 1
and 2).

DoR

In the overall iNHL population, median DoR was 32.2 months
(95% CI, 22.8-38.8) in the copanlisib arm vs 32.4 months (95% CI,
27.7-42.0) in the placebo arm (HR, 1.15; 95% CI, 0.88-1.48;
P = .85; Table 3; supplemental Figure 5A). In the FL subgroup,
median DoR was 22.8 months (95% CI, 16.8-33.3) in the
copanlisib arm vs 32.3 months (95% CI, 25.5-45.0) in the placebo
arm (HR, 1.31; 95% CI, 0.96-1.77; P = .96; Table 3; supplemental
Figure 5B). In patients with marginal zone lymphoma, median DoR
was 60.9 months (95% CI, 21.9-not estimable) in the copanlisib
arm vs 47.3 months (95% CI, 19.8-not estimable) in the placebo
arm (HR, 0.80; 95% CI, 0.39-1.65; P = .28; Table 3; supplemental
Figure 5C).

OS

With a median follow-up of 54.6 months, median OS in the iNHL
population was not reliably estimated and there was no difference
in OS between the copanlisib and placebo arms (HR, 1.13;
95% CI, 0.80-1.60; P = .76; Table 3; Figure 1D). OS between
treatment arms also showed no difference in the FL subtype of
patients or across any other histologic subtypes (Table 3;
supplemental Table 1; supplemental Figure 6).

Safety

The safety analysis set included 263 patients in the copanlisib arm
and 257 patients in the placebo arm. The most common treatment-
emergent AEs (TEAEs) of any grade were hyperglycemia (57.8%),
hypertension (44.1%), nausea (42.6%), and decreased neutrophil
count (41.8%) for copanlisib-treated patients and nausea (35.8%),
neutropenia (34.2%), and decreased neutrophil count (32.3%) for
placebo-treated patients (Table 4). Grade ≥3 TEAEs were
reported in 96.2% of patients in the copanlisib arm and 79.0% of
patients in the placebo arm. The most common copanlisib-related
TEAEs of any grade were hyperglycemia (54.4%), hypertension
(40.7%), and decreased neutrophil count (37.6%). Serious TEAEs
were higher in the copanlisib arm (61.2%) than the placebo arm
COPANLISIB PLUS RITUXIMAB-BASED IMMUNOCHEMOTHERAPY 4869



Table 3. Efficacy results in the overall iNHL population and FL and MZL subgroups (full analysis set)

Overall iNHL

HR (95% CI) P valueCopanlisib + R-B (n = 262) Placebo + R-B (n = 262)

PFS per independent radiologic review

Median PFS (95% CI), mo 32.9 (24.4-38.6) 33.3 (27.8-42.8) 1.13 (0.88-1.44) .83

Objective tumor responses per independent

radiologic review

ORR, n (%) (95% CI) 224 (85.5) (80.6-89.5) 227 (86.6) (81.9-90.5) — —

DoR per independent radiologic review*

Median DoR (95% CI), mo 32.2 (22.8-38.8) 32.4 (27.7-42.0) 1.15 (0.88-1.48) .85

OS

Median OS (95% CI), mo NE (NE-NE) NE (NE-NE) 1.13 (0.80-1.60) .76

FL

HR (95% CI) P valueCopanlisib + R-B (n = 175) Placebo + R-B (n = 177)

PFS per independent radiologic review

Median PFS (95% CI), mo 22.4 (19.1-33.4) 33.1 (27.6-47.0) 1.29 (0.97-1.73) .96

Objective tumor responses per independent

radiologic review

ORR, n (%) (95% CI) 147 (84.0) (77.7-89.1) 155 (87.1) (81.2-91.6) — —

DoR per independent radiologic review*

Median DoR (95% CI), mo 22.8 (16.8-33.3) 32.3 (25.5-45.0) 1.31 (0.96-1.77) .96

OS

Median OS (95% CI), mo NE (NE-NE) NE (NE-NE) 1.18 (0.77-1.82) .78

MZL

HR (95% CI) P valueCopanlisib + R-B (n = 43) Placebo + R-B (n = 49)

PFS per independent radiologic review

Median PFS (95% CI), mo 63.8 (30.7-NE) 41.0 (22.0-NE) 0.73 (0.37-1.42) .17

Objective tumor responses per independent

radiologic review

ORR, n (%) (95% CI) 39 (90.7) (77.9-97.4) 43 (87.8) (75.2-95.4) — —

DoR per independent radiologic review*

Median DoR (95% CI), mo 60.9 (21.9-NE) 47.3 (19.8-NE) 0.80 (0.39-1.65) .28

OS

Median OS (95% CI), mo NE (NE-NE) NE (NE-NE) 0.92 (0.42-2.04) .42

NE, not estimable.
*Includes patients with responses in the full analysis set.
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(21.0%). The most common serious TEAEs in the copanlisib arm
were pneumonia (12.9%), pyrexia (8.4%), and febrile neutropenia
(6.8%) compared with febrile neutropenia (3.1%), neutropenia
(1.9%), and pyrexia (1.6%) in the placebo arm. Grade ≥3 serious
TEAEs were reported in 51.7% and 14.8% of patients in the
copanlisib and placebo arms, respectively. Safety profiles were
largely consistent across histologic subgroups (data not shown).

Grade 5 TEAEs occurred in 8 patients (3.0%) in the copanlisib
arm, including 3 with related death. Among them, 1 patient had 3
serious TEAEs of febrile neutropenia, left ventricular dysfunction,
and sepsis that were deemed to be related to copanlisib plus R-B,
and 2 patients had a serious TEAE of febrile neutropenia or acute
respiratory distress syndrome, which were both considered to be
related to R-B. No grade 5 TEAEs and no treatment-related deaths
were reported in the placebo arm.
4870 ZINZANI et al
TEAEs leading to discontinuation were reported in 21.7% of
patients in the copanlisib arm vs 5.8% in the placebo arm (Table 4).

TEAEs related to copanlisib/placebo treatment led to treatment
discontinuation in 15.6% of patients in the copanlisib arm and
3.9% in the placebo arm (supplemental Table 3).

Infection TEAEs were reported in 74.5% of patients in the copanlisib
treatment arm; of these, 28.5%were grade 3, 3.4%were grade 4, and
0.8% were grade 5. The most common infection TEAEs in the
copanlisib arm were pneumonia (21.3%), cytomegalovirus infection
(19.8%), and upper respiratory tract infection (16.7%). In comparison,
55.3% of patients in the placebo treatment arm experienced infection
TEAEs, 8.6%ofwhichweregrade3andnoneofwhichwere grade4or
5. For the placebo treatment arm, the most common infection TEAEs
were upper respiratory tract infection (14.8%), urinary tract infection
(7.0%), and herpes zoster (6.2%). Concurrent use of systemic anti-
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18
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infective therapy (before or during treatment) was higher for patients in
the copanlisib arm than the placebo arm at 93.9% vs 75.6%, respec-
tively (supplemental Table4).Nineteenpatients (7.2%) in the copanlisib
treatment arm experienced infection TEAEs leading to discontinuation
of treatment, comprising nearly one-third of the 57 reported TEAEs
leading to discontinuation within that arm. The most common infection
TEAE leading to discontinuation within the copanlisib treatment arm
was pneumonia, which was reported in 7 patients (2.7%).

Deaths during study treatment were reported in 8.4% of patients in
the copanlisib arm and 3.5% of patients in the placebo arm. The
primary cause of death was AEs not associated with PD in both
treatment arms and included 6.1% of patients in the copanlisib arm
and 1.9% of patients in the placebo arm.

Quality of life

Median time to deterioration in DRS-P of ≥3 points in the copan-
lisib arm was lower than the placebo arm (2.7 vs 6.3 months,
respectively; HR, 1.39; 95% CI, 1.15-1.69; P = .99). Moreover,
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18
median time to improvement in DRS-P of ≥3 points was higher in
the copanlisib arm vs the placebo arm (12.8 vs 5.1 months,
respectively; HR, 0.81; 95% CI, 0.64-1.02; P = .97).

Pharmacokinetics and ER analyses

Of the 263 patients in the copanlisib arm, 256 (97.3%) provided
≥1 valid pharmacokinetic observation and were included in the
pharmacokinetic analyses and exposure-response (ER) analyses
for safety. ER analyses for PFS included the subset of patients
completing 3 cycles and full copanlisib treatment.

The previously established population pharmacokinetic model was
able to reasonably capture copanlisib pharmacokinetics in this study
to derive individual copanlisib exposure metrics for comparison across
studies and for use in ER analyses, based on visual predictive checks
(supplemental Figure 7). Copanlisib clearance in patients enrolled in
this study was similar to the historical CHRONOS-1 study and slightly
higher than a previously identified effect seen in patients enrolled in
CHRONOS-3 (supplemental Figure 8).11
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When accounting for dose modifications, the range of average daily
copanlisib exposure was lower in CHRONOS-4 than in CHRONOS-
1 and CHRONOS-3, reflecting the high dose modifications and low
dose intensity in this study (supplemental Figure 9).12

Exposure-efficacy analyses confirmed no overall treatment effect
for patients enrolled in the copanlisib arm vs the placebo arm and
showed no apparent PFS relationship between tertiles of copan-
lisib exposure during the first 3 treatment cycles or until the end of
treatment in patients reaching those time points, respectively
(supplemental Figure 10).

Exposure-safety analyses confirmed the clear treatment effect for
patients in the copanlisib arm vs the placebo arm; however, ER
analyses demonstrated no ER relationship for time to first serious
TEAE or grade ≥3 TEAE, beyond cycle 1 (supplemental Figure 11).
An early exposure-dependent effect was identified during cycle 1,
which dissipated in patients who continued copanlisib.

Biomarkers

A benefit in PFS was observed for patients with FL with low or
undetectable (≤0.356 pg/mL) baseline levels of interleukin-2 vs
those with high baseline levels in the copanlisib arm (HR, 0.45;
95% CI, 0.26-0.78; unadjusted P = .0048; supplemental Figure
12A). OS was also higher for patients with FL with low vs high
4872 ZINZANI et al
baseline levels of interleukin-2 who received copanlisib (HR, 0.31;
95% CI, 0.12-0.80; P = .0154; supplemental Figure 12B). How-
ever, in the placebo arm, no difference in OS was observed
between patients with FL and low and high baseline levels of
interleukin-2 (HR, 1.10; 95% CI, 0.54-2.24; unadjusted P = .7922;
supplemental Figure 12B).

Discussion

In the CHRONOS-4 study, no difference was observed in median
PFS between the copanlisib arm (32.9 months) and the placebo arm
(33.3 months) in the overall iNHL population; therefore, the study did
not meet its primary end point. Similarly, there were no differences in
the secondary end points of OS, ORR, and DoR in the overall pop-
ulation. In the FL subgroup, median PFS and median DoR were lower
in the copanlisib arm than the placebo arm, whereas in all the other
histologic subgroups, PFS increased in the copanlisib arm. No dif-
ferences were observed in OS and ORR for any of the histologic
subgroups. Failure of CHRONOS-4 to meet its primary end point of
improved PFS for the combination of copanlisib with standard
immunochemotherapy led to study termination by the sponsor.13

Comparisons between CHRONOS-4 and previous copanlisib trials
yield valuable insights but are complicated by key differences in trial
design, most notably the use of a 12-month treatment period limit
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18



Table 4. Summary of most common TEAEs (safety analysis set)

Copanlisib + R-B* (n = 263) Placebo + R-B (n = 257)

All grade Grade 3 Grade 4 All grade Grade 3 Grade 4

Any TEAE, n (%) 263 (100) 83 (31.6) 162 (61.6) 250 (97.3) 89 (34.6) 114 (44.4)

Most common TEAEs occurring in ≥20% of

patients in either treatment arm, n (%)

Hyperglycemia 152 (57.8) 99 (37.6) 13 (4.9) 53 (20.6) 13 (5.1) 0

Hypertension 116 (44.1) 90 (34.2) 0 42 (16.3) 21 (8.2) 1 (0.4)

Nausea 112 (42.6) 2 (0.8) 0 92 (35.8) 3 (1.2) 0

Decreased neutrophil count 110 (41.8) 39 (14.8) 60 (22.8) 83 (32.3) 34 (13.2) 32 (12.5)

Pyrexia 103 (39.2) 6 (2.3) 0 36 (14.0) 1 (0.4) 0

Diarrhea 89 (33.8) 10 (3.8) 1 (0.4) 38 (14.8) 3 (1.2) 0

Neutropenia 87 (33.1) 36 (13.7) 43 (16.3) 88 (34.2) 36 (14.0) 39 (15.2)

Anemia 86 (32.7) 18 (6.8) 0 64 (24.9) 10 (3.9) 1 (0.4)

Decreased white blood cell count 79 (30.0) 44 (16.7) 16 (6.1) 65 (25.3) 37 (14.4) 9 (3.5)

Decreased lymphocyte count 73 (27.8) 11 (4.2) 61 (23.2) 50 (19.5) 12 (4.7) 38 (14.8)

Decreased platelet count 72 (27.4) 13 (4.9) 6 (2.3) 52 (20.2) 9 (3.5) 1 (0.4)

Decreased weight 64 (24.3) 4 (1.5) 0 21 (8.2) 0 0

Vomiting 59 (22.4) 1 (0.4) 0 31 (12.1) 0 0

Rash 59 (22.4) 3 (1.1) 0 26 (10.1) 2 (0.8) 0

Pneumonia 56 (21.3) 26 (9.9) 2 (0.8) 6 (2.3) 3 (1.2) 0

Most common serious TEAEs occurring in ≥2%
of patients in either treatment arm, n (%)

Pneumonia 34 (12.9) 21 (8.0) 2 (0.8) 3 (1.2) 2 (0.8) 0

Pyrexia 22 (8.4) 5 (1.9) 0 4 (1.6) 1 (0.4) 0

Febrile neutropenia 18 (6.8) 11 (4.2) 5 (1.9) 8 (3.1) 5 (1.9) 2 (0.8)

Cytomegalovirus infection 12 (4.6) 8 (3.0) 1 (0.4) 2 (0.8) 2 (0.8) 0

Hyperglycemia 10 (3.8) 7 (2.7) 3 (1.1) 1 (0.4) 1 (0.4) 0

Decreased neutrophil count 7 (2.7) 1 (0.4) 5 (1.9) 3 (1.2) 1 (0.4) 2 (0.8)

Interstitial lung disease 7 (2.7) 4 (1.5) 0 0 0 0

Diarrhea 6 (2.3) 5 (1.9) 1 (0.4) 0 0 0

TEAEs leading to discontinuation of copanlisib/
placebo, n (%)

57 (21.7)† 33 (12.5) 11 (4.2) 15 (5.8) 10 (3.9) 4 (1.6)

TEAEs of interest, n (%)

Pneumonitis 8 (3.0) 1 (0.4) 1 (0.4) 2 (0.8) 0 0

Colitis 3 (1.1) 1 (0.4) 0 2 (0.8) 0 0

Medical Dictionary for Regulatory Activities version 26.0. Common Terminology Criteria for Adverse Events version 4.03.
*Two patients were randomized to placebo plus R-B but received ≥1 dose of copanlisib by mistake and are thus included in the copanlisib plus R-B arm.
†Includes 5 grade 5 TEAEs leading to discontinuation.
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for CHRONOS-4 compared with treatment until progression for
CHRONOS-3 and CHRONOS-1.4,6 Although not improved
compared with placebo plus R-B, median PFS for copanlisib plus
R-B in CHRONOS-4 was longer at 32.9 months than median PFS
for copanlisib with rituximab alone in CHRONOS-3 at
21.5 months.6 In addition, PFS observed in the placebo arm of
CHRONOS-3 (rituximab only) was considerably lower than that
observed in this study for patients treated with rituximab plus
chemotherapy (13.8 vs 33.3 months), suggesting a beneficial
impact from the addition of chemotherapy to rituximab. However,
the PFS and DoR observed in the placebo arm in CHRONOS-4
were greater than previously reported data for the combination of
rituximab with chemotherapy.14 In a phase 2, open-label study, the
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18
combination of the chemotherapy agent bendamustine plus ritux-
imab in patients with relapsed indolent B-cell or mantle cell lym-
phoma resulted in PFS of 23 months, which was substantially
shorter than the 33 months of PFS observed in this study for the
placebo plus R-B arm.14 Similarly, DoR for the placebo plus R-B
arm in CHRONOS-4 was higher than previous reports of rituximab
plus bendamustine (32 vs 21 months).14

The lack of clinical benefit seen in the copanlisib arm vs the pla-
cebo arm of CHRONOS-4 may have been caused by shorter
treatment duration (8.5 vs 11.4 months, respectively) and greater
discontinuations owing to TEAEs (21.7% vs 5.8%, respectively).
Infusion-related TEAEs of hyperglycemia (57.8% vs 20.6%) and
COPANLISIB PLUS RITUXIMAB-BASED IMMUNOCHEMOTHERAPY 4873



D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/8/18/4866/2243756/blooda_adv-2024-013236-m

ain.pdf by guest on 22 April 2025
hypertension (44.1% vs 16.3%) were higher in the copanlisib arm
as expected,4,6 but serious TEAEs of pneumonia (12.9% vs 1.2%),
pyrexia (8.4% vs 1.6%), and febrile neutropenia (6.8% vs 3.1%)
were also higher. Indeed, grade ≥3 TEAEs occurred more
frequently in the copanlisib arm than the placebo arm, mostly
accounted for by grade 4 (61.6% vs 44.4%) and grade 5 (3.0% vs
0%) TEAEs. Consistent with the overall lack of tolerability seen in
the copanlisib arm, measures of quality of life using the DRS-P
subscale of the Functional Assessment of Cancer Therapy–
Lymphoma Symptom Index-18 questionnaire favored the longer
time to deterioration and shorter time to improvement in the pla-
cebo arm than the copanlisib arm.

Pharmacokinetic and ER analyses in this study may support the
notion of the lack of combinability of copanlisib with chemotherapy
and potentially suggest that the lower copanlisib dose intensity led
to lower copanlisib exposures during treatment, which may have
limited the potential clinical benefit of copanlisib and may have
contributed to the lack of treatment benefit compared to control.
Indeed, copanlisib exposure, when accounting for dose modifica-
tions, revealed a lower range of copanlisib average concentrations
than previous copanlisib studies, suggesting limited ability to
deliver copanlisib and derive benefit in this combination. A lack of
copanlisib ER is seen for PFS in this study, which differs from
previous analyses in CHRONOS-3 that justified the recommended
copanlisib dosing regimen based on CHRONOS-3 study
results.11,12 These differences may be caused by the differing
treatment combination used in CHRONOS-4, the smaller number
of patients completing copanlisib treatment for investigation of ER
relationships and/or deriving benefit from copanlisib treatment, the
fixed treatment duration used in this study, and/or the lower
copanlisib exposure achieved in this study, reflecting the overall
intolerability of the combination regimen used in CHRONOS-4. ER
analyses for safety confirmed the clear treatment effect for
copanlisib vs placebo but no clear ER relationship for the 2
investigated safety end points. The ER analyses are limited by
evaluation of only 1 dosing regimen in CHRONOS-4. Lower
copanlisib doses or less frequent schedules may have improved
the tolerability in this combination; however, the resulting impact on
efficacy would need to be considered given that previous
CHRONOS-3 analyses demonstrated a significant ER relationship
for efficacy using an identical dose and schedule.11,12

The safety profile for the copanlisib plus R-B arm in CHRONOS-4
demonstrated higher toxicity than the copanlisib plus rituximab arm
in CHRONOS-3.8 In CHRONOS-4, any-grade TEAEs leading to
discontinuation of copanlisib were reported at a similar rate (~22%)
to CHRONOS-3 and CHRONOS-1 (25% for both). However,
grade 4 TEAEs were markedly higher for copanlisib plus R-B (62%)
than for the primary disclosures of copanlisib plus rituximab (36%)
and copanlisib as monotherapy (27%).4,6 In addition, rates of cyto-
megalovirus infection were markedly higher for the copanlisib plus R-
B arm in CHRONOS-4 (31.9% for TEAEs; 7.6% for serious TEAEs)
than the copanlisib plus rituximab arm in CHRONOS-3 (7.2% for
TEAEs; 0.3% for serious TEAEs; Bayer data on file), suggesting an
increase in infections after combination with chemotherapy.6

Recent studies have highlighted the immunomodulatory activity of
copanlisib, showing that it promotes immune activity and enhances
antitumor responses by overcoming immune suppression driven
by regulatory T-cell and M2 phenotype tumor-associated
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macrophages.15 Therefore, interleukin-2, a well-studied cytokine
that influences maintenance of regulatory T-cells and differentiation
of T-cell subsets, was assessed. Biomarker analyses in
CHRONOS-4, although limited by the exploratory nature of the
analyses and the small number of patients across biomarker sub-
groups, supported recent findings from CHRONOS-3.16 In both
CHRONOS-3 and CHRONOS-4, OS in patients with FL was
improved for those with low/undetectable baseline interleukin-2 vs
high baseline interleukin-2 in patients in the copanlisib arm, but not
the placebo arm, suggesting a potential enhancement of patient
survival for copanlisib in patients with low/undetectable baseline
interleukin-2.16

The lack of tolerability observed for copanlisib plus R-B vs placebo
plus R-B mirrors similar tolerability issues for other PI3K inhibitors
evaluated for iNHL.3 In addition to copanlisib, 4 PI3K inhibitors were
previously approved for patients with advanced hematologic malig-
nancies after demonstrating efficacy as monotherapy in phase 2 tri-
als.17,18 However, multiple randomized trials of PI3K inhibitors (eg,
idelalisib, duvelisib, and umbralisib) in combination with other thera-
pies have resulted in safety concerns owing to the occurrence of
infections, other toxicities, high rates of fatal events, and concerning
OS results indicating possible harm to patients.7 These observations
resulted in the withdrawal of FDA-approved PI3K inhibitors and led to
an FDA recommendation that future PI3K inhibitor approvals should
be supported by randomized trials3,19,20 (the sponsor has decided to
withdraw the FDA New Drug Application for copanlisib for adult
patients with relapsed FL who have received ≥2 therapies13).

In conclusion, the results of this study suggest that combination of
copanlisib with immunochemotherapy does not improve survival or
patient responses vs immunochemotherapy and is associated with
decreased tolerability in patients with iNHL who had previously
received anticancer therapy. Together, these data suggest an
unfavorable benefit-risk profile for copanlisib in combination with
standard immunochemotherapy and support the recent sponsor
decision to terminate the CHRONOS-4 trial and the copanlisib
program.
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