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Abstract

Purpose There has been increased difficulty in developing safe and effective treatment using PI3K inhibitors in heme
malignancies, despite the role of PI3K/AKT being well defined in this population. This study was an attempt to conduct
exploratory biomarker analysis retrospectively from the phase III CHRONOS-3 trial with the aim to identify a sub-set of
patients that could benefit from treatment.

Patients and Methods Patients with CD20-positive indolent B-cell lymphoma were randomized 2:1 to receive intravenous
copanlisib plus rituximab (C 4+ R) or placebo plus rituximab (P +R). Biomarker analyses were performed to examine potential
associations between treatment outcome and phosphatase and tensin homolog (PTEN) protein expression, EZH2 and BCL2
mutation status via next-generation sequencing, and plasma cytokine levels.

Results PTEN presence was associated with significant improvements in progression-free survival (PFS) for C+R over
P+R in patients with iNHL (P=0.001) and FL (P=0.012). Both the mutant and wild-type EZH2 FL patients had equal
PFS benefits when treated with copanlisib. A significant improvement in PFS was observed for patients with mutant versus
wild-type BCL2 FL in the C+R arm (P=0.002). Overall survival (OS) was significantly improved for patients with iNHL
and low or undetectable versus high baseline IL-2 levels in the C+R arm (P < 0.0001, unadjusted).

Conclusions PTEN presence, BCL2 mutations, and low or undetectable baseline IL-2 levels were associated with improved
patient survival following treatment with C+ R, supporting a potential role for these biomarkers in guiding treatment selec-
tion for patients with indolent non-Hodgkin lymphoma.
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activated in multiple cancers, including NHL [4]. Copanlisib
(Aliqopa®, Bayer AG, Berlin, Germany), a potent pan-PI3K
inhibitor with predominant activity against the PI3K-a and
PI3K-5 isoforms was developed [5]. As a result of efficacy
and safety findings from CHRONOS-1 (NCT01660451),
copanlisib received accelerated approval from the US Food
and Drug Administration (FDA) for the treatment of patients
with relapsed FL who have had at least two therapies [6,
7]. Since dysregulation of this pathway is associated with
several important cellular mechanisms, there were signifi-
cant side effects observed in hematologic malignancies with
this class of drug. On 21 April 2022, the oncology drug
advisory committee (ODAC) of the FDA discussed class-
wide safety findings with PI3K inhibitors in hematological
malignancies. The ODAC meeting provided a framework to
re-examine drug development in heme malignancies with
emphasis on dose selection with respect to safety. On 13
November 2023, Bayer announced it would also voluntarily
withdraw copanlisib (Aliqopa) from the market.

CHRONOS-3 (NCT02367040), a phase III study, had
met its primary endpoint, showing improved progression-
free survival (PFS) with C+R compared with P+R [8],
with an acceptable safety profile supporting long-term use of
the treatment combination [9]. To further refine the patient
population who may benefit most from treatment with
C+R, we sought to explore the presence of biomarkers that
may predict benefit from treatment. We examined poten-
tial associations between patient survival and the expres-
sion of phosphatase and tensin homolog (PTEN) protein, a
well-established negative regulator of the PI3K-Akt path-
way whose dysregulation is associated with poor prognos-
tic cancer outcomes [10, 11]. Additionally, as mutations
in BCL2 [12] and EZH?2 [13] are common in FL patients
and are associated with promoting B-cell proliferation and
survival, potential associations between BCL2 and EZH?2
mutation status and survival were also evaluated. Lastly,
we retrospectively assessed associations between OS and
plasma levels of various cytokines. Here, we report results
from exploratory biomarker analyses from the CHRONOS-3
trial with a particular focus on FL patients.

Methods
Study design and participants

CHRONOS-3 was a phase III study evaluating the efficacy
and safety of C+R versus P+R in adults with CD20-posi-
tive indolent B-cell lymphoma, who relapsed following the
last anti-CD20 monoclonal antibody-containing therapy [8].
The primary endpoint for CHRONOS-3 was PFS, and rep-
resentativeness is summarized in Table S1.
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Assessments

PTEN protein expression analysis was performed via
immunohistochemistry using an anti-PTEN antibody
(rabbit clone 138G6, catalog #9559; Cell Signaling Tech-
nology, Inc., Danvers, MA, USA) at Mosaic Laboratories
(Lake Forest, CA, USA). Tissues were stained with Dako
3,3-diaminobenzidine chromogen (Agilent, Santa Clara,
CA, USA) and PTEN protein levels were centrally evalu-
ated and scored by Mosaic Laboratories.

EZH?2 and BCL2 mutation status was analyzed by the
TruSight Oncology 500 Assay (Illumina), extraction of
FFPE tissue slides was performed with the AllPrep DNA/
RNA FFPE Kit, and DNA sequencing analysis was per-
formed by Almac Diagnostics. The NextSeq 550Dx Instru-
ment (Illumina) was used to detect alterations (single-
nucleotide variants, multi-nucleotide variants, insertions,
deletions, and gene amplifications) in assessed patient
samples.

Cytokine assessments were performed via U-PLEX
Biomarker Group 1 (human) 71-Plex (Meso Scale Diag-
nostics, Rockville, MD, USA); cytokine analytes were
bound via sandwich immunoassay to biotinylated antibod-
ies linked to U-PLEX plates as well as antibodies conju-
gated to electro-chemiluminescent labels (MSD GOLD™
SULFO-TAG; Meso Scale Diagnostics). A median cut-off
limit of 0.356 pg/mL (limit of detection: 0.711 pg/mL) was
used to distinguish between low or undetectable versus
detectable or high levels of interleukin-2 (IL-2).

Statistical analysis

All biomarker analyses were retrospective and exploratory
in nature, and the number of patients in these biomarker
analyses was based solely on power analyses previously
performed for the clinical objectives of CHRONOS-3 and
not on exploratory biomarker objectives. All analyses
were performed in R (minimal version 4.0.1) [14] on all
patients to evaluate biomarker efficacy associations within
the treatment arms.

To quantify the association between biomarker and PFS
or biomarker and OS, Kaplan—Meier plots were provided,
and Cox proportional hazard models were fitted to derive
P values and HRs with 95% confidence intervals (CIs).
PTEN presence, EZH2 or BCL2 mutation status, and con-
centration levels of cytokines (low or undetectable vs.
high) were considered independent variables, adding the
interaction between these variables and treatment. Penal-
ized Cox regression (Elastic Net; PFS: fivefold cross-val-
idation and 100 repeats, OS: tenfold cross-validation and
50 repeats) was used to identify a potential combination of
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biomarkers and clinical variables predictive of the respec-
tive endpoint in the C+R arm. If performance was low,
a multivariate regression model was fitted in accordance
with the univariate approach described above, adding the
top three clinical variables associated with the respective
endpoint.

Data availability

Proposals for access to anonymized patient data will be con-
sidered by the sponsor if deemed appropriate. Please contact
Bayer AG at clinical-trials-contact@bayer.com regarding
access.

Results

Patient disposition, demographics,
and characteristics

A total of 458 patients were randomly assigned 2:1 to receive
either C+R (307 patients) or P+R (151 patients) (Fig. 1).
Histological subgroups in this study included FL (n=275),
MZL (n=95), SLL (n=50), and LPL/WM (n=38), and
all enrolled patients had an Eastern Cooperative Oncology
Group performance status of 2 or below. The median age
was 63 years (range 54—70) in the C+R arm and 62 years
(range 53-70) in the P+R arm. The percentage of patients
in the C+R arm and the P+ R arm who had already received
two or more anticancer therapies was 51.1% (n=157) and
53.0% (n=280), respectively.

Biomarker analyses
PTEN immunohistochemistry analyses

To investigate the relationship between PTEN presence and
patient response to treatment with respect to PTEN expres-
sion was assessed via immunohistochemistry staining in
patients where tissue was available (N=221/307). PTEN
presence was observed in 81 out of 221 (36.7%) patients
with iNHL, with a similar PTEN percent positivity in the FL.
cohort (n=41/119, 34.5%; Supplementary Table S2).

In patients with iNHL and the sub-cohort of FL, an
improved median PFS benefit was observed for the C+R
arm compared with the P+R arm, regardless of PTEN pres-
ence (Figs. 2, 3). In the P+ R arm, PTEN absence was asso-
ciated with significant improvements in PFS compared with
PTEN presence in the FL cohort (P=0.009; HR 0.346 [95%
CI 0.156-0.770]), and a similar trend was seen in patients
with iNHL (P=0.060; HR 0.563 [95% CI 0.309-1.024]), but
not in the non-FL arm (Supplementary Fig S1). As a result
of this enhanced PFS benefit in patients with PTEN absence,
PFS was not significantly improved for C+R over P+R in
patients with PTEN absence (P=0.202; HR 0.727 [95% CI
0.446—1.186] in patients with iNHL; P=0.439; HR 0.764
[95% CI 0.386-1.510] in the FL cohort); however, signifi-
cant improvements were observed for C +R compared with
P+R in patients with PTEN presence (P =0.001; HR 0.359
[95% CI 0.193-0.668] in patients with iNHL; P=0.012;
HR 0.349 [95% CI 0.153-0.796] in the FL cohort). No
multivariate analysis was conducted because none of the
clinical variables were significantly associated with PFS in

Randomized 2:1 to treatment*
N = 458

Available PTEN IHC data Available GEP data Available NGS data Available cytokine data
n =202 n =200 n=2304
Treated with Treated with Treated with Treated with Treated with Treated with Treated with

«copanlisib + rituximab copanlisib + rituximab placebo + rituximab copanlisib + rituximab placebo + rituximab copanlisib + rits placebo + rituximab
Copanksib 60 mg weekly R ok Copanlisib 60 mg weekly 378
(days 1, 8, and 15) until PD (days 1,8, and 1) untd PD. (days 1,8, 15,and 22
Rituximab 375 | s dqu:;. ’-y .1” of

(days 1,8, 15, and 22 (days 1,8, 15, and 22 B

of cycle 1, day 1 of of cycle 1, day 1
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FL Non-FL* FL Non-FL* FL Non-FL* IL-2 low or IL-2 low or
cohort «cohort cohort cohort cohort cohort undetectable undetectable
n=75 n=70 n=T1 n=56 n=42 n=31 n=105 n =60

Fig. 1 Patient disposition and biomarker eligibility. “Eligible patients
had a diagnosis of CD20-positive indolent B-cell lymphoma (FL
grades 1-3a, marginal zone lymphoma, small lymphoplasmacytic
lymphoma, or lymphoplasmacytic lymphoma/Waldenstrom mac-
roglobulinemia), had relapsed following a regimen containing rituxi-
mab, a rituximab biosimilar, or an anti-CD20 monoclonal antibody,
and were progression- and treatment-free for 12 months since the

last rituximab-containing regimen, or for 6 months and unwilling or
unfit to receive chemotherapy. ®The non-FL cohort included marginal
zone lymphoma, small lymphoplasmacytic lymphoma, and lymphop-
lasmacytic lymphoma/Waldenstrom macroglobulinemia. /HC immu-
nohistochemistry, NGS next-generation sequencing, PD progressive
disease
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Fig.2 PFS by PTEN status in
patients with iNHL. C copan-
lisib, P placebo, R rituximab
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the subset of patients with available PTEN measurements
upon consideration of the adjusted P value. The relationship
between OS and PTEN presence was also investigated, but
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due to a limited number of events, no statistical difference
was observed between patients with PTEN presence versus
PTEN absence (Supplementary Fig. S2).
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EZH2 and BCL2 next-generation sequencing analyses

Targeted DNA sequencing using the TruSight Oncology
500 Assay was performed to assess the mutation status of
genes within the 523 gene panel, which were subsequently
tested retrospectively for association with patient response
to treatment. This data was available for a total of 200 iNHL
patients at baseline/screening, of which 113 were FL lym-
phoma patients. The genes mutated in over 25% of the iNHL
population were also mutated in over 25% of the FL sub-
group, and these include BARDI, CREBBP, SLX4 and BCL2.
Within the FL population, an additional high prevalence of
mutations is observed within TNFRSF14, ICOSLG and
EZH?2. Of these top mutated genes, BCL2 was the only gene
that showed a significant difference between mutant and
wild type when treated with copanlisib and rituximab. The
identification of mutant BCL2 in this panel reflects previ-
ous investigations into the genomic landscape of FL, where
BCL?2 is known to be commonly mutated in FL [15, 16].
Mutations in BCL2 were detected in 51 out of 200 (25.5%)
iNHL patients, and the majority of these BCL2 mutations
(48 out of 51) patients were in the FL sub-group. With C +
R treatment, PFS was significantly improved in FL patients
with BCL2 mutations relative to those with wild-type BCL2
(P=0.002; HR 0.213 [95% CI 0.081-0.559]) (Fig. 4A).
In FL patients treated with P+ R, no significant differ-
ence in PFS based on BCL2 mutation status was observed
(P=0.080; HR 1.980 [95% CI 0.922-4.251]). Detected
BCL2 mutations in FL patients were distributed throughout
the BCL2 gene, and no hotspot mutations were identified.
The most prevalent BCL2 mutations were G47D (n=15) and
G47A (n=4) missense mutations (Supplementary Fig. S3)
with a frequency of 8.7% (n=9/103).

There has been a growing area of interest in cancer treat-
ment to target epigenetic regulators that modify gene expres-
sion, dysregulation of which can lead to tumorigenesis. One
such target that has been studied is enhancer zeste homolog
2 (EZH?2), which can develop mutations affecting its activity.
These mutations are mostly seen in germinal center (GC)
derived diffuse large B-cell lymphoma and FL because
EZH? plays a major role in GC development and is greatly
expressed within pro-B cells, which directly controls IGFIR
expression to activate the PI3K pathway, therefore making
it an interesting gene to evaluate in this study. Mutations
in EZH?2 are typically found in approximately 20% of FL
patients, and in this CHRONOS-3 study they were detected
in 29 out of 113 FL (25%) patients.

In the FL cohort, when treated with P+R, patients with
mutant EZH?2 appear to have a worse PFS as compared to
the wild-type EZH?2 patients. However, patients treated with
C+R not only show much improved median PFS as com-
pared to the placebo group but also a comparable PFS with
both the wild-type and the mutant forms of EZH2 (P=0.418;

HR 0.706 [95% CI 0.304-1.641]) (Fig. 4B) indicating that
inhibition of the PI3K pathway by copanlisib provides the
same PFS advantage to both the mutant and wt EZH?2.

Cross-validated penalized Cox regression was used to
identify a potential combination of genes and clinical vari-
ables predictive of PFS in the C+R arm. In FL patients,
BCL2 was the only gene associated with PFS, with mutant
BCL2 providing a benefit over wt BCL2, while no differ-
ence in PFS was observed between mutant and wt EZH?2
(Supplementary Table S3). In addition, tumor stage and geo-
graphic region were associated with PFS (Supplementary
Table S3; predictive performance: mean C-index 0.90 [95%
CI 0.80-1.00]).

IL-2 cytokine analysis

As the pan-PI3K activity of copanlisib may induce responses
across various immune cell subtypes during development
and activation, a full array of 71 cytokines and chemokines
was used to examine the association between biomarker lev-
els and patient response. As a follow-up suggestion from
the ODAC, it is important to not only look at PFS, the pri-
mary endpoint of the trial but also at the OS, the second-
ary endpoint. Though none of the analyzed cytokines and
chemokines at baseline showed any association with PFS
upon consideration of the adjusted P value (Supplementary
Table S4), the association with OS was significant with
baseline levels of IL-2. Here, we present results detailing
the relationship between baseline IL-2 levels and OS in 304
evaluable patients, as this was the cytokine associated with
the largest OS benefit (Supplementary Table S4). In the
C+R arm, a significant OS benefit (unadjusted P value) was
observed for patients with low or undetectable (<0.356 pg/
mL) baseline levels of IL-2 versus those with high IL-2 lev-
els in patients with iNHL (P <0.0001; HR 0.285 [95% CI
0.154-0.527]) (Fig. 5A) and the subset of the FL cohort
(P=0.003; HR 0.306 [95% CI 0.142-0.659]) (Fig. 5B) and
the non-FL cohort (Supplementary Fig. S4). No significant
difference in OS was demonstrated between patients with
low and high IL-2 expression when treated with P+R in
either patients with iNHL (P=0.481; HR 1.285 [95% CI
0.639-2.585]) (Fig. 5A) or the FL cohort (P=0.273; HR
1.747 [95% CI 0.644-4.739]) (Fig. 5B).

A combination of cytokines and clinical variables
selected via cross-validated penalized Cox regression
based on OS had low predictive performance in iNHL
patients (Mean C-index 0.77 [95% CI 0.51-0.94]) so no
meaningful conclusions could be drawn. A multivariate
Cox regression model was fitted which included the top
three clinical variables (ECOG grade, bulky disease and
tumor size) associated with OS as covariates. After adjust-
ing for the clinical variables, a significant OS benefit was
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Fig.4 Association of A BCL2 mutation status and B EZH2 mutation status with PES response by treatment in patients with FL. C copanlisib,
NA not available, P placebo, R rituximab

observed for patients with low or undetectable baseline
levels of IL-2 versus those with high IL-2 levels, whereas
no significant difference in OS was demonstrated between
patients with low and high IL-2 expression when treated
with P+ R (Supplementary Table S5). Patients without
bulky disease and with ECOG grade 0 showed longer OS
than patients with bulky disease and ECOG grade > 1,
while tumor size did not affect OS (Supplementary
Table S5).
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Discussion

Here, we have described the exploratory analysis of bio-
marker data in patients with relapsed B-cell iNHL, which
seeks to identify biomarkers that may correlate to patient
response following treatment with C +R.

PTEN, a tumor suppressor protein that negatively reg-

ulates the PI3K pathway, is known to be one of the most
commonly mutated genes in human cancer [17]. Complete
loss of PTEN protein expression leads to aberrant PI3K
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activation and signaling, associated with poor patient out-
comes [18]. This study is one of the largest in hematologi-
cal malignancies to evaluate the relationship between PTEN
presence and patient response to C + R treatment. Early bio-
marker reports of copanlisib suggested that response could
be enhanced in patients with iNHL and PTEN absence
[19], but here baseline PTEN presence had no impact on
PFS with C+R, which may be due to the high response
rates seen in this study. This finding, that there is a higher

PFS in PTEN-negative patients may seem counterintuitive
because of the role of PTEN as a tumor suppressor gene.
One explanation may relate to PTEN maintenance of B-cell
homeostasis. In iNHL malignancies, cells may be addicted
to the constitutively active Bruton’s tyrosine kinase (BTK)
pathway and thus require a fine balance between PI3K and
BTK signaling for optimal B-cell survival. Absence of func-
tional PTEN expression may increase levels of phosphati-
dylinositol (3,4,5)-trisphosphate, leading to hyperactivation
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of the BTK and PI3K pathways. As the PI3K pathway is
involved in cell metabolism and nutrient regulation [20],
these cells may then be unable to meet their subsequent
nutrient demands, challenging B-cell survival and subse-
quently improving PFS. PTEN expression might also influ-
ence the tumor microenvironment in ways that promote
immune escape, or in the presence of PTEN, suppression
of PI3K signaling may result in the activation of compensa-
tory, linked signaling pathways that could bypass the inhi-
bition of PI3K and promote cell survival [21]. Since the
PTEN gene is susceptible to both deletions and mutations,
it was essential to explore the implications of PTEN gene
alterations which could guide future research and influence
clinical response. However, there were only 2/200 samples
with PTEN mutations observed in this data set, making a
comprehensive analysis difficult. It is important to note the
speculative nature of these explanations, and the exact mech-
anisms are likely to be complex and multifactorial. Further
research is needed to elucidate the precise biological reasons
behind this observation and determine treatment strategies
for iNHL patients.

Translocation t(14;18) of BCL2, a gene that encodes
a negative regulator of apoptosis, is a key driver of FL
pathogenesis in over 90% of FL cases [22]. BCL2 is fur-
ther susceptible to mutations in the coding sequence of the
gene, which are common in FL and may be associated with
impaired apoptosis, as well as an increased risk of trans-
formation to an aggressive lymphoma and death [12]. In a
recent study, BCL2 mutations were observed in 72.5% of
FL patients (allele frequency of > 1%) [15], which is higher
than the reported prevalence of BCL2 mutations in the
CHRONOS-3 study. Of the total BCL2 mutations (N=51)
in the study, 94% were in the FL subset and mutations were
spread across the length of the BCL2 gene, as observed in
similar analyses [12]. While studies have reported conflict-
ing data on whether BCL2 mutation status correlates with
survival in FL patients [15, 16, 23], the presence of BCL2
mutations in this analysis was associated with improved PFS
in patients with FL treated with C+R compared with P+R.

EZH2, a histone methyltransferase, promotes transcrip-
tional gene silencing by catalyzing histone methylation [24,
25]. Sequencing studies have demonstrated that EZH2 muta-
tions are common in FL [13] and are believed to be a poten-
tial driver of lymphomagenesis [26]. Furthermore, gain-of-
function mutations in EZH2 promote B-cell proliferation and
survival [24], warranting their evaluation within this study.
Here, EZH2 mutations were reported in 41% of FL patients,
which is slightly higher than the literature-reported preva-
lence (>25%) [13]. More data are needed to inform how
EZH?2 mutation status relates to treatment outcomes [27];
however, recent data suggest that EZH2 mutations in FL
patients may be predictive of improved response to rituxi-
mab and chemotherapy [27]. The exact reason why EZH2

@ Springer

mutations did not impact the PFS significantly is unknown,
but the suggested reasoning is that activated AKT phospho-
rylates EZH2 leading to tumor growth. Since copanlisib
inhibits the AKT pathway, which is upstream of EZH2 phos-
phorylation, treatment with C+R seems to benefit both arms
equally.

IL-2 is a key cytokine involved in immune system homeo-
stasis and T-cell maintenance and was previously approved
by the FDA as immunotherapy for metastatic renal cell car-
cinoma and metastatic melanoma [28]. However, the clini-
cal utility of IL-2 as an anti-tumor therapeutic is limited
by reports of severe toxicity and an opposing role of IL-2
in both effector and regulatory T-cell signaling [28]. Here,
a significant OS benefit for patients with low or undetect-
able baseline levels of IL-2 over patients with high baseline
levels of IL-2 was observed in patients with iNHL treated
with C+R. IL-2 differentially drives the fate of CD4 +and
CD8+T cells; high levels of IL-2 signaling promote differ-
entiation into short-lived effector cells, while low levels of
IL-2 signaling promote memory T-cell differentiation [29].
Therefore, low levels of IL-2 at baseline may result in the
preferential expansion of long-lived memory CD4 + T cells
but not CD8 + cytotoxic T-cell populations, thus potentially
having an impact on anti-tumor activity and OS. The dis-
covery that a subset of patients with low baseline levels of
IL-2 demonstrate enhanced OS benefit from copanlisib is
significant, as it may suggest that this subgroup may see
particularly beneficial improvements in survival from PI3K
treatment. This finding is timely and relevant, given an
ODAC meeting on April 21, 2022, to discuss PI3K class-
wide findings, as well as published guidance from the FDA
that requests the collection and analysis of OS data for PI3K
trials [30].

Understanding the cumulative impact of PTEN expres-
sion, EZH2 and BCL2 mutations, and cytokine levels can
provide valuable prognostic insights. The interplay among
these biomarkers can be complex and a patient may exhibit
a unique treatment response profile informing clinical deci-
sion-making and enabling personalized approaches that
account for the multifaceted nature of these biomarkers and
their collective influence on patient responses to therapy,
providing valuable prognostic insights. Patients exhibiting
a specific combination of these biomarkers may be stratified
into different risk categories, guiding treatment decisions
and monitoring strategies. A complete multivariate analysis
was limited due to the lack of availability of a complete data
set. The data presented here demonstrate the association of
several biomarker signals with improved patient response
and survival following treatment with C+ R, suggesting
potential predictive utility in treatment selection, but these
results are limited by the exploratory nature of these analy-
ses. While the reported associations require further investi-
gation, these results serve as a foundation for future research
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into predictive biomarkers for the effective management of
iNHL.
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