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Abstract

Despite advances in targeted and cellular therapies, outcomes for patients with Richter’s
transformation (RT) and transformed non-Hodgkin lymphoma (tNHL) remain dismal. In this
study we report safety and efficacy of the combination of the selective, small molecule inhibitor
of phosphoinositide-3-kinase copanlisib, with the anti-PD-1 antibody nivolumab from a phase 1
multicenter investigator-sponsored study. Twenty-seven adult patients with relapsed and/or
refractory RT or tNHL were treated with escalating doses of copanlisib IV on days 1, 8, and 15
(doselevel [DL] 1 - 45 mg, DL2 - 60 mg) combined with nivolumab 240 mg IV on days 1 and
15 of a28-day cycle. Three dose limiting toxicities occurred in 2 patients treated at DL 2, hence
45 mg was determined the maximum tolerated dose and utilized in the expansion cohort. The
most common treatment-related adverse events were diarrhea and anemia. All patients went off
protocol, predominantly due to progressive disease and adverse events (67% and 26% of

patients, respectively). Overall response rate (ORR) was 46%. Patients with transformed
follicular lymphoma had ORR 67% (2 complete responses), with median progression free
survival (PFS) 4.4 months (95% Cl: 1.4-12.2). Patients with RT had ORR 31% (2 complete
responses) with median PFS 2.0 months (95% CI: 0.7-4.9). Treatment resulted in downregulation
of MY C and NF«B pathways in malignant B cells. Responding RT patients exhibited sustained
activation of IFN-o and IFN-y signaling pathways in CD4" and CD8" T cells. Overall, treatment
with copanlisib and nivolumab demonstrated manageable toxicity and promising clinical efficacy
intNHL patients.



I ntroduction

Transformation from indolent non-Hodgkin lymphoma (NHL) to aggressive lymphoma (most
commonly diffuse large B-cell lymphoma [DLBCL]) represents an entity that is challenging to
treat. It can occur in any indolent NHL including follicular lymphoma (FL), lymphoplasmacytic
lymphoma (LPL), marginal zone lymphoma and small lymphocytic lymphoma/chronic
lymphocytic leukemia (CLL). Transformation occurs at a rate of 0.5-3% per year with median
survival ranging from 16-60 months depending on the subtype.** Thereis variability in survival
due to differences in the definition of transformation across studies as well as lack of auniform
approach to treatment.> Although there is no established standard of care, patients with
transformed NHL (tNHL) are most often treated similarly to those with aggressive NHL
histology.”

Prognosis for patients who develop Richter transformation (RT) - the progression of CLL, most
commonly to DLBCL - is particularly poor with a median survival of only 4-12 months.® ' RT
occurs at arate of ~0.5% per year, affecting 2-10% of CLL patients over the course of their
disease, with similar incidence in both previously treated and treatment-naive CLL patients.® °
There is no standard treatment defined for RT, and most available data comes from phase 2
studies, where response rates range from 5-50%.% RT is frequently associated with aberrationsin
the TP53, CDKN2A/B, NOTCH1, SPEN, IRF2BP2 and MGA genes, which portend worse overall
prognosis and render RT cells resistant to chemoimmunotherapy.™® Although allogeneic stem cell
transplantation may be curative in RT, prospective data remains limited regarding efficacy.™ ™
In the era of novel agents, RT remains a significant concern, with evidence suggesting that RT
rates have not decreased. Patients with RT exposed to both chemotherapy and novel agents have
alimited survival of approximately 3 months.** *> Chimeric antigen receptor T cell (CAR T)
therapy has demonstrated efficacy for both transformed indolent NHL and RT, however, in
retrospective studies, RT outcomes remain worse than those of other aggressive lymphoma
subtypes.'® *” Overall, despite advances in the treatment of aggressive NHL, novel therapeutic
approaches for transformed lymphomas remain an unmet need.

Immune escape is one of the hallmarks of cancer, and restoring antitumor immunity has emerged

as an effective therapeutic strategy in many cancers. Programmed cell death-1 (PD-1) and its



ligands programmed death-ligand 1 (PD-L1) and PD-L2 constitute an important immune
checkpoint axis, which modulates immune response under physiologic conditions.™® In B-cell
NHL, neoplastic B cells as well as tumor-infiltrating non-malignant cells express high levels of
PD-L1 as a mechanism to evade the immune system.**** PD-1 therapy has shown promisein
clinical trialsfor RT. In a phase 2 study of pembrolizumab in CLL, 9 patientswith RT were
included, with 4 achieving a response and a median overall survival of 10.7 months.? A separate
phase 2 trial of nivolumab combined with ibrutinib in CLL enrolled 24 patients with RT,
achieving a response rate of 42% (10 patients).> The PD-1 inhibitor tislelizumab combined with
the Bruton tyrosine kinase (BTK) inhibitor zanubrutinib in a phase 2 study showed a 58%
response rate among 59 patients.?* The depth and duration of these responsesin B cell

malignanciesis not yet known.

Copanlisib isan inhibitor of phosphoinositide 3 kinase (PI3K) a/d isoforms that has shown
preliminary efficacy in follicular lymphoma (FL) and DLBCL. The PI3Ka isoform is expressed
in DLBCL and preclinical data suggests that dual inhibition of PI3K-o and -6 leads to tumor
regression in non-germinal center B cell (non-GCB) DLBCL. In aphase 2 study in patients with
relapsed/refractory FL, copanlisib achieved an ORR of 59%.% Additionally, in aphase 2 study in
DLBCL, the ORR in transformed FL (tFL) was 33.3%.% In a per-protocol analysis of another
phase 2 trial in relapsed/refractory DLBCL, patients with non-GCB DLBCL showed an ORR of
37.5%.% Thereis aso astrong pre-clinical rationale for use of PI3K inhibition in RT as several
studies have demonstrated addiction to tonic PI3K signaling associated with transformation of
CLL to RT.2 % Collectively, these results support the theoretical rationale for combining PI3K
and PD-1 inhibition in tNHL. Herein, we report the results of phase 1 investigator-sponsored,
dose-escalation and expansion trial of copanlisib in combination with nivolumab in patients with
RT or tNHL.

Methods

Study Design and participants

We conducted a multicenter, open-label, phase 1, investigator-sponsored trial (NCT03884998).
Participating sites included City of Hope National Medical Center, Dana Farber Cancer Institute
and Oregon Health and Science University. All participating sites obtained institutional review



board (IRB) approval and all patients signed informed consent to participate in the study.
Eligible patients were age >18 years with histologically confirmed DLBCL arising out of CLL
(RT) or indolent NHL (tNHL) with disease that relapsed or was refractory to at least 1 prior line
of therapy. Patients with RT could have prior therapy for CLL, RT, or both. Patients with tNHL
must have had at least 1 prior chemoimmunotherapy regimen and not be a candidate for, or must
have relapsed after autologous stem cell transplant. Other inclusion/exclusion criteriaare

summarized in the supplemental methods section.

The phase 1 dose escalation portion of the study followed a standard 3+3 design, followed by an
initial dose expansion cohort of 10 patients and a subsequent 6-patient expansion in tFL after
demonstration of promising initial efficacy. There were 3 planned dose levels of copanlisib,
allowing for one dose escalation or one dose de-escalation as indicated. Copanlisib wasto be
administered IV on doselevel [DL]1 at 45 mgondays 1, 8and 15, DL2 at 60 mgondays1, 8
and 15 and DL “-1" at 45 mg on days 1 and 15 of a 28-day cycle, asoutlined in Table 1.
Nivolumab 240 mg was given IV on days 1 and 15 of each cycle. Patients could receive up to 24

cycles of therapy.

Sudy outcomes and statistical analyses

The primary study objective was to evaluate the maximum tolerated dose (M TD) of copanlisibin
combination with nivolumab by evaluating adverse events (AEs) and dose limiting toxicities
(DLTs). DLTs were monitored during the first cycle of treatment and were defined as grade >4
hematol ogic toxicities lasting longer than 7 days, grade >3 non-hematol ogic toxicities, grade 2
pneumonitis, or as described (Supplemental Methods) using the National Cancer Institute
Common Terminology Criteriafor Adverse Events (NCI CTCAE v5). Dose adjustments were
allowed for copanlisib, but not nivolumab. Immune-related adverse events (IRAES) were
managed as described (Supplemental Table 1). The secondary objective was to evaluate the
preliminary efficacy of the combination, with endpoints including overall response rate (ORR),
duration of response (DOR), and progression free survival (PFS). Response was evaluated using
Lugano criteria® PET-CT (or CT, if PET-CT is not feasible) were performed at C3D1 and every
3 cycles thereafter while on treatment and every 6 months while on follow up. DOR and PFS
were measured from time of first response (DOR) or time of treatment start (PFS) to progression,

subsequent anti-lymphoma therapy, or death, whichever was earlier. Patients were evaluable for



efficacy if they completed at least 1 cycle of study treatment. During dose finding, patients who
did not complete DLT period for reasons other than DLT were replaced and not included in DLT
assessment. Additional statistical methods including sample size estimation as well as details
related to the exploratory objectives included pharmacodynamic endpoints and correlative
studies are described in the supplemental methods section. Baseline characteristics were
summarized using descriptive statistics.

Results

Patient and treatment characteristics

Twenty-seven patients were enrolled, 11 in the dose finding portion (8 at DL1, and 3 at DL2)
and 16 in the dose expansion cohort. Fourteen had RT and 13 had tNHL (12 FL and 1 with
transformed lymphoplasmacytic lymphoma). Patient baseline characteristics are outlined in
Table 2. The median age was 65 years (range, 32-77) with a 70% male predominance. Twenty-
four patients (89%) had an ECOG performance status <1. Patients had received a median of 4
prior lines of therapy (range, 1-10), including 8 patients (30%; 2 RT, 6 tNHL) who had
undergone prior autologous CD19-targeted chimeric antigen receptor T cell therapy (CAR-T).
Median time from CAR-T to start of treatment with trial therapy was 7 months (range 5-33
months). No patient had prior autologous stem cell transplant. Patients received a median of 3
cycles (range, 1-20), amedian of 2.5 cycles (range, 1-18) for RT and 4 (range, 1-20) for tNHL.
Basdline genetic data was available for the antecedent CLL in 8 of the 14 RT patients. All but
one had complex karyotype with del17p, 2 had MYC gene translocations, and 3 had del 11q.
Altogether 18 pts discontinued therapy due to progressive disease (67%), 7 dueto AEs (26%; 2
colitis, 1 prolonged lung infection, 1 esophagitis, 1 diarrhea, 1 neck pain), 1 patient refused to
continue study treatment because of an infusion-related reaction with copanlisib, and 1 dueto

preexisting CNS disease discovered after enrollment.

MTD

During dose finding, 8 patients were treated at DL 1 (45 mg copanlisib), 5 initially and 3 after
DL2 was explored. Among them 6 had RT and 2 had tFL. Two patients did not complete the
DLT period dueto rapidly progressive disease and were replaced. No DLTs were observed in 6
evaluable patients at DL1. At DL2 (60 mg copanlisib) with 3 treated patients (2 RT and 1 tNHL),



3 DLTs(grade 4 febrile neutropenia and grade 4 neutropeniain one patient, grade 4
thrombocytopeniain a second patient) were observed in two patients with RT. Therefore, the
MTD and the recommended phase 2 dose (RP2D) of copanlisib in combination with nivolumab

was determined to be 45 mg on days 1, 8, and 15.

Safety

Among all patients, the most common treatment-related adverse events (AEsS, any grade) were
diarrhea (44%), anemia (37%), fatigue (37%), neutropenia (37%), thrombocytopenia (37%),
hyperglycemia (37%), and alkaline phosphatase increased (37%). The most common AEs are
presented in Table 3 and a completelist is present in Supplemental Table 2. The most common
severe AEs (AEs, grade >3) were neutropenia (22%) and leukopenia (15%). Dose reductionsin
copanlisib from DL1 to DL-1 occurred in 1 patient due to elevated liver enzymes. There were
overall 10 cycles of treatment where dose was delayed in 8 patients, with 7 delays due to
toxicity.

A total of 12 (44%) patients reported treatment-related diarrhea; in 75% of these cases the
highest grade was initially reported in cycle 1 or 2. Two (7%) patients reported grade 3 diarrhea
in cycles 2 and 4, respectively. Two patients had colitis, one with a grade 3 treatment-related
colitisthat occurred in cycle 3, and another with a grade 3 colitis that was considered unrelated
to treatment and probably due to antibiotics. One patient had grade 3 pneumonitisin cycle 7
which was deemed treatment-related. There was one grade 3 treatment-related AL T elevation in
C1 that lasted 7 days, and no report of grade >3 treatment-related AST e evation.
Hyperglycemia and hypertension were seen at afrequency of 37% and 33%, respectively. All
cases were self-limited and there were no new cases of diabetes mellitus or chronic hypertension
diagnosed over the course of the study.

Treatment-related infections occurred in 4 (15%) patients, among them 3 were grade 3 (2 lung
infection and 1 septic shock).

Efficacy

Efficacy analyses excluded the one RT patient who was found to have preexisting CNS disease
(n=26). For the entire cohort ORR was 46% (4 CR and 8 PR). Patients with tFL had an ORR of



67% (2 CR, 6 PR, 1 SD, 3 PD); patients with RT had an ORR of 31% (2 CR, 2 PR, 2 SD, 7 PD).
Both patients with RT who achieved CR developed IRAES (eosinophilic esophagitis and colitis)
and both patients remain in remission from RT after afollow-up of 3.1 and 3.4 years, athough
one patient started a new therapy for relapsed CLL at 17 months and is technically counted as
PD. Among the 8 patients with prior CAR T cell therapy, the response rate was 63% (2 CR and 3
PR). The median follow-up among survivorsis 17 months (range 13-29) with follow-up until
death, enrolment on long term follow up, consent withdrawal, or 1 year off-treatment. Twenty-
four patients have progressed or started new therapy; two patients (1 RT and 1 tFL) were
censored at 17.5 and 20.0 months respectively when they reached the end of study observation (1
year after treatment completion). Responses and duration of response are outlined in Figure 1.
The median DOR was 6.7 months (95%CI: 2.0-15.5), median PFS was 3.3 months (95%Cl: 1.8-
4.9) and median OS was 23.8 months (95%CI: 5.4-NA; Figure 2). Patientswith RT had a
median PFS of 2.0 months (95%CI: 0.7-4.9) and a median OS of 7.6 months (95%CI: 1.3-NA);
the 4 responders had a median DOR of 15.2 months (95%CIl: 3.0-NA). Patients with tFL had a
median PFS of 4.4 months (95% CI: 1.4-12.2) and a median OS of 23.8 months (95% CI. 4.2-
NA); the 8 responders had a median DOR of 3.0 months (95% CI: 1.7-13.6; Figure 2). The one

patient with transformed lymphoplasmacytic lymphoma had progressive disease after 2 cycles.
Correlative Sudies

We performed analysis of paired tumor and peripheral blood samples from patients with RT
using flow cytometry and single cell RNA sequencing (SCRNA-Seq)). Peripheral blood samples
were analyzed at basdline, after completion of 1 and 5 cycles of therapy and at the end of
treatment, as described in the methods (supplemental methods).

We analyzed samples from 3 patientswith RT who achieved response on treatment and 3 non-
responders (NR). Flow cytometry analysis showed rapid downmodulation of PD1 expressionin
CD4" and CD8" T cdlls, regardless of response, consistent with the mechanism of action of
nivolumab (Figure 3A). By contrast, we observed no changes in expression of CTLA4 (not

shown).

We next conducted scRNA-Seq analysis from 2 responders and 3 NR with RT who had
sufficient material (Figure 3B). Following quality control, we clustered 56,189 cells from all
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samples based on their expression profiles and assigned cell types according to marker gene
expression: B cells (CD79A, CD19, IGHD), CD4" T cells (CD3D, CD3E, IL7R), CD8" T cdls
(CD8A, CD8B, CRTAM), classical monocytes (CD14, LYZ, CD36), type-2 dendritic cells (DC2
[LY75, CD1C]), natural killer [NK] cells (NCAM1, NKG7, NCR1, PRF1), non-classical
monocytes (FCGR3A, TCF7L2, LYN, MTSSL), and plasma DCs (IL3RA, CLECAC) (Figure
3C).***2 Clustering was not influenced by collection timepoints, except for malignant B cells,
indicating minimal batch effects due to our multiplexing strategy. We identified distinct B cell
clusters with unique gene expression patterns, reflecting significant intra-tumoral heterogeneity
between responders (CN09, CN10) and non-responders (CN13, CN14, CN15), and minimal
intra-tumoral heterogeneity within the responder group. Compared with normal PBMCs, we
observed altered copy number variations in our samples (Supplemental Figure 1A). We also
identified distinct populations of circulating CD5'CD19" B cellsin 4/5 samples, likely
representing circulating CLL cells (Supplemental Figure 1B). Gene expression analysis
demonstrated that interestingly, OxPhos and MYC targets were enriched at baselinein both CD4*
and CD8" T-cells obtained from responders (Supplemental Figure 2).

Subpopulation analysis demonstrated downregulation of MY C and NF«kB signaling in circulating
tumor cells as early as after amonth of therapy, and still evident at later timepoints, regardless of
response (Figure 4A). Analysis of T cell subpopulations revealed upregulation of IFN-a and
IFN-y signaling pathwaysin CD4" and CD8" T cells after one cycle of therapy in both
responders and NR (Figure 4B and Supplemental Figure 3). However, T cell activation was not
sustained in NRs, and was no longer evident at a later timepoint.

Parry et al. have previously reported that ZNF683 marks a CD8" T cell population associated
with anti-tumor immunity following anti-PD-1 therapy for Richter syndrome.® We found that
expression of ZNF683 was higher in responder CD8" T-cells in our study, although the
difference did not reach statistical significance likely due to small sample size (Supplemental

Figure4).

Flow cytometry analysis confirmed increased secretion of IFNy in T cells obtained from
responding patients (Figur e 4C). Thiswas accompanied by an increased secretion of TNF-a in
CD4" T cell, suggesting reprogramming towards Th1 phenotype in response to treatment.
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Meanwhile, we observed no change in expression of IL-2, IL-4 and IL-17 in either CD4 or CD8
T cdl population, while NRs did not exhibit significant changes in cytokine expression by flow
cytometry (data not shown).

Together, these findings reveal distinct T cell activation patterns within T cell subpopulations
between responders and NRs following copanlisib/nivolumab exposure.

Discussion

The combination of copanlisib and nivolumab showed promising efficacy in patients with
transformed DLBCL arising from FL, whereas efficacy in RT patients was less encouraging. It is
important to acknowledge that both PI3K and PD-1 targeting therapies carry arisk of significant
toxicities. Potential risk of autoimmune complications was a concern with the combination,
including colitis (reported 1-2% for copanlisib and up to 10% for nivolumab), pneumonitis (1.4-
9% for copanlisib and 0-8.5% for nivolumab), thyroiditis (0-18% for nivolumab) and hepatitis
(1-2% for copanlisib and 1-6% for nivolumab).***® Acknowledging this risk, the combination
demonstrated manageable toxicity with the most common severe AES being neutropenia (22%)
and leukopenia (15%). The DLTsthat occurred in patients with RT were also non-immune and
included febrile neutropenia/neutropenia and thrombocytopenia, leading to 45 mg copanlisib as
the MTD. Although 12 (44%) patients reported treatment-related diarrhea, only two cases were
grade 3. Grade 3 colitis, pneumonitis, and elevation of ALT were uncommon (2, 1 and 1
episodes, respectively). In addition, in our study only 26% of patients discontinued treatment due
to AEs, similar to rates of discontinuation of single agent copanlisib (25% in CHRONOS-1)*
and nivolumab (28.3% from a pooled analysis of 4,677 patients treated with nivolumab).*

Interestingly, the kinetics of response differed between tFL and RT with our regimen. While
higher ORR and CR rates were achieved in tFL, the RT group had alonger DOR. Importantly,
preliminary analyses of tumor cells and immune cell subsets from patients with RT treated on
study suggest key differencesin gene expression changes between responders and non-
responders, which offer potential insights into mechanisms of resistance and may inform future

strategies for optimizing immune therapies.

11



Despite a heavily pre-treated patient population (up to 10 prior lines of therapy), the ORR among
tFL patients was promising at 60%. Thisincluded 30% of patients previously treated with CAR
T cell therapy, a group for whom relapsed disease is typically associated with particularly poor
prognosis.’® Although the number of patients with tFL was small, the observed response rate was
higher (60% vs 33%) than previously reported for single agent copanlisib in a phase 2 study with
atFL subgroup (n=6), in which both responses were partial.?® Taken together, our data suggest
that the addition of nivolumab provided clinical benefit. The immune microenvironment, and
specifically elevated expression of PD-1 on T cdlls, is thought to influence outcomesin FL,
including the risk of transformation.** Thus, reversing T cell exhaustion and facilitating tFL

cell destruction in this context is likely the mechanism driving the enhanced response observed.

The response rate among RT patients was less striking than in tFL, with only one-third of
patients achieving aresponse. Where data was available, the underlying genetic alterationsin the
antecedent CLL were high risk including complex karyotype and 17p deletion in all but one case
suggesting our cohort of patients were enriched for high risk RT. Despite limited response rates,
the duration of response was significant, with amedian of 15.2 months. This prolonged DOR is
reminiscent of initial studies in which some melanoma patients achieved extended responses
with anti-PD-1 therapy.* Interestingly, in our study, both RT patients who achieved CR
discontinued treatment due to immune-related adverse events required corticosteroid therapy -
esophagitis and colitis. Despite this, both patients remain in remission from RT 3.1-3.4 years
post treatment. This observation suggests that immune “hyper” -activation may be a therapeutic
mechanism in some RT cases, a phenomenon observed with PD-1-directed therapy in other
cancers.* Other studies have also shown success with PD-1-based combination therapiesin RT.
For example, a phase 2 study combining the BTK inhibitor zanubrutinib with tislelizumab
reported an ORR of 58% (CR rate 19%) among 48 efficacy evaluable patients, with a median
PFS of 10 months (95% ClI: 3.8-16.3).2* Similarly, a phase 2 study of ibrutinib and nivolumab
demonstrated an ORR of 42% among 24 patients with RT.% In addition, the combination of
rituximab, gemcitabine and oxaliplatin with atezolizumab was evaluated in another phase 2 study
that included patients with tFL and RT with ORR and CR rates for tFL of 79% and 43% and for
RT of 22% and 11%, respectively.*® Finally, a phase 2 study of ibrutinib with durvalumab in
patients with DLBCL and FL showed an ORR of 25% among the 61 patients treated.*” Although
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these results are promising, thereis still some room for improvement and future studies are
needed to further improve response.

To further investigate the underlying molecular and immune mechanisms leading to therapy
resistancein RT, we performed flow cytometry and scRNA-Seq analysis of paired samples from
responders and NR. We observed a downregulation of PD-1 expression on T cdll subsetsin all
patient samples over time, as anticipated with PD-1 treatment. We also found that MY C and
NF«B signaling were decreased in circulating tumor cells from both responders and NR after one
month of therapy. This finding aligns with preclinical observations of gene expression changesin
lymphoma cell lines following exposure to copanlisib.®® * Furthermore, we observed increased
IFNa and IFNy signaling in both CD4 and CD8 T cells, irrespective of response, consistent with
prior findings reported after copanlisib exposure.”® However, while the increased IFN signaling
was sustained in responders, it was short-lived in NR. We confirmed the elevation of IFNy
signaling in responders through flow cytometry, which also revealed an increase in TNFa
expression in CD4 T cells, suggestive of atransition to a Th1l phenotype. By contrast, no
significant changes in cytokine expression were observed in NR. IFNy expression has been
shown to correlate with response to PD-1 treatment in melanoma and non-small cell lung cancer
and may be a potential biomarker of response.®®*? Further studies, however, are needed to fully
characterize potential targets that could address these differences and guide future treatment

strategies.

The limitations of this study include limited duration of response seen in tFL patients, however
thereis still potential to use this combination as a bridging or induction regimen prior to more
definitive consolidation. Evidence suggests copanlisib may lead to downregulation of Tregs and
promote CD8+ T cell infiltration in the immune microenvironment.>* ** This phenomenon along
with reversal of T-cell exhaustion by nivolumab may prime patients for better efficacy with T-
cell based therapies such as CAR T. Additional limitations include a small overall sample size;
however, RT isarare occurrence in CLL and few studies focus on this area, making our research
relevant to the field. Additionally, multiple PI3K inhibitors, including copanlisib, have been
withdrawn from the market due to concerns about toxicities. Nevertheless, our results suggest
that there is potential for PISK inhibitors to have utility in certain settings where effective

therapies are limited, such asRT.
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In summary, we demonstrate that the combination of copanlisib and nivolumab demonstrated no
new safety signals and is efficaciousin patients with previously treated RT and tFL. Copanlisib
45 mg was determined to be the MTD of the combination. The therapy had manageable toxicity.
Response rates, especially among tFL patients, were promising despite the substantial burden of
prior treatments. Duration of response among the two complete responders with RT suggest the
potential for durable disease control in select patients. Additionally, our findings provide insights
into potential mechanisms of response and resistance to therapy, which may inform future

therapeutic strategies in these rare diseases.
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Table 1. Phase 1 Dosing Schema

Dose leve Copanlishb
-1 45 mg IV on Days 1 and 15
1 45 mg IV on Days 1, 8, and 15

2 60 mg IV on Days 1, 8, and 15

18

Nivolumab

240 mg IV on
Days 1 and 15



Table 2. Patient Char acteristics

Characteristics

N (%) or median (range)

Age
Median (range)

Prior Linesof Therapy

Median (range)
Disease Type
Richter's

tFL

Transformed WM

Sex
Mae

Female

ECOG performance status

0-1

2
Prior CART

Prior Lenalidomide

Prior BTKi

All patients
(n=27)

65 (32-77)

4 (1-10)

14 (52)
12 (44)
1(4)

19 (70)
8 (30)

24 (89)

3 (11)
8 (30)
5 (19)
12 (44)

RT
(n=14)

68 (41-77)

3.5 (1-9)

14 (100)

13 (93)
1(7)

12 (86)

2 (14)
2 (14)
1(0)
10 (71)

RT — Richter’ s transformation. tFL — transformed follicular lymphoma

19

tFL
(n=12)

63 (32-76)

5 (1-10)

12 (100)

5 (42)
7 (58)

11 (92)

1(8)
5 (42)
4 (33)
1(8)



Table 3. Attributable (possibly or higher) adver se events of all grades (>10% frequency
overall) and grade 3-4 (2+ patients) (n=27)

Adver se Event n (%)
All Grades (>10%)
Diarrhea 12 (44%)
Anemia 10 (37%)
Fatigue 10 (37%)
Alkaline phosphatase increased 10 (37%)
Neutrophil count decreased 10 (37%)
Platelet count decreased 10 (37%)
Hyperglycemia 10 (37%)
Nausea 9 (33%)
Hypertension 9 (33%)
Aspartate aminotransferase increased 8 (30%)
Alanine aminotransferase increased 7 (26%)
Lymphocyte count decreased 7 (26%)
White blood cell decreased 7 (26%)
Rash maculopapular 6 (22%)
Fever 5 (19%)
Abdominal pain 5 (19%)
Hyponatremia 4 (15%)
Hypomagnesemia 3 (11%)
Muscle cramp 3 (11%)
Blood bilirubin increased 3 (11%)
Chills 3 (11%)
Grade 3-4 (2+ patients)

Neutrophil count decreased 6 (22%)
Lymphocyte count decreased 4 (15%)
Hypertension 3 (11%)

20



Anemia

Patelet count decreased
Abdominal pain

White blood cell decreased
Lung infection

Diarrhea

Hyperglycemia

21

3 (11%)
3 (11%)
3 (11%)
2 (7%)
2 (7%)
2 (7%)
2 (7%)



Figure L egends.

Figure 1. Swimmer’s plot showing response and duration of response by disease subtype.
CR, complete response; mg, milligrams; PD, progressive disease; PR, partial response; TX,
treatment

Figure2. DOR, PFS, and OS. (A) DOR, (B) PFS, and (C) OSin al patients (Ieft panels) or in
patients with RT and tFL (right panels). DOR, duration of response; OS, overall survival; PFS,
progression free survival, RT, Richter’ s transformation; tFL, transformed follicular lymphoma.
Figure 3. Correlative analysis of Richter’stransfor mation samples. (A) Expression of PD-1
in peripheral blood T cells obtained from patients with RT treated with copanlisib+nivolumab
assessed by flow cytometry. (B) Overview of cell types profiled in the sScRNA-seq cohort. The
left UMAP plot displays atotal of 56,189 cells profiled from 5 patients and 15 samples,
categorized into 8 distinct cell types (colors represent different cell types). The right UMAP plot
shows the same cells, colored according to the originating samples. (C) Dot plot representing the
expression of key marker genes across different cell types. The color scale indicates average
expression levels (Aver.Exp), with red representing higher expression and blue indicating lower
expression. The size of each dot corresponds to the percentage of cells expressing the gene
(Per.Exp) within each population.

Figure 4. Pseudo-bulk GSEA pathway enrichment analysis of sgnaling pathwaysin
malignant B cellsand T cell subpopulations. (A) Enrichment plots for MY C and NFxB
signaling pathwaysin B cells at C6D1 compared to baseline across all patients. (B) Normalized
Enrichment Score (NES) of interferon response pathways in CD4+ and CD8+ T cells, comparing
responders and non-responders across treatment cycles. The left panel (Cycle 2 vs. Baseline) and
theright panel (Cycle 6 vs. Basdline) illustrate the activity of
“HALLMARK_INTERFERON_GAMMA_RESPONSE” and
“HALLMARK_INTERFERON_ALPHA_RESPONSE" pathways. Barsin blue indicate NES
score in non-responders, while barsin red show NES score in responders. (C) Cytokine
expression in peripheral blood T cells obtained from patients with Richter’ s transformation
treated with copanlisib+nivolumab assessed by flow cytometry.
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Figure 4
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Supplement
Supplemental Methods
Additional Inclusion/Exclusion Criteria

Additional inclusion criteria include Eastern Cooperative Oncology Group (ECOG) performance
status <2 and adequate organ function. Patients were excluded if they required chronic use of
steroids, had prior allogeneic stem cell transplant, or had prior checkpoint inhibitor therapy
within 2 years or at any time to treat RT.

Sample Size, Power, Accrual Rate, and Study Duration

The 3+3 dose escalation scheme will be utilized, with 3 to 6 patients evaluated at each dose
level. It is expected that a maximum of 12 patients will be enrolled to the dose discovery phase,
with 6 patients treated at MTD. Protocol amendment dated 08/04/21 increased the expected total
number of participants from 15 to 21 participants. As of 08/04/21, eleven participants were
enrolled in the dose-finding portion of the study, of which 8 participants were treated at the MTD
(6 evaluable). Therefore, up to ten additional patients will be enrolled in the expansion cohort,
for a total of up to 16 evaluable participants treated at the MTD. There is >90% chance that any
AE event with 11% or greater incidence is observed at least once among 21 patients. As of
08/15/22, 21 patients have been accrued. Protocol amendment dated 08/17/22 further increased
the total number of participants from 21 to 27 by adding 6 more patients with FL transformation
to the expansion cohort, to better evaluate outcomes in this subset. With 6 more accruals, there
will be a total of 12 patients with FL transformation treated on the study. The total number of
patients treated at MTD will be increased to 24. The chance of observing at least 1 occurrence of
a particular AE event among 24 patients at MTD is at least 92% if the true AE incidence is
10%+.

The study will accrue over approximately 4 years, with a total study duration of up to 7 years.
Correlative Studies

Patient samples. Peripheral blood samples were obtained from patients on study (at baseline,
cycle 1 day 1 and cycle 6 day 1 prior to administration of study drugs and at end of treatment).
Peripheral blood mononuclear cells (PBMCs) were isolated using standard Ficoll-Hypaque
technique (Amersham). Red blood cells were lysed using ACK buffer (Thermo Fisher
Scientific).

Flow cytometry. Flow cytometry was performed as previously.! For cytokine staining, equal
numbers of tumor (or human PBMC cells) were cultured in vitro for 5 hours in the presence of
50 ng/mL phorbol 12-myristate 13-acetate (PMA) (Sigma Aldrich), 1 pg/mL ionomycin (Sigma
Aldrich) and 5 pg/mL BFA (Biolegend). Data were acquired on BD Fortessa and analyzed with
FlowlJo software V10 (Oregon, USA).

Single-cell RNA-seq (scRNA) data collection and processing. scRNA-seq samples were obtained
from a total of 5 patients at baseline (prior to treatment), Cycle 2 Day 1 (C2D1), and Cycle 6
Day 1 (C6D1). For each sample, the unfiltered feature-barcode matrix was generated by



processing multiplexed FASTQ files with the Cell Ranger v.7.1.0 ‘cellranger multi’ command,
using default parameters and the prebuilt GRCh38 genome reference for scRNA -seq. All
subsequent analyses were performed using Seurat v.4.4.0.2

Cell demultiplexing was achieved using HTOdemux function from the Seurat package, where the
negative cluster was defined based on minimal non-zero expression. A series of quality control
filters were applied to remove barcodes falling into any of the following categories: (1) too few
total transcript counts (< 500); (2) potential debris with too few expressed genes (< 500); (3)
potential doublets with an excessively high number of expressed genes (> 5,000); and (4)
potential dead cells or cells exhibiting signs of stress and apoptosis, indicated by a high
proportion of mitochondrial gene expression (> 10% of total transcript counts).

A Seurat object was constructed for each sample using the unfiltered feature-barcode matrix.
Each sample underwent scaling and normalization using Seurat’s ‘SCTransform’ function to
correct for batch effects, with the parameter vars.to.regress = c('percent.mito') and default
settings for other parameters. Merged analyses and subsequent cell/sample subsetting also
employed the same scaling and normalization procedures. Clustering was performed using the
original Louvain algorithm with the top 50 principal components, as implemented in the
‘FindNeighbors’ and ‘FindClusters’ functions (resolution = 0.8). Uniform Manifold
Approximation and Projection (UMAP) was generated using the RunUMAP function with the
same 10 principal components used in clustering.

ScRNA-seq cell-type annotation. Main cell types were assigned to each cluster by manually
reviewing the expression of a comprehensive set of marker genes. All annotations were
performed by a single researcher to ensure consistency.

Differential gene expression and pathway analysis. Differential gene expression analysis was
conducted using two-tailed Wilcoxon rank-sum tests via Seurat’s FindMarkers function,
comparing cells from different cell types or treatment groups. Volcano plots were employed to
visualize differentially expressed genes (DEGs) in each cell type or treatment group. All
differential expression analyses utilized the ‘SCT’ assay. Hallmark gene sets from MSigDB
(v.7.5.1)° were used for gene set over-representation analysis.

Pseudo-bulk differential gene expression analysis. For pseudo-bulk differential gene expression
analysis, gene counts were aggregated (summed) for each sample and cell type. Differential
expression was assessed using the DESeq2 R package (v.1.38.2),* with patient ID included as a
covariate in the design formula to account for the paired design. The moderated stat-statistics
from ‘DESeq’ test were used as a preranked gene list for Gene set enrichment analysis (GSEA),
performed with the fgsea R package (v.1.24.0).



Supplemental Table 1. Management of Immune Related Toxicities including Dose

Modifications
Recommended Dose Modification by Toxicity Grade
Management/Next Dose Management/Next Dose
Diarrhea/Colitis
Copanlisib Nivolumab
<Grade 1

(defined as an
increase of <4
stools/day over
baseline)

Continue at current dose

Continue at current dose

Grade 2 (defined
as an increase of
4-6 stools/day
over baseline)

Continue at current dose

Hold until diarrhea resolves or
improves to < Grade 1. Resume at the
same dose level

Grade 3 (defined
as > 7 stools/day
over baseline or
hospitalization
due to diarrhea)

Hold until resolved to < Grade 1.
Resume at one dose level lower:

Hold until resolved to < Grade 1.
Resume at the same dose level

Grade 4 (defined
as life
threatening
diarrhea)

Hold until diarrhea resolves to <
Grade 1. Resume at one dose level
lower:

Permanently discontinue

Recommended management:

< Grade 1: Treat with loperamide
Grade 2: Consider treatment with loperamide. If the diarrhea does not resolve within
24 hours, consider treatment budesonide or prednisolone at Img/kg with a taper.

e Grade 3: Treat with budesonide, and consider prednisolone at 1 mg/kg with a quick

taper.

e Grade 4: Treat with budesonide or prednisolone at 1 mg/kg with a taper. Further
management to be done per Coutre et al.’




Transaminitis

Management/Next Dose

Copanlisib

Management/Next Dose

Nivolumab

Grade 1 (defined as
AST/ALT<3x
ULN)

Continue at current dose

Continue at current dose

Grade 2 (defined as
ALT/AST > 3-5x
ULN)

Continue at current dose.
Monitor LFT levels weekly.

Continue at current dose. Monitor
LFT levels weekly.

Grade 3 (defined as
ALT/AST > 5-20 x
ULN)

Hold and monitor LFT levels
weekly until resolved to Grade 1.
Resume at one dose level lower
and titrate upward as tolerated.

Hold and monitor LFT levels weekly
until resolved to Grade 1. Resume at
current dose.

Grade 4 (defined as
>20x ULN)

Hold and monitor LFT levels
weekly until resolved to Grade 1.
Resume at one dose level lower.
Titration is not allowed.

Permanently discontinue

Recommended management: LFTs will be monitored every 2 weeks for the first 3 months of
treatment, then every 4 weeks for the following 3 months, and every 1-3 months thereafter
throughout the entirety of the study.

Non-infectious
Pneumonitis

Management/Next Dose

Copanlisib

Management/Next Dose

Nivolumab

Grade 1 (defined as
asymptomatic;
clinical or
diagnostic
observation;
radiographic
changes only)

Hold and evaluate every 2-3 days
for development of symptoms.
Resume at the same dose level
once resolved.

Hold and evaluate every 2-3 days for
development of symptoms. Resume
at the same dose level once resolved.

Grade > 2 (defined
as symptomatic;
intervention
indicated; limiting
instrumental ADLs)

Permanently discontinue

Permanently discontinue

Hypophysitis

Management/Next Dose

Management/Next Dose




Copanlisib

Nivolumab

Hold dose, if Grade <I can resume

Grade 1 Continue at current dose.
at next cycle
Grade 2 Continue at current dose monitor | Hold dose, if Grade <1 can resume
hypothalamus function weekly. at next cycle
] <
Grade 3 Per DLT Guidelines above Hold dose, if Grade <I can resume
at next cycle
Grade 4 Per DLT Guidelines above Permanently discontinue
Adrenal Management/Next Dose Management/Next Dose
Insufficiency Copanlisib Nivolumab
Hold d / de <1
Grade 1 Continue at current dose. old dose, if Grade <I can resume
at next cycle
Continue at current dose monitor | Hold dose, if Grade <I can resume
Grade 2 .
adrenal function weekly. at next cycle
Grade >3 Per DLT Guidelines above Permanently discontinue

Type 1 Diabetes
Mellitus

Management/Next Dose

Management/Next Dose

Copanlisib Nivolumab
] <
Grade 1 Continue at current dose. Hold dose, if Grade <1 can resume
at next cycle
Continue at current dose. Hold dose, if Grade <I can resume
Grade 2 i
Monitor glucose weekly. at next cycle
] <
Grade 3 Per DLT Guidelines above Hold dose, if Grade <1 can resume
at next cycle
Grade 4 Per DLT Guidelines above Permanently discontinue
Management/Next Dose Management/Next Dose
Dermatitis
Copanlisib Nivolumab
] <
Grade 1 Continue at current dose. Hold dose, if Grade <1 can resume
at next cycle
Continue at current dose Hold dose, if Grade <I can resume
Grade 2

;reassess weekly.

at next cycle




Hold dose, if Grade <I can resume

Grade 3 Per DLT Guidelines above
at next cycle
Grade 4 Per DLT Guidelines above Permanently discontinue
Management/Next Dose Management/Next Dose
Encephalitis

Copanlisib

Nivolumab

New onset moderate
or severe neurologic
signs or symptoms

Per DLT Guidelines above

Hold dose, if Grade <I can resume
at next cycle

Immune-mediated
encephalitis

Permanently discontinue

Permanently discontinue

>Grade 3 infection

Hold until resolution

Hold until resolution

Any grade
Pneumocystis
jiroveci pneumonia
PJP)

Hold copanlisib, and treat
infection if confirmed. Resume
copanlisib at the same dose with

PJP prophylaxis

Hold nivolumab and treat infection if
confirmed. Resume at the same dose




Supplemental Table 2. Comprehensive List of AEs.
Attributable AEs (possibly or higher), any grade:

N (%)
Diarrhea 12 (44%)
Anemia 10 (37%)
Fatigue 10 (37%)
Alkaline phosphatase increased 10 (37%)
Neutrophil count decreased 10 (37%)
Platelet count decreased 10 (37%)
Hyperglycemia 10 (37%)
Nausea 9 (33%)
Hypertension 9 (33%)
Aspartate aminotransferase increased 8 (30%)
Alanine aminotransferase increased 7 (26%)
Lymphocyte count decreased 7 (26%)
White blood cell decreased 7 (26%)
Rash maculopapular 6 (22%)
Fever 5 (19%)
Abdominal pain 5 (19%)
Hyponatremia 4 (15%)
Hypomagnesemia 3 (11%)
Muscle cramp 3 (11%)
Blood bilirubin increased 3 (11%)
Chills 3 (11%)
Infusion related reaction 2 (7%)
Hypokalemia 2 (7%)
Hypophosphatemia 2 (7%)
Vomiting 2 (T%)
Hypercalcemia 2 (7%)
Dizziness 2 (7%)
Lung infection 2 (7%)
Hypoalbuminemia 2 (7%)
Arthralgia 2 (7%)
Hypoglycemia 1 (4%)
Myalgia 1 (4%)
Erythema chest/abdomen 1 (4%)
Febrile neutropenia 1 (4%)
Generalized edema 1 (4%)
Hypocalcemia 1 (4%)
Headache 1 (4%)
Sinus tachycardia 1 (4%)

Hyperthyroidism 1 (4%)



Esophagitis

EOSINOPHILIC ESOPHAGITIS

Colitis

Dyspnea

Malaise

Pneumonitis

Skin ulceration

Septic Shock

Creatinine increased
Constipation

Dyspepsia

Flatulence

Gastroesophageal reflux disease
INTERMITTENT VOMITING
Lymphocyte count increased
Hyperphosphatemia
Hematuria

Enterocolitis infectious
Epistaxis

Rash acneiform
Eosinophilia

Dysgeusia

Dysuria

Urinary frequency
Cognitive disturbance

All attributable grade 3+ AEs:

Neutrophil count decreased
Lymphocyte count decreased
Hypertension

Anemia

Platelet count decreased
Abdominal pain

White blood cell decreased
Lung infection

Diarrhea

Hyperglycemia
Hypokalemia

Febrile neutropenia

EOSINOPHILICESOPHAGITIS

N (%)
6 (22%)
4 (15%)
3 (11%)
3 (11%)
3 (11%)
3 (11%)
2 (7%)
2 (7%)
2 (1%)
2 (7%)

1 (4%)
1 (4%)
1 (4%)

N (%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)



Fatigue

Colitis

Pneumonitis

Rash maculopapular

Alkaline phosphatase increased
Septic Shock
Hypophosphatemia

Alanine aminotransferase
increased

N (%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)



Supplemental Figure 1. (4) Copy number variation (CNV) analysis of single-cell gene
expression using inferCNV. The heatmaps depict chromosomal alterations in responders (R) and
non-responders (NR). Reference cells, including CD8+ T cells, NK cells and CD4+ T cells, show
minimal variation, serving as a baseline for CNV assessment.
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Supplemental Figure 1. (B) Co-expression of CDS5 and Cd19 genes as determined by scRNA -
Seq. Cells with highest co-expression are highlighted in red.
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Supplemental Figure 2. Pathway activity analysis of different cell types at the baseline
timepoint, comparing responders versus non-responders. Pathways enriched in responders are
shown in red, while those enriched in non-responders are displayed in blue. The x-axis represents

the statistical significance (-logl0 P-value) of pathway enrichment.
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Supplemental Figure 3. Pseudo-bulk GSEA pathway enrichment analysis of signaling
pathways in T cell subpopulations. Enrichment plots for IFN-a and IFN-y signaling pathways
in CD4" and CD8* T cells at C2D1 and C6D1 compared to baseline for both responders and non-
responders (NR); NES, normalized enrichment score.
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Supplemental Figure 4. ZNF683 gene expression at the baseline in CD8+ T cells in responders
and non-responders. Left graph displays single-cell RNA sequencing (scRNA) violin plots,
illustrating the distribution of ZNF683 expression in individual cells. The right graph presents
pseudo-bulk expression analysis, summarizing expression levels per group.
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