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ABSTRACT
◥

Purpose: To investigate the efficacy and safety of the novel orally
active PI3Kd inhibitor in relapsed and/or refractory patients with
follicular lymphoma (FL) who had received at least two prior
systemic treatments.

Patients and Methods: Histologically confirmed relapsed and/or
refractory patients with FL with disease progression after receiving
second-line or greater systemic therapywere enrolled. Linperlisib was
administered at 80mg every day, orally in a 28-day cycle until disease
progressionor intolerable toxicity occurred. Theprimary outcome for
the study was the objective response rate (ORR), with secondary
outcomes including the duration of response (DOR), progression-
free survival (PFS), overall survival (OS), disease control rate, and
drug safety profile.

Results: Of 114 screened relapsed and/or refractory patients with
FL, 84 were enrolled in the full analysis set (FAS). The ORR of the

84 FAS patients was 79.8% [95% confidence interval (CI), 69.6–87.8,
67 patients], with 13 patients (15.5%) achieving a complete
response and 54 patients (64.3%) with a partial response. The
median DOR was 12.3 months (95% CI, 9.3–15.9). The median
PFS was 13.4 months (95% CI, 11.1–16.7). The 12-month OS rate
was 91.4% (95% CI, 82.7–95.8) and a median OS not reached by
42 months. The most frequent (>3%) treatment-related adverse
events Grade ≥3 were infectious pneumonia (19.0%), neutrope-
nia (15.5%), decreased lymphocyte count (4.8%), decreased
leukocyte count (4.8%), increased lipase (3.6%), decreased plate-
let count (3.6%), hypertriglyceridemia (3.6%), and interstitial
lung disease (3.6%).

Conclusions: Linperlisib demonstrated compelling clinical activ-
ity andmanageable tolerability for relapsed and/or refractory patients
with FL who had received at least two prior systemic therapies.
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Introduction
There are circa 68,500 newly diagnosed non-Hodgkin lymphoma

(NHL) cases per year in China, approximately 15% of the global
incidence (1). As the second leading lymphoma type, follicular
lymphoma (FL) is found in 10% to 20% of all NHL cases (2). FL is
incurable and 20% of patients experience disease progression within
2 years of first-line treatment (3). The preferred treatment option
for FL is chemo-immunotherapy, consisting of combinations of
bendamustine; cyclophosphamide, doxorubicin, vincristine, pre-
dnisone (CHOP); or cyclophosphamide, vincristine, prednisone
(CVP), with CD20 antibodies such as obinutuzumab or rituximab
(4) or R2 (rituximab plus lenalidomide). A limitation is the low
efficacy of chemo-immunotherapy for the treatment of relapsed
malignancies (5). Patients with relapsed disease continue to need
subsequent effective treatments as the median overall survival (OS)
and progression-free survival (PFS) are only 1.9 and 0.5 years after
the sixth-line of treatment compared with 11.7 and 1.5 years after
second-line treatment (6).

Currently, chimeric antigen receptor T (CAR-T) cell immunothera-
pies (such as CD20) have demonstrated good efficacy in relapsed
and/or refractory NHL in several published studies (7), yet patients are
vulnerable to toxicities associated with the treatment, and patients
will progress on this form of therapy, without the capability to
reintroduce the treatment. Thus, there is a continuing need in the
development of oral therapies.

The d isoform of PI3K is often dysregulated in various hema-
tologic malignancies (8). In B-cell lymphomas, where the PI3K/
AKT pathway has been demonstrated to be highly active, pharma-
cologic inhibition of PI3Kd reduces proliferation, migration, and
survival of malignant B-cell leukemia and lymphoma cells in the
tumor microenvironment (9–11). PI3K inhibitors have been
approved by the FDA for relapsed/refractory FL after two or more
prior therapies (5, 12–15). Idelalisib produced an objective response
rate (ORR) of 57% (16), copanlisib 58.7% (17), umbralisib
45.3% (18), and duvelisib 42.2% (19). Parsaclisib was reported to
have a 77.7% ORR in a daily dosing group during a phase II
study (20), and zandelisib recently showed 76.0% ORR in 25
relapsed and/or refractory FL patients in a phase Ib study (21).
Despite the activity of these agents, there are tolerability issues with
high frequencies of toxicities reported, particularly immune-
mediated adverse events (AE), that compromise treatment. Several
of the products have been removed from the market recently. Thus,
a need remains for improved treatments that ideally minimize
the risk for cumulative toxicities.

In this study, the efficacy and safety of the novel oral agent,
linperlisib, was evaluated in heavily pretreated patients with relapsed
and/or refractory FL.

Patients and Methods
Clinical trial information

A phase II, single-arm, open-label clinical trial enrolled 84 patients
from 25 sites in China from April 2019 to September 2020, with an
analysis cutoff date of September 30, 2021. The list of participating
centers is shown in Supplementary Table S1. In a previous phase I
dose escalation study, 80 mg/day was recommended as the phase II
dose for linperlisib monotherapy, based on safety, tolerability, and
pharmacokinetic data (22).

The study was conducted in accordance with guidelines of Declara-
tion of Helsinki, National Medical Products Administration (NMPA)
Good Clinical Practice, and was approved by the Institutional Review
Boards of the Institute of Hematology and Blood Diseases Hospital,
Chinese Academy of Medical Sciences, and all other participating
centers involved gave approval for the study protocol.Written informed
consent was provided by all participating patients. The trial was
registered at clinicaltrials.gov (Trial registration ID: NCT04370405).

Study participants
The detailed inclusion and exclusion criteria are provided in

Supplementary Table S2. Inclusion criteria for the trial were: age
>18 years, histologically confirmed relapsed and/or refractory FL,
disease progression after receiving second-line or greater systemic
therapies, and having a ≥4 weeks washout period from the end of
any prior antitumor therapy to the start of study treatment.
Exclusion criteria were: disease progression after using a PI3Kd-
targeted antineoplastic agent, histologically confirmed Grade 3b FL,
patients with known FL transforming to diffuse large B-cell lym-
phoma, any other antitumor therapy within 4 weeks, or the use of
colony-stimulating factor within 14 days before first administration
of the study drug. The study participant demographics were con-
sidered to be representative for the general Chinese population
(Supplementary Table S3).

Procedures
In this study, patients took 80 mg linperlisib tablets once a day

with warm water having fasted for 1 hour prior or for 2 hours after
administration in a 28-day cycle. Patients continued treatment until
disease progression or intolerable toxicity occurred. In addition,
sulfamethoxazole (SMZ) for prevention of Pneumocystis carnii
pneumonia (PCP) was recommended and other infections were
treated after occurrence without using any prophylactic medication.
Antitumor response assessments were conducted after every 2
cycles according to the guidelines of the International Research
Working Group (23) using the standard imaging modalities of
contrast-enhanced CT and MRI scans of the neck, chest, abdomen,
and pelvis. ORR was defined as the proportion of patients who
exhibited a partial response (PR) or complete response (CR) to the
study treatment. For patients with bone marrow involvement at the
enrollment, bone marrow biopsies were evaluated to confirm com-
plete responses. Duration of response (DOR) was defined as the
period from the start of study treatment until disease progression or
death for the patients who had achieved a response. The disease
control rate (DCR) was defined as the proportion of patients with
CR, PR, and stable disease (SD); PFS was defined as the period from
the start of study treatment to any documented progression of the
disease or death for any reason, whichever came first. Improvement
or exacerbation of general status was evaluated according to
changes in the Eastern Cooperative Oncology Group (ECOG)
performance status (PS) before and after the study treatment. If

Translational Relevance

Pharmacologic inhibition of the d isoform of PI3K (PI3Kd)
reduces proliferation, migration, and survival of the malignant B-
cell leukemia and lymphoma cells. The novel orally active PI3Kd
inhibitor linperlisib has shown a notable efficacy in B-cell lym-
phomas, especially for a FL subgroup, in a previous phase I study. In
this phase II trial, linperlisib demonstrated compelling efficacy and
was generally well-tolerated in the treatment of relapsed or refrac-
tory patients with FL after two or more prior systemic therapies.
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patients benefited from therapy, patients would continue treatment
until disease progression or intolerable toxicities. Per protocol,
patients had a minimum of 12 months follow-up. Peripheral blood
collection for serum chemokine analysis was done before taking
study drug on C1D1, C1D15, C2D28, and C2D56 (� 3 days) to
measure the concentrations of CCL2, CCL3, and CCL13 chemo-
kines; Th1-related IFNg ; and IL6, IL7, and IL8 cytokines, which
were reported to be related with PI3Kd pathways (24–28).

Outcomes
The primary endpoint was ORR evaluated by an Independent

Radiographic Committee (IRC). Secondary endpoints were DOR,
PFS, the 6- and 12-month PFS rates, DCR, OS, and safety. The
enrolled patients were further divided into progression of disease
within 2 years (POD24) or non-POD24 groups (29), as well as other
criteria for subgroup analyses. NCI-CTCAE 5.0 criteria were used to
evaluate all AEs, serious AEs (SAE), changes in clinical laboratory
results (routine blood, urine, and fecal analyses, blood biochemistry,
coagulation and thyroid functions, immunology and myocardial
zymogram examinations), vital signs, 12-lead electrocardiogram,
and physical examinations. Safety was reviewed on C1D8, C1D15,
and every 2 weeks thereafter for two cycles. Patients were subse-
quently followed-up every 4 weeks in clinic for safety evaluations
until disease progression.

Cytokine measurements
Human plasma samples were immediately frozen and stored in a

refrigerator at �80�C. A Luminex-based multiplex system (Bio-Rad
Laboratories) was used to determine the levels of CCL2, CCL3, and
CCL13 chemokines; Th1-related IFNg ; and IL6, IL7, and IL8 accord-
ing to the manufacturer’s instructions.

Statistical analysis
Target sample size was calculated on the assumption of the

proportion of patients who would achieve an objective response
with treatment of linperlisib. With the reference of historical data
and study results of similar products, there was determined that an
unacceptable ORR was defined as 40% ORR (null hypothesis), and
the ORR for a positive endpoint determination from this study was
estimated at 60%. With one-sided test of 0.025 and 90% power, using
the exact binomial method, a total of 64 patients were required to
achieve the 90% power for statistical significance. Considering
dropouts of 20% of the patients, the enrollment of a minimum
80 subjects was planned.

The proportion of patients who achieved an objective response to
linperlisib treatment and the corresponding 95% confidence interval
(CI) were calculated using the Clopper–Pearson method. PFS and
DOR was estimated using the Kaplan–Meier method and the 25%
quantile, median, 75% quantile of PFS, and the 95% CI were deter-
mined using the Brookmeyer–Crowley method. The 6- and 12-month
PFS andOS rateswere estimated byKaplan–Meier analysis and 95%CI
calculated by the Greenwood method. The DCR and 95% CI was
calculated using the Clopper–Pearson method.

Data availability statement
Individual participant data that underlie the results reported in this

article (text, tables, figures, and supplementary data) will be shared
after de-identification. Data will be available immediately following
publication. Data will be shared with researchers who provide a
methodologically sound proposal to achieve aims in the approved
proposal. Proposals should be directed to the corresponding author,

Lugui Qiu. To gain access, data requestors will need to sign a data
access agreement.

Results
Patients

Patient demographics and baseline characteristics are summa-
rized for the FAS population (84 patients) for both efficacy and
safety outcome determinations (Fig. 1; Table 1). Patients had a
median age of 51 years (range: 29–78). Fifty-four (64.3%) were
males. At baseline, most patients had 0 to 1 ECOG PS [0 (53.6%), 1
(44.0%), or 2 (2.4%)]. Also, 37 (44.0%) patients had extranodal
tumor involvement, including 25 with bone marrow involvement.
The majority of patients had Ann Arbor staging III to IV [79
(94.0%)]. The median FL disease course was 2.7 years (range: 0.1–
22.5). All patients had received previous chemoimmunotherapy; in
addition, 15 patients received radiotherapy, and 7 patients under-
went surgery for tumor excision. The median number of prior
regimens was 4 (range: 2–18). At baseline, 39 of 84 patients (46.4%)
had relapsed diseases and 14 (16.7%) had refractory (not respond-
ing to treatment) disease, whereas 31 (36.9%) had both relapsed and
refractory disease (Table 1).

Efficacy outcomes
As of September 30, 2021, all patients had the opportunity to receive

≥12 months of follow-up, such that the median follow-up time for the
study was 16.7months (range: 0.9–29.3). Sixty-seven patients achieved
responses, with ORR of 79.8% (95% CI, 69.6–87.8) based on IRC
assessment. The study met the primary endpoint (P < 0.001) against
the null hypothesis of ≤40% ORR with statistical significance. CR was
achieved in 13 patients (15.5%), and PR in 54 patients (64.3%), with SD
in 11 patients (13.1%) and progressive disease (PD) in 3 patients
(3.6%; Table 2; Fig. 2A). Consistent with IRC, investigator assess-
ments showed an ORR of 78.6% (95% CI, 68.3–86.8, 66 patients) was
achieved (Supplementary Table S4).

The median time to response (TTR) was 1.9 months (range: 1.6–
22.1), corresponding to the time of the first radiographic assessment
after linperlisib therapy was initiated (Table 2). A total of 61 patients
(72.6%) who responded to linperlisib treatment had at least 12months
follow-up; 51 patients (60.7%) received the study treatment for
≥12 months (Fig. 2B) with the median DOR being 12.3 months
(95% CI, 9.3–15.9; Table 2; Fig. 2C). For all of the patients having
had a minimum follow-up time of 12 months, the PFS rate was 78.7%
(95% CI, 67.5–86.3) at 6 months and 53.1% (95% CI, 40.3–64.3) at
12 months, with 27 patients achieving more than 1-year PFS with CR
and PR (Table 2; Fig. 2B). The median PFS was 13.4 months (95% CI,
11.1–16.7; Fig. 2D). OS was initially determined with the September
30, 2021 data cutoff, and then further OS follow-up (data cutoff of
November 25, 2022) demonstratedOS rates at 6, 12, 24, and 36months
that were 97.6% (95% CI, 90.6–99.4), 91.4% (95% CI, 82.7–95.8),
80.2% (95% CI, 69.6–87.4), and 74.5% (95% CI, 63.3–82.8), respec-
tively. The median OS was not reached, and was greater than
42 months (Table 2; Fig. 2E).

Regarding the patients with highly aggressive disease represented by
the POD24 indicator, a subgroup analyses, confirmed by IRC assess-
ment, revealed that there were no statistically significant differences in
ORR (77.1% vs. 87.0%, P ¼ 0.314), median DOR (13.0 months vs.
12.3 months, P ¼ 0.668), and median PFS (13.7 months vs.
11.5 months, P ¼ 0.433) between POD24 and non-POD24 patients
(Fig. 3A–C); similar results are shown in the subgroup analyses
confirmed by investigator assessments (Supplementary Fig. S1).
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Screening (n = 114)

Analysis cutoff : September 30, 2021

Continuing treatment (n = 21)

Full analysis set (FAS, n = 84)
Efficacy analysis set (n = 84)
Safety analysis set (n = 84)

Excluded (n = 30)
   Did not meet inclusion criteria (n = 21)
   Withdrawn by the patients (n = 9)

Discontinued (n = 63)
   Patient withdrew consent (n = 2)
   Disease progression (n = 27)
   Investigator recommend (n = 6)
   Adverse event (n = 15)
   Other (n = 12)

Figure 1.

Flowchart of the study.

Table 1. Baseline demographic and disease history (FAS).

Characteristic N (%)

Number of patients 84
Age, median years (min, max) 51 (29–78)

≥65 years 11 (13.1)
<65 years 73 (86.9)

Gender, n (%)
Male 54 (64.3)
Female 30 (35.7)

Han ethnicity, n (%) 81 (96.4)
Allergic history, n (%) 11 (13.1)
ECOG PS, n (%)

0 45 (53.6)
1 37 (44.0)
2 2 (2.4)

Time since diagnosis, median years (min, max) 2.7 (0.1–22.5)
Ann Arbor stage, n (%)

Stage II 5 (6.0)
Stage III 20 (23.8)
Stage IV 59 (70.2)

Relapsed case, n (%) 39 (46.4)
Refractory case, n (%) 14 (16.7)
Both relapsed and refractory case, n (%) 31 (36.9)
Median number of prior regimens, n 4 (2–18)
Previous chemotherapy regimens, n (%) 84 (100.0)
Previous anti-CD20 therapy, n (%) 84 (100.0)
Previous radiotherapy treatment, n (%) 15 (17.9)
Previous tumor surgery treatment, n (%) 7 (8.3)
Hematopoietic stem cell transplant, n (%) 2 (2.4)
Previous participation in other clinical trials of anti-tumor
therapy, n (%)

17 (20.2)

Note: Data are presented as themedian (min,max), n (%). The cutoff date for the
analysis was September 30, 2021. Baseline was defined as the last non-null
observation prior to the first drug administration.

Table 2. IRC-assessed response outcomes (FAS).

Response outcome N (%) 95% CI (%)

Objective response rate 67 (79.8) 69.6–87.8
Best response

CR 13 (15.5) 8.5–25.0
PR 54 (64.3) 53.1–74.5
SD 11 (13.1) 6.7–22.2
PD 3 (3.6) 0.7–10.1
NA 3 (3.6) 0.7–10.1

DCR
CR þ PR þ SD 78 (92.9) 85.1–97.3

Median, months 95% CI (%)

Time to first response 1.9 (range: 1.6–22.1)
DOR 12.3 9.3–15.9
PFS 13.4 11.1–16.7
OS NR NR

% 95% CI (%)

DOR rate
6 months 80.0 67.4–88.1
12 months 55.3 40.6–67.8

PFS rate
6 months 78.7 67.5–86.3
12 months 53.1 40.3–64.3

OS rate
6 months 97.6 90.6–99.4
12 months 91.4 82.7–95.8
24 monthsa 80.2 69.6–87.4
36 monthsa 74.5 63.3–82.8

Abbreviations: NA, not applicable; NR, not reached.
a24-month and 36-month OS assessments were determined from a November
25, 2022 data cutoff.
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Safety
The most frequent any-grade treatment-related AEs (TRAE) of

abnormal laboratory tests were neutropenia (46.4%), decreased
lymphocyte count (35.7%), hypertriglyceridemia (23.8%), and
increased alanine aminotransferase (ALT, 22.6%; Table 3). The
most frequently (>3%) Grade 3 and above TRAEs of abnormal
laboratory tests were neutropenia (15.5%), decreased lymphocyte
count (4.8%), decreased leukocyte count (4.8%), increased lipase
(3.6%), decreased platelet count (3.6%), and hypertriglyceridemia
(3.6%; Table 3).

In addition to the laboratory test results, the most common any-
grade TRAEs were infectious pneumonia (20.2%), diarrhea (15.5%),
weight decrease (11.9%), rash (11.9%), upper respiratory tract infec-

tions (10.7%), and interstitial lung disease (4.8%; Table 3). Of these,
Grade 3 and above TRAEs were infectious pneumonia (19.0%),
interstitial lung disease (3.6%), upper respiratory tract infection
(2.4%), rash (1.2%), and diarrhea (1.2%).

The 16 TRAE ≥ Grade 3 infectious pneumonia included 4 patients
with bacterial infections (Streptococcus viridans, Stenotrophomonas
maltophilia, Escherichia coli, and Pseudomonas aeruginosa), 5 patients
with fungal infections (1 Aspergillus, 2 Pneumocystis jiroveci/carinii, 2
pulmonary fungal infection test positive cases), and 7 patients with
unknown pathogen. During the enrollment period, 2 patients were
diagnosed with PCP in the absence of antimicrobial prophylaxis.
However, because antimicrobial prophylaxes with trimethoprim and
sulfamethoxazole combination were implemented, no further PCP

PD

mDOR = 12.3 months

No. of patients
at risk

DOR (months)

Treatment N = 67 (censoring rate: 55.22%)

Treatment N = 84 (censoring rate: 52.38%)

Median OS has not been reached

67 58 47 44 36 25 20 10 6 4 3 1 0

No. of patients
at risk 56667484 4250 29 18 15 8 6 4 1 0

No. of patients
at risk 84 84 82 80 77 75 72 69 67 66 62 61 59 44 33 24 22 17 13 8 184
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Figure 2.

Response outcomes and linperlisib treatment in relapsed and/or refractory FL. A,Waterfall plot of tumor change from baseline and best responses (CR, PR, SD, or
PD); on the x-axis, each bar is an individual patient. B, A swimmer plot representing the duration of treatment, PFS for each patient on the y-axis and including best
response (CR, PR, SD, or PD) to linperlisib; each bar is an individual patient. Timing of first response, death, and discontinuation are noted. A 12-month (1 year)
indicator is represented with the blue dashed line. DOR (C), PFS (D), and OS (E) based on IRC assessment.
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was reported, implying that PCP could be effectively prevented with
the prophylactic management.

Dose interruptions were reported in 36 patients (42.9%), and 15
patients (17.9%) discontinued the treatment due to linperlisib-related
AEs, with the highest proportion being mainly associated with infec-
tious pneumonia (n ¼ 9, 10.7%) and interstitial lung disease (n ¼ 4,
4.8%; Supplementary Table S5).

Chemokine/cytokine analysis on linperlisib treatment
Levels of CCL2, CCL3, CCL13, IFNg , IL6, IL7, and IL8 were

measured in the serum of 84 patients before the first dose, and pre-
dose on C1D15, C1D28, and C2D28 (�3 days) to evaluate whether
blood levels were altered on linperlisib treatment, and to determine
relationships between these chemokines and efficacy. The concen-
trations of CCL2, CCL3, CCL13, IFNg , IL7, and IL8 were not
significantly changed from baseline and did not differ whether
patients were CR or PR to linperlisib treatment or did not respond
to treatment while IL6 serum concentrations were especially higher
at C2D28 in nonresponders than in responders (Supplementary
Figs. S2 and S3).

Discussion
The phase II study of 84 relapsed and/or refractory patients with FL

linperlisib monotherapy met the primary endpoint with an ORR of
79.8% with statistical significance in a heavily pretreated patient with
FL population with a median of 4 prior therapies. In previous reports
on relapsed and/or refractory FL or NHL clinical trials where the FL
subgroup was specified, the FL ORRs were 57% (idelalisib; ref. 16),
42.2% (duvelisib; ref. 19), 59% (copanlisib; ref. 17), and 45% (umbra-
lisib; ref. 18). Like linperlisib, parsaclisib and zandelisib treatments
reported 77.7% ORR and 76.0% ORR in a daily dosing cohort of the
respective phase II and phase Ib studies (20, 21). In addition, in this
linperlisib study the median PFS was 13.4 months, with all of the
patients having had aminimum follow-up time of 12months, whereas
the 6-month PFS rate was 78.7% and 12-month PFS rate was 53.1%.
The median DOR was 12.3 months and the 6-month DOR rate was
80.0%. At the September 30, 2021, data cutoff, 21 patients were still
receiving linperlisib treatment. Considering the linperlisib efficacy
parameters, median PFS and median DOR are comparable with the
reported values for approved PI3K inhibitors, including idelalisib
(median DOR 12.5 months, median PFS 11.0 months; ref. 16),
copanlisib (median DOR 16.1 months, median PFS 12.5 months;
ref. 17), duvelisib (median DOR 10 months, median PFS 9.5 months;
ref. 19), or umbralisib, (median DOR 11.1 months, median PFS
10.6 months; ref. 18; Supplementary Table S6).

The baseline characteristics of patients in this study were generally
similar to the relapsed and/or refractory patients with FL in pivotal
clinical studies of the approved PI3K inhibitors. The majority of
patients had advanced stage disease at baseline with 6.0% having Ann
Arbor–Cotswold’s staging II and 94.0% stage III/IV FL. The ECOG PS
was 0 or 1 inmost patients (97.6%) and the FL histologic type indicated
the disease characteristics expected of this patient population. In this
study, there was a younger median age (51 years) than exhibited in
relapsed and/or refractory FL trials with other PI3K inhibitors,
although this age is typical for Chinese FL patients (30). Although
it cannot be ruled out that younger age patients have favorable
responses to linperlisib, the subgroup of 11 patients >64 years had
ORR, PS, and DOR that was not statistically different from all patients
in the study by IRC assessment (P ≥ 0.05; Fig. 3A–C), and investigator
assessment (Supplementary Fig. S1). By all of these criteria combined,

linperlisib treatment elicited significant durable responses in the
relapsed and/or refractory patients with FL.

In this study, patients had received a median of four prior systemic
treatments, and 77.4% had three or more prior therapies. It is
important to note that a high ORR (83.1%) was observed for the
linperlisib-treated patients who had at least three prior lines of therapy
(Fig. 3A). Similar median prior lines of therapy were reported in
clinical trials for idelalisib (four prior), duvelisib (three prior), or
copanlisib (three prior, with 34% of patients having two prior lines of
therapy; refs. 17, 31). Also, the percentage of patients who were
refractory to their last treatment regimen or to the last anti-CD-20
immunotherapy (68% and 57%, respectively) was also typical of
clinical trials with the other PI3K inhibitors. Likewise, all patients in
this study had received prior rituximab and chemotherapy, although
some of the patients received alternative combination therapy with
rituximab. Regardless of the relapsed or refractory status and the
prior treatments, linperlisib treatment resulted in ORR that was
high, and not significantly different from all patients on the study
(Fig. 3A). Clinical benefit was observed in 3 patients who had prior
R2 (rituximab plus lenalidomide) and bendamustine-containing
treatment regimens, where all 3 responded to linperlisib (one CR,
two PR), suggesting that linperlisib will be a potentially effective
therapy in the evolving treatment landscape, with the introduction
of newly approved therapies.

It has been established that patients with FL in POD24 were
generally associated with poor outcomes and unfavorable 5- or 10-
year OS rates (29). In this trial, subgroup analyses revealed 77.1%
ORR for POD24 patients compared with non-POD24 patients (87.0%;
statistically significant difference was not found). Further, the median
DOR (13.0 months vs. 12.3 months) andmedian PFS (13.7 months vs.
11.5months) were numerically longer for POD24 comparedwith non-
POD24 patients, respectively, and PD incidences were only 3.3% for
POD24 and 7.2% for non-POD24 patients. Taken together, linperlisib
is an effective treatment for the poor prognostic POD24 subgroup.

In previous research focusing on reasons for the high rates of
infections under PI3Kd inhibitor treatments, correlations of immune
system parts with PI3Kd inhibitor activities have been investigated.
The study noted inhibitory effects of idelalisib on T-cell functions
including cytokine production, migration, and proliferation, which
were supposed to be responsible for viral reactivations and gastroin-
testinal symptoms associated with infectious pathogens (32). Later the
research on PI3Kd inhibitor toxicities related to T-cell immune
response impairment has been extended to other drugs used to treat
FL including copanlisib and duvelisib, and it was found that during
treatments serum concentrations of various cytokines, interleukins,
and other immune system–related factors were reduced. However,
T-cell–related toxicities have been detected more frequently in treat-
ment-na€�ve than in pretreated patients (24), which might explain the
lack of changes for most of the included of cytokines. Besides, IL6
expression has been significantly higher in nonresponders than in
responders at the end of the treatment, which might explain the
nonresponsiveness since IL6 has been recognized as a resistance factor
for PI3K-pathway–targeted lymphoma therapy (33).

The AE profile of the 84 relapsed and/or refractory patients with FL
enrolled in this phase II trial indicated good tolerability and an
acceptable safety profile, consistent with the safety data initially
observed in the linperlisib phase I study of FL and other patients with
B-cell lymphoma (22). In this study, the most common Grade 3 and
above were pneumonia (19.9%) and neutropenia (15.5%), both of
which were previously observed for the FL population, and have been
commonly seen with other PI3K inhibitor treatments. Grade 3 and
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above pneumonia is seen with other PI3Kis with similar incidence
(zandelisib, 16%, continuous dosing group), or potentially somewhat
lower levels (idelalisb, 7%; duvelisib, 5.4%; refs. 16, 18, 19, 21). The
occurrence of interstitial lung disease (n ¼ 4) and atypical fungal
pneumonia (n ¼ 5) with linperlisib treatment should be closely
monitored and further investigated and managed during treatment.
The observation from this study that no PCP pneumonia was reported
after the implementation of PCP prophylaxis and dose interruption
and modification to prevent the occurrence and worsening of inter-
stitial lung diseases suggests that close monitoring and early inter-
vention could play an important role in further and better managing
the treatment of disease-related toxicities. Importantly in this study,
serious (Grade 3/4) diarrhea, colitis, ALT/aspartate aminotransferase
(AST) elevation, rash, hyperglycemia, or hypertension were notably
rare (<2%).

Previously approved PI3K inhibitors have produced toxicities that
compromised the duration of treatment and were often associated
with immune-mediated AEs of gastrointestinal and liver toxicities.
For idelalisib and duvelisib, significant treatment-related side effects
included ≥Grade 3AE hepatotoxicity (ALT/AST elevation), diarrhea/
colitis, rash, and pneumonitis, contributing to black box warnings.
Consequently, these treatments were associatedwith high frequencies
of treatment discontinuations (31.0%), dose reductions (19.4%;
ref. 19), and SAEs (34). Fatal or serious infections were also reported
frequently after idelalisib and duvelisib therapy. For copanlisib, 50%
and 29% of patients developed hyperglycemia and hypertension,

respectively, leading to dose interruptions in nearly three quarters
of patients. The prevalence of hyperglycemia was likely related to
copanlisib inhibition of the PI3Ka isoform. Twenty-nine percent of
patients required dose reductions and 21.1% required discontinu-
ation of therapy due to AEs (17), and their use in an elderly patient
population with a high prevalence of comorbidities has been ham-
pered. Grade ≥3 diarrhea occurred in 11.9% whereas on parsaclisib
11.9% (20), on duvelisib 14.7% (19), on copanlisib 8.5% (17), and on
idelalisib 13% (16). Also, the reported Grade ≥3 ALT/AST elevation
occurred in 13%/8% on idelalisib (16). The continuous dosing group
of zandelisib-treated patients had ≥Grade 3 of diarrhea/colitis
(24%), rash (5%), ALT or AST elevation (5%), or mucositis (3%)
reported (21).

The linperlisib study had a discontinuation incidence of 17.9%
overall (Supplementary Table S5). Discontinuations due to AE were
mainly infectious pneumonia (10.7%), including the 2 PCP patients in
the absence of prophylaxis, and interstitial lung disease (4.8%). Thus,
the use of linperlisib needs to be monitored and can be further
managed by prophylaxis, as there were no PCPs reported after
prophylaxis was implemented, and by early intervention. It is
unknown whether continuous dosing of linperlisib is required to
maintain responses following the rapid occurrence of response with
a median TTR of 1.9 months (Fig. 2B). Considering the appearance of
AEs and the intent to treat for long duration, an evaluation of an
alternative linperlisib dose schedule may be valuable to potentially
reduce toxicities and maintain efficacy.

Several features of linperlisib may be contributing factors to the
efficacy and tolerability observed in relapsed and/or refractory patient
with FL population. The linperlisib chemical structural distinctions as
a next-generation inhibitor may impart a high selectivity against
PI3Kd versus several approved PI3K drugs. Linperlisib has greater
selectivity for PI3Kd over PI3Kg than idelalisib and duvelisib (100-
fold), and umbralisib (48-fold) in vitro (20). Umbralisib has the
additional limitation of being a dual PI3Kd and CKe inhibitor (18).
Also, copanlisib (i.v. administered) is a PI3Ka and PI3Kd dual
inhibitor, whereas linperlisib is also highly selective against PI3Kd
and linperlisib treatment did not have the associated hyperglycemia
and hypertension AEs. It should be noted that linperlisib excretion is
principally renal in single dose 14C-linperlisib tracing studies, whereas
published information from duvelisib and idelalisib would indicate
primarily excretion through the gut (35). These features potentially all
contribute to the manageable safety profile of linperlisib. Along with
the compelling clinical efficacy observed, linperlisib is a valuable
treatment option for patients with relapsed and/or refractory FL.With
the NMPA accelerated approval in China on November 8, 2022,
linperlisib is available as a treatment for relapsed and/or refractory
FL patients with two or more prior systemic therapies.

As a perspective, novel CAR T-cell therapies have been introduced
for treatments of relapsed and/or refractory patients with FL and a
bispecific antibody (BSA) therapy should be added to CAR T-cell
therapy as potential therapeutic option for FL (36). For patients who
relapse after those agents, linperlisib might be an option as subsequent
systemic therapy.

Figure 3.
Subgroup analysis of ORR, DOR, and PFS confirmed by IRC assessment for patients with FL demographic and baseline criteria. Forest plots for a variety of
relapsed and/or refractory patients with FL characteristics are shown for the linperlisib phase II study. ORR (A), DOR (B), and PFS (C). Vertical line represents
the median value for ORR, DOR, and PFS for all patients. P values and odds ratio (ORR only) are shown as calculated between the two subgroups for any
parameter displayed. Note: In cases where patients had a censor endpoint, the confidence intervals were unable to be calculated, and only the median value is
displayed for that subgroup evaluation.

Table 3. Any-grade TRAEs (>10%) or ≥Grade 3 TRAEs.

TRAE
Any-grade TRAE with
>10% incidence

≥Grade 3
TRAE

Laboratory test results
Neutropenia 39 (46.4) 13 (15.5)
Decreased leukocyte count 30 (35.7) 4 (4.8)
Increased ALT 19 (22.6) 1 (1.2)
Increased AST 15 (17.9) 1 (1.2)
Decreased lymphocyte count 14 (16.7) 4 (4.8)
Decreased platelet count 13 (15.5) 3 (3.6)
Increased blood lactate
dehydrogenase

14 (16.8) 0

Increased lipase 12 (14.3) 3 (3.6)
Hypertriglyceridemia 20 (23.8) 3 (3.6)
Hypercholesterolemia 13 (15.5) 0
Hyperuricemia 9 (10.7) 0
Hyperglycemia 11 (13.1) 1 (1.2)

Events
Diarrhea 13 (15.5) 1 (1.2)
Weight decreased 10 (11.9) 0
Upper respiratory tract infection 9 (10.7) 2 (2.4)
Interstitial lung disease 4 (4.8) 3 (3.6)
Infectious pneumonia 17 (20.2) 16 (19.0)
Rash 10 (11.9) 1 (1.2)
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In conclusion, linperlisib demonstrated compelling clinical efficacy
and exhibited a manageable safety profile, making it a valuable
treatment modality for patients with relapsed and/or refractory FL
after at least two prior systemic treatments.
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