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Summary
Background Parsaclisib is a potent and highly selective PI3Kδ inhibitor that has shown clinical benefit in patients with
relapsed/refractory (R/R) B-cell malignancies. In this phase 2 study (CITADEL-205; NCT03235544, EudraCT 2017-
003148-19), the efficacy and safety of parsaclisib was evaluated in patients with R/R mantle cell lymphoma (MCL).

Methods Patients ≥18 years old with pathologically confirmed R/R MCL and prior treatment with 1–3 systemic
therapies, with (cohort 1) or without (cohort 2) previous Bruton kinase inhibitor (BTKi) treatment, received oral
parsaclisib 20 mg once-daily (QD) for 8 weeks, then either parsaclisib 20 mg once-weekly (weekly dosing group
[WG]) or parsaclisib 2.5 mg QD (daily dosing group [DG]). The primary endpoint was objective response rate (ORR).

Findings At the primary analysis data cutoff on January 15, 2021, 53 patients in cohort 1 (BTKi-experienced) (WG,
n = 12; DG: n = 41) and 108 patients in cohort 2 (BTKi-naive) (WG, n = 31; DG: n = 77) had received parsaclisib
monotherapy. The BTKi-experienced cohort was closed after an interim analysis demonstrated limited clinical
benefit. In the BTKi-naive cohort, the ORR (95% CI) for DG (dosing selected for further study) was 70.1%
(58.6%–80.0%), with a complete response rate (95% CI) of 15.6% (8.3%–25.6%) and a median duration of
response (95% CI) of 12.1 (9.0–not evaluable) months. Treatment-emergent adverse events (TEAEs) occurred
among 90.7% (98/108) of all treated patients in the BTKi-naive cohort. Grade ≥3 TEAEs occurred among 62.0%
(67/108) of patients, including diarrhoea (13.9%, 15/108) and neutropenia (8.3%, 9/108). Parsaclisib interruption,
reduction, or discontinuation due to TEAEs occurred among 47.2% (51/108), 8.3% (9/108), and 25.0% (27/108) of
patients, respectively. Fatal TEAEs were experienced by six patients and determined to be treatment-related in one
patient.

Interpretation Parsaclisib, a potent, highly selective, PI3Kδ inhibitor demonstrated meaningful clinical benefits and a
manageable safety profile (25.0% discontinuation rate, low incidences of individually reported grade ≥3 or serious
adverse events) in R/R MCL patients with no prior BTKi therapy. Limited clinical benefit was observed with
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Bologna, via Massarenti 9 - 40138, Bologna, Italy.
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parsaclisib monotherapy in patients who had previously received BTKi treatment. Future development of PI3K in-
hibitors for NHL will require further investigation of dose optimisation to improve safety and long-term survival.
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Research in context

Evidence before this study
We searched the PubMed database for articles on the use of
PI3K inhibitors for the treatment of mantle cell lymphoma
(MCL) and identified 160 publications, of which 12 reported
clinical trials in MCL. Based on published reports, PI3K
inhibitors appear to be associated with class-specific toxicities
such as hepatotoxicity (elevations in aminotransferases),
pneumonitis, rash, diarrhoea events that can progress to
colitis, and opportunistic infections. Parsaclisib, a highly
selective PI3Kδ inhibitor, was structurally designed to enhance
specificity and limit toxicity, and has demonstrated
differentiated tolerability and encouraging clinical outcomes
in R/R B-cell lymphoma, including MCL.

Added value of this study
CITADEL-205 is a multicentre, open-label, phase 2 study that
evaluated the efficacy and safety of parsaclisib in patients
with R/R MCL with or without prior BTK inhibitor treatment;
ORR in BTK-naive patients receiving parsaclisib daily dosing
was 70%, which compares favourably with ORRs ranging from
33% to 67% with other PI3K inhibitors. Common adverse

events included diarrhoea, pyrexia, constipation, and rash,
mostly low grade and improved with dose interruptions or
reductions.

Implications of all the available evidence
Data from our study suggest that although parsaclisib
demonstrated limited clinical benefit in patients who had
previously received BTK inhibitor treatment, patients without
prior BTK therapy achieve rapid and durable responses
indicating that parsaclisib may provide an effective treatment
option for this patient population. However, several PI3K
inhibitors have had their US Food and Drug Administration
indications or marketing authorisation withdrawn owing to
feasibility of confirmatory studies, or concerns over increased
toxicity and reduced overall survival in patients with indolent
NHL or chronic lymphocytic lymphoma. Therefore, further
investigations would be required to address safety concerns
and identify patients with R/R MCL for whom PI3K inhibitors,
such as parsaclisib, could be an alternative treatment to
existing therapies.
Introduction
Mantle cell lymphoma (MCL) represents 2%–4% of all B-
cell non-Hodgkin lymphoma (NHL) cases in Western
countries, and is aggressive and incurable.1 First-line
treatment regimens consist of rituximab plus chemo-
therapy backbone, with additional agents dependent on
patient-specific factors and comorbidities.2,3 Overall sur-
vival (OS) of 3–6 years has been reported following first-
line chemotherapy4; however, most patients ultimately
relapse.5 Second- and subsequent-lines of therapy include
Bruton tyrosine kinase (BTK) inhibitors, non–cross-
resistant chemotherapy, and chimeric antigen receptor
(CAR) T-cell therapy.2,3,6 BTK inhibitors (BTKi) approved
as second-line therapy for R/R MCL include single-agent
ibrutinib,7,8 acalabrutinib,9 and zanubrutinib,10 and pirto-
brutinib has recently been approved as a third-line ther-
apy following at least two lines of systemic therapy
including a BTKi.11 Other approved therapies for R/R
MCL include lenalidomide,12,13 bortezomib,14 and tem-
sirolimus.15 Given the likelihood of relapse and limited
options for later lines of therapy, there is an unmet need
for therapies for R/R MCL.
The upregulation of phosphoinositide 3-kinase
(PI3K) is a critical driver of growth and survival of B
lymphocytes16,17 and the dysregulation of this pathway,
particularly overactivity of the PI3Kδ isoform, plays a
key role in the development of B-cell malignancies.17,18

PI3K inhibitors have demonstrated clinically meaning-
ful efficacy as monotherapy for the treatment of R/R
NHLs, with ORRs of 33%–67% in MCL.16,19,20 However,
safety and tolerability limitations continue to challenge
the optimisation of this drug class.17 Several adverse
events (AEs) appear to be a class effect (eg, trans-
aminitis, diarrhoea, colitis, pneumonitis, neutropenia,
and rash)21–23 and other AEs, such as hyperglycaemia
and hypertension, have been observed with a PI3K in-
hibitor (copanlisib) that also targets the α-isoform.21

Parsaclisib is at least 10,000-fold more selective for
PI3Kδ (half maximal inhibitory concentration,
IC50 = 1 nM) compared with PI3Kα, PI3Kβ, and
PI3Kγ.24,25 Consistent with this, parsaclisib demon-
strated differentiated tolerability and encouraging clin-
ical outcomes in the phase 1/2 CITADEL-101 study of
patients with R/R NHL, including MCL.16 Here, we
www.thelancet.com Vol 62 August, 2023
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report the primary results from the open-label, phase 2
CITADEL-205 study, which was conducted to further
evaluate the efficacy and safety of parsaclisib among
patients with R/R MCL with or without prior BTKi
therapy.
Methods
Trial oversight
CITADEL-205 was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice guide-
lines, and applicable local regulations. Written informed
consent was obtained from each patient before study
enrolment.

Study design
CITADEL-205 is a phase 2, multicentre, open-label
study that evaluated the efficacy and safety of parsacli-
sib among patients with R/R MCL (NCT03235544)
(Figure S1, Appendix); patients were enrolled in two
cohorts: BTKi-experienced (cohort 1) included patients
who had previously received treatment with ibrutinib
(the only BTKi approved for R/R MCL at study initia-
tion), BTKi-naive (cohort 2) included patients without
previous BTKi therapy. The study protocol is available as
a Supplemental Appendix. Originally, a sample size of
60 patients per cohort was planned for the entire study.
All patients were planned to be allocated in a 1:1 ratio to
one of two treatment groups using a randomisation
schedule through the interactive web response system:
the weekly dosing group (WG) receiving 20 mg of oral
parsaclisib once daily (QD) for 8 weeks followed by
20 mg once weekly (QW), or the daily dosing group
(DG) receiving 20 mg of oral parsaclisib QD for 8 weeks
followed by 2.5 mg QD. The sample size was updated to
include an additional 70 patients (BTKi-experienced, 30
patients; BTKi-naive, 40 patients) following a protocol
amendment to further understand the safety and effi-
cacy of parsaclisib daily dosing. The BTKi-experienced
cohort closed to enrolment with approximately 50 pa-
tients enrolled.

After evaluation of emerging safety and efficacy data
from this and other parsaclisib monotherapy studies in
NHL, the DG was selected for additional study. Subse-
quently, all patients in both the BTKi-experienced and
BTKi-naive cohorts were allocated to this group. Patients
in the WG were permitted to switch to daily dosing or
remain on their current regimen. Treatment for all pa-
tients continued until disease progression, death, un-
acceptable toxicity, or consent withdrawal. All patients
were required to receive a standard Pneumocystis jirovecii
pneumonia (PJP) prophylaxis regimen while receiving
parsaclisib and for 2–6 months after their last dose.

Patients
Patients enrolled were at least 18 years or older with
pathologically confirmed R/R MCL and overexpression
www.thelancet.com Vol 62 August, 2023
of cyclin D1 or t(11; 14). Patients were required to have
prior treatment for MCL with one to three systemic
therapies and documented failure after achieving at least
a partial response (PR) or documented disease pro-
gression after the most recent regimen. Radiographi-
cally measurable lymphadenopathy or extranodal
lymphoid malignancy had to be present, defined as the
presence of at least one lesion measuring greater than
1.5 cm in the longest transverse diameter and 1.0 cm or
greater in the longest perpendicular diameter by
computed tomography (CT) or magnetic resonance
imaging (MRI). Patients had to be willing to undergo an
incisional or excisional lymph node or tissue biopsy or
provide a lymph node or tissue biopsy from the most
recent available archival tissue. Patients were required to
have an ECOG performance status (ECOG PS) of 0–2,
with adequate haematological, hepatic, and renal
function.

Patients were excluded if they had a history of central
nervous system lymphoma, prior treatment with a
PI3Kδ or pan-PI3K inhibitor, had undergone an allo-
genic stem cell transplant within 6 months or an
autologous stem cell transplant within 3 months, or had
active graft-versus-host disease. Patients were also
excluded if they were taking immunosuppressive ther-
apy or receiving anticancer medications or investiga-
tional drugs within protocol-defined intervals prior to
the study. Concurrent use of anticancer therapy or
potent CYP3A4 inhibitors or inducers was not allowed.
A history of stroke, intracranial haemorrhage, or clini-
cally significant cardiac disease within the past 6
months, chronic or current active infectious disease
requiring systemic treatment (including human im-
munodeficiency virus, hepatitis B virus, and hepatitis C
virus), or exposure to a live vaccine within 30 days of
dosing were also not allowed.

Study endpoints and assessments
The primary study endpoint was ORR, determined by
independent review committee (IRC) assessment by CT
or MRI using the Lugano classification system.26 Sec-
ondary endpoints included IRC-determined complete
response (CR) rate, best percentage change in target
lesion size from baseline (measured as the change in
the sum of the product of target lesion diameters), DOR
and progression-free survival (PFS) both determined by
IRC, OS, and safety and tolerability. Measurable disease
and bone marrow examinations were performed at
baseline to determine tumour status—if disease was
present at baseline, a bone marrow biopsy was required
to confirm CR.

Safety assessments included monitoring of the fre-
quency, duration, and severity of AEs (severity
measured by CTCAE v4.03; grades 1–5). AEs of special
interest were defined as colitis, diarrhoea, exfoliative
dermatitis, febrile neutropenia, rash, intestinal per-
foration, pneumonitis, and pneumonia. Patients were
3
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followed as part of standard safety monitoring for in-
fections including PJP, cytomegalovirus, herpes simplex
virus, and varicella zoster virus. Laboratory events of
special interest included decreased neutrophil count,
increased alanine aminotransferase (ALT), and
increased aspartate aminotransferase (AST). Physical
examinations, vital signs, 12-lead electrocardiograph
(ECG), ECOG PS, and clinical laboratory measurements
were performed.

Exploratory endpoints in the study included profiling
blood biomarkers at baseline and on-treatment. High-
content multiplex proteomic analysis of plasma samples
was performed by Olink Proteomics, using a proximity
extension assay platform to measure relative protein
levels of approximately 1000 analytes. Assessed analytes
included proteins involved in lymphocyte activation and
immune response, some of which are elevated in NHLs
(eg, CXCL13/B-cell attracting chemokine 1). Analyte
expression data were analyzed by paired t test, and
differentially expressed analytes were defined as having
at least a 1.5-fold change and with false discovery rate
(FDR; expected false positive/[false positive + true
positive])-adjusted p-values of 0.05 or less (Table S1,
Appendix).

Statistical analyses
Based on available data at the time of the trial design, a
sample size of approximately 100 patients in the BTKi-
naive cohort was selected so that, if the true ORR was
60% for patients in both treatment groups, there would
be an approximate 97% probability of observing the
lower bound of the 95% confidence interval (CI) of ORR
≥40%. All patients who received at least one dose of
parsaclisib constituted the full analysis set (used for the
summary of demographics, baseline characteristics,
patient disposition, and analyses of efficacy data) and the
safety population (used for all safety analysis). The
pharmacokinetic/pharmacodynamic evaluable popula-
tion included patients who received at least one dose of
parsaclisib and provided at least one post-dose plasma
sample.

This was not a randomised study and no statistical
comparisons were planned between treatment groups.
Descriptive summaries for continuous and categorical
data were reported and 2-sided 95% CI were calculated
for each cohort where appropriate. Patients who were
initially assigned to the WG who switched to daily
dosing before starting the 20 mg QW period were
included in the DG for analyses, and those who
switched after starting the 20 mg QW period were
included in the WG for analyses. Unless otherwise
stated, all efficacy data presented are determined by
IRC.

Role of the funding source
Study sponsor was involved in the design of the study,
data collection, Formal analysis and interpretation of
data, and the development and decision to submit this
manuscript for publication.
Results
Patient demographics and disposition
Between January 17, 2018 and January 29, 2020, 108
patients who were BTKi-naive were enrolled from 50
international study sites into cohort 2 and received
parsaclisib, including 31 patients in the WG and 77
patients in the DG (Fig. 1). Ten patients switched from
the WG to the DG after starting the 20 mg QW period.
In the total population of BTKi-naive patients, the
median age was 72.0 years (range, 43–90), 79.6%
(86/108) of patients were male, and 81.5% (88/108) of
patients were White/Caucasian. At baseline, most pa-
tients had an ECOG status of 0 or 1, advanced diseased
(Ann Arbor stage IV), and a Mantle Cell Lymphoma
International Prognosis Index (MIPI) risk category of
intermediate or high. The median number of prior
therapies was 1.0 (range, 1–3) and 43.5% (47/108) of
patients were refractory to their most recent prior
therapy (Table 1).

A total of 53 patients who were BTKi-experienced (12
WG; 41 DG) had been enrolled in cohort 1 before it was
closed (30 January 2020) (Fig. 1). An interim analysis
determined that the observed ORR in BTKi-experienced
patients did not demonstrate a clinically meaningful
benefit. Baseline characteristics for BTKi-experienced
patients are presented in Table S2 (Appendix) and full
results for this cohort are presented in the supplemental
material (Appendix).

In the BTKi-naive cohort, as of the January 15, 2021
primary analysis cutoff date, 22 patients in the WG had
discontinued treatment and nine remained on treat-
ment, and 56 patients in the DG had discontinued
treatment and 21 remained on treatment (Table S3,
Appendix). In the DG, the primary reason for treat-
ment discontinuation was progressive disease (39.0%
[30/77]) and AEs (29.9% [23/77]). The median duration
of parsaclisib treatment in the DG was 7.9 months
(range, 1.7–27.4 months) and the median follow-up was
18.2 months (11.6–35.9 months) from the first dose to
the data cutoff date. Patient disposition for those
enrolled in the BTKi-experienced cohort is summarised
in Table S4 (Appendix).

Efficacy
As of the data cutoff date, in the BTKi-naive cohort, IRC-
determined ORR for patients in the DG was 70.1% (95%
CI 58.6%–80.0%), with a complete response rate (CRR)
of 15.6% (95% CI 8.3%–25.6%; Table 2). Stable disease
was observed as best overall response among 20.8% (16/
77) of patients in the DG. The ORR based on investi-
gator assessment was 81.8% (95% CI 71.4%–89.7%) and
the CRR was 27.3% (95% CI 17.7%–38.6%) in the DG.
In a subgroup analysis of IRC-determined ORR based
www.thelancet.com Vol 62 August, 2023
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BTKi-experienced†

n = 53

Daily dosing group
Parsaclisib 20 mg once daily for 

8 weeks followed by 2.5 mg once 
daily, continuously

n = 77

Daily dosing group
Parsaclisib 20 mg once daily for 

8 weeks followed by 2.5 mg once 
daily, continuously

n = 41

Weekly dosing group
Parsaclisib 20 mg once daily 

for 8 weeks followed by 20 mg 
once weekly

n = 31

BTKi-naive
n = 108

Total number of patients enrolled
N = 161

Discontinued treatment‡

n = 56

Cohort 1: BTKi-experienced
R/R MCL with prior 
ibrutinib exposure

Cohort 2: BTKi-naive
R/R MCL with no prior 

BTKi exposure

Patients planned for enrolment
N = 190

n = 30 n = 40

n = 60n = 60
Original patient sample size 

planned for the study

Additional patients planned 
for enrolment*

Patients enrolled into two 
study cohorts

Discontinued treatment‡

n = 22
Discontinued treatment‡

n = 38

Ongoing treatment at data cutoff
n = 21

Ongoing treatment at data cutoff
n = 9

Ongoing treatment at data cutoff
n = 3

Weekly dosing group
Parsaclisib 20 mg once daily 

for 8 weeks followed by 20 mg 
once weekly

n = 12

Discontinued treatment‡

n = 12

Ongoing treatment at data cutoff
n = 0

Fig. 1: CITADEL-205 patient disposition. BTKi = Bruton tyrosine kinase inhibitor, R/R MCL = relapsed/refractory mantle cell lymphoma.
*Following a protocol amendment, the sample size was updated to include an additional 70 patients to further understand the safety and
efficacy of the selected dose. †The BTKi-experienced cohort was closed to further enrolment after approximately 50 patients were enrolled. ‡See
Tables S3 and S4 (Appendix) for primary reasons for discontinuing treatment in the BTKi-naive and BTKi-experienced cohorts, respectively.

Articles
on patient baseline characteristics, response rates in
subgroups were generally consistent with the primary
analysis in the total population and for the DG
(Figure S2, Appendix).

Among all evaluable patients in the DG with baseline
and at least one post baseline assessment, 95.7% (66/69)
experienced tumour regression, and among those pa-
tients 84.8% (56/66) achieved a greater than 50%
reduction in target lesion size from baseline (Fig. 2).
The median percentage change from baseline in target
lesion size as assessed by IRC was −75.1%
(range, −100.0% to 73.0%) in the DG.

The median time to response for patients with a CR
or PR was 8.1 weeks in the DG; response was observed
by the time of the first planned assessment (week 8)
among 88.9% (48/54) of responders (Fig. 3). The me-
dian DOR was 12.1 months (95% CI 9.0–not evaluable;
Fig. 3) in the DG. The median PFS was 13.6 months
www.thelancet.com Vol 62 August, 2023
(95% CI 10.0–16.9; Fig. 3), with estimated 6- and 12-
month rates of 69.0% (95% CI 56.5%–78.6%) and
52.1% (95% CI 38.6%–64.0%), respectively. The median
OS was not reached in the DG (Fig. 3) and the estimated
6- and 12-month survival rates were 89.4% (95% CI
79.8%–94.5%) and 78.5% (95% CI 67.3%–86.2%),
respectively. Data for the WG data are summarised in
Figure S3 (Appendix).

Among the 53 patients who had received prior
ibrutinib treatment and were enrolled in the BTKi-
experienced cohort, the ORR by IRC was 30.2% (95%
CI 18.3%–44.3%) with one CR and 15 PRs (Table S5,
Appendix). The observed DOR for the 16 responders
ranged from 1.9 to 15.8 months and the observed PFS
for all 53 patients ranged from 1.9 to 4.1 months. The
best percentage change from baseline in target tumour
lesion for patients treated in the BTKi-experienced
cohort is summarised in Figure S4 (Appendix).
5
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Characteristic Weekly dosing groupa (n = 31) Daily dosing group (n = 77) All treated patients (N = 108)

Age, median (range), years 74.0 (43–89) 72.0 (51–90) 72.0 (43–90)

≥65 years, n (%) 25 (80.6) 60 (77.9) 85 (78.7)

Male, n (%) 26 (83.9) 60 (77.9) 86 (79.6)

Race, n (%)

White/Caucasian 24 (77.4) 64 (83.1) 88 (81.5)

Black/African American 0 2 (2.6) 2 (1.9)

Asian 0 1 (1.3) 1 (0.9)

Other 5 (16.1) 3 (3.9) 8 (7.4)

Missing 2 (6.5) 7 (9.1) 9 (8.3)

ECOG performance status, n (%)

0 16 (51.6) 47 (61.0) 63 (58.3)

1 11 (35.5) 26 (33.8) 37 (34.3)

2 4 (12.9) 4 (5.2) 8 (7.4)

MIPI risk category, n (%)

Low (0–3) 6 (19.4) 14 (18.2) 20 (18.5)

Intermediate (4–5) 6 (19.4) 21 (27.3) 27 (25.0)

High (6–11) 18 (58.1) 42 (54.5) 60 (55.2)

Missing 1 (3.2) 0 1 (0.9)

Ann Arbor staging, n (%)

I 1 (3.2) 8 (10.4) 9 (8.3)

II 4 (12.9) 13 (16.9) 17 (15.7)

III 3 (9.7) 8 (10.4) 11 (10.2)

IV 21 (67.7) 48 (62.3) 69 (63.9)

Missing 2 (6.5) 0 2 (1.9)

Time since diagnosis, median (range), years 3.6 (0.1–20.9) 3.5 (0.1–16.9) 3.6 (0.1–20.9)

Number of prior systemic regimens, median (range) 1.0 (1–3) 1.0 (1–3) 1.0 (1–3)

Prior therapies by WHO drug class, n (%)

Anti-CD20 mAb 30 (96.8) 75 (97.4) 105 (97.2)

Nitrogen mustard analogue 29 (93.5) 74 (96.1) 103 (95.4)

Vinca alkaloids and analogs 21 (67.7) 57 (74.0) 78 (72.2)

Anthracyclines and related substances 21 (67.7) 54 (70.1) 75 (69.4)

Glucocorticoids 20 (64.5) 54 (70.1) 74 (68.5)

Status to most recent prior therapy, n (%)

Relapsed 16 (51.6) 38 (49.4) 54 (50.0)

Refractory 13 (41.9) 34 (44.2) 47 (43.5)

Unknown 2 (6.5) 5 (6.5) 7 (6.5)

BTKi = Bruton tyrosine kinase inhibitor, ECOG = Eastern Cooperative Oncology Group, mAb = monoclonal antibody, MIPI = Mantle Cell Lymphoma International Prognostic
Index, QD = once daily, QW = once weekly, WHO = World Health Organisation. aIncludes 10 patients who switched 20 mg QW to 2.5 mg QD parsaclisib.

Table 1: Baseline demographics and clinical characteristics (BTKi-naive cohort).

Response Weekly dosing groupa (n = 31) Daily dosing group (n = 77) All treated patients (N = 108)

Best overall response, n (%)

Complete response 7 (22.6) 12 (15.6) 19 (17.6)

Partial response 13 (41.9) 42 (54.5) 55 (50.6)

Stable disease 4 (12.9) 16 (20.8) 20 (18.5)

Progressive disease 1 (3.2) 3 (3.9) 4 (3.7)

Not estimable/assessed 6 (19.4) 4 (5.2) 10 (9.3)

ORR, % (95% CI) 64.5 (45.4–80.8) 70.1 (58.6–80.0) 68.5 (58.9–77.1)

CRR, % (95% CI) 22.6 (9.6–41.1) 15.6 (8.3–25.6) 17.6 (10.9–26.1)

BTKi = Bruton tyrosine kinase inhibitor, CI = confidence interval, CRR = complete response rate, ORR = objective response rate, QD = once daily, QW = once weekly. aIncludes
10 patients who switched from 20 mg QW to 2.5 mg QD parsaclisib.

Table 2: Best overall response, and objective response and complete response rate among patients receiving parsaclisib by independent review
committee review (BTKi-naive cohort).

Articles

6 www.thelancet.com Vol 62 August, 2023

www.thelancet.com/digital-health


Be
st

 p
er

ce
nt

ag
e 

ch
an

ge
 fr

om
 b

as
el

in
e 

(%
)

100 *

40

20

0

−20

−40

−60

−80

60

80

−100

Daily dosing
Weekly dosing

Fig. 2: Best percentage change from baseline in target lesion size by independent review committee (BTKi-naive cohort). *Patients had
best percentage change >100%. BTKi = Bruton tyrosine kinase inhibitor.

Articles
Safety
The safety population in the BTKi-naive cohort included
all patients who received at least one dose of parsaclisib
(n = 108). TEAEs occurred in 98 (90.7%) patients overall
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and in 69 (89.6%) patients in the DG (Table 3). The
most common TEAEs were diarrhoea (overall, 37/108
[34.3%]; daily dosing, 31/77 [40.3%]), pyrexia (overall,
19/108 [17.6%]; daily dosing, 13/77 [16.9%]),
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Preferred term (MedDRA), n (%) Daily dosing group (n = 77) All treated patients (N = 108)

Any Grade ≥3 Any Grade ≥3
Any TEAE 69 (89.6) 49 (63.6) 98 (90.7) 67 (62.0)

Diarrhoea 31 (40.3) 14 (18.2) 37 (34.3) 15 (13.9)

Pyrexia 13 (16.9) 1 (1.3) 19 (17.6) 2 (1.9)

Constipation 11 (14.3) 0 14 (13.0) 1 (0.9)

Asthenia 10 (13.0) 1 (1.3) 12 (11.1) 2 (1.9)

Neutropenia 9 (11.7) 7 (9.1) 12 (11.1) 9 (8.3)

Rash 11 (14.3) 3 (3.9) 12 (11.1) 3 (2.8)

Cough 9 (11.7) 0 11 (10.2) 0

Nausea 7 (9.1) 2 (2.6) 11 (10.2) 2 (1.9)

Back pain 6 (7.8) 1 (1.3) 10 (9.3) 1 (0.9)

Fatigue 8 (10.4) 1 (1.3) 10 (9.3) 1 (0.9)

Hypokalaemia 9 (11.7) 3 (3.9) 10 (9.3) 4 (3.7)

Anaemia 6 (7.8) 2 (2.6) 9 (8.3) 3 (2.8)

Arthralgia 5 (6.5) 0 7 (6.5) 0

Blood creatinine increased 5 (6.5) 0 7 (6.5) 0

Colitis 7 (9.1) 4 (5.2) 7 (6.5) 4 (3.7)

Thrombocytopenia 5 (6.5) 3 (3.9) 7 (6.5) 3 (2.8)

Weight decreased 7 (9.1) 1 (1.3) 7 (6.5) 1 (0.9)

Decreased appetite 6 (7.8) 1 (1.3) 6 (5.6) 1 (0.9)

Hyperuricaemia 3 (3.9) 0 6 (5.6) 2 (1.9)

Oedema peripheral 4 (5.2) 0 6 (5.6) 1 (0.9)

BTKi = Bruton tyrosine kinase inhibitor, MedDRA = Medical Dictionary for Regulatory Activities, TEAE = treatment-emergent adverse event.

Table 3: Most common any grade and grade ≥3 TEAEs among patients receiving parsaclisib (occurring in ≥5% of patients in the total population at
any grade) (BTKi-naive cohort).
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constipation (overall, 14/108 [13.0%]; daily dosing, 11/
77 [14.3%]), and rash (overall, 12/108 [11.1%], daily
dosing, 11/77 [14.3%]). TEAEs led to parsaclisib
discontinuation among 27 patients (25.0%) overall and
among 23 patients (29.9%) in the daily dosing group;
most frequent TEAEs resulting in parsaclisib discon-
tinuation were diarrhoea (overall, 12/108 [11.1%], daily
dosing, 12/77 [15.6%]), colitis (overall, 5/108 [4.6%],
daily dosing, 5/77 [6.5%]), and hypokalaemia (overall, 3/
108 [2.8%], daily dosing, 2/77 [2.6%]). In the total pop-
ulation of BTKi-naive patients, 51 (47.2%) and nine
(8.3%) patients required treatment interruption or dose
reductions, respectively, due to TEAEs, and in the DG,
39 (50.6%) and seven (9.1%) patients, respectively.
Treatment-related TEAEs were reported in 72 (66.7%)
patients overall and in 54 (70.1%) patients in the DG.
The most common treatment-related TEAEs were diar-
rhoea (overall, 27/108 [25.0%]; DG, 24/77 [31.2%]),
neutropenia (overall, 10/108 [9.3%]; DG, 8/77 [10.4%]),
and rash (overall, 10/108 [9.3%]; DG, 10/77 [13.0%]).

Grade ≥3 TEAEs occurred in 67 patients (62.0%) in
the total population and in 49 patients (63.6%) in the
DG in the BTKi-naive cohort. Grade ≥3 TEAEs that
occurred in at least 5% of patients in the total population
were diarrhoea (overall, 15/108 [13.9%]; DG, 14/77
[18.2%]) and neutropenia (overall, 9/108 [8.3%]; DG, 7/
77 [9.1%]); 37.0% of patients in the total population had
grade ≥3 TEAEs that were considered treatment-related
(most commonly diarrhoea, 13/108 [12.0%] and neu-
tropenia, 7/108 [6.5%]). The median time to onset for
any grade and grade ≥3 diarrhoea was 2.8 and 4.3
months, respectively. Serious TEAEs occurred in 46
patients (42.6%) in the total population and 35 patients
(45.5%) in the DG. Serious TEAEs occurring in at least
2% of patients in the total population were diarrhoea
(overall, 10/108 [9.3%]; DG, 10/77 [13.0%]), colitis
(overall, 5/108 [4.6%]; DG, 5/77 [6.5%]), hypokalaemia
(overall, 3/108 [2.8%]; DG, 2/77 [2.6%]), and pyrexia
(overall, 3/108 [2.8%]; DG, 2/77 [2.6%]). There were
eight TEAEs with fatal outcome, all of which occurred
among five patients in the DG; three fatal TEAEs
occurred in the same patient (leukocytosis, acute mye-
lomonocytic leukaemia, and acute kidney injury), and
the remaining five TEAEs with fatal outcome occurred
among the other four patients (septic shock and staph-
ylococcal endocarditis in one patient; and atrial fibrilla-
tion, ECOG PS worsened, and sudden death in one
patient each).

Among the AEs of special interest, in addition to
diarrhoea and rash (presented above), colitis occurred in
seven patients in the total population in the BTKi-naive
cohort (6.5%; all in the DG); cytomegalovirus infection
in three patients (2.8%; two patients in the DG), pneu-
monia in two patients (1.9%; all in the DG), pneumo-
nitis and varicella zoster virus in two patients each
(1.9%; one patient in the DG), and dermatitis exfoliative,
www.thelancet.com Vol 62 August, 2023
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febrile neutropenia, herpes simplex virus infection, and
PJP in one patient each (0.9%; all in the DG except
dermatitis exfoliative in WG; Table S6, Appendix). Of
note, 89.8% (97/108) of patients in the total population
received trimethoprim/sulfamethoxazole as a concomi-
tant medication during the study.

The most common new or worsening haematology
laboratory parameters for the total population in the
BTKi-naive cohort included decreases in neutrophils
(58/108 [53.7%]), platelets (36/108 [33.3%]), and hae-
moglobin (34/108 [31.5%]) (Table 4). Any grade or grade
3 increases in ALT occurred among 30.6% (33/108) and
4.6% (5/108) of patients, respectively, and increases in
AST occurred among 25.9% (28/108) and 2.8% (3/108)
of patients, respectively.

A summary of AEs reported in patients enrolled in
the BTKi-experienced cohort is presented in Table S7
(Appendix). There were four TEAEs with fatal
outcome reported among BTKi-experienced patients;
three (neutropenia, pneumonia, and septic shock) were
considered related to study treatment in one patient
(DG).

Biomarker analysis
Plasma samples for the exploratory biomarker analysis
were available for 93 patients from the BTKi-naive
cohort. Among patients with a CR or PR, a set of
plasma proteins enriched for cytokines, chemokines,
and transmembrane receptors that function in
lymphocyte activation, migration, and proliferation was
differentially detected following 8 weeks of 20 mg QD of
parsaclisib (Table S8, Appendix). Effects were main-
tained almost completely following transition to 2.5 mg
QD of parsaclisib, indicating a sustained high level of
target inhibition (Figure S5, Appendix).
Discussion
In this study, 77 patients with R/R MCL who were BTKi-
naive were treated with parsaclisib 20 mg QD for 8
weeks followed by 2.5 mg QD (DG). The median age
was 72.0 years, and 94.8% of patients had an ECOG
status of 0 or 1, representative of the R/R MCL patient
Preferred term, n (%) Daily dosing group (n = 77)

Any Grade 3

Neutrophils decreased 47 (61.0) 5 (6.5)

Haemoglobin decreased 25 (32.5) 3 (3.9)

Platelets decreased 25 (32.5) 3 (3.9)

ALT increased 24 (31.2) 2 (2.6)

AST increased 19 (24.7) 2 (2.6)

NA = CTC grade is not applicable to the parameter,. ALT = alanine aminotransferase, A
Common Terminology Criteria, CTCAE = Common Terminology Criteria for Adverse Ev

Table 4: New or worsening laboratory abnormalities (worst grade post base
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population. At baseline, most patients had high-risk
disease according to MIPI score, Ann Arbor stage IV
disease, and half of the patients had relapsed disease.
Taken together, these data are consistent with a high-
risk population.

Patients in the DG with no prior treatment with a
BTKi achieved an ORR of 70.1%, including 15.6% of
patients who achieved a CR, and a median DOR of 12.1
months, comparable with other treatments under
investigation in this patient population. In phase 2
studies of patients with R/R MCL who received BTKi
therapy, reported ORRs and median DORs range from
67% to 84% and 17.5–25.5 months, respectively.27–29 In
addition, these results are consistent with those
observed in the phase 1/2 CITADEL-101 trial with
single-agent parsaclisib in other B-cell malignancies.16

Similarly, in the phase 2 studies of patients with follic-
ular lymphoma (FL) (CITADEL-203, NCT03126019) and
marginal zone lymphoma (MZL) (CITADEL-204,
NCT03144674) treated with the DG regimen, parsaclisib
monotherapy resulted in ORRs of 77.7% and 58.3%,
and DORs of 14.7 and 12.2 months, respectively.30,31

Taken together, these data suggest that parsaclisib
monotherapy achieves a consistent treatment benefit in
patients with NHL, particularly those who have not
received prior therapy with a BTKi. In the DG, the
median time to response (8.1 weeks) was rapid with
88.9% of responses observed by the first planned
assessment (week 8). The median DOR (12.1 months)
and median PFS (13.6 months) were both durable. Ac-
tivity of parsaclisib in MCL was broad and deep; 66 of 69
evaluable patients in the DG demonstrated a reduction
in target lesions from baseline, and among them, 56
achieved a >50% reduction in target lesions.

The safety profile of parsaclisib in this study is
consistent with that of similar studies of parsaclisib
monotherapy in other B-cell lymphomas16,30,31 and the
known profile of other PI3K inhibitors.21–23 The most
commonly reported TEAEs were AEs frequently re-
ported among the PI3K inhibitor drug class, including
diarrhoea, pyrexia, constipation, and rash, most of
which were low-grade and manageable by dose in-
terruptions or reductions. Grade 3 or higher TEAEs
All treated patients (N = 108)

Grade 4 Any Grade 3 Grade 4

4 (5.2) 58 (53.7) 6 (5.6) 5 (4.6)

NA 34 (31.5) 3 (2.8) NA

2 (2.6) 36 (33.3) 5 (4.6) 4 (3.7)

0 33 (30.6) 5 (4.6) 0

0 28 (25.9) 3 (2.8) 0

ST = aspartate aminotransferase, BTKi = Bruton tyrosine kinase inhibitor, CTC =
ents.

line) occurring in patients receiving parsaclisib (BTKi-naive cohort).
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occurred in 62.0% of all treated patients, similar to what
was observed in patients with FL (CITADEL-203) and
MZL (CITADEL-204) treated with parsaclisib; the most
frequently experienced grade ≥3 TEAE was diarrhoea
which had a median time to onset of 4.3 months. Thirty
percent of patients in the DG discontinued parsaclisib
treatment due to TEAEs, the most common of which
were gastrointestinal toxicities and hypokalaemia. It is
worth noting that the median duration on study treat-
ment of 7.9 months (range: 1.7–27.4) in BTKi-naive
patients in the DG was clinically meaningful,
providing sufficient time for a response; at data cutoff,
21 (27.3%) patients in this group were receiving
ongoing treatment.

Parsaclisib is highly selective for the PI3Kδ isoform
and was structurally designed to reduce PI3Kδ-related
hepatotoxicities including elevations in ALT or AST.24,25

In this study, grade ≥3 increased ALT or AST
occurred in 4.6% and 2.8% of BTKi-naive patients
overall, respectively, comparing favourably to other PI3K
inhibitors.22,23 No TEAEs of increased ALT or AST
resulted in parsaclisib discontinuation. Few ALT and
AST elevations have also been observed in studies using
copanlisib, a dual inhibitor of PI3Kδ and PI3Kα iso-
forms. However, copanlisib had clinically relevant high-
grade hypertension and hyperglycaemia that appear to
be PI3K α-specific toxicities.21

Newly approved therapies for patients with R/R
NHLs have led to improvements in safety and clinical
outcomes. Approved treatments for patients with R/R
MCL include BTKis, protease inhibitors, mTOR in-
hibitors, immunomodulators, and CAR-T cell therapy.
Following positive phase 3 trials, the treatment land-
scape has moved increasingly to the use of BTKis as the
preferred second-line treatment for advanced MCL.
BTKis including ibrutinib, acalabrutinib, and zanu-
brutinib are the preferred choice of treatment for pa-
tients with MCL who have received at least one prior
therapy, with ORRs ranging from 66 to 85%, and me-
dian DOR of ≥14.0 months.27–29,32 The newer-generation
BTKis, acalabrutinib and zanubrutinib, are associated
with improved safety, including reduced frequency of
cardiotoxicity, in patients with indolent NHL and
chronic lymphocytic lymphoma (CLL).33–35 Another
BTKi, pirtobrutinib, was recently approved for the
treatment of R/R MCL after at least two lines of systemic
therapy including a BTKi, based on results from a phase
1/2 clinical trial; patients with MCL who were BTKi-
experienced achieved an ORR of 54%.36,37 While parsa-
clisib demonstrated significant and durable responses in
BTKi-naive patients, it did not demonstrate significant
clinical benefit in patients who received prior BTKi
therapy.

Recently, PI3K inhibitors including umbralisib, ide-
lalisib, and duvelisib have had approvals withdrawn
based on emerging data from confirmatory studies of
increased toxicity and reduced OS in patients with
indolent NHL or CLL.38–41 In light of these findings, any
future development of PI3K inhibitors for NHL will
inevitably require extensive investigation of dose opti-
misation for safety and demonstrable long-term survival
benefits. Although parsaclisib demonstrated meaningful
clinical benefits and a manageable safety profile
(discontinuation rate of 25.0%, and low incidences of
individually reported grade ≥3 or serious adverse
events) in BTKi-naive patients with R/R MCL in the
current study, further investigations would be required
to address the concerns discussed above, and to identify
patients with R/R MCL for whom parsaclisib may pro-
vide a more favorable treatment alternative to BTKis (for
example, patients with R/R MCL who are ineligible for
or intolerant of BTKis).

Parsaclisib, a potent and highly selective PI3Kδ in-
hibitor, demonstrated meaningful, deep, rapid, and
durable responses, and a manageable safety profile
among patients with R/R MCL who had no prior BTKi
treatment. Limited clinical benefits were noted in pa-
tients who had previously received BTKi therapy.
Considering that the treatment landscape for R/R MCL
has moved increasingly to the use of BTKis as the
preferred second-line therapy, the role of PI3K in-
hibitors, including parsaclisib, in the treatment of R/R
MCL, would require further investigation.

Contributors
All authors contributed to the acquisition, analysis, and interpretation of
data, to the drafting and critical review of the manuscript, and provided
approval of the final version to be published. PLZ, AM, FZ, DJD, WJiang,
and AG accessed and verified data presented in this manuscript.

Data sharing statement
Incyte Corporation (Wilmington, DE, USA) is committed to data
sharing that advances science and medicine while protecting patient
privacy. Qualified external scientific researchers may request anony-
mised datasets owned by Incyte Corporation for the purpose of con-
ducting legitimate scientific research. Researchers may request
anonymised datasets from any interventional study (except phase 1
studies) for which the product and indication have been approved on or
after January 1, 2020 in at least one major market (eg, United States,
European Union, Japan). Data will be available for request after the
primary publication or 2 years after the study has ended. Information on
Incyte Corporation’s clinical trial data sharing policy and instructions for
submitting clinical trial data requests are available at: https://www.
incyte.com/Portals/0/Assets/Compliance%20and%20Transparency/
clinical-trialdata-sharing.pdf?ver=2020-05-21-132838-960.

Declaration of interests
PLZ reports consulting or advisory role, and involvement of speakers
bureau for Beigene, Bristol Myers Squibb, Celltrion, EUSA Pharma,
Gilead, Incyte Corporation, Janssen-Cilag, Kyowa Kirin, Merck Sharp &
Dohme, Novartis, Roche, Servier, Takeda, and TG Therapeutics; advi-
sory role for ADC Therapeutics, Sandoz, and Secura Bio. MTrněný re-
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