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Abstract

Background. This phase l/ll trial in patients with recurrent glioblastoma (GBM) evaluates the safety and preliminary
efficacy of marizomib, an irreversible pan-proteasome inhibitor that crosses the blood-brain barrier.

Methods. Part A assessed the safety and efficacy of marizomib monotherapy. In Part B, escalating doses of
marizomib (0.5-0.8 mg/m?) in combination with bevacizumab were evaluated. Part C explored intra-patient dose
escalation of marizomib (0.8-1.0 mg/m?) for the combination.

Results. In Part A, 30 patients received marizomib monotherapy. The most common AEs were fatigue (66.7%),
headache (46.7%), hallucination (43.3%), and insomnia (43.3%). One patient (3.3%) achieved a partial response. In
Part B, the recommended phase Il dose of marizomib was 0.8 mg/m?2 when combined with bevacizumab 10 mg/kg.
In Part C, dose escalation to 1.0 mg/m? was not tolerated. Pooled analysis of 67 patients treated with marizomib
<0.8 mg/m? and bevacizumab showed a nonoverlapping safety profile consistent with the known safety profile
of each agent: the most common grade >3 AEs were hypertension (16.4%), confusion (13.4%), headache (10.4%),
and fatigue (10.4%).The overall response rate was 34.3%, including 2 patients with complete response. Six-month
progression-free survival was 29.8%; median overall survival was 9.1 months.

Conclusions. The safety profile of marizomib as monotherapy and in combination with bevacizumab was con-
sistent with previous observations that marizomib crosses the blood-brain barrier. Preliminary efficacy did not
demonstrate a meaningful benefit of the addition of marizomib to bevacizumab for the treatment of recurrent GBM.

Key Points

e Marizomib is an irreversible, pan-proteasome inhibitor that crosses the blood-brain
barrier.

e The safety profile of marizomib indicated CNS penetration in patients with GBM.

Despite advances in our understanding of the biology of glio- therapy with radiation and temozolomide within 9 months of
blastoma (GBM), little has changed regarding treatment in the  the initial diagnosis.®* Treatment options for recurrent disease
past decade."? Nearly all patients with GBM relapse on first-line  are limited, and median overall survival (OS) is approximately
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Importance of the Study

Marizomib is a pan-proteasome inhibitor with
a distinct structure and unique irreversible
mechanism of action. In preclinical studies,
glioma cell lines and glioma stem cells ex-
hibited preferential sensitivity to marizomib.
Unlike other clinically available proteasome
inhibitors, marizomib crosses the blood-brain
barrier in mice, rats, and nonhuman primates,
making it a potential treatment for central
nervous system (CNS) malignancies such as

6-9 months.>6 The vascular endothelial growth factor
(VEGF) inhibitor bevacizumab has been widely used in the
USA for patients with recurrent GBM,%® although its use
has not been shown to improve OS in recurrent GBM™ or
when added to first-line therapy.”'? Efforts to identify pa-
tients most likely to respond to treatment have met with
limited success; however, unmethylated 0f-methylguanine-
DNA-methyltransferase (MGMT) promoter status has been
shown to be a marker of poor prognosis in patients treated
with temozolomide'®'7 or bevacizumab.®®

Marizomib (also known as NPI-0052) is an irreversible,
pan-proteasome inhibitor with a unique structure and bi-
ological profile compared with other proteasome inhibi-
tors.'®23 |t has been shown to induce sustained inhibition
of all 3 proteolytic subunits (the chymotrypsin-like [CT-L],
trypsin-like [T-L], and caspase-like [C-L] subunits).2* Unlike
bortezomib and carfilzomib, marizomib crosses the blood-
brain barrier in rats and nonhuman primates,?®>2® making
it suitable for evaluation in patients with brain malignan-
cies. In animal models, marizomib inhibits proteasome ac-
tivity in the brain and demonstrates antitumor activity in an
orthotopic xenograft model of human GBM.?® In previous
clinical studies of marizomib in non-GBM indications, most
dose-limiting toxicities (DLTs) were central nervous system
(CNS) adverse events (AEs), providing further evidence that
marizomib crosses the blood-brain barrier.2%3° Proteasome
inhibition was also previously found to increase VEGF se-
cretion from glioma cells in vitro,®' providing a rationale for
combining marizomib with bevacizumab in the GBM set-
ting. Based on these observations, a phase I/l clinical trial
was conducted to evaluate marizomib alone or in combina-
tion with bevacizumab in patients with recurrent GBM.

Materials and Methods
Trial Design

MRZ-108 was a phase I/l multicenter, open-label,
dose-escalation study evaluating marizomib with or
without bevacizumab in patients with recurrent GBM
(NCT02330562).

Part A was a phase Il study to assess the efficacy of
marizomib administered as monotherapy and was con-
ducted as a modified 2-stage sequential design (Figure 1).

glioblastoma. Increased vascular endothelial
growth factor (VEGF) secretion from glioma
cells exposed to proteasome inhibitors pro-
vided the rationale for combining marizomib
with the VEGF inhibitor bevacizumab. Results
of this phase I/ll trial suggest that marizomib
crosses the blood-brain barrier. The safety pro-
file of marizomib monotherapy was consistent
with previous experience with marizomib in
advanced malignancies.

Marizomib was administered as a 10-min i.v. infusion once
weekly for 3 weeks in 28-day cycles at a dose of 0.8 mg/
m2. This dose and infusion time were selected as the re-
commended phase Il dose (RP2D) based on earlier studies
in solid tumors and multiple myeloma.?*3° The protocol
specified that the study would be terminated if there were
no objective responses in the first 15 response-evaluable
patients enrolled. If 1 or more responses were observed,
enrollment would continue until an additional 15 response-
evaluable patients were treated. If 5 or more responses
were observed, marizomib was to be considered active as
a single agent.

Part B was a phase |, 3+3 dose-escalation study®? of
marizomib in combination with bevacizumab, followed by a
phase Il expansion cohort. Marizomib was administered as
a 10-min i.v. infusion in dose cohorts ranging from 0.55 to
0.8 mg/m? on days 1, 8, and 15 of each 28-day cycle (Figure
1). Bevacizumab was administered at a fixed dose of 10 mg/
kg i.v. on days 1 and 15 of each 28-day cycle in all patients.®
An expansion cohort at the RP2D was included to further
assess the safety and efficacy of combination therapy.

Part C assessed the activity of marizomib and
bevacizumab using intra-patient dose escalation of
marizomib based on the presence of specific CNS AEs in
a patient population similar to Part B. It was decided to ini-
tiate Part C after a longer median progression-free survival
(PFS) was observed in Part B patients who experienced
CNS AEs compared with patients who did not experience
them. In Part C, marizomib was given once weekly for 3
weeks, and bevacizumab (10 mg/kg) was given every 2
weeks in 28-day cycles. The starting dose of marizomib
was 0.8 mg/m?. Patients were assessed in cycle 1 for
marizomib-related AEs related to disturbances in the cer
ebellum (ie, ataxia, dizziness, dysarthria, fall, gait disturb-
ances), hallucinations of any grade, or any other AE grade
>2. After 1 cycle without the presence of these toxicities,
the marizomib dose was increased to 1.0 mg/m?2. If the in-
creased dose was tolerated, the dose was further increased
to 1.2 mg/m? in the next cycle (cycle 3).

Patients

Inclusion and exclusion criteria were the same for Parts
A-C. Eligible patients were aged >18 years, had a KPS
score 270, and grade IV malignant glioma (including GBM
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28-day cycles

Dosing  No. of
cohort  patients Marizomib, i.v., Bevacizumab, i.v.,2
Days 1, 8, 15 days 1, 15
Part A 30 0.8 mg/m? None
monotherapy
1 3-6 C 0.55 mg/m?
c
kel
ks
g ] 2 3-6 C 0.7 mg/m?
S 3
o (0]
2 3 36 Fixed dose
3 0.8 mg/m? of 10 mg/kg
4 Expansion
of RP2D
Part C 0.8 mg/m2
intra-patient
dose No CNS AE
escalation 1.0 mg/m?

Figure 1.

Study design. @ Bevacizumab infusion duration was 90 min for the first dose and, if tolerated, 60 min for the second dose and 30 min for

subsequent doses. AE, adverse event; CNS, central nervous system; RP2D, recommended phase Il dose.

and gliosarcoma). All patients were experiencing a first
or second relapse with radiographic evidence of disease
progression or recurrence, defined according to Response
Assessment in Neuro-Oncology (RANO) criteria.3® All
patients had previously undergone standard radiation
therapy and received temozolomide. Patients with prior
antiangiogenic therapy or proteasome inhibition therapy
were excluded. This study was approved by the local in-
stitutional review boards, and complied with good clin-
ical practice, as described in the International Council for
Harmonisation Guideline E6, and in accordance with the
general ethical principles outlined in the Declaration of
Helsinki. All patients provided written informed consent.

Study Endpoints and Statistical Analyses

The primary endpoint of Part A was best response of
marizomib monotherapy in patients with recurrent GBM.
For Part B, the primary endpoints were the maximum tol-
erated dose (MTD) or maximum administered dose (MAD)
and the RP2D of marizomib when given in combination
with a fixed dose and schedule of bevacizumab. The MTD
was defined as the dose level below the cohort in which
a DLT was observed in at least 2 patients during cycle
1. A DLT was defined as any of the following AEs occurring
during cycle 1: grade >3 thrombocytopenia or grade 2
thrombocytopenia with bleeding; grade 4 neutropenia
or anemia lasting more than 4 days; febrile neutropenia;
any grade >2 neurologic event lasting more than 4 days;
or grade 3 or 4 nonhematologic AEs (excluding alopecia)

lasting more than 4 days despite adequate supportive care
or preventing administration of the next scheduled dose.
For grade >3 fatigue to be considered a DLT, it must have
been present for more than 7 days.

Secondary endpoints of Part A and Part B were safety
and efficacy (overall response rate [ORR], PFS, and OS).
AEs were assessed using the National Cancer Institute
Common Terminology Criteria for Adverse Events version
4.03. An interim analysis of the safety and efficacy of the
marizomib and bevacizumab combination suggested that
patients who experienced certain CNS AEs related to dis-
turbances in the cerebellum (ataxia, balance disorder,
dizziness, dysarthria, fall, and gait disturbance) and halluci-
nation appeared to have better efficacy outcomes than pa-
tients without these CNS AEs of interest. Therefore, efficacy
was also assessed in patients with and without these CNS
AEs of interest. In addition, blood samples were collected
for pharmacokinetic (PK) and pharmacodynamic (PD) anal-
ysis from patients in the Part B dose-escalation cohorts. For
PK analysis of marizomib, samples were collected on days
1 and 15 of cycle 1 prior to marizomib infusion, just before
the end of infusion, and 2, 5, 15, 30, 45, 60, 90, and 120 min
after infusion. For PK analysis of bevacizumab, samples
were collected on days 1 and 15 of cycle 1 prior to infusion
and just before the end of infusion. PK parameters evalu-
ated included maximum concentration (C__ ), time of max-
imum concentration (T__ ), elimination half-life (t,,), area
under the concentration-time curve (AUC) from time 0 to
the last time point with a concentration level exceeding the
limit of quantitation (AUC__,), AUC extrapolated from time 0

to infinity (AUC_, /), clearance, and volume of distribution
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(Vd). For PD analysis, samples were collected on days 1,
8, and 15 of cycle 1, and days 1 and 15 of each cycle there-
after. Analysis consisted of inhibition of proteasome ac-
tivity (CT-L,T-L, and C-L) in packed whole blood samples.

The primary endpoint of Part C was OS. Secondary
endpoints included safety (AEs and DLT) as well as efficacy
(ORR and PFS).

Results
Part A (Marizomib Monotherapy)

Patients.—Thirty patients were enrolled and received
marizomib monotherapy (Table 1). The median age was
58.5 years (range 25-80 years), the median time since diag-
nosis was 10.7 months (range 1-20 months), and the me-
dian number of prior therapies was 1 (range 1-3).

Safety.—Patients received a median of 2 cycles of
marizomib (range 1-12). The most common AEs (any
grade) were fatigue (66.7%), headache (46.7%), halluci-
nation (43.3%), and insomnia (43.3%) (Table 2). Common

Table 1. Patient Demographics and Baseline Characteristics

Characteristic Part A Part B

Marizomib

(N =30)

Marizomib +
Bevacizumab

CNS AEs included ataxia (26.7%), aphasia (23.3%), and
dysarthria (23.3%). CNS AEs of interest (ataxia, balance
disorder, dizziness, dysarthria, fall, gait disturbance, and/
or hallucination) were reported in 25 patients (83.3%); the
median time to onset was 19 days (range 1-243 days), and
the median duration was 6 days (range 1-587 days). These
CNS AEs of interest were managed with dexamethasone
in 5 patients (20.0%), antipsychotics in 6 patients (24.0%),
dose reduction in 2 patients (8.0%), and dose delay in
1 patient (4%). The most common grade >3 AEs were fa-
tigue, hallucination, hypertension, nausea, and vomiting
(6.7% each). Infusion-site reactions were reported in 20.0%
of patients, all of which were grade 1 or 2. Three patients
(10.0%) had at least 1 serious treatment-emergent adverse
event (TEAE) suspected to be related to marizomib (1 pa-
tient had ataxia; 1 patient had delusion and hallucination;
and 1 patient had mental status changes, hypertension,
and lethargy), all of which resolved after marizomib dose
delays. Overall, 3 patients (10.0%) had at least 1 dose delay,
and 5 patients (16.7%) had at least 1 dose reduction due to
an AE. No discontinuations due to AEs occurred.

Efficacy.—One partial response (PR; duration 9.6 months)
occurred in the first 15 patients enrolled, allowing

Part C Part B + C

Marizomib
<0.8 mg/m? + Bevacizumab

Marizomib +
Bevacizumab

(N=36)

(N=41) (N=67)

Age, median (range), years 58.5 (25-80) 55 (27-76) 56 (19-75) 56 (27-76)
Female, n (%) 13 (43.3) 13 (36.1) 21 (51.2) 27 (40.3)
Baseline KPS score, n (%)
70 4(13.3) 5(13.9) 7(17.1) 12(17.9)
80 9 (30.0) 14 (38.9) 15 (36.6) 25 (37.3)
90 15 (50.0) 11 (30.6) 15 (36.6) 21(31.3)
100 2(6.7) 6(16.7) 4(9.8) 9(13.4)
Time since grade IV diagnosis, 10.7 (1-20) 10.0 (2-41) 11.2 (0.4-34.6) 9.7 (0.4-40.7)
median (range), months
Disease status, n (%)
Unifocal 20 (66.7) 31(86.1) 27 (65.9) 50 (74.6)
Multifocal 10 (33.3) 5(13.9) 14 (34.1) 17 (25.4)
EGFR variant lll status, n (%)
Positive 2(6.7) 4(11.1) 4(9.8) 7 (10.4)
Negative 18 (60.0) 21 (58.3) 29 (70.7) 44 (65.7)
Missing/unknown 10 (33.3) 11 (30.6) 8(19.5) 16 (23.9)
MGMT promoter methylation status, n (%)
Methylated 6(20.0) 10 (27.8) 14 (34.1) 21(31.3)
Unmethylated 18 (60.0) 22 (61.1) 21 (51.2) 38 (56.7)
Missing/unknown 6 (20.0) 4 (11.1) 6 (14.6) 8(11.9)
Prior therapeutic regimens, 1(1-3) 2(1-4) 1(1-4) 1(1-4)

median (range), n

@ Excluding dose-escalated patients.

EGFR, epidermal growth factor receptor; MGMT, Of-methylguanine-DNA-methyltransferase.
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Table 2.

TEAE, n (%) Part B

Part A
Marizomib (N =30)

Any Grade Grade >3 Any Grade

Fatigue 20 (66.7) 2(6.7) 25 (69.4)
Nausea 11 (36.7) 2(6.7) 23 (63.9)
Hallucination 13 (43.3) 2(6.7) 13 (36.1)
Confusion 7(23.3) 0 10 (27.8)
Vomiting 10 (33.3) 2(6.7) 19 (52.8)
Headache 14 (46.7) 1(3.3) 19 (52.8)
Gait disturbance 5(16.7) 0 5(13.9)
Hypertension 4(13.3) 2(6.7) 16 (44.4)
Insomnia 13 (43.3) 1(3.3) 4(11.1)
Ataxia 8(26.7) 0 8(22.2)
Dizziness 5(16.7) 0 10 (27.8)
Fall 4(13.3) 0 10 (27.8)
Muscular weakness 6 (20.0) 1(3.3) 7 (19.4)
Constipation 10 (33.3) 0 9(25.0)
Dysarthria 7 (23.3) 1(3.3) 6(16.7)
Dysphonia 1(3.3) 0 11 (30.6)
Hyperglycemia 8(26.7) 1(3.3) 8(22.2)
Aphasia 7 (23.3) 1(3.3) 6(16.7)
Convulsion 5(16.7) 1(3.3) 7 (19.4)
Hemiparesis 5(16.7) 0 4(11.1)
Urinary tract infection 1(3.3) 0 4 (11.1)
Decreased lymphocyte 5(16.7) 1(3.3) 3(8.3)
count

Proteinuria 2(6.7) 0 4(11.1)
Disease progression 1(3.3) 1(3.3) 2 (5.6)

@ Excluding dose-escalated patients.
TEAE, treatment-emergent adverse event.

enrollment of an additional 15 patients. No other responses
by RANO criteria were observed, resulting in an ORR of
3.3% (Table 3). Eight patients (26.7%) had stable disease
(duration ranging from 0.7 to 9.5 months), and 3 patients
had stable disease for more than 6 cycles. Two patients
categorized as having progressive disease per RANO cri-
teria prior to undergoing subsequent surgery were found
to have little or no tumor present upon histopathologic
assessment of the resected area, suggesting the possi-
bility of pseudoprogression with marizomib monotherapy.
Overall, the PFS rate at 6 months was 16%, median OS was
11.4 months, and the OS rates at 6 and 12 months were 62%
and 44%, respectively, with no patients alive at 18 months.

Part B (Combination Therapy with Fixed-Dose
Bevacizumab, Marizomib Dose Escalation)

Patients.—Of the 36 patients enrolled in Part B, the median
age was 55 years (range 27-76 years), the median time since

Marizomib +
Bevacizumab (N=36)

Incidence of TEAEs (Any Grade) Reported in >30% of Patients and Grade >3 TEAEs Reported in >5% of Patients

Part C

Marizomib <0.8 mg/m? +
Bevacizumab (N=67)

Marizomib +
Bevacizumab (N=41)

Grade 23 Any Grade Grade>3 Any Grade Grade >3
3(8.3) 33(80.5) 7(17.1) 49 (73.1) 7 (10.4)
0 20 (48.8) 3(7.3) 36 (53.7) 2(3.0)
2 (5.6) 26 (63.4) 1(2.4) 32 (47.8) 3(4.5)
3(8.3) 24 (58.5) 8(19.5) 27 (40.3) 9(13.4)
0 22 (53.7) 2(4.9) 35 (52.2) 1(1.5)
5(13.9) 18 (43.9) 3(7.3) 32 (47.8) 7 (10.4)
0 20 (48.8) 1(2.4) 20 (29.9) 0
6(16.7) 11 (26.8) 8(19.5) 24 (35.8) 11 (16.4)
1(2.8) 11 (26.8) 1(2.4) 13 (19.4) 2(3.0)
1(2.8) 16 (39.0) 7(17.1) 20 (29.9) 5 (7.5)
0 16 (39.0) 1(2.4) 22 (32.8) 1(1.5)
1(2.8) 15 (36.6) 0 22 (32.8) 0
1(2.8) 15 (36.6) 4(9.8) 19 (28.4) 5 (7.5)
0 9(22.0) 0 15 (22.4) 0
1(2.8) 13 (31.7) 0 15 (22.4) 0

0 10 (24.4) 0 20 (29.9) 0

2 (5.6) 8(19.5) 1(2.4) 15 (22.4) 2 (5.6)
1(2.8) 9(22.0) 3(7.3) 12 (17.9) 3(4.5)
1(2.8) 9(22.0) 3(7.3) 13(19.4) 3(4.5)
3(8.3) 7(17.1) 2 (4.9) 8(11.9) 5(7.5)
0 7(17.1) 3(7.3) 11 (16.4) 3(4.5)
3(8.3) 3(7.3) 1(2.4) 6(9.0) 4(6.0)
2 (5.6) 4(9.8) 0 8(11.9) 2(3.0)
2 (5.6) 0 0 2(3.0) 2(3.0)

diagnosis of GBM was 10 months (range 2-41 months), the
median number of prior regimens was 2 (range 1-4 regi-
mens) (Table 1), and all patients were documented to have
progressed on or after their last prior therapy.

Safety.—One patient in Cohort 1 (0.55 mg/m? marizomib
and 10 mg/kg bevacizumab) experienced a DLT of grade 3
fatigue; therefore, a total of 6 patients were enrolled at this
dose level. No DLTs were observed in Cohort 2 (0.7 mg/m?,
n=23) or Cohort 3 (0.8 mg/m?, n=23).The MTD of marizomib
in combination with bevacizumab was not formally
reached, and the MAD of marizomib of 0.8 mg/m? admin-
istered intravenously once weekly for 3 weeks on days 1,
8, and 15 every 28 days was considered the RP2D. Twenty-
four patients were treated with this dose of marizomib in
combination with bevacizumab in the expansion cohort.
Patients received a median of 4 treatment cycles (range
1-17) of marizomib in combination with bevacizumab.The
most common AEs (any grade) among patients receiving
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Table 3. Efficacy Outcomes

Outcome Part A Part B Part C PartB+C
Marizomib Marizomib + Marizomib + Marizomib <0.8 mg/
(N=30) Bevacizumab Bevacizumab mZ2 + Bevacizumab
(N =36) (N=41) (N=67)
ORR, n (%) 1(3.3) 16 (44.4) 9(22.0) 23 (34.3)
Complete response 0(0) 1(2.8) 1(2.4) 2(3.0)
Partial response 1(3.3) 15 (41.7) 8(19.5) 21 (31.3)
Stable disease 8(26.7) 11 (30.6) 18 (43.9) 25 (37.3)
Progressive disease 20 (66.7) 6(16.7) 11 (26.8) 13 (19.4)
Not evaluable 1(3.3) 3(8.3) 3(7.3) 6(9.0)
Duration of response, median 9.6 (NA-NA) 6.6 (3.1-8.8) 4.7 (3.5-7.6) 5.2 (3.7-7.6)
(95% Cl)
PFS
At 6 months, % 16 34 22 30
0os
Median, months (95% Cl) 11.4 (5.5-13.0) 9.4 (6.3-12.6) 8.3 (4.8-10.5) 9.1 (6.3-10.9)
At 9 months, % 55 60 a1 52

@ Excluding dose-escalated patients.

Cl, confidence interval; NA, not available; ORR, overall response rate; 0S, overall survival; PFS, progression-free survival.

combination therapy were fatigue (69.4%), nausea
(63.9%), vomiting (52.8%), and headache (52.8%) (Table
2). Common CNS AEs included hallucination (36.1%),
dysphonia (30.6%), confusion (27.8%), dizziness (27.8%),
fall (27.8%), and ataxia (22.2%). The most frequently re-
ported grade >3 AEs were hypertension (16.7%); headache
(13.9%); fatigue, confusion, hemiparesis, and decreased
lymphocyte count (8.3% each); hallucination, hypergly-
cemia, proteinuria, and disease progression (5.6% each;
Table 2). Infusion-site reactions were reported in 36.1% of
patients; all were grade 1 or 2 and did not require treat-
ment modifications. The most common grade >3 AEs at-
tributed to marizomib were headache (8.3%), confusional
state (8.3%), fatigue (5.6%), and hallucination (5.6%),
whereas the most common grade >3 AEs attributed to
bevacizumab were hypertension (16.7%), headache (5.6%),
fatigue (5.6%), and proteinuria (5.6%) (Supplementary
Table S1).

During combination treatment, 14 patients (38.9%) re-
quired dose delays of marizomib and 14 patients (38.9%)
required dose delays of bevacizumab. Thirteen patients
(36.1%) required a dose reduction of marizomib; no
dose reductions of bevacizumab occurred. The most
commonly reported (in more than 2 patients) AEs
leading to dose reductions or delays of 1 or both agents
were hallucination, confusional state, fatigue, vomiting,
muscular weakness, nausea, and ataxia. Overall, 6 pa-
tients discontinued marizomib and bevacizumab, and 1
additional patient discontinued bevacizumab treatment
only due to a TEAE; events leading to discontinuation
in more than 1 patient were headache and hemipa-
resis (2 patients each). Three patients died during the
study (2 due to disease progression, and 1 due to in-
tracranial hemorrhage with suspected relationship to
bevacizumab only).

Twenty-three of the 36 patients (63.9%) experienced at
least 1 of the following CNS AEs of interest: ataxia, bal-
ance disorder, dizziness, dysarthria, fall, gait disturbance,
hallucination. The median time to onset of these events
was 43.5 days (range 1-388 days), and the median dura-
tion was 13 days (range 1-570 days); 5 patients (21.7%)
received dexamethasone, 5 patients (21.7%) received anti-
psychotics, 4 patients (17.4%) had a dose reduction and 1
patient (4.4%) had a dose delay to manage a CNS AE of
interest. In patients who experienced these CNS AEs, me-
dian PFS was numerically longer than in patients who did
not experience them (5.5 vs 2.8 months; P =.13; Figure 2).
Median OS was also numerically longer in patients with
these CNS AEs compared with patients without them (10.9
vs 6.3 months; P=.28).

Efficacy.—Sixteen of 36 patients responded to treat-
ment, including 1 patient with a CR, resulting in an ORR
of 44.4% (Table 3). The median duration of response was
6.6 months.The PFS rate at 6 months was 34% and the me-
dian PFS was 3.9 months.The median OS was 9.4 months,
and the survival rates at 6, 12, and 18 months were 75%,
37%, and 21%, respectively.

PK/PD analysis.—PK data for marizomib are summarized
in Supplementary Table S2. For patients in the 0.8 mg/m?
dose cohort, the mean t;, was 7.27 min, and mean clear-
ance was 304 L/h. Values for t,,, Vd, and clearance ap-
peared to be dose-independent; overall PK were variable,
and AUC was not clearly related to dose. There was no
evidence that marizomib affected the PK of concomitant
bevacizumab.

Blood PD data demonstrated that after the first dose
of marizomib in cycle 1, mean CT-L activity was inhibited
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by 69.9%, 72.4%, and 76.2% relative to preinfusion levels
in patients receiving 0.55, 0.7, and 0.8 mg/m? marizomib,
respectively. (Supplementary Fig. S1). Subsequent
postinfusion samples revealed complete (100%) inhi-
bition of CT-L at all dose levels, indicating a cumulative
effect on proteasome inhibition. Increases in T-L and C-L
activity were observed after the first infusion in all dose
cohorts, after which inhibition of T-L (50-60% in Cohorts 1
and 2, up to 70% in Cohort 3) and C-L (10-30% in Cohort
1, 25-50% in Cohorts 2 and 3) was observed at the re-
mainder of time points examined. Reductions in prote-
asome inhibition in samples collected prior to infusion
were observed with up to 2 weeks between marizomib
administrations. Once proteasome subunit activity was
inhibited by marizomib (CT-L and T-L activity at all dose
levels, C-L activity at the 0.7 and 0.8 mg/m? dose levels), it
remained inhibited relative to pretreatment levels at each
subsequent preinfusion sample, demonstrating the sus-
tained inhibition of proteasome activity with this schedule
of marizomib.

Part C (Combination Therapy, Marizomib Intra-
Patient Dose Escalation)

Patients.—A total of 41 patients were enrolled in Part
C. The median age was 56 years (range 19-75 years), the
median time since diagnosis was 11.2 months (range 0.4—
34.6 months), and the median number of prior therapies
was 1 (range 1-4) (Table 1).

Safety.—Of the 41 patients, 10 did not experience a CNS
AE of interest in cycle 1 and were dose-escalated to 1.0 mg/
m? of marizomib in cycle 2, whereas 31 were not dose-
escalated. Eight of the 10 dose-escalated patients (80.0%)
experienced DLTs at the 1.0 mg/m? dose of marizomib and
bevacizumab and required dose reductions. Of the other 2
patients, 1 completed cycle 2 but then discontinued due to

disease progression, the other discontinued during cycle 2
due to AEs.

Among the 41 patients, the most frequently reported
TEAEs were fatigue (80.5%), hallucination (63.4%),
confusional state (58.5%), and vomiting (53.7%). These
TEAEs were more frequent (>5% difference between
groups) in patients who were dose-escalated to 1.0 mg/
m? of marizomib in cycle 2 than those not dose-escalated.
Overall, 95.1% had CNS AEs of interest (ataxia, balance
disorder, dizziness, dysarthria, fall, gait disturbance, or hal-
lucination); the median time to onset was 37 days (range
1-289 days) and the median duration was 4 days (range
1-405 days). These CNS AEs of interest were managed with
dexamethasone in 4 patients (10.3%), antipsychotics in 10
patients (25.6%), and dose reduction in 3 patients (7.7%).

Of the 41 patients, 80.5% reported grade >3 TEAEs in-
cluding confusional state, hypertension, ataxia, fatigue, mus-
cular weakness, aphasia, convulsion, headache, nausea, and
urinary tract infection. One grade 5 AE of intracranial hemor-
rhage, attributed to bevacizumab, was reported in a patient
who received 0.8 mg/m? marizomib and bevacizumab.

Efficacy.—The ORR in the safety population was 22.0%,
including 1 CR and 8 PRs (Table 3); median time to re-
sponse was 1.9 months (range 1.7-2.7 months) and median
duration of response was 4.7 months. Median PFS and OS
were 3.1 and 8.3 months, respectively. Outcomes were
nominally more favorable in patients not dose-escalated
compared with those who were dose-escalated: PFS (3.5
vs 2.1 months) and OS (8.3 vs 7.5 months). Subgroup
analyses by CNS AEs were not possible due to the small
number of patients without CNS AEs (n = 2).

Parts B + C (Pooled Combination Data)

Safety findings in the combined cohort of 67 patients
treated with marizomib <0.8 mg/m? and bevacizumab were
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generally similar to those observed in the individual parts.
The most frequently reported TEAEs were fatigue (73.1%),
nausea (53.7%), and vomiting (52.2%). Grade >3 TEAEs in-
cluded hypertension (16.4%), confusional state (13.4%),
headache and fatigue (10.4% each), ataxia (7.5%), muscle
weakness (7.5%), hemiparesis (7.5%), and decreased lym-
phocyte count (6.0%) (Table 2).

The ORR in the pooled cohort of 67 patients given
combination therapy was 34.3%, including 2 CRs and 21
PRs. Median PFS was 3.6 months, and median OS was
9.1 months (Table 3).

MGMT Methylation Status

In Part A, median PFS was longer among those with meth-
ylated vs unmethylated MGMT promoter status (4.9 vs
1.8 months); median OS was similar in both groups (13.0
vs 11.8 months) (SupplementaryTable S3).

In the pooled group of 67 patients from Parts B and C
who received marizomib <0.8 mg/m? in combination with
bevacizumab, the ORR was 33.3% in patients with methyl-
ated vs 32.4% in patients with unmethylated MGMT pro-
moter status. The median PFS was the same regardless
of MGMT methylation status (both 3.6 months). Median
OS was numerically longer in patients with methylated vs
unmethylated MGMT promoter status (11.3 vs 6.8 months)
(Supplementary Table S3). Separate results for Parts B and
C were similar to the combined results (Supplementary
Table S3). It should be noted that no comparative statistics
were conducted for any of the MGMT status comparisons.

Discussion

Results of this multi-part, phase l/ll study provide insight
into the safety of marizomib, when given alone or in com-
bination with bevacizumab, in patients with recurrent
GBM. In Part A, the toxicity profile of marizomib mono-
therapy was shown to be consistent with previous expe-
rience in advanced malignancies.?® The primary TEAEs
were fatigue, headache, hallucination, and insomnia. The
presence of CNS AEs suggests that marizomib crosses the
blood-brain barrier, which is consistent with preclinical
models.?® Overall, CNS AEs were manageable with dose
delays/reductions, dexamethasone, and/or antipsychotics.
Based on these findings, current recommendations for the
management of marizomib-related CNS toxicities include
the management of grade 2 or 3 CNS AEs with adequate
dose delays and/or dose modifications and appropriate an-
tipsychotic or dexamethasone treatment if needed.

The ORR of 3.3% observed with marizomib monotherapy
may be due to a stimulatory effect on VEGF production and
angiogenesis, which has been documented in vitro with
other proteasome inhibitors.3! This potential effect pro-
vided the rationale for combining marizomib with the VEGF
inhibitor bevacizumab, which was explored in Parts B and
C of the study.

In Part B, the maximum dose of marizomib was set at
0.8 mg/m? based on the safety profile, which had been
observed in previous studies, particularly when a short

duration of administration of marizomib was used.?%3° No
DLTs were reported at the highest dose evaluated; how-
ever, several patients required dose modifications due
to CNS AEs. The RP2D for marizomib was established at
0.8 mg/m? when combined with bevacizumab 10 mg/kg.
This was supported by findings from Part C, which showed
that escalating doses of marizomib from 0.8 to 1.0 mg/
m? (among patients without dose-limiting AEs on 0.8 mg/
m?) was not tolerated. Notable CNS AEs associated with
marizomib included hallucination, confusion, ataxia,
and dizziness. These AEs were reported in approximately
15-40% of patients treated with marizomib monotherapy
and 25-40% of patients treated with marizomib in combi-
nation with bevacizumab; grade >3 AEs were rare at doses
up to 0.8 mg/m?2. This finding is consistent with results
from earlier studies, particularly where marizomib infusion
times were <10 min,% and further suggests that marizomib
crosses the blood-brain barrier.?5:26

Pooling data from Parts B and C indicated that marizomib
(<0.8 mg/m?) and bevacizumab have a nonoverlapping
safety profile when used concomitantly. The most common
grade >3 TEAEs were hypertension, confusional state,
headache, and fatigue. The safety profile reflects AEs typ-
ically seen with each agent (eg, CNS AEs for marizomib,
hypertension for bevacizumab), and concomitant use of
both agents did not appear to increase the incidence or se-
verity of these events, based on previous experience with
marizomib?%34 and bevacizumab.®® MostTEAEs were man-
ageable with dose delays and/or dose reductions.

An ORR of 34.3% was found in the pooled analysis of 67
patients treated with the combination of marizomib and
bevacizumab. Median PFS was 3.6 months, 6-month PFS
was 29.8%, and the median OS was 9.1 months. Overall,
the results are comparable to historical data from un-
controlled trials evaluating bevacizumab in recurrent
GBM (response rates of 6-38% and 6-month PFS rates of
16-43%),”-935 particularly when trials used RANO imaging
response criteria.3® However, caution is warranted when
comparing results from small, uncontrolled trials. In a
phase lll trial comparing the combination of bevacizumab
and lomustine with lomustine alone, there was no signif-
icant difference between the treatment groups in median
0OS (9.1 vs 8.6 months, respectively), although PFS was
modestly improved with the combination (median 4.2 vs
1.5 months, respectively; P < .001).% Preliminary efficacy in
this study did not demonstrate a meaningful benefit of the
addition of marizomib to bevacizumab for the treatment of
recurrent GBM, compared with historical data.

In Part A, 2 patients with progressive disease by
RANO criteria on study were found to have little or no
tumor at poststudy subsequent surgery, suggesting
pseudoprogression. Both patients had surgery prior to
enrollment; one patient had a single surgery, over a year
prior to enrollment, and the other patient had 2 surgeries,
the last one being just over 3 months prior to enrollment.
Pseudoprogression has been reported to occur after radi-
otherapy, and the pathophysiology of pseudoprogression
remains unclear.?® It may be beneficial to continue treat-
ment in patients in whom pseudoprogression is sus-
pected and the agent is tolerated. The potential issue
of pseudoresponse is also important, as this has been
estimated to occur in 20-60% of patients treated with


http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdab142#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdab142#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdab142#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdab142#supplementary-data

Bota et al. Marizomib in patients with recurrent glioblastoma

bevacizumab.®” This is thought to occur via effects on
the blood-brain barrier affecting vascular leakage and
contrast extravasation, which can lead to overestima-
tion of response and PFS without affecting 0S.3640 |n
the current study, PFS was longer among those who
received marizomib and bevacizumab (Parts B and C)
versus marizomib monotherapy (Part A), whereas OS
was not (Table 3). Although cross-cohort comparisons
of this sample size should be undertaken with caution,
pseudoresponse as reported in the literature could con-
tribute to the response rate and PFS reported in patients
who received marizomib with bevacizumab.

The whole-blood proteasome inhibition data suggest
that complete inhibition of CT-L, the catalytically active
5 subunit, and the rate-limiting step of proteolysis, is
achieved within the first dosing cycle with once-weekly
infusions of marizomib at all dose levels assessed. C-L
and T-L activities were unchanged or increased in the first
cycle of marizomib dosing, suggesting compensatory
hyperactivation in response to effective blockade of CT-L
activity. This response was overcome by further treatment
with marizomib, with inhibition of T-L and C-L activity ob-
served across dose levels with repeated dosing.

With respect to PK, marizomib exhibited a very short
half-life which ranged across the study from 7.27 to
16.00 min. The short systemic half-life of marizomib could
be due to extensive extrahepatic metabolism, instability at
physiological pH, irreversible binding to the proteasomes,
and/or partitioning to blood cells. Marizomib also exhib-
ited a very high volume of distribution, indicating exten-
sive distribution into peripheral tissues and/or binding to
blood components, and very high clearance, much higher
than the human liver blood flow (21 mL/min/kg or 1470 mL/
min), indicating extensive extrahepatic metabolism. Taken
together, these attributes obscure any dose-related expo-
sure of marizomib over the relatively narrow dose range
studied.

In summary, based on preclinical data, marizomib
crosses the blood-brain barrier. The safety profile of
marizomib, both as monotherapy and when combined
with bevacizumab in patients with GBM, was consistent
with the known safety profile of marizomib, indicating CNS
penetration. PD data demonstrate sustained inhibition of
proteolytic activity of all 3 subunits at all doses adminis-
tered once weekly for 3 weeks in 28-day cycles. In this study
in patients with recurrent GBM, neither marizomib mono-
therapy nor combination treatment with bevacizumab
demonstrated notably increased efficacy compared with
existing therapies.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Advances online.
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