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ABSTRA

Purpose: BXQ-350, a nanovesicle formulation of saposin C, is
an allosteric sphingolipid metabolism regulator that increases
proapoptotic ceramide and decreases oncogenic sphingosine-1-
phosphate levels. We conducted a first-in-human phase I study of
BXQ-350.

Patients and Methods: Adults (>18 years old) with advanced/
recurrent, treatment-refractory solid tumors or high-grade glio-
mas received BXQ-350 intravenously in five dose cohorts (0.7-
2.4 mg/kg) in a 3+3 dose escalation and expansion design. The
primary endpoints during dose escalation were dose-limiting
toxicities and maximum tolerated dose; the primary objective in
expansion parts was assessment of antitumor activity (RECIST
v1.1/Response Assessment in Neuro-Oncology criteria).

Results: Eighty-six patients were enrolled. Dose-limiting tox-
icities were not observed during dose escalation (# = 18), and a
maximum tolerated dose was not identified. An additional 68

Introduction

Dysregulated metabolism has been recognized as one of the
hallmarks of cancer (1). Glucose and lipid metabolisms are inter-
twined, and lipid metabolites have been identified as possessing
fundamental signaling properties in cell death, cell survival, and
immune responses (2). A particular area of interest has been the
impact of lipids, and especially sphingolipids, on cancer initiation,
progression, and development of therapeutic resistance (2-4).

Sphingolipids have Janusian properties in regard to cancer.
Broadly, ceramides [particularly medium-chain (C14-18, including
C18:1) ceramides] are proapoptotic, and higher ceramide levels have
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patients received the 2.4 mg/kg dose. Nine patients (10%) dis-
continued due to adverse events. The most common treatment-
related adverse events were nausea (24%) and fatigue (23%).
Eight patients had a progression-free survival of >6 months. Two
of these achieved a partial response, and six had stable disease,
among whom three had a reduction in >1 target lesion. Of those
with progression-free survival of >6 months, seven remained on
study for >12 months, five for >24 months, and after 7 years, two
remained on study without disease progression.

Conclusions: BXQ-350 was well-tolerated as monotherapy at
doses up to 2.4 mg/kg. It provided some lasting clinical benefit in
patients with recurrent solid malignancies across several tumor
types, consistent with a decreased systemic sphingosine-1-phos-
phate/ceramide metabolic rheostat. BXQ-350 warrants further
clinical investigation alone and combined with standard of care
for advanced solid tumors.

been associated with a favorable prognosis; conversely, sphingosine-
1-phosphate (S1P) is implicated in pathways involved with cancer
progression, and higher SIP levels are associated with a worse
prognosis (2). This concept is known as the S1P/ceramide rheostat
(5, 6). Enzymes controlling sphingolipid metabolism may, therefore,
play an essential role in cancer progression, with sphingosine ki-
nases 1 and 2, acid ceramide synthases 1 to 6, glucosylceramidase,
and others being preclinically or clinically investigated as novel
therapeutic targets (7-11). Several early-phase clinical studies investigat-
ing sphingolipid modulators have been undertaken; however, mixed ef-
ficacy results have been observed (9-16), potentially due to ineffective
inhibition of S1P or lack of ceramide level increase.

BXQ-350 is a novel nanovesicle formulation of recombinant human
saposin C (SapC) and the synthetic phospholipid, sodium dio-
leoylphosphatidylserine. Dioleoylphosphatidylserine is a synthetic mo-
lecular species that resembles the cellular lipid bilayer component,
phosphatidylserine. SapC is a lysosomal allosteric activator of multiple
enzymes involved in sphingolipid metabolism, including glucosylcer-
amidase, which increases ceramide levels by transforming glucosylcer-
amides to ceramides (17-20). Preclinical and preliminary data suggest
that by modulating the activity of these different enzymes, BXQ-350
increases the concentration of ceramides, with the concentration of C18:1
ceramide being increased consistently across most cancer cell lines, and
concomitantly decreases the concentration of SIP (21, 22). By doing so,
BXQ-350 may induce an antitumor effect, rebalancing the S1P/ceramide
rheostat toward homeostasis (23). Furthermore, the nanovesicular for-
mulation of BXQ-350 may enable the drug to cross the blood-brain
barrier (24, 25), notably enabling targeting of primary brain malignancies
and solid tumors that metastasize to the brain. BXQ-350 is currently
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Translational Relevance

Sphingolipid metabolism plays a critical role in cancer out-
comes: higher levels of proapoptotic ceramides are associated
with tumor suppression and a favorable prognosis. In contrast,
elevated sphingosine-1-phosphate levels are associated with tu-
mor promotion and a worse prognosis. BXQ-350 is a novel bi-
ologic and a nanovesicle formulation of recombinant human
saposin C, an allosteric activator of enzymes involved in
sphingolipid metabolism, including glucosylceramidase, and the
synthetic phospholipid, sodium dioleoylphosphatidylserine. No
dose-limiting toxicities were observed in this first-in-human
monotherapy trial in advanced/recurrent cancers, and BXQ-350
had a favorable safety profile. Some patients experienced lasting
disease control from BXQ-350; notably, two are still in the study
without disease progression after 7 years. Pharmacodynamic
analyses show that among patients with a reduction in tumor
burden, BXQ-350 increases systemic ceramide levels while de-
creasing sphingosine-1-phosphate. Further clinical investigation
of BXQ-350 as a sphingolipid metabolism regulator in patients
with cancer is warranted.

under clinical investigation in metastatic colorectal cancer in combina-
tion with standard of care (NCT05322590; ref. 26) and for the treatment
of pediatric patients with diffuse intrinsic pontine glioma or diffuse
midline glioma in combination with radiation (NCT04771897; ref. 27).

Here, we report results from the first-in-human phase I study of
BXQ-350 in patients with advanced solid tumors and high-grade
gliomas (HGG).

Patients and Methods

Study design

This open-label, phase I, first-in-human, first-in-class study
(NCT02859857) aimed to characterize the safety, tolerability,
pharmacokinetics (PK), and preliminary antitumor activity of
single-agent BXQ-350 in patients with advanced solid tumors and
HGG. Pharmacodynamics and immunogenicity [antidrug anti-
bodies (ADA)] were also assessed.

The study was organized into three parts: dose escalation (part 1) and
expansion (parts 2 and 3). The primary objective in part 1 was the
characterization of the safety profile, maximum tolerated dose (MTD),
and dose-limiting toxicities (DLT; details of which are defined in Sup-
plementary Methods S1). In part 1, patients received an intravenous
infusion of BXQ-350 in dose cohorts of 0.7, 1.1, 1.4, 1.8, and 2.4 mg/kg,
administered in 28-day cycles; treatment administration is detailed in
Supplementary Methods S1. Dose escalation proceeded by following
single-patient dose cohorts until a grade >2 treatment-related adverse
event (TRAE) occurred. At that point, two additional patients were
added to the dose cohort, and a standard 3+3 design was used, with
subsequent dose level cohorts including at least three patients.

The MTD was assessed during the first 28-day cycle of study therapy
and was defined as the dose at which two of six patients experienced a
DLT. The recommended phase II dose was the cohort dose immediately
below the MTD in which a maximum of one of six patients would have
experienced a DLT, or in the absence of an MTD, 2.4 mg/kg.

The primary objective in parts 2 and 3 was preliminary antitumor
activity in patients with unselected advanced solid tumors including
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HGG (part 2) or ependymoma, gastrointestinal tumors, or solid
tumors other than HGG (part 3). Secondary objectives were to
characterize the safety profile of BXQ-350, evaluate PK, and mea-
sure preliminary activity in terms of progression-free survival (PES)
at 6 months, time to response, and duration of response. The
pharmacodynamic effects of BXQ-350 were an exploratory
objective.

Patients

Eligible patients were >18 years old with advanced solid tumors
or HGG and an Eastern Cooperative Oncology Group Performance
Status of 0 to 2. Key inclusion criteria were confirmatory positive
histologic or cytologic evidence of disease, disease progression
having exhausted all approved therapies, and measurable or non-
measurable disease. Eligible patients must have had acceptable or-
gan function and coagulation parameters that met established
clinical test specifications. Patients with HGG required confirmatory
evidence of tumor recurrence or progression with MRI scans or
positive histologic data, measurable or nonmeasurable disease per
Response Assessment in Neuro-Oncology (RANO) criteria, and
prior treatment with radiotherapy and temozolomide.

Key exclusion criteria were prior anticancer therapies within
2 weeks before dose assignment (for patients with solid tumors) and
anticancer therapies within 2 to 12 weeks (based on therapy type)
before dose assignment (for patients with HGG).

The complete list of inclusion and exclusion criteria is provided
in Supplementary Methods S1.

The study protocol (and any amendments), the informed consent
form, and patient recruitment materials were approved by the in-
stitutional review boards (IRB) of the Western IRB, University of
Cincinnati IRB, and University of Kentucky IRB. The trial was
conducted according to the Declaration of Helsinki and the Inter-
national Conference on Harmonization Guidelines for Good Clin-
ical Practice. All patients gave written informed consent before
enrollment.

Assessments
Safety and tolerability

Dose escalation and study cessation determinations during the
28-day DLT evaluation period (cycle 1) were based on initial
screening and periodically scheduled clinical laboratory analyses,
including hematology, blood chemistry, coagulation test results,
vital sign measurements, electrocardiograms, and neurologic as-
sessments. Adverse events (AE) were recorded [termed using the
Medical Dictionary for Regulatory Activities (v19.1)] throughout
the study, and severity was graded using Common Terminology
Criteria for Adverse Events v4.03. Investigators determined the re-
lationship to treatment for TRAEs. Serious AEs (SAE) were defined
according to US FDA guidelines (28).

PK

Plasma samples were analyzed for SapC using a validated elec-
trochemiluminescence method based on a Mesoscale Discovery
Platform Instrument. The assay performed well over a concentra-
tion range of 1.25 to 15,400 ng/mL with the targeted validated
concentration linear concentration range of 5 to 1,920 ng/mL. The
lower limit of quantitation was 5 ng/mL.

Blood samples for PK analysis were collected from patients in
parts 1 and 2. For part 1, samples were collected predose on days 1
to 5, 8, and 22. In addition to predose samples, serial sampling was
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performed on days 1, 4, and 22. Sample times were 0.25, 0.5, 1, 2, 3,
4, 6, and 8 hours after infusion. Days 2 and 5 predose samples were
the 24-hour postdose samples for days 1 and 4, respectively. For part
2, day 4, and day 22, serial sampling was limited to predose and end
of infusion. PK parameters calculated using noncompartmental
methods included the area under the concentration versus time
curve (AUC), maximum plasma concentration (C,,.x), elimination
half-life (t,), and clearance (CL). The noncompartmental analysis
module of PKanalix version 2020R1 (Antony, France: Lixoft SAS,
2020) was used to perform PK analyses.

ADAs

Blood samples were collected from all patients for ADAs on days
1, 8, 22, 113, the end of the study visit, and at every odd-numbered
cycle beyond 6 months. Detection was based on a MESO QuickPlex
SQI120 system with a 2.5 ng/mL sensitivity. Study samples were
screened for the presence of anti-SapC antibodies. In a subsequent
assessment, putative positive samples were confirmed for both the
presence and absence of SapC. Confirmed positive samples were
further evaluated and characterized to determine the antibody titer.
Samples with an unexpected or sporadic dilution pattern of results
were marked as inconclusive.

Antitumor activity

Tumor evaluations were performed at baseline, at 4 weeks, and at
8 weeks after the first dose of BXQ-350, then every 8 weeks (two cycles)
for the duration of treatment. Investigators evaluated response using
RECIST v1.1 for solid tumors or RANO criteria for HGG.

Pharmacodynamic and biomarker analyses

Tissue and blood collection for pharmacodynamic and bio-
marker analyses were optional for study participants. Peripheral
blood samples were taken before BXQ-350 administration on
cycle 1 day 1, typically before BXQ-350 administration on cycle
2 day 1 (day 29 after initiation of BXQ-350), and periodically
after that. Lipidomic analysis was performed (to analyze sphin-
gomyelin C14-26, sphingosine, SI1P, and ceramides C14-26) at
the Medical University of South Carolina Lipidomics Shared
Resource by liquid chromatography with tandem mass spec-
trometry methodology as previously described (29-31), and the
S1P/C18:1 ratio in pre- and post-BXQ-350 plasma samples was
calculated.

Statistical analysis

No formal hypothesis testing or statistical comparison was planned.
Safety and tumor response were summarized using descriptive statistics.
A post hoc two-tailed Mann-Whitney unpaired (U) test was conducted
to compare post-S1P/C18:1 values for subsets of patients with/without
clinical benefit. SAS software (v2.0) was used for data analysis.

Safety evaluations were conducted on all patients who received >1
infusion of BXQ-350 (safety analysis set). Efficacy was evaluated in pa-
tients with measurable disease who underwent baseline assessment and at
least one efficacy assessment (efficacy analysis set). PK analyses were
conducted on patients in parts 1 and 2 who had received >1 infusion
during the first 28-day cycle (PK analysis set).

Data availability

The data generated in this study are not publicly available as there
may be information that could compromise patient privacy or
consent, but are available upon reasonable request from the corre-
sponding author.
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Results

Patients

Between September 1, 2016 and July 7, 2020, 18 patients were
enrolled in part 1 (dose escalation), 37 in part 2, and 31 in part 3.

In part 1, all patients at the second and third dose levels
(1.1 mg/kg and 1.4 mg/kg; n = 3 for each) discontinued the study
due to disease progression, as did most patients in the fourth
(1.8 mg/kg; n = 2/3; 67%) and fifth dose levels (2.4 mg/kg; n = 5/8;
63%). In parts 2 and 3, eight patients completed six cycles; 3 (8%)
and 5 (16%) in parts 2 and 3, respectively. The most common reason
for discontinuation was disease progression, with 28 (76%) in parts
2 and 22 (71%) in part 3. A summary of patient disposition in parts
1, 2, and 3 is shown in Supplementary Table S1.

Table 1 shows baseline characteristics. In part 1, patients were 24
to 69 years old and mostly (61%) male. Nine patients had a non-
HGG solid tumor; of the nine who had HGG, the majority (8; 89%)
had neural HGGs. Most patients (83%) had received multiple lines
of prior chemotherapy; the remaining patients had prior surgery,
radiation, or both. Representativeness of study participants is shown
in Supplementary Table S2.

Safety and tolerability

No DLTs occurred among the 18 patients in part 1; an MTD was
not identified. In part 1, 12/18 patients (67%) experienced TRAEs,
and three patients experienced SAEs; no SAE was considered related
to treatment (Table 2).

All patients in parts 2 (n = 37) and 3 (n = 31) received at least
one dose of BXQ-350 and were included in safety analyses. Twenty-
six patients experienced TRAEs, the majority of which were grade 1
or 2. The most frequently reported TRAEs were nausea and fatigue,
which was grade >3 in one patient (Table 2). Across parts 2 and 3,
SAEs occurred in 23 patients; one was considered related to BXQ-
350 (infusion reaction; the patient recovered without sequelae);
other SAEs were considered related to disease progression by the
investigators. There were no treatment-related deaths.

PK

The PK analysis set (n = 55) comprised 18 patients from part 1
and 37 from part 2.

The mean plasma concentrations of SapC following intravenous
infusion of BXQ-350 on day 1 are shown in Fig. 1. For patients on
day 1 of part 2 who were administered the highest dose
(2.4 mg/kg), Cpax was 25,522 ng/mL, AUC, ., was 45,127
hours-ng/mL, CL was 60.2 mL/hours/kg, V,, was 165.5 mL/kg, and
t1» was 4.02 hours. Following BXQ-350 infusion, SapC plasma
levels decreased rapidly, displaying a polyexponential decay.
Plasma SapC values on days 4 and 22 had similar PK profiles to
those observed following dosing on day 1 (Supplementary Fig. S1A
and S1B). The PK parameters for day 1 are shown in Supple-
mentary Table S3.

Allometric scaling of animal toxicokinetic studies predicted a human
CL of 63 mL/kg/hours and AUCs of 11,100 and 38,100 ng-hour/mL for
the 0.7 and 2.4 ng/kg BXQ-350 doses, respectively; these were in good
agreement with the observed clinical values and consistent between the
2.4 mg/kg groups in parts 1 and 2.

ADAs

Very low levels of endogenous SapC were present (5-18 ng/mL)
in the plasma of 22 patients before the first dose of BXQ-350; four of
these patients also had detectable ADA levels (1:10).
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Table 1. Baseline demographics and clinical characteristics.

Part 1 (n =18)

Part 2 (n = 37)

Part 3 (n = 31)

Dose, mg/kg 0.7-2.4
Median (range) age, years 59 (24-69)
Sex
Female 7 (39)
Male 1 (61)
Race
Black 1(6)
White 17 (94)
Asian 0
Ethnicity
Hispanic or Latino 1(6)
Not Hispanic or Latino 17 (94)
Median (range) body weight, kg 86 (49-149)
ECOG PS
0 6 (33)
1 12 (67)
2 0
Solid tumor site (non-HGG) n=9
Neural 0
Lung 1310
Head/neck 0
Colorectal 3(33)
Pancreas 130
Skin 0
Other 4 (44)°
HGG site n=9
Head/neck 131
Neural 8 (89)
Brain 0
Prior anticancer therapy
Chemotherapy 15 (83)
Other® 4.(22)

24 2.4

55 (27-80) 59 (26-81)
13 (35) 16 (52)
24 (65) 15 (48)
1(3) 0

36 (97) 29 (94)
0 2 (6)
1(3) 2 (6)
36 (97) 29 (94)
79 (47-155) 83 (48-141)
13 (35) 14 (45)
19 (51) 16 (52)
54) 1(3)
n=19 n = 3l
1(5) 2 (6)
3.(16) 2 (6)
27mn 1(3)
3(16) 10 (32)
421 7(23)
1(5) 0

5 (26) 9 (29)
n=18 n=20
2. -

13 (72) -

307 -

34 (92) 31 (100)
15 (41) 4 (13)

Data are n (%) unless otherwise specified. Percentages may not sum to 100 due to rounding.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status.

2Appendix (n = 1); esophagus (n = 1); ovaries (n = 1); prostate (n = 1).
PExcluding radiation, surgery, or procedures.

Thirty-eight patients developed low ADA titers over several
dosing time points, and 12 of these patients’ titers reverted to
baseline levels or disappeared with continued dosing. At least 13
patients had quantifiable ADA titers on a scheduled PK sample day.
There was no discernible effect of ADAs on the PK parameters of
SapC. Although a higher proportion of patients with no detectable
ADAs had PES >6, >12, and >24 months, no clear association be-
tween ADAs and clinical benefit could be made (Supplementary
Table S4).

Antitumor activity

In total, 73 patients were evaluable for tumor response, including all
patients whose tumor burden was reassessed at the end of cycle 2 and
patients with HGG enrolled in part 1 at the end of cycle 1 (day 29).

Overall, 3/16 (19%), 5/29 (17%), and 5/28 (18%) patients had a clinical
benefit [stable disease (SD) or better for >2 postbaseline visits] as assessed
by RECIST v1.1 or RANO criteria in parts 1, 2, and 3, respectively.

Of all response-evaluable patients, 13 (18%) remained in the
study with SD or partial response until cycle 6 tumor measurements
(Fig. 2A). Of these 13 patients, 3 (two with ependymoma and one
with pancreatic cancer) had a transitory clinical benefit as the size of
one of their target lesions regressed over two assessment cycles or
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more (—34% and —42% reduction in tumor size for the patients
with ependymoma and complete response of the primary lesion for
the patient with pancreatic cancer); however, as other target lesions
progressed, these patients came off the study by cycle 6 with pro-
gressive disease.

Eight patients had a PFS of greater than 6 months (Fig. 2B).
These patients had between 2 and 5 prior lines of chemotherapy
(with a median of three prior chemotherapeutic treatments). In
addition, these patients had prior radiation, surgery or both. Two of
these patients (one with metastatic mucinous adenocarcinoma of
the appendix and one with glioblastoma multiforme) achieved a
partial response at any point. They remained in the study for ap-
proximately 2 and 3 years, respectively. In addition, two other pa-
tients (one with glioblastoma multiforme and one with rectal
adenocarcinoma) are alive 7 years after initiating treatment with no
radiologic progression on periodic evaluation and no clinical evi-
dence of disease progression; brief narratives for these patients are
described in Supplementary Table S5.

Pharmacodynamics

Sphingolipid analysis was performed on pre- and post-BXQ-350
dosing plasma samples of a subset of patients enrolled in this study;
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Table 2. Safety summary and AEs in parts 1, 2, or 3.

Phase | Trial of BXQ-350 in Advanced Solid Tumors/HGG

Patients with an AE, n (%) Part 1 (n = 18)

Part 2 (n = 37) Part 3 (n = 31)

Any-cause TEAEs 18 (100) 37 (100) 31 (100)
Grade >3 7 (39) 20 (54) 17 (55)
Related to treatment 12 (67) 26 (70) 25 (81

Grade >3 0 4 (M 3(10)

SAEs (any cause) 307) 12 (32) 1 (35)
Related to treatment 0 0 1(3)

TEAEs leading to discontinuation 0 5(14) 4 (13)

TEAEs leading to death 0 1(3) 103

Most common TRAEs (>2 patients in a study part)
Any grade Grade >3 Any grade Grade >3 Any grade Grade >3

Nausea 5(28) 0 8 (22) 13 8 (26) 0

Fatigue 5(28) 0 7 (19) 0 8 (26) 0

Infusion-related reaction 2(m 0 2(5) 0 6 (19) 0

Vomiting 0 0 4 (1) 1(3) 4 (13) 0

Decreased appetite 1(6) 0 2 (5) 0 4 (13) 0

Electrocardiogram QT prolonged 4 (22) 0 2 (5) 0 0 0

Anemia 0 0 5(14) 1(3) 1(3) 0

Hypokalemia 0 0 3(8) 0 2 (6) 0

Dizziness 1(6) 0 2 (5) 0 2 (6) 0

Pyrexia 0 0 4 (1) 0 0 0

Diarrhea 0 0 2 (5) 0 2 (6) 0

ALT increased 0 0 2 (5) 0 2 (6) 0

Lymphocyte count decreased 0 0 2 (5) 1(3) 2 (6) 103)

AST increased 1(6) 0 2 (5) 0 1(3) 0

Blood ALP increased 0 0 1(3) 0 3 (10) 0

Blood fibrinogen increased 2D 0 2 (5) 0 0 0

Hypophosphatemia 1(6) 0 0 0 3 (10) 2 (6)

Abdominal pain 0 0 1(3) 0 2 (6) 0

Headache 0 0 2(5) 0 1(3) 0

Hyperkalemia 0 0 2 (5 0 1(3) 0

Insomnia 0 0 1(3) 0 2 (6) 0

Flushing 1(6) 0 2 (5) 0 0 0

Stomatitis 0 0 0 0 2 (6) 0

aPTT prolonged 0 0 0 0 2 (6) 0

Arthralgia 0 0 0 0 2 (6) 0

Dyspnea 0 0 2 (5) 0 0 0

Hypotension 0 0 0 0 2 (6) 0

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; TEAE,

treatment-emergent AE.

samples for 21 patients were available and analyzed. Samples in-
cluded those of 13 patients who had a clinical benefit and eight who
did not.

The mean percent change in the S1P/C18:1 ratio among all 21
patients was +13.0% following treatment. The mean pre- versus
post-BXQ-350 change in S1P/C18:1 among patients who had a
clinical benefit (n = 13) was approximately —11%, whereas the
mean change among those who did not have a clinical benefit
(n = 8) was +36%; this difference was not statistically significant
(Supplementary Fig. S2A). However, a statistically significant dif-
ference was observed when comparing post-S1P/C18:1 ratios be-
tween the “clinical benefit” and “no clinical benefit” subsets (median
11.95 vs. 24.20; P = 0.045; Supplementary Fig. S2B). A similar ob-
servation was made when comparing the percent change in the pre-
and post-S1P/C18:1 ratios among the four patients with ependy-
moma enrolled in this study: a notable decrease in the S1P/C18:1

AACRJournals.org

ratios was observed for the three patients who had a clinical benefit.
In contrast, the ratio was unchanged for the patient who experi-
enced disease progression by the first imaging reassessment (Sup-
plementary Fig. S2C).

Discussion

This first-in-human study aimed to determine the safety profile of
BXQ-350, its PK parameters, and to investigate preliminary signs of
clinical activity in adult patients with advanced/recurrent, treatment
refractory solid tumors or HGG.

BXQ-350 was well-tolerated across the range of doses studied. No
DLT was observed, and an MTD was not reached. The treatment-
emergent AEs related to BXQ-350 were mild to moderate in severity
and mainly limited to nausea, vomiting, and fatigue. Of the 10
patients who experienced a treatment-related infusion reaction, one
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Figure 1.

Concentration-time profile of SapC. Mean plasma concentration of SapC
following BXQ-350 infusion over the course of study day 1 in the PK
analysis set.

experienced a grade 4 infusion reaction that led to their discon-
tinuation of the study; the patient recovered without sequelae.
Approximately half of the patients had anti-SapC antibodies de-
tected in the samples assessed for ADA; patients did not seem to
develop an allergic reaction upon repeated administrations of BXQ-
350.

Multiple patients had prolonged PFS of >6 months, despite ad-
vanced and aggressive disease at the time of enrollment (with these
eight patients having up to five prior lines of chemotherapy). The
PFS of the eight patients with PFS >6 months was notably longer
than the time-to-progression on their prior line of therapy, sug-
gesting these patients benefited from BXQ-350 treatment. Further-
more, three patients who did not reach the PFS >6-month milestone
had noticeable regression in at least one of their target lesions over
several imaging assessments. Taken together, this duration of dis-
ease control extended beyond what may be expected in these pa-
tients with recurrent tumors who had exhausted all approved
therapies.

The fact that two patients are alive without disease progression
7 years after initiating BXQ- 350 treatment is remarkable. The pa-
tient with recurrent glioblastoma multiforme received 30 doses of
BXQ-350 and showed no clinical neurologic decline despite sus-
pected progression on MRI. A subsequent subtotal resection
revealed necrotic tumor tissue; given that finding, this patient
restarted treatment with BXQ-350. The other patient, who had re-
current rectal adenocarcinoma, clinically improved after initiating
therapy and, from regular imaging assessments, has experienced SD
since enrollment with neither radiologic nor clinical evidence of
disease progression.

The patients in this study had a range of tumor types. Among
the eight patients who had a PFS of >6 months and the additional
three who had a regression in at least one target lesion following
BXQ-350 administration, five had primary brain/central nervous
system tumors (glioblastoma multiforme, n = 2; ependymoma,
n = 2; choroid plexus papilloma, n = 1), four others had gas-
trointestinal diseases (n = 2 with colorectal cancer and n = 2
with mucinous adenocarcinoma of the appendix), and one had
head and neck cancer (salivary gland cancer). The clinical ben-
efits observed in these patients suggest that BXQ-350 distributes
throughout the body, effectively crosses the blood-brain barrier,
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Figure 2.

Clinical benefit in patients with PFS of >6 cycles. A, Swimmer plot of the
duration of clinical benefit among patients with PFS of at least six cycles. B,
TTP of individual patients (left; blue) compared with their PFS (right; green).
Arrows indicate ongoing time on study/PFS. Patient numbers correspond
between figure panels. App, adenocarcinoma of the appendix; CNS, central
nervous system; CRC, colorectal cancer; GBM, glioblastoma multiforme; H&N,
head and neck cancer; PR, partial response; TTP, time to progression.

and accumulates at clinically relevant concentrations in multiple
organs and tissues.

PK exposure seemed linear with the administered dose in the
investigated range. The plasma half-life predicted by scaling the
animal data was 0.8 to 4.8 hours, which was in agreement with the
actual half-life, which had a geometric mean of 4.0 hours. Despite
the short half-life, SapC was detected in the plasma above baseline
on several occasions in samples taken before administration on days
8 and 22.

Immunogenicity and infusion reactions are common issues associ-
ated with products administered parenterally. Interestingly, although 38
patients had detectable ADA titers at any point in the present study, 12
of these patients’ titers reverted to baseline levels or disappeared with
continued dosing. In ongoing trials of BXQ-350 (26, 27, 32), premed-
ication has been implemented, and infusion reactions have not been an
issue in adult and pediatric patients with cancer. Nonetheless, infusion
reactions and immunogenicity will continue to be monitored, along
with feedback from investigators and patients. ADAs had no clear effect
on PK, and whereas most patients who experienced a clinical benefit in
did not have detectable ADA levels, the small sample size precludes any
association to be drawn between ADAs and PES; notably, one of the
two patients with prolonged PFS still on study had detectable ADAs
during the first 2 years, and the other did not.
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Although exploratory, this study’s analysis of SIP and C18:1
ceramide levels may suggest that patients who derived clinical benefit
from BXQ-350 treatment had greater decreases in S1P/C18:1 ratio than
patients with disease progression. These results are from a small
number of patients with recurrent disease and a range of tumor types
and should be interpreted with caution. However, although these results
will need to be investigated further, they are consistent with preclinical
results that suggest that BXQ-350 increases the concentration of specific
ceramides and concurrently lowers the concentration of S1P across
cancer cell lines (22). As observed preclinically, changes in C18:1 and
S1P, and their ratio, were observed across many of these patients with a
diverse range of advanced/recurrent tumors. It may have been expected
that other medium-chain ceramides (C14, C16, and C18) would have
changed in a similar way; further research is needed to determine why,
among medium-chain ceramides, C18:1 levels were particularly in-
creased by BXQ-350. SIP is a critical sphingolipid whose signaling
properties support cell proliferation and upregulate multiple oncogenic
pathways (2, 33, 34) and is a known immuno-modulator that favors a
protumoral microenvironment (35-37). Preclinical studies have shown
proapoptotic and anticancer properties of ceramides across cancer types
(2, 23, 38). Changes in systemic concentrations of C18:1 ceramide and
S1P induced by BXQ-350 would be consistent with the efficacy profile
observed in multiple tumor types, for which preclinical and clinical
published data suggest that sphingolipids may be significant contribu-
tors to disease progression (4, 39-42). Given these characterized pro-
and antitumor roles of S1P and C18:1 ceramide, respectively, one would
expect to observe an increase in S1P levels with disease progression.
With S1P plasma levels higher than C18:1 levels, this may account for
the increase in S1P/C18:1 ratio observed in the combined overall cohort
of 21 patients and in the subset who did not have a clinical benefit.

Limitations of this phase I study include interpretation of the pre-
liminary antitumor activity, given that this safety dose escalation study
was open to all solid recurrent tumor types (patients with 20 cancer
types were enrolled). Although these results from patients with diverse
and advanced tumors are interesting, particularly given that a propor-
tion of patients derived clinical benefit for an extended time beyond
what may be expected, further studies are needed to ascertain the ac-
tivity of BXQ-350 and more clearly characterize patients who have a
response to BXQ-350. Similarly, pharmacodynamic results were only
available from a small number of patients and firm conclusions with
regard to the potential association of S1P/C18:1 ratio modulation and
clinical benefit cannot be drawn. Further research is needed with regard
to biomarkers of response to BXQ-350, including detailed sphingolipid-
based biomarker analysis in more patients, a tumor-selected population,
and potentially to delineate antitumor effects of other sphingolipid
species. Reports in the literature suggest that C14, C16, and Cl18 (in-
cluding C18:1) are key proapoptotic ceramides in various tumor types.
For example, preclinical data suggest that C18 ceramide, including C18:
1 ceramide, may induce lethal mitophagy in head and neck cancer and
acute myeloid leukemia cells and tumors (43, 44). Decreased levels of
Cl18 ceramide were also associated with increased metastatic disease
and poor survival in patients with head and neck cancer (45). In
contrast, increased serum levels of C18 ceramide were associated with
improved responses to chemotherapy in patients with advanced head
and neck cancer (46). C18:1 may also be a key ceramide for anticancer
activity in glioblastoma (25, 47). Lipidomic and sphingolipid analyses in
ongoing studies will enable further investigation of changes in sphin-
golipid profiles and their relationship to clinical benefits.

In conclusion, the results of this first-in-human safety and dose
escalation study in patients with advanced/recurrent solid tumors or
HGG showed that BXQ-350 in doses of up to 2.4 mg/kg is well-
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tolerated in this patient population. TRAEs observed in all study
parts were typical of this patient population. The favorable safety
profile of BXQ-350, combined with the signs of single-agent anti-
tumor activity across multiple tumor types, warrants further clinical
investigation of BXQ-350 alone or in combination with other an-
ticancer agents. A phase Ib/II study is ongoing in newly diagnosed
patients with metastatic colorectal cancer investigating BXQ-350
with the standard of care (ASIST study; NCT05322590).
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