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In brief

Lopez et al. report a phase 1/2a study
evaluating once-daily oral lisavanbulin, a
brain-penetrant microtubule-targeting
agent in patients with solid tumors or
recurrent high-grade glioma.
Lisavanbulin is tolerable in these patients
and is associated with profound, durable
responses in a subset of patients with
grade 4 astrocytoma or glioblastoma.
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SUMMARY

Lisavanbulin is a prodrug of the microtubule-targeting agent avanbulin. Both avanbulin and lisavanbulin have
demonstrated significant antitumor activity in several preclinical tumor models including glioblastoma. Pre-
vious human studies demonstrated that 48-h infusions of intravenous lisavanbulin were well tolerated with
preliminary activity in recurrent glioblastoma. The current phase 1/2a study evaluates the safety and tolera-
bility of once-daily oral lisavanbulin in patients with solid tumors or recurrent glioblastoma or high-grade gli-
oma. Lisavanbulin is associated with profound, durable responses in a subset of patients with recurrent re-
fractory grade 4 astrocytoma or glioblastoma. We present here the clinical and translational results from this
trial, including a description of a response-predictive molecular signature that warrants further exploration in
these tumor types of significant unmet need. The study is registered at ClinicalTrials.gov (NCT02490800).

INTRODUCTION

Lisavanbulin (formerly BAL101553) is a water-soluble, lysine pro-
drug of the synthetic small-molecule avanbulin (BAL27862).
Avanbulin reversibly binds tubulin heterodimers at the colchicine
site, inhibiting microtubule formation and disrupting microtubule
organization, with a mechanism of action on microtubule dy-
namics that differs from that of standard microtubule-targeting
agents (MTAs)." Avanbulin has extensive activity in several
in vitro tumor models refractory to existing MTAs** and signifi-
cant antitumor activity across several tumor xenograft models,

Gheck for
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including those refractory to standard MTAs and other stan-
dard-of-care therapies.”'? Pathologically confirmed cures
have also been observed in some cases.”*° Treatment with avan-
bulin demonstrated a significant effect on tumor cell proliferation
and viability, as well as tumor vasculature, suggesting a dual ac-
tion on refractory tumor cells and vascular cells.'*"'® Importantly,
lisavanbulin demonstrates excellent penetration into tissues
including the brain, in an autoradiography study in mice.'*
End-binding protein 1 (EB1), the prototypic member of micro-
tubule plus-end-tracking proteins controlling microtubule dy-
namics, had been proposed as a response-predictive biomarker
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in rodent glioblastoma (GBM) models. EB1 links microtubules to
several cellular structures, such as kinetochores and the cell cor-
tex, and participates in microtubule-mediated cell functions,
such as cell division, migration, and morphogenesis.'® In vitro
data have shown that EB1 proteins sensitize microtubules to
the action of microtubule-interacting agents by promoting
microtubule catastrophes.'®'”

EB1 was shown to be a predictive biomarker of response to li-
savanbulin in an orthotopic mouse model with GBM6-derived
experimental gliomas.® When overexpressed in GBM, EB1 is
involved in disease progression and has been reported to be
correlated with poor overall and progression-free survival
(PFS)."® Interestingly, lisavanbulin-treated mice with EB1-high
tumors showed a significantly longer survival than those with
EB1-downregulated tumors. This survival benefit was attributed
to the action of lisavanbulin on GBM stem-like cells, with inhibi-
tion of endothelial differentiation and induction of astrocytic dif-
ferentiation in GBM6 tumor cells.*"®

In a first-in-human phase 1 study, lisavanbulin was adminis-
tered as a 2-h weekly infusion, but dose-limiting vascular toxicity
was observed.'® Dose-limiting toxicity (DLT) appeared to be
related to maximum observed plasma concentration (Cmay), ©
whereas nonclinical data suggest that the antiproliferative effects
are related to avanbulin area under the curve (AUC).'® A regimen
of weekly 48-h infusions was therefore assessed.”**' Vascular
toxicity was not observed using 48-h infusions, and one patient
with GBM had a confirmed partial response with a >90%
decrease in target lesions lasting 16 cycles; another patient
with GBM had stable disease (SD) over 10 cycles of treatment.?°
The 48-h infusion provided an AUC at maximum tolerated dose
(MTD) levels at least 2-fold higher compared to a 2-h infusion.
The bioavailability of avanbulin following oral administration of li-
savanbulin was assessed in the same study21; the relative oral
bioavailability of avanbulin was estimated to be over 80%, sug-
gesting that oral administration of lisavanbulin could efficiently
deliver active drug. A recently published study demonstrated
that oral lisavanbulin was safe at doses of up to 15 mg daily
when used in combination with radiotherapy in the treatment of
newly diagnosed GBM with an unmethylated MGMT promoter.”?

In the current phase 1/2a study (CDI-CS-002; NCT02490800;
EudraCT 2014-003371-34), patients with solid tumors or with
recurrent or progressive GBM (per 2016 World Health Organiza-
tion [WHO] classification of CNS tumors) or high-grade glioma
were treated with once-daily oral lisavanbulin, in order to deter-
mine the MTD, characterize the safety and tolerability of oral
continuous dosing, describe DLTs, and assess efficacy in pa-
tients with EB1-positive brain tumors. Here, we present results
from both the phase 1 and phase 2a portions of the study,
focusing on patients with refractory brain tumors given the signif-
icant unmet need. We also report the consolidated biomarker
data from these studies proposing a response-predictive
biomarker signature that warrants further development.

RESULTS
Patient disposition

The study was conducted between May 20, 2015 and
November 24, 2022. The phase 1 portion was conducted at
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four sites in the UK, and the phase 2a portion at four sites
in the UK, four in Switzerland, four in Germany, and one
in Belgium. Seventy-two patients were enrolled, 26 with
advanced solid tumors and 46 with high-grade glioma or
GBM. Patient disposition is summarized in Tables S1 and
S2. The overall median age was 57 years, range 25-77 years
(median 65 years in patients with advanced solid tumors, 50
years in phase 1 patients with high-grade glioma or GBM,
and 57.5 years in phase 2a patients). In total, 31/72 (43.1%)
were female, and Eastern Cooperative Oncology Group per-
formance status for all patients was <2. Patient demographics
and baseline characteristics were as expected for a heavily
pretreated patient population and are summarized in
Tables S3 and S4. At time of data-lock, the overall median
follow-up was 7.4 weeks (range 0.6-236 weeks); median
follow-up was 7.6 weeks (range 0.6-40 weeks) in patients
with solid tumors in phase 1, 7.1 weeks (range 2.4-236 weeks)
for patients with GBM or high-grade glioma in phase 1, and
10.6 weeks (range 3-54 weeks) in phase 2a patients. Eight pa-
tients with relapsed GBM/glioma continued treatment in a
post-trial access program.

Safety and tolerability

Twenty-six patients with solid tumors were treated in the
phase 1 dose-escalation phase in six cohorts receiving oral
lisavanbulin at doses from 2 to 30 mg/day (Figure 1). The
most common treatment-related adverse events (AEs) were
fatigue, diarrhea, and hyponatremia. Two out of the six pa-
tients treated at 20 mg/day experienced toxicities that
were deemed dose limiting (both reversible grade 4 hypona-
tremias) as did both patients treated at 30 mg/day (reversible
grade 3 hyponatremia and grade 2 hallucinations). The MTD
for solid tumor patients was therefore determined to be
16 mg/day.

Twenty-eight patients with high-grade glioma/GBM were then
enrolled in a parallel dose escalation (Figure 1) and tolerated
higher doses than the patients with solid tumors with escalation
continuing beyond the solid tumor MTD. The most common
treatment-related AEs were similarly nausea and fatigue. DLTs
were only experienced by one of six patients treated at 20 mg/
day (grade 2 depression and grade 2 fatigue) and none of six pa-
tients treated at 30 mg/day. Two of the three patients treated at
35 mg/day experienced DLTs (one patient had grade 3 hallucina-
tions and grade 3 confusion, and another patient had grade
2 confusion and grade 2 gait disturbance). The MTD for the
patients with brain tumors was therefore determined to be
30 mg/day.

Treatment-emergent AEs in patients with solid tumors and pa-
tients with high-grade glioma/GBM in phase 1 are summarized in
Tables S5 and S6, respectively. Table S7 provides the overall
safety and tolerability seen in the phase 2a portion of this study,
with only one patient (5.6%) experiencing reversible grade 3 hy-
ponatremia confirming the modeling predictions from the dose
escalation.

Treatment-related serious AEs (SAEs) and dose discontinua-
tions were seen at doses at or above the respective MTDs for
both solid tumors and glioma patients in the phase 1 dose-esca-
lation part of the study. In the phase 2a cohort treated at the
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patients screened
(n=42)
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Screen failures
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Cohort 5: 30 mg/d
(n=2; 2 DLTs)

Cohort 4: 16 mg/d
(n=3; 0 DLTs)

Cohort 3: 8 mg/d
(n=3; 0 DLTs)

Cohort 2: 4 mg/d
(n=3; 0 DLTs)

Cohort 1: 2 mg/d
(n=3; 0 DLTs)

Cohort 6: 16 mg/d
(n=3; 0 DLTs)

Cohort 7: 20 mg/d
(n=6; 2 DLTs)
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GBM/HGG
patients screened
(n=41)

Patients enrolled
(n=28)

MTD determining
population (n=24)

Screen failures
(n=13)
Received < 24
doses (n=4)

Cohort 6: 35 mg/d
(n=3; 2 DLTs)

Cohort 5: 30 mg/d
(n=6; 0 DLTs)

Cohort 4: 25 mg/d
(n=3; 0 DLTs)

Cohort 3: 20 mg/d
(n=6; 1 DLT)
Cohort 2: 15 mg/d
(n=3; 0 DLTs)

Cohort 1: 8 mg/d
(n=3; 0 DLTs)

Figure 1. Patient flow and determination of MTD in patients with advanced or recurrent solid tumors and in patients with GBM or high-grade

glioma in phase 1 (MTD-determining population)
See also Tables S1-S7.

recommended phase 2 dose (RP2D), two of 18 patients (11.1%)
had treatment-related SAEs; one additional patient discontinued
treatment due to related AEs.

Pharmacokinetics

Avanbulin C,.x and AUCq_,st increased with increasing dose
across the range of 8-35 mg/day lisavanbulin for patients with
GBM or high-grade glioma. For a 2-fold increase in dose from
15 to 30 mg/day, there was an approximate 1.9-fold and 1.3-
fold increase in the geometric mean C,.x on cycle 1 day 1 and
cycle 2 day 1, respectively. The corresponding increases in
AUCq_ 55t Were 1.5-fold and 1.6-fold, respectively. At the MTD
level of 30 mg/day for these patients, cycle 1 day 1 Cna.x and
AUCq_ins were approximately 147 ng/mL and 1,575 h*ng/mL,
respectively (Figure 2).

A further analysis was undertaken to better understand the
pharmacokinetics profile of phase 1 patients who experienced
hallucinations of any grade or significant hyponatremia of grade
>3 when treated at doses at or above >20 mg/day. The
total number was 8/31 patients (25.8%), and logistic regression
based on a model with avanbulin AUC;,s and cohort suggested
an increased probability of experiencing any of these
events when exposure exceeded 2,375 h*ng/mL (Table S8;
Figure S1). A quantile regression model estimated a 28% and
12% probability of exceeding this threshold at 30 and 25 mg/
day, respectively (see Figure S2). Given the totality of available
safety, tolerability, and pharmacokinetic modeling, the lower
dose of 25 mg/day was therefore recommended to be taken
forward in phase 2.

Efficacy

Among 28 evaluable patients with relapsed GBM/recurrent
high-grade glioma enrolled in the phase 1, one patient
(30 mg/day) had a confirmed radiological complete response,
and one patient (25 mg/day) had a confirmed durable
partial response (PR) per response assessment in neuro-
oncology (RANO) of —94%. Both patients had been on treat-

ment for over 4 years when the study was completed and
transitioned to the compassionate access post-trial program
(Figure 3). Seven other patients had SD, resulting in a dis-
ease control rate of 32.1%. Median PFS was 1.6 months
(95% confidence interval [Cl] 1.4, 1.7), and the probability
of being event-free at 12 months was 11.2% (95% CI 2.3,
28.2). MRI scans for patients showing responses are pro-
vided in Figure S8.

Both of the exceptional durable responders in phase 1 were
retrospectively found to be EB1+ in immunohistochemistry
(IHC), leading to the development of a CLIA-certified immuno-
histochemistry assay to prescreen patients for moderate/high
EB1 expression for inclusion in the phase 2a portion of the
study.

Thirteen patients with relapsed GBM were enrolled into the
first stage of the phase 2a study and were evaluable for efficacy,
with nine having measurable disease. There was one confirmed
durable PR, again continuing for more than a year when the pa-
tient switched to the compassionate access post-trial program.
Four other patients had SD radiologically (one patient being
close to achieving a PR) with a disease control rate for the pa-
tients with measurable disease of 5/9, 55.6% (95% CI 21.2,
86.3). For the 13 patients including those without measurable
disease at baseline, the probability of being event free at
12 months in this relapsed population was 32.5% (95% CI 8.9,
59.2) with a 12-month overall survival of 55.6% (95% CI 20.4,
80.5) (Figure 1; Table 1). With only 1 confirmed PR out of 9
efficacy-evaluable patients with GBM, the study did not meet
the pre-specified threshold to progress and was closed to further
recruitment.

There were no objective responses in patients with heavily
pre-treated non-glioma enrolled in the phase 1 portion of the
study, and this was not explored further.

Biomarker analysis

Thirteen patients with recurrent high-grade glioma/GBM had
tissue that could be retrospectively analyzed for EB1
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Figure 2. Pharmacokinetic profile of patients with GBM or high-
grade glioma (N = 46) on cycle 1 day 1

Circles represent values for each patient. Boxes represent quartiles (25%,
50%, 75%) and whiskers the outliers.

See also Figures S1 and S2; Table S8.

expression. Ten were EB1 negative, with three patients expe-
riencing SD as the best response. Three patients had archival
tumor tissue that was EB1 positive, including the two excep-
tional durable responders.

In the EB1 pre-screening program for the phase 2a compo-
nent of the study, samples from 64 of 629 patients (10.2%)
were EB1 positive (defined as >50% of tumor cells with mod-
erate or strong EB1 staining). Of the 9 evaluable patients with
EB1-positive tumors enrolled onto phase 2a, objective anti-
tumor activity was observed in two patients. One patient
had a durable target lesion size reduction of 58%, corre-
sponding to PR per RANO, and one patient had a durable
reduction of 44% corresponding to SD per RANO. As
compared with phase 1 responses, these results suggest
that preselection for EB1 expression per IHC did not enrich
the patient population for sensitivity to lisavanbulin.

Isocitrate dehydrogenase (IDH) status was not planned to be
collected prospectively as part of the trial protocol, but this infor-
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mation was obtained retrospectively. Both the exceptional re-
sponders from the phase 1 portion of the study had IDH-mutant
tumors (1 patient had the IDH R132H mutation detected by IHC,
and another had the IDH R132C mutation detected by RNA
sequencing), and according to the updated 2021 WHO classifi-
cation of CNS tumors, these patients would now be considered
as IDH-mutant high-grade astrocytomas. In the phase 2a portion
of the study, the exceptional responder was IDH wild type by IHC
and sequencing, as were the patient with SD and a lesion size
reduction close to a PR and another exceptional responder
from study CDI-CS-003.

A responder-non-responder analysis was therefore under-
taken using RNA sequencing of archival tissue. RNA
sequencing was performed for patients where adequate tis-
sue samples were available for analysis, who had GBM ac-
cording to WHO 2016 criteria, had received doses where re-
sponses had been observed (i.e., 20-30 mg/day), and had
not been discontinued for reasons other than radiologically
confirmed disease progression. This analysis identified a
five-gene response classifier (Figure 4) that is distinct from
expression patterns observed with EB1-IHC positivity and
predicts current responses irrespective of IDH status. This
signature is characterized by homeobox gene downregula-
tion, which may be implicated in the control of microtubule dy-
namics. A prevalence appraisal using The Cancer Genome
Atlas Program (TCGA) revealed that 22% (34/153) of TCGA
GBM samples had a call strength of 0.5-1 for response
when applying the five-gene classifier. This includes most of
the IDH1 mutants but also a sizable proportion of IDH1 wild-
type samples (see Figure 5).

DISCUSSION

There remains a significant unmet need for novel effective
therapies for high-grade gliomas.?®** MTAs are among the
most active cytotoxic anticancer drugs currently in use,
inducing either polymerization or depolymerization of microtu-
bules. There are two categories of MTAs: stabilizers (including
taxanes and epothilones) and destabilizers (including Vinca
alkaloids, halichondrins, and combretastatins). They have a
broad spectrum of activity and are used in the treatment of
several types of hematologic malignancies and solid
tumors. Microtubules play a role in a range of critical cell
functions including mitosis. Stabilizing or destabilizing the
microtubule polymer results in spindle assembly poisoning
and the slowing of mitosis, leading to apoptotic cell death.”®
Here, our clinical trial results together with translational
studies provide further insights into both the challenges and
promise of treating brain tumors with MTAs.

We report our phase 1/2a study of the synthetic MTA lisavanbu-
lin where we describe the safety, tolerability, and preliminary effi-
cacy. The dose selected for patients with brain tumor was
25 mg/day, below the MTD of 30 mg/day given pharmacological
modeling of exposures with an increased risk of the more signifi-
cant toxicities of hallucinations or >grade 3 hyponatremia. Overall,
this was well tolerated with reversible toxicities at the RP2D.

The population of this study included heavily pretreated pa-
tients who had exhausted all prior treatment. In this study, we
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CDI-CS-003). This signature has an ex-
pected prevalence of approximately 20%
in patients with GBM (IDH wild type) and
a higher prevalence in IDH-mutant astro-
cytoma. This signature would require pro-
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spective evaluation in a future clinical
study in patients with GBM and/or IDH-
mutant astrocytoma.

In conclusion, oral lisavanbulin was
well tolerated at doses of up to
30 mg/day in patients with recurrent
GBM or high-grade glioma. Lisavanbu-
lin was associated with profound, dura-

Treatment duration (months)

noted exceptional durable partial or complete responses in
three patients with relapsed brain tumors: 2 patients with
IDH-mutant GBM (these would now have been reclassified
as IDH-mutant astrocytoma per WHO 2021) in phase 1 and
1 patient with IDH-wild-type GBM in phase 2a. The two pa-
tients from phase 1 were clinically free of disease symptoms
for more than 4 years prior to switching to the compassionate
access program. The third patient switched to compassionate
access at time of study closure. Overall disease control rate
for the patients with relapsed brain tumors treated in this
study (in both phase 1 and phase 2a) was 14/37 (37.8%).
Our experience in this study did not confirm EB1 as a reliable
predictor of response to lisavanbulin. We could not adequately

ble responses and clinical benefit in a
small subset of patients with relapsed
GBM. Further investigation is warranted
to explore the use of our response-pre-
dictive molecular signature for the se-
lection of patients with brain tumors for treatment with
lisavanbulin.

Limitations of the study

The study was designed in 2014 predating the WHO reclassifica-
tion of brain tumors, hence allowing for the inclusion of both IDH-
wild-type and IDH-mutant brain tumors. Data on IDH status were
collected retrospectively; however, the mixed population limits
the efficacy readout in each of these subtypes of brain tumors.
The 2016 WHO classification used in the study meant that poten-
tially some patients would not be considered to have GBM based
on the 2021 classification. However, among the patients with
GBM (per 2016 classification) for whom sequencing data were
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¢? CellPress

OPEN ACCESS

Cell Reports Medicine

Table 1. Objective responses and disease control in patients with GBM or high-grade glioma, phase 1 and phase 2a

Lisavanbulin dose

Phase 1 Phase 2a
8 mg/day 15 mg/day 20 mg/day 25 mg/day 30 mg/day 35 mg/day Total 25 mg/day
N 4 3 7 8 8 S 28 9
Best response, n (%)
Complete response 0 0 0 0 1(12.5) 0 1(3.6) 0
Partial response 0 0 1(33.3) 0 0 1(3.6) 1(11.1)
Stable disease 0 1(33.3) 2 (28.6) 1(33.3) 1(12.5) 2 (66.7) 7 (25.0) 4 (44.4)
Progressive disease 4 (100) 2 (66.7 5(71.4 1(33.3) 5(62.5) 1(33.3) 18 (64.3) 4 (44.4)
Missing 0 0 0 0 1 1 0
Objective response rate
n (%) 0 0 0 1(33.3) 1(12.5) 0 2(7.1) 1(11.1)
Exact 95% CI 0.0, 60.2 0.0, 70.8 0.0, 41.0 0.8, 90.6 0.3, 52.7 0.0, 70.8 0.9, 23.5 0.3, 48.2
Disease control rate
n (%) 0 1(33.3) 2 (28.6) 2 (66.7) 2 (25.0) 2 (66.7) 9 (32.1) 5 (55.6)
Exact 95% ClI 0.0, 60.2 0.8, 90.6 3.7,71.0 9.4,99.2 3.2, 65.1 9.4,99.2 15.9,52.4 21.2,86.3
Progression-free survival
Median (months) 1.6 1.8 1.6 6.0 15 1.4 1.6 3.5
95% ClI (0.7, 1.6) (1.0, 3.4) (0.8, 3.4) (1.7, NA) (0.8, NA) (NA, NA) (1.4,1.7) (1.6, NA)

Phase 1: patients with recurrent or progressive glioblastoma or high-grade glioma, full analysis population.
Phase 2a: patients with EB1-positive glioblastoma, efficacy-evaluable population, patients with measurable disease.

available, all but two patients (identified as P1 and P2 in Figure 4)
would be classified as having GBM according to the 2021 clas-
sification. The other two patients would be classified as having
astrocytoma.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to and
will be fulfilled by the lead contact, Thomas Kaindl (thomas.kaindl@basilea.
com).

Materials availability
This study did not generate new unique reagents.

Data and code availability

This paper does not report original code. The individual patient and
sequencing data reported cannot be deposited in a public repository sec-
ondary to patient privacy concerns. The comparatively low incidence of
high-grade gliomas and GBMs overall, the non-standard-of-care usage of
study medication, and the limited sample size of the study—all of these fac-
tors allow patients to be potentially identified from online publicly available
datasets. For access to the data, please submit a request for access to
the lead contact (thomas.kaindl@basilea.com). The study sponsor has the
primary responsibility of data storage and management. Upon receiving a
request, the study sponsor will review the request and if approved, work
with the requestor to securely transmit the clinical study data in a GDPR-
compliant manner and adhering to the consent agreements established
with each study participant. In that context, data recipients are required to
enter a formal data-sharing agreement that describes the conditions for
release and requirements for data transfer, storage, archiving, publication,
and intellectual property. Any additional information required to reanalyze
the data reported in this paper is available from the lead contact upon
request.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Purified Mouse Anti-EB1, clone 5/EB1 BD Transduction Laboratories Cat#610535; RRID: AB_397892
Biological samples

Blood Patients in this study N/A

Formalin-fixed paraffin-embedded (FFPE) Patients in this study N/A

archival tumor specimens

Chemicals, peptides, and recombinant proteins
Lisavanbulin Basilea Pharmaceutica International Ltd BAL101553

Software and algorithms
SAS software version 9.4 SAS Institute, Cary, NC, USA www.sas.com

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study design and participants

This was an open-label, multicenter, Phase I/lla study in patients with solid tumors or with recurrent or progressive glioblastoma
(GBM) or other high-grade glioma. The study was conducted in two portions: The Phase | portion enrolled patients with histologically-
or cytologically confirmed advanced or recurrent solid tumors (with measurable disease according to Response Evaluation Criteria in
Solid Tumors [RECIST] v1.1 or non-measurable prostate or ovarian cancer) who failed standard therapy, or for whom no effective
standard therapy was available, or histologically-confirmed GBM or high-grade glioma (with measurable disease defined by
contrast-enhancing MRI), with progressive or recurrent disease after prior radiotherapy, with or without chemotherapy.

The Phase lla portion that enrolled patients with recurrent, histologically confirmed, GBM with tumor tissue positive for EB1 (this
population was selected given the observation of responses in EB1-positive GBM patients in the Phase | portion), either patients with
de novo GBM after prior radical chemoradiotherapy or secondary GBM after prior chemotherapy or radiotherapy. Patients had to be
neurologically stable, without progression of neurologic symptoms, within 15 days prior to starting study drug. Patients with EB1 pos-
itive tumors were identified in a pre-screening program using a CE-marked immunohistochemistry clinical trial assay. EB1 positivity
was assessed in a central laboratory by a board certified neuropathologist (Discovery Life Sciences, Targos Molecular Pathology).

For both study portions, adult patients (>18 years of age), with a life expectancy of >12 weeks, acceptable organ and marrow
function within 15 days prior to starting study drug.

Key exclusion criteria in patients with recurrent or progressive GBM or high-grade glioma included peripheral neuropathy > CTCAE
grade 2; systolic blood pressure >160 mmHg or diastolic blood pressure >100 mmHg; radiotherapy within 12 weeks, prior anti-tumor
chemotherapy within 4 weeks, or within 6 weeks for nitrosoureas, surgical resection within 4 weeks, or a stereotactic biopsy/core
biopsy within 1 week. Patients taking more than two antihypertensive medications were also excluded, as were those with significant
cardiac disease or abnormality, and clinically significant acute intratumoral hemorrhage. More detailed inclusion and exclusion
criteria can be found in the supplemented study protocol in Data S1.

In the Phase la portion, it was planned to include up to 42 patients with solid tumors and up to 28 patients with GBM or high-grade
glioma, and in the Phase lla portion it was planned to include up to 34 evaluable EB1-positive GBM patients, up to 19 patients with
measurable disease and up to 15 patients with non-measurable disease at baseline.

The Independent Ethics Committees of the fourteen study sites, and relevant authorities in the UK, Switzerland, Germany, and
Belgium approved the study protocol. The study was conducted in accordance with the Declaration of Helsinki, International Con-
ference on Harmonisation Guidelines for Good Clinical Practice, and applicable laws and regulations. All patients provided written
informed consent prior to study participation.

METHOD DETAILS

Study treatment and assessments

Lisavanbulin was dosed once daily under fasting conditions, as hard capsules containing 1 mg or 5 mg of drug. Each treatment
cycle comprised 28 days of continuous, daily oral lisavanbulin administration to patients in a fasted state. In the Phase | portion of
the study, each patient was scheduled to receive at least two 28-day treatment cycles. Patients were replaced if the minimum
safety evaluation requirements for assessment of the MTD in Cycle 1 were not met. Patients were allowed to receive repeated
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28-day treatment cycles until the occurrence of progressive disease, or unacceptable toxicity. The starting dose in the Phase |
portion was 2 mg/day in patients with advanced or recurrent solid tumors; starting doses for patients with recurrent or progressive
GBM or high-grade glioma, were at least one dose level below the dose level that had already been demonstrated to be safe and
well tolerated in patients with advanced or recurrent solid tumors. Dose escalation was conducted using a 3 + 3 titration design. to
determine the maximum tolerated dose of oral lisavanbulin and to characterize dose-limiting toxicity. Patients with solid tumors or
with recurrent or progressive GBM or other high-grade glioma were enrolled in sequential cohorts of three to six patients with each
cohort given an increased lisavanbulin dose, using a flat-fixed dosing approach. Safety, pharmacokinetics and antitumor activity
were assessed for each dose level. In the Phase lla portion of the study, patients received the recommended Phase |l dose
defined in the Phase | portion.

The Phase lla dose expansion part of the study aimed to obtain efficacy data in patients with recurrent EB1-positive GBM, and to
further characterize the safety and tolerability of lisavanbulin at the recommended Phase Il dose.

Safety assessments were conducted throughout the study and included AEs according to the National Cancer Institute CTCAE
v4.03/v5.0 (Phase I/lla), laboratory parameters, ECG, transthoracal echocardiography, chest X-ray (Phase l)/computed tomography
(CT)/MRI, vital signs, ECOG performance status, physical examination, and evaluation of concomitant medications.

Pharmacokinetic variables calculated from plasma concentration data using noncompartmental analysis for lisavanbulin (if appli-
cable) and for avanbulin comprised: maximum observed plasma concentration (C,,a), time to maximum concentration (T,ax), area
under curve (AUC)g_., AUCq_jast, AUCq_., 11, Systemic clearance and volume of distribution. Samples for pharmacokinetic analysis
were taken on Day 1 (pre-dose, 0.5, 1, 2, 3, 4, 6, 8 and 24 h after dosing), and Day 8, 15 and 22 (pre-dose) of Cycles 1 and 2. Additional
blood samples were taken at the end of the study, and in the Phase | portion at the occurrence of a DLT, and on the first dosing day of
the new dose levels from patients undergoing dose escalation or reduction.

Efficacy was assessed in the Phase | portion using RECIST criteria v1.1 in patients with solid tumor and measurable disease. In
both the Phase | and Phase lla portions, for patients with recurrent or progressive GBM or high-grade glioma, evaluation of disease
progression and response was assessed by contrast-enhanced MRI, based on the RANO criteria. Clinical progression of the tumor
disease was also considered as progressive disease.

Objectives

For the Phase | portion, the primary objectives were to determine the MTD and to characterize DLTs of daily oral lisavanbulin. Sec-
ondary objectives were to further assess the safety and tolerability of lisavanbulin, to evaluate the pharmacokinetics of avanbulin and
lisavanbulin, and to assess the anti-tumor activity of lisavanbulin.

For the Phase lla portion, the primary objective was to assess the efficacy of daily oral lisavanbulin, based on the objective
response rate (ORR) as per RANO criteria, in patients with recurrent EB1-positive GBM. Secondary objectives were to evaluate
the efficacy of lisavanbulin based on overall survival (OS), progression-free survival (PFS) and the proportion of patients with PFS
at 6 months after start of study drug treatment (PFS6), to assess the safety and tolerability of lisavanbulin, and to evaluate the phar-
macokinetics of avanbulin and lisavanbulin.

QUANTIFICATION AND STATISTICAL ANALYSIS

The details of the statistical analysis plan were described in Data S1. Statistical analysis was undertaken using SAS version 9.4 (SAS
Institute, Cary, NC, USA). The Phase | and Phase lla portions of the study were analyzed separately. Within the Phase | portion, pa-
tients with solid tumors and those with GBM/high grade glioma were treated as separate populations. Analysis populations were
defined as follows:

The full analysis population (FAP) included patients who received at least one partial or complete dose of lisavanbulin. The FAP was
the primary population for analyzing efficacy in Phase I.

The safety population (FAP with at least one post-baseline safety assessment) was used for the overall analysis of safety.

The PK population (FAP with at least one post-baseline PK assessment) was used to assess PK.

The MTD-determining population consisted of patients who received at least one dose of lisavanbulin and experienced a DLT, or
received at least 24 of the scheduled 28 doses of lisavanbulin in Cycle 1 without a DLT; and had been observed for >28 days following
the first dose and had been evaluated for safety.

The efficacy evaluable population (EEP), used in the Phase lla portion was a subset of the FAP who had at least one post-baseline
RANO assessment after having received at least 6 weeks of study treatment.

Efficacy endpoints were best objective response (complete response (CR), partial response (PR), stable disease (SD) or progres-
sive disease (PD)) per RECIST criteria v1.1 for patients with solid tumors and RANO criteria in patients with GBM/high-grade glioma;
the ORR was calculated as the proportion of patients with CR or PR; the disease control rate (DCR) was calculated as the proportion
of patients with CR, PR or SD. For ORR and DCR the portion and exact 95% confidence intervals were provided. Patients whose
clinical response was unknown or not reported were treated as non-responders.

For the Phase lla portion a Simon’s two-stage design was used; the null hypothesis that the true response rate was 14% was tested
against a one-sided alternative. In the first stage, 9 evaluable patients were accrued. If there were 1 or fewer responses in these 9
patients, the study was to be stopped. Otherwise, 10 additional evaluable patients were accrued for a total of 19. The null hypothesis
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was rejected if 6 or more responses were observed in 19 patients. This design yields a type | error rate of 3.7% and power of 81%
when the true response rate is 40%.

Progression-free survival (PFS) was defined as the interval between the date of first dose and the earliest date of objective disease
progression. Overall survival (OS) was the time from first study drug administration to the date of death/or censored at the time the
patient was last known to have been alive. Patients or their families were contacted at 3-monthly intervals after the last dose of study
drug to ascertain their survival status; more frequent survival updates were collected if patients attended the study centers for other
reasons. Kaplan-Meier methods were used for the assessment of OS, PFS and the proportion of patients with PFS at 6 months
(PFS6). The 95% confidence intervals were calculated with Brookmeyer-Crowley method.

ADDITIONAL RESOURCES

This study has been registered on https://clinicaltrials.gov/, ID: NCT02490800.
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