Phase | study of the heparanase inhibitor
roneparstat: an innovative approach for multiple
myeloma therapy

The role that the bone marrow microenvironment
plays in differentiation, migration, proliferation, survival
and drug resistance of malignant plasma cells has attract-
ed significant attention in the attempt to identify new
druggable targets in multiple myeloma (MM)."

Heparanase is an endo-p-d-glucuronidase that trims
the heparan sulfate chains of proteoglycans, thereby
affecting cell signaling and gene expression and promot-
ing extracellular matrix remodeling within the tumor
microenvironment.”* Heparanase is strongly upregulated
in the great majority of MM patients and is associated
with elevated microvessel density and enhanced shed-
ding of the heparan sulfate proteoglycan syndecan-1,°
events that are highly relevant to disease progression.”” In
preclinical models of MM, heparanase was shown to be
a master regulator of aggressive tumor behavior and
bortezomib and melphalan were each found to enhance
heparanase expression and secretion. MM cells express-
ing high levels of heparanase are less susceptible to cyto-
toxic effects of bortezomib or melphalan.*"

Roneparstat (laboratory codes: G4000, SST0001;
Leadiant Biosciences, formerly sigma tau Research
Switzerland SA) is a chemically modified 100% N-desul-
phated, N-reacetylated and 25% glycol-split heparin with
very low anticoagulant activity and a molecular weight
between 15,000 and 25,000 Da. It is a very potent and
pure competitive heparanase inhibitor.""* Roneparstat
showed a significant anti-myeloma effect in murine mod-
els, either alone or in combination with dexamethasone,
bortezomib or melphalan.'”*® Based on this preclinical
evidence an open-label, multicenter, phase I,
first-in-human study was designed to assess the safety
and tolerability profile of roneparstat in patients with
relapsed/refractory MM (EudraCT number 2012-001127-
12 and clinicaltrials.gov identifier: NCT01764880).

Patients with advanced relapsed/refractory MM were
eligible to be enrolled. Two treatment schedules were
used: every day for 5 days (schedule A) and every day for
5 days in week 1 and week 2 (schedule B), in a cycle of
28 days, according to a 3+3 design (see Table 1). The drug
was administered subcutaneously.

Dose-limiting toxicities were characterized according
to National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE) version 4.0.
The safety of the drug was assessed based on records of
adverse events, evaluation of local tolerability, physical
examination, vital signs and laboratory tests. Patients
could receive standard supportive therapy with dexam-
ethasone. The use and doses of dexamethasone were
determined by the treating physicians’ judgment.

Blood samples were collected during cycle 1, on day 1
over 24 h, and on the last day of treatment (day 5 or day
12) over 72 h. Pharmacokinetic sampling was performed
during the first cycle. Plasma samples were analyzed by a
fluorescent probe assay (Heparin Red)."

The assessment of anti-MM activity was based on a
surrogate parameter, the monoclonal protein modifica-
tions in serum and urine, evaluated according to the
International Myeloma Working Group guidelines.

Nineteen patients with advanced relapsed/refractory
MM were enrolled into the study and completed a total
of 57 cycles (514 doses), for a median of two cycles
(range, 1-11). Four patients received more than five
cycles. The patients’ baseline characteristics and enroll-

ment by cohort of treatment are reported in Table 1.
Roneparstat was well tolerated and safe at all doses
tested. Seventeen patients reported a total of 88 adverse
events. The most common adverse events, occurring in at
least 10% of patients, are reported in Table 2. Most of the
adverse events were grade 1 or 2 and unrelated to the
treatment. There were three treatment-related adverse
events in three patients (viral infection, injection site
reaction, abdominal pain): these were judged to be grade
1/2, transient and resolved with conservative therapy.
Grade 3/4 adverse events included general physical
health deterioration (3 patients, 15.8%), anemia, throm-
bocytopenia and bone pain (2 patients each, 10.5%);

Table 1. Patients’ baseline characteristics, enrollment by cohort of
treatment and cycles administered.

N. of N. of
patients cycles
Age, years, median (range): 68 (51-81)
Male/female 8/11
Schedule A: every day for 5 days,
week 1
1* dose cohort: 25 mg 4x 6
Schedule B: every day for 5 days,
week 1 and week 2
2" dose cohort: 25 mg 3 8
3" dose cohort: 50 mg 2%* 11
4" dose cohort: 100 mg 3 4
5" dose cohort: 200 mg 3 15
6" dose cohort: 400 mg 4* 13
Salmon & Durie stage
I 1
11 2
11 16
International Staging System stage
I 13
11 4
11
No prior lines, median, range: 4 (1-8)
Prior therapy PI/IM: 12
M/IM: 1
Pl: 1
PI/IMRT: 5

Prior transplant Autologous: 13
Autologous + allogeneic: 2

NO transplant: 4
Eastern Cooperative Oncology Group score

0 11
1 7
2 1

Dose-limiting toxicities in cycle 1 defined as: grade =3 non-hematologic toxicities,
grade =3 reactions at the site of injection, grade =3 hematologic toxicities lasting
>7 days and/or requiring therapy, febrile neutropenia, activated partial thrombo-
plastin time =1.5 to 2.5 times the upper limit of normal (zgrade 2) and inability to
retreatment or to receive at least 75% of study drug. *One patient received 1 day of
treatment for early progressive disease, one additional patient was enrolled, to get
three patients evaluable for dose-limiting toxicities. * *One additional patient had
intra-patient dose escalation from 25 (2" cohort) to 50 mg (3 cohort) at cycles 4
and 5 (approval granted by the local Ethical Committee). Although the patient
started in the 2™ cohort, the protocol requirement of three different patients in the
3" cohort was met. PI: proteasome inhibitor; IM: immunomodulatory drug; M: mel-
phalan; RT: radiotherapy.
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neutropenia, gastric hemorrhage, and hyperglycemia (1
patient each, 5.3%). None of these events was assessed
by the investigators as related to the study treatment.

Five patients experienced six serious adverse events,
with only one (viral infection) considered to be related to
the study drug, although a correlation with the concomi-
tant treatment with dexamethasone could not be exclud-
ed. The remaining serious adverse events were treat-
ment-unrelated: general physical health deterioration in
two patients, pneumonia in one patient, a suspected gas-
trointestinal hemorrhage in one patient (which endo-
scopic evaluation did not confirm) and gastric hemor-
rhage in one patient (the patient was enrolled with a gas-
tric myeloma lesion and developed progressive disease
while on roneparstat therapy). The serious adverse
events were transient and the patients recovered with
conventional therapy except one whose deterioration in
general physical health was ongoing at the end of the
study.

No patients succumbed due to toxicity of the study
drug. Nine patients died during the study, all from tumor
progression.

Fifteen patients reported 31 local reactions at the injec-
tion site. Local side effects were less than grade 2, tran-
sient and resolved with conventional therapy, when
needed. Only one (redness) was grade 2.

Due to the similarity of roneparstat with heparin, the
risk of bleeding was monitored carefully. There were no
evident relationships between either thrombin time or
international normalized ratio (INR) and roneparstat
administration following single or repeated dosing. For
activated partial thromboplastin time (aPTT) there was no
association with dose upon single dosing; after repeated
dosing aPTT pharmacodynamic parameters (E,, and
AUEC,,) were higher at 200 and 400 mg/day than at
lower doses, without reaching clinically meaningful levels.

The coagulation results by worst CTCAE grade
showed one grade 1 aPTT level in one patient (5.3%),
one grade 1 INR value in one patient (5.3%) and one
grade 2 INR value in four patients (21.1%).

In the 17 patients evaluable for dose-limiting toxicities,
no clinically relevant toxicities occurred and, indeed, no
dose-limiting toxicities were observed: a true maximum
tolerated dose was not reached. Dose escalation was

Table 2. Therapy-unrelated and related adverse events in the safety population (19 patients); the number of patients per cohort is reported

as (N).
Schedule A Schedule B
Patients presenting with at least one unrelated or related AE. For each dose level the number of patients (n) and the percentage of
patients (%), based on N, who developed an AE, and the number of events (E) are reported.
25 mg/day 25 mg/day 50 mg/day 100 mg/day 200 mg/day 400 mg/day
(N=4) (N=3) (N=2) (N=3) (N=3) (N=4)
n (%) E n (%) E n (%) E n (%) E n (%) E n (%) E
Patients with at least 2 (50) 7 3 (100) 16 2 (100) 19 3 (100) 12 3 (100) 20 4 (100) 14
one related or
unrelated AR
(all cause)
Patients with at least 0 0 0 0 1 (50) 1 1 (333) 1 1 (333) 1 0 0
one related AE (Viral infection) ~ (Injection site (Upper abdominal
(type of AE) reaction) pain)
Most common unrelated or related AEs reported in at least 10 % of patients: percentages bhased on N. A patient with multiple events within a
preferred term is counted only once in the preferred term
25 mg/day 25 mg/day 50 mg/day 100 mg/day 200 mg/day 400 mg/day
(N=4) (N=3) (N=2) (N=3) (N=3) (N=4)
n (%) n (%) n (%) n (%) n (%) n (%)
Anemia 0 1(33.3) 0 1(333) 2 (66.7) 0
Thrombocytopenia 1 (25.0) 0 0 0 0 2 (50.0)
Upper abdominal pain 0 1(33.3) 0 0 1(33.3) 0
Diarrhea 0 0 1 (50.0) 0 0 1 (25.0)
Nausea 0 2 (66.7) 0 0 0 0
Asthenia 0 2 (66.7) 0 0 0 1 (25.0)
Fatigue 1(25.0) 0 0 0 1(33.3) 0
General physical health 1 (25.0) 1(33.3) 0 0 0 1(25.0)
Deterioration
Arthralgia 0 0 1 (50.0) 0 1(33.3) 0
Back pain 0 1(33.3) 1 (50.0) 1(333) 1(33.3) 0
Bone pain 0 0 0 2 (66.7) 0 0
Insomnia 0 0 0 1(333) 0 1 (25.0)
Cough 0 0 0 0 2 (66.7) 0
Epistaxis 1 (25.0) 0 0 1(333) 0 1 (25.0)

N: number of patients per cohort; n.; number of patients; AE: adverse event.
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Table 3. Response rates in the efficacy population (17 patients).

CR VGPR PR MR SD PD
Overall resposes 017 017 117 (5.9 %) 017 917 (52.9%) 17 (41.2%)
(all cohorts) —n/17 (%)
Responses by dosing
Cohorts —n/N (%)
Schedule A
25mg (N=3) 0/3 073 073 073 073 3/3 (100%)
Schedule B
25mg (N=3) 0/3 073 073 0/3 2/3 (66.7%) 173 (33.3%)
50 mg (N=2) 072 072 172 (50%) 072 172 (50%) 072
100 mg (N=3) 073 073 073 073 173 (33.3%) 2/3 (66.7%)
200 mg (N=3) 0/3 073 073 0/3 2/3 (66.7%) 173 (33.3%)
400 mg (N=3) 0/3 073 073 0/3 3/3 (100%) 073

CR: complete response;VGPR: very good partial response; PR: partial response; MR: minimal response; SD: stable disease; PD: progressive disease; n: number of responses;

N: number of patients evaluable for efficacy.

stopped based on safety and pharmacokinetic data, indi-
cating that patients could be exposed to the study drug at
dose levels of 200 and 400 mg/day without any clinically
relevant toxicities.

Reproducible plasma levels of roneparstat were meas-
urable in cycle 1 at the two highest dose levels, as shown
in Online Supplementary Figure S1, which depicts plasma
concentrations in individual patients on day 1 and day 12
(single and repeat dosing, respectively). There was a dose
related increase in mean C,,,, between 200 mg/day and
400 mg/day, both on day 1 (1.67 ug/mL versus 2.45
ug/mL) and day 12 (2.07 ug/mL versus 5.95 ug/mL). The
mean exposure (AUC,,) at day 1 after repeated dosing
was 16.2 ug.h/mL and 37.25 ug.h/mL, while at day 12 it
was 15.4 ug.h/mL and 133 ug.h/mL for 200 mg and 400
mg/day, respectively. Upon repeated dosing, t., was
achieved at approximately 3 h after administration of the
dose. On day 12 and at 400 mg/day, the estimated half-
life was approximately 14-20 h (2 patients).

Seventeen patients who received at least 1 cycle of
roneparstat were evaluable for overall response (Table 3).
One partial response (5.9%) and nine cases of stable dis-
ease (52.9%) were observed. The remaining patients
(41.2%) had progressive disease. The partial response
occurred in a patient who received roneparstat 50 mg,
who had relapsed after three prior lines of therapy with a
continuous increase of the monoclonal component.
Response was characterized by a rapid decrease of the
monoclonal component, from 1.75 g/dL at baseline to
0.99 g/dL at cycle 1 and 0.71 g/dL at cycle 6. The patient
remained on therapy until cycle 9 with sustained clinical
benefit. Two of the nine cases of stable disease were sus-
tained with significant clinical benefit (10 and 7 months)
following 200 mg and 400 mg of roneparstat. The patient
with a partial response and one with prolonged stable
disease received concomitant, low doses of dexametha-
sone (up to 40 mg/week), while the other patient with
prolonged stable disease did not receive any dexametha-
sone.

This is the first trial evaluating a heparanase inhibitor
in hematologic malignancies. Heparanase represents an
increasingly studied but still largely unexploited target for
anticancer therapy. Our data show that roneparstat has
an excellent safety profile, without causing clinically rel-
evant systemic reactions, and an excellent tolerability
profile. Systemic exposure appears measurable in a repro-

ducible and linear fashion at the doses of 200 and 400
mg/day. This study allowed identification of doses with-
in the range of 300 to 400 mg/day as suitable for further
development of the drug.

Roneparstat showed little efficacy in this specific
experimental setting. Heparanase inhibition is not
expected to cause direct tumor cell killing and evidence
of efficacy was beyond the main scope of this trial, in part
because of the heavily pretreated population of patients
with advanced disease, the trial size, and its design allow-
ing concomitant administration of dexamethasone.
However, the safe and well-tolerated profile of ronepar-
stat that emerged from this clinical experience, combined
with the extensive preclinical evidence on the ability of
heparanase inhibition to influence the bone marrow
microenvironment in myeloma patients, and the syner-
gistic effect of roneparstat when associated with borte-
zomib or melphalan do raise the possibility of capitaliz-
ing on and improving the role of heparanase inhibition in
myeloma treatment. In fact, the involvement of
heparanase in regulating the cross-talk between the
tumor and the host myeloma microenvironment and the
preclinical activity of roneparstat in combination regi-
mens®'"” have been widely described (see Omnline
Supplementary Material). Of particular interest, Ramani et
al.”’ reported a very significant effect on tumor burden
when roneparstat was combined with bortezomib or
melphalan in the treatment of mice bearing an aggressive
myeloma in an i vivo model formed by CAG human
myeloma cells expressing high levels of heparanase
(CAG-HPSE cells). Therefore, even though this phase I
study does not provide evidence of a potential direct anti-
myeloma effect of ronepartstat in humans, exploration of
roneparstat in combination regimens for the treatment of
MM is justified and should be the next step in this field.
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