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A Phase 1 Trial of TPl 287 as a Single Agent and in Combination With Temozolomide
in Patients With Refractory or Recurrent Neuroblastoma or Medulloblastoma
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Background. The primary aim of this Phase | study was to
determine the maximum tolerated dose (MTD) of TPl 287 and the
safety and tolerability of TPl 287 alone and in combination with
temozolomide (TMZ) in pediatric patients with refractory or recurrent
neuroblastoma or medulloblastoma. The secondary aims were to
evaluate the pharmacokinetics of TPl 287 and the treatment
responses. Procedure. Eighteen patients were enrolled to a phase |
dose escalation trial of weekly intravenous infusion of TPI 287 for two
28-day cycles with toxicity monitoring to determine the MTD,
followed by two cycles of TPI 287 in combination with TMZ. Samples
were collected to determine the pharmacokinetic parameters Cpax,
AUC 24, t1/2, CL, and V4 on day 1 of cycles 1 (TPl 287 alone) and 3
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(TP1287 +TMZ) following TPI 287 infusion. Treatment response was
evaluated by radiographic (CT or MRI) and radionuclide (MIBG)
imaging for neuroblastoma. Results. We determined the MTD of TPI
287 alone and in combination with temozolomide to be 125 mg/m?.
The non-dose-limiting toxicities at this dose were mainly anorexia
and pain. The dose-limiting toxicities (DLTs) of two patients at
135 mg/m? were grade 3 hemorrhagic cystitis and grade 3 sensory
neuropathy. Conclusions. Overall, TPI 287 was well tolerated by
pediatric patients with refractory and relapsed neuroblastoma and
medulloblastoma at a dose of 125 mg/m? IV on days 1, 8, and 15 of a
28 day cycle. Pediatr Blood Cancer 2016;63:39-46.

© 2015 Wiley Periodicals, Inc.

INTRODUCTION

Neuroblastoma is the most common pediatric extracranial solid
tumor and accounts for 7-10% of childhood cancers.[1,2] Although
the prognosis for infants with neuroblastoma is generally good,
currently only 30% of children diagnosed after 12—15 months of age
survive despite aggressive multimodal therapies.[3,4] High-dose
chemotherapy (HDC) followed by hematopoietic stem cell
transplantation (HSCT) and maintenance therapy with retinoic
acid and anti-GD2 antibody improves survival in children
presenting with metastatic NB, but the 5-year event-free survival
remains below 60%.[5,6] Medulloblastoma is the most common
malignant brain tumor in children and accounts for 16% of all brain
tumors in children 0-14 years old and 6% in adolescents 15-19
years old.[7] Current therapies for children with disseminated
disease are associated with severe long-term toxicities, and lead to
cure in only a minority of cases.[8] Thus, the development of new
therapies—especially ones with more favorable toxicity profiles—
would represent a significant improvement in the treatment of this
disease. Consequently, the evaluation of new drugs is strongly
needed in these diseases.

TPI 287 is a novel anti-microtubule agent of the taxane family
developed by Tapestry Pharmaceuticals, Inc. (now Cortice
Biosciences, Inc.). It is synthetically manufactured from naturally
occurring taxanes extracted from yew starting material. The
synthesis involves modifications of the side chain to make the
drug more lipophilic, and modification of the baccatin ring structure
in order to circumvent Multi-Drug Resistant (MDR) pathways and
allow for binding to mutant tubulin. TPI 287 has been found to be
potent against several neuroblastoma and medulloblastoma cell
lines in vitro (unpublished results, Cortice Biosciences). In
neuroblastoma this was also demonstrable in transplanted
xenografts, showing greater activity than paclitaxel, docetaxel, or
nab-paclitaxel (unpublished data, Cortice Biosciences). In vitro
studies have indicated that TMZ is effective in tumor cell lines
resistant to other agents.[9] A preclinical study reported activity of
TMZ in four xenograft models of human neuroblastoma.[10] TPI
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287 was also shown to have increased efficacy when TPI 287 is
combined with TMZ in neuroblastoma cell lines (unpublished data,
Sholler Lab).

In vitro, TPI 287 was shown to have comparable cytotoxicity to
paclitaxel in several MDR- cell lines, but was 5-3,900-fold more
active than several comparator compounds in MDR+ cell lines.[11]
In MCF-7-AR breast cancer cells, which display MDR, TPI 287
was 20 times more active than paclitaxel. Similar findings were
observed in MDR+ cells derived from colorectal, breast, and
prostate cancers.[12] TPI 287 was also evaluated in a variety of
xenograft models. In an orthotopic xenograft using U251 cells
implanted in the brains of nude mice, treatment with either TPI 287,
TMZ, or combinations were compared to control animals,
evaluating median survival (10 animals per group) as well as
animals whose survival extended beyond 110 days. Significant
synergy and improvement in long-term survival was seen with the
combination of TMZ plus TPI 287.[13] Salient features of TPI 287
include a structure similar to the taxanes, microtubule stabilization
in vitro, and significant brain permeability. In animal studies, brain
distribution was determined after a single injection into mice and
rats. Multiple-fold elevation was observed in brain as compared
with plasma in both species, in terms of C,y, AUC, and other
pharmacologic parameters. Using an experimental model of brain
metastasis of triple-negative breast cancer, a 55% reduction in the
formation of large metastases using three intravenous injections of
18 mg/kg TPI 287 was reported.[12]

TPI 287 has been investigated in Phase I and II trials in adult
cancer populations. A Phase I trial of 29 eligible patients
established a MTD of 125mg/m? although some patients
demonstrated a 57% reduction in one lesion as assessed by
Response Evaluation Criteria in Solid Tumor (RECIST) at a dose
of 85mg/m>. The drug was well tolerated in this population
(unpublished data, Cortice Biosciences). The most frequent
adverse events included anemia, nausea, diarrhea, and neuropa-
thy. Dose limiting toxicities observed at a dose of 185 mg/m?
included grade 3 neuropathy, neutropenia, and elevated AST. A
second Phase I trial of 21 eligible patients investigated a dose up
to 160mg/m> administered every 21 days. Dose limiting
toxicities were similar to the previously discussed study and
included grade 3 neuropathy and grade 4 neutropenia. The most
common adverse events were also similar with the most frequent
(in four or more patients) being anemia, neuropathy, neutropenia,
fatigue, diarrhea, nausea, vomiting, asthenia, abdominal pain, and
myalgia. A potential side effect of all microtubule-stabilizing
drugs is peripheral neuropathy. Although neurotoxicity is the
principal toxic effect observed clinically with microtubule
stabilizing drugs, how and why this happens is not well
understood,[12] although it is thought to be due, at least in
part, to the inhibition of axonal microtubules that are necessary
for axonal transport in neurons.[14] Other than the obvious
explanation that neural cells have large amounts of tubulin,
studies addressing this phenomenon have been hampered by the
lack of suitable in vitro or animal models. TPI 287 was
administered on Days 1, 8, and 15 at a dose of 127 mg/m*/dose in
aphase I adult trial for patients with advanced cancer and found to be
well tolerated.[15] This dose schedule has been further evaluated in a
number of phase II trials in combination with temozolomide for
patients with melanoma.

TMZ has been evaluated in pediatric populations with solid
tumors[16,17] as well as with CNS tumors[18,19] and has shown
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some activity against recurrent medulloblastoma. TMZ is rapidly
and completely absorbed after oral administration.[20] A
multicenter, Phase 2 evaluation of an oral, daily schedule of
TMZ (200 mg/m?/d x 5 days every 28 days) was undertaken in
children with refractory or relapsed high-risk neuroblastoma.
Twenty-five patients were enrolled, and response was observed in
five patients with a median duration of 6 months. The authors
concluded that TMZ shows activity in heavily pretreated patients
with neuroblastoma, and deserves further evaluation in combina-
tion with another drug.[21]

The Neuroblastoma and Medulloblastoma Translational Re-
search Consortium (NMTRC) performed a pediatric phase I trial
specifically designed to test the safety, clinical toxicity, maximum
tolerated dose (MTD), and pharmacokinetics of TPI 287 alone and
in combination with temozolomide for the treatment of patients
with recurrent or refractory neuroblastoma or medulloblastoma.
The secondary objectives of the study were to evaluate pharmaco-
kinetics and treatment response. This paper will describe the
toxicity profile, dose limiting toxicities (DLTs), MTD, pharmaco-
kinetics, and treatment responses of patients with recurrent/
refractory neuroblastoma or medulloblastoma when treated with
TPI 287 alone and in combination with TMZ.

METHODS
Eligibility

Patients >12 months of age and diagnosed before the age of 21
with histologically proven neuroblastoma and confirmation of
refractory or recurrent disease or medulloblastoma with histologic
confirmation at diagnosis or at the time of recurrence/progression
were eligible for this study. Residual abnormal tissue at a primary or
metastatic site must have measured more than 1 cm in any dimension
by standardized imaging (CT or MRI) for measurable disease or for
patients with only skeletal disease neuroblastoma, there must have
been at least two persisting skeletal foci on '**meta-iodobenzylgua-
nidine (MIBG) follow-up scans. Patients without bone marrow
metastases were required to have an ANC >750/l and platelet count
>50,000/p]. Patients had to demonstrate adequate liver function as
defined by total bilirubin <1.5x upper limit of normal (ULN) for age
and SGPT (ALT) <10x upper limit of normal for age and a bilirubin
<1.5mg/dl ULN for age and no other significant organ toxicity
defined as >Grade 2 by National Cancer Institute Common Toxicity
Criteria for Adverse Events version 3 (NCI-CTCAE v3.0). This trial
was approved by the Western Institutional Review Board as well as
by local institutional review boards at each enrolling site. Informed
consent from the patient or their guardian(s) and assent, as
appropriate, were obtained prior to study entry.

Study Design

TPI 287 was supplied as a sterile, parenteral solution to be
diluted prior to administration, consisting of 10/mg/ml TPI 287 in
a50:50 v/v mixture of Cremophoru EL-P and dehydrated alcohol,
USP by Archer Biosciences. The drug was administered
intravenously (IV) at the assigned dose once per week for
3 weeks. Due to potential hypersensitivity reactions due to
Cremophor” EL-P, all patients were pretreated with a cortico-
steroid, an antihistamine, and a H, blocker. TPI 287 was dosed in
a 3 +3 study design with dosing beginning at 90 mg/m?* IV with
dosing escalated by 20-25mg/m> per cohort until a maximum



tolerated dose (MTD) was determined. Patients received TPI 287
as a single agent on days 1, 8, and 15 of each 28 day cycle in
cycles 1 and 2, followed by the same schedule of TPI 287 in
combination with TMZ (100 mg/m?/d orally on days 1-5) starting
in cycle 3. Patients were allowed to move directly to Cycle 3 if
they experienced a progression during cycles 1 or 2.

Pharmacokinetic Studies

Pharmacokinetic (PK) analysis for TPI 287 and its analytes TPI
511 and TPI 513 was done on all patients at the MTD level on day 1
of the first and third cycles. Blood samples (2ml) were collected
prior to beginning infusion (Time 0), at the end of infusion (Time 1)
as well as 0.25, 0.5, 1, 2, 4, and 6 hr post-time O collection. The
blood samples were processed to plasma and the concentration of
TPI 287 was assayed by a validated liquid chromatography/tandem
mass spectrometry (LC/MS-MS) method. A standard calibration
curve was performed by using internal standards and varying
concentrations of TPI 287 and metabolites to blank human plasma
and processed similar to clinical samples. PK parameters (AUC_7,
AUCy.oo, Cl, Vg, ti3, Chax, and tn.,) were determined as
appropriate using non-compartmental procedures (R version
2.15.1 PK package and SAS v 9.2 software). Individual subject
measurements, as well as summary statistics (mean, standard
deviation, and range) were reported.

Toxicity Monitoring

Safety analysis was conducted on all patients who received at
least one dose of study drug, and included the frequency of all
adverse events and laboratory abnormalities as well as frequency
of dose interruptions, dose reductions, and treatment discontinu-
ation. Weekly monitoring for treatment related toxicities included
a physical exam, CBC, AST/ALT, LDH, Bilirubin, electrolytes,
BUN, Creatinine, albumin, total protein, and neurological
questionnaire. Vital signs, including temperature, pulse rate,
and blood pressure (sitting) were performed pre-dose and at the
end of infusion. Patients without bone marrow metastases were
required to have adequate bone marrow function as defined by
ANC >750/pl and platelets >50,000/p1 before starting chemo-
therapy. At the beginning of Cycles 1 and 3 an EKG was also
performed. Clinical and laboratory adverse events were graded
according to the NCI-CTCAE v3.

Definition of DLT and MTD

The MTD of single agent therapy was defined as the dose level
below that in which there were DLTs in two out of six patients who
completed at least one 28-day cycle of therapy at that dose level.
Patients that went off therapy for reasons other than a DLT before
completing one full cycle were replaced in order to complete the
cohort of three patients. DLT was defined as any of the following
events that were at least possibly attributable to TPI 287: Grade 5
toxicity that occurred within 30 days of taking study drug, Grade 3
neurotoxicity, Grade 4 neutropenia or thrombocytopenia that
persisted for >7 days, Grade 3 thrombocytopenia with bleeding,
Grade 3 elevation of transaminases that persisted for >7 days,
Grade 2 cardiotoxicity, or any other Grade 3 non-hematologic
toxicity, excluding alopecia or inadequately treated nausea,
vomiting, or diarrhea. TPI 287 was discontinued and patients
removed from study if toxicity persisted up to 21 days.
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Criteria for Assessment of Response

This study used RECIST measurements from the NCI modified
for pediatrics as well as MIBG or PET and bone marrow response.
Tumor assessments/imaging studies were obtained at baseline >7
days from prior therapy and <21 days from the start of study
therapy. These were repeated at the end of the first cycle (optional),
second cycle, and again after every other cycle. All neuroblastoma
patients enrolled were of the INRG high risk group.[22] Definitions
of responses were consistent with INRC guidelines.[3]

Statistical Methods

Descriptive statistics were examined. Mean and median times to
progression were estimated.

RESULTS

Patients

Eighteen patients with refractory or recurrent neuroblastoma
or medulloblastoma were enrolled in this study between
March 2009 and June 2011. One patient (125mg/m?) was
excluded from analysis due to initial diagnosis at >21 years of
age. The patient characteristics are shown in Table 1. Every
patient had previously received standard therapy and had relapsed
or was refractory to therapy. The median age was 7 years old,
with a range of 4-19 years old. Patients were enrolled at one of
four escalating doses. Three patients were enrolled at 90 mg/m?,
six patients at 110 mg/m?, two patients at135 mg/m?, and seven
patients at 125 mg/m>. Eighteen patients received at least one
dose of TPI 287 as a single agent and were evaluable for safety
(16 with neuroblastoma and two with medulloblastoma). Thirteen
evaluable patients (12 neuroblastoma and one medulloblastoma)
completed >1 cycle comprising the TPI 287 single agent efficacy
population whereas eight patients (seven neuroblastoma and one
medulloblastoma) completed >3 cycles comprising the TPI 287
and temozolomide combination treatment efficacy population. Of
the eight patients who received the additional combination
therapy, one patient completed 1 cycle, four patients completed 2
cycles (including one medulloblastoma patient), two patients
completed 10 cycles, and one patient completed 23 cycles of TPI
287 and temozolomide combination treatment.

TABLE 1. Patient Characteristics

Patient Characteristics Number
Patients enrolled 18
Male 12
Female 6
Median age (y) (range) 7.5 (4-25)
Race
Caucasian 12
Hispanic 4
Other 2
Diagnosis
Neuroblastoma 16
Medulloblastoma 2
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Toxicities

Taxanes, including paclitaxel and docetaxel, have been studied in
phase I and II pediatric trials. The principal dose limiting toxicity
observed was neutropenia. As in adults, hypersensitivity was observed
and patients required pre-medication. Additional toxicities included
hematologic, neurologic, and dermatologic.[23,24] TPI 287-related
non-dose-limiting toxicities observed during cycles 1 and 2 are shown
in Table II. Anorexia (n = 2), AST elevation (n = 2), pain (n =4), and
vomiting (n = 2) were the most common toxicities. Anorexia was only
observed at the 125 mg/m? dose. AST elevation was more severe at the
dose of 125mg/m> compared to that of 90 mg/m? but was not
observedat 110 or 135 mg/mz. Pain was not observed at the 110 mg/m2
dose. It was observed as grade 2 at 90, 125, and 135 mg/mz, as well as
grade 3 at 125 mg/m>. It is particularly challenging to determine the
etiology of pain in pediatric patients, whether from drug-induced
neuropathy or progressive disease; therefore, pain without clear other
etiology is always reported as related to treatment. Vomiting was
observed as grade 2 atboth 110 and 125 mg/m2 doses, but was absent in
other dose cohorts.

The toxicities observed in all cycles of TPI 287 combination
therapy are shown in Table IIIl. Anemia (n=3) was the most

common toxicity noted across all dose levels for TPI 287. It was
observed as a grade 2 on one occasion in each dose level. The most
common toxicities at 125 mg/m? included one observation each for
gastritis (grade 2), anemia (grade 2), leukopenia (grade 2), and
sensory neuropathy (grade 3).

One unexpected toxicity that occurred above the MTD was
hemorrhagic cystitis. The DLT occurred 13 days after the last dose
of TPI 287. The patient was evaluated for infectious causes; culture
and BK virus testing were negative. The DSMB determined that it
was most likely due to a viral infection, but because the relationship
to TPI 287 could not be ruled out they deemed the event to be
possibly related and recommended reducing the TPI 287 dose by
10 mg/m>. The patient did not recover from the SAE within the
protocol-required timeline and was withdrawn from the study.

No cardiotoxicity was noted on 5 min ECGs done throughout the
study. Three DLTs occurred during the safety phase of this trial. One
DLT, grade 3 seizure, occurred in the 110 mg/m? dose cohort which
was determined to be due to extensive metastatic medulloblastoma
disease. Three additional patients were enrolled (n=6 for this
cohort) and no other DLTs occurred. Two DLTs occurred in the
135 mg/m? cohort. These included a grade 2 hemorrhagic cystitis
and a grade 3 sensory neuropathy. Following these DLTs the DSMB

TABLE II. Toxicities Observed During the First Two Cycles With TPI 287 Alone

No. subjects

Dose 90 mg/m2 (n=3)

Dose 110 mg/m* (n=6)

Dose 125 mg/m? (n=6) Dose 135 mg/m® (n=2)

Toxicity Grade 2 3 4 2 3

4 2 3 4 2 3 4

Abdominal distention

Albumin

ALT 1

ANC

Anorexia

AST 1

Constipation 1
Dehydration 1
Diarrhea

Drug Reaction 1
Fatigue

GGT

Hemoglobin

Hemorrhagic cystitis

Hyperbilirubinemia

Hypokalemia

INR

Leukocytes

Lip sore 1
Liver dysfunction

Neuropathic pain 1
Neuropathy sensory

Neutrophil 1

Pain 1

Peripheral neuropathy

Seizure 1
SIADH 1
Vomiting 1

la

la

lb

1

Number listed represents frequency of occurrence in the population followed by percentage in parenthesis. ALT, alanine aminotransferase; ANC,
absolute neutrophil count; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase; INR, international normalized ratio.

*Medulloblastoma subject; "Dose limiting toxicities.
Pediatr Blood Cancer DOI 10.1002/pbc
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TABLE III. Toxicities Observed During Co-Administration of TPI 287 and Temozolamide

No. Subjects

Dose 90 mg/m® (n=2)

Dose 110 mg/m2 (n=3)

Dose 125 mg/m2 (n=3)

Grade 2 3 4 2 3 4 2 3 4
ALT 1
Anorexia 1
Fever 1
Gastritis 1
Hemoglobin 1 1 1
Leukocytes 1*
Nausea 1
Neuropathic pain 1
Neuropathy sensory 1
Neutrophil 1
Stress fracture 1
Vomiting 1

ALT indicates alanine aminotransferase. There were no subjects from the 135 mg/m? dose that received therapy combined with temozolmide.

“Medulloblastoma subject.

made the decision to move to a lower dose, 125mg/m> Seven
patients were enrolled in the 125 mg/m? dose and no additional
DLTs were observed. Thus, the MTD of TPI 287 recommended for
Phase II evaluation is 125 mg/m?.

Pharmacokinetics

Pharmacokinetic sampling was achieved on six out of six patients
treated at the MTD of 125 mg/m? of TPI 287 and the pharmacokinetic
parameters that were derived using non-compartmental procedures
are listed in Table IV. Pharmacokinetic analysis was done on day 1 of
cycle 1 (TPI 287 alone) and of cycle 3 (TPI 287 with temozolomide).
Consistently, the C,,,x was captured immediately following comple-
tion of the TPI 287 infusion with steady decline at all other time
points. This was consistent between both cycle 1 and cycle 3 for all
patients. Due to the small sample size, high inter-patient variability
was seen in the range of data; however data appear to be more
consistent during cycle 1 as compared to cycle 3. On day 1 of cycle 1,
PK analysis showed mean peak serum levels of 3.21 pg/ml at 1 hr post
completion of the TPI 287 infusion. The same trend was also observed
on day 1 of cycle 3 with mean peak serum levels 3.44 pg/ml at 1 hr

post TPI 287 infusion as well. The AUC,,_; was similar on each of the
days measured, with means of 5.10 wg/ml-hr and 5.47 p.g/ml-hr on
day 1 of cycles 1 and 3, respectively. It should also be noted that two
subjects did not have samples collected at the last time point (6 hr
post-time 0) on day 1 of cycle 3.

Response

Twelve patients with neuroblastoma and one patient with
medulloblastoma were evaluable for efficacy following TPI 287
treatment alone. According to RECIST criteria, five patients (all
with neuroblastoma) displayed stable disease, and eight had
progressive disease. Of the eight patients (seven with neuroblasto-
ma and one with medulloblastoma) that were evaluable for efficacy
with TPI 287 and temozolomide, one showed a partial response
(neuroblastoma), three had stable disease (neuroblastoma), and four
had progressive disease (three neuroblastoma and one medullo-
blastoma) (Table V).

One patient (neuroblastoma) was non-evaluable for disease
response to therapy. This patient experienced a DLT (peripheral
neuropathy) after one dose of TPI 287 alone and was withdrawn
from the study. The mean progression free survival (PFS) for all 12

TABLE 1V. Pharmacokinetics of TPI 287 and Metabolites TPI 511 and TPI 513

Mean &= SE

Dose AUCY) 4 AUC(_« Cl tmax
Analyte Treatment N (mg/m?) (ng/ml-hr) (ng/ml-hr) (L/hr/m?)  Vss (L/m*)  t, (hr) Chax (ng/ml) (hr)
TPI 287 CIDI s° 125 5,055.40 + 327.68 6,097.05 & 571.74 21 +2 80+ 18 270 £0.77 3,208.00 + 22379 1
TPI 287 C3DI 4° 125 5,474.90 + 684.96" 6,857.78 & 1652.43 18 + 4 78 £34 298 £ 1.85 3,435.00 £ 872.61 1
TPI 511 CIDI 5> 125 282.46 + 28.81 353.10 £56.35 354 £56 1548 £419 3.03 £ 1.15 126.38 + 25.41 1
TPI 511 C3DI 4° 125 201.55 + 29.25* 226.16 + 33.40 553 £82 1817 £458 2.28 +0.55 89.83 + 29.09 1
TPI 513 CIDI 5° 125 522.22 + 71.52 562.79 £ 78.67 222 £31 569 £ 143 1.78 & 0.34  299.40 + 92.96 1
TPI 513 C3DlI 4° 125 377.31 + 45.76* 418.10 & 69.41 299 £ 50 866 £ 259 2.01 £0.76  215.25 4+ 55.31 1

“Two subjects (108, 302) with no data at 7 hr time point for C3D1 treatment; *One subject (801) with no data at 1 hr timept. for C1D1 treatment,
excluded from analysis; “Two subjects (202, 801) with no data for C3D1 treatment.

Pediatr Blood Cancer DOI 10.1002/pbc
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TABLE V. Study Subject Responses to Treatment With TPI 287
Alone and in Combination With Temozolomide

Dose Partial Stable Progressive
(mg/mz) N response disease disease
TPI 287 alone
90 3 0 2 1
110 5 0 1 4
125 4 0 1 3
Total 12 0 4 8
TPI-287 in combination with temozolomide
90 2 0 1 1
110 3 0 1 2
125 3 1 1 1*
Total 8 1 3 4

“Includes 1 medulloblastoma patient.

patients with neuroblastoma completing at least one cycle of TPI
287 was 6.2 months (median 2.1 months). Two patients with
neuroblastoma on this study were removed from treatment at
parental request with no progression of disease. PFS for these
patients were both censored at 10.7 months. Another patient was
removed due to unacceptable toxicity (grade 3 sensory neuropathy
and grade 2 gastritis) with stable disease. PFS for this patient was
censored at 4.0 months. One patient experienced a partial response
and remained on therapy for 21.8 months before moving on to other
treatment with a final PFS for this patient of 36.4 months. One
patient with medulloblastoma was non-evaluable for response to
combination therapy due to unacceptable toxicity (grade 3 seizure)
after one dose of TPI 287 and was withdrawn from the study. The
second patient with medulloblastoma had PFS of 1.7 months.

Individual subject details can be found in Table VI including
assigned cohort, disease at status entry, number of previous
relapses, responses, and reason for off-therapy.

DISCUSSION

TPI 287 is a novel anti-microtubule agent of the taxane
family with the intent to circumvent MDR-based resistance and
allow for binding to mutant tubulin as well. TPI 287 has a very
high preclinical potency against several neuroblastoma cell lines
and xenograft models. Although TPI 287 has been previously
studied in adult cancer populations, amassing a substantial
amount of safety data, this is the first study in a pediatric
population.

This study determined the MTD of TPI 287 in children to be
125 mg/m2 given IV on days 1, 8, and 15 of a 28 day cycle. This is
the same as the MTD determined for adult (communication Cortice
Biosciences). The DLTs of two patients at 135 mg/m> were Grade 3
sensory neuropathy and Grade 3 hemorrhagic cystitis. DLT in adults
were similar, including neuropathy and neutropenia.

When TPI 287 was administered alone at the MTD, the most
common toxicities in our pediatric population were anorexia and
pain, whereas in adults they were fatigue and nausea. The most
common toxicities when TPI 287 was given at the MTD in
combination with TMZ were gastritis, changes in hemoglobin and
leukocyte counts, and sensory neuropathy.

Side effects in adults included anemia, diarrhea, vomiting, and
abdominal pain. Based on these previous data, many of the
gastrointestinal and neurological toxicities observed in this study
were expected, including nausea, vomiting, diarrhea, abdominal
pain, neuropathy, and neutropenia.

TABLE VI. Patient Details Including Cohort, Disease at Status Entry, Number of Previous Relapses, Responses, and Reason for

Off-Therapy
Cohort Disease =~ Number of Response at Response at Number of

Patient dose Relapsed/  status at previous end of TPI end of Best cycles Reason for

# mg/m”® Diagnosis refractory entry relapses 287 alone  combination response completed oft-therapy

1 90 NB Relapsed Progressing 5 PD NE PD 1 Progression

2 90 NB Relapsed Progressing 3 SD PD SD 4 Progression

3 90 NB Refractory Progressing refractory SD SD SD 12 Completed

4 110 NB Refractory Stable® refractory SD SD SD 12 Completed

5 110 NB Relapsed Stable® 2 PD PD PD 3 Progression

6 110 MB Relapsed  Progressing 1 NE NE NE <1 Seizure

7 110 NB Refractory Progressing 2 PD NE PD <1 Progression

8 110 NB Relapsed Progressing 3 PD PD PD 4 Progression

9 110 NB Relapsed  Progressing 2 PD NE PD 1 Progression

10 135 NB Relapsed  Progressing 2 NE NE NE <1 DLT-neuropathy

11 135 NB Relapsed  Progressing 3 NE NE NE 1 DLT-hemorrhagic

cystitis

12 125 MB Relapsed Progressing 4 PD PD PD 4 Progression

13 125 NB Relapsed  Progressing 5 SD SD SD 4 Parental
withdrawal to go

on new therapy

14 125 NB Relapsed Stable® 3 PD NE PD 2 Progression

15 125 NB Relapsed  Progressing 1 SD PR PR 23 Completed

16* 125 NB Relapsed Progressing refractory PD NE PD 2 Progression

17 125 NB Relapsed Stable® 3 PD NE PD 1 Progression

18 125 NB Refractory Progressing refractory NE NE NE 1 Elevated bilirubin

3pt 16 greater than 21 years of age at diagnosis censored; "Subjects stable with persistent metastatic neuroblastoma.
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The toxicities observed must be considered in the light of the
solvents used in the preparation of TPI 287. Both cremaphor and
alcohol have toxicities similar to those noted in the study.
Cremaphor EL (CrEL) is a formulation vehicle used for various
poorly water-soluble drugs, including paclitaxel (Taxol). In contrast
to earlier reports, CrEL is not an inert vehicle, but exerts a range of
biological effects, some of which may have important clinical
implications. Its use has been associated with severe hypersensitiv-
ity reactions (potentially severe), hyperlipidemia, aggregation of
erythrocytes, and peripheral neuropathy.[25,26] Hypersensitivity
reaction prophylaxis is recommended and was used in all patients
on this study. Peripheral neuropathy is also a known toxicity of
cremaphor and was seen as a toxicity related to TPI 287 in this
study. In addition, ethanol serves as a solvent and microbial
preservative in oral liquid medications and is the second most
commonly used solvent in liquid formulations, following water, to
dissolve water-insoluble ingredients.[27,28] There is limited
information on the physiologic effects of ethanol in pediatric
populations except signs of acute ethanol exposure include
hypoglycemia, acidosis, tachycardia, hypothermia, hyper-respon-
siveness, and disorders of consciousness.[27,28] Patients on this
study did not appear to have ethanol-related toxicities.

Pharmacokinetics of TPI 287 at the MTD dose of 125 mg/m>
showed that although the C,,,x was similar between pediatric
(3.2 pg/ml) and adults studies at a dose of 126 mg/m? (3.4 p/ml),
the AUC of 5.10 p.g/ml-hr was less than that in adults, with an AUC
of 6.1 pg/ml-hr (communication, Cortice Biosciences). This is
likely due to the lengthened half-life in adults of 9.26 hr, whereas in
our patients this was only 2.7 hr, suggesting faster clearance of the
medication in children. This would suggest that dosing of TPI 287
may require more frequent dosing in pediatrics and should be
addressed in future studies.

Although this was a Phase I study and was not powered to
evaluate treatment response, our initial results show that TPI 287
may have efficacy against relapsed/recurrent neuroblastoma and
medulloblastoma. Of the 11 patients with neuroblastoma and one
patient with medulloblastoma who completed one cycle of
treatment with TPI 287 alone, five out of 11 patients with
neuroblastoma demonstrated stable disease. In the seven patients
with neuroblastoma that continued on TPI 287 combination
treatment with temozolomide, three had stable disease and one
showed a partial response. It should be noted that this response may
be due to temozolomide alone as this is a known active agent in
neuroblastoma. In patients with medulloblastoma, one had
progressive disease and one withdrew early before scans were
done. A recent review of six Phase I and two Phase II studies in
pediatric taxanes use showed similar results with 5% response and
15% stabilization of disease.[24] This article identifies preclinical
studies that suggest the optimum schedule of administration of
taxanes may involve metronomic dosing due to anti-angiogenic
properties of taxanes on endothelial cells.[24,29]

In conclusion, TPI 287 alone and in combination with TMZ was
well tolerated in pediatric and young adult patients with relapsed/
refractory neuroblastoma and medulloblastoma. Generally, tox-
icities associated with TPI 287 at the MTD were mild and/or
controllable with medication. Stabilization of disease in this cohort
of extensively treated patients suggested potential efficacy in
neuroblastoma as well and should be tested at an earlier stage of
disease. Given these results, 125 mg/m* TPI 287 is currently being
assessed for its anti-tumor efficacy in a Phase I/II trial assessing a
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new formulation. Novel dosing regimens should be examined as
well in future studies.
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