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ABSTRACT

Purpose: To determine the toxicity, efficacy and pharmacokinetics of trabectedin given over
24 h every 3 weeks to children with recurrent rhabdomyosarcoma, Ewing sarcoma, or non-
rhabdomyosarcoma soft tissue sarcomas.
Patients and methods: Trabectedin was administered as a 24-h intravenous infusion every
21 days. Two dose levels were evaluated (1.3 and 1.5 mg/m?) for safety; efficacy was then
evaluated using a traditional 2-stage design (10 + 10) at the 1.5 mg/m? dose level. Pharma-
cokinetics (day 1 and steady state) were performed during cycle 1.
Results: Fifty patients were enroled, eight patients at 1.3 mg/m? and 42 at 1.5 mg/m?. Dose
limiting toxicities (DLTs) in the dose finding component included fatigue and reversible
GGT elevation in 1/6 evaluable patients at 1.3 mg/m? and 0/5 at 1.5 mg/m?®. Efficacy was
evaluated in 42 patients enroled at the 1.5 mg/m? dose of whom 22% experienced reversible
grade 3 or 4 toxicities that included AST, ALT, or GGT elevations, myelosuppression and
deep venous thrombosis.
One patient with rhabdomyosarcoma had a partial response and one patient each with
rhabdomyosarcoma, spindle cell sarcoma and Ewing sarcoma had stable disease for 2, 3
and 15 cycles, respectively.
Conclusion: Trabectedin is safe when administered over 24 h at 1.5 mg/m?. Trabectedin did
not demonstrate sufficient activity as a single agent for children with relapsed paediatric
sarcomas.
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1. Introduction

Trabectedin (Yondelis; ET-743), is a synthetic alkaloid origi-
nally isolated from the marine ascidian Ecteinascidia turbi-
nate. Its complex mechanism involves binding to the minor
groove of double-stranded DNA and subsequent bending of
DNA towards the major groove,? resulting in inhibition of
gene activation and of nucleotide excision repair and in
induction of DNA strand breaks and cell cycle arrest in S
and G2 phases.

Trabectedin induces tumour regression in histologic sub-
sets of adult soft tissue sarcomas including myxoid liposar-
coma and leiomyosarcoma, suggesting that this drug is an
effective therapeutic option for adults with these subtypes
of soft tissue sarcomas.>” The different mechanisms of ac-
tion and efficacy of this agent in adults with soft tissue sarco-
mas prompted us to further explore its efficacy in children
with recurrent or refractory sarcomas. A prior Children’s
Oncology Group phase 1 trial of trabectedin evaluated a 3-h
infusion schedule at doses of 1.5 and 1.3 mg/m? in a total of
twelve children with refractory solid tumours. Reversible neu-
tropenia and hepatic toxicity were the primary toxicities; the
recommended phase 2 dose on this administration schedule
was 1.1 mg/m? every 21 days.® One of three patients with Ew-
ing sarcoma had a complete response that was sustained for
10 months. Following the initial assessment of trabectedin in
children, results from adult trials suggested that administra-
tion of trabectedin as a 24-h infusion at a dose of 1.5 mg/m?
every 3 weeks would be associated with superior disease con-
trol rates.*® Therefore in this trial, we initially evaluated the
safety of administering trabectedin as a 24-h (rather than a
3-h infusion) at two dose levels, to ensure the safety of this
schedule prior to proceeding with the phase 2 trial in children
with recurrent rhabdomyosarcoma, non-rhabdomyosarcoma
soft tissue sarcoma (NRSTS) or Ewing sarcoma.

2. Patients and methods
2.1.  Eligibility criteria

Eligibility criteria included: age >12 months and <21 years
when initially diagnosed, weight >15 kgs, histologic diagno-
sis of rhabdomyosarcoma, Ewing sarcoma or non-rhabdo-
myosarcoma soft tissue sarcoma (NRSTS), measurable
disease according to RECIST criteria, performance score by
Karnofsky or Lansky of >50%, and normal organ function
(normal creatinine for age; ALT, AST and GGT <2.5 times the
institutional normal; albumin >2.5g/dL; serum bilirubin
and alkaline phosphatase < the institutional upper limits of
normal; shortening fraction >27% or ejection fraction
>50%; ANC >1500 pL; platelet count >100,000 pL and haemo-
globin >8 g/dL). In addition, patients had to have fully recov-
ered from the toxic effects of prior chemotherapy,
immunotherapy and radiotherapy. They must not have re-
ceived growth factor support or platelets within 1 week of
study entry, must not have received enzyme inducing anti-
convulsants within 14 days of study entry, and must have
been receiving medications that interfere with CYP3A4. Prior

to drug administration, patients were required to have a cen-
tral venous line. Exclusion criteria included active uncon-
trolled infection, preexisting liver disease, history of
congestive heart failure, prior history of allogeneic stem cell
transplant and TBI, and pregnancy or lactation.

The study protocol was approved by the institutional re-
view board of each institution from which patients were en-
roled. Informed consent was obtained from the patient or
their parent or guardian, and assent was obtained as appro-
priate, prior to enrolment.

2.2.  Drug administration

Trabectedin was administered as a 24-h intravenous infusion
every 21 days at two dose levels: 1.3 mg/m? and 1.5 mg/m?.
Dexamethasone, 2.5 mg/mQ, was administered orally the
evening before trabectedin and every 12 h on days 1, 2 and 3
of each cycle.

2.3. Statistical considerations

2.3.1. Dose finding phase

A limited dose escalation was performed to evaluate two tra-
bectedin dose levels utilising the 24-h infusion schedule. The
initial dose level was the recommended phase 2 dose from
the paediatric phase 1 trial using a 3-h infusion schedule,
1.3 mg/m?. The second dose level, 1.5 mg/m?, was the recom-
mend phase 2 adult dose on the 24-h infusion schedule. Pa-
tients were enroled in cohorts of six. If less than two
patients experienced dose limiting toxicity (DLT) during the
first cycle, the 1.3 mg/m? dose level was considered tolerable
and the dose was escalated to 1.5 mg/m?. If two or more pa-
tients experience DLT during the first cycle, the dose was to
be reduced to 1.1mg/m?% If the dose was escalated to
1.5mg/m? and one or fewer of these patients experience
DLT during the first cycle, the 1.5 mg/m? dose level was con-
sidered the recommended dose and patients would be en-
roled to complete the two-stage design described below.
Only patients treated at the recommended dose of 1.5 mg/
m? were considered for response and efficacy evaluation,
which included all patients enroled on the phase II portion
of the study and patients enroled on the phase 1 portion of
the study at the recommended dose (‘response cohort’). All
response cohort patients who were evaluable for DLT were in-
cluded in the characterisation of toxicity of the recommended
dose.

Dose-limiting toxicity was defined as: (1) grade 3 or 4 non-
hematological toxicity considered possibly, probably or likely
related to trabectedin with the exception of grade 3 nausea or
vomiting, grade 3 ALT or AST that returned to grade 1 or base-
line prior to the next treatment cycle, grade 3 fever or infec-
tion or alopecia; or (2) grade 4 neutropenia >7 days duration,
grade 4 thrombocytopenia of >7 days which required transfu-
sion on more than two occasions in 7 days or which caused a
delay of >14 days in the start of the next treatment cycle.
Grade 3 and 4 GGT elevation were considered as a DLT. Only
DLTs that occurred in the first cycle were considered for dose
escalation.
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Clinical and laboratory adverse events were graded accord-
ing to the NCI Common Terminology Criteria for Adverse
Events version 3 (http://ctep.info.nih.gov).

2.3.2. Phase 2 component

A two-stage design was employed for evaluating efficacy of
trabectedin at the 1.5 mg/m? dose level. Ten response-evalu-
able patients were enroled in the first stage in each of the dis-
ease strata defined as: (1) non-rhabdomyosarcomatous soft
tissue sarcoma, (2) Ewing sarcoma and (3) rhabodmyosarco-
ma. If none of the patients in the first stage demonstrated a
complete or partial response, as determined by RECIST ver-
sion 1.0, enrolment to that stratum was closed with the con-
clusion that trabectedin did not demonstrate sufficient
activity for further investigation. If six or more objective re-
sponses were observed in the first stage, the enrolment to
that stratum was closed with the conclusion that trabectedin
demonstrated sufficient activity for further investigation.
Otherwise, enrolment was continued to enrol a total of 20 re-
sponse-evaluable patients. If three or more of the 20 patients
demonstrated an objective response, then trabectedin activity
was deemed of sufficient interest for further investigation;
otherwise, it was concluded that trabectedin did not demon-
strate sufficient activity for further investigation. With this
design, if trabectedin was associated with a true response rate
of 5%, the probability that trabectedin was considered active
was 0.10. If the true response rate was 25%, the probability
that trabectedin was considered active in a stratum would
be 0.92. Confidence intervals were to be constructed using
the method of Chang and O’Brien.® All patients who had
two consecutive evaluations of stable disease, complete re-
mission (CR) or partial response (PR) were considered
‘responders’ for the purposes of the two-stage design.

Responses as determined by the institutional radiologist were
confirmed by central expert radiologist review.

2.4. Pharmacokinetics

During the first cycle of therapy, heparinised blood samples
(3 mL) for pharmacokinetic studies were obtained from con-
senting patients prior to the start of the trabectedin infusion
and at 1.5, 4, 8, 23.5, 24 and 26.5 h after the start of the infusion.
Plasma was obtained by centrifugation (2500g for 10 min at
4 °C) within 15 min after collection and stored at-70 °C until as-
sayed. Trabectedin plasma concentrations were measured
using a previously validated HPLC/MS/MS assay* with a lower
limit quantification of 0.05ng/mL. The trabectedin plasma
concentration-time data were analysed using non-compart-
mental methods. Day one peak trabectedin concentration
(Cmax) and time to peak concentration (Tp,ax) Were determined
from the time-concentration plots. Exposure (AUCo 54 1) Was
calculated using the linear trapezoidal method.

3. Results

ADVL0221 (Fig. 2) was open for enrolment from January 2008
through April 2010. A total of fifty patients were enroled and
all were considered eligible for this study (Table 1). The clini-
cal characteristics are depicted in Table 1.

3.1.  Dose finding phase

Fourteen patients were enroled in the dose-finding phase of
the trial (phase 1). Eight patients received the 1.3 mg/m? dose
and six received the 1.5 mg/m? dose. Amongst these 14 pa-
tients, three were not fully evaluable for toxicity due to

Table 1 - Patient characteristics (n = 50).

Characteristic n (%)
No of eligible patients 50 (100%)
Age (years) 15.5

Diagnosis
Rhabdomyosarcoma
Ewing sarcoma
Non-rhabdomyosarcoma soft tissue sarcoma (NRSTS)
Sarcoma NOS
Alveolar soft part sarcoma
Spindle cell sarcoma
Undifferentiated sarcoma
Desmoplastic small round cell tumour
Synovial sarcoma

Sex
Male
Female

Race
White
African American
Asian
Other
Unknown

(range, 4-24)

23 (46%)
16 (32%)
11 (22%)
1

NERLNNN

31 (62%)
19 (38%)

38 (76%)
7 (14%)
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Table 2 - Number of evaluable patients and dose-limiting toxicities observed among patients in the dose-finding phase of the

trial (n = 14).

Dose level (mg/m?  No. patients  No. evaluable patients ~ No. dose limiting toxicities (DLTs) Type
13 8 6 1 Fatigue GGT elevation
15 6 5 0 None

disease progression prior to completing cycle 1. Amongst the
11 evaluable patients, one of six evaluable patients at the
1.3 mg/m? dose had dose limiting grade 3 elevation of GGT
and fatigue. No DLTs were seen in the five enroled at the
1.5 mg/m? dose level (Table 2). Reversible grade 3 myelosup-
pression and reversible grade 3 elevation of AST/ALT were re-
ported in seven patients. The recommended dose for this
phase of the study was 1.5 mg/m? dose.

3.2 Phase 2 component

3.2.1. Response

Forty-two patients were available for the efficacy evaluation
component of this trial (six were from those administered
the 1.5 mg/m? dose in the phase 1 part of this study and 36 pa-
tients were enroled in the phase 2 portion). Forty patients
were fully evaluable for response. Reasons for inevaluability
included withdrawal of consent by one patient with rhabdo-
myosarcoma and non-compliance in one patient with Ewing
sarcoma (Table 3). One patient with rhabdomyosarcoma
achieved a partial response after six cycles; three patients
achieved stable disease (one rhabdomyosarcoma after 15 cy-
cles, one spindle cell sarcoma after two cycles and one Ewing
sarcoma after four cycles). The median number of cycles
administered was four (range 1-15).

3.2.2. Toxicity

Forty-one patients were fully evaluable for toxicity of whom
nine (22%) experienced a DLT (Tables 4 and 5). Eight of the
DLTs occurred during the first cycle of treatment. Two pa-
tients were removed from the study because of prolonged
myelosuppression with failure to recover their ANC counts
to eligibility criteria within 14 days. Two patients, both of
whom had central venous catheters, experienced a deep ve-
nous thrombosis, one patient required that line be removed
and treatment with anticoagulant.

3.2.3.  Pharmacokinetics

Plasma samples for pharmacokinetic analysis were obtained
from 10 patients (Fig. 1). Significant inter-patient variability
in drug disposition was observed. Trough drug concentrations
exceeded concentrations associated with anti-tumour activ-
ity within preclinical model systems. %3

4, Discussion

Trabectedin, (ecteinascidin-74, ET-743), is a natural marine
compound derived from the Caribbean tunicate Ecteinascidia
turbinata that is currently approved in Europe for the treat-
ment of advanced recurrent soft tissue sarcomas and ovarian
cancer.>® Trabectedin has produced objective responses in

Table 3 - Responses to trabectedin among evaluable patients in the phase 2 component (n = 40).

Stratum PR? SDP PD¢ Not evaluable
Rhabdomyosarcoma 1 1 18 1
Non-rhabdomyosarcoma soft tissue sarcoma (NRSTS) 0 1 9 1
Ewing sarcoma 0 1 9 1
Overall 1 3 36 2

# PR, partial response.
b gD, stable disease.
¢ PD, progressive disease.

Table 4 — Dose-limiting toxicities observed among nine patients in the phase 2 component of the trial (n = 41).

Toxicity Attribution Grade 3 Grade 4
Fatigue Definitely 1 0
GGT? Probably 7 0
AST Definitely 2 0
ALT Definitely 2 0
ANC Definitely 1
Deep venous thrombosis Definitely 1

& Gamma-g transpeptidase.
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Table 5 - Toxicities observed in 5% or more of patients at doses of 1.5 mg/m? (n = 41).

Toxicity type Number Percent
Haemoglobin 3 7
Leucocytes (total WBC) 11 27
Lymphopenia 7 17
ANC 14 34
Platelets 5 12
Fatigue 2 5
ALT, SGPT 13 32
AST, SGOT 10 24
GGT 6 15
Hypokalemia 2 5
Thrombosis/embolism (vascular access-related) 2 5

1.6

1.4

1.2
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08 é\@\
\
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ET-743 plasma concentration
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Dose (Cre AUC,... CL t., MRT
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Fig. 1 - Plasma phamacokinetic.

less than 10% of adult patients with recurrent sarcomas but
progression-free rates at 6 months have been higher than
those observed with other conventional chemotherapeutic
agents.>®1*"!8 The histologic subgroups that have benefitted
the most from this agent include leiomyosarcoma, liposar-
coma, and synovial sarcoma.'*'? In a recent open-label mul-
ticentre randomised study of adults with liposarcoma and
leiomyosarcoma, superior disease control rates were docu-
mented using a 24-h continuous infusion schedule.™

Preclinical studies using sarcoma cell lines found that tra-
bectedin is a very active drug at low concentrations readily
achievable under clinical conditions, and indicate that sar-
coma cell lines such as fibrosarcoma, malignant fibrous histi-
ocytoma, mesenchymal chondrosarcoma, liposarcoma,
malignant hemangiopericytoma and malignant mesenchy-
moma are particularly sensitive to trabectedin.’®*® In
in vitro paediatric tumour models, ICsy values ranged from
0.3 to 1 nM (72-96 h exposure) in 12/13 osteosarcoma and 6/
6 Ewing sarcoma cell lines.'"?

Our paediatric trial did not meet the required response
rates to justify further development of this drug as a single
agent in relapsed paediatric sarcomas. Although our study
was not designed to analyse progression free survival as a pri-
mary end-point, only four patients across disease cohorts,
including one patient with a PR, experienced stable disease,
which does not suggest a meaningful signal of disease stabi-
lisation for trabectedin in these relapsed sarcomas.

In adults, most common (>5%) grade 3-4 AEs in the q3wk
24-h dose group were increased ALT (12%), neutropenia (12%),
increased AST (8%) and dysponea, fatigue, nausea and vomit-
ing (7%). Haematological toxicity was substantially and con-
sistently higher in the g3wk 24-h group compared to the
gwk 3-h group: four percent of patients developed febrile neu-
tropenia in the q3wk 24-h regimen compared to less than 1%
in the qwk 3-h group. In our study, trabectedin was well toler-
ated with transient and self-resolving AEs. The incidence of
grade 3-4 AEs in our series is lower than reported in adults.
Hepatic toxicity was mainly transaminase elevation (ALT
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ADVL0221: Consort Diagram

Total enrolled
in Dose Finding Phase
(n=14)

PHASE
(Dose Finding Phase)
A

Administered 1.3 mg/m? (n=8)

Administered 1.5 mg/m? (n=6)

Enrolled additional patients
usinga two-stage design within

Totalenrolled eachstratum (n=36)

in Efficacy Phase
(n=42)

Evaluable for
toxicity (n=41)

Not evaluable for
toxicity (n=1)

PHASE 2
(Efficacy Phase)
A

Not evaluable for
response (n=1)

Evaluable for
response (n=40)

Fig. 2 - ADVL0221 diagram.

and AST, 32% and 24%, respectively). GGT elevations were also
common (15%) and were not always correlated with transami-
nitis. In line with prior experience, transaminase increases
were reversible and non-cumulative, and no patients showed
any symptoms or signs of liver failure due to treatment.
While neutropenia was the most common overall toxicity
(34%), the incidence of grade 3-4 neutropenia and febrile neu-
tropenia was extremely low (0.02%) and treatment delays or
therapy discontinuation was infrequent (<2%).

Rhabdomyolysis has been reported in adults, and associ-
ated with death in ~0.5% of patients, prior to routine use of
adjuvant corticosteroid therapy.’®?* Rhabdomyolysis has
never been reported in children receiving trabectedin and
did not occur in this trial. Of note are two patients that devel-
oped deep venous thrombosis despite the use of a central line
and one patient requiring usage of anticoagulant and removal
of the central line. One additional patient developed a myelo-
dysplastic syndrome 13 months after having completed pro-
tocol treatment and had received regimen containing other
myelotoxic drugs such as temozolomide and etoposide.

The results of this paediatric pharmacokinetics are gener-
ally similar to those observed in adults.*® Following intrave-
nous administration, trabectedin demonstrates a high
apparent volume of distribution, consistent with extensive
tissue and plasma protein binding (94-98% of trabectedin in
plasma is protein bound). Plasma clearance was high

(24.3 + 16.2 L/h/m?) and consistent with previously published
adult studies (21.2-53.7 L/h/m?). The trough concentrations
were within the range associated with activity in preclinical
models.™?

In conclusion, despite adult benefits to patients with spe-
cific subsets of sarcomas, especially leiomyosarcomas, syno-
vial cell sarcoma and liposarcomas, this trial did not
demonstrate any significant evidence of activity for trabect-
edin in children with relapsed sarcomas.
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