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Abstract Background: The phase I component of a phase I/II study defined the recommended phase II dose and established the tolerability of nab-paclitaxel monotherapy in paediatric patients with recurrent or refractory solid tumours. The activity and safety of nabpaclitaxel monotherapy was further investigated in this phase II study.
Patients and methods: Paediatric patients with recurrent or refractory Ewing sarcoma,
neuroblastoma or rhabdomyosarcoma received 240 mg/m 2 of nab-paclitaxel on days 1,
8 and 15 of each 28-day cycle. The primary end-point was the overall response rate (ORR;
complete response [CR] þ partial response [PR]). Secondary end-points included duration
of response, disease control rate (DCR; CR þ PR þ stable disease [SD]), progression-free survival, 1-year overall survival, safety and pharmacokinetics.
Results: Forty-two patients were enrolled, 14 each with Ewing sarcoma, neuroblastoma and
rhabdomyosarcoma. The ORRs were 0%, 0% and 7.1% (1 confirmed PR), respectively. The
DCRs were 30.8% (4 SD), 7.1% (1 SD) and 7.1% (1 confirmed PR and 0 SD) in the Ewing
sarcoma, neuroblastoma and rhabdomyosarcoma groups, respectively. The median
progression-free survival was 13.0, 7.4 and 5.1 weeks, respectively, and the 1-year overall survival rates were 48%, 25% and 15%, respectively. The most common grade III/4IVadverse
events were haematologic (neutropenia [50%] and anaemia [48%]), and grade III/IV peripheral
neuropathy occurred in 2 patients (14%) in the rhabdomyosarcoma group. Pharmacokinetics
analyses revealed that paclitaxel tissue distribution was both rapid and extensive.
Conclusions: In this phase II study, limited activity was observed; however, the safety of nabpaclitaxel in paediatric patients was confirmed.
Trial registration: NCT01962103 and EudraCT 2013-000144-26.
Published by Elsevier Ltd.

1. Introduction
Cancer remains the leading cause of childhood death
due to disease in the United States and Europe [1,2]
despite a relatively high 5-year survival rate (83%) in the
0- to 14-year-old population [1]. Recurrent or refractory
disease is common with certain tumour types and is
associated with poor long-term outcomes [3e7]. For
example, the 5-year overall survival (OS) rates in paediatric patients with recurrent disease are 28% for
rhabdomyosarcoma [7], 20% for neuroblastoma [4] and
23% for Ewing sarcoma [3], with little to no improvement in survival for recurrent and metastatic rhabdomyosarcoma and Ewing sarcoma for decades [8,9].
Based on these poor survival outcomes, there is a significant unmet need for more efficacious treatment options for paediatric patients with metastatic or relapsed
disease.
Taxanes have modest antitumour activity in children,
but toxicities may limit efficacious dose delivery [10e12].
The solvent-based formulation of conventional taxanes
may contribute to their associated toxicities, as has been
shown in a phase I trial in children treated with paclitaxel [12]. nab-Paclitaxel (nab-P), an albumin-bound
form of paclitaxel that is free of ethanol and Kolliphor
EL (previously known as Cremophor EL), has demonstrated safety and efficacy in adults with various solid
tumour types, including metastatic breast cancer [13],
advanced non-small-cell lung cancer [14] and metastatic
pancreatic cancer [15]. nab-P also demonstrated dosedependent cytotoxicity in several paediatric solid

tumour cell lines [16]. Furthermore, antitumour activity
was observed in mouse xenograft models of Ewing sarcoma, neuroblastoma and rhabdomyosarcoma [16e18].
Based on these preclinical results and the known efficacy
in adult patients with solid tumours, a phase I/II clinical
trial of nab-P monotherapy in paediatric patients with
solid tumours was initiated.
The phase I dose-finding portion of the study
demonstrated the feasibility of nab-P monotherapy in
paediatric patients with recurrent or refractory solid
tumours [19]. Dose-limiting toxicities occurred in 2 of 37
patients (5.4%), which included grade III dizziness
(120 mg/m2) and grade IV neutropenia lasting > 7 days
(270 mg/m2). The most common grade III/IV treatmentemergent adverse events (TEAEs) were haematologic
(neutropenia and leukopenia; 36% each). Peripheral
neuropathy is a TEAE of interest with nab-P, but the
rate of grade III peripheral neuropathy in the paediatric population (3%) was lower than the rates observed
in adults with lung or breast cancer treated with nab-P
monotherapy (5%e38%) [19,20]. In the phase I
portion of the study, the recommended phase II dose
(RP2D) of nab-P was identified as 240 mg/m2 on days 1,
8 and 15 of each 28-day cycle (qw3/4) [19].
The phase II portion of this study, conducted in
collaboration with the Innovative Therapies for Children with Cancer European Consortium (http://www.
itcc-consortium.org/), evaluated the safety and efficacy
of nab-P using the RP2D in paediatric patients with 3
specific solid tumour types: Ewing sarcoma,
neuroblastoma and rhabdomyosarcoma. Results
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describing the response rates, survival outcomes,
safety and pharmacokinetic (PK) profile are reported
here.
2. Patients and methods
2.1. Study oversight
The study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice
Guidelines of the International Council for Harmonisation. Approval from an institutional review board or
independent ethics committee was obtained from each
institution before the start of the study. Informed consent/assent was obtained from all patients or legal representatives before enrolment. The study is registered
with ClinicalTrials.gov (NCT01962103) and EudraCT
(2013-000144-26).
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rate was 21.74%, with 80% power and a 10% significance
level.
Patients received nab-P (240 mg/m2 in patients
weighing > 10 kg (as established previously [19]) and
11.5 mg/kg in patients weighing  10 kg) administered
intravenously over approximately 30 min on days 1,
8 and 15 of each 28-day cycle until disease progression,
initiation of a new anticancer treatment, withdrawal of
consent, parent/guardian/patient refusal, physician decision, unmanageable toxicity or study termination. In
children weighing  10 kg and aged  6 months, the
body surface area-based dose was converted to mg/kg by
dividing the total dose at the median body surface area
(0.41 m2) with the median weight (8.7 kg). Patients
weighing  10 kg received treatment at 1 dose level
lower during the first cycle. Treatment with non-anticancer concomitant medications was allowed at the
investigator’s discretion; all concomitant treatments
were recorded.

2.2. Study population
2.4. Study end-points and assessments
Patients aged  6 months to  24 years were eligible.
Other key inclusion criteria included radiologically
documented, measurable disease per Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1, (or
123
I-metaiodobenzylguanidine [MIBG]/Curie score for
neuroblastoma) diagnosed as Ewing sarcoma,
neuroblastoma or rhabdomyosarcoma; treatment failure with  3 prior lines of therapy; Lansky/Karnofsky
performance status  70% and adequate bone marrow
function,
assessed
as
absolute
neutrophil
count

1.0

109
cells/L,
platelet
count  80  109 cells/L (for patients with known bone
marrow involvement, the threshold was  50  109 cells/
L) and haemoglobin level  8 g/dL (transfusion was
permitted to fulfil this criterion). Key exclusion criteria
were primary brain tumour(s) or brain metastasis,
grade  II peripheral neuropathy at screening and
therapeutic-dose chemotherapy or radiotherapy  21
days before the start of study treatment.
2.3. Study design and treatment
This phase I/II open-label, multicenter, single-arm study
was conducted as described previously [19]. In addition,
phase II used a Simon 2-stage minimax design to
determine the number of patients to enrol. In stage 1, 14
patients were enrolled in each of 3 tumour types: Ewing
sarcoma, neuroblastoma and rhabdomyosarcoma.
If  2 of the 14 evaluable patients had a confirmed
complete response (CR) or partial response (PR) in
stage 1, the study would proceed to stage 2 and an
additional 9 patients would be enrolled (up to 23 total in
each tumour type). At the final analysis, the study
treatment would be concluded with more than a 5% true
response rate if  5 of 23 patients in a given tumour type
had a response. Therefore, the phase II target response

The primary end-point for phase II was investigatorassessed overall response rate (ORR, defined as the
percentage of patients who achieved a CR or PR
confirmed no less than 4 weeks after criteria for response
were first met). Secondary end-points were duration of
response (DOR, defined as the time from the date of first
observed response, either a CR or PR, until the date
progressive disease [PD] was first observed), disease
control rate (DCR, defined as the percentage of patients
who achieved either stable disease [SD] maintained
for  16 weeks or confirmed CR or PR [confirmed no
less than 4 weeks after criteria for response were first
met]), progression-free survival (PFS, defined as the time
from the date of first nab-P dose until the date PD was
first observed or date of death [any cause], whichever
occurred first), 1-year OS (OS was defined as the time
from the first dose to death from any cause), safety and
PK profile.
Response assessments were performed at screening
(up to 28 days before the start of study treatment) and
every 8 weeks (5 days) from cycle 1, day 1, until disease
progression, start of a new anticancer therapy or withdrawal of consent from the entire study. Response was
determined per RECIST, version 1.1, guidelines [21].
Patients with neuroblastoma were also assessed using
MIBG evaluation and the Curie score at screening and
every 8 weeks. Response was determined per previously
established criteria [22e24].
Disease progression occurred if the patient had disease progression per response assessment or treatment/
study discontinuation due to disease progression or
symptomatic deterioration. Patients without disease
progression who had not died were censored at the last
known time that the patient was free of progression.
Median PFS and OS were calculated using the
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Table 1
Demographics and baseline characteristics.
Characteristic
Age
Median (range), yearsa
< 2 years, n (%)
 2 to < 12 years, n (%)
 12 to < 18 years, n (%)
 18 to  24 years, n (%)
Sex, n (%)
Male
Female
Lansky/Karnofsky performance status, n (%)b
100%
90%
80%
70%
Prior systemic anticancer regimens, median (range), n
Prior cancer treatment or supportive care, n (%)
Radiation therapy
Cancer surgery
Systemic anticancer therapy
Autologous stem cell transplant
Other anticancer therapy

Ewing sarcoma n Z 14 Neuroblastoma n Z 14 Rhabdomyosarcoma n Z 14 Total
N Z 42
8.5 (4e18)
0
10 (71)
3 (21)
1 (7)

7.0 (1e15)
1 (7)
11 (79)
2 (14)
0

14.0 (3e24)
0
5 (36)
7 (50)
2 (14)

8.0 (1e24)
1 (2)
26 (62)
12 (29)
3 [7]

8 (57)
6 (43)

9 (64)
5 (36)

5 (36)
9 (64)

22 (52)
20 (48)

6 (43)
6 (43)
2 (14)
0
2.5 (2.0e3.0)
14 (100)
12 (86)
10 (71)
14 (100)
3 (21)
1 (7)

10 (71)
1 (7)
2 (14)
1 (7)
2.0 (1.0e3.0)
14 (100)
10 (71)
11 (79)
14 (100)
10 (71)
6 (43)

7 (50)
5 (36)
1 (7)
1 (7)
2.0 (1.0e3.0)
14 (100)
10 (71)
6 (43)
14 (100)
0
0

23 (55)
12 (29)
5 (12)
2 (5)
2.0 (1.0e3.0)
42 (100)
32 (76)
27 (64)
42 (100)
13 (31)
7 (17)

Age was calculated as integer  ([date of informed consent e date of birth þ 1]/365.25).
Reported as a combination of Karnofsky performance status (patients  12 years old) and Lansky performance status (patients < 12 years
old).
a

b

KaplaneMeier method, while 95% confidence interval
(CIs) were determined using the Greenwood method.
Safety was assessed through clinical evaluations, vital
sign measurements, laboratory tests and adverse event
(AE) monitoring. AEs were analysed in terms of TEAEs
(any AE that began or worsened on or after the start of
nab-P through 28 days after the last dose) and documented per National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. AEs
were categorised per Medical Dictionary for Regulatory
Activities, version 20.0, and summarised by system
organ class and preferred term.
A population PK model was developed based on
both the dense PK data from phase I and the sparse PK
data from phase II. Blood samples were collected at
cycle 1, day 1, from all patients in both phase I and II
portions of the study. In phase I, samples were collected
over 24 h for patients < 6 years old (1e2 min before the
end of infusion, 15 min, 3 h, 5 h and 24 h after the end of
infusion) and over 72 h for patients  6 years old
(1e2 min before the end of infusion, 15 min, 1, 3, 5, 8,
24, 48 and 72 h after the end of infusion). In phase II,
samples were collected over 24 h (15 min, 3 h and 24 h
after the end of infusion). The population PK analysis
was performed using non-linear mixed-effect modelling
(NONMEM, version 7.3) with the first order conditional estimation and the INTERACTION option.
Evaluation of the PK model and the results were further
analysed using Râ (version 3.4.2). Concentration data
obtained from both the dense and sparse PK sampling
were combined to develop the population PK model.
Effects of age and body size on nab-P PK were assessed.

For this study, a previously described threecompartment model with saturable distribution and
elimination [25] was reevaluated to fit concentrations
collected. Non-linear mixed-effects models were fitted to
the concentrationetime data of paclitaxel described by
the three-compartment structural PK model. The quality of fit of structural population PK models was
assessed using a variety of model discrimination tools.
The performance of the final population PK model of
paclitaxel was evaluated with non-parametric bootstrap
resampling and visual predictive check. The final population PK model was then used to predict paclitaxel
exposure measures area under the blood concentrationtime curve (AUC and Cmax) after administration of
nab-P.
3. Results
3.1. Patient demographics and disposition
A total of 42 patients were enrolled in phase II: 14 each
with Ewing sarcoma, neuroblastoma and rhabdomyosarcoma. The median age was 8.5, 7.0 and 14.0 years in
the Ewing sarcoma, neuroblastoma and rhabdomyosarcoma groups, respectively (Table 1). All patients
discontinued treatment. A total of 34 patients discontinued due to PD (11 with Ewing sarcoma, 12 with
neuroblastoma and 11 with rhabdomyosarcoma), 4 patients discontinued due to symptomatic deterioration
not fulfilling RECIST criteria for PD (2 each with Ewing
sarcoma and neuroblastoma) and 4 patients discontinued due to AEs (1 with Ewing sarcoma
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[peripheral sensorimotor neuropathy] and 3 with rhabdomyosarcoma [peripheral sensory neuropathy, 2 patients, and neuralgia]).
3.2. Response
The efficacy-evaluable population included 13 patients
in the Ewing sarcoma group (1 patient failed to meet the
eligibility criteria relevant to efficacy) and 14 patients
each in the neuroblastoma and rhabdomyosarcoma
groups. One patient with rhabdomyosarcoma had a
confirmed PR (ORR, 7.1%). No confirmed CR or PR
was observed in patients with Ewing sarcoma or neuroblastoma (Table 2). Confirmed SD was achieved in 4
patients with Ewing sarcoma (30.8%) and 1 patient with
neuroblastoma (7.1%). In the rhabdomyosarcoma
group, the patient who achieved a confirmed PR experienced a DOR of 6.1 weeks. Based on the ORRs, the
study did not progress to stage 2 of the Simon 2-stage
minimax design in any of the 3 groups. A total of 5
patients achieved an unconfirmed PR: 2 (15.4%) in the
Ewing sarcoma group and 3 (21.4%) in the rhabdomyosarcoma group. DCRs were 30.8%, 7.1% and 7.1%
in the Ewing sarcoma, neuroblastoma and rhabdomyosarcoma groups, respectively.
3.3. Survival
Survival was assessed for patients in the efficacyevaluable population (Table 3). The median PFS in
the Ewing sarcoma, neuroblastoma and rhabdomyosarcoma groups was 13.0, 7.4 and 5.1 weeks, respectively
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(Table 3 and Fig. 1). The 1-year OS rates were 48%,
25% and 15%, while the median OS was 32.1, 26.7 and
19.6 weeks in the Ewing sarcoma, neuroblastoma and
rhabdomyosarcoma groups, respectively (Table 3 and
Fig. 2).
3.4. Treatment exposure
Patients in the Ewing sarcoma, neuroblastoma and
rhabdomyosarcoma groups received a median of 4.0,
2.0 and 2.0 treatment cycles, with a median treatment
duration of 14.0, 7.0 and 5.0 weeks, respectively (Table
4). Patients received a median cumulative dose of
2389.11, 1281.59 and 941.35 mg/m2, respectively. Dose
reductions ( 1) occurred in 14 patients, while dose interruptions ( 1) occurred in 5 patients. All dose reductions and most interruptions (4 of 5 interruptions;
80%) were due to AEs.
3.5. Safety
All 14 patients in each of the 3 tumour types were
included in the safety population. TEAEs of any grade
occurred in 100% of patients in all groups. Grade III/IV
TEAEs occurred in 86%, 93% and 86% of patients in the
Ewing sarcoma, neuroblastoma and rhabdomyosarcoma groups, respectively (Table 5). Grade III/IV haematologic TEAEs were the most common, with grade
III/IV neutropenia occurring in 21 patients (50%) and
grade III/IV anaemia occurring in 20 patients (48%).
Peripheral neuropathy of any grade occurred in 8 patients (19%), with grade III/IV peripheral neuropathy

Table 2
Response rates per RECIST version 1.1 and/or MIBG response (neuroblastoma group only; efficacy-evaluable population).
Response
Confirmed response, n (%)
Complete response
Partial response
Stable disease
ORR, n (%)
DCR, n (%)
Best overall response, n (%)b
Complete response
Partial response
Stable disease
 16 weeks
< 16 weeks
Progressive disease
Symptomatic deteriorationc
Not evaluable

Ewing sarcoma n Z 13

Neuroblastomaa n Z 14

Rhabdomyosarcoma n Z 14

Total
N Z 41

0
0
4 (30.8)
0
4 (30.8)

0
0
1 (7.1)
0
1 (7.1)

0
1 (7.1)
0
1 (7.1)
1 (7.1)

0
1
5
1
6

0
2
5
3
2
5
1
0

0
0
1 (7.1)
1 (7.1)
0
10 (71.4)
2 (14.3)
1 (7.1)d

0
3 (21.4)
0
0
0
11 (78.6)
0
0

0
5 (12.2)
6 (14.6)
4 (9.8)
2 (4.9)
26 (63.4)
3 (7.3)
1 (2.4)

(15.4)
(38.5)
(23.1)
(15.4)
(38.5)
(7.7)

(2.4)
(12.2)
(2.4)
(14.6)

DCR, disease control rate; ORR, overall response rate; RECIST, Response Evaluation Criteria in Solid Tumors; MIBG, 123Imetaiodobenzylguanidine.
a
For patients with neuroblastoma who had both RECIST, version 1.1, and Curie score tumour evaluations, both tumour response results were
considered and an overall response was derived.
b
Best overall response was based on unconfirmed responses.
c
Patients discontinuing treatment due to symptomatic deterioration before a tumour assessment was conducted.
d
Patient was started on another therapy but still had a tumour assessment performed.
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Table 3
PFS and OS (efficacy-evaluable population).
Survival outcomea

Ewing sarcoma n Z 13

Neuroblastoma n Z 14

Rhabdomyosarcoma n Z 14

Total
N Z 41

Follow-up time, median (range), weeks
PFS
Median (95% CI), weeks
2-month rate (95% CI), %
6-month rate (95% CI), %
OS
Median (95% CI), weeks
2-month rate (95% CI), %
6-month rate (95% CI), %
12-month rate (95% CI), %

24.9 (7.6e66.7)

19.4 (3.4e59.6)

18.3 (1.4e66.3)

21.4 (1.4e66.7)

13.0 (7.4e16.1)
54 (25e76)
15 (2e39)

7.4 (4.6e8.1)
16 (3e40)
NE

5.1 (2.1e7.9)
21 (5e45)
NE

7.6 (7.2e8.1)
30 (17e45)
6 (1e18)

32.1 (16.7-NE)
92 (57e99)
65 (31e85)
48 (14e76)

26.7 (12.0-NE)
86 (54e96)
59 (27e81)
25 (4e54)

19.6 (4.0e25.7)
70 (38e87)
23 (6e48)
15 (2e39)

25.7 (19.6e33.0)
83 (67e91)
48 (31e63)
29 (14e46)

CI, confidence interval; NE, not evaluable; OS, overall survival; PFS, progression-free survival.
a
Median PFS and OS times were estimated using the KaplaneMeier method; 95% CI for median time to PFS and OS events using the
Greenwood method.

occurring only in 2 patients (14%) in the rhabdomyosarcoma group. No treatment-related TEAEs leading to
death were reported.
3.6. nab-P PK profile
In the phase I part of the study, whole blood paclitaxel
volume of distribution, clearance (CL) and half-life
remained constant over the 120e240 mg/m2 dose
range but increased at the 270 mg/m2 dose level. At the
RP2D of 240 mg/m2, the mean CL of paclitaxel and the
mean terminal half-life were 19.1 L/h and 13.5 h,
respectively.
None of the tested covariates (using NONMEM)
were retained in the final population PK model of nabP. Final population PK parameters of nab-P were as
follows (based on all patients for each tumour type). The
maximum elimination rate from the central compartment (VMEL) was 31,983 mg/h, and the concentration in
the central compartment at 50% of VMEL was 951 mg/
L. The volume of distribution of the central compartment (V1) was 11.8 L. The intercompartmental clearance between the central compartment and first

peripheral compartment (Q2) was 22.4 L/h. The volume
of distribution of the first peripheral compartment (V2)
was 545 L. Intercompartmental clearance between the
central compartment and second peripheral compartment (Q3) was 34.8 L/h. The volume of distribution of
the second peripheral compartment (V3) was 45.3 L.
The estimated allometric function for VMEL, Q2 and
Q3 was 1.12, while that for V1, V2 and V3 was 0.888.

4. Discussion
The primary outcome of the phase II study revealed
ORRs of 0%, 0% and 7.1% (1 confirmed PR) in patients
with Ewing sarcoma, neuroblastoma and rhabdomyosarcoma, respectively; therefore, stage 2 of the trial was
not initiated in any of the disease groups. The current
phase I/II study revealed a manageable safety profile of
weekly nab-P monotherapy in paediatric patients. The
phase II results confirmed the safety findings from phase
Idthe most common TEAEs were haematologic, and
the incidence of grade III/IV peripheral neuropathy was
low. No new safety signals were identified in paediatric

Fig. 1. PFS in patients with Ewing sarcoma, neuroblastoma and rhabdomyosarcoma (efficacy-evaluable population). PFS, progressionfree survival.

L. Amoroso et al. / European Journal of Cancer 135 (2020) 89e97

95

Fig. 2. OS in patients with Ewing sarcoma, neuroblastoma and rhabdomyosarcoma (efficacy-evaluable population). NE, not evaluable;
OS, overall survival.

Table 4
Treatment exposure and dose modifications (safety population).
Parameter
Treatment exposure
Treatment cycles, median (range), n
Treatment duration, median (range), weeksa
Relative dose intensity, median (range), %b
Cumulative dose, median (range), mg/m2
Dose modifications
1 dose reduction, n (%)
Time to first dose reduction, median (range),
weeks
1 dose interruption, n (%)
Time to first dose interruption, median (range),
weeks
a
b

Ewing sarcoma
n Z 14

Neuroblastoma
n Z 14

Rhabdomyosarcoma
n Z 14

Total
N Z 42

4.0 (1e6)
14.0 (3e31)
97.58 (81.3e102.2)
2389.11 (720.0
e4125.0)

2.0 (1e6)
7.0 (3e23)
97.94 (77.3e102.8)
1281.59 (700.9
e3345.6)

2.0 (1e4)
5.0 (1e13)
99.44 (64.3e101.0)
941.35 (236.4e2115.7)

2.0 (1e6)
7.0 (1e31)
98.63 (64.3e102.8)
1419.59 (236.4
e4125.0)

4 (29)
8 (5e20)

6 (43)
4 (2e8)

4 (29)
5 (2e9)

14 (33)
5 (2e20)

2 (14)
8 (6e10)

2 (14)
4 (2e6)

1 (7)
3 (3e3)

5 (12)
6 (2e10)

Treatment duration was calculated as ([date of last study drug administration]  [date of first study drug administration] þ 7)/7.
Relative dose intensity was defined as 100  average dose intensity divided by planned dose intensity.

patients compared with those observed in other studies
of adults with various solid tumours.
In phase I of this study, which included patients with
Ewing
sarcoma,
neuroblastoma,
rhabdomyosarcoma and osteosarcoma, the ORR and
DCR for all patients were 8.6% and 17.2%, respectively,
which included 2 responses (1 CR and 1 PR) among
patients with Ewing sarcoma and 1 PR among patients
with rhabdomyosarcoma [19]. The phase II results
revealed lower ORRs (0%, 0% and 7.1%) and varied
DCRs (30.8%, 7.1%, and 7.1%) in the Ewing sarcoma,
neuroblastoma and rhabdomyosarcoma groups,
respectively. Differences in response rates between study
phases may be attributed to the different inclusion
criteria: phase I did not restrict the type of solid tumour
required for patient enrolment, while only patients with
Ewing sarcoma, neuroblastoma or rhabdomyosarcoma
were enrolled in phase II. Although ORRs were low in
phase II, SD rates and early indications of response
(initially determined to be PR but unconfirmed until  4
weeks after the criteria for response were first met) were
encouraging: 5 patients (38.5%) achieved SD and 2

(15.4%) achieved an unconfirmed PR in the Ewing sarcoma group, 1 patient (7.1%) achieved SD in the neuroblastoma group and 3 patients (21.4%) achieved an
unconfirmed PR, 1 of whom had a confirmed PR, in the
rhabdomyosarcoma group.
The three-compartment model with saturable elimination adequately described the observed whole-blood
concentrations of nab-P in this patient population. The
results are consistent with the saturable elimination at
higher doses, as well as the deep distribution of nab-P
that was previously observed in adult patients with
advanced or metastatic solid tumours [25]. In addition,
the mean paclitaxel CL and terminal half-life data
collected at the RP2D of 240 mg/m2 from the phase I
part of the study were consistent with those reported
previously in adult patients [26].
Based on the primary outcome, stage 2 of the trial
was not initiated in any of the disease groups due to the
lack of activity in stage 1. However, this study confirmed
the tolerability of nab-P in the paediatric population
that was established in the phase I portion [19]. Disease
control was achieved in 31% of patients with Ewing
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Table 5
Grade III/IV TEAEs in 2 patients in any phase II group (by system organ class and preferred term; safety population).
Event, n (%)a

Ewing sarcoma n Z 14 Neuroblastoma n Z 14 Rhabdomyosarcoma n Z 14 Total
N Z 42

Patients with 1 TEAE
12 (86)
Blood and lymphatic system disorders
10 (71)
Neutropenia
6 (43)
Anaemia
5 (36)
Leukopenia
5 (36)
Thrombocytopenia
0
Febrile neutropenia
1 (7)
Lymphopenia
2 (14)
General disorders and administration site conditions 1 (7)
General physical health deterioration
0
Nervous system disorders
0
Headache
0
Metabolism and nutrition disorders
3 (21)
Hypokalemia
2 (14)
Peripheral neuropathyb
0

13 (93)
12 (86)
8 (57)
8 (57)
6 (43)
5 (36)
0
0
2 (14)
2 (14)
1 (7)
1 (7)
0
0
0

12 (86)
11 (79)
7 (50)
7 (50)
5 (36)
2 (14)
3 (21)
0
2 (14)
1 (7)
4 (29)
2 (14)
1 (7)
0
2 (14)

37 (88)
33 (79)
21 (50)
20 (48)
16 (38)
7 (17)
4 (10)
2 (5)
5 (12)
3 (7)
5 (12)
3 (7)
4 (10)
2 (5)
2 (5)

AE, adverse event; TEAE, treatment-emergent adverse event.
a
Patients with multiple AEs were counted once for each system organ class and/or preferred term using worst reported grade.
b
Peripheral neuropathy includes the preferred terms peripheral sensory neuropathy, neuralgia, paraesthesia, peripheral motor neuropathy,
dysaesthesia, muscular weakness, neuropathy peripheral and peripheral sensorimotor neuropathy.

sarcoma, with a median PFS of 13 weeks. Notably, this
study investigated nab-P as monotherapy for safety
purposes. The overall findings from this study do not
support further development of nab-P in paediatric
patients.
Funding
This work was supported by Bristol-Myers Squibb
Company, Princeton, NJ.
Conflict of interest statement
G.B. reports serving in a consulting or advisory role
for Clinigen Group and receiving travel expenses from
Jazz Pharmaceuticals. J.C.C. reports serving in a
consulting or advisory role for Bayer and Roche. F.D.
reports serving in a consulting or advisory role for
Bristol-Myers Squibb and Celgene (a Bristol-Myers
Squibb Company), from which his institution has
received funds, and receiving travel expenses from
Bristol-Myers Squibb. L.M. reports serving in a
consulting or advisory role for Novartis, AstraZeneca,
Roche Genentech, Bayer, Amgen and MundiPharma;
receiving honoraria for educational events from Celgene
(a Bristol-Myers Squibb Company) and Novartis and
receiving travel expenses from MundiPharma, Celgene
(a Bristol-Myers Squibb Company) and Amgen. S.G.M.
reports being in a paid advisory role for Loxo Oncology
and Clinigen Group for work performed outside of the
current study. R.S. reports serving as an employee of
and holding stock/ownership in Bristol-Myers Squibb.
N.C. reports serving as an employee of and holding
stock/ownership in Bristol-Myers Squibb. Y.l.-B. reports serving as an employee of Celgene (a Bristol-

Myers Squibb Company) International A Bristol-Myers
Squibb Company and holding stock/ownership in
Bristol-Myers Squibb. M.S. reports serving as an
employee of Celgene (a Bristol-Myers Squibb Company)
International A Bristol-Myers Squibb Company and
holding stock/ownership in Bristol-Myers Squibb. G.V.
reports receiving travel expenses from Bristol-Myers
Squibb. All other authors declare no conflict of interest

Acknowledgements
The authors thank all the patients and their families,
as well as the medical teams at the centers for their
participation in the trial. The authors also thank Yan Li
for conducting pharmacokinetic experiments for the
study. Writing assistance was provided by Rebecca
Tweedell, PhD, of MediTech Media, Ltd, through
funding by Bristol-Myers Squibb Company. The authors are fully responsible for all content and editorial
decisions for this manuscript. J.C.C. is supported by
National Health Service funding to the National Institute for Health Research Biomedical Research Centre of
the Royal Marsden Hospital. L.M. was supported by a
Juan Rodés Research Fellowship of Instituto de Salud
Carlos III (Instituto de Investigación Sanitaria La
Princesa).

References
[1] American Cancer Society. Cancer facts & figures 2018. 2018.
[2] Kyu HH, Stein CE, Boschi Pinto C, et al. Causes of death among
children aged 5-14 years in the WHO European Region: a systematic analysis for the Global Burden of Disease Study 2016.
Lancet Child Adolesc Health 2018;2(5):321e37. https:
//doi.org/10.1016/S2352-4642(18)30095-6.

L. Amoroso et al. / European Journal of Cancer 135 (2020) 89e97
[3] Barker LM, Pendergrass TW, Sanders JE, Hawkins DS. Survival
after recurrence of Ewing’s sarcoma family of tumors. J Clin
Oncol
2005;23(19):4354e62.
https:
//doi.org/10.1200/JCO.2005.05.105.
[4] London WB, Castel V, Monclair T, et al. Clinical and biologic
features predictive of survival after relapse of neuroblastoma: a
report from the International Neuroblastoma Risk Group project.
J
Clin
Oncol
2011;29(24):3286e92.
https:
//doi.org/10.1200/JCO.2010.34.3392.
[5] Pappo AS, Anderson JR, Crist WM, et al. Survival after relapse
in children and adolescents with rhabdomyosarcoma: a report
from the Intergroup Rhabdomyosarcoma Study Group. J Clin
Oncol
1999;17(11):3487e93.
https:
//doi.org/10.1200/JCO.1999.17.11.3487.
[6] Modak S, Cheung NK. Neuroblastoma: therapeutic strategies for
a clinical enigma. Canc Treat Rev 2010;36(4):307e17. https:
//doi.org/10.1016/j.ctrv.2010.02.006.
[7] Mazzoleni S, Bisogno G, Garaventa A, et al. Outcomes and
prognostic factors after recurrence in children and adolescents
with nonmetastatic rhabdomyosarcoma. Cancer 2005;104(1):
183e90. https://doi.org/10.1002/cncr.21138.
[8] Perkins SM, Shinohara ET, DeWees T, Frangoul H. Outcome
for children with metastatic solid tumors over the last four
decades.
PloS
One
2014;9(7):e100396.
https:
//doi.org/10.1371/journal.pone.0100396.
[9] Huang M, Lucas K. Current therapeutic approaches in metastatic
and recurrent ewing sarcoma. Sarcoma 2011;2011:863210. https:
//doi.org/10.1155/2011/863210.
[10] Blaney SM, Seibel NL, O’Brien M, et al. Phase I trial of docetaxel
administered as a 1-hour infusion in children with refractory solid
tumors: a collaborative pediatric branch, National Cancer Institute and Children’s Cancer Group trial. J Clin Oncol 1997;15(4):
1538e43. https://doi.org/10.1200/JCO.1997.15.4.1538.
[11] Geller JI, Wall D, Perentesis J, Blaney SM, Bernstein M, Pediatric
Oncology Group s. Phase I study of paclitaxel with standard dose
ifosfamide in children with refractory solid tumors: a Pediatric
Oncology Group study (POG 9376). Pediatr Blood Canc 2009;
52(3):346e50. https://doi.org/10.1002/pbc.21820.
[12] Doz F, Gentet JC, Pein F, et al. Phase I trial and pharmacological
study of a 3-hour paclitaxel infusion in children with refractory
solid tumours: a SFOP study. Br J Canc 2001;84(5):604e10. https:
//doi.org/10.1054/bjoc.2000.1637.
[13] Gradishar WJ, Tjulandin S, Davidson N, et al. Phase III trial of
nanoparticle albumin-bound paclitaxel compared with polyethylated castor oil-based paclitaxel in women with breast cancer.
J
Clin
Oncol
2005;23(31):7794e803.
https:
//doi.org/10.1200/JCO.2005.04.937.
[14] Socinski MA, Bondarenko I, Karaseva NA, et al. Weekly nabpaclitaxel in combination with carboplatin versus solvent-based
paclitaxel plus carboplatin as first-line therapy in patients with
advanced non-small-cell lung cancer: final results of a phase III
trial.
J
Clin
Oncol
2012;30(17):2055e62.
https:
//doi.org/10.1200/JCO.2011.39.5848.

97

[15] Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in
pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl J
Med 2013;369(18):1691e703. https://doi.org/10.1056/NEJMoa
1304369.
[16] Zhang L, Marrano P, Kumar S, et al. Nab-paclitaxel is an active
drug in preclinical model of pediatric solid tumors. Clin Canc Res
2013;19(21):5972e83. https://doi.org/10.1158/1078-0432.CCR-131485.
[17] Houghton PJ, Kurmasheva RT, Kolb EA, et al. Initial testing
(stage 1) of the tubulin binding agent nanoparticle albumin-bound
(nab) paclitaxel (Abraxane((R))) by the Pediatric Preclinical
Testing Program (PPTP). Pediatr Blood Canc 2015;62(7):
1214e21. https://doi.org/10.1002/pbc.25474.
[18] Wagner LM, Yin H, Eaves D, Currier M, Cripe TP. Preclinical
evaluation of nanoparticle albumin-bound paclitaxel for treatment of pediatric bone sarcoma. Pediatr Blood Canc 2014;61(11):
2096e8. https://doi.org/10.1002/pbc.25062.
[19] Moreno L, Casanova M, Chisholm JC, et al. Phase I results of a
phase I/II study of weekly nab-paclitaxel in paediatric patients
with recurrent/refractory solid tumours: a collaboration with
innovative therapies for children with cancer. Eur J Canc 2018;
100:27e34. https://doi.org/10.1016/j.ejca.2018.05.002.
[20] Peng L, Bu Z, Ye X, Zhou Y, Zhao Q. Incidence and risk of
peripheral neuropathy with nab-paclitaxel in patients with cancer:
a meta-analysis. Eur J Canc Care 2017;26(5). https:
//doi.org/10.1111/ecc.12407.
[21] Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Canc 2009;45(2):228e47. https:
//doi.org/10.1016/j.ejca.2008.10.026.
[22] Matthay KK, Edeline V, Lumbroso J, et al. Correlation of early
metastatic response by 123I-metaiodobenzylguanidine scintigraphy with overall response and event-free survival in stage IV
neuroblastoma. J Clin Oncol 2003;21(13):2486e91. https:
//doi.org/10.1200/JCO.2003.09.122.
[23] Matthay KK, Shulkin B, Ladenstein R, et al. Criteria for evaluation of disease extent by (123)I-metaiodobenzylguanidine scans
in neuroblastoma: a report for the international neuroblastoma
risk group (INRG) task force. Br J Canc 2010;102(9):1319e26.
https://doi.org/10.1038/sj.bjc.6605621.
[24] Ady N, Zucker JM, Asselain B, et al. A new 123I-MIBG whole
body scan scoring method–application to the prediction of the
response of metastases to induction chemotherapy in stage IV
neuroblastoma. Eur J Canc 1995;31A(2):256e61. https:
//doi.org/10.1016/0959-8049(94)00509-4.
[25] Chen N, Li Y, Ye Y, Palmisano M, Chopra R, Zhou S. Pharmacokinetics and pharmacodynamics of nab-paclitaxel in patients
with solid tumors: disposition kinetics and pharmacology distinct
from solvent-based paclitaxel. J Clin Pharmacol 2014;54(10):
1097e107. https://doi.org/10.1002/jcph.304.
[26] Ibrahim NK, Desai N, Legha S, et al. Phase I and pharmacokinetic
study of ABI-007, a Cremophor-free, protein-stabilized, nanoparticle formulation of paclitaxel. Clin Canc Res 2002;8(5):1038e44.

