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Abstract
Background and purpose  Glioblastoma (GBM) is the most aggressive and frequent subtype of all malignant gliomas. At 
the time of recurrence, therapeutic options are lacking. Ortataxel, a second-generation taxane was reported to be effective 
in pre-clinical and phase I clinical studies. The aim of this study was to evaluate a potential therapeutic activity of ortataxel 
in patients with GBM recurring after surgery and first line treatment.
Methods  In this phase II study, according to a two stage design, adult patients with histologically confirmed GBM in recur-
rence after surgery or biopsy, standard radiotherapy and chemotherapy with temozolomide were considered eligible. Patients 
included were treated with ortataxel 75 mg/m2 i.v. every 3 weeks until disease progression. The primary objective of the 
study was to evaluate the activity of ortataxel in terms of progression free survival (PFS) at 6 months after the enrollment. 
PFS, overall survival at 9 months after the enrollment, objective response rate, compliance and safety were evaluated as 
secondary endpoints.
Results  Between Nov 26, 2013 and Dec 12, 2015, 40 patients were recruited across six centres. The number of patients alive 
and free from progression at 6 months after the enrollment, observed in the first stage was four (11.4%), out of 35 patients 
included in the analysis, below the minimum number of events (7 out of 33) required to continue the study with the second 
stage The most important toxicities were neutropenia and hepatotoxicity that occurred in 13.2% of patients and leukopenia 
that occurred in 15.8% of patients.
Conclusion  Overall ortataxel treatment fail to demonstrate a significant activity in recurrent GBM patients. However in a 
limited number of patients the drug produced a benefit that lasted for a long time.
Trial registration: This study is registered with ClinicalTrials.gov, number NCT01989884.
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Introduction

The incidence of primary CNS tumors in Europe is about 
5/100,000 cases per year and malignant gliomas account for 
about 90% [1]. Among all malignant gliomas, glioblastoma Electronic supplementary material  The online version of this 

article (https​://doi.org/10.1007/s1106​0-019-03116​-z) contains 
supplementary material, which is available to authorized users.
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(GBM) accounts for 60–70% and it remains the most aggres-
sive subtype as well as the most frequently diagnosed in 
adults, with a median age onset of 64 years. With 1- and 
5-year overall survival (OS) rates of 29% and 3%, respec-
tively, the prognosis of GBM remains poor [2]. Even with 
current standard of care [3] for newly diagnosed GBM, the 
majority of GBMs recur within a year. At the time of recur-
rence, therapeutic options are lacking and the development 
of more effective therapeutic approaches is imperative. The 
available salvage therapies are modestly effective, and no 
single treatment can be considered the standard of care. 
Available options include: repeat surgery, stereotactic radio-
surgery, combinations of repeat surgery with local/second 
line chemotherapy [4], re-challenge with metronomic temo-
zolomide [5, 6], anti-angiogenic treatment with bevacizumab 
[7],and fotemustine [8], with the proportion of disease-free 
patients at 6 months (PFS-6) is 15%. None of therapeutic 
options explored are supported by class I evidence obtained 
in a randomized, controlled, phase III trials, except for 
repeat surgery followed by locoregional nitrosourea (Glia-
del), which was shown to be superior to repeat surgery alone 
by Brem and colleagues [9]. Among all mentioned options, 
fotemustine, a third generation nitrosourea, is one of the 
most practiced in the setting of GBM relapse. Fotemustine 
has shown a response rate up to 70% in sporadic retrospec-
tive series of patients with recurrent malignant gliomas [10]. 
More recent studies suggest interesting PFS-6 ranging from 
20.9 to 48% with most reports around 20% [11] up to 26.7% 
[12] although in association with procarbazine.

Although taxanes such as paclitaxel and docetaxel are 
active in vitro against glioblastoma cell lines (U-87 MG and 
U-118 MG) they are not potentially effective drugs in vivo 
as they do not cross the blood–brain barrier (BBB) [13, 14]. 
Some molecules, analogs to first generation taxanes (named 
taxane of second generation) showed, in preclinical mod-
els, the ability to cross the BBB, and have been tested for 
antitumor activity also in human glioblastoma xenografts 
in comparison with paclitaxel and docetaxel. Speculatively, 
the penetration of these second-generation taxanes in the 
central nervous system (CNS) is related to the fact that they 
are a poor substrate of P-gp170, which are known to play 
an inhibitory role in the BBB passage of xenobiotica in the 
CNS.

Cabazitaxel is one of these analogs that was tested in 
different animal species bearing intracranial human glioblas-
toma (SF295; U251) xenografts and showed greater activity 
compared with docetaxel [15].

Ortataxel, another second-generation taxane tested in 
pre-clinical and clinical studies showed activity in differ-
ent tumors [16–19] and was reported to be effective also 
against orthotopically implanted human glioblastoma xeno-
grafts [20]. This peculiar feature along with the safety profile 
that emerged from the phase I studies [19], prompted us to 

hypothesize the potential therapeutic activity of ortataxel 
against glioblastoma and subsequently led us to design a 
phase two study in patients with glioblastoma recurring after 
surgery and first line treatment.

Materials and methods

Patients

Patients ≥ 18 years with histologically confirmed GBM 
(World Health Organization [WHO] grade IV astrocytoma) 
in recurrence/progression after surgery or biopsy, standard 
radiotherapy and chemotherapy with temozolomide were 
eligible for the study. Eligible patients had a Karnofsky 
performance status (KPS) ≥ 60% and adequate hematologic, 
renal, and hepatic function. Patients who were receiving 
corticosteroids had to receive a stable or decreasing dose 
within 5 days prior to registration. Patients with a pre-exist-
ing peripheral neuropathy, grade ≥ 2 were not eligible for 
the study entry. More detailed information are reported in 
the study protocol (supplementary material). All patients 
were evaluated before and at regular intervals during their 
participation in this study. Safety evaluations consisted of 
medical interviews, recording of adverse events, physical 
examination, measurement of vital signs, electrocardiograms 
(ECGs), and laboratory measurements (haematology, chem-
istry, and urinalysis).

Study design and treatment

This was a randomized, non-comparative phase II study, that 
included a calibration arm with fotemustine. Patients with 
GBM at first recurrence and fulfilling the eligibility crite-
ria were randomized with a 2:1 ratio to receive ortataxel or 
fotemustine. On October 2014, due to the low accrual rate 
the study was amended, the enrollment of patients in the 
calibration arm was closed modifying the design to a single 
arm study. All subsequent information concern the clini-
cal trial protocol as it was carried out after the amendment; 
data on the patients treated in the calibration arm were not 
reported in this paper.

The primary objective of the study was to evaluate the 
efficacy of ortataxel in terms of PFS-6. PFS, overall survival 
at 9 months (OS-9) after the enrollment, objective response 
rate (ORR), compliance, tolerability and safety were evalu-
ated as secondary endpoints. The ortataxel schedule used 
in this study was 75 mg/m2 i.v. every 3 weeks based on the 
MTD resulting from the phase I study [19] in 26 patients 
with refractory solid tumors.

A premedication with ranitidine, diphenhydramine and 
dexamethasone was administered. Patients were assessed 
every 3 weeks during the treatment, including physical 
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examination and KPS. To characterize the safety and tol-
erability profile of ortataxel, patients were carefully moni-
tored throughout the study. The adverse events (AEs) and 
serious adverse events (SAEs) were collected according to 
the National Cancer Institute’s Common Terminology Cri-
teria for Adverse Events (NCI-CTCAE) version 4.0. Disease 
assessments were performed every 6 weeks after the date of 
enrollment using the Response Assessment in Neuro-Oncol-
ogy (RANO) criteria [21]. Study treatment continued until 
disease progression, unacceptable toxicity, patient or physi-
cian decision to discontinue. For patients who discontinued 
treatment for reasons other than progressive disease, disease 
assessments were performed every 6 weeks until the first 
progression. After progression, survival follow-up informa-
tion were collected via patient medical records, and/or clinic 
visits every 6 weeks until 9 months from the enrollment, 
death, loss to follow-up, or patient decision to discontinue 
participation in survival follow-up.

The protocol was approved by the Competent Authority 
and the Ethics Committees at the participating sites. The 
study was conducted in accordance with the Declaration of 
Helsinki and Good Clinical Practice guidelines. This study 
is registered with ClinicalTrials.gov, number NCT01989884.

Sample size calculation

The sample size calculation was based on the considerations 
that a PFS-6 of 20% is of no therapeutic interest, while a 
PFS-6 of at least 35% is relevant. The type I and type II 
error probabilities were fixed to 10%, one-sided and 10% 
(power = 90%), respectively. According to the Simon Opti-
mal model, this phase II study had a two-stage design. At the 
first stage, if 7 or more patients out of the first 33 included 
and considered eligible for the per-protocol (PP) population 
remained alive and progression free after 6 months from 
enrollment, the total number of patients would be increased 
to 58, otherwise the study would be stopped for futility. 
Taking into account a 10% of patients not evaluable for the 
primary endpoint, it would be necessary to enroll approxi-
mately 37 for the first stage and up to 64 for the second 
stage.

Statistical methods and considerations

PFS-6 was defined as the percentage of patients who were 
alive and progression free at 6 months after the enrollment. 
Progression-free survival (PFS) was defined as the time 
from the date of enrollment up to the date of first progres-
sion, second primary malignancy or death from any cause, 
whichever came first. OS-9 was defined as the percentage of 
patients who are alive at 9 months after the enrollment. ORR 
was defined as the percentage of patients who are judged by 
the investigators to have an objective response (complete or 

partial response) (CR + PR) as determined by the RANO 
criteria, achieved within the time from drug administration 
to progressive disease or end of study.

Efficacy endpoints were assessed in the PP population. 
The PP population included all patients enrolled in the study 
who provided informed consent, without major eligibility 
criteria or study conduction violations, who received at least 
2 cycles of treatment (unless interrupted treatment for pro-
gressive disease or death) and whose disease is assessed. 
Compliance analysis was performed according to the inten-
tion-to-treat (ITT) population, which included all enrolled 
patients without major violations of eligibility criteria. 
Safety analysis was conducted in all patients who received 
at least one dose of treatment.

Baseline covariate and treatment distributions were sum-
marized using descriptive statistics (mean and standard devi-
ation [STD], minimum and maximum values for continuous 
variables, and absolute and percentage frequencies for cat-
egorical variables). Survival functions were estimated by the 
Kaplan–Meier method. Survival endpoints were described 
using median and interquartile range (IQR). The median 
follow-up was calculated using the reverse Kaplan–Meier 
method [22]. Statistical analyses were performed using SAS, 
version 9.4 (SAS Institute, Cary NC).

Results

The Consort flow-chart of patients is depicted in Fig. 1. A 
total of 40 patients were recruited in the study from 6 centres 
between November 26th, 2013 and December 12th, 2015. 
Two patients were excluded from all the analyses due to 
major violations (one enrolled after second progression, and 
one no informed consent was signed).

The main characteristics of patients are reported in 
Table 1. The age ranged from 31.7 to 77.9 years with a mean 
of 57.7 years (STD 11.4). Most of patients were female (22 
[57.9%]) and the KPS was 90% in 47.4% of patients enrolled. 
Regarding the baseline tumor characteristics all patients had 
a tumor with histopathological grade 4.

Prior treatments received

After initial diagnosis, all patients underwent to a crani-
otomy with residual disease in 9 cases (23.7%). Twenty 
patients (52.6%) underwent an additional operations (19 
underwent craniotomy and 1 open biopsy) before study 
inclusion. After the primary surgery, all patients were 
treated with radiotherapy plus continuous daily temozo-
lomide (75 mg per square meter of body-surface area per 
day, 7 days per week from the first to the last day of radio-
therapy), followed by 6–12 cycles of adjuvant temozolomide 
(150 to 200 mg per square meter for 5 days during each 



458	 Journal of Neuro-Oncology (2019) 142:455–462

1 3

28-day cycle)3, except one that was treated with temozo-
lomide plus tamoxifene. Conformational radiotherapy was 
performed on all patients, with a mean total irradiated dose 
of 59.0 Gy (STD 4.3) for a mean duration of 6.2 weeks (STD 
2.2). The mean number of chemotherapy cycles was 6.47 
(STD 3.04). The best response to the adjuvant treatment 
was complete response (CR) or partial response (PR) in 5 
patients (13.2%), with most presenting stable disease (SD) 
24 (63.2%) and a mean duration of chemotherapy treatment 
of 5.6 months (STD 3.2). The mean time interval between 
the last cycle of adjuvant treatment to study enrollment was 
6.6 months (STD 11.9).

Treatment compliance

All patients enrolled received at least one cycle of the study 
treatment. Treatment administration delay or dose reduc-
tion was registered in 16 (42.1%) patients out of 38. Disease 
progression was the main reason for treatment interruption 
which was observed in 30 patients (83.8%) out of the 37 
patients who had interrupted treatment before the cutoff 
date for the analysis (December 2017). One patient was 
still under treatment and had received more than 50 cycles 
of ortataxel. More than 50% of patients received at least 3 
cycles and 13.2% of patients received at least 10 cycles. For 
details on number of cycles administered and reasons for 
discontinuation see Fig. 2.

Fig. 1   Consort flow-chart diagram of enrolled patients

Table 1   Patients baseline characteristics

a Astrocytoma evolving in glioblastoma

Overall

Number of patients—N 38
Age (years)
 Mean (SD) 57.7 (11.4)
 Min–max 31.7–77.9

Sex—n (%)
 Female 22 (57.9)
 Male 16 (42.1)

Karnofsky performance status—n (%)
 100 4 (10.8)
 90 18 (48.6)
 80 5 (13.5)
 70 7 (18.91)
 60 3 (8.1)
 Missing 1

Histopathological grade at diagnosis—n (%)
 3a 1 (2.6)
 4 37 (97.4)

Residual disease after initial surgery—n (%)
 No 29 (76.3)
 Yes 9 (23.7)

Type of radiotherapy—n (%)
 Conformational 38 (100)

Total irradiated dose (Gy)
 Mean (SD) 59.0 (4.3)
 Min–max 40.5–66.0

Number of chemotherapy cycles
 Mean (SD) 6.1 (3.3)
 Min–max 0.0–13.0

Duration of chemotherapy (months)
 Mean (SD) 5.6 (3.2)
 Min–max 1.0–12.1
 Missing 1

Best overall response of previous chemotherapy line—n (%)
 CR 3 (7.9)
 PR 2 (5.3)
 SD 24 (63.2)
 PD 8 (21.1)
 Unknown 1 (2.6)

Months from last cycle of chemotherapy to enrollment
 Mean (SD) 6.6 (11.9)
 Min–max 0.3–65.8

Further surgery—n (%)
 No 18 (47.4)
 Yes 20 (52.6)
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Efficacy

Three patients were excluded from the PP population 
because they received less than 2 cycles and they interrupted 
the treatment for unacceptable toxicity. Therefore 35 patients 
were analyzed for the primary endpoint.

PFS-6 was 11.4%: four patients were alive and progres-
sion free at 6 months after the enrollment. One additional 
patient progressed at 5.5 months with the appearance of a 
new lesion. However his clinical status was considered sta-
ble and therefore the continued the treatment with ortataxel 
receiving up to 18 cycles until further disease progression. 
All other patients progressed in a range from 1.0 to 5.5 
months from the study entry. The median follow-up was 
19.9 months (IQR 12.0–32.0). Median PFS was 1.7 months 
(IQR 1.4–3.8). Regarding the OS-9, 21 patients out of 35 
(OS-9%: 37.8; 95% CI 21.8–53.8) died before 9 months from 
the enrollment, in a range from 0.99 to 7.70 months from 
study enrollment. Further 8 patients died before the study 
closure in a range between 9.5 and 18.5 months from study 
enrollment. The Kaplan–Meier curve for PFS is depicted 
in Fig. 3. The best response to treatment was PR in one 
patient who remained on treatment when the analysis was 
performed. Nine patients (29.0%) achieved SD.

Even if the overall results of the study were negative, we 
saw activity in four patients treated for at least 16 cycles. 
With this in mind, particular attention should be paid to a 
female, age 43, who underwent a craniotomy with no resid-
ual tumor after surgery. After a first disease progression, a 
further surgery was performed before the study entry. This 
patient remains on treatment with no evidence of progression 
in the left frontal lobe target lesion after more than 50 cycles 
and with no relevant adverse events. One additional patient 
experiencing stable disease for the target lesions showed 
the appearance of a new lesion after 7 cycles of treatment 
with ortataxel. Despite this, the clinician decided to continue 
ortataxel treatment with the two target lesions –remaining 
stable for a further 7 months.

Safety

Out of 38 patients, 34 (89.5%) had at least one adverse event. 
Overall 222 adverse events (AEs) from 34 patients were 
reported. A relationship with the study drug was reported for 
101 AEs. Out of these, 26 events, observed from 17 patients, 
were grade 3–4 adverse drug reactions and are summarized 
in Table 2. The most important toxicities were neutropenia, 
hepatotoxicity and leukopenia that occurred in 5 patients 

Fig. 2   Number of completed cycles in subject who started treatment and reason for discontinuation
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(13.2%), 5 patients (13.2%) and 6 patients (15.8%) respec-
tively. No deaths due to toxic events occurred. One SAE, 
anaphylactic shock was classified as a Suspected Unexpected 
Serious Adverse Reaction. This SAE was adequately treated 
with a progressive improvement of hypotension as well as 
hypoxia until the complete resolution.

Discussion

The present study failed to show significant activ-
ity of ortataxel in patients with recurrent GBM relaps-
ing after surgery, radiotherapy and chemotherapy with 

Fig. 3   Progression-free survival 
in the per protocol population. 
Kaplan Meier curve

Table 2   Adverse drug reactions 
to ortataxel (38 patients)

G1
n (%)

G2
n (%)

G3
n (%)

G4
n (%)

G3 + G4
n (%)

Neutropenia 2 (5.3) 0 (0.0) 1 (2.6) 4 (10.5) 5 (13.2)
Lymphopenia 5 (13.2) 1 (2.6) 2 (5.3) 0 (0.0) 2 (5.3)
Leukopenia 6 (15.8) 3 (7.9) 4 (10.5) 2 (5.3) 6 (15.8)
Thrombocytopenia 6 (15.8) 1 (2.6) 0 (0.0) 1 (2.6) 1 (2.6)
Anaemia 10 (26.3) 3 (7.9) 0 (0.0) 0 (0.0) 0 (0.0)
Gamma-glutamyltransferase increased 0 (0.0) 2 (5.3) 2 (5.3) 1 (2.6) 3 (7.9)
Alanine aminotransferase increased 1 (2.6) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Hepatotoxicity 4 (10.5) 5 (13.2) 5 (13.2) 0 (0.0) 5 (13.2)
Constipation 2 (5.3) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Diarrhoea 1 (2.6) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Nausea 3 (7.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Asthenia 6 (15.8) 4 (10.5) 1 (2.6) 0 (0.0) 1 (2.6)
Chills 0 (0.0) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Muscle spasms 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Myalgia 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Neuropathy peripheral 0 (0.0) 0 (0.0) 2 (5.3) 0 (0.0) 2 (5.3)
Paraesthesia 4 (10.5) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Alopecia 3 (7.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Anaphylactic shock 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.6) 1 (2.6)
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temozolomide, as only four patients out of 35 (11.4%) 
were progression free at 6 months after enrollment. The 
reason why we tested ortataxel in these patients was its rel-
ative good penetration in CNS as shown in the preclinical 
systems [20]. In particular in mice treated with equitoxic 
doses of paclitaxel and ortataxel the Area Under the Curve 
(AUC) in brain was 1.4 and 6.3 µg/ml × h, corresponding 
to 1.2 and 17.5% of the plasma AUC values respectively. 
Although no data are available on the concentration of 
ortataxel in human CNS, since the drug is not a substrate 
of P-gp [17] it probably crosses the blood–brain barrier 
much more than the other taxanes in human too. Neverthe-
less we cannot exclude that the concentration of ortataxel 
achieved in GMB after the dose used were too low to exert 
antitumor activity. The dose of 75 mg/m2 of ortataxel used 
here was derived from a phase I study in patients with 
tumors differing from GBM without any information about 
the concentrations reached at the target [19]. On the other 
hand we know that the evaluation of drug concentrations 
in the CNS is not easily feasible. Alternatively the low 
activity of ortataxel could be due to resistance mechanisms 
related to cellular uptake inhibition to taxanes as a result 
of tubulin and anti-apoptotic gene mutations as well as the 
production of survival factors within tumor microenviron-
ment [23].

From a methodological point of view, the applied study 
design had, as its most important limitation, the absence 
of a control group. This did not permit the evaluation of 
biases that could affect the study results. As we stated in 
the methods, we planned for a calibration arm but due to 
the low accrual rates we modified the study design from a 
randomized to a single arm study. An additional study limi-
tation may be the absence of an independent central review 
of disease assessment in order to minimize the potential 
detection bias due to the single investigators judgment of 
disease status.

Regarding the results on ortataxel safety, toxicities were 
qualitatively similar and quantitatively less than the mar-
keted taxanes, paclitaxel and docetaxel, namely neutrope-
nia, leukopenia, hepatotoxicity, peripheral neurotoxicity, 
fatigue, diarrhea, nausea, vomiting, constipation, hypersen-
sitivity reaction. It is noteworthy to mention that peripheral 
neurotoxicity was much less than anticipated with only two 
cases of grade 3 observed, whereas our phase 1 trial patients 
previously received only temozolomide. We feel the reason 
why we observed a lower frequency of toxicities is most 
likely related to the fact that patients participating in the 
phase I study were heavily pretreated with bone marrow 
toxic compounds.

Even if the overall results of the study were negative, we 
saw activity in some patients as described in “Results” sec-
tion. In the literature, long-term survivors GBM are reported 
and molecularly characterized [24]. The methylation of 

methylguanine-methyltransferase (MGMT) promoter-gene, 
the isocitrate dehydrogenase (IDH) mutation, lower rates 
of mutation of p53 and phosphatase and tensin homolog 
(PTEN) seemed to be associated with a better prognosis. 
Nevertheless our sample is too small to demonstrate any 
association between molecular profiles and prognosis. Even 
so, we have observed some patients with long duration of 
response to treatment. As such it may be interesting to inves-
tigate the molecular characteristics of patients included in 
our study utilizing next-generation sequencing (NGS) tech-
nologies with the aim of identifying potential predictive 
biomarkers.

Conclusion

This randomized non-comparative phase two study aimed to 
evaluate the efficacy of ortataxel in patients with glioblas-
toma recurring after surgery and first line treatment.

The present study did not show clinically significant 
activity of ortataxel in this setting of patients. Nevertheless, 
we saw some activity in 11.4% patients that were treated for 
at least 16 cycles.

Acknowledgements  Authors commemorate the colleague Irene Flo-
riani of the Mario Negri Institute, who passed away on 12 January 
2016 and who dedicated her life to the research. She has been deeply 
involved in the statistical design and coordination of this clinical trial. 
Authors remember the colleague Dr Gian Antonio Da Prada of ICS 
Maugeri of Pavia, who passed away on 15th December 2015. He spent 
his life in the research and treatment of cancer with fully dedication and 
contributed in the drawing up and enrollment for this trial. Presenta-
tion: This work has not been yet presented. List of participating insti-
tutions and coauthors: Members of the Italian association of neuro-
oncology (AINO): Antonio Silvani (Fondazione Istituto Neurologico 
Carlo Besta - IRCCS - Milano), Andrea Salmaggi (Ospedale A. Man-
zoni—Lecco), Manuela Caroli (Fondazione Ca’ Granda Ospedale Mag-
giore Policlinico—IRCCS—Milano), Enrico Marchioni (Fondazione 
Istituto Neurologico Nazionale Casimiro Mondino—IRCCS—Pavia), 
Andrea Pace (Istituto Nazionale Tumori Regina Elena—Roma), Paola 
Gaviani (Fondazione Istituto Neurologico Carlo Besta—IRCCS—
Milano). Fondazione Istituto Neurologico Carlo Besta—IRCCS—
Milano: UOC Neurologia 2—Neuroncologia clinica: A. Silvani, P. 
Gaviani, G. Simonetti. IRFMN (Istituto Ricerche Farmacologiche 
Mario Negri): Laboratorio di Metodologia per la Ricerca Clinica: I. 
De Simone, E. Biagioli, E. Rulli, V. Torri, Davide Poli, Evelina Mari-
otti, Grazia Caramia, Angela Pesenti Gritti, Ilaria Pacchetti. Labora-
torio Farmacologia antitumorale: M. D’Incalci, Massimo Zucchetti. 
Fondazione Salvatore Maugeri—IRCCS—Pavia: S.C. Oncologia: 
V. Fregoni, E. Quaquarini, Annalisa Lanza. Servizio di diagnostica per 
immagini: Gianpaolo Basso. Fondazione Istituto Neurologico Nazi-
onale Casimiro Mondino—IRCCS—Pavia: U.O. Neuroncologia: E. 
Marchioni, Paola Bini, Giulia Berzero, Luca Diamanti. Fondazione 
Ca’Granda Ospedale Maggiore Policlinico—IRCCS—Milano: 
U.O.C. Neurochirurgia: M.Caroli, Andrea Di Cristofori, Andrea Man-
zoni, Giordano Lanfranchi. Ospedale A. Manzoni—Lecco: S.C. Onc-
ologia: A. Salmaggi, Antonio Ardizzoia. Istituto Nazionale Tumori 
Regina Elena—Roma: UOSD Neuroncologia: A. Pace, Veronica 
Villani.



462	 Journal of Neuro-Oncology (2019) 142:455–462

1 3

Funding  This study was supported by Spectrum Pharmaceuticals Inc 
that supplied the study drug to the participating centres, without any 
costs or expenses.

Compliance with ethical standards 

Conflict of interest  The authors declare no potential conflicts of inter-
est with regard to the research, authorship, and/or publication of this 
article.

References

	 1.	 Brandes AA, Finocchiaro G, Zagonel V, Reni M, Fabi A, Caserta 
C, Tosoni A, Eoli M, Lombardi G, Clavarezza M, Paccapelo A, 
Bartolini S, Cirillo L, Agati R, Franceschi E (2017) Early tumour 
shrinkage as a survival predictor in patients with recurrent glio-
blastoma treated with bevacizumab in the AVAREG randomized 
phase II study. Oncotarget 8(33):55575–55581. https​://doi.
org/10.18632​/oncot​arget​.15735​

	 2.	 Central Brain Tumor Registry of the United States. http://www.
cbtru​s.org. Accessed 10 Jan 2017

	 3.	 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, 
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn 
U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A, 
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO, Euro-
pean Organisation for R, Treatment of Cancer Brain T, Radio-
therapy G, National Cancer Institute of Canada Clinical Trials G 
(2005) Radiotherapy plus concomitant and adjuvant temozolo-
mide for glioblastoma. N Engl J Med 352 (10):987–996. https​://
doi.org/10.1056/NEJMo​a0433​30

	 4.	 Boiardi A, Silvani A, Eoli M, Lamperti E, Salmaggi A, Gaviani 
P, Fiumani A, Botturi A, Falcone C, Solari A, Filippini G, Di 
Meco F, Broggi G (2008) Treatment of recurrent glioblastoma: 
can local delivery of mitoxantrone improve survival? J Neuroon-
col 88(1):105–113. https​://doi.org/10.1007/s1106​0-008-9540-6

	 5.	 Wick A, Felsberg J, Steinbach JP, Herrlinger U, Platten M, 
Blaschke B, Meyermann R, Reifenberger G, Weller M, Wick W 
(2007) Efficacy and tolerability of temozolomide in an alternating 
weekly regimen in patients with recurrent glioma. J Clin Oncol 
25(22):3357–3361. https​://doi.org/10.1200/JCO.2007.10.7722

	 6.	 Carrabba ADIC, Lanfranchi G, Menghetti G, Rampini C, Caroli 
P M (2013) Continuous tamoxifen and dose-dense temozolomide 
in recurrent glioblastoma. Anticancer Res 33(8):3383–3389

	 7.	 Friedman HS, Prados MD, Wen PY, Mikkelsen T, Schiff D, Abrey 
LE, Yung WK, Paleologos N, Nicholas MK, Jensen R, Vredenburgh 
J, Huang J, Zheng M, Cloughesy T (2009) Bevacizumab alone and in 
combination with irinotecan in recurrent glioblastoma. J Clin Oncol 
27(28):4733–4740. https​://doi.org/10.1200/JCO.2008.19.8721

	 8.	 Silvani A, Lamperti E, Gaviani P, Eoli M, Fiumani A, Salmaggi 
A, Falcone C, Filippini G, Botturi A, Boiardi A (2008) Salvage 
chemotherapy with procarbazine and fotemustine combination 
in the treatment of temozolomide treated recurrent glioblastoma 
patients. J Neurooncol 87(2):143–151. https​://doi.org/10.1007/
s1106​0-007-9427-y

	 9.	 Brem H, Piantadosi S, Burger PC, Walker M, Selker R, Vick 
NA, Black K, Sisti M, Brem S, Mohr G et al (1995) Placebo-
controlled trial of safety and efficacy of intraoperative controlled 
delivery by biodegradable polymers of chemotherapy for recur-
rent gliomas. The Polymer-brain Tumor Treatment Group. Lancet 
345(8956):1008–1012

	10.	 Frenay M, Giroux B, Khoury S, Derlon JM, Namer M (1991) 
Phase II study of fotemustine in recurrent supratentorial malignant 
gliomas. Eur J Cancer 27(7):852–856

	11.	 Addeo R, Caraglia M, De Santi MS, Montella L, Abbruzzese A, 
Parlato C, Vincenzi B, Carraturo M, Faiola V, Genovese M, Cen-
namo G, Del Prete S (2011) A new schedule of fotemustine in 
temozolomide-pretreated patients with relapsing glioblastoma. 
J Neurooncol 102(3):417–424. https​://doi.org/10.1007/s1106​
0-010-0329-z

	12.	 Scoccianti S, Detti B, Sardaro A, Iannalfi A, Meattini I, Leonulli 
BG, Borghesi S, Martinelli F, Bordi L, Ammannati F, Biti G 
(2008) Second-line chemotherapy with fotemustine in temozo-
lomide-pretreated patients with relapsing glioblastoma: a single 
institution experience. Anticancer Drugs 19(6):613–620. https​://
doi.org/10.1097/CAD.0b013​e3283​00507​5

	13.	 Fellner S, Bauer B, Miller DS, Schaffrik M, Fankhanel M, Spruss 
T, Bernhardt G, Graeff C, Farber L, Gschaidmeier H, Buschauer 
A, Fricker G (2002) Transport of paclitaxel (Taxol) across the 
blood-brain barrier in vitro and in vivo. J Clin Invest 110(9):1309–
1318. https​://doi.org/10.1172/JCI15​451

	14.	 Kemper EM, Verheij M, Boogerd W, Beijnen JH, van Tellingen 
O (2004) Improved penetration of docetaxel into the brain by 
co-administration of inhibitors of P-glycoprotein. Eur J Cancer 
40(8):1269–1274. https​://doi.org/10.1016/j.ejca.2004.01.024

	15.	 Semiond D, Sidhu SS, Bissery MC, Vrignaud P (2013) Can taxa-
nes provide benefit in patients with CNS tumors and in pediatric 
patients with tumors? An update on the preclinical development of 
cabazitaxel. Cancer Chemother Pharmacol 72(3):515–528. https​
://doi.org/10.1007/s0028​0-013-2214-x

	16.	 Polizzi D, Pratesi G, Tortoreto M, Supino R, Riva A, Bombardelli 
E, Zunino F (1999) A novel taxane with improved tolerability and 
therapeutic activity in a panel of human tumor xenografts. Cancer 
Res 59(5):1036–1040

	17.	 Pratesi G (2001) BAY 59-8862. Drugs Fut 25(6):533–544
	18.	 Nicoletti MI, Colombo T, Rossi C, Monardo C, Stura S, Zucchetti 

M, Riva A, Morazzoni P, Donati MB, Bombardelli E, D’Incalci 
M, Giavazzi R (2000) IDN5109, a taxane with oral bioavailability 
and potent antitumor activity. Cancer Res 60(4):842–846

	19.	 Ramnath N, Hamm J, Schwartz G, Holden S, Eckhardt SG, Vre-
denburg MR, Bernacki RJ, Lathia C, Kanter P, Creaven PJ (2004) 
A phase I and pharmacokinetic study of BAY59: a novel taxane. 
Oncology 67(2):123–129. https​://doi.org/10.1159/00008​0998

	20.	 Laccabue D, Tortoreto M, Veneroni S, Perego P, Scanziani E, 
Zucchetti M, Zaffaroni M, D’Incalci M, Bombardelli E, Zunino 
F, Pratesi G (2001) A novel taxane active against an orthotopically 
growing human glioma xenograft. Cancer 92(12):3085–3092

	21.	 Wen PY, Macdonald DR, Reardon DA, Cloughesy TF, Sorensen 
AG, Galanis E, Degroot J, Wick W, Gilbert MR, Lassman AB, 
Tsien C, Mikkelsen T, Wong ET, Chamberlain MC, Stupp R, 
Lamborn KR, Vogelbaum MA, van den Bent MJ, Chang SM 
(2010) Updated response assessment criteria for high-grade 
gliomas: response assessment in neuro-oncology working 
group. J Clin Oncol 28(11):1963–1972. https​://doi.org/10.1200/
JCO.2009.26.3541

	22.	 Shuster JJ (1991) Median follow-up in clinical trials. J Clin Oncol 
9(1):191–192. https​://doi.org/10.1200/JCO.1991.9.1.191

	23.	 Wan YF, Guo XQ, Wang ZH, Ying K, Yao MH (2004) Effects of 
paclitaxel on proliferation and apoptosis in human acute myeloid 
leukemia HL-60 cells. Acta Pharmacol Sin 25(3):378–384

	24.	 Peng S, Dhruv H, Armstrong B, Salhia B, Legendre C, Kiefer J, 
Parks J, Virk S, Sloan AE, Ostrom QT, Barnholtz-Sloan JS, Tran 
NL, Berens ME (2017) Integrated genomic analysis of survival 
outliers in glioblastoma. Neuro Oncol 19(6):833–844. https​://doi.
org/10.1093/neuon​c/now26​9

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.18632/oncotarget.15735
https://doi.org/10.18632/oncotarget.15735
http://www.cbtrus.org
http://www.cbtrus.org
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1007/s11060-008-9540-6
https://doi.org/10.1200/JCO.2007.10.7722
https://doi.org/10.1200/JCO.2008.19.8721
https://doi.org/10.1007/s11060-007-9427-y
https://doi.org/10.1007/s11060-007-9427-y
https://doi.org/10.1007/s11060-010-0329-z
https://doi.org/10.1007/s11060-010-0329-z
https://doi.org/10.1097/CAD.0b013e3283005075
https://doi.org/10.1097/CAD.0b013e3283005075
https://doi.org/10.1172/JCI15451
https://doi.org/10.1016/j.ejca.2004.01.024
https://doi.org/10.1007/s00280-013-2214-x
https://doi.org/10.1007/s00280-013-2214-x
https://doi.org/10.1159/000080998
https://doi.org/10.1200/JCO.2009.26.3541
https://doi.org/10.1200/JCO.2009.26.3541
https://doi.org/10.1200/JCO.1991.9.1.191
https://doi.org/10.1093/neuonc/now269
https://doi.org/10.1093/neuonc/now269

	Multicenter, single arm, phase II trial on the efficacy of ortataxel in recurrent glioblastoma
	Abstract
	Background and purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Study design and treatment
	Sample size calculation
	Statistical methods and considerations

	Results
	Prior treatments received
	Treatment compliance
	Efficacy
	Safety

	Discussion
	Conclusion
	Acknowledgements 
	References


