
Neuro-Oncology Advances
4(1), 1–11, 2022 | https://doi.org/10.1093/noajnl/vdac053 | Advance Access date 13 April 2022

1

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

© The Author(s) 2022. Published by Oxford University Press, the Society for Neuro-Oncology and the European Association of Neuro-Oncology.

John R. Apps, Shanna Maycock, David W. Ellison, Timothy Jaspan, Timothy A. Ritzmann, 
Donald Macarthur, Conor Mallucci, Keith Wheatley, Gareth J. Veal, Richard G. Grundy, and 
Susan Picton

Cancer Research UK Clinical Trials Unit, University of Birmingham, Birmingham, UK (J.R.A., S.M., K.W.); Department 
of Pathology, St. Jude Children’s Research Hospital, Memphis, Tennessee, USA (D.W.E.); Radiology Department, 
Nottingham University Hospitals NHS Trust, Nottingham, UK (T.J.); Children’s Brain Tumour Research Centre, Bio-
Discovery Institute and Queen’s Medical Centre, University of Nottingham, Nottingham, UK (T.A.R., D.M., R.G.G.); 
Department of Neurosurgery, Alder Hey Children’s NHS Foundation Trust, Liverpool, UK (C.M.); Newcastle University 
Centre for Cancer, Newcastle University, Newcastle upon Tyne, UK (G.J.V.); Department of Paediatric Oncology, 
Leeds Children’s Hospital, The Leeds Teaching Hospitals NHS Trust, Leeds, UK (S.P.)

Corresponding Author: John R. Apps, MA, MSc, BM, BCh, PhD, Cancer Research UK Clinical Trials Unit, Institute of Cancer and 
Genomic Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK (j.r.apps@bham.ac.uk).

Abstract
Background. Relapsed ependymoma has a dismal prognosis, and the role of chemotherapy at relapse remains 
unclear. This study prospectively evaluated the efficacy of intensive intravenous (IV) etoposide in patients less than 
21 years of age with relapsed intracranial ependymoma (NCT00278252).
Methods. This was a single-arm, open-label, phase II trial using Gehan’s two-stage design. Patients received IV 
etoposide 100 mg/m2 on days 1-3, 8-10, and 15-17 of each 28-day cycle, up to maximum of 6 cycles. Primary out-
come was radiological response after 3 cycles. Pharmacokinetic analysis was performed in 10 patients.
Results. Twenty-five patients were enrolled and included in the intention-to-treat (ITT) analysis. Three patients 
were excluded in per-protocol (PP) analysis. After 3 cycles of etoposide, 5 patients (ITT 20%/PP 23%) had a com-
plete response (CR), partial response (PR), or objective response (OR). Nine patients (ITT 36%/PP 41%,) had a best 
overall response of CR, PR, or OR. 1-year PFS was 24% in ITT and 23% in PP populations. 1-year OS was 56% and 
59%, 5-year OS was 20% and 18%, respectively, in ITT and PP populations. Toxicity was predominantly hematolog-
ical, with 20/25 patients experiencing a grade 3 or higher hematological adverse event.
Conclusions. This study confirms the activity of IV etoposide against relapsed ependymoma, however, this is 
modest, not sustained, and similar to that with oral etoposide, albeit with increased toxicity. These results confirm 
the dismal prognosis of this disease, provide a rationale to include etoposide within drug combinations, and high-
light the need to develop novel treatments for recurrent ependymoma.

Key Points

• Intravenous etoposide has activity in relapsed ependymoma.

• Toxicity is greater than oral etoposide.

• Relapsed ependymoma has poor outcomes.

Ependymoma is a challenging brain tumor that predomi-
nantly affects children and accounts for approximately 7% of all 
childhood brain tumors.1,2 Presently, nearly half of all patients 

relapse after primary treatment for ependymoma. This usually 
includes surgery, targeting complete resection, and conformal 
radiotherapy. At relapse, ependymoma is associated with a 

Phase II study of intravenous etoposide in patients with 
relapsed ependymoma (CNS 2001 04)
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poor prognosis with a 5-year survival of around 25%.3–5 The 
majority of patients subsequently suffer multiple relapses 
with decreasing time intervals between each relapse before 
finally succumbing to the disease.5

Surgery remains the mainstay of treatment, both at in-
itial presentation and relapse. Re-irradiation has been 
increasingly used, in the absence of a clinical trial, and 
provides patient benefit with improved duration of remis-
sion, but is rarely curative.5,6 A trial of focal vs craniospinal 
re-irradiation has not yet been undertaken. The late ef-
fects of significant doses of radiotherapy >100 Gy remain 
unknown.

A variety of chemotherapy regimens have been used 
in patients with ependymoma, with a range of response 
rates.7–16 Etoposide is a semi-synthetic glucoside de-
rivative of podophyllotoxin which inhibits topoisom-
erase II. Widely used in Oncology, it has been included 
in multidrug combinations used to treat ependymoma, 
including within the recent Children’s Oncology Group 
ACNS 0831 (NCT01096368) and International Society 
of Paediatric Oncology (SIOP) Ependymoma II trials 
(NCT02265770). At relapse, the role of chemotherapy re-
mains unclear.2,17 Single-agent oral etoposide has been 
used for relapsed ependymoma, with response rates of 
40%-50%.18–21 There is also current interest in the use 
of intraventricular etoposide, although this modality is 
only used to treat leptomeningeal or M1-positive dis-
ease, due to limited penetration into tumor or brain 
parenchyma.22,23

To date, there has been no formal evaluation of re-
sponse to single-agent intravenous (IV) etoposide in 
ependymoma. Etoposide exhibits a schedule depend-
ency and variable bioavailability that has been demon-
strated in many preclinical and clinical studies in other 
cancer types.24 Etoposide is extruded from cells by the 
multidrug resistance efflux pump (MDR1/PGP), which has 
been found to be highly expressed within ependymomas, 
suggesting that combination with MDR1 reversal agents 
could be beneficial in the future.25,26 To advance this 
concept requires a good understanding of the pharma-
cokinetics (PK) of IV etoposide administration in this 
population. CNS 2001 04 was a phase II trial with a pri-
mary objective to document the response rate of rapidly 
scheduled etoposide. The secondary objective was to as-
sess the possibility of second surgery or additional radio-
therapy in responding patients.

Materials and Methods

CNS 2001 04 was a UK Children’s Cancer Study Group 
(UKCCSG) (now Children’s Cancer and Leukaemia Group 
[CCLG]) multicenter prospective phase II clinical trial that 
enrolled patients with histologically proven intracranial 
ependymoma at first, second, or third relapse after failing 
conventional treatment. PK sampling was optional and 
performed in a subset of patients.

Patient Population

Patients were registered within 2 weeks of imaging con-
firming relapse, with unequivocal evidence of tumor re-
currence or progression by magnetic resonance imaging 
(MRI) and with measurable enhancing or non-enhancing 
disease. They were required to have either unresectable 
disease or to have residual, measurable disease following 
surgery. Eligibility criteria included: age less than 21 years, 
an expected survival of at least 8 weeks, absolute neutro-
phil count (ANC) >1.0 × 109/L, platelet count >100 × 109/L, 
serum total bilirubin lower than the upper limit of labo-
ratory normal (ULN) and aspartate transaminase (AST) < 
2 × ULN.

Patients were excluded if surgery alone was likely to 
achieve a complete resection, they had an unrelated med-
ical condition which would render them unable to receive 
chemotherapy, had active infection, or were known to be 
human immunodeficiency virus (HIV)-positive. Patients 
were not excluded if they had received prior chemotherapy 
treatment for their tumor, including IV etoposide, though 
a minimum of 4 weeks must have elapsed since prior che-
motherapy and 6 weeks from radiotherapy before initia-
tion of trial treatment.

Written informed consent was obtained from all pa-
tients, parents, or legal guardians as appropriate. National 
and local regulatory and ethical approvals were obtained 
according to national regulations. The trial was registered 
on ClinicalTrials.gov (NCT00278252).

Study Treatment

Patients received up to 6 courses of IV etoposide. Each 
course lasted 28  days and involved administration of 

Importance of the Study

Relapsed ependymoma is challenging to 
manage, has a poor prognosis, and the role of 
chemotherapy is unclear. In this study, we eval-
uate intravenous (IV) etoposide and show ac-
tivity, as evidenced by disease response in up 
to 41% of patients. However, the response was 
not sustained and the majority of patients suc-
cumbed to their tumor. In no patients did it facili-
tate definitive surgery and given higher toxicity 
than oral etoposide it is not recommended as 

a stand-alone therapy. The results, however, 
justify the use of IV etoposide within multidrug 
combinations and highlight the need to de-
velop novel treatment strategies for this dis-
ease. Pharmacokinetic data presented are of 
relevance to other pediatric patients treated 
with IV etoposide and the molecular profiling 
further supports the adverse prognosis of 
those with posterior fossa subtype A  tumors 
with amplification of the chromosome 1q.
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Materials and Methods

CNS 2001 04 was a UK Children’s Cancer Study Group 
(UKCCSG) (now Children’s Cancer and Leukaemia Group 
[CCLG]) multicenter prospective phase II clinical trial that 
enrolled patients with histologically proven intracranial 
ependymoma at first, second, or third relapse after failing 
conventional treatment. PK sampling was optional and 
performed in a subset of patients.

Patient Population

Patients were registered within 2 weeks of imaging con-
firming relapse, with unequivocal evidence of tumor re-
currence or progression by magnetic resonance imaging 
(MRI) and with measurable enhancing or non-enhancing 
disease. They were required to have either unresectable 
disease or to have residual, measurable disease following 
surgery. Eligibility criteria included: age less than 21 years, 
an expected survival of at least 8 weeks, absolute neutro-
phil count (ANC) >1.0 × 109/L, platelet count >100 × 109/L, 
serum total bilirubin lower than the upper limit of labo-
ratory normal (ULN) and aspartate transaminase (AST) < 
2 × ULN.

Patients were excluded if surgery alone was likely to 
achieve a complete resection, they had an unrelated med-
ical condition which would render them unable to receive 
chemotherapy, had active infection, or were known to be 
human immunodeficiency virus (HIV)-positive. Patients 
were not excluded if they had received prior chemotherapy 
treatment for their tumor, including IV etoposide, though 
a minimum of 4 weeks must have elapsed since prior che-
motherapy and 6 weeks from radiotherapy before initia-
tion of trial treatment.

Written informed consent was obtained from all pa-
tients, parents, or legal guardians as appropriate. National 
and local regulatory and ethical approvals were obtained 
according to national regulations. The trial was registered 
on ClinicalTrials.gov (NCT00278252).

Study Treatment

Patients received up to 6 courses of IV etoposide. Each 
course lasted 28  days and involved administration of 

IV etoposide 100 mg/m2 over 1 hour at a concentration 
of 0.24-0.40 mg/mL for 3 consecutive days on 1-3, 8-10, 
and 15-17. The course was then repeated on day 28 or at 
count recovery. If neutrophils were <1  ×  109/L or plate-
lets <100 × 109/L at the start of the next course, this was 
postponed until neutrophils were >1  ×  109/L and plate-
lets >100 × 109/L. If the criteria for blood count recovery 
was not been met by day 35, the dose of the subsequent 
courses was reduced by 25% on each day of etoposide. 
Further dose reductions were similarly carried out if 
blood count recovery was once again delayed beyond 
day 35. MRI was performed after 2 courses. If tumor pro-
gression had not occurred, 1 further course was given 
and imaging was repeated. If the neurosurgical opinion 
was that resection was possible, chemotherapy was dis-
continued, and the patient proceeded to surgery. If there 
was evidence of progressive disease, no further courses 
were administered. In the absence of tumor progres-
sion after 3 courses of etoposide, treatment could be 
continued to a maximum of 6 courses. If the tumor was 
deemed resectable at this time, the surgery took place. 
If radiotherapy was felt appropriate by the treating clin-
icians, this was performed.

Disease Evaluation

Imaging was performed according to UKCCSG/French 
Society of Paediatric Oncology (SFOP) radiological guide-
lines at the time of the study.27 Baseline imaging with 
three-dimensional tumor assessment by MRI was per-
formed within 2 weeks prior to initiation of etoposide. SIOP 
definitions of response were used: Complete response 
(CR)—no radiological evidence of tumor on contrast-
enhanced CT or MRI scan. Partial response (PR)—greater 
than 50% reduction of the product of 2 maximum perpen-
dicular diameters of the tumor relative to the baseline eval-
uation. Objective response (OR)—reduction in the size of 
all unequivocal residual tumor manifestations by between 
25% and 50% radiographically. There should be no tumor 
progression and no evidence of new tumor lesions. Stable 
disease (SD)—less than 25% reduction of the product of 2 
maximum perpendicular diameters of the tumor relative 
to the baseline evaluation without radiological evidence 
of tumor progression or dissemination. Progressive dis-
ease (PD)—any radiological or clinical evidence of tumor 
progression.28 Progressive neurological deterioration even 
in the face of an unchanged tumor volume, as determined 
by contrast-enhanced brain studies (CT or MRI), was con-
sidered as PD.

Pathological slides and radiology images were also cen-
trally reviewed by the study pathologist or radiologist, 
where available this was used in preference to local re-
port.29 Toxicity was assessed according to the common tox-
icity criteria (CTC) following each course of chemotherapy.

Molecular Analysis

Ethical approval was obtained for retrospective analyses of 
ependymoma specimens (05/MRE04/70, protocol number: 
2000 BS 06(b)). All tissues were stored and analyzed ac-
cording to the UK Human Tissue Act. DNA was extracted 

from paraffin-embedded samples using the AllPrep FFPE 
DNA/RNA extraction kit (Qiagen). DNA methylation pro-
files were generated and assigned as previously de-
scribed.5 Classifier scores ranged from 0.98 to 1, indicating 
high correlations with the reference dataset. 1q status was 
evaluated by fluorescent in-situ hybridization (FISH) and/or 
multiplex ligation-dependent probe amplification (MLPA) 
as previously described.5

Study Design and Statistical analysis

The trial was a single-arm, open-label, phase II trial using 
Gehan’s two-stage design with a target response rate of 
20% and 5% alpha. The sample size for stage 1 was 14, 
while stage 2 sample size was dependent on stage 1 ob-
served responses, with a maximum of 11 additional pa-
tients if there were 4 or more responses in stage 1.  The 
primary outcome was response after cycle 3 of treatment. 
Secondary outcome measures included: best overall re-
sponse during treatment, overall survival (OS) defined as 
time from trial entry to death from any cause; progression-
free survival (PFS) defined as time from trial entry to 
progression or death from any cause, incidence of radio-
therapy and incidence of surgery.

Outcomes have been analyzed descriptively. Survival 
outcomes (OS and PFS) have been calculated using the 
Kaplan-Meier method. Confidence intervals for binary out-
comes have been calculated using Wilson’s method. All 
analysis was performed using R 4.1.0.30 The final data snap-
shot was taken on June 10, 2021. No missing values were 
imputed. Subgroup analysis looked at survival outcomes 
stratified by molecular characteristics, albeit with very lim-
ited samples sizes.

Blood Sampling and Pharmacokinetics

Concentrations of etoposide were quantified in blood 
samples collected from a central line pretreatment, mid-
infusion, at the end of drug infusion, and 1, 3, and 5 hours 
after the end of infusion. Additional samples were taken im-
mediately following the end of etoposide infusion on days 
2 and 3 of treatment. All drug infusion and sampling times 
were accurately recorded, and all samples were collected 
from a different lumen to that used for etoposide adminis-
tration. Whole blood samples were collected in heparinized 
tubes and plasma was immediately obtained by centrifu-
gation at 1200g for 10 minutes at 4°C. These samples were 
stored at −20°C prior to shipment to the Newcastle Cancer 
Centre Pharmacology Group (NCCPG) for analysis.

Etoposide concentrations were quantified using an 
API 2000 LC/MS/MS with analyst software (Applied 
Biosystems, CA, USA) following extraction from plasma 
samples with ethyl acetate as previously described.31 
Concentrations of etoposide were quantified in patient 
samples utilizing a standard curve of 0.20-10.0 µg/mL, over 
which range calibration plots were linear, and the assay 
exhibited intra- and inter-assay coefficients of variation of 
<15%. Etoposide plasma PK parameters on day 1 of treat-
ment were determined by non-compartmental analysis 
using Phoenix WinNonlin Version 8.
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Results

Twenty-five patients were registered for the trial over an 
8-year period (2002-2010) from 12 hospitals across the 
United Kingdom and Ireland. All started at least one dose 
of etoposide chemotherapy (Figure 1). Baseline character-
istics are presented in Table 1. The primary site of 12 were 
infra-tentorial, 8 supra-tentorial, 1 spinal (4 metastatic, pri-
mary site unknown). Thirteen patients had previously re-
ceived chemotherapy (4 as per SIOP Ependymoma 1999 
trial [including etoposide], 8 as per CNS 9204 protocol 
[did not include etoposide], and 1 as per a pineoblastoma 
protocol). Twenty patients had received previous 

radiotherapy. Three patients were subsequently found to 
be ineligible for the following reasons: the first patient 
had a primary spinal myxopapillary ependymoma, for a 
second patient the diagnosis was later revised to high-
grade glioma, and a third patient where the intention was 
to use the trials treatment as “rescue” therapy for primary 
progression, rather than relapse as per-protocol (PP). This 
patient was subsequently classified as a choroid plexus 
carcinoma on methylation array, in concordance with a 
further histopathological review. Therefore, while all 25 
patients are included in the intention-to-treat (ITT) popula-
tion, 22 eligible patients are included in the PP population 
(Figure 1). Plasma samples for the PK study were obtained 
from 10 patients.

  
Previous treatment

Surgery (n = 8)

2 CR, 2 PR, 2 OR, 7 SD, 4 PD, 2 NK

1 CR, 2 PR, 2 OR, 1 SD, 4 PD, 4 NK

1 CR, 1 PR, 1 OR, 1 SD, 4 PD, 1 NK

Radiotherapy (n = 1) Surgery (n = 2)

3 deemed ineligible and excluded
from PP analysisEnrolled onto trial (n = 25)

Course 1 (n = 22)

Course 2 (n = 19)

Course 3 (n = 14)

Course 4 (n = 11)

Course 5 (n = 10)

Course 6 (n = 8)

Chemotherapy (n = 13)
Radiotherapy (n = 20)

Progressive disease (n = 1)

Progressive disease (n = 3)
Withdrew (n = 2)

Radiotherapy (n = 1)

Progressive disease (n = 2)
Surgery (n = 1)

Progressive disease (n = 1)

Progressive disease (n = 2)

Surgery (n = 1)
Toxicity (n = 1)

Figure 1. Consort diagram outlining patient eligibility and treatments received. Abbreviations: CR, complete response; PR, partial response; OR, 
objective response; SD, stable disease; PD, progressive disease; NK, not known.
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Figure 1. Consort diagram outlining patient eligibility and treatments received. Abbreviations: CR, complete response; PR, partial response; OR, 
objective response; SD, stable disease; PD, progressive disease; NK, not known.

  

Of the 12 infra-tentorial cases, DNA methylation array 
data were available in 6 cases, all of which were classified 
as posterior fossa A subtype (PFA). Of the 6 supra-tentorial 
cases within the PP analysis, 2 classified as a ZFTA-fusion 
(previously referred to as REL-A) subtype, and no methyl-
ation data were available on the other 4 cases. Where the 
primary site was unknown, 2 cases were classified as PFA 
and no methylation data were available on the other cases.

Eight patients underwent surgery within 4 weeks of re-
gistering for the trial, after which all patients still had at 
least 1 area of evaluable disease.

Treatment Received

In total, 97 courses were initiated. Figure 1 and 
Supplementary Table 1 show the number of patients 
starting each course of chemotherapy, and Figure 2 shows 
the treatment received, response, and outcome for each 
patient in the 12 months following initiation of etoposide. 
One patient received only a single dose of etoposide as 
they were transferred to intensive care due to aspiration 
and died 1 week later. This patient is included in the ITT and 
PP populations.

Four patients underwent surgery following chemo-
therapy, in none of these patients, was it possible to 
achieve complete resection. One patient received 1 cycle, 
1 patient received 3 cycles, and 1 patient received 6 cycles 
before each undergoing a partial resection. One patient 

received all 6 courses of etoposide before, in turn under-
going surgery, however, no tissue was removed due to 
the “extent of local invasion” and “multiple site disease.” 
Two patients received radiotherapy: 1 patient, who had 
not previously had radiotherapy, had radiotherapy during 
their second course of etoposide, while the other after 
discontinuing etoposide due to progression. All patients 
undergoing both surgery and radiotherapy are included in 
both ITT and PP populations.

Response

The patient who received only one dose of etoposide was 
incompletely imaged according to protocol, and thus re-
sponse evaluation was not possible. Central radiological 
review was available in 72% of post-chemotherapy scans. 
Each patient’s responses are presented in Figure 2 and re-
sponse after each course in Supplementary Table 2.

In the ITT population, after 3 courses of etoposide, 3 pa-
tients (12%, 95% CI: 4%-30%) had achieved CR or PR, while 
5 patients (20%, 95% CI: 9%-39%) achieved CR, PR, or OR 
(Supplementary Table 2).

In the PP population, after 3 courses of etoposide, 3 pa-
tients (14%, 95% CI: 5%-33%) achieved CR or PR, while 5 
patients (23%, 95% CI: 10%-43%) achieved CR, PR, or OR 
(Supplementary Table 2).

In the ITT population, 6 patients (24%, 95% CI: 11%-43%) 
had a best overall response of CR or PR, while 9 patients 

  
Table 1. Baseline Patient Characteristics

Characteristic  All Patients (ITT)  
(N = 25) 

Per-Protocol Patients  
(N = 22) 

Age (years) Median (min, max) 7 (2, 17) 7 (2, 17)

Sex Female 12 (48) 11 (50)

Male 13 (52) 11 (50)

Diagnosis Anaplastic Ependymoma (grade III) 14 (56) 14 (64)

Classic ependymoma (grade II) 2 (8) 2 (9)

Ependymoma (not otherwise specified) 6 (24) 5 (23)

Ependymoma grade I 1 (4) 1 (5)

Myxopapillary ependymoma 1(4) 0 (0)

High-grade glioma 1 (4) 0 (0)

Primary tumor site at 
registrationa

Supra-tentorial 8 (32) 6 (27)

 Infra-tentorial 12 (48) 12 (55)

 Spine 1 (4) 0 (0)

 Unknown 4 (16) 4 (18)

Relapse site Primary/local 16 (64) 15 (68)

 Metastatic 8 (32) 7 (32)

 Unknown 1 (4) 0 (0)

Previous tumor treatment Chemotherapy 13 (52) 13 (59)

 Radiotherapyb 20 (80) 18 (82)

Data are N (%) unless otherwise specified.
aFour patients, all of which were metastatic, primary site was not known.
bFive patients who did not receive initial radiotherapy were all 5 years old or younger.

  

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
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(36%, 95% CI: 20%-55%) had a best overall response of CR, 
PR, or OR (Supplementary Table 3).

In the PP population, 6 patients (27%, 95% CI: 13%-48%) 
achieved a best overall response of CR or PR, while 9 pa-
tients (41%, 95% CI: 23%-61%) had a best overall response 
of CR, PR, or OR (Supplementary Table 3).

Of the 4 patients to previously receive etoposide, the 
best overall response was PR in 1 patient and OR in an-
other, with the remaining two having PD.

Overall Survival and Progression-Free Survival

In the ITT population, 22 patients have progressed and 
subsequently died, of the remaining 3 patients, 1 was lost 
to follow-up 4 years after trial entry, and 2 were still alive at 
last follow-up, 11 and 12 years after trial entry, respectively.

At 1 year, PFS was 24% (95% CI: 12%-48%) and at 3 years 
was 16% (95% CI: 7%-39%). Median PFS was reached at 
0.5 years (95% CI: 0.39-0.83).

At 1 year, OS was 56% (95% CI: 40%-79%) and at 5 years 
was 20% (95% CI: 9%-44%). Median OS was 1.8 years (95% 
CI: 0.8-3.2).

In the PP population, 20 patients have progressed and 
subsequently died, the remaining 2 patients were still alive 
at last follow-up 11 and 12 years after trial entry. Both had 
previously been treated with radiotherapy, one had che-
motherapy previously as per a pineoblastoma protocol 
and withdrew from this trial after 2 courses to have further 

treatment abroad (no details available). No further treat-
ment details are available for the other case.

At 1 year, PFS was 23% (95% CI: 11%-49%) and at 3 years 
was 14% (95% CI: 5%-39%). Median PFS was 0.5  years 
(95% CI: 0.39-0.83).

At 1 year, OS was 59% (95% CI: 42%-84%) and at 5 years 
was 18% (95% CI: 7%-44%). Median OS was 1.9 years (95% 
CI: 0.9-3.2).

One patient died from aspiration during cycle 1 after 
administration of only one dose of etoposide but is in-
cluded within this analysis. All other patients died from 
disease progression. Kaplan-Meier plots for OS and PFS 
for ITT and PP populations are presented in Figure 3 and 
Supplementary Figure 1, respectively.

For the 8 cases classified as PFA (all PP), median PFS 
was 0.4 years (95% CI: 0.3-NA) and OS was 0.9 years (95% 
CI: 0.6-NA). 1q gain was present in 2 of these cases, both 
of whose disease rapidly progressed with a PFS of only 
3 months and OS of 11 and 12 months.

Toxicity

In total, 505 adverse events (AEs) were experienced by 23 
of the 25 patients. 21 (84%) patients experienced at least 
one grade 3 or higher AE, of which there were 162. These 
were predominantly hematological (51%) with 20 pa-
tients experiencing a grade 3 or higher hematological AE. 

  

Anaplastic
(Grade 3)

Classic
(Grade 2)

Not otherwise
specified

High grade glioma

Myxopapillary

0 2 4 6

Months since start of etoposide

Etoposide

Events

Response

Eligibility

Course 1

Course 2

Course 3

Course 4

Course 5

Course 6

Initial chemotherapy

Initial radiotherapy

Death

Progression

Radiotherapy

Surgery

Withdraw

Complete response

Partial response

Objective response

Stable disease

Ineligible

8 10 12

Ependymoma (Grade 1)

Figure 2. Swimmer plot showing treatment course, response, and significant events for each patient in the 12  months following the start of 
etoposide.
  

AEs are detailed in Figure 4 and Supplementary Table 4, 
respectively.

Pharmacokinetics

Plasma samples were obtained from a total of 10 patients 
at multiple time points over a 6-hour period on day 1 of 
treatment. Additional samples were collected immediately 
following the end of etoposide infusion on days 2 and 3 
in 8 of these patients. All etoposide plasma concentra-
tions measured in samples obtained following the start of 
etoposide infusion were above the limit of quantification 
for the assay.

Estimates of non-compartmental PK parameters deter-
mined on day 1 of etoposide treatment for these 11 patients 
are shown in Table 2. The terminal phase half-life (T1/2) of 
etoposide on day 1 had a median value of 2.25 hours, and 
a range of 1.3-5.0 hours. The median AUC0-inf was 87.9 µg/
mL hr (range: 70.3-143.9 µg/mL hr), Cmax varied between 
16.9 and 33.1 µg/mL (median: 25.35 µg/mL), and estimates 
of clearance ranged from 0.65 to 3.0 L/hr (median: 1.35 L/
hr). Etoposide plasma concentrations measured imme-
diately after the end of drug infusion on days 2 and 3 of 
treatment were comparable to those observed on day 1 in 
all patients where these additional samples were available 

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac053#supplementary-data
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AEs are detailed in Figure 4 and Supplementary Table 4, 
respectively.

Pharmacokinetics

Plasma samples were obtained from a total of 10 patients 
at multiple time points over a 6-hour period on day 1 of 
treatment. Additional samples were collected immediately 
following the end of etoposide infusion on days 2 and 3 
in 8 of these patients. All etoposide plasma concentra-
tions measured in samples obtained following the start of 
etoposide infusion were above the limit of quantification 
for the assay.

Estimates of non-compartmental PK parameters deter-
mined on day 1 of etoposide treatment for these 11 patients 
are shown in Table 2. The terminal phase half-life (T1/2) of 
etoposide on day 1 had a median value of 2.25 hours, and 
a range of 1.3-5.0 hours. The median AUC0-inf was 87.9 µg/
mL hr (range: 70.3-143.9 µg/mL hr), Cmax varied between 
16.9 and 33.1 µg/mL (median: 25.35 µg/mL), and estimates 
of clearance ranged from 0.65 to 3.0 L/hr (median: 1.35 L/
hr). Etoposide plasma concentrations measured imme-
diately after the end of drug infusion on days 2 and 3 of 
treatment were comparable to those observed on day 1 in 
all patients where these additional samples were available 

for analysis. There were no clear relationships between PK 
parameters and disease response, though the relative low 
variability in PK parameters and patient numbers limited 
power to detect associations.

Discussion

The results of this study show evidence of a response 
to IV etoposide in up to 41% of patients with relapsed 
ependymoma, confirming its activity in this patient group.

The response rate of 41% is similar to that seen in pre-
vious observational studies using oral etoposide, and 
a randomized trial comparing the use of oral etoposide 
with erlotinib in patients with relapsed ependymoma.18–21 
While response rates and PFS were similar, OS was longer 
in this trial than in previously reported studies. In this 
study, median PFS was 6 months and OS of 1.9 years. In 
Chamberlain’s study of 12 patients, all of whom had previ-
ously received chemotherapy and radiotherapy, 2 patients 
experienced PR to oral etoposide and 4 had stabilizing of 
disease.18 In these patients, median PFS was 7  months 
and the median OS was 10 months (range 6-16 months), 
whereas in those not responding median survival was 
3  months (range 2-4  months).18 Sandri et  al, in which 
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half the patients were at second-fourth relapse, and all of 
whom had previously received chemotherapy and 10 of 
12 radiotherapy, reported a response rate of 41% to oral 
etoposide, with median PFS of 6  months, 2-year PFS of 
16.7% and median OS of 7 months.19 Jakacki et al reported 
a response (PR or minor response) in 3 of 12 patients to 
oral etoposide with median PFS of only 65 days in 12 pa-
tients, all of whom had previously received radiotherapy 
and had a median of 2 relapses.21 As these are historical 
comparisons, it is not possible to draw any definitive con-
clusion on a true difference in activity of IV vs oral admin-
istration of etoposide, or how much any differences in 
OS are influenced by differences in patient populations. 
A  recent retrospective analysis of 186 cases of relapsed 

ependymoma highlighted, how at each subsequent re-
lapse, the prognosis of relapsed ependymoma decreases, 
related, in part, to the prior therapy.5 The impact of pre-
vious etoposide exposure in 4 of the patients in this cohort 
is not possible to fully assess.

Similarly, the outcome of patients with ependymoma is 
increasingly recognized as related to the biological char-
acteristics of their underlying tumors, including, broad bi-
ological subgrouping and specific biomarkers such as 1q 
gain.32–34 In this study, limited biological data were avail-
able for a subset of patients, and while the low numbers 
precluded investigation of association with radiological 
response or patient outcome, it is notable that patients 
with both a PFA subtype and 1q gain progressed and died 
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rapidly. Additionally, and perhaps unsurprisingly, the only 
DNA methylation groups represented in this cohort were 
those known to be associated with poor prognosis.32

Currently, this, often poorly characterized, clinical and bi-
ological heterogeneity makes it difficult to assess the rela-
tive merits of different treatment strategies. Accounting for 
these patients, previous treatment and biological factors 
will be critical for the next generation of trials in relapsed 
ependymoma, particularly as rationally targeted biolog-
ical agents are developed, which may be of relevance to 
particular patient populations. This will require interna-
tional studies and collaboration to achieve adequate sta-
tistical power. Thorough data collection of patients across 
their disease journeys, through sequential relapses and 
response to serial therapies, will also ensure that we can 
learn as much as possible from each and every patient. 
Similarly, the involvement of patients and parents in de-
signing studies and the collection of patient outcome 
measures will ensure that futures studies adequately ad-
dress the needs of patients with this challenging tumor.

The results of this study show that the treatment with 
IV etoposide was generally well tolerated, with hemato-
logical toxicity the main AEs. These were more common, 
though of similar type, to those seen in the studies of oral 
etoposide.18–21

The PK of etoposide were investigated in 10 study pa-
tients, showing comparable PK properties to previously 
published studies.31,35,36 A  linear relationship was ob-
served between body weight and etoposide clearance as 
would be anticipated in a pediatric study. Interestingly, 
a large volume of distribution was observed for patient 
7, who had a BW >100 kg and BSA >2 m2, as would be 
predicted for a highly lipophilic drug. Compared to oral 
etoposide, the IV dosing achieved an overall lower total 
AUC per 28-day cycle.37,38 However, this may be offset by 

a higher Cmax and differences in blood-brain/tumor bar-
rier penetration, as some studies have suggested higher 
concentrations in tumors following IV compared to oral 
administration.37–39

Over time the role of surgery at relapse has become 
clearer. When feasible and likely to achieve a complete 
or near-total resection with acceptable risks of neurosur-
gical morbidity, then there is a clear but difficult to quan-
tify survival benefit.5 In the modern era, multidisciplinary 
team discussion within units and even at a national level 
has tended to encourage a higher rate of reoperation in 
ependymoma.40,41 At relapse, however, surgeons may be 
more willing to consider further surgery if an additional 
systemic treatment is also proposed to consolidate its ef-
fect.42 It is worth noting that in this trial, patients were only 
eligible if their tumors were not suitable for complete re-
section, and that chemotherapy did not facilitate complete 
resection in any of the patients enrolled.

In summary, this study confirms some activity of IV 
etoposide against relapsed ependymoma, however, this 
is modest and was not sustained, similar to that observed 
with oral etoposide, but with increased toxicity. The results 
here confirm the dismal prognosis in this disease but add 
to the rationale to include etoposide within drug combin-
ations developed for ependymoma. Subsequent to this 
study being undertaken, there has been an increased use 
of re-irradiation for relapsed ependymoma, which while 
for many slowing disease course, does not for most pa-
tients result in long-term survival.5,6 It is likely that to trans-
form the outcome of patients with relapsed ependymoma, 
novel treatment strategies and combinations will be re-
quired and to be developed, and tested within interna-
tional trials. Despite the poor prognosis, it is notable that 
there are currently no ongoing trials specifically for this pa-
tient population.

  
Table 2. Summary of Non-Compartmental Analysis of Etoposide Pharmacokinetic Data Obtained on Day 1 of Treatment

Patient BW BSA Cmax Tmax T1/2 AUC0-inf  Vz Cl 

(kg) (m2) (µg/mL) (hr) (hr) (µg/mL.hr) (L) (L/hr)

1 15.1 0.7 30.7 1.1 2.0 101.6 1.9 0.7

2 65.0 1.8 33.1 1.0 2.0 97.2 5.2 1.8

3 53.7 1.6 26.3 1.1 2.0 82.1 5.7 1.9

4 45.5 1.4 16.9 1.2 2.8 70.3 6.1 1.5

5 48.8 1.5 24.4 1.1 5.0 143.9 7.6 1.0

6 35.7 1.2 28.5 1.0 2.5 93.6 4.6 1.3

7 103.4 2.2 22.6 1.1 3.1 72.3 13.6 3.0

8 25.6 1.0 18.6 2.4 1.7 70.4 3.4 1.4

9 14.8 0.7 31.8 1.1 1.3 85.1 1.5 0.8

10 26.9 1.0 17.2 1.3 3.2 90.7 4.9 1.1

Mean 43.5 1.3 25.0 1.2 2.6 90.7 5.5 1.4

SD 26.8 0.5 6.1 0.4 1.0 21.8 3.4 0.7

Median 40.6 1.3 25.4 1.1 2.3 87.9 5.1 1.4

Range 14.8-103.4 0.7-2.2 16.9-33.1 1.0-2.4 1.3-5.0 70.3-143.9 1.5-13.6 0.7-3.0

Abbreviations: AUC0-inf, area under the plasma concentration-time curve; BW, body weight; BSA, body surface area; Cl, clearance; Cmax, peak 
plasma concentration; SD, standard deviation; Tmax, time of peak plasma concentration; T1/2, terminal half-life; Vz, apparent volume of distribution.

  



 10 Apps et al. Phase II study of IV etoposide for relapsed ependymoma

Supplementary Material

Supplementary material is available at Neuro-Oncology 
Advances online.

Keywords

ependymoma | etoposide | relapse

Funding

The relapsed ependymoma CNS 2001 04 trial was funded by 
Cancer Research UK. J.R.A. is funded by the National Institute 
for Health and Care Research.

Conflict of interest statement. No conflicts of interest.

Authorship statement. Manuscript prepared by J.R.A. and 
S.M. Centralized pathology review performed by D.W.E. Central 
radiology review performed by T.J. Surgical oversight from 
D.M. and C.M. Statistical analysis by S.M. and K.W. Molecular 
analysis by T.A.R. and R.G.G. Pharmacokinetic analysis by G.J.V. 
Chief investigator for trial S.P. Manuscript reviewed and ap-
proved by all authors.

References

1. Stiller  CA, Bayne  AM, Chakrabarty  A, Kenny  T, Chumas  P. Incidence 
of childhood CNS tumours in Britain and variation in rates by defini-
tion of malignant behaviour: population-based study. BMC Cancer. 
2019;19(1):139.

2. Merchant TE. Current clinical challenges in childhood ependymoma: a 
focused review. J Clin Oncol. 2017;35(21):2364–2369.

3. Messahel B, Ashley S, Saran F, et al. Relapsed intracranial ependymoma 
in children in the UK: patterns of relapse, survival and therapeutic out-
come. Eur J Cancer. 2009;45(10):1815–1823.

4. Zacharoulis  S, Ashley  S, Moreno  L, et  al. Treatment and outcome of 
children with relapsed ependymoma: a multi-institutional retrospective 
analysis. Childs Nerv Syst. 2010;26(7):905–911.

5. Ritzmann TA, Rogers HA, Paine SML, et al. A retrospective analysis of 
recurrent pediatric ependymoma reveals extremely poor survival and in-
effectiveness of current treatments across central nervous system loca-
tions and molecular subgroups. Pediatr Blood Cancer. 2020;67(9):e28426.

6. Lobon  MJ, Bautista  F, Riet  F, et  al. Re-irradiation of recurrent pedi-
atric ependymoma: modalities and outcomes: a twenty-year survey. 
SpringerPlus. 2016;5(1):879.

7. Massimino M, Miceli R, Giangaspero F, et al. Final results of the second 
prospective AIEOP protocol for pediatric intracranial ependymoma. 
Neuro Oncol. 2016;18(10):1451–1460.

8. Grill J, Le Deley MC, Gambarelli D, et al. Postoperative chemotherapy 
without irradiation for ependymoma in children under 5 years of age: 
a multicenter trial of the French Society of Pediatric Oncology. J Clin 
Oncol. 2001;19(5):1288–1296.

9. Merchant TE, Bendel AE, Sabin ND, et al. Conformal radiation therapy 
for pediatric ependymoma, chemotherapy for incompletely resected 
ependymoma, and observation for completely resected, supratentorial 
ependymoma. J Clin Oncol. 2019;37(12):974–983.

10. Venkatramani  R, Ji  L, Lasky  J, et  al. Outcome of infants and young 
children with newly diagnosed ependymoma treated on the “Head 
Start” III prospective clinical trial. J Neurooncol. 2013;113(2):285–291.

11. Zacharoulis S, Levy A, Chi SN, et al. Outcome for young children newly 
diagnosed with ependymoma, treated with intensive induction chemo-
therapy followed by myeloablative chemotherapy and autologous stem 
cell rescue. Pediatr Blood Cancer. 2007;49(1):34–40.

12. Garvin JH Jr, Selch MT, Holmes E, et al. Phase II study of pre-irradiation 
chemotherapy for childhood intracranial ependymoma. Children’s 
Cancer Group protocol 9942: a report from the Children’s Oncology 
Group. Pediatr Blood Cancer. 2012;59(7):1183–1189.

13. Merchant  TE, Li  C, Xiong  X, et  al. Conformal radiotherapy after sur-
gery for paediatric ependymoma: a prospective study. Lancet Oncol. 
2009;10(3):258–266.

14. Massimino  M, Gandola  L, Giangaspero  F, et  al. Hyperfractionated 
radiotherapy and chemotherapy for childhood ependymoma: final 
results of the first prospective AIEOP (Associazione Italiana di 
Ematologia-Oncologia Pediatrica) study. Int J Radiat Oncol Biol Phys. 
2004;58(5):1336–1345.

15. Grundy RG, Wilne SA, Weston CL, et al. Primary postoperative chemo-
therapy without radiotherapy for intracranial ependymoma in children: 
the UKCCSG/SIOP prospective study. Lancet Oncol. 2007;8(8):696–705.

16. Timmermann B, Kortmann RD, Kuhl J, et al. Combined postoperative ir-
radiation and chemotherapy for anaplastic ependymomas in childhood: 
results of the German prospective trials HIT 88/89 and HIT 91. Int J 
Radiat Oncol Biol Phys. 2000;46(2):287–295.

17. Pajtler KW, Mack SC, Ramaswamy V, et al. The current consensus on the 
clinical management of intracranial ependymoma and its distinct molec-
ular variants. Acta Neuropathol. 2017;133(1):5–12.

18. Chamberlain MC. Recurrent intracranial ependymoma in children: sal-
vage therapy with oral etoposide. Pediatr Neurol. 2001;24(2):117–121.

19. Sandri  A, Massimino  M, Mastrodicasa  L, et  al. Treatment with oral 
etoposide for childhood recurrent ependymomas. J Pediatr Hematol 
Oncol. 2005;27(9):486–490.

20. Needle  MN, Molloy  PT, Geyer  JR, et  al. Phase II study of daily oral 
etoposide in children with recurrent brain tumors and other solid tumors. 
Med Pediatr Oncol. 1997;29(1):28–32.

21. Jakacki RI, Foley MA, Horan J, et al. Single-agent erlotinib versus oral 
etoposide in patients with recurrent or refractory pediatric ependymoma: 
a randomized open-label study. J Neurooncol. 2016;129(1):131–138.

22. Pajtler KW, Tippelt S, Siegler N, et al. Intraventricular etoposide safety 
and toxicity profile in children and young adults with refractory or recur-
rent malignant brain tumors. J Neurooncol. 2016;128(3):463–471.

23. Fleischhack G, Reif S, Hasan C, et al. Feasibility of intraventricular ad-
ministration of etoposide in patients with metastatic brain tumours. Br J 
Cancer. 2001;84(11):1453–1459.

24. Hainsworth  JD, Greco  FA. Etoposide: twenty years later. Ann Oncol. 
1995;6(4):325–341.

25. Geddes JF, Vowles GH, Ashmore SM, Cockburn HA, Darling JL. Detection 
of multidrug resistance gene product (P-glycoprotein) expression in 
ependymomas. Neuropathol Appl Neurobiol. 1994;20(2):118–121.

26. Chou PM, Barquin N, Gonzalez-Crussi F, et al. Ependymomas in children 
express the multidrug resistance gene: immunohistochemical and mo-
lecular biologic study. Pediatr Pathol Lab Med. 1996;16(4):551–561.



11Apps et al. Phase II study of IV etoposide for relapsed ependymoma
N

eu
ro-O

n
colog

y 
A

d
van

ces

27. Thiesse P, Jaspan T, Couanet D, et al. [A protocol for imaging pediatric 
brain tumors]. J Radiol. 2001;82(1):11–16.

28. Gnekow  AK. Recommendations of the Brain Tumor Subcommittee for 
the reporting of trials. SIOP Brain Tumor Subcommittee. International 
Society of Pediatric Oncology. Med Pediatr Oncol. 1995;24(2):104–108.

29. Louis  DN, Ohgaki  H, Wiestler  OD, et  al. The 2007 WHO classifica-
tion of tumours of the central nervous system. Acta Neuropathol. 
2007;114(2):97–109.

30. R Development Core Team. R: A  Language and Environment for 
Statistical Computing. Vienna, Austria: R Foundation for Statistical 
Computing; 2021.

31. Veal  GJ, Cole  M, Errington  J, et  al. Pharmacokinetics of carboplatin 
and etoposide in infant neuroblastoma patients. Cancer Chemother 
Pharmacol. 2010;65(6):1057–1066.

32. Pajtler KW, Witt H, Sill M, et al. Molecular classification of ependymal 
tumors across all CNS compartments, histopathological grades, and age 
groups. Cancer Cell. 2015;27(5):728–743.

33. Pajtler KW, Wen J, Sill M, et al. Molecular heterogeneity and CXorf67 
alterations in posterior fossa group A  (PFA) ependymomas. Acta 
Neuropathol. 2018;136(2):211–226.

34. Kilday  JP, Mitra  B, Domerg  C, et  al. Copy number gain of 1q25 predicts 
poor progression-free survival for pediatric intracranial ependymomas and 
enables patient risk stratification: a prospective European clinical trial co-
hort analysis on behalf of the Children’s Cancer Leukaemia Group (CCLG), 
Societe Francaise d’Oncologie Pediatrique (SFOP), and International Society 
for Pediatric Oncology (SIOP). Clin Cancer Res. 2012;18(7):2001–2011.

35. Kato Y, Nishimura S, Sakura N, Ueda K. Pharmacokinetics of etoposide 
with intravenous drug administration in children and adolescents. 
Pediatr Int. 2003;45(1):74–79.

36. Palle  J, Frost  BM, Gustafsson  G, et  al. Etoposide pharmacokinetics 
in children treated for acute myeloid leukemia. Anticancer Drugs. 
2006;17(9):1087–1094.

37. Davidson A, Gowing R, Lowis S, et al. Phase II study of 21 day schedule oral 
etoposide in children. New Agents Group of the United Kingdom Children’s 
Cancer Study Group (UKCCSG). Eur J Cancer. 1997;33(11):1816–1822.

38. Edick  MJ, Gajjar  A, Mahmoud  HH, et  al. Pharmacokinetics and 
pharmacodynamics of oral etoposide in children with relapsed or 
refractory acute lymphoblastic leukemia. J Clin Oncol. 2003;21(7): 
1340–1346.

39. Kiya  K, Uozumi  T, Ogasawara  H, et  al. Penetration of etoposide into 
human malignant brain tumors after intravenous and oral administra-
tion. Cancer Chemother Pharmacol. 1992;29(5):339–342.

40. Millward CP, Mallucci C, Jaspan T, et al. Assessing “second-look” tu-
mour resectability in childhood posterior fossa ependymoma—a cen-
tralised review panel and staging tool for future studies. Childs Nerv 
Syst. 2016;32(11):2189–2196.

41. Macarthur  DC, Mallucci  C, Kamaly-Asl  I, et  al. EPEN-24. SIOP 
Ependymoma II: Central Ependymoma Management Advisory Group—
the UK experience. Neuro Oncol. 2020;22(3):iii312.

42. Merchant TE, Boop FA, Kun LE, Sanford RA. A retrospective study of sur-
gery and reirradiation for recurrent ependymoma. Int J Radiat Oncol Biol 
Phys. 2008;71(1):87–97.


	Materials and Methods
	Patient Population
	Study Treatment
	Disease Evaluation
	Molecular Analysis
	Study Design and Statistical analysis
	Blood Sampling and Pharmacokinetics

	Results
	Treatment Received
	Response
	Overall Survival and Progression-Free Survival
	Toxicity
	Pharmacokinetics

	Discussion
	Supplementary Material

