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Abstract

Metronomic chemotherapy-based combinations have received interest for

relapsed/refractory malignancies. Preclinical and clinical studies showed activity

of metronomic etoposide and axitinib. We report our retrospective experience in

six children treated with axitinib and metronomic etoposide for refractory/relapsed

brain tumors as an “off-label” combination. Three patients with medulloblastoma

experienced partial response; one patient with atypical teratoid rhabdoid tumor

(ATRT) displays an ongoing stable disease (12months); two patients withmedulloblas-

toma had progressive disease. Grade 3–4 toxicities were observed in two patients

(thrombocytopenia, anemia, diarrhea, fatigue). The axitinib–etoposide combination

shows signals of efficacy in heavily pretreated patients with relapsed/refractory brain

tumors. These results were based on real-world observation and will need formal

evaluation in a phase I/II trial.
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1 INTRODUCTION

Pediatric central nervous system tumors (pCNS) are the second most

common childhoodmalignancies and themost common cause of death

among all childhood cancers.1 There is currently limited available ther-

apy for patients with relapsed medulloblastoma, ependymoma, and

atypical teratoid rhabdoid tumor (ATRT). New strategies are needed

for pediatric relapsed or refractory brain tumors.

Several metronomic chemotherapy (MC) regimens have shown

activity in pCNS tumors,2–4 raising interest for the different mecha-

nisms of action of MC (inhibition of angiogenesis, immune regulation,

Abbreviations: ATRT, atypical teratoid rhabdoid tumor;MC, metronomic chemotherapy; OS,

overall survival; pCNS tumors, pediatric central nervous system tumors; TEMIRI,

temozolomide–irinotecan.
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direct cancer cells toxicity) and the sequential use of different agents

to overcome drug resistance.5 Recently, such a multidrug metronomic

regimen called MEMMAT led to sustained complete remissions of

20% pediatric patients with medulloblastoma, who all previously

underwent radiotherapy as part of their treatment.6 These findings

confirmed the results of previous retrospective studies for pCNS

tumors.6–8 Among MC agents successfully used in the MEMMAT

protocol, etoposide appears as a clinically valid option for patientswith

medulloblastoma and ependymoma.6 Several studies have described

the clinical activity of metronomic etoposide in medulloblastoma and

ependymoma.9,10

Axitinib is a second-generation tyrosine kinase inhibitor that

works by selectively inhibiting vascular endothelial growth factor

receptors (VEGFR-1/2/3). Through this mechanism of action, axitinib
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F IGURE 1 Examples of radiological response:MRI
scan of patient illustrating response to treatment. Panel
(A) •Baseline: Left lateral ventricle lesion 20× 15mm;
lesion in left paramedian posterior cerebral fossa 13mm;
right acousticofacial bundle lesion 12× 10mm; fornix
lesion 25 × 32mm; right cerebellar lesion 20 × 19mm;
optic chiasma lesion; ventricular volume diameter
24mm; Left corpus callosum splenium lesion
18 × 23mm. •Week 7: (i) Decreased: left lateral ventricle
lesion 18 × 12mm; left paramedian posterior cerebral
fossa lesion 7mm; bilateral acousticofacial bundle
lesions; cervical lesions. (ii) Increased: fornix lesion
40 × 28mm; right cerebellar lesion 43 × 33mm; optic
chiasma lesion; left ventricular subependymal
leptomeningeal lesion; ventricular volume diameter
36mm. (iii) Stability: perimedullary lesions. Panel (B) •
Baseline: Leptomeningeal lesion C1 20× 15mm and
L5-S1 (withmass effect). •Week 7: (i) Decreased:
cervical lesions. (ii) Stability: perimedullary lesions.

may block tumoral angiogenesis, tumor growth, and metastases.11

Preclinical studies showed activity of axitinib in medulloblastomas and

in ependymomas.12–14

In the context of hard-to-cure relapsed or refractory pCNS tumors,

we used an “off-label” regimen of oral etoposide and axitinib in three

tertiary institutions. We report real-world data through a retrospec-

tive case series.

2 METHODS

We retrospectively collected and analyzed data from patients aged

0–21 years treated in three pediatric oncology units in France from

January 2022 to December 2023 who received oral axitinib and

metronomic etoposide. All patients had relapsed or refractory brain

tumors.
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Treatment consisted of an oral regimen of axitinib given twice a day

in combination with once daily oral etoposide. Both drugs were given

on a continuous basis. Recommended dose of axitinib used as single

agent after the phase 1 trial in children was 2.4 mg/m2/dose twice a

day,which led toPKexposures similar to thoseof adults.15 Metronomic

etoposide is usually given at the dose of 50 mg/m2/day.16,17 Different

dosages were given based on the number and type of previous lines of

treatment and their tolerance according to responsible physician.

Demographic and medical (including laboratory tests and imaging

such as magnetic resonance imaging [MRI] scans) data were collected

from the electronic medical charts of patients. Cerebral and spinal

MRI (T1- and T2-weighted sequences) were repeated at least every

2–3 months during treatment and during follow-up until progression.

Progression-free survival (PFS) and overall survival (OS) were defined

as time from initiation of treatment to date of relapse or progres-

sion or death from any cause. Adverse events were assessed according

to the Common Terminology Criteria for Adverse Events (CTCAE)

v.5.0. Bloodwork. The modalities of follow-up were defined by the

responsible physician.

Patients were treated “off-label” under their physician responsibil-

ity and after information on “off-label” prescriptions. Ethics approval

was granted for retrospective analysis of data by the ethics committee

from local Ethics Review Board: Assistance Publique des Hôpitaux de

Marseille—CSE 2349-November 2023.

3 RESULTS

Six patients (three males, three females) with a median age of 11 years

[7; 11.7] at diagnosis were included in this analysis. They received

the axitinib–etoposide combination in three pediatric oncology units.

Characteristics of the patients, treatments, and outcomes are detailed

in Table 1. All patients had metastatic relapsed or refractory cen-

tral nervous system (CNS) brain tumors (five medulloblastomas and

one ATRT). All patients previously received a median number of 4.5

(range 3–8) lines of therapy, including chemotherapy, radiotherapy, and

surgery prior to receiving axitinib–etoposide combination.

Modalities and response to axitinib–etoposide combination are

detailed in Table 1. Examples of radiological response are illustrated

in Figure 1. Median age at the time of treatment was 14 years [12–

19], and median time from diagnosis to MC treatment was 70 months

[48–101]. Dose of axitinib ranged between 0.8 and 2.1 mg/m2/dose

taken twice a day, and dose of etoposide ranged between 15 and

45 mg/m2/day. Five grade 3 and 4 toxicities were reported in two

patients.Onecaseof grade2highbloodpressurewas reported, treated

with calcic antagonist. Treatment had to be temporarily suspended

due to grade 3 diarrhea in one patient. Dose reduction was neces-

sary for two patients (one for diarrhea, one for thrombocytemia). Best

responses were partial responses (3), stable disease (1), while two pro-

gressive diseases were also observed. Overall, at last follow-up four

deaths were reported, one patient with medulloblastoma switched to

new treatments and is alive at 6 months and one patient with ATRT is

still under treatment after 12months.

F IGURE 2 Swimmer plot. freeze, data freeze; PD, progressive
disease; PR, partial response; SD, stable disease.

4 DISCUSSION

In this retrospective experience, we report real-word data of the

“off-label” treatment with axitinib and metronomic etoposide in six

children or adolescents with pediatric relapsed/refractory metastatic

brain tumors (Figure 2) three patients with medulloblastoma experi-

enced partial response or dissociated response and one patient with

ATRT has an ongoing stable disease on treatment.

The observed clinical and radiological responses to axitinib–

etoposide appear promising in these patients who have progressed

despite several lines of treatment, including radiotherapy. This is con-

sistent with the preclinical studies of axitinib that have shown activity

in medulloblastoma in vitro and in vivo alone or when combined with

metronomic etoposide13 or gemcitabine.14 Potential activity has also

been reported in ependymoma,18 but no patients with ependymoma

have been treated with this combination. These results are consistent

with previous preclinical data that have reported synergy between

MC and drugs targeting VEGF,19,20 further illustrated by responses

seen in theMEMMAT and the temozolomide–irinotecan (TEMIRI) plus

bevacizumab combinations.6,21 However, it is difficult to discriminate

the respective contribution of axitinib or etoposide. Oral metronomic

etoposide was shown to provide prolonged clinical benefit in patients.

However, these are older studies, with different prior treatments and

fewer lines of therapy.6,21

All patients reported here had previously received one line of MC

and bevacizumab. This suggests that there is a potential for rechalleng-

ing heavily pretreated patients with MC and anti-VEGF agents.22,23

Some patients were treated according to the MEMMAT protocol

before receiving the axitinib–etoposide combination, with a partial

response despite the previous use of an anti-VEGF and etoposide in

both cases.We can assume that there is no systematic cross-resistance

with MC and/or with anti-VEGF monoclonal antibody, likely for the

later due to the use of a pan-VEGF inhibitor peptide.

So far, axitinib–etoposide showed a limited number of grade 3−4
hematological toxicities. Diarrhea and hypertension were previously

reported in the phase 1 trial by Geller et al.22 Of note, these toxici-

ties seemed to occur in patients in whom lower dose of etoposide was

used likely reflecting anticipated toxicity based on tolerance of previ-

ous lines of treatment. Furthermore, this “all-oral” treatment shall be

advantageous over bevacizumab in terms of quality of life, as the oral
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formulation facilitates administration, allowing treatment to be taken

at home.

5 CONCLUSION

The oral combination of axitinib and metronomic etoposide appears

promising with three responses and one sustained stable disease

among six patients with relapsed/refractorymedulloblastoma or ATRT

after failure of radiotherapy. Three hematological and one digestive

grade 3−4 toxicities were observed. These real-word data further

strengthen the preclinical rationale, and the implementation of a for-

mal phase 1 clinical trial is planned to determine the recommended

dose for phase 2 of the combination treatment and further explore its

clinical activity in pCNS tumors and its role compared to MEMMAT or

bevacizumab-TEMIRI.

ACKNOWLEDGMENTS

The authors thank the patients and their families for participation in

the study.

CONFLICT OF INTEREST STATEMENT

Caroline Donzé, Gabriel Revon-Rivière, Arnauld Verschuur, and Mor-

gane Pondrom have no conflicts of interest to disclose. Nicolas André

has had an advisory role for Bayer, Alexion, Partners Therapeutics,

and receives grants (institution) from Bristol Myers Squibb and drugs

for a trial from Bristol Myers Squibb, Pierre Fabre, Merck, Pfizer, and

travel support from Roche, Novartis, Alexion; he further has IDMC

roles for Accord Healthcare. He also received funding for Region

SUD, Gouvernement de Monaco, AMIDEX, La Ligue contre le Can-

cer, and Fondation Flavien for a phase 1/2 evaluating axitinib. Pierre

Leblond reports receiving support from Merck Serono (Cilent study),

BMS (Metro-PD1 study), Pierre-Fabre (Ovima study), and Alexion

(Selumetinib board).

ORCID

CarolineDonzé https://orcid.org/0000-0002-3526-1855

ArnauldVerschuur https://orcid.org/0000-0003-1070-4442

NicolasAndré https://orcid.org/0000-0002-6786-4968

REFERENCES

1. Udaka YT, Packer RJ. Pediatric brain tumors. Neurol Clin.
2018;36(3):533-556. doi:10.1016/j.ncl.2018.04.009

2. Roux C, Revon-Rivière G, Gentet JC, et al. Metronomic mainte-

nance with weekly vinblastine after induction with bevacizumab-

irinotecan in children with low-grade glioma prevents early relapse.

J Pediatr Hematol Oncol. 2021;43(5):e630-e634. doi:10.1097/MPH.

0000000000002002

3. Verschuur A, Heng-Maillard MA, Dory-Lautrec P, et al. Metronomic

four-drug regimen has anti-tumor activity in pediatric low-grade

glioma; the results of a phase II clinical trial. Front Pharmacol.
2018;9:00950. doi:10.3389/fphar.2018.00950

4. Zapletalova D, André N, Deak L, et al. Metronomic chemotherapy

with the COMBAT regimen in advanced pediatric malignancies: a

multicenter experience. Oncology. 2012;82(5):249-260. doi:10.1159/
000336483

5. Pasquier E, Kavallaris M, André N. Metronomic chemotherapy: new

rationale for new directions. Nat Rev Clin Oncol. 2010;7(8):455-465.
doi:10.1038/nrclinonc.2010.82

6. Winnicki C, Leblond P, Bourdeaut F, et al. Retrospective national “real

life” experience of the SFCE with the metronomic MEMMAT and

MEMMAT-like protocol. J Clin Med. 2023;12(4):1415. doi:10.3390/
jcm12041415

7. Duerinck J, Du Four S, Bouttens F, et al. Randomized phase II trial

comparing axitinib with the combination of axitinib and lomustine in

patients with recurrent glioblastoma. J Neurooncol. 2018;136(1):115-
125. doi:10.1007/s11060-017-2629-z

8. Peyrl A, Chocholous M, Sabel M, et al. Sustained survival benefit in

recurrent medulloblastoma by a metronomic antiangiogenic regimen:

a nonrandomized controlled trial. JAMA Oncol. 2023;9(9):1688-1695.
doi:10.1001/jamaoncol.2023.4437

9. Jakacki RI, Cohen KJ, Buxton A, et al. Phase 2 study of concur-

rent radiotherapy and temozolomide followed by temozolomide and

lomustine in the treatment of childrenwith high-grade glioma: a report

of the Children’s Oncology Group ACNS0423 study. Neuro Oncol.
2016;18(10):1442-1450. doi:10.1093/neuonc/now038

10. Fraser J, Wills L, Fardus-Reid F, et al. Oral etoposide as a single agent

in childhood and young adult cancer in England: still a poorly evalu-

ated palliative treatment. Pediatr Blood Cancer. 2021;68(11):e29204.
doi:10.1002/pbc.29204

11. Hu-Lowe DD, Zou HY, Grazzini ML, et al. Nonclinical antiangiogene-

sis and antitumor activities of axitinib (AG-013736), an oral, potent,

and selective inhibitor of vascular endothelial growth factor recep-

tor tyrosine kinases 1, 2, 3. Clin Cancer Res. 2008;14(22):7272-7283.
doi:10.1158/1078-0432.CCR-08-0652

12. Penco-Campillo M, Comoglio Y, Morel ÁJF, et al. VEGFC nega-

tively regulates the growth and aggressiveness of medulloblastoma

cells. Commun Biol. 2020;3(1):579. doi:10.1038/s42003-020-01306-
4

13. Pagnuzzi-Boncompagni M, Picco V, Vial V, et al. Antiangiogenic

compound axitinib demonstrates low toxicity and antitu-

moral effects against medulloblastoma. Cancers. 2021;14(1):70.

doi:10.3390/cancers14010070

14. Schwinn S, Mokhtari Z, Thusek S, et al. Cytotoxic effects and toler-

ability of gemcitabine and axitinib in a xenograft model for c-myc

amplified medulloblastoma. Sci Rep. 2021;11(1):14062. doi:10.1038/
s41598-021-93586-x

15. Chen Y, Tortorici MA, Garrett M, Hee B, Klamerus KJ, Pithavala YK.

Clinical pharmacology of axitinib.Clin Pharmacokinet. 2013;52(9):713-
725. doi:10.1007/s40262-013-0068-3

16. Davidson A, Gowing R, Lowis S, et al. Phase II study of 21 day sched-

ule oral etoposide in children. Eur J Cancer. 1997;33(11):1816-1822.
doi:10.1016/S0959-8049(97)00201-3

17. Schiavetti A, Varrasso G, Maurizi P, et al. Ten-day schedule oral

etoposide therapy in advancedchildhoodmalignancies. J PediatrHema-
tol Oncol. 2000;22(2):119-124. doi:10.1097/00043426-200003000-
00008

18. Donson AM, Amani V, Warner EA, et al. Identification of FDA-

approved oncology drugswith selective potency in high-risk childhood

ependymoma. Mol Cancer Ther. 2018;17(9):1984-1994. doi:10.1158/
1535-7163.MCT-17-1185

19. Klement G, Baruchel S, Rak J, et al. Continuous low-dose therapy with

vinblastine and VEGF receptor-2 antibody induces sustained tumor

regression without overt toxicity. J Clin Invest. 2006;116(10):2827-
2827. doi:10.1172/JCI8829C1

20. Browder T, Butterfield CE, Kräling BM, et al. Antiangiogenic schedul-

ing of chemotherapy improves efficacy against experimental drug-

resistant cancer. Cancer Res. 2000;60(7):1878-1886.
21. Levy AS, Krailo M, Chi S, et al. Temozolomide with irinotecan versus

temozolomide, irinotecan plus bevacizumab for recurrent medul-

loblastoma of childhood: report of a COG randomized Phase II

 15455017, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pbc.31076 by C

ochraneItalia, W
iley O

nline L
ibrary on [02/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-3526-1855
https://orcid.org/0000-0002-3526-1855
https://orcid.org/0000-0003-1070-4442
https://orcid.org/0000-0003-1070-4442
https://orcid.org/0000-0002-6786-4968
https://orcid.org/0000-0002-6786-4968
https://doi.org/10.1016/j.ncl.2018.04.009
https://doi.org/10.1097/MPH.0000000000002002
https://doi.org/10.1097/MPH.0000000000002002
https://doi.org/10.3389/fphar.2018.00950
https://doi.org/10.1159/000336483
https://doi.org/10.1159/000336483
https://doi.org/10.1038/nrclinonc.2010.82
https://doi.org/10.3390/jcm12041415
https://doi.org/10.3390/jcm12041415
https://doi.org/10.1007/s11060-017-2629-z
https://doi.org/10.1001/jamaoncol.2023.4437
https://doi.org/10.1093/neuonc/now038
https://doi.org/10.1002/pbc.29204
https://doi.org/10.1158/1078-0432.CCR-08-0652
https://doi.org/10.1038/s42003-020-01306-4
https://doi.org/10.1038/s42003-020-01306-4
https://doi.org/10.3390/cancers14010070
https://doi.org/10.1038/s41598-021-93586-x
https://doi.org/10.1038/s41598-021-93586-x
https://doi.org/10.1007/s40262-013-0068-3
https://doi.org/10.1016/S0959-8049(97)00201-3
https://doi.org/10.1097/00043426-200003000-00008
https://doi.org/10.1097/00043426-200003000-00008
https://doi.org/10.1158/1535-7163.MCT-17-1185
https://doi.org/10.1158/1535-7163.MCT-17-1185
https://doi.org/10.1172/JCI8829C1


6 of 6 DONZÉ ET AL.

screening trial. Pediatr Blood Cancer. 2021;68(8):e29031. doi:10.1002/
pbc.29031

22. Geller JI, Fox E, Turpin BK, et al. A study of axitinib, a VEGF receptor

tyrosine kinase inhibitor, in children and adolescents with recurrent

or refractory solid tumors: a Children’s Oncology Group phase 1 and

pilot consortium trial (ADVL1315). Cancer. 2018;124(23):4548-4555.
doi:10.1002/cncr.31725

23. Steinbügl M, Nemes K, Gruhle M, et al. ATRT-09. Outcome and

therapeutic interventions in relapsed and refractory ATRT—the EU-

RHAB perspective. Neuro Oncol. 2022;24(1):i4. doi:10.1093/neuonc/
noac079.008

24. André N, Deley MCL, Léguillette C, et al. METRO-PD1: phase 1

study of nivolumab in combination with metronomic chemother-

apy in children and adolescents with relapsing/refractory solid

tumors. Eur J Cancer. 2024;198:113525. doi:10.1016/j.ejca.2024.

113525

25. Carrie C, Kieffer V, Figarella-Branger D, et al. Exclusive hyperfraction-

ated radiation therapy and reduced boost volume for standard-risk

medulloblastoma: pooled analysis of the 2 Frenchmulticentric studies

MSFOP98 and MSFOP 2007 and correlation with molecular sub-

groups. Int J Radiat Oncol Biol Phys. 2020;108(5):1204-1217. doi:10.
1016/j.ijrobp.2020.07.2324

26. Dufour C, Foulon S, Geoffray A, et al. Prognostic relevance of

clinical and molecular risk factors in children with high-risk medul-

loblastoma treated in the phase II trial PNET HR+5. Neuro Oncol.
2021;23(7):1163-1172. doi:10.1093/neuonc/noaa301

How to cite this article: Donzé C, Revon-Rivière G, Pondrom

M, Verschuur A, Leblond P, André N. Retrospective experience

of childrenwith relapsed brain tumors treated with oral

combination of axitinib andmetronomic etoposide. Pediatr

Blood Cancer. 2024;e31076.

https://doi.org/10.1002/pbc.31076

 15455017, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pbc.31076 by C

ochraneItalia, W
iley O

nline L
ibrary on [02/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/pbc.29031
https://doi.org/10.1002/pbc.29031
https://doi.org/10.1002/cncr.31725
https://doi.org/10.1093/neuonc/noac079.008
https://doi.org/10.1093/neuonc/noac079.008
https://doi.org/10.1016/j.ejca.2024.113525
https://doi.org/10.1016/j.ejca.2024.113525
https://doi.org/10.1016/j.ijrobp.2020.07.2324
https://doi.org/10.1016/j.ijrobp.2020.07.2324
https://doi.org/10.1093/neuonc/noaa301
https://doi.org/10.1002/pbc.31076

	Retrospective experience of children with relapsed brain tumors treated with oral combination of axitinib and metronomic etoposide
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	3 | RESULTS
	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


