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Abstract. Medulloblastoma (MB) is one of the most common 
pediatric malignant tumors arising from the central nervous 
system with an unknown etiology and variable prognosis. 
Relapsed or refractory MB in pediatric patients after inten‑
sive anticancer therapy (chemo‑, radiotherapy) is associated 
with treatment resistance and poor survival prognosis. 
Metronomic chemotherapy in combination with mTOR 
inhibitors may have advantages due to an alternate mecha‑
nism of cytotoxicity and a favourable adverse effects profile. 
Furthermore, it is considered to be a prospective anticancer 
regimen regardless of the presence/absence of molecular 
targets. The present study reported a successful result of this 
treatment option with optimal tolerability in relapsed MB in 
a pediatric male patient and highlighted the advantages for a 
selected group of patients.

Introduction

Medulloblastoma (MB) is one of the most common forms 
of malignant tumor arising from the cerebellum and poste‑
rior fossa with unknown etiology. MB occurs at the age 
of 3‑7 years, but may also be diagnosed in adolescents and 
young adults (1,2). Most cases of MB have a sporadic occa‑
sion but there has been a certain association with familial 
syndromes (3,4). Despite the standard therapeutic options 
for primary care, including chemo‑/radiotherapy and even 
high‑dose chemotherapy, the 10‑year mortality rate of MB is 
34,6% (5). Relapsed or refractory MBs in pediatric patients 
are reported to have poor outcomes and, in most cases, 

intensive chemotherapy and radiation are inappropriate treat‑
ment options due to the high risk of adverse events, intolerance 
and low effectiveness. Thus, there is a need to develop a less 
toxic and more precise strategy with a modality of targeted 
therapy in order to improve survival rates (6).

Metronomic chemotherapy (MCT), acting through various 
mechanisms by producing direct and indirect effects on the 
tumor cells and their microenvironment, was reported to be 
a feasible and potentially effective approach for relapsed and 
refractory central nervous system (CNS) tumors (7). A signifi‑
cant role in tumor progression is assigned to neoangiogenesis, 
while antiangiogenic drugs in combination are considered to 
be more promising (8). Thus, the phosphatidylinositol‑3‑kinase 
(PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway 
is known to have a significant role in the development, 
progression and relapse of various tumors, including MBs (9), 
and accordingly, the addition of PI3K/Akt/mTOR inhibitor to 
the MCT regimen may be rational and has been confirmed by 
various in‑vitro and in‑vivo studies (10‑23).

The present study reported a successful case of long‑term 
stabilization of relapsed MB in a pediatric patient on metro‑
nomic regimen chemotherapy along with mTOR inhibitor 
with optimal tolerability. The literature review demonstrates 
the mechanisms of MCT and mTOR inhibitors and underlines 
their advantages for a selected group of patients.

Case report

A 3‑year‑old Caucasian male patient was admitted to the 
Department of Pediatric Oncology of Almazov National 
Medical Research Centre (St. Petersburg, Russia) in August 
2017 with complaints of acute headache and neck pain, as 
well as vomiting and fatigue. CT scan of the brain indicated 
a tumor in the cerebellar vermis and in the IV ventricle with 
a size of 42.6х43.7х47.5 mm. Surgical resection of the tumor 
was performed and in the postoperative MRI of the brain 
with contrast enhancement (Fig. 1A), a residual tumor in the 
posterior fossa was visualized. In addition, multiple metastatic 
lesions in the meninges of the brain and spinal cord and signs 
of spinal compression at the level of Th9‑Th10 were observed 
(Fig. 1A and B). The patient did not have any co‑morbidities at 
the time of the initial diagnosis.
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Histological examination (24) of the tumor sample revealed 
small round undifferentiated cells with hyperchromatic nuclei, 
rosettes and pseudorosettes, foci of necrosis and hemorrhages, 
as well as pathologic mitoses. Based on the histological and 
immunohistochemical (24) profile (File S1) and radiological 
data, the diagnosis of anaplastic MB of the posterior fossa, 
stage R+M3 was confirmed. There was no technological 
opportunity to provide full molecular genetic testing to deter‑
mine the subtype of MB.

After the surgery, the patient had neurological symptoms, 
including cerebellar mutism syndrome, ataxia and cognitive 
deficit. Considering the patient's age, histological type of the 
tumor and stage of the disease, adjuvant treatment was initi‑
ated. According to the HIT MED 2014 (version 4.0, 2017) 
protocol, the patient was given 3 cycles of intensified induction, 
including cisplatin, etoposide, high‑dose methotrexate and 
intraventricular methotrexate (25). The most common compli‑
cations of the chemotherapy in the patient of the present study 
were myelosuppression, febrile neutropenia, toxic hepatitis, 
catheter‑related bloodstream infection and toxic dermatitis.

The subsequent MRI examination in October 2017 revealed 
a 50% decrease in tumor size. Next, two cycles of high‑dose 
chemotherapy (HDCT) with a conditioning regimen of carbo‑
platin/etoposide and thiotepa/cyclophosphamide followed 
by autologous stem cell rescue (ASCR) were provided (25). 
Complications after HDCT with ASCR in the patient of 
the present study were pancytopenia, mucositis grade 3, 
enterocolitis associated with Klebsiella pneumoniae and 
toxic dermatitis. The median time to neutrophil and platelet 
recovery was 11 and 13 days, respectively.

After the HDCT with ASCR, the patient underwent brain 
and spinal cord MRI, which revealed the positive clinical 
effect of the therapy. There was a decrease in the size of 
the metastatic lesions in the spinal meninges at the level of 
Th10‑Th11, L1‑L2 and L5, but the number of lesions remained 
stable. In the brain meninges, a decrease in both the size and 
the degree of the contrast accumulation of the metastatic 
lesions was observed.

As a result, the patient did not achieve complete remission 
after surgery and chemotherapeutic treatment, and thus, radia‑
tion therapy was provided by craniospinal irradiation with a 
dose of 35.2 Gy with a boost on spinal metastases to 44.2 Gy 
and posterior fossa to 55 Gy. MRI was performed 6.5 weeks 
post‑radiation therapy, indicating postoperative changes with 
no evidence of residual tumor in cerebellum and IV ventricle. 
The metastases in the region of the interpeduncular cistern were 
stable. Detectable spinal metastases remained with a slight 
decrease in the degree of contrast enhancement. According 
to the clinical and radiological data, the patient achieved 
stable disease and continued to be monitored (Fig. 2A and B). 
Considering the high risk of disease progression, maintenance 
therapy with temozolomide at a dose of 150 mg/m2 was initi‑
ated. The patient tolerated the treatment well and there were 
no reported adverse reactions.

Interim neuroimaging investigation revealed stabiliza‑
tion of the disease and maintenance chemotherapy was 
continued. The patient was given 6 cycles of temozolomide 
in total. A month later, after the 6th cycle, the patient still 
had ataxia, dysarthria and strabismus. MRI of the brain 
with contrast enhancement indicated new leptomeningeal 

metastases in the brain, suggesting continuous disease 
progression (Fig. 3A and B). Considering the scientific data 
about the potential effectiveness of MCT with mTOR inhibi‑
tors (17,26,27), it was decided to prescribe this scheme. The 
treatment protocol was approved by the institutional scien‑
tific committee (protocol no. 45 from September 2019). The 
patient was treated with celecoxib at a dose of 100 mg twice 
a day, alternate cycles of etoposide 50 mg/m2/day for the first 
3 weeks, followed by cyclophosphamide 2.5 mg/kg/day from 
the 4th to the 6th week of each cycle, along with sirolimus 
with an initial dose of 2 mg/m2/day. All medications were 
administered orally. Side effects were monitored regularly 
according to criteria (File S2) and the patient exhibited grade 
1‑2 (not severe) recurrent episodes of neutropenia and throm‑
bocytopenia, but there were no indications for antimicrobial 
therapy and hospitalization. After the maximum cumulative 
dose of etoposide (2,100 mg/m2) was reached, the drug was 
discontinued. During the metronomic therapy, the clinical 
condition and MRI data of the patient remained stable. The 
patient was given this therapy for 2 years and after finishing 
the treatment, monitoring was continued.

At 4 months after discontinuation of the metronomic 
therapy, MRI was performed. The investigation revealed 
a decrease in the size of leptomeningeal lesions at the level 
of Th5‑Th6 to 4x1 mm (previously 6x2 mm), at the level of 
Th10 to 8x4 mm (previously 20x4 mm) and at the level of 
Th12‑L1 to 14x2 mm (previously 16x2.5 mm), while the previ‑
ously described metastatic lesion at the level of Th1 was not 
detected. MRI data of the brain were stable (Fig. 4A and B). At 
eight months after discontinuation of the metronomic therapy, 
MRI confirmed disease stabilization.

At the time of writing of this report, the patient had been 
under surveillance for 14 months. The last MRI examination 
was performed in June 2022, which indicated stabilization of 
the disease.

Discussion

Despite the currently used multimodal therapy, the prognosis 
for high‑risk group patients remains dismal and almost 30% 
relapse during the 1st year of treatment completion (28,29). 
Also von Bueren et al (30) demonstrated poor survival rates 
for children with localized MB with unfavorable histology.

Treatment modalities for recurrent MBs are limited due to 
the tendency to develop resistance to conventional treatment 
and high rate of toxicity as limiting factors for intensified 
chemotherapy and repeated radiotherapy (28,29). Novel strate‑
gies, including targeted therapy, are necessary in order to 
improve overall and progression‑free survival in these patient 
groups (6).

The present results and previous reports (17,26,27,31‑38) 
confirm the effectiveness of MCT in pediatric patients with 
refractory or relapsing CNS tumors with a satisfactory toxicity 
profile. For the past 15 years, MCT regimens have been 
assessed for replacing conventional regimens in miscellaneous 
cancers (39). While complete responses are rare, MCT may 
lead to partial responses and long‑term disease stabiliza‑
tion with a significant improvement in the quality of life of 
patients and their families (26,40,41). Apparent advantages 
of MCT are cost‑effectiveness and outpatient treatment 
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administration (39). In cases of progressive disease and 
limited options for anticancer therapy, this treatment remains 
available for palliative care.

Today, MCT remains empirical, but ongoing preclinical 
and clinical studies define the best agents for use according 
to tumor type, number, type and doses of drugs, and timing 
of administration. It should be emphasized that childhood 

malignancies may feature recurrent genomic alterations, but 
their frequency is <10%. This is a limiting factor for designing 
and conducting clinical trials of targeted therapy according to 
revealed alterations and tumor histology (42).

Clear differences between MCT and conventional cyto‑
toxic chemotherapy have been defined and explain differences 
in mechanisms of action. The MCT regimen usually consists 

Figure 1. Central nervous system MRI of the patient performed at 4 weeks after the surgery. (A) Brain MRI (Sag T1 SE + C). Diffuse infiltration of the 
meninges of the cerebral hemispheres in the area of the interpeduncular cistern was observed with intensive contrast enhancement (green arrows; scale bar, 
40 mm). (B) Spinal cord MRI (Sag T1 TSE + C). Multiple metastatic lesions of the meninges of the spinal cord (Th5, Th9‑Th10, Th12‑L1) and signs of spinal 
compression at the level of Th9‑Th10 were observed with intense contrast enhancement (green arrows; scale bar, 40 mm). Sag, sagittal.

Figure 2. Central nervous system MRI of the patient at 3 months after discontinuation of the therapy. (A) Brain MRI (Sag T1 SE + C). Diffuse infiltration of 
the meninges of the cerebral hemispheres was observed in the area of the interpeduncular cistern with intensive contrast enhancement. Decrease in the size of 
the focus in the right occipital lobe (green arrow; scale bar, 40 mm). (B) Spinal cord MRI (Sag T1 TSE + C). Multiple metastatic lesions of the meninges of the 
spinal cord (С5, С7, Th5, Th9‑Th10, L1) and signs of posterior subarachnoid space compression were observed at the level of Th9‑Th10 with intensive contrast 
enhancement. A slight decrease in the size of the lesions at the level of C5 and Th5 was observed (green arrows; scale bar, 80 mm). Sag, sagittal.
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of a combination of various drugs with antiangiogenic, immu‑
nostimulatory and apoptotic mechanisms (31). MCT may be 
the most efficacious treatment for minimal residual disease 
or significantly cytoreduced disease. Frequently used drugs 

are cyclophosphamide, etoposide, methotrexate, vinblastine, 
temozolomide, irinotecan and topotecan (32‑34). In preclinical 
studies, cyclo‑oxygenase 2 (COX2) inhibitors have demon‑
strated antitumor activity when given at subtherapeutic doses 

Figure 4. Central nervous system MRI of the patient at 14 months after discontinuation of the metronomic chemotherapy. (А) Brain MRI (Ax T1 MPR + C) 
indicating contrast enhancement in the region of the interpeduncular cistern (green arrow; scale bar, 80 mm). (B) Spinal cord MRI (Sag T1 TSE + C) revealing 
multiple metastatic lesions of the meninges of the spinal cord at the level of Th6, Th11‑12, Th12‑L1 with intensive contrast enhancement (green arrows; scale 
bar, 80 mm).

Figure 3. Central nervous system MRI of the patient after the 6th cycle of maintenance therapy with temozolomide indicated disease progression (new 
leptomeningeal metastases in the brain). Brain MRI (Ax T1 SE + C) indicated new lesions of contrast enhancement in (A) the region of the right temporal lobe 
and (B) membranes of the vestibulocochlear nerves (green arrows; scale bars, 40 mm).
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due to inhibition of angiogenesis and cell cycle arrest (35). 
A significant reduction in tumor invasion and proliferation 
was achieved via the COX‑2 independent pathway. Also, 
when given at a metronomic dose, celecoxib is free from its 
well‑established cardiovascular adverse events, which other‑
wise limit its use (31).

One of the important points of the natural course of 
malignancy is tumor dormancy, which occurs initially, during 
the very early phase of cancer, and later, after completion of 
anticancer treatment (remission phase), which is also regulated 
by the initiation of angiogenesis (27). Thus, it may be assumed 
that inhibition of the angiogenic switch by MCT may prevent 
the progression of tumors and their metastases (27).

Further agents were described to be used in the MCT 
regimen, including isotretinoin (inhibits cell proliferation and 
induces differentiation), thalidomide (immunomodulator with 
powerful antiangiogenic activity) (36), valproic acid (37), beva‑
cizumab (37), rapamycin (17) and intraventricular liposomal 
cytarabine‑etoposide (38). mTOR proteins have an essential 
role in the disease pathogenesis of MB and the PI3K/AKT 
pathway is considered one of the major mechanisms that are 
activated during MB development (26). Multiple drugs have 
been reported to target mTOR through different binding sites 
or mechanisms, but the importance of combination therapy in 
MB due to its highly resistant nature is highlighted (26).

In the case of the present study, alternating cyclophospha‑
mide with etoposide and celecoxib, combined with the mTOR 
inhibitor sirolimus, was used. It should be emphasized that 
mTOR inhibitors were administered without the confirmation 
of the presence of PIK3CA mutations, but the opportunity of 
tumor DNA sequencing should be taken in order to predict 
the possible effectiveness of treatment. Apart from targeting 
certain mutations, PI3K/mTOR inhibitors exert their cyto‑
toxic effects through other mechanisms, as mentioned above. 
Concomitant administration of molecular‑targeted drug 
molecules on a daily basis may have immense potential (26).

Despite the minimal associated toxicity of MCT, there are 
several reports of secondary leukemia after prolonged chemo‑
therapy with temozolomide and etoposide (31,43). Therefore, 
total doses of anticancer agents and treatment toxicity should 
be closely monitored.

The current experience of MCT in combination with 
mTOR inhibitors confirms the possibility of achieving 
long‑term survival in patients with MB refractory to previous 
treatment options. In the present study, a good partial radio‑
graphic response compared to the baseline measurement with 
the absence of significant toxicity was obtained. Considering 
the duration of the progression‑free follow‑up period, a favor‑
able outcome may be expected for the patient of the present 
study. Further investigations of this strategy are necessary to 
define the potential efficacy, toxicity and feasibility in similar 
treatment groups.

Of note, the treatment strategy of the present study 
cannot be considered a standard therapy at present, but may 
be discussed as an option for second and subsequent lines of 
therapy in heavily pretreated pediatric patients with relapsed 
or refractory CNS tumors. Future investigations are warranted.

In conclusion, there is no doubt that multidrug MCT 
in combination with mTOR inhibitors is a rational option 
for heavily pretreated pediatric patients with recurrent or 

progressive MBs with prolonged or persistent disease‑free 
survival. The most significant advantages of this option are no 
age restrictions, oral low‑dose form of cytotoxic drugs, absence 
of major toxicities and potential effectiveness in different 
cancer types. It is necessary to emphasize that in pediatric 
cancers, recurrent genomic alterations occur at a frequency of 
<10%, making it difficult to apply targeted therapy in most 
patients. Due to the mechanism of action of MCT in combi‑
nation with mTOR inhibitors, it appeared to be a prospective 
anticancer regimen regardless of the presence/absence of 
molecular targets. In general, MCT is a palliative care option 
and is continued until the progression of the disease, but there 
are plenty of case reports with complete tumor response and 
long‑term disease‑free survival. Further cohort investigations 
on this strategy are necessary to achieve an impact on survival 
and long‑term toxicity in definite cancer types.
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