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Pediatric brain tumors remain a leading cause of morbidity and mortality
worldwide, with management in developing countries particularly constrained by
limited healthcare resources. This review highlights emerging concepts in tumor
biology, particularly the roles of the tumor microenvironment (TME) and cancer
stem cells (CSCs), which are increasingly recognized as critical drivers of tumor
progression and therapy resistance. We summarize current evidence linking these
biological mechanisms with therapeutic strategies, emphasizing practical and cost-
effective approaches such as metronomic chemotherapy, maintenance
Keywords: chemotherapy, and intrathecal therapy delivered into the cerebrospinal fluid (CSF).
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1. INTRODUCTION

Primary brain tumors represent the most common solid
malignancies in children,

accounting for a significant proportion of pediatric solid
malignancies.

Up to 80% of new cases occur in middle-income countries,
where patients face major barriers to care due to limited
infrastructure and restricted access to advanced therapeutics
[1-3]. Financial constraints often exacerbate delays in
diagnosis and treatment, underscoring the urgent need for
alternative, practical, and resource-adapted treatment
strategies. Integrating insights from tumor biology with
feasible therapeutic approaches may offer cost-effective and

clinically relevant management options in such settings.

2. SEARCH STRATEGY

A literature search was performed to identify relevant
studies on pediatric brain tumors, tumor microenvironment
(TME), cancer stem cells (CSCs), maintenance
chemotherapy, metronomic chemotherapy, and
cerebrospinal fluid (CSF)-directed therapies. Electronic
databases including PubMed, Scopus, and Google Scholar
were searched for articles published between January 2000
and March 2026. Search terms included combinations of
“pediatric brain tumors,” “medulloblastoma,”
“ependymoma,” “glioma,” “metronomic chemotherapy,”
“maintenance chemotherapy,” “tumor microenvironment,”
“cancer stem cells,” “intrathecal therapy,” “intraventricular
therapy,” and “resource-limited settings.” Priority was given
to systematic reviews, clinical trials, landmark studies, and
recent publications with direct relevance to pediatric neuro-
oncology. Articles focusing exclusively on adult tumors or
lacking clinical or biological relevance to the scope of this
review were excluded. Additional references were identified
through manual screening of cited literature. Although the
primary search focused on publications from 2000 onward,
selected seminal studies published before 2000 were also
included when they provided important historical context
or established foundational concepts relevant to
maintenance therapy, CNS-directed treatment, and

pediatric neuro-oncology.

3. LITERATURE REVIEW

The evolution of pediatric neuro-oncology has transitioned
from aggressive, localized treatment toward a more
comprehensive, biology-driven approach. Historically, the
management of pediatric brain tumors borrowed heavily
from the success of “Total Therapy” in childhood leukemia.

The concept of maintenance therapy, pioneered by Donald
Pinkel in the 1960s, established that long-term, low-intensity
treatment is essential to eradicate minimal residual disease
(MRD) that survives initial induction [4, 5]. While this
paradigm revolutionized hematological malignancies, its
systematic application in solid Central Nervous System
(CNS) tumors remained limited for decades due to the
unique pharmacological challenges of the blood-brain
barrier (BBB).

The “pharmacological sanctuary” of the central nervous
system led to the development of CSF-directed therapies. A
landmark in this field was the invention of the Ommaya
reservoir (1963), which shifted the focus from reactive
treatment of symptomatic leptomeningeal disease to
proactive CNS prophylaxis. Early studies in the 1970s and
1980s confirmed that without direct CSF intervention, a
significant percentage of patients with embryonal tumors
would suffer CNS relapse despite systemic remission [5, 6].
In the last two decades, the focus of the literature has shifted
toward the Tumor Microenvironment (TME) and Cancer
Stem Cells (CSCs) as the primary drivers of therapy
resistance [7, 8]. Recent evidence suggests that conventional
high-dose chemotherapy often fails to penetrate the
protective niches of CSCs, leading to the late relapses
commonly seen in medulloblastoma and Atypical
Teratoid/Rhabdoid Tumor (AT/RT). This biological
insight has revitalized interest in  metronomic
chemotherapy—a term coined in the early 2000s to describe
frequent, low-dose drug administration [9]. Unlike
maximum tolerated dose (MTD) regimens, the metronomic
approach focuses on anti-angiogenesis and immune
modulation (10, 11]

Despite these advancements, a significant gap exists in the
literature regarding the implementation of these biological
strategies in low-resource settings. While high-income
countries have moved toward expensive molecular-targeted
therapies, the feasibility of maintenance and metronomic
protocols as “essential oncology” in developing nations
remains under-explored. Current research often overlooks
the pragmatic necessity of these low-cost interventions,
which this review aims to synthesize by linking the historical
foundations of maintenance therapy with modern TME-
targeted strategies.

4. TUMOR BIOLOGY AND RESISTANCE
MECHANISMS

Pediatric embryonal brain tumors arise from primitive
neural progenitor cells and predominantly affect infants and
young children [12]. These highly invasive neoplasms
present with overlapping histopathological features,

Page 2 of 11 | Iran ] Blood Cancer, 2026, Volume 18, Issue 1


https://ijbc.ir/article-1-1881-en.html

[ Downloaded from ijbc.ir on 2026-06-17 ]

Iran ] Blood Cancer

complicating accurate diagnosis and therapeutic planning
[13]. Major subtypes include medulloblastoma (MB),
atypical teratoid/rhabdoid tumor (AT/RT), neuroblastoma
(NB), ganglioneuroblastoma (GNB), embryonal tumor with
multilayered rosettes (ETMR), and embryonal tumor, not
otherwise specified (NOS) [14].

5. CANCER STEM CELLS (CSCS)

A key driver of treatment resistance and recurrence is the
subpopulation of cancer stem cells (CSCs). These cells
possess self-renewal and tumor-propagating capabilities, and
exhibit resistance to conventional chemotherapy and
radiotherapy [15, 16]. Pediatric brain tumor CSCs typically
arise from neural progenitors or dedifferentiated tumor cells
and are protected within specialized niches in the tumor
microenvironment. Current evidence suggests that no single
therapeutic strategy, including maintenance or metronomic
chemotherapy, can completely eradicate CSCs. However,
these strategies may contribute to CSC modulation and
microenvironmental control when used as part of

multimodal regimens.

6. TUMOR MICROENVIRONMENT (TME)

The tumor microenvironment (TME) consists of stromal
cells, immune populations, soluble factors, and extracellular
matrix components that collectively support tumor growth
and survival (17, 18].

Interactions within the TME not only promote local
invasion but also protect CSCs and suppress effective
antitumor immunity. In pediatric patients, developmental
immune tolerance may further influence responses and
treatmentrelated toxicities. These insights highlight the
need for therapeutic strategies that target both tumor cells
and their supportive microenvironment (Fig .1).

7. LINKING BIOLOGY TO THERAPY

Understanding the biology of CSCs and the TME provides
a rationale for prolonged, low-intensity interventions such
as maintenance chemotherapy and CSF-directed therapies.
These approaches may help control minimal residual
disease, delay relapse, and offer feasible treatment options
in resource-limited settings, particularly when advanced
targeted therapies are inaccessible.

7.1. Maintenance Chemotherapy

Maintenance therapy involves the prolonged administration
of low-dose chemotherapy following an initial intensive

treatment phase. The main goal is to suppress residual

disease, reduce relapse risk, and target cancer stem cells
(CSCs) while minimizing toxicity [19].
Key principles include:

o Drug selection: Preference for agents with long-term
safety, oral bioavailability, high compliance, and low
resistance risk.

e Immunomodulation: Low-dose regimens can restore
immune balance, particularly enhancing NK and B cell
activity [20].

o Applicability: Maintenance therapy is especially useful
in embryonal tumors such as medulloblastoma, but has
limited benefit in adult-type solid tumors [21].

Clinical evidence supports low-dose vinorelbine plus
cyclophosphamide regimens in high-risk
rhabdomyosarcoma (RMS) and brain tumors, particularly in
situations where high-dose chemotherapy with stem cell
rescue is not feasible [22, 23]. Treatment duration usually
ranges from 6 to 24 months, depending on tumor biology
and patient tolerance [24].

For slow-growing glial neoplasms, targeted therapies or
surgical approaches remain preferred. However, in resource-
limited contexts where such strategies are inaccessible or
unaffordable, metronomic chemotherapy may provide a
viable alternative.

7.2. Metronomic Chemotherapy

Metronomic therapy refers to the frequent, continuous
administration of low-dose chemotherapy without extended
breaks. Unlike conventional regimens, its primary targets
are the tumor microenvironment and tumor-associated
angiogenesis rather than rapidly dividing tumor cells [25,

26] (Fig. 2).

7.2.1. Mechanisms of Action

1. Anti-angiogenic activity: Continuous low-dose
therapy inhibits new blood vessel formation,
restricting tumor growth.

2. Immunomodulation: Metronomic schedules reduce
regulatory T cells (Tregs) and myeloid-derived
suppressor cells (MDSCs), enhancing cytotoxic CD8*
T-cells and NK-cell activity [27, 28].

3. Targeting cancer stem cells (CSCs): Preclinical studies
show reduced CSC populations, leading to decreased
recurrence risk [29].

4. Augmentation of immunogenic cell death: By
promoting dendritic cell maturation and Damage-
Associated Molecular Patterns (DAMP) recognition,
metronomic regimens can synergize with immune-
based approaches such as cancer vaccines [30, 31].
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Figure 1. TME and its Active Elements [44].

7.1.2. Clinical Application

In pediatric medulloblastoma and ependymoma,
metronomic regimens are increasingly used after
conventional therapy or when autologous transplantation is
not possible [32, 33]. Their affordability, oral
administration, and limited supportive care requirements
make them particularly attractive in low- and middle-income
countries (LMICs). Table 1 summarizes commonly used
protocols, including MEMMAT-like combinations,
vinblastine-based regimens, and oral etoposide schedules.

7.3. CSF-Directed Therapy

The blood-brain barrier (BBB) and blood-CSF barrier
severely restrict systemic drug penetration, thereby
necessitating direct intrathecal (IT) or intraventricular (IVT)
delivery of cytotoxic or targeted agents [36, 37].

7.3.1. Standard Intrathecal Chemotherapy

Commonly used agents include methotrexate (MTX) and
thiotepa, administered via lumbar puncture or Ommaya
reservoir. Intraventricular delivery is preferred due to more
uniform drug distribution and fewer procedural

complications.

7.3.2. Targeted Intrathecal Therapies
o CAR-NK cells: Effective in CNS leukemia relapse with
low neurotoxicity.
e Rituximab: Feasible for CNS lymphoma, even in
resource-limited settings.

e Nitrosoureas (ACNU, MCNU): Used in resistant
medulloblastoma; repeated boluses are discouraged.

While intrathecal rituximab and CAR-NK therapies may
represent future therapeutic options, their practical
applicability in LMICs is currently constrained by
substantial economic and infrastructural barriers, including
drug cost, cold-chain requirements, and limited access to
advanced cellular manufacturing platforms. Consequently,
broader implementation in resource-limited settings
requires further development of decentralized and cost-
adapted production models.

7.3.3. Pharmacokinetic Considerations

Optimizing CSF  drug delivery requires precise
pharmacokinetic (PK) monitoring. The area under the
concentration-time curve (AUC) of MTX in ventricular CSF
is considered one of the most reliable indicators of
therapeutic exposure. However, interpatient variability in
MTX clearance and peak levels after intralumbar
administration complicates dosing.

Intrathecal co-administration of probenecid increases CSF
AUC by ~3.2fold, decreases clearance, and reduces
neurotoxicity, whereas IV administration shows no
significant effect [38, 39].

PK-guided dosing strategies are critical to personalize
therapy, maximize efficacy, and minimize adverse effects.
Monitoring AUC in the CSF is therefore essential for
personalized dosing and optimization of therapeutic
outcomes. Figure 3 illustrates CSF circulation and drug
penetration dynamics, while Figure 4 depicts plasma
concentration-time profiles of MTX and its metabolite 7-
hydroxymethotrexate, along with  predicted CSF
penetration at different dosing levels. These data underscore
how varying MTX doses influence CSF exposure and
highlight the critical role of pharmacokinetic monitoring in
treatment planning [40, 41].

7.3.4. Individualized Maintenance Strategies

Maintenance therapy should be personalized based on
tumor type, patient age, disease dissemination, and
healthcare resources.

8. DISCUSSION

This review argues that biologically informed, low-intensity
maintenance strategies can partially compensate for the lack
of advanced therapies in resource-limited settings. Pediatric
brain tumors present significant therapeutic challenges
worldwide, particularly in resource-limited settings where
access to advanced diagnostics, molecular therapies, and
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high-dose chemotherapy with stem cell support is often
restricted. Effective management requires balancing
therapeutic efficacy with longterm safety, especially in
children whose developing brains are highly vulnerable.

Cancer stem cells (CSCs) play a crucial role in therapy
resistance and tumor recurrence. These cells reside in
protective niches within the tumor microenvironment
(TME), shielding them from cytotoxic effects and
suppressing antitumor immunity. Therefore, targeting both
the bulk tumor and CSC-enriched regions is critical for

sustained disease control. Maintenance and metronomic
chemotherapy offer low-toxicity, cost-effective approaches to
modulate CSC activity and the TME. While these strategies
may not completely eradicate CSCs, they can reduce relapse
risk, enhance immune-mediated tumor clearance, and
complement conventional high-dose therapies, particularly

when autologous stem cell transplantation is not feasible

(22, 33].

Table 1. Commonly Utilized Metronomic Chemotherapy Protocols in Pediatric Central Nervous System Tumors.

Treatment
No. Protocol Name Drugs and Dosages Duration & Key Notes Ref

Cycles

Celecoxib 250 mg/m? PO

BID (Days 1-43)

Etoposide 50 mg/m? PO daily

(Days 1-21)

Cyclophosphamide 2.5 )

mg/kg PO daily (Days 22-43) xamtmme )

MEMMAT-like Fenofibrate 90 mg/m? PO Median 16 crapy or
. . medulloblastoma,
1 Metronomic daily (Days 1-43) months especiall when (33]
Chemotherapy Thalidomide 6-12 mg/kg PO (continuous b Y
) autologous stem cell
Protocol daily (max 800 mg/day) (Days cycles) I i .
1-43) transplantation s
. not feasible.
Bevacizumab 10 mg/kg IV
weekly (Days 15, 22, 29)
Liposomal cytarabine 25-50
mg intraventricular every 4
weeks starting Day 29
Vinblastine 3 mg/m? weekly
(Weeks 1-7) For
Vinblastine- Methotrexate 10 mg/m? PO 8-week cycles medulloblastoma,

; based twice weekly (Weeks 5-7) with  2-week PNET, (34]
Metronomic Celecoxib 250 mg/m? PO chemotherapy- neuroblastoma, and
Protocol BID (Days 1-56) free intervals other pediatric

Cyclophosphamide 30 mg/m? tumors.
PO daily (Days 1-21)
. Vincristine 1.5 mg/m? on
Modified & Days 1,8, 15, and 22 T ey Suible for
week Cyclophosphamide 25 mg/m? el eyeiess pediatric brain
Vincristine- . Vincristine on .
3 PO daily (Days 1-21), then tumors with low- [34]
based i Weeks 1 & 5
. twice weekly thereafter . dose, scheduled
Metronomic in subsequent L
Methotrexate 15 mg/m? (Days timing.
Protocol cycles
21-42)
Sieoposidh: Etoposide 50 mg/m?2 PO daily Maintenance
based ; Cycles
. for 10 consecutive days therapy for
4 Metronomic i repeated over [35]
Mai Oneweek drugfree interval ependymoma  and
aintenance one year
. between cycles medulloblastoma.
Regimen
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Metronomic regimens exert multiple antitumor effects,
including anti-angiogenesis, immunomodulation, CSC
targeting, and induction of immunogenic cell death. These
approaches are especially relevant in  pediatric
medulloblastoma, ependymoma, and other embryonal
tumors, providing feasible alternatives in low- and middle-
income countries (LMICs). Oral maintenance regimens and
minimally invasive protocols offer a practical option that
balances efficacy, safety, and accessibility, reducing the need
for prolonged hospitalization.

Cerebrospinal fluid (CSF)-directed therapies, including
intrathecal ~or intraventricular  administration  of
methotrexate, thiotepa, and targeted biologics, are essential
for managing leptomeningeal dissemination.
Pharmacokinetic monitoring, particularly measurement of
the area under the concentration-time curve (AUC), enables
personalized dosing to optimize CNS drug exposure while
minimizing neurotoxicity. Co-administration with agents
such as probenecid further enhances therapeutic outcomes
[38, 39]. Treatment planning should consider tumor type,
age, CSF involvement, and available healthcare resources to

ensure individualized, safe, and effective therapy.

9. LIMITATIONS

Despite promising clinical experiences, evidence supporting
maintenance chemotherapy, metronomic chemotherapy,
and CSF-directed therapies in pediatric brain tumors
remains limited. Most data are derived from small cohorts,
retrospective  studies, or preclinical models. Tumor
heterogeneity and patient variability further complicate the
establishment of standardized protocols. Access to advanced
therapies remains a significant barrier in LMICs, and long-
term safety and efficacy data are often lacking. Therefore,
larger, multicenter, prospective trials are necessary to
validate these approaches, optimize dosing schedules, and

evaluate long-term outcomes.

10. FUTURE DIRECTIONS

Future research should focus on developing novel targeted
therapies capable of effectively penetrating the blood-brain
and blood-CSF barriers, minimizing systemic toxicity while

maximizing antitumor activity. Emerging immunotherapies,
including CAR-NK and CAR-T cell therapies, show promise

Table 2. Intrathecal Chemotherapy Protocol Using Thiotepa in Leptomeningeal and Spinal Metastases.

Treatment D Wl
Phase catme 0s¢ Route Cycle Frequency of
Days (mg)
Cycles
Induction Days 1 and 10 .Intratheca'l or Weekly 3
4 intraventricular
ol Intrathecal ~ or Weekly
Consolidkiion Dy L 2 intraventricular (if CSF cytology negative) v
Maintenance Day 1 10 .Intratheca'l or Every 4 weeks 4
intraventricular
Table 3. Targeted Treatments in Cerebrospinal Fluid (CSF).
1
Treatment Type Drug/Ce Indication/Application Dose. ) ) and Key Notes
Therapy Administration
Intrathecal Thiotepa Leptomeningeal/spinal 10 mg IT/IVT See Table 2
Chemotherapy mets
Intrathecal Cell CAR-NK cells CNS relapse in leukemia Direct CSF Low neurotoxicity
Therapy
Intrathecal Biologic ~ Rituximab CNS lymphoma Intrathecal Safe in low-income
Therapy countries
Intrathecal MTX, ACNU, Resistant Intrathecal Avoid repeated
Chemotherapy MCNU medulloblastoma nitrosoureas
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Table 4. Target Populations and Preferred Maintenance Strategies in Pediatric Brain Tumors,

Patient Preferred Maintenance .
X Tumor Types Rationale
Population Strategy
Metronomic Better tolerability; targets tumor
Infants & Young Medulloblastoma, chemotherapy, microenvironmentty’ (TMF%) & cancer
Children AT/RT, ETMR intrathecal  (intra-CSF)
stem cells (CSCs)
therapy
Oral int
High-risk Rhabdomyosarcoma, @ ‘mam chance .
. therapy instead of Safer long-term; preserves SCT option
Pediatric recurrent
. autologous  stem  cell for relapse
Patients medulloblastoma
transplant (SCT)
. . Oral metronomic
Patients in ; . . .
LMICs All embryonal tumors maintenance;  minimal Low-cost, accessible, effective
hospitalization
Patient ith
CE‘lS;e ne Wi Medulloblastoma, Intrathecal methotrexate, Direct access to leptomeningeal
) L PNET tiotepa metastases
Dissemination

Glial Tumor

Low-grade glioma, High-

Vinblastine- or
carboplatin-based
regimens for low-grade

Low-grade glioma may respond to
vinblastine- or  carboplatin-based
regimens; however, high-grade glioma

d lioma,
Patients grade gioma glioma; metronomic shows  limited  benefit  from
Ependymoma . . . . .
maintenance in selected metronomic maintenance strategies
cases (42, 43]
200 mg/kg 1000 mg/kg
1000 150’091
£ 100- E 1000-
E e 4
0 10 &6 100+
] ]
2l aE
®E 1 % E 104
58 S8
= i - i
g o g 8
0.01 T T T 01 T T T
[t} 2 4 L] 0 2 4 -]
105 100+

TOHMTX plasma
concantration (M)

TOHMTX plasma
concentration (M)

T
0 2 4
Time (h)

- 0.01

Time (h)

Figure 4. Plasma concentration-time profiles of MTX and 7-hydroxymethotrexate with predicted CSF penetration at 50%

and 90% levels for doses of 200 mg/kg (left) and 1000 mg/kg (right) [40].
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but require further evaluation across diverse populations.
Optimizing drug delivery systems—such as advanced
intrathecal administration techniques and pharmacologic
enhancers like probenecid—may improve therapeutic
outcomes. Large-scale clinical trials in LMICs are critical to
validate costeffective regimens such as metronomic
chemotherapy. Integrative approaches combining systemic,
intrathecal, and targeted therapies should be explored to

overcome tumor resistance and improve long-term survival.

11. CLINICAL IMPLICATIONS

Effective management of pediatric brain tumors requires
individualized treatment protocols that account for tumor
biology,  patient  characteristics, and  healthcare
infrastructure. Maintenance strategies such as metronomic
chemotherapy and CSF-directed therapies provide practical
and clinically applicable options, particularly in resource-
limited settings. Pharmacologic enhancers like probenecid
can reduce toxicity and increase drug persistence in the CSF.
Multidisciplinary  collaboration —among  oncologists,
pharmacologists, and researchers is essential to safely
translate emerging therapies into clinical practice.
Integrating these strategies may significantly improve
survival and quality of life for pediatric patients worldwide.

12. CONCLUSION

Maintenance and metronomic chemotherapy, combined
with CSF-directed interventions, represent biologically
informed and pragmatic strategies for pediatric brain tumor
management. By targeting CSCs, modulating the TME, and
individualizing therapy through pharmacokinetic guidance,
clinicians can optimize both efficacy and safety. This
integrative approach underscores that scientific insights and
practical considerations must work together to achieve

effective, accessible, and safe neuro-oncology care for

children globally.

Acknowledgement

The authors would like to acknowledge the clinical and
academic colleagues at MAHAK Pediatric Cancer
Treatment and Research Center, Tehran University of
Medical Sciences, and Lorestan University of Medical
Sciences for their valuable clinical insights, collaborative
support, and continued dedication to the care of children
with brain tumors. Their experience in managing pediatric
neuro-oncology patients in resource-limited settings has
substantially contributed to the perspectives presented in

this review.

We also acknowledge all healthcare professionals and
researchers working in pediatric neuro-oncology whose
efforts  in  advancing  knowledge @ on  tumor
microenvironment biology, cancer stem cells, and
metronomic chemotherapy have contributed to the

scientific foundation of this work.

Declaration of interest

The authors declare no competing interests.

Funding

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

References

[1] Ostrom QT, Gittleman H, Liao P, Vecchione-Koval T, Wolinsky Y,
Kruchko C, Barnholtz-Sloan JS. CBTRUS statistical report: primary
brain and other central nervous system tumors diagnosed in the United
States in 2010-2014. Neuro-oncology. 2017;19(suppl_5):v1-v88.

[2] Love RR. Improving cancer outcomes in low-and middle-income
countries. Journal of Global Oncology. 2019;5:JGO. 19.00297.

[3] Barragan-Carrillo R, Asirwa FC, Dienstmann R, Pendhakar D,
Ruiz-Garcia E. Global Oncology: Tackling Disparities and Promoting
Innovations in Low-and Middle-Income Countries. American Society
of Clinical Oncology Educational Book. 2025;45(3):e473930.

[4] Pinkel D. Five-year follow-up of total therapy of childhood
lymphocytic leukemia. Jama. 1971;216(4):648-52.

[5] Hunger SP, Mullighan CG. Acute lymphoblastic leukemia in
children. New England Journal of Medicine. 2015;373(16):1541-52.

[6] Pinkel D, Simone J, Hustu HO, Aur RJ]. NINE
YEARS'EXPERIENCE WITH" TOTAL THERAPY" OF CHILDHOOD
ACUTE LYMPHOCYTIC LEUKEMIA. Pediatrics. 1972;50(2):246-51.

[7] Singh SK, Clarke ID, Hide T, Dirks PB. Cancer stem cells in
nervous system tumors. Oncogene. 2004;23(43):7267-73.

[8] Quail DF, Joyce JA. The microenvironmental landscape of brain
tumors. Cancer cell. 2017;31(3):326-41.

[9] Gupta AK. Metronomic chemotherapy in resource-limited
settings: evidence, opportunities, and future directions. Medical
Oncology. 2026;43(3):153.

[10] Kerbel RS, Kamen BA. The anti-angiogenic basis of metronomic
chemotherapy. Nature Reviews Cancer. 2004;4(6):423-36.

[11] Pasquier E, Kavallaris M, André N. Metronomic chemotherapy:
new rationale for new directions. Nature reviews Clinical oncology.
2010;7(8):455-65.

[12] Louis DN, Perry A, Wesseling P, Brat D], Cree IA, Figarella-
Branger D, et al. The 2021 WHO classification of tumors of the central
nervous system: a summary. Neuro-oncology. 2021;23(8):1231-51.

[13] Ronsley R, Cole B, Ketterl T, Wright J, Ermoian R, Hoffman LM,
et al. Pediatric central nervous system embryonal tumors: presentation,

Iran ] Blood Cancer, 2026, Volume 18, Issue 1 | Page 9 of 11


https://ijbc.ir/article-1-1881-en.html

[ Downloaded from ijbc.ir on 2026-06-17 ]

Babak Abdolkarimi et al.

diagnosis, therapeutic strategies, and survivorship—a review.
Pediatric Neurology. 2024;161:237-46.

[14] McNamara C, Mankad K, Thust S, Dixon L, Limback-Stanic C,
D’Arco F, et al. 2021 WHO classification of tumours of the central
nervous system: a review for the neuroradiologist. Neuroradiology.
2022;64(10):1919-50.

[15] LathiaJD, Mack SC, Mulkearns-Hubert EE, Valentim CL, Rich JN.
Cancer stem cells in glioblastoma. Genes & development.
2015;29(12):1203-17.

[16] Batlle E, Clevers H. Cancer stem cells revisited. Nature medicine.
2017;23(10):1124-34.

[17] Hinshaw DC, Shevde LA. The tumor microenvironment innately
modulates cancer progression. Cancer research. 2019;79(18):4557-66.

[18] Quail DF, Joyce JA. Microenvironmental regulation of tumor
progression and metastasis. Nature medicine. 2013;19(11):1423-37.

[19] Rowinski E, Fournel P, Bernichon E, Bouleftour W, Magné N,
Mery B. Maintenance therapy in metastatic solid tumors: innovative
strategy or Simple second-line treatment? American Journal of Clinical
Oncology. 2019;42(8):615-23.

[20] Guilcher GM, Rivard L, Huang JT, Wright NA, Anderson L, Eissa
H, et al. Inmune function in childhood cancer survivors: a Children's
Oncology Group review. The Lancet Child & Adolescent Health.
2021;5(4):284-94.

[21] Sonbol MB, Mountjoy L], Firwana B, Liu AJ, Almader-Douglas D,
Mody K, et al. The role of maintenance strategies in metastatic
colorectal cancer: a systematic review and network meta-analysis of
randomized clinical trials. JAMA oncology. 2020;6(3):e194489-e.

[22] Peinemann F, Kroeger N, Bartel C, Grouven U, Pittler M,
Erttmann R, Kulig M. High-dose chemotherapy followed by
autologous stem cell transplantation for metastatic
rhabdomyosarcoma —a systematic review. PLoS One. 2011;6(2):e17127.

[23] Lan Y, Wu L, Hong Y, Sun X, Wang ], Huang ], et al. Oral
vinorelbine and continuous low doses of cyclophosphamide in
pediatric rhabdomyosarcoma: A real-world study. Frontiers in
Pharmacology. 2023;14:1132219.

[24] Fourrier T, Truntzer C, Peroz M, Derangere V, Vincent ],
Bengrine-Lefevre L, et al. Factors Influencing the Duration of
Maintenance Therapy in Metastatic Colorectal Cancer. Cancers.
2024;17(1):88.

[25] Potiron V, Clément-Colmou K, Jouglar E, Pietri M, Chiavassa S,
Delpon G, et al. Tumor vasculature remodeling by radiation therapy
increases doxorubicin distribution and efficacy. Cancer Letters.
2019;457:1-9.

[26] Cazzaniga ME, Cordani N, Capici S, Cogliati V, Riva F, Cerrito
MG. Metronomic chemotherapy. Cancers. 2021;13(9):2236.

[27] Ghiringhelli F, Menard C, Puig PE, Ladoire S, Roux S, Martin F,
et al. Metronomic cyclophosphamide regimen selectively depletes
CD4+ CD25+ regulatory T cells and restores T and NK effector
functions in end stage cancer patients. Cancer immunology,
immunotherapy. 2007;56(5):641-8.

[28] Muraro E, Vinante L, Fratta E, Bearz A, Hofler D, Steffan A,
Baboci L. Metronomic chemotherapy: anti-tumor pathways and
combination ~with immune checkpoint inhibitors. ~Cancers.
2023;15(9):2471.

[29] Troitskaya OS, Novak DD, Richter VA, Koval OA. Immunogenic
cell death in cancer therapy. Acta Naturae. 2022;14(1):40.

[30] Kareva I, Waxman DJ, Klement GL. Metronomic chemotherapy:
an attractive alternative to maximum tolerated dose therapy that can
activate anti-tumor immunity and minimize therapeutic resistance.
Cancer letters. 2015;358(2):100-6.

[31] Valenzuela P, Oaxaca D, Di Desidero T, Parra K, Rodriguez G,
Manciu M, et al. Pharmacodynamic biomarkers in metronomic
chemotherapy: multiplex cytokine measurements in gastrointestinal
cancer patients. Clinical and experimental medicine. 2021;21:149-59.

[32] Lasham A, Knowlton N, Mehta SY, Braithwaite AW, Print CG.
Breast cancer patient prognosis is determined by the interplay between
TP53 mutation and alternative transcript expression: insights from
TP53 long amplicon digital PCR assays. Cancers. 2021;13(7):1531.

[33] Slavc I, Mayr L, Stepien N, Gojo J, Aliotti Lippolis M, Azizi AA,
et al. Improved long-term survival of patients with recurrent
medulloblastoma treated with a “MEMMAT-like” metronomic
antiangiogenic approach. Cancers. 2022;14(20):5128.

[34] Sterba ], Valik D, Mudry P, Kepak T, Pavelka Z, Bajciova V, et al.
Combined biodifferentiating and antiangiogenic oral metronomic
therapy is feasible and effective in relapsed solid tumors in children:
single-center pilot study. Oncology Research and Treatment.
2006;29(7):308-13.

[35] Schiavetti A, Varrasso G, Maurizi P, Cappelli C, Clerico A,
Properzi E, Castello MA. Ten-day schedule oral etoposide therapy in
advanced  childhood  malignancies. Journal of pediatric
hematology/oncology. 2000;22(2):119-24.

[36] Ferrara N, Adamis AP. Ten years of anti-vascular endothelial
growth factor therapy. Nature reviews Drug discovery. 2016;15(6):385-
403.

[37] Khosla AA, Saxena S, Ozair A, Venur VA, Peereboom DM,
Ahluwalia MS. Novel therapeutic approaches in neoplastic meningitis.
Cancers. 2022;15(1):119.

[38] Salzer W, Widemann B, McCully C, Adamson PC, Balis FM. Effect
of probenecid on ventricular cerebrospinal fluid methotrexate
pharmacokinetics after intralumbar administration in nonhuman
primates. Cancer chemotherapy and pharmacology. 2001;48:235-40.

[39] Kouzehgarani GN, Feldsien T, Engelhard HH, Mirakhur KK,
Phipps C, Nimmrich V, et al. Harnessing cerebrospinal fluid circulation
for drug delivery to brain tissues. Advanced Drug Delivery Reviews.
2021;173:20-59.

[40] Perkins RS, Davis A, Campagne O, Owens TS, Stewart CF. CNS
penetration of methotrexate and its metabolite 7-hydroxymethotrexate
in mice bearing orthotopic Group 3 medulloblastoma tumors and
model-based simulations for children. Drug Metabolism and
Pharmacokinetics. 2023;48:100471.

[41] Rizk EB. Syringomyelia; an update on clinicopathological studies,
diagnosis, and management. Cerebrospinal Fluid and Subarachnoid
Space: Elsevier; 2023. p. 7-30.

[42] Lassaletta A, Scheinemann K, Zelcer SM, Hukin J, Wilson BA,
Jabado N, et al. Phase II weekly vinblastine for chemotherapy-naive
children with progressive low-grade glioma: a Canadian pediatric
brain tumor consortium study. Journal of Clinical Oncology.
2016;34(29):3537-43.

Page 10 of 11 | Iran ] Blood Cancer, 2026, Volume 18, Issue 1


https://ijbc.ir/article-1-1881-en.html

[ Downloaded from ijbc.ir on 2026-06-17 ]

Iran ] Blood Cancer

[43] Vanan MI, Eisenstat DD. Management of high-grade gliomas in
the pediatric patient: Past, present, and future. Neuro-Oncology
Practice. 2014;1(4):145-57.

[44] ShiR, Tang YQ, Miao H. Metabolism in tumor microenvironment:
Implications for cancer immunotherapy. MedComm. 2020;1(1):47-68.

[45] Cazzaniga ME, Camerini A, Addeo R, Nolé¢ F, Munzone E,
CollovaE, et al. Metronomic oral vinorelbine in advanced breast cancer
and non-small-cell lung cancer: current status and future development.
Future oncology. 2016;12(3):373-87.

Iran ] Blood Cancer, 2026, Volume 18, Issue 1 | Page 11 of 11


https://ijbc.ir/article-1-1881-en.html
http://www.tcpdf.org

