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Chemotherapy and Its Beginning



• High-Dose Strategy 
• To kill the maximum cancer cells using the highest tolerable dose.

• Dose-Limiting Toxicity (DLT) 
• Determined in early-phase clinical trials 

• Cytotoxic Effect 
• Fixed dose cycles

• Repeating cycles to allow for recovery from side effects.

• Common in standard pediatric oncology protocols.

Maximum Tolerated Dose (MTD) based chemotherapy 





Metronomic Chemotherapy



• Frequent, regular administration of chemotherapeutic drugs
• Maintains a low but active drug concentration over long periods
• It aims to reduce excessive toxicities while remaining effective.
• Potential benefits in cancer treatment with fewer side effects

Metronomic Chemotherapy

MTD Metronomic Chemotherapy



Metronomic Chemotherapy (MC)



Advantages of Metronomic Chemotherapy

•Low toxicity, making it safer for long-term use
•Oral administration allows for easier at-home treatment
• Improves quality of life for children, parents, and caregivers
•Reduces the economic burden
•Feasible for prolonged therapy without hospital stays



Mechanism of Metronomic Chemotherapy



The Mechanisms of Action of Metronomic Chemotherapy (1)
Animal Models

NOD/SCID mice injected cells derived from an EBV+ Burkitt’s lymphoma

Treated with CTX at the MTD or a Metronomic low-dose scheduled dose



• Inhibition of endothelial cell proliferation 
• Selective inhibition of endothelial cell migration
• Increased thrombospondin-1 a natural 

angiogenesis inhibitor.
• Indirect tumor destruction

• Causes hypoxia and nutrient starvation, which 
can kill both drug-naïve and drug-resistant 
cancer cells.

The Mechanisms of Action of Metronomic Chemotherapy (2)

Nature Reviews Cancer volume 4, pages423–436 (2004)
Nature Reviews Clinical Oncology volume 7, pages455–465 (2010)



The Mechanisms of Action of Metronomic Chemotherapy (3)

Nature Reviews Cancer volume 4, pages423–436 (2004)
Nature Reviews Clinical Oncology volume 7, pages455–465 (2010)

1. Reduction of immunosuppressive cells: Depletes Regulatory T Cells (Tregs)
2. Activation of effector immune cells: 
• Enhances cytotoxic T-cell function:
• Increases natural killer (NK) cell activity:



The Mechanisms of Action of Metronomic Chemotherapy (4)

Nature Reviews Clinical Oncology volume 7, pages455–465 (2010)



Standard maximal tolerated dose (MTD) chemotherapy VS metronomic chemotherapy 

J. Clin. Med. 2022, 11, 6254. 



Clinical Use of Metronomic Chemotherapy in Pediatric Oncology



•Palliative treatment in advanced or refractory disease
• Relapsed Ewing sarcoma, rhabdomyosarcoma, osteosarcoma, 

neuroblastoma
• Common regimens: low-dose cyclophosphamide, etoposide, vinorelbine, 

valproic acid, vinblastine, methotrexate
• Disease stabilization with manageable toxicity

•Maintenance therapy after standard treatment to prolongs 
remission, delays relapse

Use of Metronomic Chemotherapy in Pediatric Oncology



Metronomic Chemotherapy in ThaiPOG current protocol (1)



Metronomic Chemotherapy in ThaiPOG current protocol (2)



Current agents use for Metronomic Chemotherapy in Pediatric Oncology

Pediatric Discovery. 2024;2:e2512 



Metronomic Action of Cyclophosphamide and Etoposide 

Cyclophosphamide (CTX)
• Low-dose CTX inhibits endothelial 

proliferation and downregulates VEGF.
• Selectively depletes regulatory T cells 

(Tregs), enhancing cytotoxic T-cell and 
NK-cell activity.

• Improves antigen presentation by 
dendritic cells.

• Direct Cytotoxicity

Etoposide (VP-16)
• Inhibits topoisomerase II, preventing DNA 

repair and replication in cancer cells.
• Induces apoptosis in tumor cells at low, 

continuous doses.
• Disrupts tumor vasculature, reducing 

oxygen and nutrient supply.
• Reduces levels of VEGF and bFGF, key 

angiogenic factors.
• Increases the activity of cytotoxic T 

lymphocytes (CTLs).
• Works synergistically with low-dose CTX 

to reduce immunosuppressive Tregs



• Oral etoposide (50 mg/m2, 21 consecutive days) 
• 20 neuroblastoma children
•  Low-dose oral etoposide showed antineoplastic activity in pediatric neuroblastoma 

patients (9/11 patients) with tumor burden after high-dose chemotherapy.
• Toxicity & Tolerability:

• Minimal myelosuppression (no neutropenia or need for transfusions).
• Little immunosuppression 
• No major organ toxicity



28-day cycles with a 1-week break after Day 21 for Cyclophosphamide & Etoposide
•  Cyclophosphamide 30 mg/m² (Days 1–21, daily oral)
•  Etoposide 25 mg/m² (Days 1–21, daily oral)
•  Valproic Acid 20 mg/kg (Days 1–28, daily oral)
Results:
• 98 children (median age: 8 years) with Neuroblastoma (24), Ewing Sarcoma (18), Osteosarcoma 

(14), Rhabdomyosarcoma (14), Miscellaneous tumors (28)
• Median treatment cycles received 6  (range 1–18)
• 1-year Progression-Free Survival 19% with 1-year Overall Survival 22%
• Tumor response: Complete (3%), Partial (11%), Stable for >6 months (28%)
Conclusions:
• Well-tolerated three-drug metronomic regimen
• Associated with tumor response and prolonged stabilization





Valproic acid (VPA)
• Histone DeACetylase (HDAC) Inhibition: increased acetylation of histones and non-histone 

proteins. 
• Epigenetic reprogramming, reactivation of tumor suppressor genes, and inhibition of tumor 

growth.
• Anti-angiogenic effects: reduces VEGF expression and inhibits endothelial cell proliferation
• Immune Modulation: increasing MHC class I expression, improving tumor antigen presentation.
• Regulates T-cell activity and increases the cytotoxic effects of immune cells.
• Promotes differentiation of cancer cells, reducing stemness and promoting apoptosis
Synergistic Effects with Other Metronomic Agents:

• VPA enhances tumor cell sensitivity and reduces resistance with low-dose chemotherapy (e.g., 
cyclophosphamide, etoposide).



Semi-synthetic vinca alkaloid

• Enhances vascular normalization, improving drug delivery and immune infiltration.
• Reduces regulatory T cells (Tregs), restoring cytotoxic CD8+ T-cell activity.
• Stimulates natural killer (NK) cell function, enhancing tumor immune surveillance.
• Direct Tumor Cytotoxicity: Inhibits microtubule polymerization, disrupting mitotic spindle 

formation
Synergistic Potential with Other Metronomic Agents
• Vinorelbine + Cyclophosphamide: neuroblastoma, Ewing sarcoma, and rhabdomyosarcoma.
• Effective in low-grade gliomas and refractory brain tumors, often combined with bevacizumab.
• Oral vinorelbine (low-dose, frequent administration) offers a convenient option with reduced 

toxicity compared to conventional high-dose schedules.

Vinorelbine



• 117 patients (median age: 12 years)
• VNL 25 mg/m² IV (Days 1, 8, 15) + CPM 25 mg/m² orally (daily) in 28-day cycles
• Tumor response is assessed every two cycles.
Results
• Rhabdomyosarcoma (RMS) (n=50): ORR 36% (8% CR, 28% PR)
• Ewing’s Sarcoma ORR 13%
• Non-RMS Soft Tissue Sarcoma & Neuroblastoma: ORR 6%
• No response in Osteosarcoma & Medulloblastoma
• Grade 3/4 Neutropenia (38%), Peripheral Neuropathy (3%), No hemorrhagic cystitis
Conclusion
•  VNL + CPM showed promising efficacy in RMS with acceptable toxicity

Phase II Study: Vinorelbine & Cyclophosphamide in R/R Pediatric Solid Tumors

European Journal of Cancer (2012) 48, 2409– 2416 





• A multicenter, open-label, randomized, phase 3 trial
• 371 patients HR-RMS after standard treatment
• Randomized (1:1) to stop/receive maintenance chemotherapy in six 4-week cycles of 

• Vinorelbine 25 mg/m² IV (Days 1, 8, 15)
• Cyclophosphamide 25 mg/m² oral (Days 1–28)

• 5-year DFS:  77.6% (Maintenance) vs. 69.8% (No maintenance) (HR 0.68, p=0.061)
• 5-year OS: 86.5% (Maintenance) vs. 73.7% (No maintenance) (HR 0.52, p=0.0097)

• Toxicity profile: grade 3–4 leucopenia (75%), neutropenia (82%), Anemia (10%), 
thrombocytopenia (1%), infection (31%)

• A new standard of care for HR-RMS in western pediatric oncology group

Vinorelbine and continuous low-dose cyclophosphamide as a
Maintenance chemotherapy in patients with high-risk RMS

Lancet Oncol 2019; 20: 1566–75



INTER-EWING-1 is an opened clinical trial 

Can the addition of 6 cycles of maintenance chemotherapy 
of vinorelbine and cyclophosphamide improve patient 
outcomes? (Randomization C)



Administered at low, frequent doses, it exerts anti-angiogenic, immune-modulating, and direct 
cytotoxic effects while minimizing toxicity.

Synergistic Potential with Other Metronomic Agents

• Vinblastine + Bevacizumab (anti-VEGF): Effective in relapsed/refractory pediatric brain 
tumors (low-grade gliomas, ependymomas).

• Vinblastine + Cyclophosphamide/Etoposide is used in pediatric sarcomas and 
neuroblastoma.

• Vinblastine + Valproic Acid (HDACi)

Low-dose weekly vinblastine is well tolerated, with minimal myelosuppression and 
neurotoxicity compared to conventional dosing.

Vinblastine



•Vinblastine (5 mg/m2 /dose) and Methotrexate (30 mg/m2 / dose) 
were administered intravenously. 

•Vbl and Mtx were administered weekly for 26 weeks and every 
other week for 26 weeks.

• It is well tolerated in children with desmoid-type fibromatosis. 
Furthermore, this combination can promote tumor regression or 
block tumor growth in most children.



•Treatment consisted of 
• Daily oral thalidomide, fenofibrate, celecoxib
• Alternating 21-day cycles of oral etoposide and cyclophosphamide
• Intravenous bevacizumab
• Intraventricular therapy via an Ommaya reservoir consisting of 

alternating etoposide and cytarabine. 



Results Summary
• Patients: 40 enrolled (Median age: 10 years)
• Efficacy: 

• Disease control at 6 months: 57.5%
• Response rate: 45.0%
• Median OS: 25.5 months (Range: 10.9–40.0)
• Median PFS: 8.5 months (Range: 1.7–15.4)
• 3-year & 5-year PFS: 24.6% (±7.9%)
• 3-year & 5-year OS: 43.6% (±8.5%) → 22.6% (±8.8%)

• Key Findings: 
• No significant impact of molecular subgroups or prior recurrences on outcomes
• 12-month progression-free patients has 5-year PFS: 66.7% (±16.1%)

• Safety: 
• Well tolerated, but Grade 3–4 AEs included myelosuppression, infections, seizures, headaches
• 1 fatal case: heavily pretreated patient developed secondary AML

JAMA Oncol. 2023;9(12):1688-1695



Thalidomide, fenofibrate, celecoxib in metronomic therapy
• Thalidomide

• Glutamic acid derivate with immunomodulatory and sleep-promoting characteristics
• Anti-angiogenic: teratogenicity related to an inhibition of blood vessel growth

• Fenofibrate peroxisome proliferator-activated receptor-alpha (PPAR-α) agonist, 
• Primarily used as a lipid-lowering agent.
• Shifts cancer cell metabolism from glycolysis to fatty acid oxidation, reducing energy 

availability.
• Depletes cancer stem cells (CSCs) by inhibiting lipid synthesis.
• Suppresses glucose uptake via downregulation of GLUT transporters, starving tumor 

cells.
• Celecoxib (COX-2 Inhibitor)

• Inhibits COX-2-mediated prostaglandin E2 (PGE2) production, which suppresses 
tumor-driven angiogenesis.

• Downregulates VEGF and bFGF, reducing tumor vascularization.



• Metastatic EWS
• Treat the patient with palliative intent. 
• He received pallia-tive radiotherapy (8 

Gy, single fraction) to the primary site 
for severe pain. 

• He was started on an OMCT protocol 
consisting of 

• cyclophosphamide, etoposide both at 
50 mg/m2 once daily dose (capping at 
50 mg) for 21 days

• tamoxifen (20 mg/m2 with cap at 20 mg 
twice daily) repeated every 28 days

• Treatment course 1.5 years
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