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Group I

Frequently supported the use of PBT

• Ocular tumors

• Base of skull tumors

• Primary/metastatic tumors of the spine

• Hepatocellular carcinoma

• Childhood tumors
• Genetic syndromes

• Malignant/benign primary CNS tumors

• Advanced unresectable H&N cancers

• Paranasal sinus tumor

• Non-metastatic retroperitoneal sarcomas

• Re-irradiation

Group II

Coverage with evidence development

• Non-T4 and resectable HN cancers

• Lung cancer (M0)

• Esophageal cancer (M0)

• Mediastinal lymphomas

• Pancreatic cancer (M0)

• Biliary cancer (M0)

• Adrenal cancer (M0)

• Rectal and anal cancer (M0)

• Bladder and cervical cancers (M0)

• Prostate cancer (M0)

• Breast cancer

2017



Group I

Frequently support the use of PBT

• Benigh or malignant tumors or hematologic 
malignancies in children aged 21 years and 
younger treated with curative intent and 
occasionally palliative intent treatment of 
childhood tumors when at least one of the 
three criteria noted above under “indications 
for coverage” apply

Group II

Coverage with evidence development

2023

Indications for coverage
1. Target volume – near one or more critical structures and a steep dose gradient outside the target must be achieved
2. Proton technique – would decrease the probability of clinically meaningful normal tissue toxicity
3. Previously irradiated area or immediately adjacent area 

https://www.astro.org/ASTRO/media/ASTRO/Daily%20Practice/PDFs/ASTROPBTModelPolicy.pdf



Outline 

• Why proton therapy in pediatric patient?

• Treatment outcome of proton therapy in pediatric CNS tumor

• Experience of proton therapy in pediatric patient (KCMH)

• Challenging of proton therapy in pediatric cancer



Late complication

Mertens AC et al. J Natl Cancer Inst 2008

Improvement of treatment 
outcome of Pediatric cancer



Irradiated brain (%) Dose (Gy)

10 35.7

20 29.1

50 22.2

100 18.1

5% risk of developing IQ < 85 (PENTEC)

2 Gy/fx, and without use of MTX

Mahajan A, et al. Int J Radiat Oncol Biol Phys 2020

Milano MT, et al. Int J Radiat Oncol Biol Phys 2023

PENTEC
Pediatric Normal Tissue Effects in the Clinic

Pediatric – more radiosensitve 



• Avoidance of radiotherapy 

• Delay of radiotherapy for young children 

• Reduction of target volume and radiation dose

• Development of systemic chemotherapy

• Use of smaller fraction size

• Reduction of safety margin

• Advanced RT techniques
• IMRT / VMAT

• Particle therapy

Strategies to avoid/minimize 
long-term treatment side effect



Journy N, et al. Radiotherapy and Oncology 2019

Pattern of Proton therapy in pediatric cancer

CNS Tumor
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Overall survival Relapse free survival

6-yr OS 82.0% (PRT) vs 87.6% (XRT)
P= 0.285

6-yr RFS 78.8% (PRT) vs 76.5% (XRT)
P= 0.948

Eaton BR, et al. Int J Radiat Oncol Biol Phys 2016

Proton (N=45) vs Photon (N=43)

RT 2000 – 2009
Median f/u – 6.2 yr (PRT), 7.0 yr (XRT)

Clinical outcome PRT vs XRT in Medulloblastoma



Side effect of 
Craniospinal Irradiation

• Acute complication

• Hematologic toxicities

• Nausea/vomiting

• Esophagitis

• Late complication

• Neurocognitive

• Endocrine abnormality

• Ototoxicity

• Secondary malignancy



Toxicities (%) P-CSI (n=60) X-CSI (n=37) P-value

Leukopenia 0.044

0 3.3 0

1 16.7 8.1

2 43.3 37.8

3 36.7 51.4

4 0 2.7

Neutropenia 0.762

0 18.6 17.1

1 6.8 22.9

2 49.2 28.6

3 22 28.6

4 3.4 2.9

Lymphopenia <0.0001

0 0 0

1 0 0

2 23.7 0

3 59.3 32.4

4 16.9 67.6

Toxicities (%) P-CSI X-CSI P-value

Anemia 0.11

0 6.7 0

1 58.3 43.2

2 35 48.6

3 0 8.1

4 0 0

Thrombocytopenia 0.066

0 71.7 54.1

1 28.3 43.2

2 0 2.7

3 0 0

4 0 0

Proton-CSI – Significant lower hematologic toxicity

Liu KX, et al. Int J Radiat Oncol Biol Phys 2021



QOL studies of pediatric cancer treated with PRT

Verma V, et al. J Natl Cancer Inst 2018

QOL increases during and after PBT



Endocrine outcome PRT vs XRT in MB

Eaton BR, et al. Neuro Oncol 2016

PRT (N=40) XRT (N=37) P value

Median age 6.2 yr 8.3 yr 0.01

Median f/u 5.8 yr 7.0 yr 0.01

Hypothyroidism 23% 69% < 0.001

Sex hormone deficiency 3% 19% 0.025

Endocrine Replacement Rx 55% 78% 0.03

GH deficiency 53% 57% 0.708

Adrenal insufficiency 5% 8% 0.667

Precocious puberty 18% 16% 0.881



Superior Intellectual Outcomes after PRT vs XRT in MB

• 79 patients, between 2007 - 2018
• 37 PRT (MDACC)

• 42 XRT (Sick Kids, Canada)

• Tumor bed boost margin
• XRT – 1 cm margin

• PRT – 1 cm margin (62%) and 0.5 cm margin (38%)

• Proton RT – superior long-term outcomes in
• Global IQ

• Perceptual reasoning

• Working memory

• Comparable rate of relapse

Kahalley LS, et al. J Clin Oncol 2019



Risk of secondary malignant neoplasm
In pediatric medulloblastoma

Paulino A, et al. Cancer 2021

SMN X-ray (N= 63)
1996-2005

Proton (N=52)
2006-2014

f/u time (yr) 12.8 8.7

At 10 yr 8% (4 pt) 4.9% (2 pt)

Passive scatter
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2021 2022 2023

Treated with RT/year
- XRT
- PRT

66
62
4

65
57
8

76
61
15

Type of tumor treated 
With proton
- Medulloblastoma
- Germ cell tumors
- Neuroblastoma
- Ependymoma
- Rhabdomyosarcoma
- Meningioma
- ATRT
- Esthesioneuroblastoma

1
1
1
1

2
1
1
1
2
1

4
3
2
1
1
1
2
1

Number of pediatric cancer cases treated 
with radiotherapy at KCMH

CSI 13 cases 



3D VMAT Proton

Dosimetric comparison: Craniospinal Irradiation



VMAT 23.4/18.4 Proton 23.4/18.4

Dosimetric comparison: Craniospinal Irradiation
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Mean dose to normal organ between different techniques

Heart Thyroid Lung Kidney Liver

Less radiation exposure with proton

Heart

Thyroid

Lung

Kidney

Liver

Organ 3D – PA field
(cGy)

VMAT
(cGy)

Proton
(cGy)

Thyroid 1,849 821 526

Heart 961 615 102

Liver 378 740 64

Lung 234 602 106

Kidney 135 530 103

14-year-old male, CSI dose : 2,340 cGy 

cGy
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3D-CRT VMAT Proton

CSI 23.4 Gy 8.92 3.4 1.52

CSI 36 Gy 12.19 4.4 1.74

RR of cardiac mortality



VMAT boost Proton boost



Neuroblastoma



Esthesioneuroblastoma

Initial CT simulation After 3 weeks – RE-simulation



Re-irradiation 

Ependymoma

Leiomyosarcoma
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Vertebral body dose in Craniospinal Irradiation

MacEwan I, et al. Advances In Rad Oncol 2017
Vertebral body sparing



Craniospinal Irradiation: Reduced-dose vertebral body

CSI/vertebral body dose
- 23.4/18 Gy 
- 36/20 Gy



Challenging of proton therapy in pediatric patient

• Vertebral body dose in CSI

• Brain stem necrosis



• Brain stem injury rate
• Photon : 0-6.7%
• Proton : 2-16%

• Is there a different tolerance of the brainstem between XRT and PRT?
• Variation of RBE at the Bragg peak

• COG ACNS 0831 protocol, Brainstem dose criteria

• PBT techniques – multiple beam arrangement, IMPT

Brainstem injury in Posterior fossa Pediatric Brain tumor 

XRT PRT

D50% < 6,100/6,200 cGy < 5,240/5,400 cGy

D10% < 6,300/6,400 cGy < 5,660/5,800 cGy Goal/Maximum

https://classic.clinicaltrials.gov/ProvidedDocs/68/NCT01096368/Prot_SAP_000.pdf



Challenging of proton therapy in pediatric patient

• Vertebral body dose in CSI

• Brain stem necrosis

• Spend longer time in the treatment room
• Need sedation and general anesthesia

• IGRT



General Anesthesia



IGRT

KV Image CBCT



• Vertebral body dose in CSI

• Brain stem necrosis

• Spend longer time in the treatment room
• Need sedation and general anesthesia
• IGRT

• Treatment cost

Challenging of proton therapy in pediatric patient



Her Royal Highness Princess Maha Chakri Sirindhorn Proton Center
Division of Radiation Oncology

King Chulalongkorn Memorial Hospital







Conclusion

• Proton beam therapy in pediatric cancer
• Comparable treatment outcome

• Decrease dose to adjacent normal tissues
• Expected to improve treatment-related side effect

• Lower integral dose
• Potential to reduce risk of secondary malignancy 

• Challenging
• Treatment technique 

• Treatment cost



Thank you

PRT PRT
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