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Introduction

» Despite its demonstrable effective therapeutic ratio in children,
the use of radiation therapy in children and young adults has been
limited by concerns for acute and late effects.

* The inappropriate estimation of the morbidity of the application
of local therapy may have severe consequences and thus lead to
therapy omission and premature treatment failure or even death.

* A thorough knowledge of the implications of radiation therapy
should be carefully considered and be guided by a combination of

multidisciplinary experiences and strong objective literature
review.




CNS Toxicity

« All forms of ionizing radiation, ranging from nearly weightless
photons to particles such as protons or carbon ions, have the
potential to produce toxicity in the central nervous system (CNS) .

* lonizing radiation can damage tissues through direct and indirect
effects, either by directly affecting DNA or by inducing radiolysis
of cellular water which generates free radicals that harm DNA and
cause Metabolic Stress to which Nerve Cells are susceptible.

 The etiology of CNS dysfunction in patients after irradiation is
multifactorial influenced by age, comorbidities, psychological and
genetic predispositions, characteristics of underlying malignancy




CNS Toxicity




CNS Toxicity

 ACUTE (Few Days after Radiation)

Neurologic changes, cerebral edema, seizures, altered level of
consciousness, persistent headache, hemiplegic symptoms, hallucinations,
and visual disturbances

« EARLY DELAYED (Weeks/Months after Radiation)

Radiation somnolence syndrome (prolonged periods of sleep, irritability,
fever, nausea, vomiting, cerebellar ataxia, anorexia, dysphagia and
dysarthria, and headaches

* LATE DELAYED (Several Months/Years after Radiation)
Vascular abnormalities, demyelination




CNS Toxicity

Pediatric patients have a significant risk for neurocognitive impairment
related to brain radiotherapy

Cognitive dysfunction is well described after radiation therapy and is
likely related to effects on the brain during the developmental period.

Indeed, young age at the time of treatment has been reported as an
important risk factor in multiple prospective studies .

Different mechanisms are reported for the radiation-related
neurocognitive impairment, including white matter and brain plasticity
changes, vascular damage resulting in chronic ischemia, or decreased
neurogenesis

Evidence is increasingly emerging that proton beam radiotherapy
appears to decrease the incidence and severity of late effects,
suggesting that this method may therefore be particularly indicated in
the treatment of pediatric tumors.




Hippocampus Constraint
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CNS Toxicity

« Stroke-like migraine that attacks after radiation therapy (SMART)
syndrome is a late and delayed complication of radiation-induced brain

injury

« The most common symptom is a headache followed by seizures and
stroke-like symptoms, such as homonymous hemianopsia, hemiparesis,
aphasia, sensory defects seizures, and migraine-type headaches

* The onset of symptoms after radiation treatment is variable; some cases
have been reported after 30 years

 Risk factors are male sex, young age, tumors originating primarily in the
central nervous system or metastatic lesions, and radiation dosage more
than 50 Gray (Gy)

« The pathophysiology of SMART syndrome is likely multifactorial and not
well understood due to the rarity of the disease and the lack of
histopathological findings in all the reported cases.



CNS Toxicity

« Acute late-onset encephalopathy after radiotherapy (ALERT
Syndrome) is a disease entity related to post-irradiation
inflammatory endothelial damage or post-radiation mitochondrial
damage, as suggested by the similarity of clinical and MRI pattern
presentation to stroke-like episodes occurring in inherited
mitochondrial disorders

Common features include a remote history of irradiation in young
and middle age, acute but long-lasting (4-24 days) altered
consciousness (Glasgow Coma Scale score 3-10), and clinical
improvement after high-dose steroids, associated with multifocal
and bilateral brain dysfunction on EEG and MRI.




CNS Toxicity

Radiation May Induce Secondary Brain Tumors

A high risk for the development of CNS secondary malighancies was
reported as a late radiation-induced brain injury.

 The pathogenic mechanism supposed is direct damage combined with
abnormal DNA repair mechanisms related to the use of radiation therapy
in combination with alkylating agents and etoposide and is more
common in children than in adults

* Meningiomas and gliomas are secondary brain tumors due to radiation
therapy, with a higher risk of radiation induced damage in younger
children and those treated with higher doses of radiation




CNS Toxicity

Radiation-induced vasculopathy can occur months to years later after radiation
therapy due to head or neck cancer

Focal small-vessel arteriopathy, moyamoya arteriopathy, internal carotid
stenosis, and hemorrhage or infarction have been noted in survivors of brain
tumors who received radiation therapy several years previously

The risk factors for developing radiation vasculopathy include patients receiving
adjunctive chemotherapy, radiotherapy at a young age, and a higher radiation
dose or having other vascular risk factors

In particular, the development of moyamoya syndrome (MMS) has been rarely
reported in children receiving proton beam therapy for brain tumors several
years after therapy

The risk of developing MMS has been estimated to increase by 7% for every 100
cGy increase in radiation dose above 5000 cGy, with a delay'in the occurrence
of approx. 5-12 years
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Endocrine Toxicity [Pituitary]

* Impairment of Growth hormone occurs in 30% after 30Gy and 50% after
30-50 Gy dose to Pituitary

» Gonadotrophin deficiency occurs in 20-50% following a dose of 30-40Gy
to Pituitary

* Premature activation of Hypothalamus- Pituitary-Gonadal axis resulting
in precocious puberty after 30 Gy

« TSH and ACTH deficiency occur after >30Gy in 9% but significant increase
after 50Gy

 Hyperprolactinemia due to a radiation induced reduction in the
inhibitory neurotransmitter Dopamine in females receiving doses 40Gy
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Endocrine Toxicity [Thyroid]
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Endocrine Toxicity [Gonads]

 Testes consist of spermatogonia and Leydig cells

 Spermatogonia are highly radiosensitive and permanent
impairment of spermatogenesis after 2-3Gy

« Radiation Dose 4-7.5Gy leads to almost permanent sterility

» Leydig Cells produce Testosterone and can tolerate doses upto
12Gy

* Dose of >20Gy was associated with increased prevalence of need
for Testosterone replacement



Endocrine Toxicity [Gonads]

» Doses >4-5Gy to ovaries and uterus are associated with subfertility
« Dose of 5Gy absorbed by Ovaries lead to premature menopause

 Doses of 1-10 Gy to Ovaries and uterus are associated with
stillbirth and neonatal death

 Doses of >5Gy to Uterus and >0.5-2.5Gy to ovaries has been
associated with preterm delievery. Low birth weight and small
strature children

* Dose to ovaries and Uterus should be totally avoided or kept<5Gy
* Smoking and Chemotherapy increases the incidence of toxicity



Endocrine Toxicity [Pancreas]

« Dose of >10Gy to Pancreatic Tail is associated with risk of
developing of DM

» This Dose effect is most pronounced in age group >2-10 years
* No Dose response relation was found in children >15 years of age

 The Pancreatic Tail should be delineated as an organ at risk for
children<10years and dose limited to<10Gy

* Stricter constraints for young children <2Gy
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Effects on Growth

» Vertebrae are in the period of accelerated Growth <6 years of age
and at puberty

* Doses more than >20Gy to spinal column leads to complications
» Mild Scoliosis at >30Gy and Severe Scoliosis at >37 Gy
« Bone and Muscle Hypoplasia at >28-30Gy

« Permanent growth retardation is seen after >12Gy to appendicular
skeleton and epiphyseal plate

» Radiation to epiphyseal plate in males <14 years and females <12
years leads to premature closure of epiphyseal plate



Effects On Vision

» Dose to lens >2Gy injures the fibres

» Dose <6.5Gy there is 33% risk of progression to cataract over a period of
8 years

Dose 6.5 to 11.5Gy lead to cataract over 4 years

Dose constraint of 5-10 Gy is for adults and also for childhood

Radiation retinopathy occurs over a dose of 45Gy

Lacrimal Gland injury occurs at >57 Gy with permanent loss of tears

Dry Eye Syndrome occurs with Dose >40 Gy to Cornea and Conjunctiva
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Dose Constraints Paediatrics

HHizsh dose—volurme constrailints: A systermatic comiparisorn of

S aand European pediatric cancer treatment protocols.
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