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R adiotherapy is one of the most 
economical methods of treating 
malignant diseases with a relatively 
high efficacy. In developed countries, 

radiotherapy is currently used in 50-60% 
of patients with malignant tumours and its 
contribution to comprehensive oncology care is 
increasing. 

Proton therapy is an advanced and highly precise 
method of radiotherapy, mainly due to the physical 
properties of protons themselves, as well as to the 
specific way proton doses can be distributed within 
tissues. This method results in high local control 
over tumours, less damage to surrounding healthy 
tissues, fewer complications and a good chance of 
rapid recovery following treatment.

How proton therapy works?
Proton therapy is based on the use of these 
positively charged particles being much heavier 
than electrons. Protons are accelerated in a 
cyclotron to a speed equal to approximately half 
the speed of light, which determines their energy 
up to ~230 MeV (mega-electron volts) and can 
damage tumours up to a depth of ~30 cm. The 
protons are then focused with a strong magnetic 
field into a very narrow beam (a “pencil beam”) 
and transferred with a high degree of accuracy 
using a 3D image of the malignant tumour. Energy 
is released during deceleration in the tumour 
tissue, with subsequent ionisation and damage to 
the DNA of the affected tissue. If the damage is 
sufficient, cells stop dividing and may soon die.  

The main benefit of the proton beam is the 
greatest part of its energy is transferred to the 
area of the so-called “Bragg peak”, i.e. directly to 
the tumour, where it has its maximum destructive 
effect. The beam of accelerated particles has 
a high energy level and can be very accurately 
targeted. Most of the energy is transferred solely 
to tumour tissue. In comparison with current 
irradiation procedures, it saves much of the 
healthy tissue in front of the tumour and it does 
little or no damage to healthy tissue behind it. 
Since the patient is irradiated in an isocentric 
system from all directions and the intensity of 
beams can be well modulated (IMPT), this method 
provides further reduction of adverse effects. 

These physical properties of the proton beam 
– low entry dose, maximal dose of energy at the 
required depth and a zero exit dose – enable 
extremely precise modulation of dose distribution 
inside the patient’s body and represent the main 
advantage of proton radiotherapy. This makes 
it possible to increase the dose directed at 
the tumour to a greater level than by common 
conventional techniques, and at the same time 
reduces the dose to surrounding tissues sensitive 
to the harmful effects of radiation. 

Proton therapy – less toxicity in 
paediatric oncology
Solid tumours in children make 1-1.5% of all 
cancer cases. In children, those are mainly 
CNS tumours. Other types of paediatric 
tumours are neuroblastoma, nephroblastoma, 
retinoblastoma and tumours of the connective 
tissue (rhabdomyosarcoma, Ewing sarcoma, 
osteosarcoma). Tumours typical of adults are very 
rare in children (<2%). Just as juvenila patients 
have distinct needs from adult patients, so the 
paediatric oncology also differs. There are specific 
limitations (such as age - over or under 3 years), 
but this group of patients is also more tolerant 
to higher treatment intensity (a child usually 
does not suffer from affiliated diseases and 
complications). A higher cure rate can be achieved 
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This figure shows the depth distribution of energy for each type 
of ionizing radiation. While the photon curve has maximal loss of 
energy immediately under the skin and then continuous gradual loss 
(so that the healthy tissue in front of the tumour is irradiated with 
a much larger dose than the actual tumour), the proton depth curve 
shows that its energetic loss is small upon entry to the body, reaches 
its maximum at a specific depth, (the Bragg peak) where energy trans-
fer reaches its maximum (the target area of the tumour) and then 
decreases to zero. 
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in paediatric oncology compared with 
adults – 85% survival rate after 5 years. 

Do children with cancer 
require the same care as adult, 
and what does this mean to a 
radiation oncologist?
In many ways, caring for paediatric patients 
differs from caring for adults. It requires 
the extremely close cooperation of 
specialists from several fields (paediatric 
oncologist, anaesthesiologist, diagnostic 
specialist, clinical physicist and others). It 
is necessary to treat children in accordance 
with international protocols in paediatrics, 
which specify the target volumes, doses 
to treatment volumes as well as the 
doses to critical structures, timing of 
radiotherapy and much more. This may 
ease the decision-making and planning 
process, but puts greater requirements not 
only on the attending physicians, but on 
the entire team caring for the patient. It 

is also necessary to respect the specific 
claims given by, for instance, the unusual 
size of the patient. Unlike adult patients, it 
is sometimes necessary to irradiate larger 
volumes to ensure symmetry of future 
growth. The number of children irradiated 
with palliative intent is much lower than 
in adult patients. This is also the reason 
for assessing the possible impact on 
their well-being, i.e. not just acute, but 
also late toxicity. Thus, the goal is not 
only to irradiate the target volumes, but 
to minimise potential side effects (as in 
tumour therapy).

What can be achieved by using 
proton therapy in paediatric 
oncology? 
In most patients, the goal is to decrease 
the level of toxicity associated with 
radiotherapy. Despite the fact that 
patients could as easily undergo 
conventional radiotherapy, proton therapy 

offers lower risk of associated side effects 
with the same radiation dose and target 
volume. Reducing the doses to the heart, 
thyroid, liver or kidneys when irradiating 
in the craniospinal axis, the lower risk of 
serious neurocognitive deficit following 
irradiation of brain tumours, reducing 
damage to the mammary glands (and 
associated risk of developing breast 
tumours) when irradiating lymphoma of 
the mediastinum, are a few examples. 
The potential benefits for individual 
patients must be complex and in most 
cases impossible to evaluate in trying to 
find ideal criteria for  an irradiation plan, 
whether this concerns the volume or risk 
structures. In principle, it is impossible to 
expect reduction of the unwanted side 
effects in the target volume. For instance, 
after irradiation of the spinal cord at a 
given dose, the risk of growth disorders 
is the same whether proton or photon 
radiotherapy has been used.
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Table comment: 
Most of our patients are children under 15 years of age with tumours of central nervous system. As radio-resistance of the brain tissue is growing with age, we expect the biggest possible 
benefits of proton therapy for this group of patients. Another big group is represented by head and neck and sarcoma patients (adversely located tumours).
Use of anaesthesia is completely individual and depends on several criteria. These are patient’s age and general wellbeing (frequently, we see a neurological deficit after surgery such as the 
posterior fossa syndrome), as well as individual personality and other factors. Last but not least, an important factor is also the position for irradiation (prone vs supine position), the use of 
fixation devices etc. In some patients, we were able to withdraw from applying anaesthesia after changing the position for irradiation.

Table 1

Gender Girls: 26 Boys: 20

Age (years) ≤5: 12 patients 6-10: 19 patients 11-15: 13 patients 16-18: 2 patients

Site treated CNS (including CSI) 30 Head and neck 4 Chest 5 Stomach 1 Eye 3 Other 3

Histology Meduloblastoma 9 Ependymoma 8 Rhabdomyosarcoma 5 Low-grade glioma 3

Ewing/PNET 3 Germinoma 3 Chordoma 3 Other 12

Fractions ≤10: 1 11-20: 4 21-30: 27 31-40: 14

Combined with photon 
radiation

Yes: 2 No: 44

Treatment intent Radical: 35 Palliative: 11

Was anaesthesia required 
at most treatment visits?

Yes: 13 No: 33

(CSI – irradiation of craniospinal axis)

Figure 1: Comparison of the dose distribution in case of progressing of paranasal sinus tumour (IMRT and IMPT). Saving of brain tissue is evident.

Brain tissue with 
zero unwanted 
dose
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Another important group are patients 
with tumours where irradiation cannot 
be applied by other technology. Typically, 
these are such complicated tumours 
that maintaining the doses on the vital 
structures would lead to lowering the dose 
on the target volume. An example can 
be retroperitoneal sarcoma or chordoma 
of the base of skull. This also concerns 
patients indicated for repeated irradiation, 
especially in situations when the dose 
to the critical organs was achieved by 
previous radiation and there is only a 
limited safe dose margin left.  Proton 
therapy can achieve better curability and 
while lower the toxicity in these patients.

Are there any limitations for 
proton therapy?
An implanted pacemaker is absolute 
contraindication to radiotherapy, but this 
most unusually in children. Another relative 
contraindication is the presence of any 
metal parts close to or inside the target 
volume, due to artefacts interfering with 
correct calculation of the dose distribution 
where individual evaluation in cooperation 
with a clinical physicist is required. 

Treatment of children in 
Prague
From April 2013 to December 2014, we 
have treated 46 children, with a mean age 
of 8 years when starting the treatment 
(range 2-18 years). Of them, 45 had finished  
treatment by the end of 2014 (see Table 1).

A combination with conventional 
(photon) radiotherapy was very rare in 
our sample of patients. This concerned 
only the patients who received proton 
therapy as a boost after the primary 
conventional radiotherapy (Ewing sarcoma 
with paraspinal location and advanced 
meduloepitelioma mediastina).

All 46 patients finished the treatment 
by the intended amount of irradiation. In 
one case, there was a quick progression 
of distant metastasis and general health 
deterioration, making it impossible to 
continue with radiotherapy. There was no 
case that needed to stop the treatment 
prematurely due to toxicity of radiation. 

If there was a lack of cooperation from 
the patient, the treatment was done in a 
complete anaesthesia. 

In the group of patients treated, we saw 
a very low acute toxicity of treatment 

(RTOG max. G2). The only exception 
was advanced head and neck tumours 
(extensive target volume) irradiated 
concomitantly with chemotherapy. 
But even here, the toxicity was not 
abnormal or unexpectedly high compared 
to the toxicity seen  in conventional 
radiotherapy. These patients (two male 
patients aged 4 and 12) suffered from 
skin reaction (moist desquamation), 
odynophagia, dysphagia, anorexia and 
loss of apetite. With the symptomatic 
treatment (analgetics, nutrition support, 
antibiotics ie) no need to interrupt 
radiochemotherapy occurred.

Conclusion
In the wider range of indication for 
proton therapy, paediatric patients are 
the primary target group worldwide. The 
Proton Therapy Center in Prague is active 
in international cooperation in this field. 
The center draws on the experience of 
other facilities that have been operating 
for longer and also shares its own know-
how and experience of the most advanced 
technology pencil-beam scanning.
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