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Wilhelm Conrad Rontgen
credited with discovering
X-rays, and coining the term

William Coolidge invents the heated
cathode X-ray tube, which enables
external beam radiotherapy

Radiotherapy with synthetic radioactive
cobalt (telecobalt therapy) eliminated
the skin barrier tolerance

["] Discovery era
[ Kilovoltage era
Megavoltage era

2D simulators
improve radiotherapy
delivery using 2D
projections

Philips introduces
50kV equipment
to treat superficial
tumours

Nobel Prize in Physics awarded to
Henri Becquerel, Pierre Curie and
Marie Curie (for their discovery of
spontaneous radioactivity)
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The International Commission
on Radiological Protection (ICRP)
is founded

Marie Curie awarded
Nobel Prize in Chemistry
for the discovery of
radium and polonium

Linear accelerators deliver
high-energy photons (6-20 MV)

for deep-seated tumours

and electrons for superficial lesions

Brachytherapy widely used to
treat accessible tumours with
radium needles (skin, oral cavity
and anus) or tubes (uterus)

Wilhelm Conrad Rontgen awarded
Nobel Prize in Physics for the
discovery of X-rays

[] 3Dera

Equipment has been made increasingly
(] High-precision Fluency is optimized with intensity-modulated accessible to medical practice globally Volumated dynamic
modern radiation therapy using multileaf collimators, ' arctherapy further
radiotherapy era enabling inverse dose planning and dose-sculpting Particle beam radiotherapy (protons or improves intensity-

modulated radiation
therapy techniques

around concave volumes; sparing the parotids
reduces xerostomia after head-and-neck irradiation

carbon ions) yields improved tumour
coverage and spares normal tissues

Late 1990s

Multileaf collimator, driven by computerized
treatment planning system, transforms 2D
external-beam radiotherapy to 3D
conformal radiotherapy

Dose-volume histograms become
increasingly used for decision
making in 3D conformal
radiotherapy planning

Whole-body stereotactic radiotherapy
is used for mobile tumour targeting
enabling robotic image-guided
technology to track targets in real time
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Tomotherapy Vision RT Hybrid IMRT

Cyberknife Clarity HyperArc
IORT Exactrac

Gammaknife Simmetry Gating

MRI LINAC Calypso Traking










Novel radiation delivery technologies with improved
conformality reduce radiation of adjacent normal
tissues and associated risks.

This superior dosimetry can translate into clinical
benefit with respect to the endpoints of toxicity, tumor
control, quality of life, and patient survival.

This improvement can come at a cost of greater
radiation low dose exposure to non targeted tissues
when compared to less sophisticated techniques.



Eliminating unnecessary dose exposure has been
prioritized to reduce risk of toxicity to radiation-
sensitive organs, as well as to protect against secondary
malignhancies.

Radiation-induced second malignancy is a well-known
side effect In pediatric patients receiving high
therapeutic doses.

Although most secondary cancers develop In regions
exposed to high doses of radiation, a discussion of the
theoretical risks of additional low-dose IGRT s

appropriate.



Children have iIncreased susceptibility to radiation
compared to adults, as reported in experiences with
fetal X rays, pediatric nuclear disaster survivors, and
children irradiated for benign and malignant diseases.

Children with cancer may also have an underlying
genetic predisposition that further increases their risk
of secondary malignancy after radiation.

The long latency period between exposure and
carcinogenesis makes young patients more susceptible
to mutagenesis.



The risk of carcinogenesis after exposure to lovdoses of
radiation (such as those used In IGRT), however, Is

much less well understood and organ-specific dose-
related risk data is limited.






There Is a linear dose-response relationship between
exposure to Ionizing radiation and radiation-induced
solid cancers.

It Is unlikely that a threshold exists for the induction of
cancers but the occurrence of radiation-induced
cancers at lowdoses will be small.

Other health effects occur at high doses, but additional
data must be gathered before an assessment can be
made of any possible connection between lodoses and
non cancer health effects.



Additionally, the committee concludes that although

adverse health effects in children of exposed parents
(attributable to radiation-induced mutations) have not

been found, there are extensive data on radiation-
Induced transmissible mutations in mice and other
organisms.

Thus, there Is no reason to believe that humans would
be Immune to this sort of harm.
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Radiomics: the bridge between
medical imaging and personalized medicine















