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Nuevas modalidades de radioterapia 

respectando el principio Pareto
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No tengo ningún conflicto de interés.
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Estimated “optimal” utilisation rate of RT in % of diagnosed patients 

during the entire course of their cancer (HERO-project)
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ESTRO: HERO-papers 2014-ongoing.

% of patients treated per European country divided by the estimated 

“optimal” utilisation rate of RT (HERO-project)
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ESTRO: HERO-papers 2014-ongoing.

Estimated increase in utilisation rate for RT between 2012 and 2025 

(HERO-project)
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RT developments & Pareto: Introduction

ESTRO: HERO-papers 2014-ongoing.

Estimated increase in utilisation rate for RT between 2012 and 2025 per 

European country and per indication (HERO-project)
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RT developments & Pareto: Developments

1. Mammosite & alike

HDR e.g 34 Gy/10 fractions/5 days

Strengths Challenges

(Mammosite Registry Trial) Marketing

Immediately following surgery Target volume coverage

(Pathology = available) Hospitalisation

Can be given as boost Multidisciplinarity (ASBS)

Skin toxicity
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Patient wishes …

Mannino M & Yarnold J. Radiother Oncol 2009
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... or marketing?
RT developments & Pareto: Developments
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RT developments & Pareto: Developments

2. IntraBeam

Applicator 50 kV e.g. 20 Gy

Strengths Challenges

(Targit international trial) Single low dose (BED ?)

1-day treatment (surgery & RT) Lack of final pathology results

Can be given as boost Target volume coverage

Low doses (also) to OAR Multidisciplinarity

QA = difficult
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3. Particle Therapy
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Photon IMRT Proton IMPT

Breast cancer: no benefit for the majority of the patients

Courtesy Virtual Proton Centre UMCG.

RT developments & Pareto: Developments



26Mast M, et al. Breast Cancer Res Treat. 2014;148:33-9.

Patients with unfavourable anatomy: e.g. pectus excavatus

But wouldn’t breath hold +/- vIMRT be a better solution?

IMRT IMPT

RT developments & Pareto: Developments
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Loma Linda University, website 14 June 2015: http://www.protons.com/proton-

therapy/proton-treatments/breast-cancer/benefits-of-proton-treatment.page?

What are the benefits of proton therapy for breast cancer patients?
Proton therapy is a relatively newer cancer treatment for early stage breast cancer, but it has 
already shown remarkable promise and advantages over conventional therapy in the treatment 
of breast cancer. The accuracy and low impact of proton radiation therapy is a non-invasive and 
low-risk option for breast cancer treatment used to destroy cancerous cells or tissue. Proton 
radiation treatment is extremely precise and therefore more effective at targeting cancerous 
cells without causing damage to surrounding breast tissue.

Proton therapy is not a substitute for a lumpectomy. Rather, it is an alternative to traditional 
radiation therapy. After the lumpectomy has been complete, a breast cancer patient would 
receive 10 days of proton treatment instead of five to six weeks of traditional radiation therapy.

Breast cancer patients benefit from non-invasive proton therapy treatment.

• Proton treatment is noninvasive and painless
• Proton therapy is effective for treating early stage breast cancer
• Treatment offers quicker recovery times with minimal side effects
• Causes less cosmetic damage compared with the burn marks caused by regular radiation
• It is more accurate and precise than other kinds of radiation
• Treatment is provided in an outpatient setting
• Proton radiation has little to no impact on patient energy level

RT developments & Pareto: Developments
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Proton therapy and the media

Lichfield woman's Prague trip for proton therapy 
after brain tumour diagnosis threatened blindness

skull base meningioma

http://www.lichfieldmercury.co.uk/8203-lichfield-woman-s-prague-trip-for-proton-therapy-after-brain-tumour-
diagnosis-threatened-blindness/story-30296499-detail/story.html
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RT developments & Pareto: Developments

4. GammaPod

36 rotating non-coplanar Cobalt-60 sources 
Strengths Challenges

Conformal TV coverage Use of Cobalt

Homogeneous dose distribution Investment only for APBI

Can be given as boost Learning curve

Dedicated device
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5. Fully integrated linac system
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6. Organisation

For 1000 patients:

2200 Consultations NP 1150

20’ Consult time 45-60’

2000 RT-CT’s 1050

2500 Treatment plannings 1100

5-6 Consultations during RT 1-2

15-35’ RT time 10-15’

Full Report end RT Short additional

4-8 weeks Referral ➔ 1st RT 1.5-4 weeks
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35USA: Li et al. IJROBP 2008; F: Castro Pena et al. Br J Radiol 2009

Large inter-observer variation, especially at cranial, 
posterior and medial borders

RT developments & Pareto: Challenges
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EORTC 10981-22023 “AMAROS”

RT-fields: inappropriate (not CTV-based; too large)!!!

ARM

RT developments & Pareto: Challenges
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Respiratory movement control

RT developments & Pareto: Challenges
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Respiratory movement control

RT developments & Pareto: Challenges



42Courtesy of Marianne Aznar, Rigshospitalet, Copenhagen 

RA 5 field IMRT

Free respiration Breath hold

RT developments & Pareto: Challenges



Dutch protocol:

• Hypofractionation (CAN – 42.56/16) gradually 

introduced around 2009

• Hypofractionation generalised early 2011

• Transition to UK schedule (40/15) in 2018
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Current French/German/US/many others 

protocol:

• Repopulation

• Redistribution

• Reoxygenation

• Repair

• Resistance
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Indication

Informed consent

Prescription

Target volumes

Dose objectives

OAR constraints

Treatment planning

Technique

machine

€

RT developments & Pareto: Discussion
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Significant difference in the “beam-on” times:

• Gamma Knife ➔ averaging    155.0 minutes

• CyberKnife ➔ averaging    100.4 minutes

• TomoTherapy ➔ averaging    49.3 minutes

• VMAT ➔ averaging    9.4 minutes

RT developments & Pareto: Discussion
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CK

RA

VMAT

ncplIMRT
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CK 34.0 ± 5.0 minutes

RA 4.6 ± 0.9 minutes

VMAT 5.5 ± 1.8 minutes

ncplIMRT 6.2 ± 1.0 minutes
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Solutions:

-Expertise

-Individualisation

-Personalisation

-Out-of-the box

-Extra-protocolled

-…
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Progressively increasing costs for decreasing 
incremental benefits

A lot of 

benefit with 

a limited 

investment
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A lot of 

benefit with 

a limited 

investment

Progressively increasing costs for decreasing 
incremental benefitsBasic 

infrastruct
ure, good 
training & 
education

Volume-
based RT

Particle 

therapy

IGRT ➔

MRI-Linac

RT developments & Pareto: Conclusions

“Dedicated 

machines”
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Technology, drugs & 

techniques:

A fool with a tool is still 

a fool!

RT developments & Pareto: Conclusions
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The entire ESTRO & ECCO families.

All the colleagues I worked with.

All the patients I had the privilege to treat.

In fact: all of you who are active in the field of 
oncology in general and radiation oncology in 
particular!
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