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The roots of RT

Wilhelm Conrad Röntgen

1895 First description of x-rays

Diagnostic X-rays
Therapeutic X-rays

Wikipedia

Wikipedia

Wikipedia
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The roots of RT

Wilhelm Conrad Röntgen

1915, X-ray RT of epithelioma
50-150 keV 

Wikipedia

Wikipedia

Medizinphysik Wiki
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The roots of RT

Marie Curie

1897 First description of radioactivity

Radium tube therapy, 1905

Wikipedia
Wikipedia
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The roots of RT

Created with Biorender.com

Intraoperative contact roentgen therapy, 1940
Hoekstra et al., 1987

1906 First IORTs with low-energy X-rays

1930 IORT for abdominal and bladder 

cancer

1960s Introduction of MV IORT

1970s First brain tumor IORTs



Julian P. Layer

The change of a paradigm

Manhattan Project

1950s Nuclear reactors producing 

artificial radioisotopes for RT

à Cobalt-60

Cobalt-60 linear accelerator
Wikipedia

Wikipedia
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The change of a paradigm

Manhattan Project

1960s Ascent of LINACs

First US patient treated with LINAC RT in 1957Wikipedia

Wikipedia
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The 21st century

DigitalizationAutomation Artificial Intelligence
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The 21st century

IGRTIMRT Stereotactic RT

Artificial Intelligence

Created with Photoshop
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The alternative: IORT

INTRABEAM® (Carl Zeiss Meditech)

RT time 10-45 min depending on dose and applicator size

Low-energy X-rays (50 kV, 40 mA)
Spherical applicators (polyetherimid)
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The alternative: IORT

INTRABEAM® (Carl Zeiss Meditech)

Vaidya et al. Lancet 2014
Vaidya et al. N Engl J Med 2013

Vaidya et al. Lancet 2010
Belletti et al. Clin Cancer Res 2008

Karapurakal et al. Int J Radiat Oncol Biol Phys. 2006
Liu et al., 2013

Steep dose gradient

Higher RBE
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The 21st century

IMRT
Stereotactic RT

Artificial Intelligence
IGRT4D-CT

Adaptive RT

Created with Photoshop
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Why would someone then still perform IORT?

Challenges Perspectives

Created with Photoshop
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Challenge 1: Achieving tumor control 

Created with Photoshop
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Challenge 1: Achieving tumor control 

Surgical

IORT

Non-surgical

Post-opPre-opSRS/FSRSWBRT
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Challenge 1: Achieving tumor control 

Brown et al. 2016
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Challenge 1: Achieving tumor control 

LC 43% vs 72% 
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Challenge 1: Achieving tumor control 
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Challenge 1: Achieving tumor control 

▪ Multiple publications since 2018, with 
over 300 patients

▪ 1-year LC: >90%

▪ Radionecrosis: about 5%

▪ No increased mortality

▪ No increased toxicity

▪ No added toxicity in combination with 
systemic treatments
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1-year-LCR 98.0% 1-year-DBP rate 40.0% Cumulative LMS rate 4.9% 1-year OS rate 74.0%

Challenge 1: Achieving tumor control 
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Challenge 2: Not obstructing the care paths

Avoid
unnecessary treatment interruptions

waiting time

restricted access to care (temporal/geographical/personal)

Enable
Constant flow of medical treatment

interdisciplinary treatment concepts

Created with Photoshop
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Challenge 2: Not obstructing the care paths

Immediate tumor cell eradication Reduced hospitalization times Timely admission to subsequent treatments 
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Challenge 3: Optimizing care paths

Wikipedia
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Challenge 3: Optimizing care paths

Reduced hospitalization times

Created with Photoshop
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Challenge 3: Optimizing care paths

Reduced hospitalization times

Reduced treatment times

Created with Photoshop
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Challenge 3: Optimizing care paths

Reduced hospitalization times

Reduced treatment times

Reduced transportation times

Created with Photoshop
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Challenge 3: Optimizing care paths

Reduced hospitalization times

Improved patient quality of life

Reduced treatment times

Reduced transportation times

Created with Photoshop
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Challenge 3: Optimizing care paths

Rearrange and combine 
radiotherapeutic options 

Giordano et al., 2014
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Challenge 3: Optimizing care paths

Combine RT with targeted 
treatment approaches

GLORIA trial
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Challenge 3: Optimizing care paths

Combine RT with targeted 
treatment approaches

+
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Challenge 4: Timing matters

+ Antonia et al., 2017 

Timing

Efficacy

Toxicity

PACIFIC: benefit for sequential IT

Layer et al., 2024 
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Challenge 5: Avoiding dose spillage

Gèrard et al., 2019 

3D-CRT IMRT

Medizinphysik Wiki
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Challenge 5: Avoiding dose spillage

Sarria et al. 2021
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Challenge 5: Avoiding dose spillage

Sarria et al. 2021
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Challenge 6: Ensuring precision

Grimmer et al. 2024
(A) kV IORT device
(B) CBCT mobile display station 
(C) surgical microscope
(D) neuronavigation camera + screen

INTRABEAM® (Carl Zeiss Meditech)
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Challenge 6: Ensuring precision

O-Arm trial

Grimmer et al. 2024
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Challenge 6: Ensuring precision

Layer et al. 2024
1-year-LCR 98.0%

Cumulative rate 4.9%

O-Arm trial
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§ Trend towards individualized care

§ Identification of patients at risk of 
 

 recurrence   overtreatment

§ Recognition of personal patient will

§ Growing number of therapeutic options

The perspective of IORT

Created with Photoshop
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ALL patients.

Whom do we offer IORT?
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Patients with

Whom do we recommend IORT?

… singular/solitary brain metastasis

… urgent follow-up procedures

… claustrophoby

… MRI contraindications

… reduced performance score

… transportation issues

… highly palliative treatment situations
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Thank you very much for your attention. 

julian.layer@ukbonn.de
Ameropa


