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The roots of RT

1895 First description of x-rays
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Wilhelm Conrad Réntgen
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The roots of RT

MeV-Photonen

Elektronen
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The roots of RT

First description of radioactivity

. . Wikipedia D
Marie Curie Wikipedia

Radium tube therapy, 1905
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The roots of RT

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

Created with Biorender.com

First IORTs with low-energy X-rays
|ORT for abdominal and bladder
cancer

Introduction of MV IORT

First brain tumor IORTs
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The change of a paradigm

Nuclear reactors producing

artificial radioisotopes for RT
- Cobalt-60

Wikipedia

Cobalt-60 linear accelerator
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The change of a paradigm

Ascent of LINACs

Wikipedia

Manha Project Wikipedia First US patient treated with LINAC RT in 1957
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The 21st century

Automation Digitalization Artificial Intelligence
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The 21st century
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The alternative: IORT

INTRABEAM® (Carl Zeiss Meditech)
Low-energy X-rays (50 kV, 40 mA)

Spherical applicators (polyetherimid)

RT time 10-45 min depending on dose and applicator size
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The alternative: IORT
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Why would someone then still perform IORT?

Challenges

Created with Photoshop

Perspectives
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Challenge 1: Achieving tumor control
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Challenge 1: Achieving tumor control

Non-surgical
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Figure 3. Kaplan-Meier Estimates of Overall Survival According to Tre .
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Challenge 1: Achieving tumor control
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Challenge 1: Achieving tumor control
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Challenge 1: Achieving tumor control
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CLINICAL INVESTIGATION

Multicentric Assessment of Safety and Efficacy ®
of Combinatorial Adjuvant Brain Metastasis
Treatment by Intraoperative Radiation Therapy
and Immunotherapy
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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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Challenge 1: Achieving tumor control
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Local control
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Probability of distant brain control (%)

Distant brain progression
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Overall survival after IORT

median OS: 26 months
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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
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Challenge 2: Not obstructing the care paths

Total in-hospital times Time to next treatment
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Challenge 3: Optimizing care paths

Wikipedia

Julian P. Layer :

UNIVERSITAT



Challenge 3: Optimizing care paths

Reduced hospitalization times

b
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Challenge 3: Optimizing care paths

;‘"
Reduced hospitalization times

Reduced treatment times
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Challenge 3: Optimizing care paths

Reduced hospitalization times
Reduced treatment times

Reduced transportation times
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Challenge 3: Optimizing care paths

Reduced hospitalization times
Reduced treatment times

Reduced transportation times

Improved patient quality of life
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Challenge 3: Optimizing care paths
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Age = 50 years
KPS > 50%
informed consent

First visit
Physical Exam
LENT-SOMA
Medication

Maximum safe resection
Histologically confirmed GBM (frozen section)

/\ IORT
feasible

IORT not IORT
feasible
20 - 40 Gy »
2
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o
i
Pre-EBRT early MRI (24-48h) —
Physical Exam &
LENT-SOMA H
Medication & =
U
Chemo-Radiotherapy
EBRT (30 x 2 Gy)
+ 50 mg/m?/d temozolomide
post-EBRT
Physical Exam
LENT-SOMA
Medication

adjuvant Chemotherapy
6 cycles 150-200 mg/m?2/d/cycle temozolomide

FU
Physical Exam
LENT-SOMA

Medication

Follow-up MRIs

every 3 months

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

GLORIA trial

Marginal infiltration zone Cellular tumor Perinecrotic zone Vascular proliferation zone

Radiotherapy (RT) CXCL12 [

’ ~ VEGFA I | |I 7 | |

e E

gradient

Glioblastoma (GBM)

lRT

Hypoxia ’ k ) i
[cxcL124| | veGFA | : TN
Vasculo- Angio- CXCL12 % 3 v Y\\(’
genesis genesis & e % /
[ ] [ ] y r . N
Combine RT with targeted | | NoXALS Bevacizumab
Olaptesed pegol (NOX-A12) Bevacizumab (BEV)
t rea t men t a p p roac h es Tumor recurrence bindsgxréel_l:t;alizes binds 8\;/Eeet:=tralizes

‘Created with BioRender com and Servier Medical At

b

Klinik fur -
Strahlentherapie
und Radioonkologie UN|VERS|TAT

Julian P. Layer :




Challenge 3: Optimizing care paths
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Challenge 4: Timing matters

PACIFIC: benefit for sequential IT

No. of Events/
Total No. Median PFS 12-Mo PFS 18-Mo PFS
of Patients (95% Cl) (95% CI) (95% CI)
1.0+ mo % %
Durvalumab 214/476  16.8 (13.0-18.1) 559 (51.0-60.4) 44.2 (37.7-50.5)
0.9 Placebo 157/237 5.6 (4.6-7.8) 353 (29.0-41.7)  27.0 (19.9-34.5)
s
a S 08
5
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y g 074
\) r, S 06+
[/ ‘ § 05
7= ® 7 Durvalumab
& 04 |
s !
£ 03+
g 0.2 : : Placebo
£ Stratified hazard ratio for disease progression
0.14  ordeath, 0.52 (95% Cl, 0.42-0.65)
Two-sided P<0.001 : |
00 T T T U T T T T 1
3 6 9 12 15 18 21 24 27
Months since Randomization
No. at Risk
Durvalumab 476 377 301 264 159 36 44 21 4 1
Placebo 237 163 106 87 52 28 15 4 3 0
Antonia et al., 2017

IORT 16-30 Gy
Maximum total toxicity
Overall survival
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Challenge 5: Avoiding dose spillage

MeV-Photonen

Relative Dosis
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Gerard et al., 2019
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Challenge 5: Avoiding dose spillage

Iscdose percentage
level
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Challenge 5: Avoiding dose spillage

v 17.000
v 15.000
v 12,000
v 10.000

v I > _
|Abstrakt 20-1 - Nicht abgezeichnet - Frontal - KopfOMR 29.01.19 =)} Abstrakt 20-1 - Nicht abgezeichnet - Sagittal - KopfOMR 29.01.19 &

Sarria et al. 2021
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Challenge 6: Ensuring precision

INTRABEAM® (Carl Zeiss Meditech)

Grimmer et al. 2024

(A) kV IORT device

(B) CBCT mobile display station

(C) surgical microscope

(D) neuronavigation camera + screen
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Challenge 6: Ensuring precision

c Percentage Depth Dose

O-Arm trial

10.00 15.00 20.00 25.00 10,00 35.00

Grimmer et al. 2024
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Challenge 6: Ensuring precision

Local control Radiation necrosis rate

100_Whuu- S

Probability of local control (%)

Cumulative radiation necrosis rate (%)
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Cumulative rate 4.9%
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1-year-LCR 98.0%
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The perspective of IORT

= Trend towards individualized care

= |dentification of patients at risk of

recurrence <+— overtreatment
= Recognition of personal patient will

= Growing number of therapeutic options
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Whom do we offer IORT?

ALL patients.




Whom do we recommend IORT?

Patients with

.. 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.

2:40 PM Brain metastases: Interim analysis of the
phase Il trial INTRAMET
Miquel Macia, MD
Department of Radiation Oncology
Institut Catala d'Oncologia ‘
Barcelona University h

Barcelona, Spain

3:00 PM 1I0RT combined with immunotherapy in
brain metastases

Julian Layer, MD

Department of Radiation Oncology
University Hospital Bonn

Germany

3:20 PM IORT in glioblastoma: INTRAGO phase Il
trial update
Frank Giordano, MD
Radiotherapy and Radiation Oncology
Professor
University Medical Center Mannheim
Germany

3:40 PM Kyphoplasty and intraoperative
radiotherapy (Kypho-10RT) for vertebral
tumors

Frederic Bludau, MD

Head of Spinal Surgery Division
University Medical Center Mannheim
Germany

4:00 PM Abstracts session

4:00 PM Intraoperative or Postoperative
Stereotactic Radiotherapy for Brain
Metastases: Time to Systemic Treatment : ; : ; : SR : Y Al Y j et
Onset and Other Patient-Relevant
Outcomes Ameropa

P ——— julian.layer@ukbonn.de

Department of Radiation Oncology
University Hospital Bonn
Germany
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