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Radiotherapy of a Patient with a Brain Tumor
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After: Holthusen, H. und Braun, R. ( 1933 ) : 

Grundlagen und Praxis der Röntgenstrahldosierung, Thieme Verlag, Leipzig 

Holthusen-Curve: Dose-Response-Relationship
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Improving the Therapeutic Window: 

Clinical Rationale for Particle Therapy

What are the „new possibilities“ I can use with particle therapy?

How is my efficacy? What biology is in the background?

Which patients most probably have the best benefit?

Do I have increased precision, i.e. can I reduce dose do non-involved 

areas?

- Reduction of integral dose

- sparing of normal tissue

- minimizing side effects, especially long-term toxicity

- imaging: CT-Cone beam, conventional X-ray? Issues of positioning

- Normal tissue tolerance does not change – independently of 

radiation modality...
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Physical and biological Benefit of Ion Beams

- inverse dose profile

- high local dose deposition in 

„Bragg Peak“

- sparing of normal tissue

Combs SE et al. Chirurg, 2007
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Kosaki K,...Combs SE, 2012
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Combs SE et al., Der Chirurg, 2006

Protons have an Inverted Dose Profile

Clinical Benefit

- Sparing of Normal Tissue

- Potential Dose Increase in Treatment Volumes 

- Reduction of Side effects

- Visual Impairment

- Neurological Deficits

- Xerostomia

- Growth Deficits, Deformities

- Secondary Malignancies 

- Hormonal Deficits

- etc. 



Klinik und Poliklinik für RadioOnkologie und Strahlentherapie

Krejcarek et al., IJROBP, 2007
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Chronic Health Conditions in Adult 

Survivors of Childhood Cancer: The Childhood Cancer 

Survivor Study

Oeffinger et al. (MSKCC). 

NEJM 355(15):1572-82, 2006

Cumulative Incidence of Chronic Health Conditions 

among 10,397 Adult Survivors of Pediatric Cancer, 

Severity of subsequent health conditions was scored 

according to the Common Terminology Criteria for 

Adverse Events (version 3) as:

mild (grade 1), 

moderate (grade 2), 

severe (grade 3), 

life-threatening or disabling (grade 4),

or fatal (grade 5). 
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Predictive Factors for IQ Deficits
(Merchant, JCO, 2009)

Age at RT and Dose to Normal Tissue as important factor
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Proton Therapy für the Treatment of Skull Base Tumors

Arvold et al., IJROBP 2012

 Reduction of Long-Term Side 

effects

 To date not data of clinial 

superiority
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Physical and biological Benefit of Ion Beams

- inverse dose profile

- high local dose deposition in 

„Bragg Peak“

- sparing of normal tissue

Combs SE et al. Chirurg, 2007

- carbon ions: higher relative 

biological effectiveness (RBE)

- difficult to repair radiation 

damage, i.e. double strand 

breaks 

- correlation with repair proteins, 

e.g. p21 M. Scholz et al. Rad. Res. 2001 

Low-LET High-LET
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Radiobiological evaluation and correlation with the local effect 

model (LEM) of carbon ion radiation therapy and temozolomide in

glioblastoma cell lines

Combs SE et al. Int J Radiat Biol, 2009
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Clinical Evidence for Particle Therapy for Re-Irradiation

- several small reports (< 50 patients)

- few published prospective trials

- protons – carbon ions

- alleged superiority of dose distributions – What about the RBE and the 

Bragg Peak?

- Heterogeneous patient cohorts – clinical properties are „not 

standardized“ in the recurrent situation

- volume of the tumor

- time to recurrence

- possibility of surgery

- previous systemic treatment

- patient performance score

- patients‘ preference

- Center‘s possibilities and experience
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Re-irradiation of recurrent gliomas
- limits and risks -

• previous radiotherapy: majority of recurrences within the prior target

volume

• patient performance, age etc.

• size and location of the lesion
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Combs SE et al., J Clin Oncol, 2005
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• Risk for treatment-related side effect increases with irradiation volume

/ recurrence volume

Radiotherapeutic Options for Recurrent Gliomas

Stereotactic Radiosurgery (SRS)

• Dose application in one fraction

• High local dose deposition

• Short treatment times

To take into consideration....

0

2

4

6

8

10

12

AA + GBM

Hall 1995

Chamberlain 1994

Shaw 2000

Cho 1999

Combs 2005



Department of Radiation Oncology / Institute of Innovative Radiotherapy (iRT)
Department of Radiation Oncology

0

2

4

6

8

10

12

14

16

0 10 20 30 40

Rate of Severe Toxicity (%)

S
u

rv
iv

a
l 

fr
o

m
 r

e
-

ir
ra

d
ia

ti
o

n
 (

m
o

n
th

s
)

FSRT

SRS

H-FSRT

Severe Side Effects after Re-Irradiation

Combs SE et al., BMC Cancer, 2007

The tolerance of normal tissue is not independent of 

radiation quality.
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Stereotactic Radiosurgery (SRS)

- 32 recurrent glioblastoma

- GTV contrast enhancement in T1-MRT

- PTV 1-2mm safety margin

- median total dose 15 Gy (range 10-20 Gy)

- median survival 10 months

Combs SE et al., Cancer , 2005

Combs SE et al., JCO 2005

Combs SE et al., Strahlenther Onkol, 2005

Combs SE et al., J Neurooncol, 2005

Combs SE et al., J Neurooncol, 2005

Fractionated Sterotactic Radiotherapy (FSRT)

-172 patients with recurrent glioma

- individuelle mask fixation

- GTV – contrast enhancement in T1-MRT

- CTV 5-10 mm safety margin

- median total dose 36 Gy (5*2Gy/Week)
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• Dose application in a number of fractions

Radiotherapeutic Options for Recurrent Gliomas

Fractionated Stereotactic Radiotherapy (FSRT)

• Fractionation effect beneficial with respect to side effects (normal 

tissue toxicity )

• Less toxicity, increased treatment safety

Survival after FSRT

p<0.00001

WHO Grade II

GB

WHO Grade III

Combs SE et al., J Clin Oncol, 2005
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Randomised Phase I/II Study to Evaluate 

Carbon Ion Radiotherapy versus Fractionated Stereotactic Radiotherapy in 

Patients with Recurrent or Progressive Gliomas:

The CINDERELLA Trial

• unifocal recurrent glioma post 1 or 2 treatments 

• no other re-irradiation performed

• largest diameter of contrast enhancement: 4cm 

Arm A: Experimental Arm

Arm B: Standard Arm

R

C12 

„Best-Dose“ of Phase I

10 x 3Gy E to 16 x 3 Gy E Single Dose

FSRT 

Combs SE, JCO 2005

36 Gy / 2 Gy single dose

Phase I:

Dose Escalation

Study Coordinator: Combs SE  

in cooperation with:

Prof. Dr. Wolfgang Wick, Neuroonkology

Prof. Dr. Andreas Unterberg, Neurosurgery

Dr. L. Edler, Dr. I. Burkholder, dkfz-Biostatistics

Combs SE et al., BMC Cancer 2010
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Which patients benefit from re-irradiation?

Is beam quality really THE factor for outcome?

Combs SE et al., Acta Oncol, 2012; Scholtyssek et al., 2013; Combs SE et al., Cancers 2016

• Patient age, histology, tumor volume are „classical“ prognostic factors 

• Time point of re-irradiation – „the earlier the better“ but not < 6 months after first 

radiotherapy 

• treatment dose, treatment technique

• target volume
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Validation of the prognostic core: TUM cohort

• 199 patients (female 87, male 112)

• Primary histology

– 133 Pat: WHO IV

– 37 Pat: WHO III

– 29 Pat: WHO I/II 

• Median time between primary RT and Re-RT [months]

– 14.4 (1.9 – 77.7): WHO IV

– 19.1 (5.8 – 175.7): WHO III

– 34.0 (1.0 – 228.1): WHO I/II

• Re-resection

– 96 Pat: no re-resection

– 77 Pat: 1

– 26 Pat: >= 2

Kessel, ..., Combs, 2017
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p <.001p <.001

p =.002
p =.001

Validation of the prognostic core: TUM cohort

Kessel, ..., Combs, 2017
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Outcome according to dose

Validation of the prognostic core: TUM cohort

Combs SE et al., Neurosurgery 2018
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Old score            vs.        New score

Including prognostic factors
•Primary histology (WHO IV vs. III vs. I/II)

•Age (<50y vs. ≥50y)

•Time between primary RT and Re-RT (>12m vs 

≤12m)

•added: Re-resection (yes vs. no)

Including prognostic factors
•Primary histology (WHO IV vs. III vs. I/II)

•Age (<50y vs. ≥50y)

•Time between primary RT and Re-RT (>12m vs 

≤12m)

Kessel, ..., Combs, 2017
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Combs SE et al., 2018
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p<0.001

Combs SE et al., 2018
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Re-irradiation of gliomas

- ... Has been established in clinical routine

- various fractionation concepts

- indication generally in incompletely resected tumors (on MRI and/or PET)

- alone or in combination with chemotherapy

- Information of recurrence and risk patterns?

- Target volume?

- Influence of any biomarkers?

- But – we randomize photons vs. Carbon based on macroscopic tumor

- question: “complete resection“?

No real evidence...
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Straube C, ..., Combs SE et al., 2017

• Pt. With previous irradiation

• „complete resection“ of the recurrence

• Target volume generation with different safety margins:

• Resection cavity primary tumor

• Resection cavity recurrence

• Margins?

• Organs at risk (OAR)- normal brain, 

eloquent regions, hippocampus

Definition of target volumes for re-irradiation of the resection 

cavity: Integration of CT, MRI and PET
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GlioCave – NOA 17 Trial

A Phase-II Trial comparing adjuvant stereotactic fractionated 

radiotherapy to the resection cavity in recurrent glioblastoma to 

observation

• recurrent glioblastoma after standard treatment (surgery, chemoradiation)

• no prior re-irradiation

• „complete resection“

Arm A: Experimental Arm

Arm B: no RT

R

High precision-RT

46 Gy/2 Gy / 36 Gy, 3 Gy

(resection cavity, margin)

Phase II

PI: Stephanie E. Combs  

In cooperation with:

Prof. Dr. Bernhard Meyer, Neurochirurgie TUM

Prof. Dr. Claus Zimmer, Neuroradiologie, TUM

Study Coordinator: Dr. C. Straube, TUM RadOnk Straube S, ..., Combs SE, BMC Cancer  2017
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GlioCave – NOA 17 Trial

A Phase-II Trial comparing adjuvant stereotactic fractionated 

radiotherapy to the resection cavity in recurrent glioblastoma to 

observation

• pre-operative imaging (PET, MRI)

• surgical resection

• collection of serum, tumor tissue, primary cell cultures

• characterization of migration, invasion, other biomarkers for radiation 

(gH2AX)

• treatment according to study protocol

• MRI during treatment - @10 fractions – including T1, T2 weighted 

sequences, DTI

• correlation of biological and clinical data

PI: Stephanie E. Combs  

In cooperation with:

Prof. Dr. Bernhard Meyer, Neurochirurgie TUM

Prof. Dr. Claus Zimmer, Neuroradiologie, TUM

Study Coordinator: Dr. C. Straube, TUM RadOnk Straube S, ..., Combs SE, 2017
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Re-Irradiation of Gliomas

 Has an etasblished role in the multimodal treatment of 

gliomas

 Optimal dose and target volumes yet need to be defined

 Radiosurgery vs. Fractionated – impact of volume, 

location etc.

 Potential benefit of high single doses ?!?

 Combination with systemic treatment safe and certainly 

possible depending on the individual pre-treatment

 Prognostic scores reflect the heterogeneity of gliomas

 Benefit of particles? Not proven yet...
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Individualized Radiotherapy (iRT) Concepts

Combs SE, Langenbecks Archives of Surgery, 2015

Radiotherapy

Individualized Radiotherapy (iRT)

Innovative
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Improving the Therapeutic Window: 

Clinical Rationale for Particle Therapy

What are the „new possibilities“ I can use with particle therapy?

How is my efficacy? What biology is in the background?

Which patients most probably have the best benefit?

Do I have increased precision, i.e. can I reduce dose do non-involved 

areas?

- Reduction of integral dose

- sparing of normal tissue

- minimizing side effects, especially long-term toxicity

- Normal tissue tolerance does not change – independently of 

radiation modality...
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High-LET Radiotherapy, e.g. Carbon Ions

• High-LET radiotherapy

• Relative Biological Effectiveness (RBE) > 1

• Higher relative biological effectiveness

• However, data on biological „uncertainties“, e.g. 

increase in RBE at distal end

• Biological Models, „dose painting“...

• Incoming Data on Proton/Carbon Biology:

– Proton irradiation suppresses angiogenic genes and impairs cell 

invasion and tumor growth (Radiat Research 2012)

– Uncertainties in RBE
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Phase I/II Study evaluating the treatment of patients with Recurrent Rectal Cancer 

with Carbon Ion Radiotherapy:

The PANDORA-01 Trial

• histologically confirmed recurrent rectal cancer

• macroscopic tumor

• localized, no metastases

Arm A: Experimental Arm

Arm B: Historical Controls

RRC

Carbon Ion Radiotherapy

Dose Escalation

12 x 3 Gy E        

Increasing fraction number

18 x 3 Gy E     

C

Combs SE et al., BMC Cancer 2014

Study Coordinator Combs SE  

in cooperation with

Prof. Dr. Jürgen Weitz & Prof. Dr. Dr. M Büchler, Surgery

Prof. Dr. Dr. Jäger, NCT/Oncology

Prof. Dr. M. Kieser, Biostatistics

ULICE-Framework
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Re-Irradiation for Recurrent Meningiomas

El Shafi R, ..., Combs SE, Radiat Oncol 2018
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Re-Irradiation for Recurrent Meningiomas

El Shafi R, ..., Combs SE, Radiat Oncol 2018
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Re-Irradiation for Recurrent Meningiomas

El Shafi R, ..., Combs SE, Radiat Oncol 2018
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Re-Irradiation of Adenoid-Cystic Carcinomas

Jensen et al., 2017
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Re-Irradiation of Adenoid-Cystic Carcinomas

Jensen et al., 2017
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Re-Irradiation of Adenoid-Cystic Carcinomas

Jensen et al., 2017
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Re-Irradiation of Adenoid-Cystic Carcinomas

Jensen et al., 2017
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Re-Irradiation of Head and Neck Tumors with Protons

Romesser et al., 2016
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Re-Irradiation of Head and Neck Tumors with Protons

Romesser et al., 2016
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Re-Irradiation of Head and Neck Tumors with Protons

Romesser et al., 2016
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Ho et al., 2017



Klinik und Poliklinik für RadioOnkologie und Strahlentherapie

27 patients between 2011 - 2016

Ho et al., 2017
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Improving the Therapeutic Window: 

Clinical Rationale for Particle Therapy for Re-RT

- Improved sparing of normal tissue in certain cases

- Depending on tumor type, certain benefit of high-RBE

- Is it dose to the target of really radiation quality?

- Benefit of modern image-guided RT

- Heterogeneous biology & other factors influence outcome

- Small patient cohorts until now, difficult to do randomized trials

- Individual decision making and interdisciplinary discussion

essential

- if possible in a timely manner, particles should be considered
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