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Rationale for re-irradiation
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• What are we trying to achieve?

− A second chance of cure
− A long term local control
− A meaningful palliation

• What dose do we need for each aim?
• And at what cost?
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Re-growth of residual 
tumor cells 

Secondary tumor 
due to RT

Initial radiotherapy

Tumor recurrence after RT:

Re-RT  ?

Re-RT ?

There is no rationale to repeat an inefficient treatment! 



How to improve outcome of re-irradiation
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Modifiers:
radiation sensitizers and radiation protectants
• Hyperthermia combined with re-RT
• Chemotherapy
• New drugs

Improved imaging:
to detect recurrences earlier / precise targeting
• FDG-PET /CT
• (functional) MRI, MRI-guided RT

Other radiation modalities :
“new beams”
• Protons
• Carbon ions
• Helium? Oxygen?
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Modified from Scherer (Ed.) Strahlentherapie (1987, Springer)



Physical rationale for protons and other ions

tumor 

Advantageous physical properties:

• Less entry dose
• No or less exit dose 

Sparing of normal tissue, dose escalation, better tumor coverage



Spoilt for choice?
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Biological rationale for helium and carbon ions
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Accuracy: Dose conformality
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Advantageous biological properties
of light ions:

• Higher biological effectiveness
• More efficient in killing hypoxic

tumor cells



Biological rationale for helium and carbon ions

ionisation tracks

low
LET

high
LET

damage (in nucleus)

modified from
Kraft et al., 2003

Increase of direct radiation damage and RBE for high-LET radiation

Photons, 
protons

Carbon 
ions



re-irradiation of brain tumors



re-irradiation of brain tumors

Eaton et al. / Radiotherapy and Oncology 2015

Results (N=20):
First failure was local (55%), distant 
(30%) or both (15%) 
at a median time of 23.9 months from 
first treatment.

Salvage therapy 
re-resection (75%), 
chemotherapy (60%) 
IFPRT (70%) to a median dose 50.4 
GyRBE (35–55.8)



re-irradiation of brain tumors

Eaton et al. / Radiotherapy and Oncology 2015

Median follow-up 37.8 months (5.5–138.0).

Three year OS 78.6%  and  PFS 28.1%. 

Longer OS was significantly associated with surgical 
resection of recurrent disease (HR 9.19, 95% CI 
1.27–66.44, p = 0.028). 

Pattern of second failure after re-irradiation was 
directly related to the pattern of first failure 
(p < 0.01).



re-irradiation of brain tumors
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Adeberg et al, 2017

Matched pair 
analysis

N = 66

WHO grade 3 / 4

60 Gy IMRT
vs 

50 Gy IMRT + 10Gy

Same efficacy
Less toxicity



re-irradiation of brain tumors

Mohan et al, Neuro Oncol 2021

prospective phase II

N = 84

WHO grade 4

60 Gy (RBE)
Radiochemotherapy

(concurrent TMZ)

Less grade 3 
lymphopenia



Yang et al, JCO 2022

pCSI resulted in 
significantly improved 
CNS PFS and OS 
compared with IFRT in 
patients with metastatic 
NSCLC and breast cancer, 
with LM with no increase 
in high-grade adverse 
events.

improved CNS PFS 
7.5 months (pCSI)
vs
2.3 months (IFRT)

improved OS
9.9 months (pCSI)
vs
3.9 months (IFRT)



re-irradiation of brain tumors

Median OS was 10.5 
[9.3-12.7] months 
(grade III: 28.2, grade 
IV: 8.53) after CIRT 
compared to 7.9 [7.2-
8.8] M (grade III: 
10.89, grade IV: 7.93) 
after XRT.

Overall survival Overall survival 

Complete cohorts re-irradiation risk score (RRRS) matched cohorts

197 patients with rHGG (grade III: 71, IV: 126) received RiCi between Nov 2009 and Feb 2018 
at HIT with a median dose of 42GyRBE in 14 fractions
Median follow up:            34.2 months for RiCi 7.1 months for RiP (DKTK) 

In DKTK-ROG multicenter cohort n:565 rHGG patients 
(grade III: 63, IV: 479) underwent RiP between 1997-2016 
with a median dose of 36 Gy in 12 fractions

Knoll, M. et al. 2019, J Clin Oncol supplCombs et al, Radiother Oncol, 2018.



Limiting dose tolerance of organs at risk

• What are the most critical organs at risk?

• How much dose have they absorbed before?

• What are their tolerance doses?

• What is their potential for recovery?



Das et al, Journal of current oncology 2018



previous irradiation always as DICOMs



summary

• Particle Therapy offers a chance for re-treatment of previously irradiated tumor sites

• ion beams enable more favorable dose distributions and thus highly individualized 
treatment concepts

• Helium and Carbon ions offer the advantage of higher biological effectiveness in 
radioresistant tumors

• First clinical studies show promising results in re-irradiated patients with reasonable 
outcome and relatively low toxicity. 

• More clinical studies and longer follow-up is needed to assess late toxicities and to 
discriminate patients that clearly benefit from re-irradiation from those who only suffer side 
effects.
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