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WHAT IS „STATE OF THE ART“

Refers to the highest level

of general development, 

as of device, technique, or scientific field



HIGHEST LEVEL OF EVIDENCE



STATE OF THE ART



WHAT DO WE EXPECT FROM 
PARTICLE TREATMENT?
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DOSE DIFFERENCE =
UNNECESSARY DOSE DEPOSITION
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CONSEQENCES OF BRAIN TISSUE
SPARING

◉ Dosimetric difference suggests better clinical outcome

BUT

◉ How to messure the clinical outcome?

◉ How to messure brain function?

◉ Example: neurocognitive testing
• Memory

• Executive functions

• Processing speed

• Attention

• …..



NEUROPROTECTIVE 
POTENTIAL OF PROTON

◉ Many papers describe the potential
neuroprotective benefits of proton beam RT

• Based on the physics of protons

• Models with hypothetical data suggest benefit 
for medulloblastoma and craniopharyngioma

◉ Few studies with actual neurocognitive outcomes 
for patients treated with PRT vs. other published 
so far

Merchant et al. PBC, 2008 
Miralbell et al. IJROBP, 1997



NEUROCOGNITIVE EFFECTS

◉ Cognition

• 20 long term survivor treated <3 y.o. with RT

• 85% impaired cognition

• 55% special education

• Worse with cranial dose 30-35 Gy

◉ Must obtain baseline function 

• POG I Baseline testing 

• 45% 15 pt lower than norm

• 29% 30 pt lower than norm

Duffner et al Pediatr Neurol, 7 237-242



CRANIAL RADIATION THERAPY 
(RT)- SUMMARY

◉ Risk of neurocognitive late effects

• Declines of 2-4 IQ points per year

• Risks associated with:

• Younger age

• Higher RT doses

• Larger irradiated brain volumes
Ris et al. JCO 2001 

Palmer et al. JCO 2001 
Silber et al. JCO 1992  

Roman et al. IJROBP1995 
Merchant et al. JCO 2009 

Mulhern et al. Lancet Onc 2004



WHAT MATTERS?

◉ Dose relationship
• With increasing the dose the cognitive function ist worsening

◉ Volume relationship
• With increasing the volume of healthy brain tissue irradiated the

cognitive function ist worsening



EARLY COGNITIVE OUTCOMES AFTER 
PROTON RT FOR CHILDREN WITH CNS 
TUMORS

◉ 60 pt > 6y for MB, LGG, 
ependymoma, CP, other

• Baseline FSIQ, verbal, 
perceptual and WMI 
compared to f/u testing

• Mean f/u 2.5y 

◉ Processing speed declined 
significantly (mean 5.2)

◉ FSIQ, verbal, perceptual, 
WMI all stable

◉ Cognitive outcomes not 
related to gender, RT vol, 
dose, tumor location, 
histology, SES, chemo or 
surgery

Pulsifer et al, IJROBP 93(2) 400-7, 2015



AIM

◉ Brain tissue sparing

◉ Who does benefit?

• Children

• Young adults

• Long surviving patients



ADULT PATIENTS WITH LOW GRADE 
GLIOMAS

Planning comparison
Photons (VMAT) vs. Protons (IMPT) 

Dosisdifference

VMAT IMPT



MOTIVATION
BRAIN TISSUE SPARING

◉ Neurocognition

◉ Secondary malignacies

“Dose-dependent thinning of cerebral cortex was observed after fractionated partial brain radiotherapy in high-
grade glioma patients. Magnitude of the thinning paralles one-year atrophy rates seen in neurodegenerative 

diseases like Alzheimer’s, and may contribute in part to cognitive decline following brain RT.”

◉ Anatomical Changes
• Cortical Thinning
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RESULTS
TOTAL NORMAL TISSUE VOLUME BRAIN (TNTVB)

VMATIMPT
N = 7 pts VMAT IMPT

Av. 
Diff%

VTNTb,5Gy [%] Median
(Range)

83%
(62-94)

41%
(27-57)

-43%

VTNTb,10Gy [%] Median
(Range)

76%
(57-89)

33%
(23-49)

-42%

VTNTb,20Gy [%] Median
(Range)

50%
(42-65)

24%
(17-34)

-25%

VTNTb,30Gy [%] Median
(Range)

27%
(18-40)

17%
(12-29)

-10%

Median VTNTb = 1126 ccm (887 - 1369 ccm)

DTNTb,50% [Gy] Median
(Range)

19,7 Gy
(16,7-26,0)

1,5 Gy
(0,1-9,5)

-18,2 Gy



EVIDENCE FOR ADULTS

Shih HA et al. Cancer 2015; 121:171-9

N=20 pts



Shih HA et al. Cancer 2015; 121:171-9



CONCLUSION PART 1

◉ Who does benefit from proton treatment?
• Children, young patients, adults, long survivors with brain tumors

◉ Why?

• Because we are able to spare normal tissue



WHAT ELSE CAN WE REACH?



• Hoppe et al., IJROBP, 2008

• Inoperable sinonasal cancers

• 5-y local control 21%, overall survival 15%

• The only factor improving survival was the dose ≥ 65 Gy.

HEAD AND NECK



Patel et al., Lancet Oncol, 2014

• Primary and recurrent sinonasal cancers

• 43 cohorts and 41 non-comparing studies

• Median follow up

• Photons 40 months

• Particles 38 months

METAANALYSIS



PROTONS VS IMRT(PHOTONS)



PARTICLE VS PHOTONS



METAANALYSIS

Pattel et al. Lancet Oncology 2014



• 54 pts

• Stage III und IV

• Median Doses 72.8 Gy RBE

• 69% had previous resection

• 74% had also neck irradiation

Russo et al. IJROBP 2016



RESULTS

Russo et al. IJROBP 2016



• 84 pts

• Median Dose 73.8 Gy RBE

• Histologies: SCC,ACC,olfact. Neuroblastomas

Dagan et al. IJROBP 2016



RESULTS

Dagan et al. IJROBP 2016



CONCLUSION PART II

Why are oucome data so encouraging?

◉ Dose escalation

◉ Better target coverage



CARBON IONS

• Rare malignant tumor

• 20-30 pts/ year in Japan.

• Chemotherapy and x-ray 

RT are not effective.

• Resection sacrifices 

sacral nerves.

Before CIRT

5 years later 

Sacral 

chordoma



Imai et al. IJROBP 2010, Imai et al. BJR 2011 

Before CIRT 4years after CIRT

EVIDENCE-SACRAL CHORDOMA



Sugahara et al. R&O 2012

66 months after  RTBefore RT

EXTREMITY SOFT TISSUE SARCOMA



CONCLUSION PART III

What else can we achieve?

◉ We can avoid mutilating surgeries



OTHER MEDICAL INDICATIONS

LITERATURE OVERVIEW



PANCREAS CARCINOMA-PREOPERATIVE

Author Patients (n) Therapy Overall Survival
(%) @ 5Y

Late Toxicity
≥ G3 (%)

Ishikawa 1994 17 Photons + OP 28

Stessin 2008 190 Photons + OP 21

Satoi 2012 27 Photons + OP 30

Hong 2014 48 Protons-CHT 
+ 

OP

42 (2y) 4.1

Shinoto 2013 21 Carbon Ions+
OP

52 5

Ishikawa et al. Arch Surg 1994; 129(10):1075-80
Stessin et al. IJROBP 2008; 72(4):1128-33
Satoi et al. Pancreas 2012; 41:333-5

Hong et al. IJROBP 2014; 89(4):830-38
Shinoto et al. Cancer 2013; 119:45-51



PANCREAS CANCER-INOPERABLE

Author Patients (n) Treatment Overall survival
(%) @ 2Y

Toxicity
≥ G3 (%)

Chauffert 2008 49 CHT+Photon
Adj. CHT

16 32-36

Loehrer 2011 34 CHT+Photon 12 80

Sudo 2011 34 CHT+Photon 25 42

Mukherjee 2013 74 CHT+Photon 7

Wang 2015 27 CHT+Photon (IMRT) 41 15

Terashima 2012 50 CHT+Proton 51 10

Kamada 2015 47 CHT+Carbon Ion 54 2

Chauffert et al. 2008, Ann of Oncol 19:1592-99
Loehrer et al. 2011, JCO 29(31):4105-4112
Sudo et al. 2011, IJROBP 80(1):119-125

Mukherjee et al. 2013, Lancet Oncology 14:317-326
Wang et al. 2015, Radiation Oncology 10:14
Terashima et al. 2012, Radiother Oncol 103:25-31
Kamada et al. 2015, Lancet Oncology 16:93-100



Ling et al. J Gastrointest Oncol 2015; 6(2): 108-114 

DOSE DISTRIBUTION

3D Photons IMRT Photons Protones



CONCLUSION PART IV

◉ We can improve the survival data



EVERYTHING SEEMS TO BE 
PERFEKT

◉ Treatment with particles





Hypothesis

Study Design

Bayesian adaptive randomization

PSPT superior to IMXT

Concomitant Radiotherapy / Chemotherapy

… proton therapy exposes significantly

less lung tissue to radiation than photon therapy,

which thus reduces toxicity

without compromising tumor control.



• NSCLC

• ≥ 18 years of age

• KPS ≥ 70%

• Stage II to IIIB

• Stage IV with single brain metastasis

• Recurrence after surgery

• FEV1 ≥ 1L



(25 %)

(15 %) (5 %)

6.5% 10.5%

10.9% 10.5%

17.4% 21.1%

≥ G3 Radiation 

Pneumonitis

@ 12 m

Lung Dose

Local Failure

Lung Toxicity

Combined

LF + RP

MLD

V5-10

V20-80

PTV + ≤ 1 cm

@ 12 m

IMXT (n=92) PSPT (n=57)

16.6 ≈

higher

lower

≈ 16.1

lower

higher

Discussion

 Initial 

estimations on 

historical data?

 Saftey

margins?

 Beam 

directions?

 Passive 

scattering?

Conclusions

Primary goal

missed

 Heart sparing

 Improvement

over time



CONCLUSION PART V

◉ There is enough evidence to handle particle therapy
as „state of the art“ treatment for some indications

BUT

◉ It is still important to perform clinical studies

◉ Study protocols need to be well designed



THANK YOU FOR YOUR ATTENTION


