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Lars Leksell
1907-1986

1951: Presentation of 
Concept of Radiosurgery

1967: First Treatment 
with Gammaknife
(Thalamotomy, 180 Gy)

1969: First Treatment of 
an Acoustic Neuroma

1970: First Treatment of 
AVM (Leksell and 
Steiner)
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Two paradigms that have to be discussed separately
and that have different rationales:

1. Ablative Therapy („Radiosurgery“)
-> relatively sharp interface between Tumor and Normal 
Tissue
Rationale: BECAUSE YOU CAN DO IT  and when it was started, a 
lot of effort went into precision-> you wouldn‘t want to do that 30 
times(and there might be some other beneficial effects........)

2. Nonablative Therapy („Radiotherapy“)
-> area of overlap between Tumor and Normal Tissue
Rationale: Inverse Ratio of alpha/beta between Tumor and Normal 

Tissue
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Lung Cancer

Prostate Cancer

Breast Cancer
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Lung Cancer
(also applies to Liver Lesions)
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Hof et al., Cancer, 2007
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Early Stage Lung Cancer Denver, Lung Metastases
Rusthoven, JCO, 2009

LC at 3 years:
88,1%

Indiana, Primary Lung Tumors,
Fakiris, IJROBP, 2009
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Fowler et al., IJROBP, 2004
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Liver Tumors

Dawson et al., 
Sem. Rad Oncol. 2005
Acta Oncol 2006
JCO, 2009
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Liver Tumors
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Advanced Stage Lung Cancer

See also: Atkison, TCRT, 2008
Kepka, J Thorac Oncol, 2009

Jin, IJROBP, 2009

„Hypofractionation was preferred for
small tumors and higher NTDs, and 
conventional fractionation was better for
large tumors and lower NTDs. 
Hypofractionation might be beneficial for
intermediate-sized tumors when NTD = 
80–90 Gy, especially if the DL50 is small
(20 Gy).“
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Immunological Effects of RT

Radiation may render Tumor Cells (more) immunogenic

This may lead to an „Abscopal Effect“

Upregulation of Antigens, depending on Tumor line (Dose-
Response-Relationship not completely clear)

Facilitation of Cross Priming/DC Maturation

Changes in Cytokine Profile (Micromilieu)

Cell Migration
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Lugade et al., J Imm, 2005

Irradiated Tumor Cells may be Immunogenic



PTCOG 48, Heidelberg, 2009

Migration of T-cells
in 4T1 Breast Cancer Cells after RT
(2 x 12 Gy)

Matsumura/Formenti/Demaria et al., J Imm, 2008
Pilones/Demaria/Formenti et al. Clin Cancer Res, 2009

Not an in-situ model, but otherwise highly relevant !!
Response modulated by iNKT cells
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Dewan et al., 
Clin Canc Res, 

2009

-> Doses of 
~10 Gy may be
optimal to elicit
an immune 
response
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Immunotherapy finally works!
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Summary Lung (Liver) Tumors

Dirix et al.,
R&O 2006

Small, early stage peripheral Lung (Liver) Cancer can properly be
treated with hypofractionated RT.

For larger N0-Tumors (although this is a rare situation), particles
would be beneficial

The Situation is unclear/problematic for large tumors/mediastinal
involvement. Multiple Organs at risk (Heart, Esophagus) with
unclear response to large single doses.

Large single doses may play an increasing role in the combination of 
RT and immunotherapy
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Prostate Cancer
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Ritter et al., Cancer J, 2009
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The large randomized trials

936 Patienten mit
T1/T2 Tumoren
66 Gy in 33# / 45d
vs. 
52,5 Gy in 20# / 28d

Hoskin et al., Radiother Oncol, 2007

55 Gy in 20# / 28d
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The experience with
moderate Hypofractionation

100 Patienten

70 Gy in 28# / 5,5 w



PTCOG 48, Heidelberg, 2009

Actuarial disease-free survival 
for the whole group (a), for patients with low (1)-, intermediate (2)- and high-risk group 

(3)(b) and for patients with or without androgen deprivation (c)

a) b) c)

Actuarial disease-free survival
Kosakowski et al., in preparation49 pts, 60/2 Gy + 15/3 Gy
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a) b) c)

Actuarial incidence of late toxicity: 
erectile dysfunction (a), rectal bleeding (b) and incontinence (c) for the whole population.

Actuarial incidence of late toxicity
Kosakowski et al., in preparation49 pts, 60/2 Gy + 15/3 Gy
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The most recent data

The rate of rectal Grade 2–4 complications was 5.5% in both treatment groups and of urinary Grade 2–4 
complications was 5.6% in the Hypo and 3% in the standard group (p = 0.36)

King et al, IJROBP, 2009

36.25 Gy/7.25 Gy
Only low risk tumors
No relapse at 33 mo

Leborgne/Fowler, IJROBP, 2009
60/3 or 63/3.15
Med. Follow up 49 Mo
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Studies under way:

As reviewed by Ritter et al.:

RTOG 0415 (70/2.5 vs. 73.8/1.8)
Fox Chase, and several Ultrahypo# trials
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A few words of caution………

Fowler, IJROBP, 2009

Several prostate hypofractionation trials
using 20 fractions 3.0 Gy in 4 weeks are in 
progress (11–14). Their predicted acute
mucosal EQD is 53.1 Gy, just above the
52.5-Gy EQD top of the recommended oral 
grey zone (1). Do these 5-fractions-per-
week treatments (in 25 days) need changing
to 4 fractions per week in 5 weeks (32 
days)? The resulting 48.5-Gy EQD2 would
be much safer, but present clinical reports
do not complain about excess acute toxicity.

Leborgne and Fowler (14) changed their 20-fraction 
prostate schedule from 3.0 to 3.15 Gy per fraction
because it seemed so safe, with a predicted rise of 
acute mucosal EQD2 from 48.5 Gy (‘‘safe’’) to 52.5 
Gy (‘‘upper border’’).
They then observed an increase in RTOG acute
Grade 3 rectal reactions from 1 of 22 (4.5%) to 10 of 
34 (29%, p = 0.05)
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Summary Prostate Cancer

Dirix et al.,
R&O 2006

Moderate Hypofractionation for Prostate Cancer with nominal 
doses >70 Gy seems to be safe with regard to rectal/bladder
toxicity and seems to be effective for all risk groups -> Pending 
results of RTOG 0415

The perfect regimen for aggressive hypofractionation is still 
elusive, but regimens <60 Gy TD and <3 Gy SD seem to be
ineffective. 60 Gy/3Gy seems to be safe with a f/u of ~3 years.
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Breast Cancer
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The UK experience: The START A&B Trials

START  Trials as reviewed by Bartelink/Arriagada
Lancet, 2008
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A few relevant single center experiences
Greece (Plantaniotis, Breast Cancer, 2009) 339 pts, 42.5 Gy/16 fractions
f/u 2 years, locoregional control 99.5%, no conclusive data on cosmesis

NY (Constantine/Formenti,Clin Breast Cancer, 2009):15 x 2.8 (42 Gy), 3 wks
„Among the patients with ≥ 3 years of follow-up, cosmesis was scored as good to 
excellent in 21 patients (91%) and fair in 2 patients (9%)“

France (Kirova, IJROBP, 2009): 25 x 2 Gy vs. 5 x 6.5 Gy, 1x/wk
„Late complications such as LENT-SOMA 
(late effects normal tissue-subjective, 
objective, management, analytic) Grade 1-2 
fibrosis developed in 15% of  the NF-RT and 
33% of the HF-RT group.“-> Reporting time 
not specified
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Single center experiences: IORT as Boost

Kraus-Tiefenbache, IJROBP, 2006

20 Gy SD at 
Applicator
Surface
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Long term F/U data is necessary

- postop RT 1992, Co60
- 56 Gy TD/ 2 Gy SD in Prescription Plane
- in plane Maximum 109%
- off plane Maximum ???
- Capecitabine 2007-2009, after initiation started retraction of the breast

Lawton, IJROBP, 2007
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Long Term F/U data exist in Sweden

Friberg and Ruden, Acta Oncol, 2009
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Accelerated Partial Breast
38.5 Gy in 3.85 Gy/fraction, bid.

Chen/Vicini et al, IJROBP, 2009
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….and too much of a good thing……

Jagsi et al., IJROBP, 2009

Patients received
38.5 Gy in 3.85 
Gy fractions bid
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Summary Breast Cancer

Dirix et al.,
R&O 2006

Partial Breast Hypofractionation seems to be safe and effective in a 
selected patient subset, confirmation pending. Meticulous Patient 
selection mandatory!!

Total breast Hypofractionation accepts small (based on current
follow up) reductions in effectiveness and cosmetic outcome, 
yielding (almost) comparable to Normofractionation.
Long term F/U pending !!!!
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Conclusion

Dirix et al.,
R&O 2006

Hypofractionation has made its way (back) into Photon Radiotherapy. 
It is reasonably safe and effective for small tumors with clear
interfaces to normal tissues (such as in Lung or Liver).
It may have systemic effects not seen with fractionated RT.

Moderate Hypofractionation for Prostate Cancer seems to be safe and 
effective, the perfect regimen for aggressive hypofractionation is still 
elusive.

Partial Breast Hypofractionation seems to be safe and effective in a 
selected patient subset, confirmation pending.
Total breast Hypofractionation accepts small reductions in 
effectiveness and cosmetic outcome, yielding (almost) comparable to 
Normofractionation.
Long term F/U pending !!!! 


