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| Bestrahlungsprinzipien bei den blastomatésen und
! hyperplastischen Erkrankungen.

1. Bestrahlungsmethoden, die den Zeitfaktor hericksichtigen.
o) THE winzeitige Bestrabiung

Die Einzeitbestrahlung.
Vo

H. Wintz.
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Ans dem Radinminstivat der Pariser Universitie
(Dirckior: Prof, Dr. CL Regawd).
Die Réntgenbehandlung der epithelialen Erebse

der Tonsillengegend.
Von

H. Countard. Leiter der Rintgenabieilung.

Vuu 190192 worden 06 Fille von Epithelkrebs der
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der Pariser Universitt hhamlail
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Henri Coutard
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1951: Presentation of
Concept of Radiosurgery

Leksell Gamma Knife

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

1969: First Treatment of
an Acoustic Neuroma

1970: First Treatment of
AVM (Leksell and

Lars Leksell 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
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Lung Cancer

(also applies to Liver Lesions)
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Early Stage Lung Cancer

Denver, Lung Metastases
Rusthoven, JCO, 2009
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Fig. 1. Kaplan-Meier analysis of overall survival for all patients (N
=70y, Median survival, 32.4 months (95% CI, 24,.1-41.6 months).
Three-year survival estimate, 42.7% (95% CI, 31.1-54.3%).

PTCOG 48, Heidelberg, 2009
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Fig. 6. Cause-specific survival. Three-year survival estimate,
81.7% (95% CL, 70.0-93 4%).
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(BEDY),,, = 100 Gy,, and local damage BED,, <2 BED .. Our proposed curves for estimating schedules, which will

deliver chosen amounts of late biologic BED in Gy, (thin curves) and chosen levels of tumor BED in Gy, (thick
curves ). Figures 9 and 10 are specific for our local method of dose delivery and are examples only, not o be generalized.
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Liver Tumors
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Figure 4. Dose- effective liver volume (V.g) curve associated with a 5% risk of radiation induced liver disease for patients with liver
metastases (thin line) and primary liver cancer (thick line).
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Liver Tumors
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Advanced Stage Lung Cancer
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»~Hypofractionation was preferred for

small tumors and higher NTDs, and

conventional fractionation was better for

. large tumors and lower NTDs.

o = 4 e s w12 Hypofractionation might be beneficial for
|  ereeniage Bose () intermediate-sized tumors when NTD =

Fig. 1. Four epreseniative dose—volume histograms (DVHs) used . . .
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plan of a small gross wmor volume (GTVY (11 cm™). DV H2 was by

from a similar hypothetcal seven-field intensity-modulated radio- (20 Gy)

therapy plan of a relatively large penpherl wmor (GTY = 224

cm’). DVH3 was from a seven-field plan of a large central lesion

! 3 :
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See also: Atkison, TCRT, 2008
Kepka, J Thorac Oncol, 2009
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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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Irradiated Tumor Cells may be Immunogenic
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Not an in-situ model, but otherwise highly relevant !!
Response modulated by iNKT cells
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Fig. 2. The abscopal effect is induced in TSA wmor-bearing mice by fractionated radiation in combination with anti-CTLA- antibody. A, tumor growth
delay of primary irradiated tumors (left) and secondary nonirradiated tumar (righfh in mice treated with PBS (closed circles), 8H10 (open circlas), 20 Gy = 1 +
PBS [elosed diamonds), 20 Gy = 1 + 8H10 (open diamonds), B Gy x 3 + PBS (closed sguares), B Gy = 3 +« 8H10 (open sguares), 6 Gy x 5 + PBS [closed
triangles), or 6 Gy = 5 4 3H10 (open triangles). 3H10 was given on days 14, 17, and 20. Data, mean £ SE of five mice per group. B, tumor weight of primary

(lefty and secondary (right) tumors at day 35, Data, mean = SE from one of two independent experiments with similar results. The number of mice with
complete tumor regression over the total number of mice per group is indicated.
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Immunotherapy finally works!

IMPACT Overall Survival: Primary Endpoint
Intent-to-Treat Population

P =0.032 (Cox model)
HR =0.775 [95% CI: 0.614, 0.979]

Median Survival Benefit = 4.1 Mos.

— PROVENGE (n = 341)
Median Survival: 25.8 Mos.
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Placebo (n = 171)
Median Survival: 21.7 Mos.
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Summary Lung (Liver) Tumors

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

For larger NO-Tumors (although this iIs 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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FRACTIONATION AND PROTRACTION FOR RADIOTHERAPY OF
FROSTATE CARCINOMA

Davin J. Brenner, D.Sc® anp Emc 10 Hae, DSc.®

Center for Radiclogical Research, Department of Radiation Oncology, Columbia University, Mew York, NY

DIRECT EVIDENCE THAT PROSTATE TUMORS SHOW HIGH SENSITIVITY
TO FRACTIONATION (LOW offf RATIO), SIMILAR TO LATE-RESPONDING
NORMAL TISSUE

Davin J. BrEMNER, Po.D., D.8SC.,% ALVARD A, MarTivez, M.D., FACR.!
Grecory K. Eomunnson, M.Sc." Comstiva Mirener, RN, BSN.T Howarp D, Tuases, PrD. 3
aNp Erwoon P, Armour, Pr.Dt
*Canter for Radiological Research, Depariment of Radiation Oneology, Columbia University, New York, NY; "Department of

Radiation Oncology, William Reaumnont Hespital, Royal Oak, ML fDepartment of Riomathematics, M. 1. Anderson Cancer Cenlar,
Houston, TX

THE PROSPECTS FOR NEW TREATMENTS FOR PROSTATE CANCER

Jack F. Fowrer, DS, PH.DLE Bick J. CHAPPELL. F*u.D.,;r AND Marg AL RarTer, MDD Pa.D#

Papariments of *Homan Oneelogy and "Riostatistics and Medical Informatics. University of Wiscorsin-Madison, Madison, WI
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FIGURE 1. Increasing therapeutic advantage with increas-
ing hypofractionation. The eguivalent total doses if delivered
in 2 Gy fractions for prostate tumor (a8 = 1.5) and normal
tissue late effects (/8 = 3) are shown versus fraction size-
number combinations that preserve similar late effect levels,
as would be predicted by the linear quadratic model. A re-
duction in total dose is required with increasing hypofrac-
tionation to maintain similar predicted late effects. The dif-
ference between the solid lines and dotted extensions on
the right indicate in nonguantitative fashion a potential,
over-prediction of biologic effect by the linear quadratic
model for very large fraction sizes.
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The Iarge randomlzed trIaIS Randomized Trial Comparing Two Fractionation

Schedules for Patients With Localized Prostate Cancer

Hismw Ledcka, Charles Hayter, Jm A _,l'la.'l'nrl, Pﬁd‘m.ig Wards, W, Jammes Morris, Mary l."rmpmf.rrn WHCE,
Mark Levine, Jinka Sathya, Richard Choo, High Prichard, Michas! Brundage, and Winkle Kwaw

J G Oneod Z36 1326138 8 2008 by Amanicen Society of Clinics’ Oncodgy
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The experience with
moderate Hypofractionation

. MNadir + 2 ng/ml definition
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Fig. 1. Biochemical relapse-free survival for all 100 patients
treated with high-dose hypofractionated radiotherapy. Both bio-
chemical failure definitions were used. Symbols represent cen-
sored patients.
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HYPOFRACTIONATED INTEMSITY-MODULATED RAINOTHERAPY (70 LY
AT 15 GY PER FRACTION) FOR LOCALIZED PROSTATE CANCER:
LOMG-TERM OUTCOMES

PATRICK A, EUPELLAN, MLIY* VIPLL V. THAKKAR. M.D.." DEEPAK KHUNTIA, MDD
CHAMDAMA A&, REDDY. MLS.Y BRIC A. KIEN, M.D.J AxD ARUL MaHADEVAN, MDY

Int. 1. Rodialion Oncclogy Bicl. Phps. Viol. 63, Mo, 5 pp 1463-1463, 2005
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Fig. 3. Biochemical relapse-free survival (ASTRO definition) for
the 310 patients treated with three-dimensional conformal radio-
therapy with the conventional schedule of 78 Gy at 2 Gy per
fraction (median follow-up of 71 months). The outcomes are
displayed by low-, intermediate-, and high-risk groups. Symbols
represent censored patients.
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Fig. 4. Late rectal toxicity rates (RTOG Grades 2 and 3). (a) The Grade 3 only vs. the combined Grades 2 and 3 late

rectal toxicity events. (b) All Grades 2 and 3 late rectal toxicity events vs. the Grade 2 or 3 events that were still
persistent at last follow-up (i.e., 5% were still actually experiencing Grade 2 or 3 toxicity ). Symbols represent censored

patients.
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Actuarial disease-free survival

49 pts, 60/2 Gy + 15/3 Gy
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Kosakowski et al., in preparation
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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)
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Actuarial incidence of late toxicity
49 pts, 60/2 Gy + 15/3 Gy

Kosakowski et al., in preparation
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Actuarial incidence of late toxicity:
erectile dysfunction (a), rectal bleeding (b) and incontinence (c) for the whole population.
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The most recent data

60/3 or 63/3.15
Med. Follow up 49 Mo

Leborgne/Fowler, IJROBP, 2009

Tablke 3. Five-year actuaral rates of bBNED

Risk group Hypo (n = 89 Standard (n = 130 il
Low risk Q6% (C1 093209094, n =29 98 (C1 0.960-0995), n = 56 0.64
Medium risk B4 (C0.767-0.924), n=45 849 (CL 0.708-0985), n = 66 0.75
High risk BA% (CLOT11-0.993), n=15 879 (CL 0.740-0.999), n = § 0.97

Abbreviations: bBNED = biochemical control; Cl = 95% confidence interval; Hypo = hypofractionation.

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

Table 3. Late urin LL[:ﬁLL[:d}E:i;E:t:e[t;;;l;[r on the RTOG scale
36.25 Gy/7.25 Gy [
Only low risk tumors RTOG grade

No relapse at 33 mo

r . U M M Medizinische Fakultdt Mannheim

0 | 11 111 IV

Urinary, late toxicity 30% (11 41% (157 249% (%) 3% (2) —
Y (no. patients)

Rectal, late toxicity  31% (200 33% (133 13% (6) —
Y (no. patients)

Abbreviations: RTOG = radiation therapy oncology group,
SBRT = stereotactic body radiotherapy.
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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.........

Table 1. Head-and-neck schedules that were originally too hot and had to be modemted

Treatment given Tumaor time, corrected
Late complications
Taotal Overall EQD2 Logig EQD2 (Gy) (aim, Acute mucosal EQD2
Schedule* dose (Gy)  time (d) (Gy)' cell kill’ <70 Gyl (Gy) (zim, < 52.5 Gy)™
Gortec 1: 2Gy = 32 fx 64 22 63.6 11.6 641 54.1
Gortec 2: 1.75 = 36 fx 63 24 608 11.1 60.0 al2
Cair 1: 2Gy = 35 fx 70 34 63.1 115 TO(+7) 322
Cair 2: LB Gy < 391x 70.2 3 LR 10.9 67.2 48.6
Harde 1: 1.2+ 13+ 1.5+2 Gy 76 i3 63.1 1.9 67.2 34.5
Harde 2: 1.2+ 1.5 Gy 732 32 6l.3 1.0 63.6 4493
Leborgne: 1.6 Gy »= 42 fx 67.2 25 62.8 11.5 61.8 53.1
in longer Overall Time 67.2 24 6.6 111 61.8 Shd
Sanguinetti: 1.3 Gy = 60 fx 78 39 63.6 1.6 67.0 323
in longer Overall Time 78 42 61.9 11.3 67.0 503

Several prostate hypofractionation trials
using 20 fractions 3.0 Gy in 4 weeks are in  _eborgne and Fowler (14) changed their 20-fraction

progress (11-14). Their predicted acute prostate schedule from 3.0 to 3.15 Gy per fraction
mucosal EQD is 53.1 Gy, just above the because it seemed so safe, with a predicted rise of
52.5-Gy EQD top of the recommended oral  acute mucosal EQD2 from 48.5 Gy (“‘safe’’) to 52.5
grey zone (1). Do these 5-fractions-per- Gy (““upper border).

week treatments (in 25 days) need changing  They then observed an increase in RTOG acute

to 4 fractions per week in 5 weeks (32 Grade 3 rectal reactions from 1 of 22 (4.5%) to 10 of

days)? The resulting 48.5-Gy EQD2 would 34 (29%, p = 0.05)
be much safer, but present clinical reports
do not complain about excess acute toxicity.

Fowler, IJROBP, 2009
r . U M M Medizinische Fakultdt Mannheim
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Summary Prostate Cancer

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.

I . UMM Medizinische Fakultét Mannheim
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The UK experience: The START A&B Trials

Total dose Dioseyf Mummberof  Weeks Gyear 10-year p C-vear DM GyearOMy  p(DM/OM)  Breast QG ]
(Gy) fracthon  fractions LRR(%) BRE (%) (%) (%] changes*

RMH/GOC (N=1410 "

g0 2 25 g 74 124 . MF NE . E-4%1 3E6-0I%
30 3 13 [ a1 148 . . . . A, 1B,
420 33 13 C 71 & 0-027% . - . 11.2% 7-8-147%
START A (N=2236)"

g0 2 25 5 36 - - -8 111 - 15

416 3.2 13 [ 35 . . Q.G 11-3 . 146 0-B5-1-400
30 3 13 g g2 . L 110 107 MEf NS 0 052-0-01
START B (N=2215)

Lo 2 25, ) 33 " - 10-2 11 - 15

40 2.67 15 3 22 . 35 76 8 04Lf0-03 083 5104

R H=FRoryal Marsden Hospital, G0 e Gloos estershire Onoology Centre. LRRE=locome gional recurmenos rate. BRRs breast necumenos rate. Dbt distant metastass, 08w el
mortality, M=study sme. MR=not reported. Me=not statistically significant. * Breast appearanos asessed by photographs. Marked dhanges for B HGOC tnal and mild plus
rarked danges for START trinls. $5-pear rates. 8 Ference betareen 30 Gy ard 42.0 Gy groops. $Hazard ratia.

Talds: summary of results of UK rndomiszd trials of hypofractionated radiotherapy in breast cancer

START Trials as reviewed by Bartelink/Arriagada
Lancet, 2008
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A few relevant single center experiences
Greece (Plantaniotis, sreast cancer, 2000) 339 PtS, 42.5 Gy/16 fractions

flu 2 years, locoregional control 99.5%, no conclusive data on cosmesis

NY (Constantine/Formenti,cin sreast cancer, 2000):- 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, uroep, 2000): 25 X 2 Gy vS. 5 X 6.5 Gy, 1x/wk

Locore gional Recurrence Free Interval

Probabilities
00 02 04 06 08 1.0

— Conservative surgery + NF RT (n=317) p=0.6
- Conservative surgery + HF RT (n=50)

0 12 24 3B 48 60 72 84 % 108 120
'I'|me (months)
isk 317 311 288 288 2Z6 247 222 18% 112 50 14
isk 50 49 46 43 39 36 27 16 7 3 1

r. U M M Fi, g th_u[ g nal TECUITEnce >-free Kaplan- \"1 rvival curves
Id dy ns e g either nomofrac bd adiotherapy

‘ UNIVERSITATSMEDIZIN x ypofcionsed e Yoo .u,..v.w.wrg 2009
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,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

106 —
20 12
Fi) 26
ko
1 { el ey |
s I:IE-:;.;uud]
| dar)
i T TE & 04 {pocr]
L.
18 4 2 , "
19
Gmoths 12mornhs 18 monds 2 marths 56 mor s

Fig. 1. Cosmetic evaluation after &, 12, 18, 24, and 36 months on a score of | 04, *O0ne patient with a poor cosmetic
result was treated with mastectomy because of marked fibrosis of the entire breast 12 months after intracperative
radiotherapy (IORT), and | patient was evaluated as having “fair” cosmetic ontcome during further follow-up.

20 Gy SD at
Applicator
Surface

Kraus-Tiefenbache, IJROBP, 2006
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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

r . U M M Medizinische Fakultdt Mannheim
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Figure 3. Time from therapy to onset of svmptoms Time from end of therapy o onset of svmptoms (latency). The diagram pounes o the
fallacy of the use of wuncated observarion periods, i.e. 5 vears. Injuries may appear many vears later. Parents in this study with lare
appearing mnjuries were often disbelieved and discarded by the medical profession, stating thar side effects could not appear after so many
vears., The diagram can give the visual impression that 100 % of the women treated by hvpofractionation are inured. It is the other way
round: our study population 15 selected on the basis of known imjuries.,

Friberg and Ruden, Acta Oncol, 2009
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Accelerated Partial Breast

38.5 Gy in 3.85 Gy/fraction, bid.

Table 4. Cosmetic results over time

=12 months
follow-up (n=90)

=24 months
follow-up (n = 86)

=36 months
follow-up (1= 80)

=48 months
follow-up (n = 56)

Cosmetic All patients
result (n=90)
Excellent 44 (49%:)
Good 35 (399:)
Total excellent/zood 79 (BB
Fair 11 (125%)
Poor 0 (0%)

44 (49%)
35 (399%)
79 (88%) 75 (87%)
11 (129%) 11 (13%)
0 (0%) 0 (0%)

44 (519%)
31 (36%)

43 (54%)
27 (349%)
70 (88%)
10 (13%)
0 (0%)

33 (599)
17 (309%)

50 (899%)
6 (11%)
0 (0%%)

Table 7. Partial breast irradiation studies using extemal beam radiation

Cosmetic result

= Grade 3

041 3Trial

Institution Mo. Cases  Follow-up (months) Fractionation scheme IBTR  (goodfexcellent) W xicity
William Beaumont Hospital, 94 50 (median) 340 or 385 ¢cGy = 10 1.1%% 895 455
current study (27) (bi.d.)
New York University/Keck 10 36 (minmmum) 300, 350, or 600 cGy = 3 0% 100% ns
School of Medicine (28) (10 days)
Formenti (11) 47 18 (median) 600 cGy = 5 (10 days) 0% n ny
Christiec HospitalHolt 353 96 (mean) S00-531 Gy = 8§ 25% ng ns
Radium Insttute (26) (10 days)
Mational Instituie of 40 86 200 cGy = 25 2.5% 0% ns
Oncology, Hu n%u['}'
{Phase 111 Tral
Rocky Mountain Cancer 55 34 385 ¢Gy = 10 (boad.) 0% ns ns
Center (9
Harvard (8) 99 36 3200 cGy 4 Gy/b.ad. 2% 7% ns
RTOG 0319 (25) 53 — 385 Gy » 10 (boad) 6% ns 4%
Tufis University Brown 6 3 385 ¢Gy = 10 (b.ad) ns 81.7% 8.3
University (22
University of Michizan (21) 34 =24 385 ¢Gy = 10 (b.ad) ns TO5% ns
NSABP B39/RTOG 3200 194 385 Gy = 10 (boad.) n ns <1%

Abbreviations: b.id. = twice daily; ny = not stated; NSABP = National Surgical Adjuvant Breast and Bowel Project; RTOG = Radiation

Therapy Oncology Group.

* Partial breast iradiation patients had a greater incidence of fibrosis, ielengiectasias, and fal necrosis.

Personal commun ication.
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....and too much of a good thing......

Patients received
38.5Gy In 3.85
Gy fractions bid -

00 m ommmomom oo

AC uc

Fig 1 Baslose dimdarioos achieved oD paeses Hody © s s the coafomsalny of die et The e Gl Cosmesis assessment
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Fig 3. ¥isibe g e b codmek oboervel 3 patiets deemed oo bove wmocepen e cosntesks after oreamse ot

Fig. 4. Distribution of the proportion of the breast reference volume
in each case receiving 50% of prescriibed dose (V30), by cosmetic
outcome, among patients with good or excellent cosmesis at base-
line.

Jagsi et al., IJROBP, 2009
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Summary Breast Cancer

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
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 !!!!
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