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3 of the AAPM SBRT sessions
• HOW do we and some others do SBRT?

– Tuesday 730 am, “Physics and Dosimetry of 
SBRT”, moderator M Miften, Educational Session

• WHY did we reach this place?
– Tuesday 130 pm, “Establishing an SBRT 

Program”, moderator S Benedict, Practical 
Medical Physics

• WHAT have we accomplished so far?
– Wednesday 130 pm, “Stereotactic Body 

Radiotherapy (SBRT): Technical and Clinical 
Considerations”, moderator I Chetty, Therapy 
Symposium



Revised title

100 years of Radiotherapy:
Why did we arrive at SBRT?

Brian D. Kavanagh, MD, MPH
Department of Radiation Oncology

University of Colorado School of Medicine



100 years of Radiotherapy:
So much Magical Realism

• Fantastical events mixed 
with everyday life
– Has anyone ever seen a 

megavoltage x-ray?
• Non-linear time

– You’ll see: we return to past 
ideas again and again…

• Sense of mystery
– Tumors come and 

go…How? Why?
First edition of One Hundred Years of Solitude: 
Editorial Sudamericana, Buenos Aires, 1967



Timeline of Radiotherapy Philosophical Debate 
about how many treatments should be given

Give many 
treatments!

Use only a 
few 

treatments!

Arguments to go slowly will be up here

Arguments to go quickly will be down here



Leopold Freund (1868-1943):
first radiotherapy scientist

Kogelnick HD. Radiother Oncol 42: 203, 1997

1896, pre- and 
post-RT

10 treatments to 
upper, 21 to lower

70 years later



First successful treatment of 
cancer with radiotherapy, 1899

Before and 30 years later

Tor Stenbeck (left)
Roentgen Institute, Stockholm
Gas tube device
For pt above, 99 treatments given



chromoradiometer

Austrian proponents of 
“expeditive”radiotherapy:
Holznecht, Kienock

http://upload.wikimedia.org/wikipedia/commons/4/4f/Guido_Holzknecht.jpg�




Comptes-Rendus des Séances de l'Académie des Sciences 143, 983-985, 1906.
Translated by Gilbert Fletcher. Radiat Res. 1959 

• The “Law of Bergonie and Tribondeau”:
– “X-rays are more effective on cells which have a 

greater reproductive activity; the effectiveness is 
greater on those cells which have a longer dividing 
future ahead, on those cells the morphology and the 
function of which are least fixed. From this law it is 
easy to understand that roentgen radiation destroys 
tumors without destroying healthy tissues.”



The other thing Bergonie and 
Tribondeau said:

From the standpoint of the practice of radiotherapy, one must learn 
from these facts that one must avoid the production of atypical mitoses 
by radiotherapeutic treatments. It seems pretty clear that the practice of 
delivering small and repeated doses, in contradistinction to the 
technique of few and heavy doses, is more apt to produce these 
nondestructive irritations with resulting monster cells. Therefore, one 
should prefer the method of massive doses.

The ideal technique…would be to make this complex tissue 
absorb in one sitting the maximal dose of radiation compatible 
with the preservation of the other elements one wishes to 
preserve. 



Timeline of Radiotherapy Philosophical Debate 
about how many treatments should be given

More is 
better!

Hurry up!

Do “expeditive” RT: 
and measure dose!

Go slow to 
monitor 
effect

Don’t cause 
cancer!



1920’s



Notable science, ca. 1930:
James Ewing

Ewing J. Factors determing radioresistance in tumors. Radiology 14: 186-191, 1930

http://www.time.com/time/magazine/0,9263,7601310112,00.html�


Claudius Regaud
1870-1940

Henri Coutard
1876-1950

1930s:
The normal tissue argument for 

multiple fractions

Coutard, H. Roentgen Therapy of epitheliomas of the tonsillar region, hypopharynx, 
and larynx from 1920 to1926. Am. J. Radiol. 3, 313–331 (1932).

Long duration 
treatment
Less acute 
toxicity

Short duration 
treatment

More acute 
toxicity



The Coutard Technique in the US, 1930s

Coutard believes it is always necessary to treat 
patients until a marked radio-epithelitis has 
developed. If the tumor has entirely disappeared by 
that time, and if its histological appearance suggests 
that it is of a very anaplastic type, treatment is 
discontinued. If, on the other hand, it is of a highly 
differentiated type, treatment may be continued; the 
duration of further treatment and the extent of further 
dosage depends upon personal judgment and 
experience. Typical dose: 6000 r, 6d/wk, 200 kV

Alternate single fields, tumor+3cm
3600 to more affected side, 2400 to other



Lea DE, Catcheside DG.
J Genetics 1942; 44:216-245, cf. p227



The 1942 Lea-Catcheside paper

• Concerned with the rate of 
chromatid interchanges as 
function of radiation dose

• The “D2” comes from the 
expectation of kinetics 
similar to a bimolecular 
reaction

• Here, the two components 
are essentially the same 
entity, namely a broken 
chromatid

[ ] [ ] [ ]ABBA →+

[ ] [ ][ ]BAk
dt
ABd

=

[ ] [ ]2_ reakschromatidbk
dt

exchangeschromatidd
=

[ ] [ ]2'_ dosek
dt

exchangeschromatidd
=



The 1942 Lea-Catcheside paper, continued

• There was also a factor 
proposed to modify the 
“D2” term with the term G

• The α term counts double 
strand breaks as a 
function of dose

• Purpose of G was to 
account for exposures 
that took enough time for 
there to be decay of the 
chromatid breaks 
produced as the radiation 
exposure continues

GDD 2βα +



1940s, 1950s….and continuing on for a while:
A resurrection of an old trick to give large doses—
”grid” or “sieve” radiotherapy

The Lancet, 1949
Zhang et al, DOSIMETRIC VALIDATION OF THE 
MCNPX MONTE CARLO SIMULATION FOR 
RADIOBIOLOGIC STUDIES OF MEGAVOLTAGE 
GRID RADIOTHERAPY, IJROBP 2006



Grid radiotherapy:
theoretical advantages
• Some skin sparing 

achieved
• Mimics interstitial 

brachytherapy dose 
distribution to some 
extent

• Maybe even allow for 
normal tissue stem 
cell migration into 
high dose volumes



• Patients treated with single 
dose of 45 Gy to surface for 
lung cancer

• No skin necrosis seen in long-
term (2+ yr) survivors

• Proposed explanation:
– volume effect, ie can do this with 

small grid holes that don’t cause 
necrosis



The arrival of high energy beams I:
Cobalt-60

Dr. T.A. (Sandy) Watson, John MacKay of ACME 
Machine and Electric, and Prof. Harold Johns
Saskatchewan

Early cobalt-60 unit in the Victoria 
Hospital, London, Ontario. 

CS Houston, SO Fedoruk, http://esask.uregina.ca/entry/high-energy_cancer_treatment.html



The arrival of high energy beams II:
The betatron, 1950s

• First unit developed in 
1940, U of Illinois (figure)
– Electrons accelerated by 

magnetic fields and aimed 
at target to produce high 
energy x-rays

• First cancer treatment 
center with a betatron in 
Shorewood Hills, WI, ca. 
1957
– Higher energy beams 

mean good skin sparing for 
deep tumor treatment

Dr Donald Kerst
Professor of Physics, U of I



The arrival of high energy beams III:
The linear accelerator, 1950s

Christie Hospital, Newcastle Hospital, Stanford

http://news.stanford.edu/news/2007/april18/gifs/accelerator2.jpg�
http://news.stanford.edu/news/2007/april18/gifs/accel-H.jpg�


The key advantage of high energy:
skin sparing

Mould RF. Radiotherapy Treatment Planning. Adam Hilger: Bristol, 1985



• 22.5 MeV Betatron
– Less skin dose the kV

• Typical once per 
week fractions of 5-
12.5 Gy

• Generally palliative 
intent

High dose palliative RT with 
high energy beams, late 1950s

HORRIGAN WD, ATKINS HL, TAPLEY ND.
Radiology. 1962 Mar;78:439-44.



Columbia U series:
case III, prior grid RT for thymoma, later 2 x 

12.5 Gy for recurrence

Pre-RT 2 weeks post-RT
1 year post-RT



Notable science, 1950s:
Puck and Marcus, JEM 1956



Timeline of Radiotherapy Philosophical Debate 
about how many treatments should be given

Slow and 
steady wins 

the race!

The race 
goes to the 

swift!

Do “expeditive” RT: 
and measure dose!

Go slow to 
monitor 
effect

Don’t cause 
cancer!

Be careful with 
normal tissues

New technology can 
help us here!

http://www.time.com/time/magazine/0,9263,7601310112,00.html�


1960s image guidance 
technology



1970s: Dawn of the applied modeling 
era, featuring the LQ formulation

• Douglas & Fowler 
study was intended to 
determine means of 
adjusting RT 
schedules for same 
normal tissue effect 

• 9000 mice 
irradiations!!!!



Douglas & Fowler, continued 

Same end result 
formula as Lea & 
Catcheside

Different 
derivation



Building on the LQ formalism

Fowler, Br J Cancer 1984



RTOG 90-03

• Standard 2 Gy/d to 70 
Gy versus 2 
alternatives:
– Hyperfractionated RT 

(1.2 Gy bid) to 81.6 Gy
– Accelerated RT via 

concomitant boost 
(1.8/1.5) or 1.6 BID 
with split

Fu et al, 2000





…brevity is the soul of wit…
Polonius, in Hamlet, Act 2, Scene 2 

W. Shakespeare

•Early interest in hypofractionated treatment 
regimens as long ago as the 1960s

•Largely driven by resource limitation, 
not tumor biology

•Sir Laurence Olivier
•Actor
•prostate cancer survivor

•Treated in 1967 on an experimental 
protocol involving 6 fractions of 6 Gy

•22 yrs NED after that



Earliest “high dose” extracranial stereotactic treatment:
Hamilton et al, Neurosurgery,1995

Rigid clamps connected to vertebral bodies, a la rigid head frame
5 patients treated, modest dose by today’s standards



Blomgren et al, Acta Oncol 1995



SBRT: operational definition
• Stereotactically localized, ultra-high-dose radiotherapy

– Given to discrete tumor nodules in extracranial locations
– Within a hypofractionated regimen (1-5 treatments)

• Unlike typical 6-7 week course of radiotherapy
– Analagous to cranial stereotactic radiosurgery (SRS)

Head frame-based cranial SRS Body frame-based cranial SRS



Early SBRT experience 
Karolinska Institute



1990’s:
SBRT pioneers on 3 continents

Lax & Blomgren (Karolinska)
Uematsu (Saitama), Nagata (Kyoto)
Timmerman & Papiez (Indiana U)

Original “FOCAL” Unit,

(Fusion of CT and LINAC)

Defense Medical College, Saitama, Japan

Common denominators:
– Average equipment
– Clever low-tech solutions to 

allow high-tech treatments

Common goal:
– Kill more cancer, more 

efficiently



1st use of  term “oligometastases”
Hellman S, Weichselbaum RR. J Clin Oncol. 1995;13(1):8-10

“Conformal radiotherapy now being investigated for the 
treatment of primary tumors may find the treatment of 
oligometastases its most important application…

This technique allows both an increase in the tumor dose 
and a reduction in normal tissue toxicity by restricting…the 
radiation to the…tumor while avoiding critical normal 
tissues…

It requires … precise reproducible … radiation delivery…”



Timeline of Radiotherapy Philosophical Debate 
about how many treatments should be given

Patience is a 
virtue!

He who 
hesitates is 

lost!

Do “expeditive” RT: 
and measure dose!

Go slow to 
monitor 
effect

Don’t cause 
cancer!

Be careful with 
normal tissues

New technology can 
help us here!

http://www.time.com/time/magazine/0,9263,7601310112,00.html�


21st century radiobiology
Radiation as potent anti-angiogenic:

Obervations from the MSKCC spinal SBRT experience

• 93 patients, 103 lesions
– No spinal cord compression

• Single fraction 18-24 Gy
– Spinal cord max 12-14 Gy

• Better control at higher dose 
(24 Gy) than lower (above)

Yamada et al, Int J Rad Oncol Biol Phys 2008; 71(2):484-90

Metastatic colorectal ca example



MSKCC argument why SBRT works so well:
Tumor response to high dose radiotherapy is 
largely driven by endothelial cell apoptosis

• Fibrosarcoma and 
melanoma models

• Growth delay after RT 
influenced by 
apoptotic capacity

• Dose-dependence of 
percent apoptosis in 
endothelial cells

Garcia-Barros et al, Science, 2003 Threshold?

Apoptosis-
incompetent

Apoptosis-
competent



Sources of guidance for SBRT normal 
tissue dose constraints

•AAPM TG 101 report
– Benedict et al, Med Phys, Aug 2010

•Selected RTOG SBRT studies
•QUANTEC papers

– very limited SBRT, mostly conventional
•Timmerman RD. Sem Rad Onc 18(4): 215-
222, 2008

• Mostly unvalidated but well considered 
estimates for 1, 3, and 5 fractions



Timeline of Radiotherapy Philosophical Debate 
about how many treatments should be given:

what really happened

Don’t be a 
Luddite!

Don’t be a 
fool!

Concurrent chemotherapy explodes 
everything and makes the nuances of 
conventional fractionation discussion 

almost completely disappear

Like it or not, this is where 
radiation oncology has 

evolved, and there is no end 
insight to the use of large 

doses per treatment



Thanks for your 
attention!
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