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This talk is a ‘Message for the 
future’ to you - the persons who 
are going to travel into the future 
- and about what kind of baggage 
you are (or should be) bringing 
with. 



The vertical and 
horizontal cycles

Motus et rondo verticalis et horizontalis 



Late 1970’s 
Chemotherapy was supposed to to 
take care of all cancer –
Radiotherapy was separating from 
radiology and finding itself

40 years ups and downs of radiotherapy in a multidisciplinary context

1980’s
Joining together in Europe and 
creating ESTRO – ahead of 
other specialities

Turn of the millenium (±2000) – At the peak, 
taking leadership in ECCO – the European 
multidiciplinary cancer collaboration/congress

Early 2000+  
Sudden change!
Physics, IMRT, computer power
Increasingly narcissistic, so multi-
disciplinary mean a relation between 
radiotherapist and physicist.  

Now
Still a bit introvert.  
Focus on QA, morbidity, AI, with 
multidisciplinary site specific activity. 
Biomarkers and personal indication 
around the corner. 
Ready for a new spin in the wheel    
– but with a more humble role, 
because the world has changed.



The development of radiotherapy has over 
time been like a pendulum swinging between 
the clinic and biology,  constantly gaining 
mutual knowledge resulting in improved 
practice on a biological basis.

This development takes place on a (ever 
changing)  platform of the current 
technology and multidisciplinary interaction.

The latter may change and create new ‘rules 
for the game’ but still it is the clinical-
biological interaction which is fundamental. 
Ignoring that, bring us into trouble.

Biology              Clinic



CANCER IN EUROPE (EU) Today (2020+)

4 mio. will get cancer diagnosed.
(70% with loco-regional disease only)

2 mio. will die of cancer.

>16 mio. are alive after cancer therapy.
Of these approx 12 mio. are ’cured’ 

  and 4 mio. alive with disease. 



Modified from: M. Tubiana EJC 1992

The importance of different therapeutic modalities for 

the cure of cancer

Not cured

Surgery

Radiotherapy

Chemo/hormone

50%

22%

18%
10%



More than half of all cancer patients will 
receive radiotherapy - either as a part of the 
initial curative intended treatment and/or as 
a palliative modality.

The number of patients given radiotherapy 
is likely to increase due to earlier diagnosis, 
new indications, and more (elderly) people.

ABOUT RADIOTHERAPY





Back to the future !

about 40 years !



40 years ago:

The heyday of (translational) radiobiology



Evidence based radiotherapy 

Number of publications (Pubmed Oct 2024) on:

Evidence based “Oncology”: 71620  (100%)

Evidence based “Radiotherapy”: 8587   (12%)

Evidence based “Radiobiology”: 213   (0.3%)



Evidence based radiobiology

The history of radiotherapy is characterized by 
development based on LACK of evidence.

Most of our ”progress” are driven by wishes of more 
precision and better and more focussed delivery 
(heavy machinery) and biological knowledge derived 
from past experience (and mistakes)

– all put together by (very elaborate) modelling which 
often are based on past mistakes and limited retro-
spective clinical data (not derived for the purpose)



Some important assumptions and information:

The human body has not changed much in the last 
century – and consequently must biological observations 
obtained with in that time period be comparable.

By far most of the clinical radiobiological tumor data 
and information comes from observations of squamous 
cell carcinomas (not least in the head and neck) – other 
tumor types can not uncritically be assumed to behave 
in a similar way – although they often does.  
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Hypoxia – most cited topic in RT

An overview of the ten most cited original 
papers in each of the four top ranked 
international radiotherapy journals showed 
that: 

three out of the four most cited papers in 
the journals are dealing with hypoxia, 

and among the 40 most cited papers 17 
(43%) are related to hypoxia and radiation 
resistance.



First clinical demonstration of hypoxia  
1909

Gottwald Schwarz
Vienna

1880-1959



Oxygen Concentration and Radiosensitivity

L. Harold Gray

1953



Venous end

Arterial end

Oxygenated 
cells

Hypoxic 
cells

Necrotic 
cells

Oxygen 
Enhancement 
Ratio (OER):   

2.5-3.0

Hypoxic cells are 
radioresistant

Head and neck 
tumors are hypoxic

18FAZA PET

Mortensen et al. Radiother Oncol 2012



Can we modify 
hypoxic 

radioresistance 
in the treatment 

of SCC?

Modification of hypoxic 
radioresistance

Increased oxygen delivery by the blood
• Hyperbaric oxygen
• Carbogen breathing
• Nicotinamide
• Blood transfusion, Erythropoetin

Mimic of oxygen in the radiochemical process
• Nitroimidazoles

Destruction of hypoxic cells
• Hypoxic cytotoxins
• Hyperthermia

Elimination of OER
• High LET



Hypoxic cell radiosensitizer

Drugs which selectively 

sensitizes hypoxic cells for 

RT by mimic of oxygen

In vivo

C3H 

mouse 

mammary 

carcinoma



Overgaard et al, Radiother Oncol, 46, 1998.

DAHANCA 5 (1986-90)
SUPRAGLOTTIC AND  PHARYNX - 414 pts.

NIMORAZOLE vs PLACEBO (66 Gy/ 33 fx - 6.5 wk)

DAHANCA.dk



Trial Modification Events / Total Odds ratio and 95% CI

Hypoxic 
modification Control

Normobaric 1970  Evans 1 O2 7 / 15 11 / 25
oxygen 1975  Evans 2 O2 13 / 20 19 / 24

1979  RTOG 70-02 Carbogen 53 / 121 63 / 133

2005 Mendenhall Carbogen 6 / 50 9 / 51
2010 Kaanders ARCON 32 / 171 47 / 174
Subtotal (Normobaric oxygen) 111 / 377 149 / 407 OR: 0.73 (0.53-1.00) p=0.05

Hyperbaric 1968  van den BrenkHBO 5 / 17 10 / 13

oxygen 1971  Tobin 1971 HBO 5 / 9 6 / 8
1973  Chang 1973 HBO 8 / 26 13 / 25
1973 Shigamatsu HBO 8 / 15 11 / 16

1977  MRC 1.trial HBO 51 / 125 87 / 151
1979  MRC 3.trial HBO 3 / 9 8 / 15

1979  Sause HBO 8 / 21 10 / 23
1986  MRC 2.trial HBO 21 / 53 29 / 50
1999 Haffty HBO 13 / 23 21 / 25
Subtotal (Hyperbaric oxygen) 122 / 298 195 / 326 OR: 0.46 (0.33-0.64) p<0.001

Hypoxic 1982 Sealy 1 MISO 11 / 50 11 / 47

sensitizer 1983  Brunin MISO 15 / 51 18 / 50
1984  MRC 10 fx MISO 51 / 82 53 / 80

1984  MRC 20 fx MISO 25 / 43 30 / 46
1984  Panis MISO 14 / 26 16 / 26
1986  Sealy 2 HBO/MISO 34 / 60 46 / 64
1986  EORTC 228111 MISO 103 / 167 114 / 163
1987  European trial ETA 94 / 187 92 / 187
1987  IAEA study Ornidazole 13 / 18 14 / 18
1987  RTOG 79-15 MISO 113 / 147 104 / 150

1989  Dahanca 2 MISO 182 / 328 187 / 294
1989  RTOG 79-04 MISO 16 / 21 17 / 19
1989 Galecki Metro 3 / 18 5 / 17
1992 Giaux MISO 28 / 30 23 / 26
1995 RTOG 85-27 ETA 154 / 252 159 / 252
1996  Huilgol AK-2123 2 / 9 7 / 9
1998  Dahanca 5 NIM 104 / 219 125 / 195

2006 Ullal AK-2123 8 / 23 18 / 23
Subtotal (Hypoxic sensitizer) 970 / 1731 1039 / 1666 OR: 0.76 (0.66-0.88) p<0.001

All trials with hypoxic modification 1203 / 2406 1383/  2399 OR: 0.71 (0.63-0.80) p<0.001

0.1 0.2 0.5 1 2 5 10

Hypoxic modification better Control better

Endpoint: Loco-regional failure

Meta Analysis - Hypoxic modification of radiotherapy in HNSCC Overgaard Radiother Oncol 2011



Risk 

Reduction

16%

13%

Hypoxic 
modification

Meta-analysis:        

Hypoxic modification
of radiotherapy in    
head & neck carcinoma

4805 pts in 32 trials

Overgaard Radiother Oncol 2011

Loco-regional failure

Cancer death



Overgaard, JCO, 2007

Meta analysis

Modification of hypoxia in radiotherapy
Loco-regional control as function of tumor type and localization

Summary of 96 randomized trials with 10108 pts



Hypoxia and radiotherapy

The benefit of hypoxia modification is "free". 

It can be obtained without any increased radiation 
related morbidity and the treatment is inexpensive.

There is abundant information from clinical trials 
indicating the importance of hypoxia in some (e.g. SCC) 
tumors.

Hypoxic modification does therefore represent an obvious 
(evidence based) possibility for improving radiotherapy. 

But after more than 100 years research 
and 50+ years of successful clinical 
trials, hypoxia is still ignored in the 

clinic – (but adored in the lab!)



The clinical development of radiobiological 
based treatment strategies (especially hypoxia 
and fractionation in SCC) followed a distinct 
pattern with almost parallel randomized trials 
conducted in:

UK (MRC)

‘Europe’ (EORTC)

USA (RTOG)

Denmark/Scandinavia



How do we know 
what we know?

and how do we get 
more knowledge? 



‘La Ronde’ 

in prospective clinical research

Hypotesis
Situation/ 

Observation/ 

Preclin.study 

Clinical 

protocol
RCT (Phase 3) 

compare with  

standard.

Translational 

studies

QA,GCP 

Verification/ 

Meta-analysis

Clinical 

guidelines

‘Standard’ 

treatment
Database

biobankPhase 4 
Epidemiology

Real life

New 



DAHANCA.dk
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DAHANCA.dk
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Status 1985: 27% cured 

Status 2016: 83% cured 

Updated from Lassen Radiother Oncol 

2010

Denmark 1977-2020
DAHANCA database

DAHANCA.dk

Radiotherapy of advanced (HN)SCC

This may be too 
good to be true

HPV?



17%

33%

47%

76%

Events within 60 months

5 fx/week: 384 / 466

5 fx/week+N: 313 / 469

6 fx/week+N: 1080 / 2076

6 fx/week+N+C: 520 / 2283

0%

20%

40%

60%

80%

100%

2283 2011 1874 1649 1451 12656 fx/week+N+C

2076 1457 1222 1056 928 8266 fx/week+N

469 278 218 187 173 1525 fx/week+N

466 207 137 107 87 775 fx/week

At risk                 

0 12 24 36 48 60

Time a2er treatment (months)

16%

28%

37%

48%

Events within 60 months

5 fx/week: 359 / 427

5 fx/week+N: 268 / 374

6 fx/week+N: 833 / 1327

6 fx/week+N+C: 269 / 547

0%

20%

40%

60%

80%

100%

547 409 343 292 245 2016 fx/week+N+C

1327 823 654 573 506 4596 fx/week+N

374 205 152 128 116 1045 fx/week+N

427 178 115 89 73 665 fx/week

At risk                 

0 12 24 36 48 60

Time a2er treatment (months)

34%

52%

65%

84%

Events within 60 months

5 fx/week: 25 / 39

5 fx/week+N: 45 / 95

6 fx/week+N: 247 / 749

6 fx/week+N+C: 251 / 1736

0%

20%

40%

60%

80%

100%

1736 1602 1531 1357 1206 10646 fx/week+N+C

749 634 568 483 422 3676 fx/week+N

95 73 66 59 57 485 fx/week+N

39 29 22 18 14 115 fx/week

At risk                 

0 12 24 36 48 60

Time a2er treatment (months)

Disease-free survival
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p16 neg/unknown (2675 pts) p16 pos (2619 pts)p16 all (5294 pts)

‘Real life’ data 
– from the Dahanca
national database

Disease-free survival

Stage III-IV Oropharynx (1986-2020)
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Events within 60 months
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Lassen et al. in prep

Current standard of care: 

Chemo-radiotherapy 

accelerated fractionation

Hypoxic modification



Disease-free survival

Oropharynx (1986-2020)

Curative intent

N = 7231

Multivariate Cox analysis

Disease-free survival

DAHANCA

Oropharynx

(1986-2020)

Curative intended RT

7231 pts



A word about 

Hypofractionation



Dose per fraction 

vs total dose. 

Isoeffect for 

various tumors, 

early and late 

responding 

normal tissues

H.R. Withers

Cancer 55: 2086, 1985

Time, dose and fractionation  in radiotherapy

THE "SPAGHETTI" PLOT



F. Ellis: Clin. Radiol. 1969

Long week-end!



High dose per fraction increase late radiation 
damage

ERYTHEMA (ACUTE) FIBROSIS (LATE)
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Overgaard et al. 1987
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2 vs 5 Fractions/Week (Ellis’ NSD equavalent)

50 Gy / 25 fx

42 Gy / 12 fx



Large legal cases are caused by hypofractionation 
and/or poor radiotherapy technique, such as:

The Norwegian and Swedish postmastectomy 
cases

The  ”RAGE” in UK

The ”Hamburg” case

etc…

(all attracting major public attention, and resulting 
in millions of € in compensation to the patients  )  



Why HYPO-fractionation now        

- whats has happened?:

Has human (radio)biology changed?

Has tumor biology changed?

Has radiation oncologists chanced?



FAST–Forward

40 Gy/15 fx 
vs

26-27 Gy/5 fx



Offersen and Overgaard, Lancet 2020

Tumor

Late effects

Same treatment?



The biology is clear and loud:

The use of large doses per fraction has no 
biological advantage

– but may be acceptable if the treatment 
volume is small and only a small amount of 
(uncritical) normal tissue is exposed.

- and if we are willing to accept a lower tumor 
control probability (adjuvant treatment)





FRACTIONATION STUDIES IN HEAD & NECK CANCER

Conv. fx

Hyperfx

Accl. fx

Accl hyperfx



115 RCT with 
228987 pts

Petit et al.    
Lancet Oncol 2021.

Conv. fx

Hyperfx 
chemo-rad



Overall message for the future:

There is strong evidence showing that classical 
radiobiology (still) is the basis for good 
radiotherapy.

- and good radiotherapy is needed to secure 
optimal cancer treatment  

– ignoring that may cause trouble.



The way ahead 
is much more 
troublesome 

than you think

Right 
baggage

– must 
include 
data

The future is 
yours 

– but don’t 
forget your 
historical 
baggage  




