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From 2D to 3D…



A source of inspiration…



Learned clinical needs    #1

We need accurate 3D image information 

to define and delineate the target and to avoid the OAR



Imaging: from 2D to 3D



Imaging modalities

• kV / MV

• (CB)CT 

• MRI

Anatomical
imaging

• PET (different tracers)

• fMRI
Functional

imaging



Imaging: from 2D to 3D

Case #1
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Imaging: from 2D to 3D
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Learned clinical needs    #2

We need powerful dose calculation algorithms

to accurately determine the dose to be delivered



From 2D to 3D: treatment plan



From 2D to 3D: treatment plan
1986!



From 2D to 3D: treatment plan



From 2D to 3D: treatment plan
Collimation Intensity modulation Dynamic arc therapy



Learned clinical needs    #3

We need the right radiation technology

to deliver the correct 3D dose distribution



Technological evolution

2D RT 3D CRT IMRT IGRT

Imaging

RT delivery 

techniques



Technological evolution
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Better 3D control of dose distribution

Conforming radiation beams to the size and shape of the tumor

Avoiding high-dose irradiation of normal tissue

Dose-escalation

Normal tissue sparing

2D RT 3D CRT IMRT IGRT



From 2D to 3D: conventional vs conformal

CONVENTIONAL RT

- 2D treatment planning

- Large safety margins

- Inadequate shielding of normal tissues

3D-CONFORMAL RT

- CT-based 3D treatment planning

- Computer-controlled RT delivery

- Better shaping of individual
beams to conform shape and size
of target volume 

- Reduced normal tissue volume 
exposed to high radiation dose
levels



From 2D to 3D: cobalt



From 2D to 3D: linac



Learned clinical needs    #4

Improved 3D dose distribution leads to

less toxicity and higher tumor control



From 2D to 3D: normal tissue toxicity

Dearnaley et al. Lancet 1999



From 2D to 3D: normal tissue toxicity

Dearnaley et al. Lancet 1999

92%

82%

51%

27%

p=0.002 

p=0.002-9 

Significantly fewer men developed 

radiation-induced proctitis (37% vs 

56% ≥RTOG grade 1, p=0.004) and 

bleeding (5% vs 15% ≥RTOG grade 2, 

p=0.01) in the conformal group than 

in the conventional group



From 2D to 3D: tumor control probability

Baumann M et al  Nature Rev Cancer 2008



Learned clinical needs    #5

Moving away from 2 Gy …



Moving away from 2D Gy…

3 x 3.3 Gy 5 x 2 Gy

1900     1910      1920      1930     1940     1950     1960      1970      1980      1990      2000

Fraction size is important 
for late damage



Moving away from 2D Gy…

Rome and the spaghetti plot



Moving away from 2D Gy…
The spectrum theory: Hellmann & Weichselbaum

Hellman & Weichselbaum, JCO 1995



Moving away from 2D Gy…
Stereotactic Body RadioTherapy

Working mechanism

◦ Different as compared to conventional fractionation

SBRTConventional fractionation

Local & systemic (abscopal) effectLocal effect

Endothelial apoptosis

Reprogramming of the tumor micro-environment

Through (in)direct tumor cell death (DNA 

damage)



Moving away from 2D Gy…
Safety and survival rates associated with ablative SBRT for patients with oligometastatic cancer: 
a systematic review and meta-analysis

Lehrer E et al. JAMA Oncol 2021
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Learned clinical needs    #6

A radiation oncologist is 4D superior to 3D!



A real radiation oncologist …

The digital probeThe laryngoscopeThe stethoscope



Learned clinical needs

Conclusions



Conclusion (1)
Lessons learned

#1 We need accurate 3D image information to define and delineate the target and to avoid the OAR

#2 We need powerful dose calculation algorithms to accurately determine the dose to be delivered

#3 We need the right radiation technology to deliver the correct 3D dose distribution

#4 Improved 3D dose distribution leads to less toxicity and higher tumor control

#5 Moving away from 2 Gy …

#6 A radiation oncologist is 4D superior to 3D!



Conclusion (2)
The greatest challenge for radiation therapy, 

i.e. to obtain the highest probability of cure with the least morbidity, 

still remains!

But going from 2D to 3D 

brought us already an important step closer to that goal!


