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Hoy…
Demasiado?
Necesitamos más! (pero diferente)
La próxima evolución
Un ejemplo de primer paso…
Hacia adelante...

Courtesy of Dr. Ritse Mann
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pCR: 40%
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“The problem is that you’re overmedicated. 
Luckily there are drugs that can help with that.”

Wiener et al, Archives of internal medicine, 2011

The LORIS trial: 932 patients

Francis et al, European Journal of Cancer (2015) 51, 2296– 2303
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Is this ____ working?

Should we treat this 
____?

Is this tumor dying?

21 22

23 24



5/24/2024

7

NECESITAMOS MAS!.....PERO DIFERENTE…
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PSAPSA
MRI

Prostate ScreeningProstate Screening
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PCa-MRI = multi-parametric MRI

T2-Weighted 
Imaging (T2W)

ANATOMY
Diffusion Weighed 

Imaging (DWI)

BIOLOGY
Dynamic Contrast 

enhanced

VASCULARITY

ANATOMY: T2W

Low SI: PCa + hematoma + prostatitis + BPH

Cell Density:  DWI

Glandular tissue
Gleason 1-2

Tightly packed cells
Gleason 5

ADC: Velocity Map

VASCULARITY: T2W
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Implementation MRI-pathway in Nijmegen
3194 biopsy naïve men elevated PSA (>3 ng/ml)

MRI-pathway:
PI-RADS 1-2: No biopsy
PI-RADS (3)-5:    MR-guided biopsy

No biopsy 1809 57%
Biopy and no PCA 268 8%
Prostate Cancer 1117 35%
Insignificant PCa 284 9%
Significant PCa 833 26%

No Bx: in 57%

Sens 96%
Spec 83% 

Fast bpMRI

€ 95
IN CT, UP TO NOW….
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SOME (BABY) STEPS Dual-Energy CT (DECT)

Dual-energy CT system
Slide 
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Courtesy of Bram Geurts, M.D.

HOW DID WE GET THERE?
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Conventional

Spiral

2 rows 4 rows

8 rows

64 rows

16 rows

2010

320 rows

Since 2010 
≈ constant

Since 2010 
≈ constant

Temporal Resolution
Hardware
• Single-shot scans 16 cm detectors 130 ms
• Flash scans 40-60 cm/s 300 ms
• Fast rotation 200 ms 100 ms
• Dual source doubled resolution 80 ms

Developed Hardware
High-end detectors
• 4 cm to 16 cm wide 

(64 to 320 rows)
• Detector elements 

0.5-0.625 mm resolution
• Low electronic noise

Gantry
• 0.24 to 0.28 s per rotation
• Table speed up to 737 mm/s
Tubes
• High Performance (70-150 kV)
• Dual Source
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Hardware to be Developed
High-resolution detectors
• 0.25 mm detector elements 

Low electronic noise

Photon-counting detectors
• Lowest dose
• Dual energy and scatter 

suppression for free

X-ray lasers
• Monoenergetic , phase-coherent 

radiation
• Multitude of small lasers

Scanners with inverse Geometry
• Dose painting
• One-shot body scans

WHAT IS THE NEXT BIG STEP?
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Subtraction CT (SCT)

Subtraction CT Registration
Post contrast CTPre contrast CT

Slide 60
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Courtesy of Canon 

XCAT phantom

Segars et al, Medical Physics, 2010

Registration algorithm

X, Y and Z displacement

Grob et al, Medical Physics, 2019

20 mm diaphragm difference

A) Canon v1

B) Canon v2

C) MEVIS
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61 62

63 64



5/24/2024

17

A) Canon v1

B) Canon v2

C) MEVIS

20 mm
Residual error

A B C

Line 1

Line 2

Line 3

1
2
3

[mm]

Grob et al, Medical Physics, 2019

Patients

37 with PE 38 without PE

Grob et al, Radiology, 2019

Sensitivity
CTA CTA + SCT CTA + DECT
79 % 83 % 85 % 

67 – 89 % 70 – 91 % 72 – 91 % 95 % CI:

Grob et al, Radiology, 2019

Specificity
CTA CTA + SCT CTA + DECT
94 % 100 % 95 % 

89 – 97 % 100 – 100 % 89 – 98 % 95 % CI:

* Significant (p < 0.025, because of Bonferroni correction)

*

Grob et al, Radiology, 2019
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pAUC
CTA

DECT SCT

p: 0.01* p: 0.03

p: 0.65

*p = 0.025 because of
Bonferroni correction

Grob et al, Radiology, 2019

MORE!

Dynamic CT (Perfusion) 
Imaging

Requirements
Quantitative accuracy
High temporal resolution
High spatial resolution
Low radiation dose per time point
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HIGH TEMPORAL RESOLUTION

Software-based motion correction – 20 ms
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HIGH SPATIO-TEMPORAL RESOLUTION

LOW DOSE PER TIME POINT
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4D TISSUE SIMILARITY NOISE FILTER
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Unfiltered high 
dose image

Increasing Radiation Dose
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Filtered image with equal 
noise and ~0.25x dose

BREAST4D: DEDICATED BREAST CT PERFUSION

Standard
Mammography

Dynamic 
Perfusion
Dedicated
Breast CT

2 D 4 D
Dedicated
Breast CT

3 D

Courtesy of Koning Corp.
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Acquisition 
workstation, 
electronics & 
software

Power injector integration

CMOS-based 
imaging detector 

Computer-
controlled 
collimator

X-ray generator and tube for 
spectra up to 65 kV 

Acquisition Process

Michielsen et al, IWBI 2018
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Attenuation Iodine
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C = 0 HU
W = 2000 HU

Up to 5 minutes scanning Quantitative 4D 
characterization

Radiomic
Analysis
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Planning

6 cycles of neoadjuvant therapy

Monitoring/Prediction Outcome

Cellular density

Wang et al, PLoS ONE 8(3): e58274.

Vascular Access

© Fairman

Molecular Profiles

Yezhelyev et al, Advanced Materials, 19: 3146–3151 (2007).
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Genetic Characteristics

Bertucci et al, Cancer Research, 65(6): 2170-2178 (2005). Ashraf et al, Radiology 272(2), 374–384 (2014).

Imaging 
Recurrence 
Prediction

56 breast 
cancer patients

pCR prediction

Courtesy of Dr. Despina Kontos

Response Monitoring
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Courtesy of Dr. Despina Kontos
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Functional Imaging
Dynamic CT Perfusion
Beyond anatomical information
Identify the right patient
Provide the right treatment

Requirements
High spatio-temporal resolution
Quantitative accuracy
Low radiation dose (per time point)

We need to generate the software 
(algorithms) for this!

It’s a 4D world!!
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