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The EndoTOFPET-US project

Endo = Endoscopic

TOF  = Time of Flight

PET   = Positron Emission Tomography 
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            {The tool

The goals:
1) development of biomarkers for prostate and 
pancreas tumor
2) intra-operative imaging of prostatic and 
pancreatic lesions (guided surgery / biopsy)

Wednesday, April 16, 14

mailto:Erika.Garutti@desy.de
mailto:Erika.Garutti@desy.de


Erika Garutti                                            /38

The EndoTOFPET-US project

Endo = Endoscopic

TOF  = Time of Flight

PET   = Positron Emission Tomography 

US    = Ultrasound

2

            {The tool

The goals:
1) development of biomarkers for prostate and 
pancreas tumor
2) intra-operative imaging of prostatic and 
pancreatic lesions (guided surgery / biopsy)

- Enhanced resolution due to proximity
- Combination with biopsy needle 

Wednesday, April 16, 14

mailto:Erika.Garutti@desy.de
mailto:Erika.Garutti@desy.de


Erika Garutti                                            /38

The EndoTOFPET-US project

Endo = Endoscopic

TOF  = Time of Flight

PET   = Positron Emission Tomography 

US    = Ultrasound

2

            {The tool

The goals:
1) development of biomarkers for prostate and 
pancreas tumor
2) intra-operative imaging of prostatic and 
pancreatic lesions (guided surgery / biopsy)

Multi-modal instrument:
high resolution metabolic imaging (PET)
plus anatomical imaging (US)

- Enhanced resolution due to proximity
- Combination with biopsy needle 
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Multi-modality imaging

3

CT                         PET                      PET-CT

Computed tomography (CT) 
provides excellent anatomical 
image = localization 

PET adds the 
functional information
= finds tumor 

TWO IS BETTER 
THAN ONE !

Image fusion from a 
multi-modal systems 

First concept by 
D.  Towsend and 
Prof. Donath 
(CERN+CHUG)
 
Development by 
University of 
Pittsburgh and 
CTI
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What is Positron Emission Tomography ?
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How does endoscopic PET work?

5
Wednesday, April 16, 14

mailto:Erika.Garutti@desy.de
mailto:Erika.Garutti@desy.de


Erika Garutti                                            /38

How does endoscopic PET work?

5
Wednesday, April 16, 14

mailto:Erika.Garutti@desy.de
mailto:Erika.Garutti@desy.de


Erika Garutti                                            /38

How does endoscopic PET work?
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PET image from the line of response obtained 
between two detectors in coincidence 

1) External PET plate
2) Internal PET head mounted on the tip of an 
endoscopic US transducer

Time of Flight: to reject false coincidences 
from near by organs.
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What are bio-markers? 

A traceable substance introduced into an organism as a mean to examine the 
organ functionality or health

Examples:

rubidium chloride (radioactive isotope) ➔ heart muscle perfusion

prostate-specific antigen (PSA) ➔ high concentration potentially indicate cancer

The biomarker concentration correlates with the risk of a disease or the 
susceptibility of the disease to a given treatment.
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The goals:
1) development of biomarkers for prostate and pancreas tumor
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Project motivation
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Pancreatic Cancer

4th leading cause in Western countries
for cancer-related death ...

An extremely poor prognosis ...
with very low 5-year survival rates ...

Standard imaging methods: US & CT ...

Both lack metabolic information ...

No reliable early detection method ...

Prostatic Cancer

The 6th leading cause amongst males
for cancer-related death ...

Relatively good prognosis if
confined and aggressively treated ...

Standard imaging methods: US & MRI

Both lack of metabolic information ...

Challenge: Detect small size tumors in large background environment ...
                              [e.g. liver, heart, bladder]

Why these targets? 
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Project motivation
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Patient
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Project challenges
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Technical Challenges: 

▶ Extreme miniaturization

▶ Coincidence time resolution 200 ps FWHM    
   (~3cm background rejection)
▶ Fast crystals & ultra-fast photo-detection

▶ Image reconstruction for free-hand imaging,

▶ O(mm) spatial resolution ➔ tracking

▶ Fusion of US and PET images

Wednesday, April 16, 14

mailto:Erika.Garutti@desy.de
mailto:Erika.Garutti@desy.de


Erika Garutti                                            /38

Extreme miniaturization + fast detector
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Conventional PET module 
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Extreme miniaturization + fast detector
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better crystals

Crystals for CMS - ECALConventional PET module 
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Extreme miniaturization + fast detector
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better crystals

Crystals for CMS - ECAL

better photo-detectors

2003-2013

Conventional PET module 
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Project structure and funding

EU funded project (FP7-health) 

Running period: 2011-2014

Total budget: 5.5 M€ (DESY ~10%)

Partners ➔

Work packages:
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EndoTOFPET-US - DESY group 
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External PET plate - detector design
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3.5 mm

(8x$4x4)$crystals$

(8x)%MPPC%

FEB/A&

MPPC

   + 
LYSO 
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Internal PET head - detector design
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K. Gadow (DESY)
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System characterization 
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System characterization 
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External PET plate - Photo-detector - SiPM
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Max.%spread%of%Ubd%/%matrix%%%%Max.%DCR%/%matrix%%%%%%%%%%%%%%%%%%%%%%%Bias%voltage%spread%%%%

5%matrices%%
rejected%/%
exchanged%

~%2V%range%for%
all%MPPC%

Char. set-up: collect laser light (black) and dark (red) spectra from 276 MPPC matrices
Verify producers parameters: Gain, DCR, breakdown V spread  

ΔUbd < 0.5 V DCR < 3 MHz
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Inner PET head - Photo-detector - MD-SiPM
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MD-SiPM - dark count rate
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MD-SiPM - dark count rate 
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1x1 mm2
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MD-SiPM - cooling requirement

20

Design goal:         200 ps coincident time resolution
Requirement:       PDE > 10% & DCR < 10 MHz

➔ reachable only with sensor cooled < 20 oC  
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MD-SiPM - trigger validation
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Detector response
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Inner PET head - Scintillator crystals
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External PET plate - Scintillator crystals
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Crystal matrices - light yield & gluing
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Crystal + SiPM modules 
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coincidence time res.
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Two dedicated fast SiPM r/o ASICs  
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ASICs characterization
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Data acquisition 
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Tracking system
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Electromagnetic tracking system
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Electromagnetic tracking system
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PET image reconstruction
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Reconstructed image quality 
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Full body simulation with GAMOS
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Pelvis'
Ver*ca
l'(V) 

Pelvis'
Horizontal'

(H) 

Bladder6
Prostate'
distance 

Number'Pa*ent''''''''''''''''!
Examina*on'

Date0!

Pa*ent'1!
27.10.2011!

Pa*ent'4!
17.03.2010!

Prostate!Volume! 96!ml! 75!ml!

Bladder!Volume! 232!ml! 121!ml!

Thickness!of!Pelvis!
Bone!(at!the!
prostate!level)!!

2.3!cm! 2.4!cm!

Uptake!Prostate!
(average)!

1.9!kBq/ml! 1.9!kBq/ml!

Uptake!Bladder!
(average)!

1.4!KBq/ml! 1!kBq/ml!

Uptake!!of!
prostaHc!lesions!
(average)!!

3.3!kBq/ml! 6.7!kBq/ml!

Volume!of!
prostaHc!lesions!!

8.5!ml! 3.4!ml!

Signal!/!Background!!~!1/10!–!1/20!

➤ Anonymous databank of measured 
prostate lesions from CHUV, Lausanne 

➤ Possibility to import directly clinical 
data from PET/CT

Geant4-based Architecture for Medical-Oriented Simulation
➤ Allows asymmetric detectors → use in-built coincidence sorter 
➤ Possibility to import whole body phantom (i.e. visible human) 

➤ Ability to tune all parameters according to patient data 
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What about the bio-markers? 
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The goals:
1) development of biomarkers for prostate and pancreas tumor

New$Biomarker$for$Pancrea0c$Cancer:$mAb16D10$$
!

"!Recogni*on!of!human!pancrea*c!tumoral!cells!and!*ssues!
!

"!Therapeu*c!proper*es!
!

"!Diagnos*c!proper*es!
!

!!Development!of!new!humanized!16D10!IgG!forms!of!mAb16D10!

developed within the 

project o
bjective

s  
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What about the bio-markers? 

New Radiotracer for Prostate Carcinoma: 68Ga-PSMA 
From [1]: 	

▪ 37 patients with PCa biochemical recurrence
▪ 18F-fluoromethylcholine (CHO) and 68G-PSMA PET/CT
▪ detection rates 70.3% (CHO) and 86.5% (PSMA) 
	

▪ PSMA performs better at low PSA values
▪ Higher uptake by PCa lesions
▪ Low background signal
▪ Improved detection of metastasis
▪ Detection of small lymph nodes

36

[1]	  Afshar-‐Oromieh	  A.,	  Haberkorn	  U.,	  et	  al.,	  “Comparison	  of	  PET	  imaging	  with	  
a	  68Ga-‐labelled	  PSMA	  ligand	  and	  18F-‐choline-‐based	  PET/CT	  for	  the	  diagnosis	  
of	  recurrent	  prostate	  cancer”.	  EJNMMI	  2014;	  41:11—20

The goals:
1) development of biomarkers for prostate and pancreas tumor
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Prostate'Pa,ents'

11C-Choline"(2009-2013)"

68Ga-PSMA"(2012-2013)"

~360 patients scanned at TUM in 12/2013

68Ga: generator produced, half-life 68 min 

Wednesday, April 16, 14

mailto:Erika.Garutti@desy.de
mailto:Erika.Garutti@desy.de


Erika Garutti                                            /38

68Ga-PSMA PET/CT in prostate cancer

37

68Ga-PSMA PET/CT

67-year-old patient
RT + hormonal treatment 
Increasing of PSA 
(2002:1, 2011: 7.4)

68F-FCH PET/CT
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Conclusions

38

Time Schedule:
Originally, pre-clinical trials to be started in January 2014
Current status:
	
  System Integration: Spring 2014
	
  System Commissioning/Validation: Summer 2014
	
  Delivery to medical hospital: Autumn/End 2014

EndoTOFPET-US ...
... a novel multimodal endoscopic ToFPET/US imaging system
for improved prostate and pancreas tumor diagnostics

... requires frontline research concerning
Novel Photosensors
Ultra-fast readout electronics
Scintillating crystals & optical systems
Tracking and image reconstruction
Biomarkers

... entails knowledge transfer between HEP and medicine ...
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THANK YOU FOR YOUR ATTENTION !
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CMS$calorimeter$system$at$LHC$(CERN)$
(the$humans$are$not$part$of$the$experiment)$

PET$calorimeter$system$
(a$laying$human$fits$into$the$detector$bore)$
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        Look inside the human body
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anatomical image funcVonal	  image	  	   

Medical imaging 
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Project motivation
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Radia%on(safety:(personnel(exposure((Indico((WP6)(

!

" !Interna)onal!Commission!on!Radiological!Protec)on!(ICRP):!
!▪!20!mSv!effec)ve!dose!/!calendar!year!(avg.!over!5!years)!
!▪!Shouldn’t!exceed!50!mSv!in!any!single!year!

!

"!Previous!studies:!occupa)onal!exposure!during!radioguided!surgeries!▪!10!18F"
FDG!radioguided!surgical!procedures!

!▪!Surgeon!at!D!=!0.3!to!0.6!m!from!pa)ent!
!▪!Mean!Surgeon!exposure:!61±57!(6"261)!µSv/h![1]!
!! !Operator!of!EndoTOFPET"US!device!could!perform!!
! !a!large!number!of!interven)ons!per!year !!

!

"!People!involved!in!trials!at!CERIMED!will!be!monitored!!
!

[6]!S.!Povoski,!et!al.,!“Comprehensive!evalua)on!of!occupa)onal!radia)on!exposure!to!intraopera)ve!and!periopera)ve!
personnel!from!18F"FDG!radioguided!surgical!procedures”.!EJNMMI!2008;!35:2026"2034!
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