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the true one stop shop?
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Challenges of Imaging

» Heterogeneous group of tumor entities

» Primary
— small or multifocal tumors, variable vascularisation, variable
receptor status

» Metastases detection
— often small, variable vascularization, variable receptor status

» Therapy monitoring

— wide range of treatment options (systemic, targeted, local, PRRT),
early detection of toxicities, multiple response criteria
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Differentiation Mitotic Ki- Traditional Classification ENETS/WHO
and Grade Count(/10  67Index Classification
HPF) (%)
Well differentiated
Low <2 <2 Carcinoid, islet cell, pancreatic Neuroendocrine tumor,
grade(grade 1) (neuro)endocrine tumor grade 1
2-20 3-20  Carcinoid, atypical carcinoid,i islet cell, Neuroendocrine tumor,
Intermediate grade pancreatic (neuro)endocrine tumor grade 2
(grade 2)
Poorly
differentiated
High >20 >20  Small-cell carcinoma Neuroendocrine
grade(grade 3) carcinoma, grade 3,
small cell
Large-cell neuroendocrine carcinoma Neuroendocrine

carcinoma, grade 3,
large cell

Kulke et al. JCO. 2011
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Large-cell neuroendocrine carcinoma

small cell

Neuroendocrine
carcinoma, grade 3,
large cell

Kulke et al. JCO. 2011
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Grading & Tracer
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Lapa et al. Endocrine. 2016
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Affinity Profiles of Radiotracers

Tracer SSTR 1 SSTR 2 SSTR 3 SSTR 4 SSTR 5
agonists

Hn-DTPA Octreotide! >10.000 22 +/- 3,6 182 +/- 13 >1.000 237 +/- 52
68Ga-DOTATOC! >10.000 25+/-0,5 613 +/-140 >1.000 73 +/- 21
68Ga-DOTATATE! >10.000 0,2 +/- 0,04 >1.000 300 +/- 140 377 +/- 18
68Ga-DOTANOC >10.000 1,9+/-0,4 40+/-5,8 260 +/- 74 7,2 +/-1,6
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Tracer Agonists

68Ga-DOTATOC 68Ga-DOTATATE %Ga-DOTANOC
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Tracer Antagonists

%8Ga-OPS202

Phase I-1l clinica trail

12 patients (GPN, G 1-2)

follow-up imaging 9m, biopsy for reference
68Ga-OPS202 vs. 8Ga-DOTATOC

-no adverse events

-better tumor/ background ratio

| diagnostic accuracy liver
5 3 metastases:

92% VS. 42%

© Prof. D. Wild, University Basel
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Complementary characteristics of anatomical and
functional imaging?
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Amthauer et al. E J Nucl Med 2004; Amthauer et al. Eur Radiol 2005;
Ruf et al. Neuroendocrinology 2010, Ruf et al. J Nucl Med 2011, Schreiter et. al. Eur Radiol 2012
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simultaneous PET and MRI whole body imaging — fast track
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* for attenuation correction

( CHARITE UNIVERSITATSMEDIZIN BERLIN



68y/o Pat. with liver mets., unknown primary

T2 HASTE axial
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68y/o Pat. with liver mets, unknown primary

T2 HASTE aXiaIl T1 VIBE axial (art. KM-Phase PET MIP
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68y/o Pat. with liver mets, unknown primary

Fusion PET/MRT

T2 HASTE axial T1 VIBE axial (art. KM-Phase) Fusion PET/MRT

SSR-positive LN metastases mesenterial
+ SSR-positive pri in term. Ileum without morph. correlation
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Primary Detection - influence on treatmen

NEN — pancreas or ileum: 44 patients, tracer DOTATATE

Pancreas NET Heum NET
n= I8 n=26
( »
PET/MRI
no retro-/prospective data available
In;lz(loofx)n n=18%) ||n=120000%)|] n=18%) | |[n=16(73%) || n=209%) || n=16(73%) || n=0(0%)
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62 y/o pat. with ileum NEN,staging

T2 HASTE axial

DWI axial (hoher b-Wert)

Multifocal liver lesions, cystic appearance (harmatomas) DD Von-Meyenburg-
Komplex
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62 y/o pat. with ileum NEN, staging

T2 HASTE axial

R -
DWI axial (high b-value) Fusion PET/MRI (Primovist 20") MIP
In addtion min. 1 SSR-positive lesion with
faint arterial hyper-enhancement, liver-met.

( CHARITE UNIVERSITATSMEDIZIN BERLIN




Detection of Metastases

PET/MR versus PET/CT: 10 patients, 101 hep. lesions, Tracer DOTATOC
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Detection of Metastases

PET/MRI versus PET/CT: 28 patients, prospective trial, detection of
metastases, Tracer DOTANOC

Rater Group 1 Rater Group 2 Consensus Reading
MRI CT MRI CT MRI CT
Bone 100/100 87.5/100 87.5/100 75/100 100/100 87.5/100
Liver 76.5/100 58.8/100 100/100 76.5/100 100/100 76.5/100
Lymph nodes 71.4/100 78.6/100 85.7/100 42.9/100 100/100 78.6/100
Lung 0/100 66.7/100 0/100 100/100 0/100 100/100
Pleura 0/100 100/100 0/100 100/100 0/100 100/100
Other 66.7/100 66.7/100 100/100 83.3/100 83.3/100 83.3/100
Values (Se/Sp) are in %. CLINICAL NUCLEAR MEDICINE

PET/MRI PET/CT

89.8% Se (95% Cl, 77.8%—96.60%) 81.6% Se (95% CI, 68%—-91.24%)

100% Sp (95% ClI, 97%—-100%) 100% Sp (95% CI, 97%—-100%)

97% Ac (95% ClI, 94.4%—-99.6%) 94.6% Ac (95% ClI, 91.2%—-98.1%)

CC:HARITE UNIVERSITATSMEDIZIN BERLIN Berzaczy et al. Clinical Nuclear Medicine 2017



50y/o pat. ileum NEN, G1,10/2016. Evaluation before PRRT.

T1 VIBE axial (post CM, arterial) Fusion PET/MRI PET MIP
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Detection of Metastases

NEN — liver metastases: “Blinded Read” PET/CT in 51 patients
Tracer DOTATOC

Detection with single modality Interobserver variability

PET k=0.768
PET 16,1% “substantial agreement”
Triple-phase CT 20,3% Multi-phase CT K=0.391

@HARlTE UNIVERSITATSMEDIZIN BERLIN Rufetal' JNM. 2011



PET - Therapy Monitoring

PET response evaluation

) visually
1) semi-quantitative

- Standardized uptake value (SUV)
- Volumetric measurement (inetabclic volume)

1) parametric models
V)  kinetic models

@HARlTE UNIVERSITATSMEDIZIN BERLIN Wahl et al., INM 2009
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PET — Therapy Monitoring

Comparison DOTATOC & DOTATATE, quantitative and qualitative
(intraindividual)
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—->SUV did not correlate linearly with Ki and thus may not reflect the SSTR
density accurately at its higher values

—> A saturation was achieved, corresponding to an SUV of more than 25.
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PET — Therapy Monitoring

SUVmax size dependency

413 PET-Foci in 45 patients
->371 lesions maligne
->313 measurable in CT

SUVmax 20.5%x15.2
(range 2.5-103.3)
Diameter 21.8113.1
(range 5.3-103.3)

CUTOFF 25 mm to
exclude PVEs
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Tracer uptake quantification is only acceptable in

sufficiently large lesions

@HARITE UNIVERSITATSMEDIZIN BERLIN Ruf et al., Neuroendocrinology 2013



Conclusion

» PET hybrid-imaging - state of the art in the management of NEN
» PET/ MRI: advantage for the diagnosis of liver- and soft tissue metastases

» PET/MRI: The strength of each single method adds up to the best possible
patient care (complementarity) ? — work in progress!

» CAVE! Response in receptor-PET — work in progress!
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PET/MRI —
the true one stop shop !

Thank you !
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