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Update on PET/MR

Technical Developments

1 Harald H. Quick (Essen, Germany)

Latest technical developments and innovations in
PET/MR attenuation and truncation correction help
to further improve the robustness of PET/MR exam-
inations and, furthermore, improve quantification of
PET datal™. Attenuation correction in PET/MR con-
tinues to be a very dynamic research field®. The inte-
gration of radiofrequency (RF) coils with appropriate
hardware attenuation correction methods broadens
the spectrum of oncologic PET/MR applications fur-

References:

1. Quick HH. Integrated PET/MR. J Magn Reson Imaging. 39:243-58, 2014

ther®”, Recent technical developments aim towards
the integration of PET/MR into the concept of radia-
tion therapy treatment planning”¥. As a final example
for recent developments in PET/MR, the experimental
concept of data acquisition with continuous moving
table is discussed®®'?. This concept provides seamless
whole-body data sets and may allow for new PET/MR
data acquisition schemes in oncology®'?.

2. Paulus DH, Quick HH, Geppert C, Fenchel M, Zhan Y, Hermosillo G, Faul D, Boada F, Friedman KP, Koesters T. Whole-Body PET/MR Imaging: Quan-
titative Evaluation of a Novel Model-Based MR Attenuation Correction Method Including Bone. J Nucl Med. 56:1061-1066, 2015
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Update on PET/MR in
Paediatric Oncology

= Jurgen F. Schéfer (Tiibingen, Germany)

PET/MR might be the best modality for pediatric
cancer imaging due to (a) the significantly lower radi-
ation exposure even in comparison to low-dose PET/
CT, (b) the higher diagnostic accuracy as compared
to PET/CT even when using diagnostic contrast-en-
hanced CT, (c) the unique possibility to combine
distinct MR-inherent contrasts (e.g. DWI) with spe-
cific PET-tracers for the evaluation of novel targeted
therapies, and (d) the opportunity to stage local and
systemic tumor burden within a single examination.

References:

However, the availability of PET/MRI systems is still
low resulting in to limited scientific evidence, and the
method of whole-body-MRI is not broadly adopted.
Hence, the next steps to go are harmonization of
sequence protocols and tracer dosage by interna-
tional recommendations, initiation of multicenter
studies, and translation of tracers specific for pediatric
cancer to assess early treatment response as well as
residual disease.

1. Schéfer JF, Gatidis S, Schmidt H, Guickel B, Bezrukov |, Pfannenberg CA, Reimold M, Ebinger M, Fuchs J, Claussen CD, Schwenzer NF Simultaneous
whole-body PET/MR imaging in comparison to PET/CT in pediatric oncology: initial results. Radiology. 2014 Oct;273(1):220-31.

2. Gatidis S, Bender B, Reimold M, Schafer JF. PET/MRI in children. Eur J Radiol. 2017 Sep;94:A64-A70
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Update on PET/MR in

Abdominal Oncological Diseases

= Patrick Veit-Haibach (Toronto, Canada)

PET-MR begins to establish itself as a separate entity,
which not necessarily needs the comparison with PET/
CT anymore. Certain indications are now being inves-
tigated with PET/MR alone, not only in academic stud-
ies but also in clinical routine. This includes the refine-
ment of PET/MRI protocols for liver diseases (e.g. usage
of liver specific contrast media)!” as well as technical
advancements to make lengthy liver protocols appli-
cable for PET/MR imaging. Here, new single shot fast
spin echo sequences as well as simultaneous multis-
lice DWI have to mentioned®?, Also, the evaluation
of IPNM with PET/MR appears now in the literature®,

References:

Abdominal incidentalomas appear to better charac-
terized with PET/MR according to a large study from
Germany®. Initial reports also stated the feasibility of
PET/MR imaging with DOTATOC for neuroendocrine
tumours®. Finally, a prospective study evaluating the
value of combined PET-and MRI parameters for strat-
ification of overall survival in patients with pancreatic
cancer gained some scientific echo. It finally high-
lights the value of true multiparametric/multimodal-
ity imaging for cancer patients, a condition which was
so far questioned in PET/MRI.

1. 18 F-FDG PET/MR imaging in patients with suspected liver lesions: Value of liver-specific contrast agent Gadobenate dimeglumine. Kirch-
ner J, Sawicki LM, Deuschl C, Griineisen J, Beiderwellen K, Lauenstein TC, Herrmann K, Forsting M, Heusch P, Umutlu L. PLoS One. 2017 Jul

6;12(7):e0180349.

2. Variable refocusing flip angle single-shot fast spin echo imaging of liver lesions: increased speed and lesion contrast. Hicks RM, Loening AM,
Ohliger MA, Vasanawala SS, Hope TA. Abdom Radiol (NY). 2018 Mar;43(3):593-599.

3. Simultaneous multislice diffusion-weighted imaging in whole-body positron emission tomography/magnetic resonance imaging for multipara-
metric examination in oncological patients. Taron J, Schraml C, Pfannenberg C, Reimold M, Schwenzer N, Nikolaou K, Martirosian P, Seith F. Eur

Radiol. 2018 Feb 26.

4. Intraductal Papillary Mucinous Neoplasm of the Pancreas With High Malignant Potential on FDG PET/MRI.Huo L, Feng F, Liao Q, Jin Z, Li F, Zhao Y.

Clin Nucl Med. 2016 Dec;41(12):989-990.

5. Does 18F-FDG PET/MRI reduce the number of indeterminate abdominal incidentalomas compared with 18F-FDG PET/CT? Schaarschmidt
BM, Grueneisen J, Heusch P, Gomez B, Umutlu L, Ruhlmann V, Rosenbaum-Krumme S, Antoch G, Buchbender C. Nucl Med Commun. 2015

Jun;36(6):588-95.

6. Simultaneous 68Ga-DOTATOC PET/MRI in patients with gastroenteropancreatic neuroendocrine tumors: initial results. Beiderwellen KJ, Poeppel
TD, Hartung-Knemeyer V, Buchbender C, Kuehl H, Bockisch A, Lauenstein TC. Invest Radiol. 2013 May;48(5):273-9.

7. Multiparametric PET/MR imaging biomarkers are associated with overall survival in patients with pancreatic cancer. Chen BB, Tien YW, Chang
MC, Cheng MF, Chang YT, Yang SH, Wu CH, Kuo TC, Shih IL, Yen RF, Shih TT. Eur J Nucl Med Mol Imaging. 2018 Jul;45(7):1205-1217.
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Update on PET/MR in
Thoracic Oncological Diseases

1= Geoffrey Johnson (Rochester, United States of America)

Abstract not submitted.
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PET Guided Biopsy:

Soft Tissues and Organs

1 Juliano Cerci (Curitiba, Brazil)

PET/CT-guided biopsy is already known to be a fea-
sible and accurate method in the diagnostic work-up
of suspected malignant lesions. The lecture shows
how to perform PET/CT guided biopsy, demonstrates
the feasibility and advantages of using PET/CT as the

References:

imaging method of choice for biopsy guidance, espe-
cially where FDG-avid foci do not show corresponding
lesions on the CT scan. Also, it is addressed potential
complications.

Hopper KD. Percutaneous, radiographically guided biopsy: a history. Radiology. 1995;196:329-333.

2. Tomozawa Y, Inaba Y, Yamaura H, Sato Y, Kato M, Kanamoto T, et al. Clinical value of CT-guided needle biopsy for retroperitoneal lesions. Korean J

Radiol. 2011;12(3):351-357.
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2003;38:1066-1068.
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5. Cornelis F, Silk M, Schoder H, Takaki H, Durack JC, Erinjeri JP, et al. Performance of intra-procedural 18-fluorodeoxyglucose PET/CT-guided biop-
sies for lesions suspected of malignancy but poorly visualized with other modalities. Eur J Nucl Med Mol Imaging. 2014,41:2265-2272.

6. Yokoyama K, Ikeda O, Kawanaka K, Nakasone Y, Tamura Y, Inoue S, et al. Comparison of CT-guided percutaneous biopsy with and without regis-
tration of prior PET/CT images to diagnose mediastinal tumors. Cardiovasc Intervent Radiol. 2014;37(5):1306-1311.

7. Kobayashi K, Bhargava P, Raja S, Nasseri F, Al-Balas HA, Smith DD, et al. Image-guided biopsy: what the interventional radiologist needs to know

about PET/CT. Radiographics. 2012;32(5):1483-1501.

8.  Cerci JJ, Tabacchi E, Bogoni M, Delbeke D, Pereira CC, Cerci RJ, Krauzer C, Sakamoto DG, Fanti S, Vitola JV. Comparison of CT and PET/CT for
biopsy guidance in oncological patients. Eur J Nucl Med Mol Imaging. 2017 Aug;44(8):1269-1274. doi: 10.1007/500259-017-3658-8. Epub 2017

Mar 31. PubMed PMID: 28364161.

9. CerciJJ, Tabacchi E, Bogoni M. Fluorodeoxyglucose-PET/Computed Tomography-Guided Biopsy. PET Clin. 2016 Jan;11(1):57-64. doi: 10.1016/].

cpet.2015.08.001. Epub 2015 Sep 28. Review. PubMed PMID: 26590444.

10. CerciJJ, Pereira Neto CC, Krauzer C, Sakamoto DG, Vitola JV. The impact of coaxial core biopsy guided by FDG PET/CT in oncological patients. Eur
JNucl Med Mol Imaging. 2013 Jan;40(1):98-103. doi: 10.1007/500259-012-2263-0. Epub 2012 Oct 26. PubMed PMID: 23100050.
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PET Guided Biopsy -
Lymphoma and Bone

Abstract Title: PET/CT guided biopsy for the diagnosis of lymphoma

1 Cristina Nanni (Bologna, Italy)

In the clinical practice, it is quite common to diag-
nose a lesion that is eligible for a biopsy. This is par-
ticularly true in patients who come to the hospital
with a suspect lymphoma or with radiological signs
consistent with lymphoma relapse.

Frequently, these conditions cannot be unequivo-
cally identified on the basis of non-invasive imaging
procedures such as US (ultrasound), ceCT (contrast
enhanced CT), MR (magnetic resonance) or even
PET/CT (Positron Emission Tomography/Computed
Tomography), and the diagnostic flow chart comes
to a conclusion with a targeted biopsy. This is partic-
ularly relevant from a clinical point of view since the
therapeutical approach, a prompt therapy onset as
well as the prognosis depend on a correct and early
diagnosis.

Open incisional biopsy (OIB) is traditionally the
method of choice for diagnosing tumors and tumor-
like lesions. It usually requires hospitalization of at
least 48 hours, an operating room (time and crew)
and general anesthesia. While OIB is still considered
the gold standard because of its accuracy (approxi-
mately 100%), it is associated with several drawbacks,
including morbidity, surgical complications, risk of
tumor contamination of surrounding normal soft
tissues and high cost. The development of imag-
ing-guided biopsies (computed tomography, ultra-
sound, and fluoroscopy) has mostly overcome these
disadvantages. It is especially suitable for sites that
are deep or difficult to reach such as the spine, and it
avoids major vessels or nerves.

In recent years it was clearly proved that CT-guided
or US-guided core needle biopsy is safe, easy to
perform, efficient, and less invasive than OIB in lym-

OCTOBER 13

phoma patients. It should therefore be considered as
a first-line biopsy for deep and skeletal lesions.

The diagnostic rate of CT-guided or US-guided
core needle biopsy is more than acceptable, nor is
the accuracy in distinguishing benign from malig-
nant lesions, in diagnosing low- from high-grade
malignancies and in achieving a specific diagnosis.
Furthermore, the repeated biopsy rate and the com-
plication rate are relatively low. No significant risks
in terms of local recurrence along the core-needle
biopsy tract have been reported.

Despite these advantages, the accuracy of
CT-guided or US-guided core needle biopsy reported
in literature for specific diagnosis of lymphoma is
only approximately 85% for nodal localizations. In
lymphoma bone localizations, the biopsy accuracy is
significantly lower because, usually, no morphologi-
cal lymphoma related changes can be recognized on
CTimages. Consequently, the sample is performed in
a blind way, generally on the basis of a PET suspect.

The reasons why a CT guided biopsy may not to
be diagnostic range from an incorrect procedure to
a non representative target tissue within the biop-
sied mass or non representative target lymph node.
This is due to the possible presence of post therapy
fibrosis (some adenopathies remain large despite a
complete response to therapy), necrotic tissue, poly-
clonal tumor cells, inflammatory peritumoral areas or
abscessualized areas that may be biopsied instead of
the pathological tissue.

FDG PET/CT  (Fluoro-Deoxy-glucose  Positron
Emission Tomography/Computed Tomography) is a
functional imaging technique highlighting areas of
active lymphoma both in lymph nodes and other

to be continued on page 48
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tissues (bones or organs) with a very high sensitiv-
ity in comparison to conventional morphological
imaging. It provides pathological results even before
lymphoma-related morphological changes occur (for
example in bones), and can accurately discriminate
between fibrous residual tissue after therapy and dis-
ease persistence or relapse.

In this setting, the possible application of func-
tional imaging such as FDG PET/CT to drive the
biopsy towards the most active lesion (when multiple
lesions are present), to the most active area of a sus-
pect mass or directly into a suspect bone lymphoma
localization is theoretically of great advantage.

FDG PET/CT imaging can be employed offline or as
adirect guide. As an offline method, FDG PET/CT tran-
saxial images can be compared side-by-side to the
diagnostic CT images acquired during the CT-guided

References:

biopsy. This process, however, is not highly accu-
rate. The direct use of a PET/CT tomograph to drive
the biopsy needle is much more reliable in terms of
biopsy accuracy.

This is possible thanks to the visualization of the
biopsy needle on the low dose CT associated to the
PET image series and the possibility to quickly fuse
functional PET images on the anatomical map to ver-
ify the correct needle positioning. The acquisition of
a PET/CT image during the procedure is feasible with
last generation scanners, which can acquire images
in a very short time lapse (1 min/bed position on a
3D tomograph).

Furthermore PET/CT-positive lesions with no mor-
phological correlation may now be accessible to per-
cutaneous interventions.

1. Issakov J, Flusser G, Kollender Y, et al. Computed tomography-guided core needle biopsy for bone and soft tissue tumors. Isr Med Assoc J IMAJ.

2003 Jan;5(1).

2. Kiatisevi B, Thanakit V, Sukunthanak B, et al. Computed tomography-guided core needle biopsy versus incisional biopsy in diagnosing musculo-

skeletal lesions. J Orthop Surg Hong Kong. 2013 Aug;21(2):204-8.

3. Holzapfel BM, Ludemann M, Holzapfel DE, et al. Open biopsy of bone and soft tissue tumors : guidelines for precise surgical procedures]. Oper

Orthopadie Traumatol. 2012 Sep;24(4-5):403-15; quiz 416-7.

4. Ferguson KB, McGlynn J, Jane M, et al. Outcome of image-guided biopsies: Retrospective review of the West of Scotland musculoskeletal oncol-

ogy service. Surg J R Coll Surg Edinb Irel. 2014 Oct 9;

5. Zinzani PL, Tani M, Trisolini R, et al. Histological verification of positive positron emission tomography findings in the follow-up of patients with
mediastinal lymphoma. Haematologica. 2007 Jun;92(6):771-7. PMID: 17550849

6. Shimizu |, OkazakiY, Takeda W, et al. Use of percutaneous image-guided coaxial core-needle biopsy for diagnosis of intraabdominal lymphoma.
Cancer Med. 2014 Oct;3(5):1336-41. doi: 10.1002/cam4.224. Epub 2014 Jul 8.

7. Gaudio F, Pedote P, Ferrante A, et al. CT-guided needle biopsy performed with modified coaxial technique in patients with refractory or recur-
rent lymphomas. Ann Hematol. 2014 Sep;93(9):1559-64. doi: 10.1007/500277-014-2078-0. Epub 2014 Apr 24

8.  Cerci JJ, Pereira Neto CC, Krauzer C, et al. The impact of coaxial core biopsy guided by FDG PET/CT in oncological patients. Eur J Nucl Med Mol
Imaging. 2013 Jan;40(1):98-103. doi: 10.1007/500259-012-2263-0. Epub 2012 Oct 26.

9. CerciJJ, Tabacchi E, Bogoni M, Delbeke D, Pereira CC, Cerci RJ, Krauzer C, Sakamoto DG, Fanti S, Vitola JV Comparison of CT and PET/CT for
biopsy guidance in oncological patients. Eur J Nucl Med Mol Imaging. 2017 Aug;44(8):1269-1274. doi: 10.1007/500259-017-3658-8. Epub 2017

Mar 31.
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New Perspectives by Combining
Advanced Tools and Navigation
with Radio-Guided Surgery

Abstract Title: Modalities that facilitate PET-quided interventions

2 Fijs van Leeuwen (Leiden, Netherlands)

With the proven potential of PET to detect lesions
with a superior sensitivity, there is a growing desire
to explore the modality for interventional molecu-
lar imaging applications. This desire is fueled by the
booming number of highly specific PET-tracers that
is becoming available for clinical care. Sampling tis-
sue guided by PET-findings and thus beta+-emit-
ting radionuclides can be achieved using a variety of
modalities: 1) Direct PET-guided needle placement
(e.g. PET guide breast biopsy), 2) Indirect CT-guided
needle placement (e.g. in a PET/CT scanner), 3) Guid-

References:

ance via augmented and virtual reality (e.g. navigation
using PET/CT scans as road-map), 4) Guidance via
the interventional readout of beta+-emissions (e.g.
Cerenkov imaging), or 5) Interventional guidance
provided by complementary imaging signatures (e.g.
68Ga-PSMA +99mTc-PSMA guided lymph node resec-
tions). The lecture will try to provide an overview of
these technological advances. In addition, possibilities
and challenges of the individual technologies will be
discussed based on practical applications.

1. Fei Band Schuster DM. PET Molecular Imaging-Directed Biopsy: A Review AJR Am J Roentgenol. 2017 August ; 209(2): 255-269.

2. Bunschoten A, van den Berg NS, Valdés Olmos RA et al. Tracers applied in radioguided surgery. In: Radioguided Surgery — Current Applications
and Innovation Directions in Clinical Practice. Editors: Hermann K., Nieweg OE, and Povosiki SP. 2016, 75-101.

3. Kalinyak JE, Schilling K, Berg WA, et al. PET-guided breast biopsy. Breast J. 2011 Mar-Apr;17(2):143-51.
4. Futamura M, Morimitsu K, Nawa M et al. Novel navigation surgery using image fusion of PET/CT and sonography for axillary neoplasm: First

experience. Int J Surg Case Rep 2013; 4: 719-722.

5. van Oosterom MN, van der Poel HG, Navab N et al. Computer-assisted surgery: virtual- and augmented-reality displays for navigation during

urological interventions. Curr Opin Urol. 2018 Mar;28(2):205-213.

6. Lockau H, Neuschmelting V, Ogirala A et al. Dynamic 18F-FDG PET Lymphography for In Vivo Identification of Lymph Node Metastases in Murine

Melanoma. J Nucl Med. 2018 Feb;59(2):210-215.

7. Mancini-Terracciano C, Donnarumma R, Bencivenga G et al. Feasibility of beta-particle radioguided surgery for a variety of "nuclear medicine"

radionuclides. Phys Med. 2017 Nov;43:127-133.

8. MaurerT, Robu S, Schottelius M et al. 99mTechnetium-based Prostate-specific Membrane Antigen-radioguided Surgery in Recurrent Prostate

Cancer. Eur Urol. 2018 Apr 3. pii: S0302-2838(18)30189-1.

9. KleinJan GH, van Werkhoven E, van den Berg NS et al. The best of both worlds: a hybrid approach for optimal pre- and intraoperative identifica-
tion of sentinel lymph nodes. Eur J Nucl Med Mol Imaging. 2018 Apr 25. [Epub ahead of print]

10. van Oosterom MN, Simon H, Mengus L et al. Revolutionizing (robot-assisted) laparoscopic gamma tracing using a drop-in gamma probe tech-

nology. Am J Nucl Med Mol Imaging. 2016 Jan 28;6(1):1-17

to be continued on page 48
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Introduction on the Essentials of
Myocardial '#I-mIBG Imaging

1 Hein J.Verberne (Amsterdam, Netherlands)

Introduction

'Zl-mIBG is a norepinephrine analogue that shares
the same presynaptic uptake, storage and release
mechanism as norepinephrine. Because '#I-mIBG is
not metabolised, its accumulation over several hours
is @ measure of neuronal sympathetic integrity of
the myocardium. Since the introduction of cardiac
'Zl-mIBG scintigraphy, parameters of '2I-mIBG myo-
cardial uptake and washout have been shown to be
of clinical value in many cardiac diseases, especially for
the assessment of prognosis'".

2]-mIBG scintigraphy planar acquisition and anal-
ysis

To block uptake of free '#| by the thyroid gland, sub-
jects are pretreated with 250 mg of oral potassium
jodide 30 min before intravenous injection of 185
MBqg '#I-mIBG. Fifteen minutes (early acquisition)
and 4 hours (late acquisition) after administration of
'2l-mIBG, 10-min planar images are acquired with the
subjects in a supine position using a gamma cam-
era equipped with a low energy high resolution or
medium collimator. Based on the obtained planar (2D)
images, three major outcomes of cardiac '*I-mIBG
uptake can be determined: the early and late heart/

References:

1. Jacobson et al. Myocardial iodine-123 meta-iodobenzylguanidine im

mediastinal (H/M) ratio and cardiac washout rate
(WO). The H/M ratio is calculated from planar '*I-mIBG
images using a regions-of-interest (ROI) over the heart.
Standardised background correction is derived from a
fixed rectangular mediastinal ROI placed on the upper
part of the mediastinum.(2) The location of the medi-
astinal ROl is determined in relation to the lung apex,
the lower boundary of the upper mediastinum, and
the midline between the lungs. The H/M ratio is cal-
culated by dividing the mean count density in the car-
diac ROI'by the mean count density in the mediastinal
ROIZ,

Interpretation

The early H/M ratio predominantly reflects the integ-
rity of sympathetic nerve terminals (i.e. number of
functioning nerve terminals and intact uptake-1
mechanism). The late H/M ratio particularly offers
information about neuronal function resulting from
uptake, storage and release. The 'I-mIBG WO reflects
predominantly neuronal integrity of sympathetic
tone/adrenergic drivet,

aging and cardiac events in heart failure. Results of the prospective

ADMIRE-HF (AdreView Myocardial Imaging for Risk Evaluation in Heart Failure) study. J Am Coll Cardiol. 2010;55(20):2212-21.

2. Flotats et al. Proposal for standardization of 123I-metaiodobenzylguanidine (MIBG) cardiac sympathetic imaging by the EANM Cardiovascular
Committee and the European Council of Nuclear Cardiology. Eur J Nucl Med and Mol Imaging. 2010;37(9):1802-12.

3. Agostini et al. I-123-mIBG myocardial imaging for assessment of risk for a major cardiac event in heart failure patients: insights from a retrospec-
tive European multicenter study. Eur J Nucl Med and Mol Imaging. 2008;35(3):535-46.
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Myocardial '#I-mIBG Imaging for the
Differential Diagnosis of Parkinsonian
Syndrome: The Nuclear Neurologist's

Perspective

172 Giorgio Treglia (Bellinzona, Switzerland)

Since Parkinson's disease (PD) may present sym-
pathetic denervation, which precedes the neuronal
loss in the sympathetic ganglia, several studies have
evaluated the role of myocardial sympathetic imag-
ing in the early diagnosis of PD and in the differential
diagnosis between PD and other parkinsonian syn-
dromest'.

2I-MIBG scintigraphy findings showed that myo-
cardial postganglionic sympathetic dysfunction in
patients with PD is already present in early disease
without clinical evidence of autonomic dysfunc-
tion. Furthermore, '2I-MIBG myocardial uptake was
sometimes impaired in PD even in the absence of
abnormal findings on autonomic testing, suggest-
ing that '#I-MIBG scintigraphy is more sensitive than
standard autonomic testing for the early detection of
silent autonomic dysfunction. However, some stud-
ies reported a relatively lower sensitivity of '*I-MIBG
scintigraphy in PD patients with early stage of disease
compared to those with advanced stage’?.

In the clinical practice, '*I-MIBG scintigraphy may

References:

help physicians for the differential diagnosis between
PD and other parkinsonisms, in particular degenera-
tive parkinsonisms such as multiple system atrophy
(MSA), corticobasal degeneration (CBD), and pro-
gressive supranuclear palsy (PSP). This differential
diagnosis may be difficult using other neuroimaging
methods such as striatal dopaminergic imaging®*®. By
contrast to PD, in MSA the autonomic nervous system
is mainly affected in its preganglionic structures, and
most MSA patients present central catecholamine
deficiency but preserved myocardial sympathetic
innervation showing normal myocardial '*I-MIBG
uptake. In PSP and CBD patients, myocardial sympa-
thetic denervation is usually absent resulting in a nor-
mal myocardial '*I-MIBG scintigraphy; few data are
recorded for other parkinsonisms.

Some meta-analyses reported a good diagnostic
performance of myocardial '?I-MIBG scintigraphy in
the differential diagnosis between PD and other par-
kinsonismst**.

1. Treglia G, Cason E, Gabellini A, et al. Recent developments in innervation imaging using iodine-123-metaiodobenzylguanidine scintigraphy in

Lewy body diseases. Neurol Sci. 2010;31(4):417-22.

2. Treglia G, Bagnato A, Di Giuda D, Giordano A. *I-MIBG cardiac scintigraphy in Lewy body-related disorders. Mov Disord. 2011;26(10):1949-5.

3. Treglia G, Cason E, Cortelli P, et al. lodine-123 metaiodobenzylguanidine scintigraphy and iodine-123 ioflupane single photon emission com-
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4. Treglia G, Stefanelli A, Cason E, et al. Diagnostic performance of iodine-123-metaiodobenzylguanidine scintigraphy in differential diagnosis
between Parkinson's disease and multiple-system atrophy: a systematic review and a meta-analysis. Clin Neurol Neurosurg. 2011;113(10):823-9.

5. Treglia G, Cason E, Stefanelli A, et al. MIBG scintigraphy in differential diagnosis of Parkinsonism: a meta-analysis. Clin Auton Res. 2012,22(1):43-

55.
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Myocardial '*I-mIBG Imaging in Dementia
with Lewy Bodies (DLB) and Prodromal
DLB: The Neurologist's Perspective

= Cristina Muscio (Milan, Italy), Pietro Tiraboschi (Milan, Italy)

Degeneration of cardiac sympathetic nerves is
specific to PD and DLB, as demonstrated by marked
depletion of tyrosine hydroxylase (TH) — immuno-
reactive epicardial nerve fibers in these diseases as
compared to MSA, AD, PSP, where TH-immunoreac-
tive epicardial nerve fibers are preserved (Orimo et al,,
2005). As post-ganglionic cardiac sympathetic dener-
vation is typically found in DLB, but not in AD, a tracer
like 2I-MIBG, an analogue of norepinephrine that
targets the sympathetic nerves, can be a useful imag-
ing biomarker for differentiating the two dementing
disorders from one another. Well before this histo-
logical evidence, the promising role of this tracer for
distinguishing DLB from AD had already emerged in
prior Japanese studies (Watanabe et al, 2001, and
Yoshita et al, 2001). Since then, several studies (see
the meta-analysis by Treglia & Cason, 2012) have
confirmed these preliminary results, with an overall
sensitivity and a specificity to DLB around 90%. How-
ever, a recent multicenter study (Yoshita et al,, 2015),
representing the largest sample size in the field to
date, found comparable specificity (89%), but lower
sensitivity (69%). Among the limitations to the above
mentioned studies was the exclusion of patients with
diabetes or cardiac comorbidity that are common
in the elderly and, theoretically, might interfere with
'2-MIBG uptake. Nonetheless, a recent study carried
out in an unselected sample with the aim to esti-
mate the rate of possible false-positive results due
to the concomitance of these medical conditions
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(Tiraboschi et al., 2016), did not show any significant
impact of these illnesses on diagnostic accuracy. Spe-
cifically, in the non-DLB group, '**I-MIBG myocardial
uptake was invariably normal (specificity of 100%),
despite the concomitance of diabetes and/or heart
disease in about one-fourth of the patients. An issue
to be solved to definitely establish the feasibility of
this procedure in clinical practice concerns the real
impact of several drugs commonly administered in
the elderly (e.g. calcium-antagonists, beta-blockers,
selective serotonin reuptake inhibitors, antidepres-
sants), that are supposed to potentially interfere with
MIBG uptake, but are not indisputably proven to do
so (Jacobson & Travin, 2015). Currently, DAT-scan and
myocardial MIBG scintigraphy are regarded as having
the same diagnostic weight (McKeith et al,, 2017).
However, when parkinsonism is the only core feature
exhibited by a patient with dementia (possible DLB),
and an abnormal DAT-scan is expected, myocardial
MIBG scintigraphy may be indicated as the first diag-
nostic option. Likewise, the latter procedure may be
more sensitive in early/prodromal LBD, as suggested
by the seminal Braak and Braak study (2003), in which
pathological changes were reported to begin in the
dorsal vagal nucleus earlier than in basal ganglia and
by a study by Orimo et al. (2007) in early PD, where
degeneration of the cardiac sympathetic nerves was
observed before neuronal cell loss in the dorsal vagal
nucleus.
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Advances in SPECT/CT

Quantitation

# Brian F. Hutton (London, United Kingdom)

Traditionally, single photon emission computed
tomography (SPECT) has had a reputation of being
non-quantitative in comparison with positron emis-
sion tomography (PET). There is, however, increasing
evidence that SPECT/CT can provide quantitative
information that can aid in disease characterization
and evaluation of treatment response in addition to
enabling accurate radiation dose estimation. In this
presentation the motivation for quantification and
the potential approaches to address issues specific to
SPECT will be reviewed.

Much of the methodology that enables quantifi-
cation is common to both SPECT and PET, although
the challenges are generally greater for SPECT due
to its limited resolution and sensitivity. Like PET, iter-
ative reconstruction easily accommodates measured
attenuation, and corrections for scatter and resolution
can be incorporated in the reconstruction framework.
Corrections for partial volume effects and motion
have undergone considerable development in the
PET community but could readily be applied in SPECT.
Contrary to common belief, accurate and precise
estimation of radionuclide uptake is possible using
SPECT!23 but it is only recently that the vendors have
made available the relevant tools to encourage use of
quantitative parameters. This includes not only recon-
struction software that incorporates resolution model-
ling but also opportunity for system cross-calibration
and/or addition of patient-specific details to enable

References:

estimation of SUV for SPECT tracers. These enhance
the practitioner’s ability to both measure uptake of
activity with reduced bias and to monitor change in
uptake over time. Vendors are also providing a suite
of tools to enable more efficient dose estimation that
includes registration and segmentation software.

Despite the more widespread use of quantita-
tion there remain areas where SPECT lags behind
PET, especially in areas of partial volume and motion
correction. Given the poor resolution of SPECT, and
typically large voxel size, partial volume correction is
particularly important. Also despite claims that motion
has limited effect due to the already limited resolution,
correction of motion is still a necessary component
to achieve optimal image quality. Recent develop-
ments in SPECT instrumentation, with improvement
in spatial resolution, raise the priority for such correc-
tions. A further limitation in conventional SPECT is the
need for system rotation, which limits the opportu-
nity for tracer kinetic analysis. There are now station-
ary systems that overcome this limitation, potentially
offering future opportunity for quantitative dynamic
studies, provided suitable radiopharmaceuticals are
available. Clinical adoption of quantitative procedures
is relatively slow, with need to demonstrate robust
procedures that are validated across systems and sites.
Clearly there is definite need to demonstrate clinical
impact in order to accelerate adoption.

1. Bailey DL and Willowson KP. An evidence based review of quantitative SPECT imaging and its potential clinical application. J Nulc Med 2014; 54:

83-89

2. Shcherbinin S, Celler A, Belhocine T, Vanderwerf R, Driedger A. Accuracy of quantitative reconstructions in SPECT/CT imaging. Phys Med Biol.

2008; 53: 4595-604.

3. Ritt P Vija H, Hornegger J, Kuwert T. Absolute quantification in SPECT. Eur J Nucl Med Mol Imaging 2011; 38: (Suppl 1) S69-S77
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Advances in PET/CT
Quantitation

> Dimitris Visvikis (Brest, France)

PET/CT, which has been the first multimodality
imaging technology in clinical practice introduced
nearly twenty years ago, plays today a major role in
oncology for diagnostic purposes but also increas-
ingly in the field of treatment planning and monitor-
ing response to therapy. The early issues associated
with coupling PET and CT, including the use of CT
images for PET attenuation correction have been
adequately addressed over the years. On the other
hand, despite the development of different motion
management algorithms and their implementation
by the manufacturers, the use of motion compen-
sation in routine clinical practice has not become
a widespread reality. One of the main reasons is
clearly the lack of proof of clinical impact of motion
compensation in the different application fields of
interest, including oncology and cardiology. Current
efforts are concentrating on the clinical validation
of data driven approaches which hold potentially
more promise since they require less patient set-up
time and are therefore more user-friendly. Within the
field of dynamic imaging, the combination of physi-
ological organ motion with tracer kinetics and direct
parametric image reconstruction for oncology appli-
cations represents also a trend of increasing interest.

References:

This is even more important within the context of
low dose and/or faster PET acquisitions since tempo-
ral regularisation during the reconstruction process
can significantly improve signal to noise ratio in low
count images. Different approaches over the years
have also targeted an improvement in the recon-
structed image resolution and signal to noise ratio by
including time of flight (ToF) information, modeling
the system resolution and implementing alternative
statistical image reconstruction algorithms. Recently,
the development of SiPM detector based PET sys-
tems, offering improved ToF capabilities and superior
overall system sensitivity, may also have an impact in
overall image quality and remains to be evaluated.

Finally, a lot of interest over the last few years has
been given on the extraction of finer quantitative
information from the reconstructed PET/CT images,
particularly in the field of oncology. Within this field,
widely known today as radiomics, the interest mainly
focuses on the quantitative characterisation of
intra-tumor activity concentration heterogeneity and
its combination with CT image derived parameters
within the field of multiparametric prognostic and
predictive modeling of therapy response.

1. 4Dimage reconstruction for emission tomography. Reader AJ, Verhaeghe J. Phys Med Biol 2014, 59(22): R371-418

2. Characterization of PET/CT images using texture analysis: the past, the present... any future? Hatt M, Tixier F, Pierce L, Kinahan PE, Le Rest CC,

Visvikis D. Eur J Nucl Med Mol Im. 2017 Jan;44(1):151-165

3. Comparison between new-generation SiPM-based and conventional PMT-based TOF-PET/CT. Wagatsuma K, Miwa K, Sakata M, Oda K, Ono H,

Kameyama M, Toyohara J, Ishii K. Phys Med. 2017 42:203-210

4. Motion correction using anatomical information in PET/CT and PET/MR hybrid imaging. Fayad H, Lamare F, Merlin T, Visvikis D. Q J Nucl Med Mol

Imaging. 2016;60(1):12-24
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Advances in PET/MRI
Quantitation

1 Bernhard Sattler (Leipzig, Germany)

PET/MRI s in the clinical arena for 8 years now and
since then has been investigated thoroughly to iden-
tify key applications and the quantitative validity as
compared to PET/CT and/or standalone PET. Quanti-
tative positron emission tomography (PET-) imaging
is essential for staging and tracking subtle processes
like pathophysiologic change and therapy response
in oncological diseases or neurodegenerative disor-
ders. The accuracy of PET-quantification decisively
depends on the correct system calibration involving
all corrections that are implicitly necessary using the
full ring PET Detector setting in 3D mode. Basically,
these are scatter-, random-, attenuation-, dead-time
corrections and detector normalization on a regular
basis as a requirement for correct activity quantifica-
tion, that is, for the true measurement of the activity
concentration in a given lesion, focus, organ or phan-
tom. These requirements and parameters need to
be addressed, selected and assessed with particular
scrutiny if PET systems are to be used for semi- or fully
quantitative outcomes for monitoring disease pro-

References:

gression and/or therapy response in patient care and
research settings. This is of even more importance if
data is pooled across imaging sites and/or advanced
methods like invasive or non-invasive pharmacoki-
netic modeling become increasingly considered for
a particular trial. Depending on the intended method
of quantification, several metrics are derived from
that concentration and/or its course over time in
blood and tissue. This talk will focus on some partic-
ular challenges and options that come with the full
integration of PET and MRI forming fully integrated
hybrid imaging systems. Accurate attenuation correc-
tion is one critical requirement for valid quantitation
and in the recent years has been improved substan-
tially. New methods to derive more accurate maps of
linear attenuation coefficients have been introduced
some of which using advanced technologies of arti-
ficial intelligence and/or atlas based approaches. MR-
based motion correction algorithms as well as image
based alternatives to derive an arterial input function
for full kinetic modeling approaches will be reviewed.

1. Jochimsen TH, Zeisig V, Schulz J, Werner P, Patt M, Patt J, Dreyer AY, Boltze J, Barthel H, Sabri O, and Sattler B (2016) Fully automated calculation of
image-derived input function in simultaneous PET/MRI in a sheep model. EINMMI Phys 3[1], 2

2. JochimsenTH, Schulz J, Busse H, Werner P, Schaudinn A, Zeisig V, Kurch L, Seese A, Barthel H, Sattler B, and Sabri O (2015) Lean body mass cor-
rection of standardized uptake value in simultaneous whole-body positron emission tomography and magnetic resonance imaging. Phys Med

Biol 60[12], 4651-4664.

3. Ladefoged CN, Law I, Anazodo U, St Lawrence K, Izquierdo-Garcia D, Catana C, Burgos N, Cardoso MJ, Ourselin S, Hutton B, Merida |, Costes N,
Hammers A, Benoit D, Holm S, Juttukonda M, An H, Cabello J, Lukas M, Nekolla S, Ziegler S, Fenchel M, Jakoby B, Casey ME, Benzinger T, Hojgaard
L, Hansen AE, and Andersen FL (2017) A multi-centre evaluation of eleven clinically feasible brain PET/MRI attenuation correction techniques

using a large cohort of patients. Neuroimage 147, 346-359.

4. ChenKT, Salcedo S, Chonde DB, Izquierdo-Garcia D, Levine MA, Price JC, Dickerson BC, and Catana C (2018) MR-assisted PET motion correction
in simultaneous PET/MRI studies of dementia subjects. J Magn Reson Imaging .

5.  Bousse A, Manber R, Holman BF, Atkinson D, Arridge S, Ourselin S, Hutton BF, and Thielemans K (2017) Evaluation of a direct motion estimation/
correction method in respiratory-gated PET/MRI with motion-adjusted attenuation. Med Phys 44[6], 2379-2390.

6. Catana C (2015) Motion correction options in PET/MRI. Semin Nucl Med 45[3], 212-223.
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Advances in Radionuclide
Image Based Dosimetry

1 Yuni K Dewaraja (Ann Arbor, United States of America)

The inaccuracy in estimating the time-integrated
(cumulated) activity is generally considered to be the
largest source of error in radionuclide therapy dosime-
try. Multi-modality functional/anatomical imaging with
SPECT/CT and PET/CT systems has led to significant
improvements in SPECT and PET-based activity quantifi-
cation as the CT image can be used for nonuniform atten-
uation correction, partial-volume correction and mod-
el-based scatter correction. Additionally, the availability
of CT facilitates co-registration of sequentially acquired
SPECT or PET images, which is typically needed to gen-
erate time-integrated activity for dosimetry to account
for the spatial- and time-varying biodistribution. Here, the
CT-CT transformation is used to register the functional
images, making use of the superior spatial resolution of
CT. Also, multi-modality imaging facilitates patient spe-
cific 3D dosimetry as the CT can be used to define the
patient’s own anatomy and the density map for vox-
el-level estimation. Patient specific dosimetry coupling
the patient’s own co-registered anatomic and functional
images with methods such as Monte Carlo radiation
transport obviates the need for model-based approxima-
tions of the past.

Patient specific voxel-level dosimetry has been used
in several radionuclide therapy applications such as
radioiodine therapy (using I-131 SPECT/CT or I-124 PET/
CT for imaging), I-131 and Y-90 radioimmunotherapy,
Y-90 microsphere radioembolization (using Y-90 brems-
strahlung SPECT/CT or Y-90 PET/CT for imaging), and
Lu-177 DOTATATE peptide receptor radionuclide ther-
apy. Although most of these studies are retrospective,
prospective patient specific calculations for treatment
planning including concepts such as equivalent uniform
dose (EUD) to account for non-uniformity effects and
biological effective dose (BED) to account for dose-rate
effects are now been reported [1]. In some cases, as a
trade-off between accuracy and practicality the fully 3D
approach, which requires sequential SPECT/CT imaging
is replaced by a combined planar-SPECT/CT approach™.
The availability of CT is particularly useful for quantita-

References:
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tive bremsstrahlung imaging-based dosimetry where
window-based scatter correction methods are not feasi-
ble and Monte Carlo/model-based methods have been
recently implemented. Another complexity in brems-
strahlung imaging-based dosimetry is the fact that
the bremsstrahlung generation probabilities are tissue
dependent. A recent study implemented an approach
where the tissue dependent probabilities were included
in the system matrix of the reconstruction algorithm
with CT used to estimate the bone volume fraction at
each voxel?. In Y-90 radioembolization, dose maps cor-
responding to post-therapy Y-90 SPECT/CT or PET/CT can
be used to identify underdosed areas of a lesion to boost
treatment with external beam radiotherapy (EBRT). Here,
CT can be used to register the Y-90 dose-maps with the
CT of the EBRT treatment planning system.
Multi-modality imaging is being utilized to address
some of the other challenges to accurate dosimetry
associated with the relatively poor spatial resolution of
SPECT and PET such as segmentation and non-uniformity
at sub-voxel level. CT-based segmentation of lesions/
organs is often used for reporting mean doses to targets
or for generating dose-volume histograms. CT-measured
lesion sizes from multi-time point imaging for dosimetry
can be used to incorporate the time-varying lesion mass
in to the dosimetry calculation instead of the typical
assumption of a constant tumor mass obtained pre-ther-
apy®. This is especially important in malignant lympho-
mas, which can be highly sensitive to radiation and can
show dramatic regression within days of treatments [3].
Finite spatial resolution of PET and SPECT and large voxels
introduce dosimetry inaccuracies at the sub-voxel level,
given that radiopharmaceuticals are often distributed
heterogeneously within a voxel and therefore the mean
absorbed dose in the voxel may not adequately predict
the biologic effect. To address this problem, macroscopic
imaging has been coupled with subvoxel models of tissue
(macro-to-micro models) to determine absorbed dose to
dose limiting critical structures such as those within the
bone marrow, kidney nephrons and liver lobulest®.

Lim, H et al. Phys Med Biol. 2018. doi: 10.1088/1361-6560/aac1ad. [Epub ahead of print]
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