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FUSION OF PHYSYOLOGIC 

AND ANATOMICAL IMAGING

Structural and functional images are

increasingly understood as

complementary rather than competing

imaging modalities.

When functional images can be fused

with anatomical images the strengths of

the individual modalities can be exploited

and the limitations minimised.



IMAGES with RADIOPHARMACEUTICALS

clinical and research applications

Imaging and Molecular Medicine

✓ Radiopharmaceuticals for DIAGNOSIS

✓ Radiopharmaceuticals for THERAPY

✓ Radiopharmaceuticals for ASSESSMENT and 

MONITORING response to THERAPY

✓ Radioligands for R & D – new THERAPIES 

(pharmacokinetics and pharmacodynamics)



THERANOSTICS



• SPECT/CT

• PET/CT

• PET/MR

• SPECT/MR

HYBRID DEVICES



Hybrid systems are opening up a new era in

SPECT imaging; we do not know whether this

will substantially change our routine clinical

practice, but it certainly will improve the

accuracy of SPECT studies and, of paramount

importance, patient care.



SPECT/CT: the first prototype

B. Hasegawa et al, UCSF



O. Schillaci et al, Nucl Med Commun 2004

IS SPECT/CT WITH A HYBRID CAMERA 

USEFUL TO IMPROVE SCINTIGRAPHIC 

IMAGING INTERPRETATION?

FAM improved image interpretation in 33 out of

81 patients (40.7%):
providing a correct anatomical localisation of

SPECT findings (with the determination of the

involved organs or with an accurate relationship

between lesions and neighbouring structures ) --> 23

cases;

allowing the definition of functional significance of

CT lesions --> 2 cases;

providing the exclusion of disease in sites of

physiologic radiopharmaceutical uptake --> 8 cases.



In-111 pentetreotide SPECT shows a focal uptake in
the chest, which FAM precisely localizes in T8
vertebra. MR confirmed finding.

Bone scan is negative.

G.M., 62 y, M, previously resected ileal carcinoid



Impact of CT attenuation correction

from A.K. Buck et al, J Nucl Med 2008



The use of CT data: improve the spatial resolution of

reconstructed SPECT images and obtain higher quantitative

accuracy

from P. Ritt et al, Clin Trans Imaging 2014



SPECT/CT in indeterminate foci of increased 

bone metabolism on SPECT in cancer patients

272 consecutive patients; 112 (41%) required further workup

by SPECT because a definite diagnosis could not be

established using WB planar scintigraphy. In 57 of these

patients, SPECT was accompanied by inline CT over the

region of interest.

52 lesions in 44 patients were rated as indeterminate on

SPECT: 33 (63%) could be correlated with benign findings on

CT, involving mostly osteochondrosis, spondylosis, and

spondylarthrosis of the spine; 15 lesions (29%) could be

correlated with osteolysis or sclerotic metastases on CT; 4

lesions (8%) remained indeterminate, they were in the ribs

and the scapula.

SPECT-guided CT was able to clarify more than 90% of

SPECT findings classified as indeterminate.

W. Romer et al, J Nucl Med 2006



SPECT/CT and bone scan

in oncology

from D. Papathanassiou et al, Joint Bone Spine 2009 



SPECT/CT allows a better definition of organs involved
in radiotracer uptake and their precise relationship with
adjacent structures, it defines the functional
significance of CT lesions and improves the specificity
of SPECT excluding disease in sites of physiologic
uptake (vascular structures) or excretion (urinary or
gastrointestinal tracts).

Clinically, it is particularly useful in the more difficult
cases, often solving complex questions, especially in
tumour imaging with radiotracers lacking the structural
delineation of the pathologic processes they detect.

SPECT/CT correlative data could aid not only
diagnosis, but also the selection and planning of the
appropriate therapeutic option.

Clinical SPECT/CT in oncology





SPECT/CT as the basis for new technological 

approaches in the SN procedure

from R.A. Valdès Olmos et al, Clin Trans Imaging 2014



The role of SPECT/CT in 

radioembolization of liver tumours

from H. Ahmadzadehfar et al, Eur J Nucl Med Mol Imaging 2014



Hybrid PET/TC

The creation of a masterpiece



Why hybrid imaging with PET/CT?



Clinical impact of PET/CT 

➢ Improvement of lesion detection on both CT and FDG-

PET images.

➢ Improvement of the localization of foci of FDG uptake

resulting in better differentiation of physiologic from

pathologic uptake.

➢ Precise localization of the malignant foci, for example in

the skeleton versus soft tissue, or liver versus adjacent bowel

or node.

Concurrent PET/CT fusion images affect the clinical

management by guiding further procedures, excluding the

need of further procedures, and changing both inter- and

intramodality therapy.

O. Schillaci et al, CB&R 2004



Relationship between cancer type and impact              
of PET/CT on intended management:                        

findings of 
the National Oncologic PET Registry

B.E. Hillner et al, J Nucl Med 2008







15 min                                     10 min                                     5 min

PET scan duration and time per bed position





Contrast-enhanced FDG-PET/CT: 
1-stop-shop imaging in oncology





CT in PET/CT: essential features of interpretation

If a physician does not review the CT portion of the 

PET/CT scan, then that physician is extremely vulnerable 

to legal consequence: ignorance is not a viable defense.

H. Schoder et al, J Nucl Med 2005

J.A. Brink, AJR 2005



To enhance or not to 

enhance?

T.M. Blodgett et al, Semin Nucl Med 2006



G. Antoch et al, J Nucl Med 2004

Desired contrast enhancement is arterial in thorax, portal-venous in

upper abdomen, venous in pelvis, and late-venous in neck and head. To

meet these requirements, PET/CT scanners need to allow whole-body

acquisition starting with thorax (scanned in caudocranial direction),

followed by abdomen and pelvis (craniocaudal direction), and by neck

and head (caudocranial scanning).

CT protocol to optimize contrast 

enhancement in each body region





Evaluation of low-density neutral oral 

contrast material in PET/CT for tumor 

imaging: results of a randomized clinical trial

The use of low-density

neutral oral contrast

material for CT during

combined FDG-PET/CT

studies significantly

improves visualization

of the bowel structures

compared with no

contrast material

without causing side

effects or clinically

detectable errors in the

attenuation correction

of the FDG-PET study.

H.J. Otero et al,  AJR 2009





1. Diagnosis and “grading” of malignant disease

2. Definition of disease extent

staging and restaging

3. Identification and localisation of disease foci

unknown primary (paraneoplastic syndromes)

4. Evaluation and monitoring of response to therapy

5. Identification of recurrent disease in comparison with “raising” 

tumour markers and anatomic/structural changes (CT and MR)

6. Guide for biopsy

7. Therapy guidance and “management”

PET with FDG in ONCOLOGY
UTILITY in CLINICS
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SPN: dual time FDG-PET/TC  

Early SUV 1.4

Delay SUV 2.1

O.Schillaci et al, Radiol med 2009



NSCLC: N-staging



Perfusion CT combined with PET/CT is feasible technique that may

provide additional functional information about vascularity and tumour

aggressiveness as a result of lower perfusion and higher metabolism

shown by larger lesions.



Contrast-enhanced FDG PET/CT: 

1-stop-shop imaging  for assessing the 

resectability of pancreatic cancer

Fifty patients with biopsy-proven pancreatic

adenocarcinoma underwent FDG PET/CT for the

evaluation of resectability.

Criteria for unresectability were distant metastases,

peritoneal carcinomatosis, arterial infiltration, or invasion

of neighboring organs other than the duodenum. The

performance of enhanced PET/CT regarding resectability

was compared with that of PET alone and unenhanced

PET/CT.

K. Strobel et al, J Nucl Med 2008



Significant differences between the SUVs and HU values of liver lesions

in colon and breast carcinoma exist. The rim enhancement of the lesion

in colon carcinoma indicate a significant higher SUV of the lesion; no

differences were seen in lesions of breast carcinoma. Only moderate

correlations between the area size, the SUVs and HU values were seen.

The information given by one modality cannot be replaced by the other

modality. To assess the disease in its whole extent it is necessary to

have the information of both methods.

Evaluation of contrast medium enhancement                      

and FDG uptake of liver metastasis in 

PET/CT prior to therapy

W. Hundt et al, Eur J Radiol 2012 



FDG PET/CT in lymphoma: 

early therapy monitoring

INITIAL                           AFTER 2 CYCLES                         6 MONTHS

A. Gallamini et al, J Clin Oncol 2007



PET in evaluating treatment response 

to imatinib in GIST

courtesy of G.D. Demetri



B.E. Hillner et al, Cancer 2009



PET/CT is a qualitative 

and quantitative method

Most applications to date have been qualitative.

In treatment response assessment, especially if looking

for small induced changes, quantitation will be needed.

Quantitation requires grater attention to technical

details than qualitative imaging.

Standardization of methods is required for

quantitation.



PET tumour quantification improves

prediction of patient survival

C. Lin et al, J Nucl Med 2007



Standardization of PET-based

response evaluation

S. Basu et al, Pet Clin 2015







Liver Transpl 2015



Why choline?
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Eur J Nucl Med Mol Imaging. 2016



F-18 DOPA in brain tumours

W. Chen et al, J Nucl Med 2006



Predicting treatment response of malignant gliomas to

bevacizumab and irinotecan by imaging proliferation with FLT PET

W. Chen et al, Semin Nucl Med 2008

RECURRENT GLIOBLASTOMA

BEFORE 1w after starting treatment

3m after starting treatment



Cellular and extracellular for targeted anticancer therapies

that can be used in PET/CT molecular imaging



Radiolabelled target anticancer therapies for PET molecular imaging



130 patients referred for initial or subsequent management decisions.

Referring physicians completed one questionnaire before the scan (Q1) to

indicate the treatment plan without PET/CT information, one immediately after

review of the imaging report to denote intended management changes (Q2),

and one 6 mo later (Q3) to verify whether intended changes were in fact

implemented.

All 3 questionnaires were completed for 96 of 130 patients (74%).

Ga-68 DOTATATE PET/CT resulted in intended management changes (Q2) in 48

of 96 patients (50%). These changes were finally implemented (Q3) in 36 of 48

patients (75%). J. Calais et al, J Nucl Med 2017





Theranostics: PSMA

Lu-177 PSMA



PET/CT: estrogen receptors expression

from H.M. Linden et al, J Clin Oncol 2006



Serial 89Zr-bevacizumab PET scans  

baseline                2 wk                  6 wk 

S.F. Oosting et al, J Nucl Med 2015

22 patients with renal 

cell carcinoma metastases



Clear diagnostic advantages of PET/MR, when used mainly

for providing the anatomic framework, have not been

established and will be difficult to demonstrate given the

high accuracy of PET/CT.

Multiparametric but not standard PET/MR may have

advantages for better allocation of bone metastases and

for localizing intraprostatic sites of disease involvement.

Conversely, the superiority of PET/CT for lung assessment

is relevant across many types of cancer.

It seems reasonable to use PET/MR for those types of

cancer routinely imaged with MR when the addition of PET

(with various probes) can provide added value.



from K. Z. Al-Nabhani et al, J Nucl Med 2014 



W.E. Fendler et al, J Nucl Med 2016

❖ The duration of a typical PET/MR protocol (45 to 60 min)

was about two times longer and weekly throughput (8 to

12 patients) about 5 times lower than in typical PET/CT

operations, despite similar number of staff employed.

❖ Protocols are not well-defined, mostly due to varying MR

protocols.

❖ The interpretation of PET/MR images is more

challenging than that of PET/CT studies.

Variations in PET/MR operations: results from 

an international survey among 39 active sites



Requirements for PET/MR to move 

into mainstream clinical practice

➢ Optimisation of PET/MR protocols to achieve a balance

between an abundance of image-based information and

realising this in a practical imaging protocol (total

examination time ≤45 min).

➢ Collaboration between the vendors and the users to achieve

optimised acquisition protocols and software for analysis.

➢ Development of specific guidelines for PET/MR

investigations.

➢ Development of a suitable evidence base for the appropriate

use of PET/MR using appropriately designed trials

acceptable to regulators and health technology agencies.

➢ Exploitation of added clinical value combining

multiparametric PET/MR data with multi-scale clinical,

laboratory, histopathologic, and “-omics” data.

D.A. Bailey et al, Mol Imaging Biol 2016 



courtesy of R. Hicks, Peter Mac Cancer Centre Melbourne, Australia

Flow diagram of proposed randomised control trial             

for evaluating novel imaging paradigms



PET/CT was a medical revolution and a 

technical evolution

PET/MR seems to be a technical revolution 

and a medical evolution



A Personalised Integrated Care Approach for Service Organisations and Care 
Models for Patients with Multi-Morbidity and Chronic Conditions

▪ Aims: Develop a set of Integrated Tools 
for Care Management of patients with 
multi-morbidities



Clinician Dashboard:

Integrated overview 
of Imaging, laboratory 
and other clinical data
with home monitoring
data

Patient Dashboard:

Integrataed overview of
A daily diary for drug
Intake and health
Parameters Disclaimer:

The content reflects only the author's 
view. The Commission is not responsible 
for any use that may be made of the 
information that it contains.


