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PET versus SPECT

Eur J Nuc Med Mol Imaging (2014)41 (Suppl 1): S17-S25

They are non-invasive imaging methods, so several valuable imaging
measurements are feasible to quantitatively measure tumour growth, to 
assess tumour status and to predict treatment response. 



Quantitative Imaging 
 Molecular radiotherapy (MRT –

also known as nuclear medicine 
therapy) uses radioactive 
pharmaceuticals administered to 
patients to treat some types of 
cancer and other non-cancer 
diseases. 

 The origins of MRT are 
multidisciplinary, since the 
treatments arise from the 
collaboration of radiochemists, 
immunologists, physicists, 
endocrinolgists, nuclear 
medicine physicins, oncologists 
and radiation oncologists.

 Quantitative imaging from 
different integrated and 
calibrated modalities may be 
used to achieve insights of 
practical predictive quantities.

 Data from PET and SPECT  
are affected by poor spatial
resolution (only appreciable
size tumours)

 Many traditional medical 
imaging techniques (CT, MRI, 
US) have been routinely used 
to monitor therapeutic effects 
of cancer intervention for the 
last decades.

 Hybrid rechnology shows that
much can be translated from 
research into clinics.

Phys Med Biol (2010) 55 (9): 2429-2449
J Nuc Med (2008) 49: 113S-128S Eur Journal of Cancer (2014) 50: 2360-2363



Molecular-functional imaging

 Molecular imaging has
the capabilities to image 
gene expression, 
receptors, signaling
pathways, apoptosis, 
multidrug resistance and 
extracellular matrix.

 Functional imaging has the 
capabilities to assess
angiogenesis, hypoxia and 
metabolism.

TRENDS in Molecular  Medicine 2007; vol. 13, no. 7



Objective: to track specific molecular pathways and tissue/cell 
function for an individualized cancer treatment 

Molecular-functional imaging

TRENDS in Molecular  Medicine 2007; vol. 13, no. 7



 Early diagnosis: combined
molecular-functional–
anatomical approach
provides high benefit for 
high sensitivity and 
specificity and for the 
purpose to go beyond the 
relative weakness and 
strenght of each modality.

 Successful treatment: it 
is the ultimate goal of 
several molecular 
targeted therapies many 
of which are still under 
cinical trial.

TRENDS in Molecular  Medicine 2007; vol. 13, no. 7



Radiomics
 Tumour characteristics at cellular and genetic level are 

reflected in the phenotypic patterns that can be 
captured with medical images

Aim: obectively and reproducibility to quantify various imaging features that 
may reveal the underlying biology of the tumour
Phy Med Biol 61 (2015) R150-166 



Radiomics in oncology 
 Prediction
 Staging
 Tissue identification
 Assessment of cancer genetics

accurate tumour delineation, reproducibility between scans, 
image resampling schema, respiratory motion, tumour size and 
intratumoral heterogenity

Some issues in radiomics’ steps related 
to nuclear medicine imaging: 

Strong need for standardization and harmonization



Radiomics and imaging
 Radiomics is the extraction of large amount of features

from radiographic images.
 Images have a central role in clinical oncology in the 

context of individualised medicine
 Images contain complementary and interchangable

information compared to other sources.
 CT: anatomical imaging
 PET, MRI: functional imaging
 Molecular imaging: molecular markers
such as those for hypoxia, the labelled
antibodies to assess the level of 
expression of the tumour receptors,…

Eur J Cancer 2012 48(4): 441-446



Medical Imaging evolution

 Four distinct ways:
 Innovation in medical devices
 Innovation in imaging agents
 Standardised protocols for quantitative imaging
 Innovation in imaging analysis  RADIOMICS

An accurate standardised quantitative imaging is good, but 
a smart automatic software is required to extract reliable 
information from image-based features.



Steps of radiomics enterprise
(and challenges) :
 Image acquisition and reconstruction

(harmonization)
 Image segmentation and rendering

(robustness; automated)
 Feature extraction and qualification

(robustness)
 Databases and data sharing (to be generated)
 Informatic analysis (optimization of statistical

analysis)

AIM: to build descriptive and predictive models
relating to image features and gene-protein
signatures



Initial application of radiomics to:

 Image acquisition and reconstruction (PET-CT, MRI)
 Image segmentation and rendering (PET-CT, MRI)
 Feature extraction and qualification (PET: lung, H&N, 

esophageal cancer)
 Databases and data sharing (????)
 Informatic analysis (initial work )

Poor population of works about application of radiomics to 
SPECT imaging.

WHY?



SPECT in steps of radiomics
 Image acquisition and reconstruction

(harmonization)
 Image segmentation and rendering (robustness

and automated to be achieved)
 Feature extraction and qualification

(robustness)….. Few works





SPECT-CT in MRT (PRRT, antibodies,…)
 SPECT-CT plays an important role in dosimetry at organ 

and at voxel level.
 Image acquisition and reconstruction: scanner calibration, 

optimization of acq&recon protocols.   
 Quantification: definition of a calibration factor, partial 

volume effect correction
 Image segmentation: manual contouring, CT or SPECT 

guided (organs at risk and lesions respectively)
 Dose calculation: organ level (routinely) and voxel level 

(will be routine) with S-voxel value convolution or with 
Monte Carlo simulations.

Planning of the personalized treatment and 
study of the dose-response correlation 

Harmonization and standardization may reduce the total uncertainties



AL: 3,69 GBq 177Lu-DOTATOC  

 Cumulative DVHs for liver and 2 epatic lesions calculated for 90Y and 
177Lu in a patient administered with 3,69GBq of 177Lu-DOTATOC and 
scanned 4 times with a SPECT-CT scanner.

 The present DHVs are to be summed to the following adminstrations
of 90Y and 177Lu,  as planned specifically for the patient. 

Voxel-dosimetry with



RA: 4,95 GBq of 177Lu-DOTATOC 

 Cumulative DVHs for the left kidney for 90Y and 177Lu in a patient
administered with 4,95 GBq of 177Lu-DOTATOC and scanned 4 times
with a SPECT-CT scanner.

 The present DHVs are to be summed to the following adminstrations of 
90Y and 177Lu,  as planned specifically for the patient. 



Combination of treatments

 ….is meant like EBRT and MRT combination
or 
 ….like a combination of two kinds of MRT to 

better hinder the toxicities.

E.G: 177Lu-PRRT and 90Y-PRRT in a tandem

What is the best strategy?



A few works about toxicity and dose-response
correlation and survival prediction



Wishes for the future:

 Harmonization, standardization of each 
modality of nuclear medicine, because 
only accurate and robust imaging data 
can provide reliable data analysis to 
build predictive and descriptive models 
in oncology.

 Multidisciplinary approach beyond the 
multiprofessional figures in medicine.


