






Advantages of PET/MR in Preclinical Oncology

The considerations for PET/MR discussed above are 
common among most molecular imaging applications. With 
the broader acceptance of PET/MR instrumentation, the 
relative merits of PET/MR and PET/CT for individual research 
applications, including oncology research, are beginning to 
emerge (Werhl et al., 2016). PET/CT imaging has been used 
widely in studies of cancer therapeutics (Zhang et al., 2017, 
Vilchis-Juárez et al., 2014), tracer development (Wang et al., 
2017), and tumor biology studies (Rossenfeldt et al., 2013). 
However, PET/MR has the potential to reduce workload, 
improve data quality, and even allow for more complex 
experimental objectives (Table 3).

As mentioned above, one of the key benefits of PET/MR is 
the excellent anatomical soft-tissue contrast. In preclinical 
oncology this offers the unique ability to detect tumor 
margins/volumes in a broad range of models which can 
improve the functional analysis of complementary PET 
data. MR has been shown to detect early stage Xenograft 
tumors as well as orthotropic and spontaneous tumors in 
most organs at very early stages (Figure 2A). Barring a few 
exceptions, CT imaging does not provide a precise definition 
of tumor location or margins. CT data may reveal the margins/
volume of some late stage subcutaneous Xenograft tumors 
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Unique capabilities of PET/MR in preclinical oncology. (A) Early stage orthotopic CT-2A glioma mouse imaged at 8 days by 18F-FDG/PET-
MR. PET/MR can provide tumor margin detections in a much broader range of xenograft, orthotopic, and spontaneous tumor models, and at 
early stages of tumor progression. (B) Xenograft SKOV3 tumor mouse imaged by 18F-FDG/PET-MR. PET/MR can provide exquisite soft tissue 
details particularly relevant in studies of tumor biology. (C) Late stage mouse CT-2A glioma imaged by 18F-FDG/PET and DWI MR. Multiplex 
and multiparametric detections with intersecting functional PET and functional MR can reveal biological processes not ascertainable with an 
individual functional MR or individual PET. Images acquired using Bruker PET Insert with BioSpec 70/20. Courtesy:  Dr. Uwe Himmelreich, Dr. 
Willy Gsell, Dr. Cindy Casteels and Dr. Matteo Riva, Molecular Small Animal Imaging Center (MoSAIC), University hospital of Leuven, Belgium.

and lung tumors (owing to the tumor density relative to 
surrounding low density lung tissue, though typically this 
requires high resolution (high radiation dose) scans with 
gating). 

The ability to obtain an anatomical detection of tumors can 
improve preclinical PET oncology studies in a several ways. 
Orthotopic and spontaneous tumor models are believed 
by many to be more representative models of disease 
progression and treatment efficacies. However, the location 
and timing of tumor development is typically not predictable, 
and these tumors are usually not detected by CT, which can 
limit confidences for distinguishing true tumor uptake versus 
spurious background PET signal. As a result, MR contrast 
may better inform researchers evaluating novel tracers 
and therapeutics using orthotopic models. With PET/MR 
tracer accumulation measurements can be made even from 
the earliest stages of tumor development when signal to 
background differences may be relatively low. 

Further most researchers using PET/CT to validate novel 
PET tracers for oncology will perform secondary methods 
for accurate tumor volume or mass measurements for tracer 
uptake calculations (commonly %ID/ml or SUV calculations) 
in part due to limitations in methods for determining tumor 



size based on PET/CT images. In some cases, tumor volume 
and PET tracer SUV calculations can be made using PET 
image thresholding or similar methods. In many cases, 
owing to heterogeneous uptake in tumors, PET tracer signal 
and thresholding will not provide a reliable volume for such 
calculations. As a result, and for purposes of assessing partial 
volume effects especially with lower resolution scanners, it 
is common practice in many preclinical PET/CT laboratories 
working in tracer development to perform post mortem tumor 
excision/measurements and gamma counter readings to 
complement PET measurements, increasing instrumentation 

and lab overhead costs and workflow requirements. These 
types of measurements also suffer from morphology changes 
that occur during excision. With the benefit of PET/MR, 
researchers can visualize the true tumor margin and evaluate 
the tracer distribution within individual tumors to generate 
desired VOIs and calculate SUVs based on experimental 
objectives, obviating the need for routine post mortem 
studies. Further, high confidence data can be obtained through 
a longitudinal time course. While tumor margin detection 
is a basic assumption of MR capabilities, it is a significant 
enhancement to preclinical cancer PET studies.

Features of
Preclinical 
Oncology

Modality Advantage

PET/CT PET/MR

Tumor metabolism
Only PET component capable of 
metabolic imaging.

Confirmation of metabolic 
parameters/pathways by 
multiparametric MR imaging (e.g. 
FDG/PET and 13C-acetate/MRI).

PET/MR

Tumor Biology and 
Microenvironment

Comparatively poorer soft tissue 
contrast from the CT does 
not provide information about 
dynamically evolving tumor 
microenvironment.

Superior soft tissue contrast 
from MR provides detailed 
anatomical/functional structure of 
the tumor microenvironment and 
heterogeneity.

PET/MR

Tumor definition for 
quantitative analysis

Tracer validation studies often 
include separate methods to 
determine the tumor mass for 
accurate SUV calculations.

Provides a clearly defined 
tumor margin for accurate SUV 
calculations critical for evaluating 
tracers.

PET/MR

Multiplex & 
multiparametric 
imaging

Only PET component capable 
of functional imaging, hence 
multiparametric imaging not 
possible.

Functional imaging potential with 
both PET and MR. Intersecting 
voxels for multiplex (e.g. MR 
diffusion/perfusion + 18F-FDG/
PET) functional imaging helps 
investigate tumor biology.

PET/MR

Therapeutic efficacy

PET/CT throughput potential 
can be ideal for imaging large 
number of samples longitudinally; 
common in therapeutic studies.

PET/MR systems with fixed bore 
coils and streamlined workflows 
provide reasonable throughput 
with MR anatomical data.

DRAW

Therapeutic tracking
Only PET based therapeutic 
tracking possible.

Provides combined therapeutic 
tracking (e.g. 19F-therapeutic MR 
tracking with 18F-FDG/PET to 
evaluate therapeutic efficacy).

PET/MR

Table 3: PET/CT versus PET/MR in Preclinical Oncology



Beyond the benefits of anatomical tumor detections, PET 
and MR can be combined to reveal intricacies of tumor 
biology including tumor metastasis, tumor progression, and 
tumor metabolism through multiplex detections inherently 
synchronized in space (using both Bruker PET Inline and 
Insert systems) and potentially even synchronized in time 
(using a simultaneous system such as the Bruker PET 
Insert. Multiplex detections using both PET and functional 
MR techniques for a range of relevant molecular processes 
can allow for more complex study objectives (Wehrl et al., 
2014). This capability could be applied to a range of molecular 
processes in tumor biology. For example, the role of tumor 
microenvironment, through stromal remodeling via a range 
of molecular factors, and its role in tumor progressions is 
better appreciated (Hu et al., 2018, Kouidhi et al., 2018). PET/
MR provides a unique tool for interrogating the intricacies of 
tumor microenvironment owing to the achievable anatomical 
resolution of the tumor environment (Figure 2B) and may 
be enhanced by combined detections of factors such as 
perfusion/diffusion, protease activity, hypoxia, metabolites 
and metabolism (Figure 2C). Even individual variables (e.g. 
metabolism) can be interrogated with more refined precision 
using multiplex capabilities. Tumor glucose, fat, and amino 
acid metabolism is relatively and differentially skewed 
relevant to normal tissues and typically differs between 
cancers and is the target of some cancer therapeutics 
(Kouidhi et al., 2018). Combined, PET and functional MR 
can simultaneously interrogate upstream, downstream, and 
parallel pathways of metabolism to fully characterize these 
changes and underlying biology (Wehrl et al., 2014, 2016). 

Conclusion

Some general considerations for adopting PET/MR will need 
to be made related to facilities and system capabilities. 
For most researchers, the potential benefits of PET/MR in 
preclinical oncology studies of candidate tracer or candidate 
therapeutics as well as studies of tumor biology will justify 
investments in these technologies and methods. Researchers 
should consider both performance of specific integrated 
PET/MR technologies as well as specific hardware and 
software workflow implementations to account for unique 
aspects of PET/MR multimodal detections. Such features 
can significantly influence the accessibility and application 
potential for these technologies. 
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