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14.1 Introduction

Specific accumulation of radioactive tracers can provide insights into physiological
processes within a body. Even more meaningful information can be gathered when
radioactivity is assessed in a tomographic manner, which also provides information
on tumor heterogeneity. These imaged processes comprise functional, metabolic,
cellular, and molecular activities. These data can be obtained in a longitudinal
manner, enabling evaluation of changes over time. Nuclear medicine approaches to
do so comprise single-photon emission computed tomography (SPECT) and
positron emission tomography (PET). Both of these methods are already widely
used in the field of oncology in the clinical scenario. However, preclinical studies
are indispensable for developing new imaging paradigms and understanding the
biology underlining specific processes, as preclinical setups harbor potentials of
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image validation by ex vivo analyses. Those are only exceptional in the clinical
situation. Here, we will focus on small animal PET. Aspects covering preclinical
SPECT are described in the chapter “Preclinical SPECT and SPECT-CT”.

PET relies on exogenous application of a positron-emitting substance. During
the radioactive decay, a proton is converted to a neutron, while also a positron (e+)
is released. The positron undergoes an annihilation reaction with a nearby electron
(e−), resulting in the emission of two high-energy photons (c-rays, 511 keV each)
which are emitted in exactly opposing directions. The simultaneous detection
(within a few nanoseconds) of this pair of photons by the detector allows the
determination of the line of incidence (also called line of response) facilitating the
reconstruction of the source of radioactivity. The degree of the two emitted photons
is not always exactly 180°, based on the residual momentum of the positron and the
electron at the time of annihilation. This non-colinearity (± 0.25°) and also the fact
that the positron particles travel a certain distance in tissue before the annihilation
reaction (positron range, depending on the radionuclide and its energy spectrum)
lead to limitations in the maximal achievable spatial resolution [10, 30].

There is no depth limitation in the detection of c-rays. The half-life of the
isotopes used for PET can differ from minutes (e.g., 15O: 2 min, 11C: 20 min) to
hours (68Ga: 68 min, 18F: 110 min) or days (124I: 4.2 d). Importantly, PET provides
a very high detection sensitivity down to picomolar concentrations—which is about
two to three orders of magnitude higher than for SPECT [39]. Hence, the amount of
the radioactive substances applied is very low (tracer principle), and there is almost
no interference with normal regular processes underlying the tracer accumulation or
the body physiology.

In this chapter, we will give an overview of small animal PET imaging with
regard to (i) challenges, and its applications in oncology in the fields of (ii) tumor
characterization, (iii) therapy response evaluation, and (iv) therapy development.

14.2 Challenges of Small Animal PET

There are several aspects that have to be considered when applying small animal
PET imaging, especially with respect to potential transfer of results to humans. First
of all, the size of animal models is smaller than the size of humans. This bears
technical challenges, as a spatial resolution of *1 cm, which is usually achieved
with clinical scanners, is not suitable to image processes within mice or rats. For
this need, dedicated small animal PET cameras have been developed, which have a
spatial resolution of *1 mm [58]. One example of a small animal PET scanner is
depicted in Fig. 14.1.

The reduced blood volume of rodent models in comparison to humans also has
implication on the volume that can be injected into the animal. These volumes are
generally regulated by national institutions, such as the USDA in the US or the
GV-SOLAS in Germany. Especially in the context of small animal PET imaging,
this is of importance. The half-life of the radiotracers employed for PET is in general
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relatively short. Due to the radioactive decay, the amount of the tracer might have to
be increased for animals injected at a later time point. This does not only affect the
total volume, which can impact pharmacology or physiology, but also the amounts
of solvents like ethanol increase, potentially resulting in undesirable side effects.

Upon that, breathing and heart rate, as well as metabolism differ between
humans and rodents. Consequently, the distribution of radioactive tracers might
differ between species. The biodistribution of 3’-Deoxy-3’-18F-Fluorothymidine
(18F-FLT) may serve as an example. This thymidine analog visualizes cellular

Fig. 14.1 Example of a small animal PET camera and a respective animal cradle. Depicted is a
combined PET/MR system. Most modern preclinical PET cameras allow arrangement of the
narcotized mouse on an animal bed equipped with respiration, heartbeat (ECG), and temperature
control

14 Applications of Small Animal PET 495



proliferation. Due to differences in thymidine levels in blood as well as in thymidine
metabolism, the biodistribution of 18F-FLT also differs. For example, accumulation
of 18F-FLT in the liver is low in dogs compared to humans [47] and the biodis-
tribution in mice was reported to vary in different strains [32]. This does not imply
that results obtained in animals cannot be transferred to patients. However,
species-specific differences might have to be considered.

To obtain sufficient PET image quality, image acquisition has to occur in the
range of minutes. While this is no issue in adult patients, which can lie still in a
scanner for this period of time, this is a challenge in small animal imaging. There
are approaches to perform PET imaging in awake rodents [62]. However, in gen-
eral, the animals are immobilized by means of narcosis. The narcotic agent can
potentially interfere with blood flow, tissue oxygenation, body temperature, and
metabolism of an organism and hence with the distribution of a tracer. This has
been well studied with 18F-FDG. For instance, warming of anesthetized animals
diminishes accumulation of this tracer in brown fat tissue [16], and the choice of
narcosis affects insulin levels. This in turn regulates blood glucose concentrations
and consequently 18F-FDG uptake [27]. Figure 14.2 shows a mouse undergoing an

Fig. 14.2 Choice of narcosis affects distribution of 18F-FDG in a C57/BL6 mouse. Images show
two 18F-FDG PET studies of the same mouse where each PET acquisition was performed under
isoflurane narcosis 50–60 min after injection of 10 MBq 18F-FDG. In the first example (left panel),
18F-FDG injection and biodistribution took place under isoflurane anesthesia, while the mouse was
positioned on a heating mat. In the second example (right panel), 18F-FDG was injected
intraperitoneally (i.p.) in an awake mouse. Coronal and sagittal planes focusing on the heart are
shown here. Note the increased 18F-FDG uptake of the myocardium under isoflurane narcosis (red
arrows), resulting from altered glucose metabolism and effects of the narcotic agents on perfusion
[11]. Brown fat (yellow arrow) is not visible in the PET images if the mouse was warmed during
the tracer uptake period [16]. The increased activity of skeletal muscles of awake mice is reflected
by increased 18F-FDG uptake (green arrows)
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18F-FDG PET scan under different narcotic conditions. These data show that it is
important to carefully consider animal handling conditions and keep them constant
during the course of an experiment. Also, hypothermia of the animals must be
avoided and fasting can be an important issue when dealing with 18F-FDG.

A further issue that has to be considered when performing preclinical PET is
radiation exposure, especially when serial imaging in combination with CT is
performed. The whole-body dose of a single PET scan is in the range of 0.06–
0.9 Gy for mice and 0.01–0.27 Gy for rats [17]. Radiation doses resulting from CT
scans highly depend on the instrument settings and range from 0.017 Gy–0.78 Gy
[8]. These values are not negligible, taking into account that the lethal dose for 50%
of a population 30 d after whole-body irradiation (LD50/30) is in the range of 5 Gy
for mice [19]. Exact values vary with mouse strain and age. Gene expression can
already be altered with doses as low as 0.2 Gy [2]. Hence, effects of PET/CT
imaging on experimental outcome cannot be excluded.

The setup of the infrastructure for small animal PET imaging might be chal-
lenging. This method requires positron-emitting isotopes. Hence, especially when
using short-lived radiotracers, a nearby cyclotron and the respective radiochemistry
have to be localized in close proximity. Furthermore, the equipment is very
expensive, and there is a need for the setup of a radioactive control area. Last but
not least, the logistics of the animals might be a hurdle, especially when performing
longitudinal studies. Many research institutes are depending on a central animal
facility. Due to hygiene and in general legislative restrictions, and also due to
radiation limits, transport of animals back to this central facility is not always
possible. Consequently, adequate animal housing might have to be implemented
within the institution.

One additional hurdle in small animal PET imaging is the choice of the animal
model. As it is a model, it is in itself artificial and can resemble the situation in a
human being only to a limited extend. One also has to keep in mind that therapies
that address issues of the host organism, such as vascularization or the immune
system, might act differently in rodents and other animals. For oncology research,
there exist various mouse tumor models [13, 41]. Most commonly, xenograft
models are used. For these, tumor cells, mostly originating from human cancers, are
cultivated in vitro and transferred to an immunocompromised mouse, either
ectopically (mostly subcutaneously), orthotopically (in the usual position, like
gliomas in the brain), or systemically. These tumors are less heterogeneous than
patient cancer tissues. However, this also makes animal experiments more repro-
ducible than results obtained from more heterogeneous samples. Moreover, the cell
lines can be genetically modified, enabling the evaluation of the importance of
specific genes for tumor development or tracer accumulation. The microenviron-
ment of tumor xenografts does not quite resemble the clinical situation, especially
in the case of subcutaneous tumor implantation. Patient-derived xenograft
(PDx) models, which are directly originating from clinical tumor samples, are
supposed to more closely resemble the heterogeneity observed in patients. For most
of these models, the use of immunocompromised mice is necessary, as the host
immune system would successfully fight the cancer. Allografts (cells derived from
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the same species) can be implanted in a similar manner, and the host can be
immunocompetent.

In the clinical scenario, the potential of malignant tumors to spread and form
metastases is in general associated with a poor prognosis. The differentiation level
of metastasized tumor cells often differs from the primary tumor, thereby compli-
cating the choice of an adequate therapy. To mimic and investigate the metastatic
behavior of tumors in a preclinical setting is challenging. Injection of tumor cells
into the bloodstream does not resemble metastasis-initiating steps. When working
with primary tumors, these are in general growing so fast that the animal has to be
sacrificed before metastases are detectable. One possible approach is to surgically
remove the primary tumor and follow the metastases in the upcoming weeks [6].
There also exists a range of genetic engineered mouse models (GEMMs) of cancer
in immunocompetent mice. In many instances, these more closely resemble the
nature of human cancers, ranging from tumor initiating steps to metastasis forma-
tion [25].

14.3 Tumor Characterization

Assessment of tumor biology is a crucial step in understanding the disease and
developing novel therapies. What is the vascularization state? Is there an overex-
pression of a specific antigen? These questions might arise and be of fundamental
importance for the success of a diagnostic or therapeutic approach. Consequently,
characterization of a tumor in a non-invasive manner by means of PET can provide
information on metabolic modifications of a cancer over time and can aid in
deciding for a treatment paradigm. Especially when employing multiple modalities,
profiling of a tumor is possible. In general, features of cancers, which could
potentially be imaged, are mostly related to the hallmarks of cancers, as summa-
rized by Hanahan and Weinberg [20].

In the clinical setting, PET imaging does have a prominent role in detection,
diagnosis, and staging of tumors. For preclinical models, tumor detection and
follow up in itself might be of less value than in the clinic, as in most instances the
localization is known, and the size itself can be assessed by more easily accessible
methods, such as CT. However, tracers used for clinical cancer diagnostics do in
one way or another also provide information on characteristics of tumors.

The rate of aerobic glycolysis in tumors is generally high due to the Warburg
effect [51, 53]. Hence, tumors make use of glucose from the extracellular space and
consequently take up glucose analogs, such as fluorodeoxyglucose (18F-FDG).
18F-FDG is the most commonly used PET tracer for clinical molecular imaging and
has applications in detection, staging, and therapy response assessment. Also in the
preclinical setting, it has been used for the analysis of tumor engraftment or
metastasis detection. Figure 14.3 shows 18F-FDG PET images of a mouse with
subcutaneous tumors. PET visualizes the growth of the tumor over time in terms of
metabolic tumor volume (MTV), which parallels tumor volumes as assessed by
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ultrasound (US). In this experimental setup, maximal tracer uptake (expressed as
percent injected dose: %IDmax/ml) is mostly unaffected by tumor growth, while
average tracer uptake in the tumor (here expressed as %IDmean/ml) is decreasing
with increasing tumor size. The latter is related to an increase in necrosis within the
tumors, which is visible on the PET images. Hence, these data show that the mode
of data analysis should be wisely chosen.

Not only (anaerobic) glycolysis, but many metabolism pathways are deregulated
in cancers. Consequently, a range of tracers have been developed to visualize pro-
cesses such as amino acid transport (L-[methyl-11C]methionine (11C-MET) or
O-(2-[18F]fluoroethyl)-L-tyrosine (18F-FET)), fatty acid synthesis (11C-acetate),
membrane phospholipid synthesis (11C-choline), or proliferation (18F-FLT) [31, 54].

The vasculature is of crucial importance for delivery of nutrients and oxygen to
tissues. In the case of tumor development, as soon as the tumor reaches a size of a
few millimeters, there is a need for the development of new vasculature, which is
characterized by increased permeability, increased vessel diameter, and delayed
maturation [4]. As angiogenesis might be an attractive target for tumor therapy,
there is a need to non-invasively monitor the angiogenic state of a tumor. Key
regulators are avb3 integrins and the vascular endothelial growth factor (VEGF).
avb3 integrins are upregulated during angiogenesis. Small peptides containing an
arginine–glycine–aspartic acid (RDG) sequence are ligands of avb3 and might serve
as lead structures for avb3 targeting tracers, such as 18F-FRGD2 [61]. Also, radi-
olabeled VEGF has been successfully employed to monitor the vascularization in a
preclinical setup [7]. The perfusion itself can be assessed by tracers like H2

15O [3].
Vascularization has an impact on the oxygen level within tumors. Oxygen

consumption of tumors is generally high, whereas the oxygen supply might be low,
potentially resulting in hypoxic conditions within a tumor. Hypoxia is associated

Fig. 14.3 18F-FDG PET imaging to monitor tumor growth. Coronal planes of 18F-FDG PET
images of a nude mouse harboring four subcutaneous U87 glioblastomas are shown here at
different days (d) after tumor implantation. Tumor volumes as measured by ultrasound (US) are
increasing during the course of time, which is also reflected in the metabolic tumor volume
(MTV) assessed on the PET images. The amount of central necrosis visible on the PET images is
increasing during tumor growth, resulting in decreasing mean radiotracer uptake
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with tumor aggressiveness, risk of metastasis formation, or treatment resistance
[49]. Hence, imaging of hypoxia might be helpful for tumor characterization and
therapy decisions. 18F-labeled nitroimidazoles are reduced to reactive intermediary
species binding to intracellular proteins in hypoxic cells. 18F-FMISO
(18F-fluoromisonidazole) is the most widely used hypoxia imaging agent, which
accumulates in tissue when pO2 < 10 mm Hg [36].

Characterization of a tumor by means of PET can be helpful in patient stratifi-
cation. In a recently published study, Sun et al. designed a radiotracer (N-
(3-chloro-4-fluorophenyl)-7-(2-(2-(2-(2-18F-fluoroethoxy) ethoxy) ethoxy) ethoxy)-
6-methoxyquinazolin-4-amine, 18F-MPG) that targets a specific mutation in the
epidermal growth factor receptor (EGFR). Non-small cell lung cancer models with
varying mutations in this receptor showed comparable accumulation of 18F-FDG,
whereas uptake of 18F-MPG was in line with the specific EGFR mutation and with
response to treatment with the tyrosine kinase inhibitor gefitinib in lung cancer.
After this successful preclinical validation, the authors demonstrated that this tracer
facilitates clinical treatment decisions [48].

14.4 Evaluation of Therapy Response

PET has the potential to monitor therapeutic effects, ideally before morphological
changes in tumor volume are visible. This is because PET can directly visualize
processes within a cancer that ultimately can result in a rest in tumor growth or even
a morphological shrinkage of the tumor. These processes include tumor prolifera-
tion, cell death, and energy metabolism. Therapies might target cells outside a
cancer such as the vascularization or immune cells that can also be visualized by
PET. Hence, looking beyond the tumor might also provide information on thera-
peutic effects.

The most widely used PET tracer 18F-FDG has successfully been applied in a
range of preclinical studies monitoring therapy response [23]. Reduction in glucose
metabolism appears to be a good predictor for treatment response, also in the
clinical setting. However, uptake of this tracer is not tumor-specific, as it also
accumulates in inflammatory lesions. Tumor therapies can cause massive cell death,
which in turn initiates an inflammatory response similar to a wound-healing process
[40]. These recruited immune cells might result in a transient increase in 18F-FDG
uptake, masking a potential reduction of the glycolytic activity of the tumor [5, 18].
Hence, there is a need for more tumor-specific tracers to evaluate treatment
response.

Many tumor therapies have an anti-proliferative effect. Hence, visualization of
tumor proliferation is an approach that can be applied to a range of treatment
strategies. One of the key steps in tumor cell proliferation is the synthesis of novel
DNA strands. Consequently, radiolabeled DNA building blocks might be employed
for imaging proliferation. As thymidine is exclusive for DNA (and not RNA), it can
be employed for imaging of tumor proliferation. While 11C-thymidine has only a
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short half-life and is rapidly degraded in vivo, 3’-deoxy-3-18F-fluorothymidine
(18F-FLT) shows superior imaging qualities. It has been used in a range of pre-
clinical and clinical studies, demonstrating a reduction in tracer uptake after therapy
in line with treatment response and/or changes in immunohistochemical markers of
proliferation [44]. However, when therapeutic agents interfere with the thymidine
de novo pathway [28, 42] or compete with thymidine for cellular uptake [46],
changes in tracer uptake are uncoupled from changes in proliferation. This
demonstrates that a detailed understanding of the mechanism of tracer and drug
accumulation is indispensable for an understanding of treatment-induced changes in
PET images. Especially this detailed understanding can be gained with preclinical
analyses, as imaging findings can easily be corroborated by ex vivo analyses. This
is not only true for changes within the solid tumor. Proliferation might also be
affected in hematopoietic organs (bone marrow and spleen). Many therapies exert a
transient myelosuppressive effect. This effect, and subsequent recovery, is visible
on 18F-FLT PET scans, not only in the preclinical setting [45], but also in the
clinical scenario [29]. Hence, one should also pay attention to regions outside of the
tumor, as the whole-body imaging method PET can show a whole lot more than a
single lesion.

Tumor therapy often induces apoptosis, a form of cell death, which is accom-
panied by a range of morphological and biochemical alterations, such as phos-
phatidylserine (PS) externalization, caspase-3 activation, DNA degradation, and
cellular shrinkage. These targets harbor potential for molecular imaging. When
imaging caspase activation, the tracer has to be able to cross the cell membrane, due
to the intracellular localization of the target. Isatin-5-sulfonamide (18F-ICMT11) is
one example of a PET radiotracer targeting activated caspase-3 [34]. Alterations
occurring on the cell surface of cells undergoing apoptosis can be detected, e.g.,
with 2-(5-fluoro-pentyl)-2-methyl-malonic acid (18F-ML-10) [14] or with radiola-
beled annexin V [38, 57]. However, reports on treatment monitoring with cell death
tracers are limited, implying that this is a field that needs further improvement.

14.5 Therapy Development

What is the anatomical distribution of a specific therapeutic agent? Does it accu-
mulate within a primary tumor or metastases? Next to the therapy-induced impact
on the tumor biology, these are questions that can potentially be answered by PET
and they are of special interest in preclinical evaluations of novel treatment
approaches.

Drug delivery systems, like liposomes or nanoparticles, can be designed in a way
to contain a PET radioisotope [9]. Drugs might also be directly labeled with a
radionuclide. 11C-labeling of DNA-intercalating agents was helpful in preclinical
evaluation of the most promising candidates for future clinical applications [35].
Mathematical modeling of tissue distribution from dynamic PET scans can provide
further information on free concentrations or clearance from plasma to tissue [33].
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However, blood concentration (plasma input function) of the radiotracer has to be
known for accurate quantitative analysis, usually derived from arterial blood
sampling, which is challenging in rodents due to their limited blood volume.
Image-derived input functions can serve as an alternative.

When analyzing the distribution of a radiolabeled drug, one has to keep in mind
that the radiolabel might affect the drug in terms of activity, affinity, or pharma-
cokinetics. Moreover, the distribution within a body also depends on the concen-
tration of a specific agent. Hence, larger concentrations than tracer amounts are
necessary for reliable predictions.

Also, cells might be used for the therapy of cancers. For instance, stem cells can
be employed to deliver therapeutic agents [12, 60]. Non-invasive detection and
tracking of these applied cells can provide information on the accumulation of the
cells and therewith the therapeutic agent. For all cell tracking approaches, it is
crucial to verify that the labeling does not interfere with the mode of action of the
cells. For instance, proliferation or activation patterns can potentially be altered.
These issues have to be evaluated beforehand, which is usually done by in vitro
assays. Cell tracking also holds great promise for immunotherapies, which employ
the host immune system to detect and fight the cancer. This approach might make
use of cells that are infused into the subject (adoptive cell transfer). These cells can
be visualized by PET by different means [15, 59]. They can be labeled directly with
a radioactive agent, such as 64Cu-pyruvaldehyde-bis(N4-methylthiosemicarbazone)
(64Cu-PTSM) [1] or 89Zr-Oxine [43]. These approaches are relatively easy and
straightforward. However, they have the drawback that the cells can only be tracked
for a limited period of time, due to the limited radioactive half-life of the tracers.
But even when employing long-lived radioactive isotopes, the radioactivity can leak
out of the cells and will be diluted when cells are dividing.

Specific tracers can also aid in visualizing cells. These tracers might target cell
surface-specific molecules, e.g., 64Cu-radiolabeld anti-CD4 and anti-CD8
cys-diabodies targeting T cells [50] or radiolabelled interleukin-2 (IL-2) targeting
the corresponding IL-2 receptor (CD25) highly expressed on activated T cells [21].

The use of reporter genes is an alternative approach to visualize externally
transfused cells. For this purpose, the cells have to be genetically manipulated to
express the respective gene, which triggers the accumulation of radiotracers. This
gene might code either for an enzyme (such as herpes simplex virus thymidine
kinase (HSV-TK) accumulating 9-(4-18F-fluoro-3-hydroxymethylbutyl)guanine
(18F-FHBG)), a transporter (e.g., sodium iodide transporter, NIS, accumulating
18F-tetrafluoroborate (18F-BF4)), or a receptor (e.g., dopamine D2 receptor, accu-
mulating 3-(2’-18F-fluoroethyl)spiperone (18F-FESP)) [56].

Reporter gene approaches can also be applied in the context of gene therapies.
For this purpose, DNA encoding for a therapeutic gene is combined with a DNA
encoding for an imaging gene. Hence, cells expressing the gene of interest can be
visualized by imaging. By this means, it can be evaluated if the gene therapy vector
reaches its target specifically and the gene delivery protocol can be optimized in
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terms of route of application, timing, or dosing [52]. In a theranostic approach,
Jacobs et al. showed that HSV-TK expression as determined by 18F-FHBG PET
correlates with glioma response to ganciclovir therapy, a prodrug activated by
HSV-TK [22]. The imaging gene, as well as the therapeutic gene, can also be
controlled by regulatory elements, allowing visualization of specific inducible
processes [55].

14.6 Multimodal PET Imaging

One of the major drawbacks of PET is the fact that no morphological information is
provided by this method, making the localization of signals challenging. For this
reason, PET is often performed in combination with computer tomography (CT).
Upon that, (pre)clinical PET-MR scanners are on the rise. The morphological
information can aid in the definition of regions of interest (ROIs) used for quantifi-
cation and facilitate the exact measurement of organ sizes. CT and MR can not only
provide information on anatomy, but they can also aid in attenuation or motion
correction and also report on other molecular processes, such as cell death, as
described in detail in the respective chapters. This complementary information not
only stands for its own, but a direct overlay of these images provides useful infor-
mation on tumor biology. By performing simultaneous PET-MRI, the group of
Pichler demonstrated that areas of high 18F-FLT overlap with areas of fast contrast
agent enrichment in T1-weighted MR images, representing viable tumor regions as
identified by immunohistochemistry [24]. Moreover, coregistration of PET and MR
images acquired in the same imaging session allows for voxel-wise comparison of the
data obtained by these two modalities as demonstrated in Fig. 14.4. PET has recently
also been used in combination with ultrafast ultrasound, allowing the simultaneous
coregistration of tumor vasculature with metabolism during tumor growth [37].

Fig. 14.4 Coregistration of PET and MR images allows identification of relationships between
the different modalities on a voxel-wise basis. T2-weighted MR image (left panel) allows detection
of a subcutaneous Colo-205 tumor implanted subcutaneously on the right shoulder in a CD1 nude
mouse on an anatomical level. The apparent diffusion coefficient (ADC) determined by
diffusion-weighted MRI shows variability of water diffusion, as an indicator of cell death. In
this tumor, ADC negatively correlates with proliferation determined by 18F-FLT PET (Pearson
correlation coefficient = –0.50, P < 0.0001)
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14.7 Conclusion

As the incidence of oncological diseases is on the rise, due to the increasing age of
our population, there is a need for a mechanistic understanding of the processes
underlying tumor development and therapies. PET imaging is a valuable tool to
non-invasively and longitudinally monitor tumors and treatment-induced changes
on a functional level, facilitating personalized cancer therapies. Preclinical exper-
iments are helpful in defining novel imaging or therapy approaches, especially as
in vivo results can be corroborated by ex vivo analyses. There is still a need for
improved animal models, better reflecting the situation in patients. The future in
preclinical PET imaging will most likely be largely influenced by advances in
(automated) image analysis, comprising also the analysis of advanced features by
means of radiomics [26] and the mathematical modeling in a holistic approach
(systems biology).
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