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PET/MR is a new multimodal imaging technique that is expected to
improve diagnostic performance, especially in oncologic patients in
certain indications. Apart from the clinical relevance of PET with 8F-
FDG, various other tracers exist and are increasingly used, which
allow insights into multiple physiologic and biologic processes. In
this review, we discuss the current and potential future applications
of hybrid PET/MR, focusing on non-'8F-FDG tracers. The combina-
tion of PET and MR in hybrid whole-body PET/MR systems has the
potential to combine excellent morphologic, functional, and biologic
information in 1 imaging session with precise image coregistration,
thus paving the way for the concept of multimodal multiparametric
imaging for future more widespread clinical use.
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PET/MR is a promising new technique, as demonstrated by
several first proof-of-principle papers with 'F-FDG and non—'3F-
FDG tracers, showing good image quality and high correlation of
standardized uptake values, compared with PET/CT. However,
because '8F-FDG PET/CT with diagnostic CT is quite powerful
for most oncologic indications, the ultimate benefit of PET/MR
over PET/CT has yet to be demonstrated. For some indications in
which non—'8F-FDG tracers are used for routine diagnostics, this
benefit might be easier to define: for example, PET/MR with *3Ga-
labeled somatostatin analogs for neuroendocrine tumors (NETSs) or
PET/MR with choline-labeled isotopes for prostate cancer. For
both indications, the information MR can provide (e.g., soft-tissue
contrast, perfusion, and diffusion-weighted imaging) might be es-
pecially beneficial, compared with CT.

In this review, we cover the available first experiences with
oncologic PET/MR in clinical routine using non-'8F-FDG tracers
and then outline the potential value of non—!8F-FDG tracers for
which data on PET/MR are still rare (e.g., prostate-specific mem-
brane antigen ligands). Especially with these agents, multimodal
multiparametric imaging might offer additional value. In parts of
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this article, we also refer to our own experiences with PET/MR
that have not yet been published and thus should not be misinter-
preted as evidence-based knowledge but might be informative for
current and future users of PET/MR, because the technique still is
quite new and experience limited.

ENDOCRINE

NETs are a heterogeneous group of neoplasms originating from
the neural crest. The incidence of NETs has been increasing over the
past 30 y as documented by Yao et al. who analyzed the Surveillance,
Epidemiology and End Results database in the United States. Overall,
the incidence rate in the United States increased from 10.9 per
million to 52.4 per million from 1973 to 2004. From these com-
bined registry data, the incidence is now recognized as 38 per
million persons per year referenced to 2004 in the United States.
The main localization of NETs is in the gastroenteropancreatic
tract, followed by the lung and, rarely, the ovary and thymus (/,2).
NETs are often difficult to localize using conventional morpho-
logic imaging techniques, because they can occur throughout the
body and might still be relatively small, although the patient al-
ready presents with first symptoms. A feature common to almost
all NETs is the expression of somatostatin receptors, providing
a unique target for their diagnosis and treatment. Therefore, radio-
labeled somatostatin analogs have been used for the detection of
NETs with a high sensitivity and specificity for many years as
somatostatin receptor scintigraphy (SRS), often in combination
with conventional morphologic imaging methods such as CT. How-
ever, SRS has several limitations: the spatial resolution of scintig-
raphy including SPECT is limited, and moreover the examination
is relatively time-consuming, requiring imaging sessions on 2 con-
secutive days (3). A substantial progress was the introduction of
SPECT/CT, which facilitates anatomic colocalization of foci of
tracer uptake and differential diagnosis, for example, differentia-
tion from unspecific uptake in the intestine (4). However, even
SPECT/CT sufters from the inherent limitations of scintigraphic
techniques; thus, the introduction of somatostatin-based radio-
tracers for PET imaging was a major step forward (4). Several studies
have indicated that somatostatin receptor ligand (SRL) PET/CT
has a significantly higher performance than SRS and CT in the
detection and localization of the primary tumor and staging of
NETs (5-8). Despite the higher performance of PET than SRS,
the detection of small (<5 mm) liver lesions is still impaired
because of the substantial physiologic tracer uptake of the liver.
Although here dual-phase diagnostic CT can help, the detection
rate usually is still lower than that of state-of-the-art MR imaging
of the liver including dynamic contrast-enhanced imaging and
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diffusion-weighted imaging (DWI) (9,10). Thus, combining PET
and MR imaging should be of synergistic value in this setting. A
study comparing PET/CT and whole-body MR imaging showed
comparable overall lesion-based detection rates for metastatic in-
volvement in NETSs but significantly different organ-based detec-
tion rates, with superiority of PET/CT for lymph node and pul-
monary lesions and of whole-body MR imaging for liver and bone
metastases (/7). This result also suggests that PET/MR could be of
synergistic value, however, with the exception of small lung lesions.
In line with these expectations, first studies evaluating the feasibility
of %3Ga-DOTATOC PET/MR imaging in comparison with PET/CT
in patients with NETs showed promising results, although these
first studies focused more on methodologic aspects (12,13). In the
study of Gdértner et al. (12), the detectability and the standardized
uptake value of focal PET lesions in PET/MR was equivalent to
PET/CT on a patient basis and organ system basis. Artifacts in the
form of reduced activity adjacent to regions with high physiologic
activity, such as the urinary bladder, were observed predominantly
on the PET/MR acquisition, which is probably related to problems
with scatter correction in conjunction with attenuation maps gen-
erated from the Dixon sequence. These artifacts might have a neg-
ative impact in the detection of focal lesions in these areas; however,
these technical problems inherent to all novel techniques are cur-
rently being addressed by the vendors and various research groups.

Fully diagnostic PET/MR acquisition protocols for patients
with NETs have not been evaluated yet. Initial studies using ret-
rospective image fusion showed that gadoxetate-enhanced °3Ga-
DOTATOC PET/MR imaging and °8Ga-DOTATOC PET/DWI were
equally useful for the assessment of abdominal NETs whereas
another study demonstrated special advantages of °*Ga-DOTATOC
PET/MR imaging in patients with NET in the characterization of
abdominal or liver lesions due to DWI (/4,15). Nevertheless, the
additional value of DWI in the detection and characterization of
NETs is still under debate. Yet certain weaknesses inherent to MR
imaging of the chest remain, because MR imaging is limited by
low proton densities of the lung parenchyma and fast transverse
magnetization decay.

Stolzmann et al. detected fewer lung lesions using a 3-dimensional
(3D) Dixon-based, dual-echo gradient pulse sequence than low-dose
CT in a trimodality PET/CT-MR set-up; however, no statistically
significant differences were observed on a patient-based evalua-
tion (/6). In our own experience (/7), adding a diagnostic fat-
saturated contrast-enhanced gradient echo (GRE) sequence in in-
spiration significantly improved the detection rate of lung lesions,
compared with the use of the T1-weighted GRE Dixon for attenu-
ation correction. However, the detection rate of small lung lesions
is still inferior, compared with PET/CT with diagnostic CT of the
chest. Therefore, we recommend an additional chest CT in low
dose if lung metastases are clinically relevant and the patient does
not present with previous examinations. Our basic protocol for
SRL PET/MR is shown in Supplemental Table 1 (supplemental
materials are available at http://jnm.snmjournals.org).

In Figure 1, we show representative °®Ga-DOTATOC PET/CT
and PET/MR images in a patient with a biopsy-proven NET of the
pancreas and a liver metastasis, which can be identified easily with
the PET part of PET/MR and combined PET/MR with the intense
%8Ga-DOTATOC uptake (Figs. 1A and 1B). Although the liver me-
tastasis can already be diagnosed in the arterial phase of the CT (Fig.
1C), the precise dimension of the primary tumor in the pancreatic
head remains unclear. Only additional PET/MR depicted the exact
borders of the pancreatic tumor by lower contrast enhancement (Fig.
1D) and diffusion restriction (Fig. 1E). Thus, the tumor in the pan-
creatic head can be differentiated clearly from unspecific tracer up-
take in the uncinate process, which is a common pitfall in SRL PET.

In summary, SRL PET/MR is one of the promising clinical
applications, especially when radiation exposure from CT might
be an issue, for example, in younger patients or for repeated follow-
up examinations, although the data in the literature are still scarce.
We find SRL PET/MR in our clinical experience most useful when
metastatic spread is limited and when the liver and pancreas are
the focus of interest. However, in the beginning for primary
staging, a diagnostic CT of the chest is advisable additionally to
rule out small lung lesions. For follow-up in most instances, either
PET/MR with an axial fat-saturated GRE sequence in inspiration

should detect most clinically relevant lung

A

metastases or a low-dose CT in inspiration
without contrast can quickly be added to
PET/MR. This strategy, however, should
be evaluated in future prospective studies.
In contrast to PET/MR, in our experience
SRL PET/CT with diagnostic dual-phase
CT is more useful for indications in which
the focus is on mesenteric/peritoneal lesions
or when there is widespread metastatic
disease. Here, the potential advantages of
MR imaging such as a detailed analysis of
the liver are most likely not clinically
relevant anymore.

FIGURE 1.

26S

PROSTATE

Simultaneously acquired #8Ga-DOTATOC PET/CT and PET/MR images in 41-y-old
patient with biopsy-proven NET of pancreas (dotted arrow) and liver metastasis in lateral fifth
segment of liver (solid arrow) are shown. PET part of PET/MR (A), PET/MR (B), and PET/CT (F)
images show intense focal 88Ga-DOTATOC uptake in pancreatic head and location of liver me-
tastasis. In corresponding CT scan, liver metastasis can be clearly identified, with its peripheral
arterial contrast enhancement (C), whereas identification of primary tumor in pancreatic head is
difficult. In corresponding MR images, there is intense arterial hyperperfusion of liver metastasis
and pancreatic head in dynamic GRE sequence (D) and low apparent diffusion coefficient values
both in pancreatic head and in location of liver metastasis, indicating diffusion restriction (E).

Globally, prostate cancer is the cancer
with the highest prevalence in men, leading
to substantial morbidity and mortality (/8).
After definitive therapy with surgery or ra-
diation, up to 50% of the patients show a
biochemical recurrence (/9-21). Currently,
different guidelines name multiparametric
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MR imaging as the modality of choice for detection of primary
prostate cancer, especially in the setting of primary negative biop-
sies (22). In addition, depending on the availability of the different
tracers used for prostate cancer imaging and the local conventions,
PET/CT is used for restaging of recurrent disease and individually
also for staging of primary disease (23).

The development of PET/MR holds great promises to improve
the diagnostic accuracy of prostate cancer. MR imaging shows
excellent soft-tissue contrast and a high spatial resolution, can
clearly discriminate the peripheral from the central and transition
zone, and can provide functional information for DWI and dynamic
contrast-enhancement series. The PET part of PET/MR can provide
molecular information depending on the specific tracer used (e.g.,
18-fluordihydrotestosterone, !!'C-acetate, 'C-methionine, and ''C-
labeled or '8F-labeled choline derivatives). '8F-FDG PET has some
utility in castrate-resistant metastatic prostate cancer but not in the
staging of primary prostate cancer or in the detection of early re-
currence (24). Furthermore, the renal excretion of radiotracer and
accumulation in the urinary bladder can impair the visualization
in the pelvis. Several new tracers for targeting prostate-specific
membrane antigen (PSMA) are now available (e.g., °*Ga-PSMA)
for PET, offering the possibility of even more tumor-specific
imaging.

1C-choline is a radiopharmaceutical potentially useful for pros-
tate imaging because it is incorporated in the cell membranes as
phosphatidylcholine. In contrast to '8F-marked radiotracers, several
studies verified that the urinary activity of ''C-choline is negligible,
allowing a much better delineation of the prostate fossa. One major
disadvantage of ''C-labeled radiotracers is the comparatively short
half-life of only 20 min, limiting the use of this tracer to centers
having an on-site cyclotron.

Compared with '3F-FDG, !'C-choline shows a considerably
higher uptake in both primary prostate cancer and metastatic sites.
However, !C-choline PET/CT has shown limitations for the de-
tection of primary prostate cancer (25-27) because of the insuffi-
cient differentiation between benign changes such as prostatitis,
high-grade intraepithelial neoplasia, or prostatic hyperplasia. In
addition, especially small and rindlike tumors can often not be
visualized (25,28). Despite promising initial results, several recent
publications state a limited diagnostic accuracy, mainly because of
a low sensitivity of ''C-choline in detecting lymph node metasta-
ses in primary prostate cancer (29,30).

In the restaging of prostate cancer recurrence, !'C-choline PET/CT
is regarded as a valuable tool for the detection of local regional
disease as well as nodal and bone metastases. However, the de-
tection rate of !'C-choline PET/CT depends on the serum pros-
tate-specific antigen (PSA) value in patients with biochemical re-
currence of prostate cancer after primary therapy, with the detection
rate consistently improving from 36% for a PSA value of less than 1
ng/mL to 73% for a PSA value of 3 ng/mL or more (37). In clinical
practice, the value of ''C-choline is as PET radiotracer consists
mainly in patients with biochemical recurrence presenting with
a PSA level more than 1 ng/mL.

For PET/MR, a recent study by Souvatzoglou et al. (32) showed
that the performance of integrated whole-body ''C-choline PET/MR
was comparable to that of PET/CT in detecting lesions with increased
'C-choline uptake. Anatomic allocation of lesions was better with
simultaneous PET/MR than with PET/CT, especially in the pros-
tate and in the bone. From a technical point of view, the maximum
and mean lesional standardized uptake values showed highly sig-
nificant correlations between PET/CT and PET/MR (p = 0.87 and
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0.86; P < 0.001), going along with a nearly identical number of
detected lesions by visual analysis.

Promising results for the use of ''C-choline PET/MR for restaging
prostate cancer can be derived from a recent study stating that multi-
parametric MR is superior to 'C-choline PET/CT in the detection of
local recurrence (33). These findings agree with different reports in
the literature expressing an additional value for the application of
functional MR techniques in local recurrent disease.

Regarding lymph node metastases, preliminary results indicate
a similar detection rate between 'C-choline PET/MR and PET/CT
(34). In theory, PET/MR could profit from the use of DWI as
an additional tool for characterization of lymph nodes as indicated
in preliminary studies (35). However, the additional benefit to
1C-choline has yet to be evaluated, and recent publications do
not show an additional value of DWI to ''C-choline PET in the
detection of lymph node metastases in primary prostate cancer
(29,306).

Despite in principle high sensitivity of ''C-choline PET for bone
metastases, in some patients osteoblastic lesions with high density
can exhibit low radiolabeled choline uptake (37,38). A study com-
paring !'!'C-choline PET/CT and whole-body MR imaging con-
cerning bone metastases concluded that the combination of both
methods improved diagnostic accuracy (39).

For primary prostate cancer and its differentiation from benign
changes, it is difficult to predict whether combining multiparametric
MR imaging and ''C-choline PET may potentially overcome the
limitation of ''C-choline PET/CT. The potential advantages of
PET/MR are the added use of DWI, dynamic contrast-enhanced
MR imaging, and MR spectroscopy imaging whereas several stud-
ies show that the combination of conventional (T2-weighted [T2w])
with functional MR imaging techniques is more reliable for dif-
ferentiating benign and malignant prostate tissues than any other
diagnostic procedure (40,41). Here, one interesting clinical application
is the use of 'C-choline PET/MR for biopsy targeting, especially in
cases with prior negative biopsy and still high suggestion of prostate
cancer (42). In this setting, PET/MR is of special relevance, because
of the better localization of foci of choline uptake to different
regions of the prostate and a better differential diagnosis of addi-
tional suspected tumors and more likely unspecific tracer uptake.
In our experience, the added information of high-resolution 3D
T2w imaging, DWI, and dynamic contrast-enhanced MR imaging
is most useful.

The main indication for 'C-choline PET/MR in prostate cancer
will be the evaluation of patients with a rising PSA serum level
because the detection rate of ''C-choline PET/CT for the recur-
rence of prostate cancer is known to be limited in patients with
low PSA values and a long doubling time (3/,43). Moreover,
PET/MR is of special value, when we expect more likely a local
recurrence. Thus, in our practice, especially, patients presenting
with a slowly increasing PSA value after radical prostatectomy are
preferably scheduled for a PET/MR examination. Here, multipara-
metric MR of the pelvis (T2w, DWI, dynamic contrast-enhanced
sequences) included in our protocol can potentially add useful
diagnostic information. Because of the sometimes limited visual-
ization of lymph nodes in MR, PET/CT might be sufficient or even
superior when rather distant metastases/lymph node metastases are
expected. Supplemental Figure 1 shows representative !'C-choline
PET/CT and PET/MR images of a patient with recurrent prostate
cancer.

Recent studies have reported about a novel and highly promising
method involving PET imaging with radiolabeled PSMA ligands
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(44-46). PSMA is a cell surface protein with high expression
in prostate cancer cells. In a preliminary study, the biodistribution
of the novel %8Ga-PSMA tracer and its ability to detect prostate
cancer lesions was already analyzed using PET/CT. Lesions sug-
gestive of prostate cancer presented with excellent contrast as
early as 1 h after injection, with high detection rates even at low
PSA levels. A recently published study comparing PET imag-
ing with a %8Ga-labeled PSMA ligand and '8F-choline-based
PET/CT for the diagnosis of recurrent prostate cancer revealed
that °3Ga-PSMA PET/CT can detect lesions characteristic for
prostate cancer with improved contrast when compared with
standard '8F-fluoromethylcholine PET/CT, especially at low PSA
levels (47).

Since ''C-choline is known to be not very specific, also showing
uptake in benign prostate conditions such as hyperplasia, *®Ga-
labeled PSMA ligand might be superior to choline tracers as it
obtains a high and specific contrast. °®Ga-labeled PSMA ligands
are renally excreted and are highly accumulated in the bladder,
thus small local recurrences might be missed by PET/CT. In these
difficult cases, PET/MR offers the potential of additional function
information from multiparametric MR. A recent study comparing
PET/CT and PET/MR imaging hybrid systems using a %%Ga-la-
beled PSMA ligand for the diagnosis of recurrent prostate cancer
showed that prostate cancer was detected more easily and accu-
rately with °8Ga-PSMA PET/MR imaging than with PET/CT, also
clarifying unclear findings on PET/CT (48). However, in the PET
part of PET/MR imaging, artifacts from insufficient scatter cor-
rection can lead to reduced signal at the level of the kidneys and
around the urinary bladder, leading to reduced standardized uptake
values in some lesions. The administration of furosemide at the
time of tracer injection to enhance diuresis substantially reduces
these artifacts in our experience.

Our standard protocol for ®8Ga-PSMA PET/MR is identical to
the protocol presenting for ''C-choline PET/MR with the ex-
ception of a longer (+1 min) emission time for PET as seen in
Supplemental Table 1. In our experience, a longer PET exam is
needed for PSMA because of the relatively low radioactivity of the
injected tracer. Similar to ''C-choline, we prefer scheduling
patients with a high likelihood of local recurrence especially with
low PSA values (<1 ng/mL) on PET/MR, compared with PET/CT.
In addition, examinations requesting for primary staging and
biopsy targeting are preferably performed on PET/MR whereas
for accurate local staging an isotropic (0.6 mm) 3D T2w se-
quence of the prostate is performed, providing excellent anatomic
delineation.

In Figure 2, °¥Ga-PSMA PET/MR images of a 63-y-old patient
at a PSA level of 6.35 ng/mL are shown. PET of PET/MR shows
an intense focal °3Ga-PSMA uptake in the right seminal vesicle,
with corresponding T2 hypointensity in the MR image (Fig. 2).

BONE METASTASES

The skeletal system is one of the most common locations for
metastasis from primary tumors such as breast, lung, thyroid gland,
and prostate cancer. Therefore, it is highly important to accurately
assess manifestations of malignant diseases within the bone marrow.
Compared with other imaging modalities such as radiography, CT,
or bone scintigraphy, MR imaging is the most sensitive technique
for the detection of pathologies restricted to the bone marrow by
demonstrating signal alterations due to changes in its fat, water,
and hematopoietic cell components even if trabecular bone is not
destroyed (49,50). Additionally, MR imaging allows visualization
of tumor infiltration, for example, into the spinal canal or paraverte-
bral soft tissues. Thus, potential advantages of PET/MR, compared
with PET/CT, are expected in this respect.

From a metabolic point of view, the positron emitter '8F-fluoride
has a long history as a tracer for bone imaging. '8F-fluoride is a
tracer that mainly depicts blood flow and osteoblastic activity. After
intravenous administration, '8F-fluoride is distributed through the
bone capillaries and becomes bound by chemisorption at the sur-
face of bone crystals where they form the mineral fluoroapatite
within the bone, especially at sites of bone remodelling (e.g., in-
duced by osteoblastic activity in bone metastases). 8F-fluoride allows
imaging shortly (~30 min) after intravenous administration, in
contrast to the significantly longer uptake times of *°™Tc-labeled
bisphosphonates (57,52). After its introduction by Blau et al. in
1962, 18F-fluoride became the standard agent for bone scanning
until the development of *™Tc-labeled bisphosphonates in the 1970s
(53,54). '8F-fluoride reemerged with the introduction of PET and
PET/CT, which allows assessment of bone diseases with a higher
spatial resolution than planar imaging or SPECT. Because of the
broad availability, the simple synthesis of !'3F-fluoride, and the
relative shortage of **™Tc¢, PET imaging of bone metastases with
I8F-fluoride might gain more importance in the future.

18F-fluoride PET shows an elevated sensitivity for both osteo-
blastic and lytic lesions (57,55), compared with bone scintigraphy
(56-58). Although the '8F-fluoride uptake mechanism corresponds
to osteoblastic activity, it is also highly sensitive for the detection
of lytic and early marrow-based metastases. The reactive osteo-
blastic activity, which accompanies lytic lesions and malignant
marrow deposits, is reflected by increased uptake of '8F-fluoride
in the periphery of the lesions, even when

B C
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minimal (56,59).

However, several studies have analyzed
I18F_fluoride uptake in patients with malig-
nant and benign diseases and showed that
it is not possible to differentiate benign
from malignant lesions based on the inten-
sity of '8F-fluoride uptake (60). Lesions
detected on !8F-fluoride PET, therefore, of-
ten require correlation with morphologic

FIGURE 2. Axial %8Ga-PSMA PET/MR images of 63-y-old patient with recurrent prostate cancer
with hypointense signal alterations in T2w images (A, arrow) and intense focal ®8Ga-PSMA uptake
in right seminal vesicle of PET part of PET/MR (B, arrow) and in fused PET with T2w images

(C arrow).
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CT or MR imaging. Thus, studies revealed
a statistically significant improvement in the
specificity of 8F-fluoride PET/CT, com-
pared with 18F-fluoride PET alone (55,58).
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ride PET/MR scan clearly demonstrates
a high focal uptake of !'3F-flouride nearly
in the whole vertebra (Figs. 3D and 3E). In
addition, the subtotal bone marrow infiltra-
tion in the unenhanced T1-weighted se-
quence can be regarded as diagnostic for
a bone marrow metastasis (Fig. 3C). T2w
STIR shows bone marrow edema in the cor-
responding region, thus serving as a screen-
ing tool in most cases for bone metastases
(Fig. 3B). However, the lesion-to-back-
ground contrast is much higher in PET.

FIGURE 3. CT and '8F-fluoride PET/MR images of 64-y-old patient with prostate cancer and
bone metastases with coronal CT images (A, arrow), coronal T2 short T inversion recovery (B,
arrow), and T1 TSE (C, arrow). PET of PET/MR shows intense focal '8F-fluoride uptake (D, arrow)
whereas fused '8F-fluoride PET image with simultaneously acquired T1 TSE image (E) demon-

strates concordance of metabolic and anatomic imaging.

Thus, combined PET/MR imaging can offer an important tool
for the early detection of bone metastasis, combining the superb
imaging lesion-to-background ratio of '8F-fluoride PET and the
high accuracy of unenhanced T1-weighted images in demonstrating
the bone marrow infiltration of metastatic disease. Hereby, because of
the excellent soft-tissue contrast and high resolution of MR imag-
ing in comparison to PET/CT the precise dimension of bone mar-
row infiltration could be better described before osseous destruc-
tion becomes apparent in CT. In a recent study, the performance
of 18F-FDG PET/MR in malignant bone lesions, compared with
PET/CT, was stated as technically and clinically robust despite dif-
ferences in attenuation correction (67). In this study, PET/MR,
including diagnostic T1-weighted turbo spin echo (TSE) sequences,
was superior to PET/CT for anatomic delineation and allocation of
bone lesions. However, thus far no study has been published eval-
uating the performance of '8F-fluoride PET/MR in benign or ma-
lignant disorders. Nevertheless, attenuation correction in PET/MR
is still an unsolved problem. CT data simulating treating bone as
soft tissue, as it is currently done in MR maps for PET attenuation
correction, leads to a substantial underestimation of tracer uptake
in bone lesions and depends on lesion composition, the largest
error being seen in sclerotic lesions. Therefore, depiction of corti-
cal bone and other calcified areas in MR attenuation maps is
necessary for accurate quantification of tracer uptake values in
PET/MR imaging (62).

A potential additional advantage of '®F-fluoride consists in the
evaluation of therapy response such as chemotherapy or radiation
therapy in bone metastases. When solely MR imaging is used, it
has to be considered that necrotic bone metastases may remain
virtually unchanged in morphology or signal characteristics (63).
Additionally, reduction in tumor size may be delayed and is there-
fore not a sensitive tool for therapy response. Though combined
whole-body PET/MR may overcome this limitation because of the
additional metabolic information of '8F-fluoride. Hereby, MR im-
aging can also add valuable information in cases when initially
I8F_fluoride uptake might be increased after the start of therapy
(e.g., flare phenomenon) (64).

In Figure 3, representative CT and '8F-fluoride PET/MR images of
a 64-y-old patient with a bone metastasis of a prostate cancer are
shown. The initial obtained CT scan shows only a rather slight hyper-
sclerosis in the body of the first lumbal vertebrae (Fig. 3A), which
could have been easily missed. The additional obtained 'F-fluo-
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For detection of bone metastases using
18F-fluoride PET/MR, we prefer the use of
coronal unenhanced T1 TSE and coronal
turbo short T inversion recovery T2 sequen-
ces covering the whole body from the head
to toes. This protocol is adapted from
whole-body MR protocols for bone screening, which have proved
to be highly sensitive in discriminating benign from malignant
marrow disorders (65). Although several studies state that DWI
can offer incremental value in the detection of bone metastases
(66,67), we do not use this sequence for routine oncologic PET/
MR examinations because image acquisition with regard to whole-
body coverage is time-consuming and the additional information
provided by the PET part of PET/MR imaging is sufficient.

CONCLUSION

This article provides an overview of non-'8F-FDG PET tracers
already evaluated in a PET/MR setting and their potential applica-
tion in clinical routine. PET/MR is a promising new imaging tool,
especially for the diagnostic work-up in patients with cancer, de-
livering a sensitive whole-body survey, combining molecular, func-
tional, and anatomic data in only 1 examination. Especially be-
cause the list of radiotracers is continuously increasing, PET/MR
has great potential in a more comprehensive, more accurate, and
earlier diagnosis of various tumors. As discussed in this article,
oncologic PET/MR using non—'8F-FDG tracers is potentially most
valuable for NETs primarily involving the liver or pancreas and
for recurrent prostate cancer. However, it has to be stressed that
this statement reflects our personal opinion based on our own
clinical experience. Because currently only first preliminary data
based on small sample sizes are available, further prospective
studies have to evaluate the most appropriate clinical applications.
Hereby, the potential diagnostic benefit, compared with existing
diagnostic techniques, technical feasibility, practicality, and cost,
have to be considered.
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