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Chapter 4
Imaging of Renal Tumors

Steven P. Rowe, Yafu Yin, and Michael A. Gorin

Introduction

The incidence of clinically localized renal tumors has gradually increased in recent
decades, paralleling the growing use of cross-sectional imaging across the field of
medicine [1, 2]. The most common primary tumor of the kidney is renal cell carci-
noma (RCC), representing up to 90% of all renal masses [3]. The International
Society of Urologic Pathology now recognizes a number of histologic subtypes of
RCC, each with their own molecular underpinnings and metastatic potential [4].
The most common of these are the clear cell (~75%), papillary (~15%), and chro-
mophobe (~5%) RCC subtypes. In general, clear cell RCC and type II papillary
RCC are categorized as aggressive, whereas type I papillary RCC and chromophobe
RCC are thought to behave in a more indolent manner. Less common RCC subtypes
include clear cell papillary RCC, translocation-associated RCC, medullary RCC,
and collecting duct RCC. Benign renal tumor histologies include oncocytomas,
angiomyolipomas (AMLs), and mixed epithelial stromal tumors (MESTs).
Anatomical imaging with X-ray computed tomography (CT), magnetic reso-
nance imaging (MRI), and ultrasound (US) plays an important role in the detection
and characterization of renal masses. However, these conventional imaging
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techniques are often unable to provide specific information regarding the histology
of a renal mass. This information is of clinical importance, as a significant portion
of renal tumors will be a benign or indolent histology not requiring surgical inter-
vention [5]. To aid in minimizing the overtreatment of clinically insignificant renal
tumors, investigational techniques such as molecular imaging are being evaluated
for their ability to noninvasively determine the histology of renal tumors [6, 7]. In
this chapter, we review the role of anatomical and molecular imaging in the evalua-
tion of renal masses.

Imaging of Renal Tumors
X-Ray Computed Tomography

The most commonly used modality for renal mass characterization is multiphase
CT. CT is widely available and provides for high intrinsic spatial resolution. Initial
evaluation of a renal mass with CT should be carried out in four phases with a non-
contrast acquisition followed by post-contrast imaging in the arterial, venous, and
delayed phases. This study is commonly referred to as a renal protocol CT. Of note,
at least one of the post-contrast CT acquisitions can be extended beyond the kidney
to cover the entire chest, abdomen, and pelvis in order to evaluate for the presence
of metastatic disease.

When performing a renal protocol CT, a non-contrast phase is acquired just prior
to contrast administration. This allows for differentiation between hyperdense renal
cysts and true enhancing masses by providing a baseline attenuation that can be
compared to subsequent contrast phases. More specifically, a cyst will remain the
same density throughout all phases of the study (+10 Hounsfield units), whereas a
solid mass will show increased attenuation following intravenous contrast adminis-
tration. Next, arterial or corticomedullary phase images are acquired 25-30 s fol-
lowing the administration of intravenous contrast. Many common renal tumors,
most notably clear cell RCC and oncocytomas, are highly conspicuous at this imag-
ing time point owing to brisk arterial enhancement (Fig. 4.1) [8]. It should be noted,
however, that the high level of enhancement of the cortex can obscure small and
peripherally located masses.

A venous or nephrographic phase is next acquired. This is performed at approxi-
mately 80-90 s after contrast administration. This phase has particular utility in the
identification of small renal masses and can aid in identifying tumor invasion of the
ipsilateral main renal vein and/or inferior vena cava (Fig. 4.2) [9]. Finally, a delayed
or urographic phase is performed 5-8 min following contrast administration in
order to evaluate the renal collecting system, which can be useful for detecting co-
existing pathologies such as transitional cell carcinoma.

Renal protocol CT can also provide other potentially important information
regarding a renal mass. For example, any of the CT phases can be utilized to examine
for the presence of extension of tumor beyond the kidney capsule, albeit with lim-
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Fig. 4.1 CT images of a clinically localized clear cell RCC. (a) Axial and (b) coronal, arterial
phase images. Note the brisk arterial enhancement in this tumor (red arrowheads) particularly
along the inferomedial aspects of the lesion. This enhancement pattern is typical for clear cell RCC

Fig. 4.2 CT images of a clear cell RCC with venous invasion. (a) Axial, venous phase image
shows a large heterogeneously enhancing left-sided renal mass (red arrowhead). (b) In a more
superior axial, venous phase CT image, the left renal vein and inferior vena cava are enlarged with
internal heterogeneous enhancement (red arrows), compatible with venous invasion of the tumor.
Following imaging the mass was surgically resected and was found to be clear cell RCC

ited sensitivity [10]. Additionally, this study can be useful for determining the his-
tology of selected renal masses. Perhaps the best example of this is for AMLs, as the
vast majority of these lesions contain macroscopic fat that is visualized as areas of
negative Hounsfield units on CT (Fig. 4.3). Aside from AMLs, the ability of CT to
characterize the histology of a given renal mass is limited, although some general
trends are worth noting. For example, papillary RCC generally demonstrates a low
and relatively homogeneous level of enhancement in comparison to clear cell RCC
and oncocytomas, with chromophobe RCC most often having an intermediate
enhancement level [8].

Cystic renal lesions are well-characterized by CT and are deserving of
detailed discussion. The Bosniak classification of renal cysts has been in com-
mon use since its introduction in 1986 [11]. With this classification system,
cystic lesions are divided into five categories (I, II, IIF, III, and IV) with an
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Fig. 4.3 CT and MRI images of a renal AML. (a) Axial, non-contrast CT image of a patient with
a left-sided renal mass containing macroscopic fat (red arrowhead). Note that the attenuation of the
fat in the mass is identical to the perinephric fat surrounding the kidney. (b) Axial, T1, fat-
saturation, post-contrast MR image in the same patient delineates the borders of this relatively
hypoenhancing tumor and also demonstrates the presence of macroscopic fat. Just as on CT, the
crescentic area of fat within the AML appears identical to the perinephric fat. (¢) Axial, in-phase
and (d) axial, out-of-phase MR images show the area of macroscopic fat in the AML as bright/high
signal on the in-phase image (c), whereas the periphery of the macroscopic fat becomes dark/low
signal on the out-of-phase image. This finding is known as the India ink artifact

increasing risk of underlying malignancy in the higher numerical categories.
Bosniak I lesions are simple epithelial cysts which are a common incidental
finding on CT. These lesions are not true tumors of the kidney, as they lack any
solid component and are universally benign. Bosniak I cysts are simple fluid
attenuation on CT (generally taken to be <20 Hounsfield units) and do not have
any visible septa or calcifications. The Bosniak II classification includes benign
cystic lesions that are not pure simple epithelial cysts. These lesions can contain
a few thin septations (without visible or measurable enhancement), minimal
associated calcifications, or measure greater than simple fluid attenuation [12].
Both Bosniak I and II cysts should be well-circumscribed with easily definable
boundaries with the adjacent normal renal parenchyma. Lesions in either of
these categories do not require any specific follow-up or intervention except for
in symptomatic individuals.
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Bosniak IIF cysts are often the most difficult to accurately categorize as many
different features can place a cystic lesion in this category (Fig. 4.4). Characteristics
of Bosniak IIF lesions include the presence of several thin septa, apparent visual but
not measurable enhancement of a cyst wall or septum, non-enhancing smooth or
nodular thickening of a wall or septum, and more-than-minimal associated calcifi-
cations. The risk of malignancy with these lesions is thought to be on the order of
5%; thus follow-up but not immediate treatment is required [13].

Bosniak III (Fig. 4.5) and IV (Fig. 4.6) cystic lesions harbor a high likelihood of
malignancy and should be managed with surgical resection. Bosniak III cysts dem-
onstrate measurably enhancing walls or septa, which can be smooth or irregular, and
approximately 50% of these lesions are malignant [14]. Bosniak IV lesions contain

Fig. 4.4 CT images of a Bosniak IIF renal cyst. (a) Axial, venous phase image of a minimally
complex right-sided renal cystic lesion. A thin septation (red arrowhead) is apparent within the
cystic lesion. (b) On a more superior axial, venous phase image, a smooth thickening of the septa-
tion is apparent with visual enhancement, although the septation is too thin to reliably measure this
enhancement (red arrowhead)

Fig. 4.5 MRI images of a multi-lobulated Bosniak III cyst. (a) Axial, T1, fat-saturation, non-
contrast image and (b) axial, T1, fat-saturation, post-contrast MR image. Note the thick, avidly
enhancing septum in the lesion (red arrowheads)
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Fig. 4.6 CT images of a Bosniak IV renal cyst. (a) Axial, non-contrast image of a predominantly
low-density right renal lesion that does visually appear to be a simple cyst (red arrowhead). (b)
Axial, venous phase CT demonstrates that much of the lesion does not enhance; however a nodu-
lar, enhancing component is present within the wall of this cystic lesion (red arrowhead)

definitive, enhancing solid components and are true renal tumors. These lesions are
most often cystic RCCs and should be treated as malignant, although some other
rare renal neoplasms may present as Bosniak IV cysts [15].

Magnetic Resonance Imaging

MRI of renal tumors parallels the evaluation that takes place with CT, with some
important differences imposed by the longer scan acquisition time and other techni-
cal parameters. The American College of Radiology considers multiphase CT to be
the best method by which to evaluate an indeterminate renal mass, although multi-
phase MRI is also considered appropriate [16]. MRI offers advantages in soft tissue
characterization and functional imaging. Additionally, MRI lacks ionizing radia-
tion, which may be an important consideration in younger patients with renal malig-
nancies requiring multiple examinations for surveillance. Renal protocol MRI
provides much of the same information as CT such as anatomic delineation of a
renal tumor and its enhancement characteristics. Generally, renal protocol MRI
should be carried out on a closed MRI operating at 1.5 T or 3.0 T field strength.
Typically, the pulse sequences included in a renal protocol MRI include T1-weighted
pre-contrast images (with both in-phase and opposed-phase acquisitions allowing
for identification of fat and water within a single voxel), T2-weighted images, and
post-contrast T1 imaging in multiple phases as is performed for CT [17]. The renal
collecting system is best evaluated on delayed-phase post-contrast imaging with fat
saturation. Modern renal protocol MRI often also includes diffusion-weighted
imaging (DWI), which measures restriction in the motion of water and is often
regarded as a surrogate for cellularity. DWI is interpreted in conjunction with an
apparent diffusion coefficient (ADC) map that confirms that high signal on DWI is
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true diffusion restriction and is not a manifestation of high T2 signal in the tumor.
True diffusion restriction will demonstrate low signal on an ADC map, whereas a
falsely high DWI signal as the result of associated high T2 signal will also have high
signal on an ADC map.

The determination of renal mass histology is somewhat limited with MRI, although
there are some advantages relative to CT. As with CT, the most definitive diagnosis
can often be made with AMLs, again through the identification of macroscopic fat
within the tumor which will have high signal intensity on both T1- and T2-weighted
images with signal drop-out with chemical shift fat saturation and India ink artifact at
fat-soft tissue interfaces with opposed-phase imaging (Fig. 4.3). Interestingly, the
presence of intracellular or microscopic fat can cause a more generalized loss of sig-
nal on opposed-phase imaging than what is seen with the India ink artifact, and this
non-specific finding can be present with either clear cell RCC or AMLs [18].

As with CT, the general rule applies with contrast-enhanced MRI that clear cell
RCC and oncocytomas are the most hyperenhancing renal masses, with papillary
RCC being overall hypoenhancing and chromophobe RCC demonstrating interme-
diate levels of enhancement. However, the improved soft tissue characterization of
MRI relative to CT and the inclusion of the functional information available from
DWI may allow for relative confidence in the differentiation of some tumor types
[19]. For example, although both clear cell RCC and AMLs can demonstrate signal
drop on opposed-phase imaging, this finding in a solid renal mass that is homoge-
neous and demonstrates low signal on T2-weighted imaging is diagnostic of an
AML [20]. DWI has shown promise in differentiating aggressive from benign
tumors, with significantly lower ADC values present in RCCs in comparison to
oncocytomas [21]. Among RCC subtypes, papillary RCC often demonstrates very
low ADC values compatible with restricted diffusion, although other subtypes with
high nucleolar grades can also be low signal on ADC maps [22].

Cystic renal lesions on MRI are also well-characterized, and the previously
described Bosniak categories can still be used [23]. Most cystic renal lesions will
have the same Bosniak classification whether imaged with CT or MRI, although
MRI does appear to have a higher sensitivity for septa, wall and septal thickening,
and subtle enhancement of the wall and septa. As such, some cystic lesions will
have higher Bosniak classifications on MRI, which can affect the preferred manage-
ment strategy [23]. A pure, benign, Bosniak I epithelial cyst should appear on MRI
as a very T2 bright and T1 dark lesion without any evidence of contrast enhance-
ment, following the signal characteristics of simple fluid. Calcifications in Bosniak
II-IV cysts will show up as areas of low T1 and T2 signal. Any enhancing features
in Bosniak II-IV cysts are evaluated on pre- and post-contrast T1 images and will
show increased signal on the post-contrast acquisition (Fig. 4.5).

Imaging of the chest is often difficult to perform with MRI due to respiratory and
cardiac motion. Although many pulse sequences can now acquire slices during sin-
gle breath-holds, slice selection can limit evaluation for subtle findings such as
small pulmonary nodules. As a result, staging of RCC is often performed with a
renal protocol MRI of the abdomen and pelvis along with dedicated chest imaging
(preferably CT).
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Ultrasound

US evaluation of renal masses is somewhat limited in comparison to CT and MRI,
although the emergence of US-compatible intravenous contrast agents may result in
evolving practice patterns in coming years. US lacks ionizing radiation and nephro-
toxic contrast; however, US can be limited by poor visualization of the kidneys in
patients that have a large body habitus. Additionally, this imaging modality is highly
operator dependent, a limitation that is not present with CT and MRI. Furthermore,
the sensitivity of US for renal masses is lower than other cross-sectional modalities
[24]. However, the lack of ionizing radiation of US makes it particularly well suited
to following known renal masses for growth. For example, US is used heavily for
follow-up in the Delayed Intervention and Surveillance for Small Renal Masses
(DISSRM) Registry that aims to decrease overtreatment of small renal masses [25].

As with CT and MRI, the underlying histology of a solid renal mass is often
unable to be characterized on US. Solid renal masses can demonstrate a variety of
echoic properties, with RCCs potentially being hypoechoic, isoechoic, or hyper-
echoic relative to the background renal parenchyma. Classically, the macroscopic
fat in AMLs causes them to be hyperechoic, but this finding can be subtle and is not
nearly as definitive as the identification of fat on CT or MRI.

US has excellent discriminatory ability for solid versus cystic masses, particu-
larly when a relatively hypodense lesion is identified on CT that is not a definitive
hyperdense cyst [26]. Additionally, US has a high sensitivity for septa, debris within
cystic lesions, and calcifications. Other than definitive Bosniak I simple epithelial
cysts, which appear completely anechoic on US and demonstrate increased through-
transmission, other cystic lesions must be graded with renal protocol CT or MRI.

An exciting development in the field of US imaging has been the introduction of
intravenous contrast agents. Although the use of US contrast for renal mass imaging
is off-label in the United States, early data suggest that contrast agents provide use-
ful information in the characterization of renal tumors [27, 28]. The imaging mecha-
nism of intravenous microbubbles involves the reflection of sonographic signal off
of many echogenic surfaces, thus increasing the signal of vascularized tissues.
Contrast-enhanced US has shown promise in the characterization of cystic renal
lesions [27] and may have improved sensitivity for subtle blood flow within solid
renal tumors in comparison to CT [28]. The ultimate utility of contrast-enhanced
US in renal tumor imaging does, however, require further exploration.

Molecular Imaging of Renal Tumors

General Background

Although the anatomic information available from conventional imaging is invalu-
able in the work-up of patients with renal tumors, in most circumstances a histo-
logic characterization of an enhancing renal mass is not readily feasible with these
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modalities, as has been noted above. In particular, distinguishing hyperenhancing
clear cell RCC from similarly hyperenhancing oncocytomas is particularly difficult.
This is distinctly problematic given that these represent the most common malig-
nant and benign renal mass types, respectively. Investigational work has been done
to derive additional information from available conventional imaging data, with par-
ticularly promising recent work demonstrating that CT texture analysis can some-
what successfully differentiate among different renal tumor histologies, including
clear cell RCC and oncocytomas [29]. These methods, however, remain investiga-
tional, and larger volumes of data with advanced machine learning/artificial intelli-
gence algorithms are needed in order to utilize standard CT, MRI, and US datasets
to adequately classify renal tumors.

The limitations of characterizing renal tumors with CT, MRI, and US have con-
tributed to an interest in developing molecular imaging approaches to better distin-
guish benign and indolent renal masses from those that are likely to behave in an
aggressive manner. The Society of Nuclear Medicine and Molecular Imaging
broadly defines the field of molecular imaging as “a type of medical imaging that
provides detailed pictures of what is happening inside the body at the molecular and
cellular level [30].” Thus, molecular imaging is able to provide functional informa-
tion about a tumor’s underlying biology that is not available from anatomical cross-
sectional imaging.

The two most common modalities employed in molecular imaging are positron
emission tomography (PET) and single-photon emission computed tomography
(SPECT). Fundamentally, PET makes use of positron-emitting radionuclides
(including 8F, ''C, %8Ga, '*], and 3°Zr) that are covalently or non-covalently bonded
or conjugated to molecules that allow for localization of the radionuclide to a cel-
lular or molecular process of interest. The decay of such radionuclides produces a
positron that interacts with surrounding matter, comes to rest, and then annihilates
with a nearby electron. This annihilation process produces two 511-keV photons
that are given off in opposite directions and are detected at nearly exactly the same
time at opposite points around a ring of detectors that surrounds the patient. This
process is often referred to as “coincidence detection.” The sophisticated electronics
of the PET scanner are able to localize these coincidence detection events and
record a line of response connecting the two detectors triggered coincidentally.
Because the original positron decay event must have occurred along that line or
response, the coincidence detection encodes spatial information on where the
positron-emitting decay event occurred. Through the collection of many such
coincidence events, the system is able to reconstruct images that reflect the distribu-
tion of the radiotracer within the patient’s body.

SPECT makes use of a fundamentally different process than PET. SPECT relies
on single-photon-emitting radionuclides (including *™Tc, "'In, and '»I), and the
coincidence detection that underlies PET is not possible with these radioisotopes.
Single-photon emission is an omnidirectional process, with emission of the photons
from the radiotracer occurring in such a way that any direction of photon emission
is equally likely as any other direction. As such, the imaging process places a col-
limator between the patient and the detector. A collimator allows only those photons
that travel through its holes, which are positioned perpendicular to the patient, to
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reach the detector thereby excluding photons that arrive at an angle to the collimator
holes, thus imparting spatial information to the created image. A SPECT detector
and its associated collimator are slowly rotated around the patient in either a step-
wise or continuous manner so that complete volumetric data can be acquired.

The data acquired from these imaging methods are usually reconstructed in a
tomographic manner and then combined with anatomic information from CT or less
commonly MRI. As such, most modern molecular imaging is actually a combina-
tion of molecular and anatomic information.

Radiotracers and Their Targets

The most commonly used molecular imaging agent is the PET radiotracer and glu-
cose analog 2-deoxy-2-['¥F]fluoro-D-glucose (‘*F-FDG). ¥F-FDG is a profoundly
important radiotracer that has revolutionized the imaging of many malignancies.
This imaging agent, however, has not shown an ability to reliably identify or char-
acterize renal tumors [31]. As such, other radiotracers have been investigated for
these purposes.

The best studied target for renal mass molecular imaging is carbonic anhydrase
IX (CAIX), a cell surface enzyme with a role in maintaining extracellular pH [32].
While in many nonrenal malignancies, CAIX expression is inducible and related to
the low oxygen tension of hypoxia, the vast majority of clear cell RCCs constitu-
tively overexpress CAIX as a result of loss of the von Hippel-Lindau tumor suppres-
sor gene [33, 34]. Further enhancing the appeal of CAIX as a target is that it is not
found to any measurable extent in normal renal parenchyma or on renal masses
other than the clear cell subtype [35-37]. An '*!I-labeled monoclonal antibody
against CAIX ('*I-girentuximab) has proven particularly promising. A pilot study
of 26 patients with renal tumors who underwent '**I-girentuximab PET/CT imaging
prior to surgical resection found a sensitivity of 94% for the detection of clear cell
RCC with no false-positive results [38]. A larger multicenter trial with 195 patients
was also promising with a reported sensitivity of 86.2% and specificity of 85.9% for
the identification of clear cell RCC [39]. Overall, **I-girentuximab PET/CT was
found to be significantly more sensitive and specific than conventional imaging with
contrast-enhanced CT. Given these promising results, other CAIX-targeting agents,
including small molecule radiotracers, are also being investigated [40, 41].

C-acetate, a radiolabeled cholesterol and fatty acid precursor, has also been
studied in the context of characterizing otherwise indeterminate renal masses.
Imaging with this radiotracer has demonstrated an overall higher sensitivity for
detecting RCCs in comparison to '®F-FDG. Additionally, this radiotracer may have
a role in the identification of fat-poor AMLs, which have been shown to take up
significant amounts of !'C-acetate [42].

Recently, there has been an interest in applying the widely available and inexpen-
sive single-photon-emitting radiotracer *™Tc-sestamibi for the characterization of
anatomically indeterminate renal tumors (Fig. 4.7). *"Tc-sestamibi is a lipophilic
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Fig. 4.7 Characterization of renal tumor histology using *"Tc-sestamibi SPECT/CT. (a) Axial,
late arterial phase CT image from a patient with an indeterminate right renal mass (red arrowhead).
(b) Axial *™Tc-sestamibi SPECT and (¢) SPECT/CT images from the same patient show intense
radiotracer uptake (red arrowheads), most compatible with a benign or indolent histology. This
tumor was biopsied and found to be an oncocytic renal neoplasm. The patient is currently on active
surveillance. (d) Axial, arterial phase CT from another patient with an indeterminate right renal
mass (red arrowhead). (e) Axial *"Tc-sestamibi SPECT and (f) SPECT/CT images from the same
patient demonstrate a lack of radiotracer uptake in the mass (red arrowheads), most compatible
with an aggressive histology. This mass was resected and found to be a clear cell RCC

cation that has an intrinsic affinity for the high negative charge potential associated
with mitochondrial membranes. Current common uses of *™Tc-sestamibi include
myocardial perfusion imaging and localization of parathyroid adenomas.
Interestingly, as early as 1996, Gormley and coworkers had the insight that
mitochondria-rich oncocytomas might demonstrate differential uptake of *™Tc-
sestamibi in comparison to other renal tumors [43]. Indeed, in a proof-of-principle
study using non-tomographic imaging, the authors successfully identified an onco-
cytoma among several renal tumors [43]. Approximately 20 years later, Rowe et al.
utilized the more detailed fusion of molecular and anatomic imaging available with
SPECT/CT to further suggest the usefulness of *"Tc-sestamibi imaging in this
context [44]. In their study, the authors successfully utilized *"Tc-sestamibi SPECT/
CT to differentiate three oncocytomas apart from three aggressive RCCs. In a fol-
low-up study that included 50 patients, Gorin and coworkers reported a sensitivity
of 87.5% and a specificity of 95.2% for preoperatively identifying oncocytomas and
closely related hybrid oncocytic/chromophobe tumors from other renal tumor types
[45]. Additionally, initial results of a large diagnostic trial taking place in Sweden
supported the high accuracy of this method for characterizing renal tumors as
benign/indolent [46].

Beyond aiding in the characterization of clinically localized renal masses,
molecular imaging also has potential to assist in staging patients with RCC. More
specifically, 'SF-FDG PET/CT has proven to have a high degree of sensitivity for
detecting sites of metastatic RCC [47]. It should be noted, however, that current
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guidelines from the National Comprehensive Cancer Network do not endorse the
routine use of this imaging modality due to a relative paucity of data to suggest that
this expensive imaging modality is superior to contrast-enhanced CT [48]. Additional
investigational PET agents that show promise for the detection of RCC metastases
include *Zr-labeled bevacizumab (a monoclonal antibody against vascular endothe-
lial growth factor [49]) and '8F- and ®*Ga-labeled small molecular radiotracers tar-
geted against prostate-specific membrane antigen [50, 51].

Conclusions

A number of modalities exist for imaging renal tumors including conventional ana-
tomic methods (CT, MRI, and US) and molecular imaging approaches (PET and
SPECT). Conventional imaging will most often be the means by which renal tumors
are detected, either incidentally when a patient is being imaged for non-genitourinary
complaints or when a patient is undergoing an evaluation for clinical signs and
symptoms such as hematuria or flank pain. Conventional imaging provides impor-
tant information regarding a detected renal mass including its solid or cystic nature,
size, and stage in cases of malignancy. However, anatomic imaging often fails to
differentiate benign from malignant clinically localized renal masses. For this rea-
son, there is currently an increasing emphasis on using molecular imaging data to
provide additional information on the underlying biology of renal masses. At the
time of this writing, there is not a widely accepted molecular imaging test for char-
acterizing renal tumors; however, several promising agents are in various stages of
preclinical or early clinical development. In the future, it seems quite likely that
molecular imaging will play an important role in the noninvasive risk stratification
of clinically localized renal masses.
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