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Anatomic imaging of renal masses provides limited information on the
histology or likely aggressiveness of the tumor, leading to the use of
invasive procedures such as renal mass biopsy or empiric partial or
radical nephrectomy. Molecular imaging can assist in risk stratification
of indeterminate renal masses, potentially contributing to optimal
patient decision-making. Two primary approaches have been explored
for renal mass molecular imaging. The first is the use of agents that tar-
get carbonic anhydrase IX (CAIX), a cell-surface protein that is over-
expressed on clear cell renal cell carcinoma (ccRCC) and generally not
expressed on other renal tumors. A recent phase |l trial (ZIRCON) is
widely believed to have laid the groundwork for United States Food
and Drug Administration approval of the CAIX monoclonal antibody
897r-girentuximab. The second approach is the use of mitochondrial
imaging agents, most notably ®°™Tc-sestamibi, which are lipophilic
cations that accumulate in tumors with an abundance of mitochondria
with negative charge potential (e.g., oncocytomas and other benign/
indolent lesion) and do not accumulate in tumors with multidrug resis-
tance pumps (e.g., ccRCC). The complementary information from
897r-girentuximab and %°™Tc-sestamibi can provide improved risk
stratification. Further, emerging new targeted radiotracers and techni-
ques such as imaging biomarker discovery with artificial intelligence
will bolster those concepts. In this manual, we synthesize key data into
a recommended approach.
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PREAMBLE

The Society of Nuclear Medicine and Molecular Imaging
(SNMMI), founded in 1954 and headquartered in Reston, Va., is a
nonprofit scientific and professional organization that promotes the
science, technology and practical application of nuclear medicine and
molecular imaging. SNMMI strives to be a leader in unifying,
advancing and optimizing molecular imaging, with an ultimate goal
of improving human health. With 13,000 members worldwide,
SNMMI represents nuclear and molecular imaging professionals, all
of whom are committed to the advancement of the field. The
American College of Nuclear Medicine (ACNM) is a professional
organization providing education, training and advocacy for the most
sought-after and trusted experts in nuclear medicine who deliver
state-of-the-art and innovative care and service to our patients and
referring physicians. The ACNM’s mission is to foster the highest
standards in Nuclear Medicine consultation and service to referring
physicians, hospitals, and the public, advance the science of Nuclear
Medicine through a program of continuing professional development
emphasizing high standards of Nuclear Medicine practice. The Euro-
pean Association of Nuclear Medicine (EANM) is a professional
nonprofit medical association that facilitates communication world-
wide between individuals pursuing clinical and research excellence in
nuclear medicine. The EANM was founded in 1985.

The SNMMI/EANM/ACNM will periodically define new
standards/guidelines for nuclear medicine practice to help advance
the science of nuclear medicine and to improve the quality of service
to patients. Existing standards/guidelines will be reviewed for revi-
sion or renewal, as appropriate, on their fifth anniversary or sooner,
if indicated.

Each standard/guideline, representing a policy statement
by the SNMMI/EANM/ACNM, has undergone a thorough con-
sensus process in which it has been subjected to extensive
review. The SNMMI/EANM/ACNM recognizes that the safe
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and effective use of diagnostic nuclear medicine imaging and
therapy requires specific training, skills, and techniques, as described
in each document.

The SNMMI, EANM, and ACNM have written and approved
these standards/guidelines to promote the use of high-quality nuclear
medicine procedures. These standards/guidelines are intended to
assist practitioners in providing appropriate care for patients. They
are not inflexible rules or requirements of practice and are not
intended, nor should they be used, to establish a legal standard of
care. For these reasons and those set forth below, the SNMMI/
EANM/ACNM cautions against the use of these standards/guidelines
in litigation in which the clinical decisions of a practitioner are called
into question.

The ultimate judgment regarding the propriety of any specific
procedure or course of action must be made by medical profes-
sionals, taking into account the unique circumstances of each case.
Thus, there is no implication that an approach differing from the
standards/guidelines, standing alone, is below the standard of care.
To the contrary, a conscientious practitioner may responsibly adopt
a course of action different from that set forth in the standards/
guidelines when, in the reasonable judgment of the practitioner, such
course of action is indicated by the condition of the patient, limita-
tions of available resources, or advances in knowledge or technology
subsequent to publication of the standards/guidelines.

The practice of medicine involves not only the science but also
the art of dealing with the prevention, diagnosis, alleviation, and
treatment of disease. The variety and complexity of human condi-
tions make it impossible to always reach the most appropriate
diagnosis or to predict with certainty a particular response to treat-
ment. Therefore, it should be recognized that adherence to these
standards/guidelines will not ensure an accurate diagnosis or a suc-
cessful outcome. All that should be expected is that the practitioner
will follow a reasonable course of action based on current knowledge,
available resources, and the needs of the patient to deliver effective
and safe medical care. The sole purpose of these standards/guidelines
is to assist practitioners in achieving this objective.

. INTRODUCTION

In recent decades, the incidence of indeterminate renal masses has
increased (/), yet the ability of conventional anatomic imaging
approaches to risk stratify patients harboring those lesions remains
inconsistent (2). Further, the use of traditional molecular imaging
with FDG PET, although it may have a role in evaluating recurrent
or metastatic disease from renal masses (3), is limited for renal
mass characterization (4). Further, the high renal excretion of
FDG can obscure renal masses and preclude characterization.
Renal mass biopsy (RMB) is a useful tool but has a measurable
nondiagnostic rate (5) and appears to have a low negative predic-
tive value for ruling out malignancy (6).

There has been significant progress made using advanced imag-
ing techniques (particularly the abstraction of radiomics features
(7) and the use of multiparametric MRI [mpMRI] (8)) as well as
molecular imaging to characterize renal masses (9). For example,
the monoclonal antibody and PET radiotracer 8Zr-girentuximab,
which has high affinity for carbonic anhydrase IX (CAIX), can
identify malignant clear cell renal cell carcinoma (ccRCC) (Z0).
Further, the single-photon-emitting lipophilic cation **™Tc-sestamibi,
which is attracted to the negative charge potential across the mem-
branes of mitochondria, localizes to benign/indolent mitochondria-
rich tumors, such as oncocytomas (/7).
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In this article, we will discuss those molecular imaging techniques
(i.e., girentuximab PET and sestamibi SPECT [SPECT]). We will also
discuss other agents in the pipeline to enter clinical practice. We will
endeavor to weave in the appropriate clinical context regarding RMB,
financial considerations, and shared decision-making. We will also
comment on developing work-up algorithms and future directions.

Il. GOALS

The goal of this guideline is to provide nuclear medicine physi-
cians and radiologists with a detailed background of the use of
molecular imaging for the noninvasive characterization of indeter-
minate renal masses.

1. DEFINITIONS

See also the SNMMI Guideline for General Imaging.

Renal mass/tumor: a solid, enhancing neoplastic growth arising
from the kidney parenchyma

Small renal mass: a renal mass/tumor that meets the American
Joint Committee on Cancer 7/a definition

IV. COMMON CLINICAL INDICATIONS

Common indications for renal mass molecular imaging include,
but are not limited to the following:

A patient with an indeterminate, solid, enhancing renal mass
who would benefit from noninvasive risk stratification for decision-
making/prognostication.

V. QUALIFICATIONS AND RESPONSIBILITIES OF PERSONNEL
IN THE UNITED STATES

See also the SNMMI Guideline for General Imaging.

Physician

Molecular imaging of solid renal masses should be performed
under the supervision of a nuclear medicine physician or radiologist
with expertise in the interpretation of both SPECT and PET imaging
and who is familiar with common patterns of uptake with 3°Zr-giren-
tuximab PET/CT (/2) and **™Tc-sestamibi SPECT/CT (3). Such
physicians should be appropriately board-certified by specialty or
subspecialty organizations. In some jurisdictions, nuclear medicine
physicians, specifically, may be required to supervise.

Nuclear Medicine Technologist

Technologists should be registered or certified to perform gen-
eral nuclear medicine or PET examinations. Additional experience
in the use of CT (or MRI) may also be required.

Medical Physicist

The qualified medical physicist will ensure adequate testing of
the instrumentation and will assist in providing the lowest radia-
tion dose possible while still achieving diagnostic quality imaging.
The medical physicist can also ensure appropriate deployment of
dose-reducing protocols and algorithms for the CT component of
the imaging procedure.

VI. PROCEDURE/SPECIFICATIONS OF THE EXAMINATION
See also the SNMMI Guideline for General Imaging.

A. Request
The requesting physician should provide a requisition that notes
the presence of a renal mass. Any relevant information from
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previous imaging studies can be included in the indication for the
study. If available, histopathology from any prior RMB should be
included. The referring clinician should convey whether the
patient is pregnant or breastfeeding.

B. Patient Preparation and Precautions

No specific preparations or precautions are necessary for most
patients.

For women who are pregnant or breastfeeding, additional instruc-
tions may be necessary, and sites should follow local institutional pol-
icies in this setting. Specific in utero risks have not been well-studied
for the radiopharmaceuticals included in this document. Imaging with
nonionizing-radiation-based modalities, such as ultrasound or MRI,
are alternatives for pregnant women.

Regarding breastfeeding, the imaging specialist should be aware
of the physical half-lives of any administered radiopharmaceuticals
(most commonly 6 h for **™Tc and 78 h for 3°Zr). Many institutions
recommend a pause in breastfeeding for 24 h after the administration
of a ®™Tc-labeled radiotracer. Longer pauses may be appropriate
after the administration of a 3Zr-labeled agent.

Renal mass imaging with radiopharmaceuticals is generally not
applicable to the pediatric population, as it is likely that any renal
mass present in children would be empirically resected. However,
in rare instances, a pediatric patient may be imaged (/4), and
every effort should be made to reduce radiation exposure.

C. Radiopharmaceuticals

The most studied radiopharmaceuticals for renal mass molecular
imaging are %°Zr-girentuximab and ®’™Tc-sestamibi (Table 1),
which are discussed in more depth elsewhere in this document.

D. Administered Activity

The published administered activity of 3°Zr-girentuximab is
37 MBq (1 mCi) (12). Typical activities of 925 MBq (25 mCi)
of ?™Tc-sestamibi have been reported (15). At the time of this writ-
ing, specific pediatric doses have not been explicitly delineated.

E. Uptake Time

A typical uptake time for 3°Zr-girentuximab is approximately
5d (I2). A typical uptake time for **™Tc-sestamibi is approxi-
mately 75 min (75).

F. Image Acquisition

The CT obtained for anatomic localization and attenuation cor-
rection should match the field of view of either the PET or SPECT
acquisition.

Typically, a 3Zr-girentuximab PET scan would be acquired
over a single bed position that includes the entirety of the kidneys.
On most modern PET scanners, the acquisition would occur in 3D
emission mode with CT-based attenuation correction, scatter correc-
tion, and iterative reconstruction with vendor-supplied software.

For **™Tc-sestamibi, the published SPECT protocol was a
step-and-shoot, 360° acquisition with attenuation and scatter
correction and with a vendor-supplied iterative reconstruction
algorithm (75).

G. Interpretation

No widely accepted interpretation criteria have been proposed
or adopted for renal mass molecular imaging. The interpretation of
897r-girentuximab PET/CT is generally more straightforward than
99mTc-sestamibi SPECT/CT, given the lack of background uptake
in the adjacent kidney. Any mass with uptake of 8°Zr-girentuximab
above background renal uptake should be interpreted as “hot” or
suggestive of a ccRCC, whereas “uptake” that is at or below the
level of the adjacent kidney should be interpreted as “cold” or not
suggestive of ccRCC. On *™Tc-sestamibi SPECT/CT, uptake that
can be specifically localized within the tumor (even if it is below
background renal parenchyma) should be interpreted as “hot” and
suggestive of a benign/indolent histology (/3). Tumors that specifi-
cally lack uptake should be considered “cold” and suggestive of a
more aggressive histology.

Vil. DOCUMENTATION/REPORTING

The dictated reports should include basic demographic and
identifying information of the patient. Further, more specific infor-
mation, including the identity, administered activity, and route of
administration of the radiopharmaceutical, the uptake time, and
the acquired field of view, should be included.

A description of the findings should be included and should
be detailed enough to guide subsequent clinical decision-making.
Typically, the size, laterality, and location within the kidney
(e.g., anterior/posterior, upper/lower pole) of any renal masses
should be reported. Further, the uptake (or lack thereof) of the
administered radiotracer should be included, which, at a minimum,
would involve a visual interpretation as “positive,” “negative,” or
“equivocal,” and with the inclusion of any quantitative or semiquan-
titative parameters left to the discretion of the reader. Any technical
aspects or artifacts of the scan that limit evaluation should also be
included.

VIiIl. EQUIPMENT SPECIFICATION

It is beyond the scope of this document to address the nuances
of specific PET/CT and SPECT/CT scanners. However, broadly,
PET/CT scanners should have attenuation (CT-based) and scatter
correction. Vendors should supply an appropriate iterative recon-
struction algorithm.

Similarly, SPECT/CT scanners should have CT-based attenua-
tion correction, scatter correction, and a vendor-supplied iterative
reconstruction algorithm.

TABLE 1
Comparison of Characteristics Between 89Zr-Girentuximab and ®*™Tc-Sestamibi for Renal Mass Imaging

Mechanism of Uptake Physical Most common
Radiotracer action Dose time half-life tumor with uptake
897r-girentuximab Binding to carbonic 37 MBq (1.0 mCi) 3-5d 76 h Clear cell renal cell
anhydrase IX carcinoma
99MT-sestamibi Affinity for 935 MBq (25 mCi 75 min 6h Oncocytoma
mitochondria
RENAL Mass CHARACTERIZATION * Rowe et al. 1865



IX. QUALITY CONTROL AND IMPROVEMENT, SAFETY,
INFECTION CONTROL, AND PATIENT
EDUCATION CONCERNS

Policies and procedures related to quality, patient education,
infection control, and safety should be developed and implemented
in accordance with good quality control practices.

Quality control should also be done regularly to ensure consis-
tent, accurate physician interpretation of results. Equipment per-
formance monitoring should be in accordance with a recognized
accrediting organization.

X. CAIX-TARGETED GIRENTUXIMAB PET

Biology of CAIX

In ccRCC, the loss of the von Hippel-Lindau gene activates
downstream mechanisms that involve hypoxia-inducible factor
(HIF)-1ae and leads to constitutive CAIX expression (/6). The
near-universal expression, combined with low levels of expression
in benign tissues (/7), underlies the utility of CAIX-binding agents
in identifying ccRCC.

The monoclonal antibody girentuximab binds to the extracellu-
lar domain of CAIX and allows for identification of ccRCC via
the use of radiolabeled girentuximab PET/CT.

REDECT Trial Results

Oosterwijk et al. demonstrated the potential of CAIX imaging
to identify ccRCC in patients with renal masses using a radiola-
beled monoclonal antibody, '*!I-mG250 (/8). Later,'**I-cG250
(i.e., >*I-girentuximab) PET was evaluated in a phase I study
of 26 patients with renal masses scheduled for resection (/9).
1241.¢G250 PET had a sensitivity of 94%, specificity of 100%,
negative predictive value (NPV) of 90%, and positive predictive
value (PPV) of 100% for ccRCC.

The open-label, multicenter phase III REDECT study evaluated the
sensitivity and specificity of '?*I-girentuximab PET/CT for ccRCC
compared with multiphasic contrast-enhanced CT (CECT) in patients
with renal masses scheduled for surgery (/0). The reference standard
was tumor histology by blinded central review. PET/CT imaging was
performed 2-6 d after intravenous injection of 185 MBq (5 mCi)
124]_girentuximab and evaluated as positive or negative by qualita-
tive assessment. A positive !>*I-girentuximab PET/CT scan was
defined as a scan with at least 1 positive renal lesion. Of 226 patients
recruited, 195 underwent surgery and had complete data available
for analysis. The primary renal mass was = 7 cm in diameter (T1b)
in 81.0% of patients and = 4 c¢m in diameter (Tla) in 51.8% of
patients. The mean sensitivity for the detection of ccRCC was
86.2% for '2*I-girentuximab PET/CT and 75.5% for CECT (95%
CI for difference, 2.4%—19%; P = 0.023). The mean specificity
was 85.9% for '?*I-girentuximab PET/CT

ZIRCON Trial Results

The ZIRCON trial (NCT03849118) was an open-label, multi-
center, phase III trial designed to evaluate the performance of
897r-girentuximab to detect ccRCC (12). Patients were imaged 3
to 5 days after injection. The required field of view was a single
bed position, centered over the kidneys (Figs. 1 and 2).

All patients on ZIRCON were required to have an indeterminate
renal mass (=7 cm; ¢T1) and be scheduled for surgery within 90 d.
Blinded central radiology and histology review were performed by
3 reviewers to determine PET/CT and ccRCC status, respectively.
The coprimary endpoints were sensitivity and specificity using his-
tology as reference standard.

300 patients were imaged with 8°Zr-girentuximab and 284 were
evaluable. There were few serious adverse events in the cohort,
none of which were potentially attributed to the imaging agent.
The sensitivity and specificity were 86% (95% CI [82%, 90%])
and 87% (95% CI [81%, 93%]), respectively. A secondary end-
point was performance in tumors =4 cm and the data appeared
similar. The PPV and NPV for ccRCC in the ZIRCON cohort
were 93% (95% CI [90%, 96%]) and 75% (95% CI [71%, 79%]),
respectively. A Biologics License Application to the FDA was
submitted aiming for FDA-approval of 8°Zr-girentuximab.

XI. **MTC-SESTAMIBI SPECT

The Biology of *™Tc-Sestamibi

99mT¢_sestamibi is a commonly used lipophilic cationic radio-
pharmaceutical. Preclinical models suggest that retention is related
to the negative-charged mitochondria membrane potential (20).
Renal oncocytoma and chromophobe RCC both have high mitochon-
drial content and therefore have a “pink/oncocytic” appearance. With
a radiotracer preferentially taken up and retained by mitochondria,
those tumors may be visualized with *™Tc-sestamibi. Conversely,
¢cRCC and papillary RCC have downregulation of mitochondrial
DNA density (27), suggesting those tumors can be differentiated,
as they would appear photopenic with *™Tc-sestamibi SPECT/CT.

Clinical Studies with **™Tc-Sestamibi SPECT/CT

99mTe-sestamibi SPECT/CT centered at the level of the kidneys is
performed approximately 75 min after administration of 925 MBq
(25 mCi) (15).

In 1996, it was recognized that the underlying biology of oncocy-
tomas could be leveraged for noninvasive imaging using a mitochon-
drial binding agent, although the initial report used planar imaging
instead of SPECT (22). Subsequently, a pilot study performed with
9mTc-sestamibi SPECT/CT correctly identified 3 oncocytomas and
3 RCCs (15). Typical finding of positive uptake in an oncocytic neo-
plasm is shown in Figure 3, and typical finding of a lack of uptake

and 46.8% for CECT (95% CI for differ-
ence, 19.5%-58.7%; P = 0.005). The
NPV, PPV and accuracy were 69.4%,
94.4% and 86.2% for '2*I-girentuximab
PET/CT and 41.0%, 79.6% and 67.9%
for CECT, respectively. The sensitivity
of PET/CT for ccRCC lesions was 82.8%
for Tla and 95.7% for Tlb tumors,
respectively. !?*I-girentuximab PET/CT

showed robust interreader agreement.
However, the FDA did not approve '?*I-
girentuximab and requested a confirmatory
phase III trial.

FIGURE 1.
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44-y-old man with an enhancing right renal mass on contrast-enhanced CT scan
(arrow, coronal image — A). The patient was subsequently imaged with ®°Zr-DFO-girentuximab
PET/CT (arrows, coronal PET - B, fused PET/CT - C), with no evidence of uptake within the mass
above renal background. Surgical pathology demonstrated a chromophobe RCC.
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that target CAIX are being investigated. A
radiolabeled peptide, [*®Ga]Ga-DPI-4452,
targeting CAIX has been developed that
enables visualization of renal lesions within
an hour after injection (30). In a recent
phase I study, lesions showed high tumor
to background uptake and low uptake in

FIGURE 2. 62-y-old man with a small, enhancing, right renal mass. The arterial phase contrast-
enhanced CT scan demonstrates the lesion (arrow, axial image — A). 8°Zr-DFO-girentuximab PET/CT
(arrows, axial PET - B, fused PET/CT - C) demonstrates intense uptake in the mass, which was a

ccRCC on surgical biopsy.

in an RCC is shown in Figure 4. A prospective, scan-and-resect,
50-patient clinical trial then reported a sensitivity of 87.5% (95% CI,
47.4%-99.7%) and specificity of 95.2% (95% CI, 83.8%-99.4%) for
the identification of oncocytomas and hybrid oncocytic-chromophobe
tumors (HOCT) (23). Subsequent studies have generally found simi-
lar results (24-27).

A recent metaanalysis of *°™Tc-sestamibi SPECT/CT demon-
strated sensitivity for oncocytoma and HOCT versus all other renal
lesions of 89% (95% CI, 70%-97%), with a comparable specifi-
city of 89% (95% CI 86%—-92%) (28). The authors of that metaa-
nalysis note that the specificity of **™Tc-sestamibi SPECT/CT for
identifying renal oncocytoma and HOCT relative to ccRCC and
papillary RCC was 98% (95% CI, 91%—-100%) (28). Due to the
heterogeneity among published studies and the risk of bias, the
level of evidence was deemed to remain low.

One argument in favor of using **™Tc-sestamibi SPECT/CT is
the low cost of the technique. In a cost-effectiveness analysis per-
formed by Su et al. when **™Tc-sestamibi SPECT/CT is used for
management of small renal masses, that work-up approach proves
to be the most effective (29).

Xil. FUTURE AGENTS

New CAIX-Targeting Agents
To circumvent the longer circulation time for imaging that is nec-
essary based on the pharmacokinetics of antibodies, small molecules

FIGURE 3. 64-y-old woman with enhancing right renal masses detected
on a contrast-enhanced CT (arrow, axial image - A) with arterial hyperen-
hancement on a subsequent MRI (arrow, axial image - B). The masses
were deemed suspicious for renal cell carcinoma with a clear-cell likelihood
score of 3-4 assigned on the MRI. A ®™Tc-Sestamibi-SPECT/CT (arrows,
axial SPECT - C, fused SPECT/CT - D) showed increased tracer uptake in
the masses, higher than that of the adjacent renal parenchyma (mean
count ratio of lesion to background renal cortex was 2.3), suggestive of
an oncocytic tumor. Pathology from a renal mass biopsy confirmed an
oncocytic neoplasm. Patient is on active surveillance, and the masses
continue to be stable at 4 y after the initial imaging.

normal kidney (37). The excretion pathway
was renal and significant activity was also
noted in the GI tract.

Organic small molecules targeting CAIX
are also under preclinical assessment or early
clinical development (32). For example,
early data and images in 3 patients showed high tumor-to-
background contrast but low tumor-to-renal uptake of the agent
[®®Ga]Ga-NY104 in metastatic ccRCC (33). Many other agents
may have similar profiles due to binding to other carbonic anhy-
drases that may be expressed in normal background kidney, as well
as the very high concentrations of bicarbonate that may be in solu-
tion. In order to address those concerns, medicinal chemistry
approaches have been developed to leverage affinity to a second
binding site near the active site of the enzyme (34).

Additional Mitochondrial Imaging Agents

9mTctetrofosmin behaves similarly to **™Tc-sestamibi in terms of
cardiac imaging but may have an advantage in renal imaging in terms
of having less hepatobiliary excretion. In a small pilot study, Spiro
et al. demonstrated the feasibility of **™Tc-tetrofosmin SPECT/CT for
renal mass characterization and found similar results to that
reported with **™Tc-sestamibi (35). Furthermore, PET agents, such
as '8F-FBnTP (36) might improve spatial and contrast resolution,
allowing for characterization of smaller lesions.

Other Targets
PET agents targeting prostate-specific membrane antigen (PSMA)
and fibroblast activation protein (FAP) may have utility in renal

FIGURE 4. 63-y-old man with incidentally detected enhancing mass at
the upper pole of the left kidney measuring approximately 3.7 cm on a
contrast-enhanced CT (arrow, coronal image - A), with enhancement on
MRI (arrow, postcontrast coronal T1 fat saturation image - B) and clear-
cell likelihood score of 3. The mass was favored to represent a papillary
renal cell carcinoma. A %°™Tc-Sestamibi-SPECT/CT (arrows, coronal
SPECT - C, fused SPECT/CT - D) showed no significant tracer uptake in
the renal mass, concerning for renal cell carcinoma. He underwent a
left radical nephrectomy with the pathology showing a clear-cell renal cell
carcinoma, WHO/ISUP grade 3.
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mass characterization. PSMA is highly expressed in the neovascu-
lature of RCC (particularly ccRCC) (37), and its expression inten-
sity is also significantly associated with overall survival. The wide
availability of PSMA PET radiotracers have led to investigation in
patients with suspicious or confirmed renal masses. A recent sys-
tematic review and metaanalysis identified 9 studies with a total of
152 patients (133 with ccRCC, 19 other RCC subtypes) (38).
Pooled detection rates were 74% (95% CI [57%, 86%]) for primary
or metastatic RCC lesions 87% (95% CI [73%, 95%]) for restaging
of metastatic or recurrent RCC. Interestingly, the pooled detection
rate was higher for '®F-DCFPyL (92%, (95% CI [76%, 97%]) than
for ®3Ga-PSMA-11 (85%, 95% CI [62%, 95%)).

FAP was reported to be highly expressed on the cell surface of
cancer-associated fibroblasts (CAFs) of the tumor center and infil-
trating front of numerous renal cell carcinoma subtypes including
c¢cRCC, papillary RCC, and chromophobe RCC but not in oncocy-
tomas (39). Civan et al. published a series of 18 patients with RCC
(6 newly diagnosed, 12 restaging; predominant subtype ccRCC
83%) undergoing '*F-FDG and %8Ga-FAPI-04 PET/CT. The authors
reported no significant difference between those agents for the
median SUV . of all lesions (40). In contrast, ®*Ga-FAPI-04 had a
significantly higher median tumor-to-background ratio than '3F-FDG
(5.6 vs. 2.1).

Based on the promising results but overall limited amount of
available data, both PSMA- and FAPI-directed imaging are prom-
ising candidates for evaluation of patients with RCC as diagnostic
tools with potential for theranostic applications as well. Other
regulatory-approved radiotracers such as '*F-fluciclovine (41), which
targets lipophilic amino acid transporters, and *®Ga-DOTATATE
(42), which targets somatostatin receptors, can have uptake in renal
tumors, although no efficacy studies for renal tumor characteriza-
tion have been performed.

XIlll. DISCUSSION AND FUTURE DIRECTIONS

Development of a Cohesive Algorithm

There are 3 main considerations for developing an algorithm for
molecular imaging of renal masses. The first is the practical use of
the agents. The physical characteristics of **™Tc-sestamibi (i.e.,
140 keV photon emissions and short time from injection to imag-
ing) and ®Zr-girentuximab (i.e., 511 keV photons and longer time
from injection to imaging) suggest a practical way to combine the
2 agents that maximizes patient convenience. Essentially, on a
patient’s first visit, they can be injected and imaged with **™Tc-
sestamibi, followed by injection of 3°Zr-girentuximab. The patient
would then return in 3 to 5 days for PET/CT. Reversing the order
of the administered agents would necessitate 3 patient visits, with
the *™Tc-sestamibi scan needing to happen approximately 2 wk after
the 3°Zr-girentuximab scan (i.e., 5 half-lives after 3°Zr-girentuximab
administration). The exact use of the agents, in terms of which might
be prioritized, will of course be up to individual sites.

The second major consideration is which patients are most
appropriate to image. Much of the available data (23) have
focused on clinical T1 renal masses, although larger lesions have
been imaged (43). An ideal age range to use these techniques has
not been defined. Until appropriate-use criteria are proposed and
agreed on, individual clinical practices will need to decide which
patients would most benefit from further risk stratification. It is
likely that many practices will not scan young patients (where any
uncertainty in the histologic diagnosis is intolerable) or elderly
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patients with significant comorbidities (who would not be candi-
dates for invasive therapy).

The third major consideration for algorithm development is
how the information will be used to improve patient care. A cen-
tral tenet to designing algorithms for using the results of these
scans is to determine the role of RMB and how biopsy dovetails
with renal mass molecular imaging (9). For example, patients
whose tumors are cold on **™Tc-sestamibi SPECT/CT and hot on
897r-girentuximab PET/CT almost certainly harbor an RCC and
there may be a limited role for RMB. However, a patient whose
tumor is cold on both modalities may be a candidate for RMB to
better characterize their tumor. Patients with obvious locally
advanced disease (e.g., renal vein thrombus) are much more likely
to benefit from 8°Zr-girentuximab, which might identify ccRCC
metastases, than they are to benefit from **™Tc-sestamibi. How-
ever, *’™Tc-sestamibi is widely available and inexpensive, as well
as a single-photon-emitting radiotracer, and it may be available in
parts of the world that lack the infrastructure for deployment of
PET agents — hence, it may be the only available option in some
contexts (44).

Reimbursement

99MTc-sestamibi is an inexpensive (<$50) radiotracer that is not
protected by intellectual property. As such, within the United
States, off-label use of **™Tc-sestamibi for renal mass characteri-
zation has not faced significant barriers. Ordering the scan with an
ICD10 code for “tumor localization” is generally successful.

Given that %Zr-girentuximab is not yet FDA-approved and is
not being marketed, cost is currently unknown. After FDA
approval and on initiation of manufacturing, it is anticipated that
this will be reimbursed under current CMS rules (45). However,
patients may still face a significant copay.

Artificial Intelligence

Radiomic features, which include several quantitative associa-
tions among voxels within segmented regions of interest on
images, have been used with CT and MRI to suggest renal mass
histology (46). However, radiomics alone are unlikely to contrib-
ute significantly to improving renal mass molecular imaging, given
that the reconstruction algorithms of molecular imaging modalities
contain inestimable parameters that negate the reliability of high-
frequency features (47).

However, radiomics features from coacquired or contemporane-
ous CT or MRI scans might be leveraged in a federated way with
artificial intelligence (Al)/machine learning (ML) algorithms to
maximize the information extracted from the molecular imaging
scan(s). Such efforts are already underway, with Klontzas, et al.
integrating a mix of qualitative and quantitative features of **™Tc-
sestamibi SPECT/CT with CT-based radiomics to augment a
radiomics/Al model (48). Such efforts are likely to gain momentum
in coming years.

XIV. RADIATION SAFETY IN IMAGING

See also the SNMMI Guideline for General Imaging.

It is the position of SNMMI that patient exposure to ionizing
radiation should be at the minimum level consistent with obtaining
a diagnostic examination. Reduction in patient radiation exposure
may be accomplished by administering less radiopharmaceutical
when the technique or equipment used for imaging can support
such an action. Each patient procedure is unique and the method-
ology to achieve minimum exposure while maintaining diagnostic
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accuracy needs to be viewed in this light. Radiopharmaceutical
activity ranges outlined in this document should be considered as
a guide. Dose reduction techniques should be used when appropri-
ate. The same principles should be applied when CT is used in a
hybrid imaging procedure. CT acquisition protocols should be
optimized to provide the information needed while minimizing
patient radiation exposure. Minimizing radiation dose is especially
important in children.

XV. CONCLUSION

The emerging use of molecular imaging for risk stratification of
indeterminate renal masses offers the opportunity to more effec-
tively characterize such lesions and optimize patient management
decisions.
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