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Abstract: Renal cell carcinoma (RCC) is a biologically heterogeneous disease, with many
small renal masses (SRMs) exhibiting an indolent natural history, while others progress more
rapidly to become life-threatening. Existing multiphase contrast-enhanced imaging methods,
such as computed tomography or magnetic resonance imaging, cannot definitively distinguish
between benign and malignant solid tumors or identify histologic subtype, and early results of
molecular imaging studies (positron emission tomography [PET]) in the evaluation of SRMs
have not improved on these established modalities. Alternative molecular markers/agents recog-
nizing aberrant cellular pathways of cellular oxidative metabolism, DNA synthesis, and tumor
hypoxia tracers are currently under development and investigation for RCC assessment, but
to date none are yet clinically applicable or available. In contrast, immuno-PET offers highly
selective binding to cancer-specific antigens, and might identify radiographically recognizable
and distinct molecular targets. A phase I proof-of-concept study first demonstrated the ability
of immuno-PET to discriminate between clear-cell RCC (ccRCC) and non-ccRCC, utilizing a
chimeric monoclonal antibody to carbonic anhydrase IX (¢G250, girentuximab) labeled with
14T ("#*I-girentuximab PET); the study examined patients with renal masses who subsequently
underwent standard surgical resection. A follow-up phase III multicenter trial confirmed that
1241-.¢G250-PET can accurately and noninvasively identify ccRCC with high sensitivity (86%),
specificity (87%), and positive predictive value (95%). In the challenge to appropriately match
treatment of an incidentally identified SRM to its biological potential, this highly accurate
and histologically specific molecular imaging modality demonstrates the ability of imaging to
provide clinically important preoperative diagnostic information, which can result in optimal
and personalized therapy.
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Introduction

The increased routine use of cross-sectional body imaging has resulted in a dramatic
rise in the detection of renal tumors over the last 20 years, and in 2012 an estimated
64,000 men and women will be diagnosed with cancer of the kidney or renal pelvis,
most commonly renal cell carcinoma (RCC).! This increased rate of RCC detection has
resulted in a stage migration towards localized tumors less than 7 cm in size (stage I),>*
most notably in elderly patients. Furthermore, the malignant potential of small renal
masses (SRMs) is heterogenous, ranging from those that are pathologically benign
(20%)’ to those that are anticipated to be aggressive RCC (20%-30%),%” and more
than 20% of kidney cancer patients ultimately will die from their disease.! However,
while the number of treated SRMs has increased to match this increased incidence
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and rate of kidney tumor detection, overall RCC mortality
rates have remained stable. This finding suggests that early
detection of RCC has minimally impacted the absolute
number of aggressive lesions that have the potential to cause
cancer-related death,® and has raised concerns that we may
be overdiagnosing and overtreating indolent disease.’

Surgical excision via radical nephrectomy (RN) or partial
nephrectomy (PN) remains the gold-standard therapy for the
stage I renal mass,'®!! and a recent analysis of the Surveil-
lance, Epidemiology, and End Results Program registry
data suggested that greater than 95% of patients with SRMs
undergo some form of intervention.!? While substantial
effort has been directed towards increasing the utilization
of nephron-sparing surgical techniques,'>!* the potential of
overdiagnosis and overtreatment of clinically insignificant
RCC remains of significant concern, particularly in the
elderly, in whom the risks of intervention may outweigh
any predicted survival benefit.!* As a result, investigators
have focused attention on defining the natural history of
renal tumors managed expectantly,'®!” and close observa-
tion with serial reassessment, ie, active surveillance (AS),
has become an accepted management strategy. Recently,
AS has become incorporated into the current best-practice
guideline for select elderly or comorbid patients who are not
fit for immediate surgery.'”

The ability to match the level of treatment intensity
to tumor biology correctly remains elusive. Multiphase
contrast-enhanced computed tomography (CT) or magnetic
resonance imaging (MRI) currently provides the best pre-
operative assessment of a renal tumor, providing anatomic
detail, information on bilateral baseline renal function, and
clinical staging. While cross-sectional imaging accurately
differentiates between solid and cystic lesions, it provides
minimal biological information, and poorly predicts for
a tumor’s malignant potential or clinical behavior. These
existing imaging methods cannot definitively distinguish
between benign and malignant solid lesions, the various
RCC histologic phenotypes, or indolent versus aggressive
tumors. Molecular imaging has the potential to characterize
biological processes at the cellular and subcellular level in
a noninvasive fashion, as well as provide the macroscopic
detail that is obtained from conventional cross-sectional
imaging techniques. Compared to 2-deoxy-2-['®F]fluoro-
D-glucose positron emission tomography (**F-FDG-PET),
which has been shown to have highly variable sensitivity
in RCC diagnosis and staging,'® antibody-based molecu-
lar imaging (immuno-PET), has demonstrated exciting
potential to improve on the existing imaging standard of

RCC assessment.'” The most promising results have been
reported utilizing '**I-cG250 (girentuximab), a chimeric
monoclonal antibody that recognizes carbonic anhydrase
(CA) IX,? which is overexpressed in 93%-97% of clear-
cell RCC (ccRCC) tumors.?"? In this review, we discuss
the limitations of conventional imaging, the promise of
124[-¢G250 immuno-PET to accurately distinguish ccRCC
from non-ccRCC variants in the pretreatment setting, and the
potential impact that improved pretreatment tumor charac-
terization and RCC diagnostics may have on contemporary
treatment algorithms for SRMs.

Preoperative nonextirpative

assessment of malignant potential
Traditionally, contrast enhancement of a solid renal lesion has
been considered indicative of malignant pathology. However,
arecent systematic review of the literature demonstrated that
approximately 15% of SRMs undergoing surgical resection
(range 7%—33%) are pathologically benign.** As a result,
a substantial proportion of patients are subject to unneeded
risks of morbidity from routine surgery?2¢ and from the
possible development of chronic kidney disease.?” Under
ideal circumstances, the preoperative tumor clinical assess-
ment would adequately stratify patients into risk categories:
patients with potentially dangerous but curable RCC warrant-
ing immediate intervention; patients at risk for progression
who may benefit from neoadjuvant treatment strategies;
and patients with benign tumors or indolent disease best
suited for AS. Until this is possible, the predictive utility of
nonextirpative management involving repeated radiographic
assessments, clinical nomograms, and renal mass biopsy will
be the focus of further investigation and refinement.
Considerable effort has been expended to identify addi-
tional radiographic characteristics associated with aggressive
tumor biology and disease progression following treatment.
On conventional CT or MRI, while contrast enhancement
of a solid lesion is traditionally considered to indicate a
malignant lesion until proven otherwise, recent large series
have further demonstrated that increasing tumor size is
associated with an increased likelihood of malignancy,?*
high-grade disease,?®° clear-cell histology,?-” and presence
of synchronous metastases.’'3* Unfortunately, early efforts
to develop quantitative predictive nomograms for malignant
pathology and tumor grade using radiographic features
(tumor size) and clinical variables such as age, sex, smok-
ing history, and symptomatic presentation have been largely
unsuccessful and with limited clinical utility.***> However,
there is also recent evidence suggesting that more detailed
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tumor anatomic characteristics, such as tumor location,3¢3’
may provide insight regarding malignant phenotype. Using
the RENAL nephrometry score (NS),*® a standardized, easily
reproducible, and validated tumor anatomic classification
system, Kutikov et al demonstrated NS can differentiate
between high- and low-grade lesions, as well as predict tumor
histology. By integrating NS with patient characteristics (age,
sex), a clinical tool was developed that can predict for RCC
histology and grade, and it has been externally validated
as having accuracy rates rivaling those of percutaneous
biopsy. ¥4

Historically, preoperative determination of an enhancing
renal mass pathology has been solely possible by percutane-
ous biopsy, which has traditionally been used sparingly to
confirm a suspected non-RCC diagnosis, such as metastatic
disease from another primary malignancy, renal abscess,
or renal lymphoma.’® As concerns regarding needle-tract
tumor seeding have been largely relegated, the role of
tumor biopsy has expanded, and it is now a consideration in
most SRM treatment-decision algorithms.*! In a systematic
review, Lane et al reported biopsy accuracy rates > 80%
in the contemporary era for the prediction of malignant
versus benign histology.** Contemporary series utilizing
larger-gauge biopsy needles and improved immunohisto-
logical techniques have exceeded these results, estimating
biopsy to have accuracy rates of greater than 90%, and to
have minimal risk of adverse events.* However, biopsy
has recognized limitations, including increased rates of
“nondiagnostic” biopsies in small tumors,* as well as the
inability to determine tumor grade in >50% of cases.*
Although beyond the scope of this review, the association
between a number of molecular markers and malignant
potential are currently under investigation,”’” which may
ultimately provide the best means to match treatment to RCC
phenotype. Until such markers exist, attention will remain
focused on means of improving the quality of information
yielded by cross-sectional imaging.

Cross-sectional imaging of the small

renal mass

Pretreatment imaging provides important staging and ana-
tomic information to the treating physician. Multiphase
contrast-enhanced CT is currently recommended by the
American Urological Association,'® European Association
of Urology,** National Comprehensive Cancer Network,*
and American College of Radiology® as the imaging
modality of choice in the evaluation of renal lesions, with
contrast enhancement (attenuation increase of at least

15-20 Hounsfield units from the corresponding noncontrast
image) being the most important criterion for differentiating
benign from malignant renal lesions. Adequately designed
CT protocols should include precontrast and postcontrast
imaging at multiple time points, including a nephrographic
phase. More complex multiplanar reconstructions and 3-D
volume-rendered images are not required in the routine
evaluation, but can be helpful for surgical planning.*® CT is
highly sensitive even for small renal masses less than 2 cm,
demonstrating increased detection rates compared to MRI
due to higher spatial resolution. However, while diagnostic
accuracy approaches 95% with emerging technologies such
as dual-energy CT,”' conventional CT imaging remains
limited for differentiating between malignant and benign
cystic lesions, and hypovascular lesions such as papillary
RCC, which can commonly demonstrate minimal contrast
enhancement.

For indeterminate CT results, pregnancy, or contraindica-
tion to the administration of intravenous contrast, MRI may
be utilized, and can provide additional information regarding
anatomic characteristics, local disease extension, and vena
cava thrombus involvement. Although the traditional role of
MRI has been to better define equivocal CT findings, evolv-
ing functional and advanced imaging techniques, including
diffusion-weighted and perfusion-weighted imaging, are
expanding the role of MRI in the primary evaluation of
renal masses.”> MRI can be superior to conventional CT
at detecting perirenal fat or venous invasion, and there is
emerging evidence to suggest that discrimination between
malignant and benign disease and histologic subtypes may
be possible with MRI based on degree of enhancement. In
109 renal lesions (64 patients), Taouli et al compared the
diagnostic performance of contrast-enhanced MRI with
diffusion-weighted MRI, concluding that apparent diffusion
coefficient could be used to differentiate between malignant
and benign tumors.” In a single-institution retrospective
series of 112 patients undergoing dynamic contrast-enhanced
MRI for renal tumors, Sun et al reported that signal-intensity
changes on corticomedullary phase images were an effective
parameter for preoperatively distinguishing papillary RCC
from ccRCC.>* While intriguing, these findings are prelimi-
nary, and further study is required to prospectively validate
the role of these emerging MRI techniques in the diagnostic
evaluation of SRMs.

Molecular imaging of renal tumors
In addition to providing macroscopic detail, molecular imag-
ing has the potential to characterize biological processes at
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the cellular and subcellular level in a noninvasive fashion.
The use of combined anatomic and functional imaging, such
as with PET-CT, has received significant attention in the
evaluation of presumed malignancy, particularly with RCC.
Although PET-CT does not currently have an established
role in the staging of RCC,* functional imaging provides
information regarding tumor metabolism, and it has the
potential to increase diagnostic accuracy and impact clinical
decision-making for newly diagnosed renal lesions. Further,
in the targeted therapy era, molecular imaging shows promise
for predicting treatment response, as a greater understanding
of underlying biological derangements can be expected to
lead to recognition of markers that will be discernable on
nuclear cross sectional or functional imaging.>

'SF-FDG-PET
The use of "F-FDG to functionally image malignancies
is based on the presumably altered glycolytic pathway in
malignant cells. A glucose analog, 'SF-FDG undergoes
phosphorylation in metabolically active tumor cells to form
BF-FDG-6-phosphate, which cannot undergo glycolysis and
becomes trapped in the cell in higher concentrations than nor-
mal tissue. The resulting elevated concentration of *F-FDG
in cells with abnormally high metabolism produces a higher
signal relative to the background on PET. The images can be
evaluated visually in a qualitative fashion, and semiquanti-
tatively measured by standard uptake value.’*>’ While there
was initial enthusiasm for the utilization of ®F-FDG-PET to
image RCC, there are significant limitations to its clinical
utility.!® In the case of most SRMs, the degree of F-FDG
uptake and limited spatial resolution of contemporary clini-
cal scanners makes it difficult to differentiate tumor from
background uptake present in the normal kidney. Further, the
normal excretion and accumulation of '*F-FDG in the urinary
collecting system and variable levels of uptake that can occur
in benign inflammatory and infectious conditions limit its
diagnostic accuracy for larger renal lesions (Figure 1).%
Lawrentschuk et al recently summarized the collec-
tive experience using *F-FDG-PET as a primary imaging
modality to diagnose, stage, or restage RCC. These series are
predominantly comprised of a number of small retrospective
institutional reports (n = 4—66) performed prior to the advent
of combination PET-CT scanning. With '*F-FDG-PET alone,
the sensitivity for RCC diagnosis and staging ranged from 32%
to 100% and 47% to 75%, respectively, with false-negative
rates as high as 68% reported.'® In contrast, while sensitivity
is still variable and its clinical application for localized RCC
remains unproven, the ability of PET to diagnose regional

RCC recurrence or bony, nodal, and visceral metastatic RCC
appears to be more specific than with CT alone.*® As a result,
there was initial enthusiasm for monitoring disease response
to systemic targeted therapy with *F-FDG-PET.** However,
despite improved survival outcomes with targeted therapy,
treatment often results in disease stabilization and tumor
necrosis rather than actual tumor regression, which makes
response assessment by axial imaging criteria challeng-
ing.%%¢! While molecular imaging with *F-FDG-PET is still
being examined as a determinant of treatment response,* %
low sensitivity rates even in the setting of advanced disease
indicate that it is unlikely that 'SF-FDG-PET will influence
the selection of candidates with metastatic RCC for up-front
cytoreductive nephrectomy or consolidative surgical therapy
outside of ongoing clinical trials.®

Emerging molecular agents

To overcome the limitations of *F-FDG-PET, alternative
molecular agents associated with aberrant cellular pathways,
such as cellular oxidative metabolism, DNA synthesis, and
tumor hypoxia tracers, are currently under development
and investigation in RCC. Focus has intensified on the use
of radiolabeled amino acids, such as ''C-acetate and fluo-
rine-18 fluorodeoxyglucose, to exploit their increased role
in malignant cell metabolism, survival, and proliferation,
but clinical utility of these agents are similarly limited by
showing low sensitivity with localized disease and short
tracer half-lives.®*” The DNA analog '*F-fluorothymidine,
which is phosphorylated by thymidine kinase in the salvage
pathway of DNA synthesis, and the nitromidazole '*F-fluo-
romisonidazole, whose metabolism and tissue retention are
dependent on tissue oxygenation, are also currently in the
early phases of investigation in PET imaging in patients with
RCC; these also may be more promising in the evaluation
of metastatic RCC and in measuring response to systemic
therapy. %8¢

Antibody-based molecular imaging
of renal tumors

The discovery of specific tumor targets involved in prolifera-
tion, differentiation, angiogenesis, immune recognition, and
metastasis over the past decade has facilitated the development
of targeted therapeutic agents including monoclonal antibodies
and tyrosine kinase inhibitors (TKIs). PET imaging applying
radiolabeled monoclonal antibodies and TKIs has potential to
better define the biology and efficacy of targeted agents in indi-
vidual patients, improve the efficiency of drug development,
and identify the patients having the best chance to benefit from

submit your manuscript

398

Dove

Biologics: Targets and Therapy 2012:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Presurgical diagnosis of clear-cell RCC with '*I-girentuximab

Figure | Computed tomography (CT) appearance of small right posterior renal tumor (Al) and corresponding '®F-fluoro-D-glucose positron emission tomography
("®F-FDG-PET) (A2) and fused PET low-dose noncontrast CT (A3) images demonstrating FDG uptake. Please note mild right renal uptake related to tracer excretion in the
collecting system. In contrast, a 12.5 cm anterior right renal mass clearly visualized on contrast-enhanced CT (B1) that demonstrated minimal to no FDG uptake and was

falsely considered benign on PET and fused images (B2 and B3).

Note: These images highlight the lack of sensitivity that has limited the clinical applicability of '®F-FDG-PET in the management of localized renal cell carcinoma.

specific therapy. The ability of PET to quantitatively image the
distribution of the radiolabeled agent makes this technique a
valuable tool to assess target expression, and accumulation
in both tumor lesions and normal tissues in the pretreatment
setting followed by imaging during therapy affords the oppor-
tunity to demonstrate that tumor targeting is successful.” In
addition to monitoring of response to therapy, molecular imag-
ing also demonstrates potential to characterize in vivo biology
for diagnostic purposes, with potential to characterize tumor
aggressiveness and optimally guide treatment planning.
Currently, a growing number of monoclonal antibodies (U36
[anti-CD44vG], DN30 [anti-cMet], G250 [anti-CA IX],
L19-SIP [anti-fibronectin], R1507 [anti-type | insulin-like
growth factor receptor], J591 and 7E11 [anti-prostate-specific
membrane antigen], cetuximab [anti-epidermal growth fac-
tor receptor], inbritumumab tiuxetan [anti-CD20], rituximab
[anti-CD20], bevacizumab [anti-vascular endothelial growth
factor], and trastuzumab [anti-HER2]) have been applied as
labeled PET tracers and are currently under investigation in a
wide variety of malignancies.”” While a detailed description is
beyond the scope of this review, the radiolabeling of small mol-
ecules is more challenging and requires a more agent-specific
labeling strategy. Although current investigations have been
limited to preclinical animal studies, interest in this approach
remains high, and a number of protocols have been described
that can radiolabel US Food and Drug Administration (FDA)-
approved anticancer TKIs.™

To best enable visualization with a PET camera, the agent
should be labeled with an inert positron emitter to avoid alter-
ing binding properties or pharmacokinetic characteristics.
Further, the half-life of the positron emitter should match the
agent’s body-residence time as closely as possible. This can
range from a few hours for small-molecule agents such as
TKIs to several days for monoclonal antibodies.” The choice
of positron emitter is critical to optimize the visualization and
quantification of the target of interest, as unbound tracer and
other radiolabeled species generated in vivo will increase
background activity, reduce the target-background contrast,
and decrease overall imaging sensitivity.”! The early devel-
opment of PET imaging has relied on the use of short-lived
nuclides, including 'O, * N, 'C, and '*F, all with half-lives of
a few hours or less. However, recent immuno-PET investiga-
tions have utilized antibodies linked to less specific positron-
emitting tracers such as iodine-124 ('**I) or zirconium-89
(¥Zr), which have longer half-lives (days as opposed to hours)
that more closely match the pharmacokinetics of intact anti-
bodies than conventional PET radiotracers.'® Disadvantages
of the use of monoclonal antibodies for confirmation of target
expression include a long body-residence time (which can
range from days to weeks) and large molecular size, which
can limit tracer diffusion and uptake.” Evaluation of antibody-
based PET probes having faster pharmacokinetics, such as
monoclonal antibody fragments and bioengineered proteins,
is currently under investigation.”™
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G250 and carbonic anhydrase IX

First reported in 1986, G250 is a murine monoclonal antibody
(mADbG250) developed by immunization of nude mice with
human RCC homogenates.”® Subsequently, on isolation
and sequential analysis, the G250 antigen was shown to be
homologous to the carbonic anhydrase isoenzyme 9 MN/CA
IX antigen.” Early studies investigating the effects of direct
mADbG250 treatment in mice with RCC xenografts,” as well as
after vaccination with internal image anti-idiotype antibodies
against mAbG250,”*”" resulted in significant antitumor effects,
demonstrating promise for CA IX as a therapeutic target.
Since administration of the mAbG250 resulted in the forma-
tion of human antimouse antibodies,” a chimeric (cAbG250)
immunoglobulin G, was constructed to reduce its immunoge-
nicity and facilitate repeated injections, with minimal adverse
events demonstrated in a dose-escalation trial.”

CA IX is a cytosolic and transmembrane enzyme that
is active in the adaptation of tumors to hypoxic conditions
by regulating the pH of the intracellular and extracellular
compartment; CA IX catalyzes the reversible conversion
of carbon dioxide and water to carbonic acid. Mediated via
hypoxia-inducible factor (HIF)-1a, CA IX overexpression is
thought to contribute to an acidic tumor microenvironment to
promote cancer progression and metastasis.®**! Under normal
oxygen conditions, HIF-1a: is hydroxylated via binding to the
Von Hippel-Lindau protein (pVHL), resulting in its ubiqui-
nation and controlled degradation. Under hypoxic conditions,
pVHL-HIF-1o binding is inhibited, leading to accumulation
of HIF-1o. and formation of the HIF-10—HIF-1 complex
(Figure 2). This results in the downstream transcription of a
number of hypoxia-inducible factors that promote angiogen-
esis, including CA IX.*#> A mutational loss of pVHL, com-
monly seen in RCC, results in a cellular microenvironment
that mimics hypoxic conditions, which explains the routinely
high expression of the CA IX antigen in ccRCC.?! Studies
confirm that CA IX expression in normal tissue is minimal,
limited to the gastrointestinal tract, gallbladder, and pancre-
atic ducts, while it is expressed in a number of malignant
conditions, including gynecologic, gastrointestinal, breast,
skin, and genitourinary cancers.®3

CA IX expression has never been reported in noncan-
cerous renal tissue,® and a review of the literature suggests
overexpression of CA IX in >95% of ccRCC tumors.®!
Further, CA IX is rarely expressed in non-ccRCC variants,
including papillary, chromophobe, and oncocytic tumors.?!
The prognostic value of CA IX expression in ccRCC has been
extensively investigated, and although some conflicting evi-
dence exists,? increased CA IX expression is associated with

worse overall survival?'%¢%” and response to interleukin-2
immunotherapy.?>%® Based on this data, CA IX tumor
expression has been incorporated into clinical nomograms
to predict disease-free survival for patients with localized
and metastatic RCC, albeit with mixed results.?*° Although
further work remains to better define the relationship between
pVHL, HIF-10, and CA IX expression,* the highly specific
overexpression of CA IX in ccRCC makes it an excellent
candidate for further evaluation as a prognostic biomarker,
therapeutic target, and molecular imaging agent.

RCC-directed imaging with

labeled G250

Due to its high affinity for the CA X antigen (K =4 x 10°M™),
which is not expressed in normal kidney, the utility of G250
for RCC-directed imaging has been investigated in a number
of tumor-targeting studies (Table 1). In a phase I dose-
escalation study of intravenously administered *'I-labeled
mAbG250 in 16 presurgical patients with RCC, Oosterwijk
et al reported that definitive tumor images were observed in
twelve patients with G250-positive tumors and one of three
patients with G250-negative tumors using single-photon
radioimmunoscintigraphic (RIS) techniques.’’ Overall,
90% of primary tumors and metastatic RCC lesions were
visualized. A subsequent phase I study investigated a single
intravenous administration of *'I-cAbG250 at five escalat-
ing dose levels, ranging from 2 to 50 mg, in 16 patients
undergoing surgical treatment. This study also reported
clear visualization of all primary tumors and documented
metastatic lesions,” and although highly heterogeneous, focal
BI1-cAbG250 uptake was as high as 0.52% ID/g in primary
tumors, with minimal uptake noted in nontumor tissues.

In a phase I/II trial designed to determine the maximum
tolerated dose and therapeutic potential of *'I-mAbG250,
Divgi et al reported visualization of all lesions = 2 c¢m in
diameter in 33 patients with known metastatic RCC, while
lesions < 2 cm were poorly visualized. All patients in this
trial developed human mouse antibodies after 4 weeks of
therapy, precluding the possibility of repeat treatment.” To
compare the efficacy of *'I-cAbG250 RIS and ®F-FDG-PET
in detection of metastatic disease, Brouwers et al compared
the two nuclear imaging techniques with conventional cross-
sectional imaging in 20 patients with metastatic RCC. Of
the identified 112 metastatic lesions, *F-FDG-PET detected
69%, while B'T-cAbG250-RIS detected only 30%.°* In con-
trast to prior studies, RIS was the least efficient in visualiza-
tion of metastatic disease sites, and the authors concluded
that 3'1-cAbG250-RIS may be more appropriate to identify
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Figure 2 The Von Hippel-Lindau/hypoxia-inducible factor oxygen-sensing pathway and its relevance in clear-cell renal cell carcinoma.
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carcinoma: implications for prognosis, diagnosis, and therapy. Eur Urol. 2010;58(1):75-83.8!

Abbreviations: PHD, prolyl 4-hydroxylase domain; HIF, hypoxia-inducible factor; VHL, Von Hippel-Lindau; PDGF, platelet-derived growth factor; VEGF, vascular endothelial

growth factor; CAIX, carbonic anhydrase IX.

patients who may benefit from targeted radiotherapy rather
than as an assessment of metastatic disease extent. However,
in subsequent trials, while not all documented sites showed
evidence of P'I-cAbG250 uptake, new metastatic lesions
were often found that were unrecognized on CT or MRI,
indicating a potential role for patients with suspicious but
indeterminate lesions that are apparent on conventional
imaging.”*% It is important to place into context that the
objective of measuring tumor targeting with G250 in these
studies was not solely for diagnostic purposes, but also as a
means to guide the development of G250 targeting for thera-
peutic purposes. Currently, unlabeled and labeled (using a
number of different metallic radionuclides) G250 alone, as
well as in unfractionated or fractionated form in combination
with interleukin-2, interferon-y, interferon-c-2a, dendritic
cells, and radiotherapy, are currently under investigation
for treatment of RCC.7839496-104 With the exception of an
early trial showing evidence of transient liver dysfunction,”™
these trials have shown minimal toxicity and low levels of
cross-reactivity of G250 with normal tissues, suggesting its
potential as a therapeutic agent in the adjuvant setting.®!

Diagnostic G250 immuno-PET
for the SRM

G250 demonstrates a highly accurate ability to target
CA IX-expressing ccRCC. While evidence to suggest a

therapeutic role for G250, either alone or as combination
therapy, is still accumulating, this ability to discriminate
between SRM histologic subtypes in a noninvasive fashion
has significant clinical implications and is currently being
evaluated in phase III trials. Contemporary PET provides
specificity and sensitivity not achieved using other imaging
techniques, enabling in vivo molecular imaging of suspected
malignancy and comparison with normal tissues. However,
the historic limitation of PET and other nuclear imaging
techniques as stand-alone imaging applications has been
poor anatomic resolution, often making exact localization
of a lesion difficult. The combined application of PET and
cross-sectional imaging has markedly improved both the
localization of lesions and the diagnostic accuracy of either
modality in patients with a number of solid tumors (including
prostate, pancreas, liver, breast, lung, thyroid, among others),
when compared as stand-alone imaging studies.!®

Early animal models demonstrated that the ¢G250
antibody can be stably labeled with a number of positron
emitters, such as ¥Zr and I, without causing loss of antigen
affinity.!% With a 4-day half-life, '*I facilitates the assessment
of long-term antibody pharmacokinetics,'”” and is currently
approved by the FDA for use in clinical trials. In an open-label,
phase I proof-of-concept study designed to evaluate the abil-
ity to distinguish between ccRCC and non-ccRCC variants,
26 patients with renal masses scheduled for surgical resection
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Table | Renal cell carcinoma-directed imaging using radiolabeled G250

Study Year Trial design Primary outcomes Patients  Imaging RCC Accuracy Adverse eventst
n (n final) agent stage (primary/mRCC)
Oosterwijk 1993 I* Imaging and 16 (15) 3'1-mG250 All 12/12 ccRCC None
etal” biodistribution 1/3 non-ccRCC
characteristics >90% of primary
and mRCC lesions
Steffens 1997 I* Pharmacokinetics, 16 1311.cG250 All 13/13 ccRCC HACA 2/16
et al” biodistribution, 0/3 non-ccRCC
immunogenicity, and 5/5 mRCC
imaging characteristics
Divgi 1998 1 Maximum tolerated 33 311-mG250 v 100% lesions >2cm  None
etal® dose and therapeutic
efficacy (RIT)
Steffens 1999 |1 Maximum tolerated 12 131-.cG250 \% Metastases visualized None
et al” dose (RIT) in 9/12 patients
Brouwers 2002 Open, Diagnostic efficacy 20 B31-cG250 vs IV Metastases visualized in  None
etal” nonrandomized (intrapatient '®F-FDG 77/112 '*F-FDG
comparison) 34/112 3'1-cG250
Brouwers 2003  Subanalysis of ~ Diagnostic efficacy 5 B31-.cG250 vs IV """In-cG250 47 lesions  None
etal® phase l/ll trial ~ (intrapatient ""n-cG250 131.c¢G250 30 lesions
comparison)
Divgi 2004 | Maximum tolerated 15 131-cG250 \% 100% lesions > 2 cm 2/15 HACA
etal'® dose (fractionated RIT) 1/15 G2 allergic
reaction
Brouwers 2005 I/l Safety and therapeutic 29 131-cG250 v CT/MRI 92 lesions None
etal™ efficacy (RIT) 1311.cG250 138 lesions
Divgi 2007 I¥ Characterization of 26 (25) 124.¢G250 All 15/16 ccRCC None
et al® tumor histology 0/9 non-ccRCC
Sensitivity 94%
NPV 90%, PPV 100%
Uzzo 2010 II¥ Characterization 204 (195)  '*1-cG250 All 86% sensitivity 13.3% transient AEs
et al'® of tumor histology, 87% specificity 1/204 G3 hepatic

comparison of diagnostic
efficacy with CECT

95% PPV dysfunction

56/198 HACA

Notes: *Presurgical imaging; fonly adverse events related to the use of G250 for diagnostic or pretreatment purposes were reported.
Abbreviations: RCC, renal cell carcinoma; ccRCC, clear-cell RCC; mRCC, metastatic RCC; m, murine; ¢, chimeric; HACA, human antichimeric antibodies; CECT, contrast-
enhanced computed tomography; RIT, radioimmunotherapy; G, grade; NPV, negative predictive value; PPV, positive predictive value; AE, adverse event.

(PN or RN with or without lymph-node dissection) were given
a single 185 MBg/10 mg (5 mCi/10 mg) intravenous dose
of 1-cG250 in 50 mL of 5% human serum albumin over
20 minutes, 1 week prior to surgery. For each patient, PET and
CT images were obtained preoperatively, on the day before or
day of surgery. One patient received immunologically inactive
(immunoreactivity < 25%) '2*I-cG250 and was excluded from
analysis. Of the 16 patients with pathologically confirmed
ccRCC, 15 had a positive PET (the 16th had necrotic tumor),
for a positive predictive value of 100%, sensitivity of 94%,
and specificity of 100%.% Patients with non-ccRCC histologies
demonstrated an absence of antibody accumulation in their
tumors, and there was no evidence of immediate or delayed
toxicity following '**I-cG250 administration.

Based on these encouraging findings, a comprehensive,
multicenter, open-label phase III comparative study of

PET-CT versus diagnostic CT for the detection of ccRCC
in the pretreatment setting was undertaken (Redect;
NCT00606632). This trial recently completed enroll-
ment, and the initial results were disseminated at the
American Urological Association meeting in 2010.'% A
total of 226 patients were enrolled, 204 of which underwent
5 mCi/13.7 mg *I-girentuximab intravenous infusion, 202
underwent surgical resection, and 195 ultimately met final
inclusion criteria for data analysis. PET-CT images were
obtained 2—6 days following antibody administration and
prior to surgical therapy. Multiphase contrast-enhanced
abdominal CTs were performed for comparison within
48 hours of '**[-girentuximab PET-CT. '*I-girentuximab
PET-CT was able to discriminate ccRCC from non-ccRCC
with much higher sensitivity (86%) and specificity (87%)
than conventional CT (sensitivity 76%, specificity 47%)

submit your manuscript

402

Dove

Biologics: Targets and Therapy 2012:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Presurgical diagnosis of clear-cell RCC with '*I-girentuximab

and had no associated serious adverse events.!”® Moreover,
124]-girentuximab PET-CT exhibited a 95% positive predictive
value, indicating that a positive test was highly indicative of
ccRCC phenotype. These findings, which currently are in
press, have led to considerable enthusiasm regarding the
potential of a first-in-class histology-specific diagnostic
imaging modality (Figure 3). In comparison to previous
efforts demonstrating only questionable or theoretical utility
with molecular imaging to impact treatment, the Redect trial
findings demonstrate that immuno-PET results can provide

vl

important pretreatment diagnostic information that will
directly impact a patient’s subsequent treatment. Future addi-
tional potential '*I-girentuximab PET-CT applications include
use in the staging of metastatic disease to measure treatment
response, confirm ablation success, and to improve on the
appropriate selection of candidates for AS protocols.*

Clinical implications
Localized RCC is a surgically curable disease, with 5-year
disease-specific survival rates in excess of 95% for patients

Figure 3 A 7|-year-old female who presented with an incidentally diagnosed, enhancing 4 cm right renal mass (A), which demonstrated positive uptake on '*|-girentuximab (G250)
positron emission tomography/computed tomography (B); pathology following open partial nephrectomy revealed pathologic stage T1b Nx Mx clear cell renal cell carcinoma.
Note: Copyright © 2011, Elsevier. Reproduced with permission from Smaldone MC, Chen DY, Uzzo RG, Yu M. Molecular imaging of the small renal mass. Urol Oncol.

201 1;29(6):589-592.5°
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having localized tumors treated by RN or PN.!'” However,
there is increasing evidence to suggest that we are overdiag-
nosing and overtreating many incidentally detected SRMs,
and that a substantial proportion of these likely represent
indolent and clinically insignificant tumors. Aggressive
surgical resection has remained the gold standard for stage |
tumors, in part to ensure treatment of the 20%-30% of small
tumors that are estimated to have an aggressive malignant
potential. However, reflexive treatment of all SRMs has likely
resulted in the overtreatment of many tumors that are not
life-threatening, of which at least 15%—20% are pathologi-
cally benign.?* This understanding has led to recent interest
to characterize the natural history of SRMs that are managed
expectantly,'®!” as well as to develop tools that might predict
a renal tumor’s malignant potential based on pretreatment
patient and imaging characteristics.

To date, currently available molecular imaging has not
made a significant impact on the management of localized
RCC, largely due to poor sensitivity rates for diagnosing and
staging small tumors, compared to existing conventional
imaging techniques.'® While there is increased promise for
the use of *F-FDG-PET in the evaluation and monitoring of
patients with advanced RCC, it is not recommended in the
routine evaluation of the patient presenting with a localized
SRM. In contrast, immuno-PET with cG250 offers the ability
to discriminate between ccRCC and non-ccRCC phenotypes
in the pretreatment setting, with accuracy rates rivaling if not
surpassing contemporary percutaneous biopsy series.?*1%
Limitations of this emerging imaging technology include
greater radiation exposure for the patient, technicians, and
family members due to the prolonged half-life of I-124, as
well as longer imaging duration compared to more tradi-
tional imaging techniques (**I-girentuximab-PET-CT was
performed a mean of 5 + 2 days following tracer injection
in the Redect trial).!®® Further, concerns regarding how CA
IX expression in normal tissues will impact the diagnostic
efficacy with '*I-girentuximab PET-CT imaging® have
been largely dismissed. Studies have revealed that in non-
ccRCC normal tissues and cell lines, CA IX expression is
less homogenous and has lower antigen density per cell
when compared to ccRCC tumors.” This is likely related to
functional loss of the VHL gene resulting in CA IX overex-
pression in ccRCC, in comparison to a locoregional hypoxia
mechanism in non-ccRCC tumors and normal tissues.!!
The challenge in implementing this novel clinical tool is
determining the situation where the result is of maximum
benefit. While ccRCC has been shown to have less favor-
able outcomes compared to papillary and chromophobe

variants,!!!

current guidelines recommend PN for all lesions
when possible in appropriate surgical candidates, regardless
of tumor histology or grade.!** Further, up-front knowledge
of histologic type is unlikely to impact treatment decisions
in young healthy patients, for whom even a small possibil-
ity of metastatic potential would warrant surgical resection,
or in elderly or comorbid patients that are not fit to proceed
with surgery.

For patients with localized SRMs, immuno-PET is
expected to be most useful for patients with poor preoperative
renal function, a solitary kidney with a renal mass, bilateral/
multifocal disease, or complex cystic disease. Knowledge of
histologic type may encourage a nephron-sparing surgical
approach compared to radical nephrectomy for complex
tumors. Furthermore, the ability to noninvasively determine
SRM histology may support a plan of deferring immediate
treatment if a non-ccRCC is suggested. While ¢ccRCC is
among the most aggressive RCC subtypes and a positive
c¢G250 immuno-PET result might confirm the need for
resection, it is important to consider that some immuno-PET-
negative patients may still benefit from definitive treatment.
Percutaneous biopsy will still play a definitive role in dif-
ferentiating between benign renal tumors and other more
aggressive, non-ccRCC phenotypes, such as papillary type I
RCC. For patients presenting with advanced or metastatic
RCC, ¢G250 immuno-PET may play a role in detection of
metastases, selecting patients for systemic therapy prior to
cytoreductive surgery, guiding selection and optimal duration
of systemic therapy, and monitoring treatment response.

Conclusion

Molecular imaging of the SRM provides the potential to
characterize biological processes at the cellular level in a
noninvasive fashion. Although the poor diagnostic and staging
sensitivity of "SF-FDG-PET has dampened enthusiasm for its use
inlocalized RCC, its utility for assessing metastatic tumor burden
and efficacy of targeted therapy in advanced disease is currently
under investigation. More recently, contemporary studies inves-
tigating novel radiopharmacologic and immune-specific agents
have demonstrated encouraging potential to improve molecu-
lar imaging in RCC. CA IX, which is highly and specifically
expressed in ccRCC, has been extensively investigated as both a
prognostic marker and therapeutic target. Early clinical experi-
ences demonstrated that ¢cG250 (girentuximab), a monoclonal
antibody to CA IX, avidly targets ccRCC, and this affinity has
diagnostic and therapeutic applications. Two recent trials have
demonstrated that immuno-PET using ¢G250 (girentuximab)
can accurately and reliably discriminate between ccRCC and
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non-ccRCC tumor phenotypes with higher sensitivity and

specificity than current modalities. In contrast to other molecu-

lar imaging techniques, cG250 immuno-PET demonstrates the

potential to consistently provide critical information that can

directly influence the management of patients presenting with

localized renal tumors.
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