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ABSTRACT

Introduction: The incidental detection of small renal masses is on the rise. However, not
all require aggressive treatments as up to 20% are benign and the majority of malignant
tumors harbor indolent features. Improved preoperative diagnostics are needed to
differentiate tumors requiring aggressive treatment from those more suitable for
surveillance. We evaluated and compared confocal laser endomicroscopy (CLE) with
standard histopathology &x vivo human kidney tumors as a proof-of-principle towards
diagnostic optical biopsy.

Methods: Patients with solitary small renal masses scheduled for partial or radical
nephrectomy were enrolled in the study. Two kidneys were infused with fluorescein via
intraoperative intravenous injection, and 18 tumors were bathédo in dilute

fluorescein prior to confocal imaging. A 2.6 mm CLE probe was used to image tumors

and surrounding parenchyma from external and en face surfaces after specimen bisection.
CLE images were compared to standard H&E analysis of corresponding areas.

Results: Ex vivo CLE imaging revealed normal renal structures that correlated well with
histology. Tumor tissue was readily distinguishable from normal parenchyma,
demonstrating features unique to benign and malignant tumor subtypes. Topical
fluorescein administration provided more consistent CLE imaging than the intravenous
route. Additionally, en face tumor imaging was superior to external imaging.

Conclusion: We report the first feasibility study using CLE to evaluate small renal
masse®x vivo and provide a preliminary atlas of images from various renal neoplasms
with corresponding histology. These findings serve as an initial and promising step
towards real-time, diagnostic optical biopsy of small renal masses.

I ntroduction:

The incidental detection of small (<4 cm) solid renal masses (SRM) has steadily
increased due to the widespread use of ultrasonography (US), cross-sectional computed
tomography (CT), and magnetic resonance imaging (MRI). Unfortunately, these imaging
modalities are imprecise in discriminating between benign and malignant tumors, not to
mention the various subtypes and grades of malignant tumors. Therefore, they provide
the urologist with limited guidance as to the most appropriate therapy based on tumor
type. This is especially germane given the expanded treatment options for SRMs, which
include active surveillance and thermal ablation, in addition to radical and nephron-
sparing surgery. Furthermore, the field has gained a greater appreciation for the genetic
heterogeneity of renal cell carcinoma, prompting the development of new targeted
medical therapies tailored to specific molecular pathways and renal tumor sdbfies.
leads to a clinical decision-making paradigm that is currently not optimal. For example,
surgical resection for many tumors may be considered overly aggressive or even
unnecessary, especially in medically frail patients, given that up to 20% of resected
SRMs are found to be benign on histopathology and an additional 60% of malignant
tumors are found to harbor indolent featurésTaken together, these observation~



suggest that our therapeutic interventions have advanced faster than our diagnostic
modalities, highlighting the clear need for improved diagnostic testing that can properly
match the biological aggressiveness of a tumor with the most appropriate treatment
option.

Percutaneous diagnostic renal biopsy has historically been used to address this problem,
but has been limited in use due to the concern of diagnostic inaccuracy and the fear of
complications such as bleeding and tumor seeding along the needteSesetal novel

optical imaging modalities have recently been under development towards the goal of
“optical biopsy.” These approaches hope to use optical techniques to harvest diagnostic
and prognostic information that has previously only been available from final
histopathology. Optical imaging encompasses a variety of technologies that generate data
based on the unique absorption, scattering, reflectance, and fluorescence profiles
produced upon light interaction with various tissue, structural, and cellular components.

In some cases, this data can be displayed as an image output. Technologies most pertinent
to urology include photodynamic diagnosis (PDD), narrow-band imaging (NBI), and
optical coherence tomography (OCT). PDD and NBI have been used as enhancements to
standard white light cystoscopy (WLC) for identification of bladder neoplasms, and OCT
has been used in the evaluation of both bladder and kidney neopfdsms.

Confocal microscopy (CM) is a well-established optical imaging technology in the basic
science field that provides high resolution, real-time images of tissues on a microscopic
level. This technology requires the administration of a fluorescent dye to augment the
resolution of cellular and tissue architecture from surrounding blood supply and
connective tissue. CM is based upon laser excitation of tissues with acquisition of
backscattered fluorescent light through a pinhole aperture that rejects light from out-of-
focus planes, thus providing a clear, in-focus image of a very thin section of tissue.
Miniaturization of instruments has led to the development of a fiber-optic confocal
delivery system that can be passed through the working channel of standard endoscopes
for in vivo imaging, now referred to as confocal laser endomicroscopy (EIE)E has

been approved for use in the fields of gastroenterology and pulmonology for evaluation
of Barrett's esophagus, cystic fibrosis, gastric cancer and dfff&fSor gastric cancer,

CLE demonstrated significantly higher diagnostic accuracy when compared with
conventional endoscopic biopsies in differentiating gastric adenomas from
adenocarcinomas (94.2% vs 85.7%, p=0.031).

The U.S. Food & Drug Administration has also approved the endoscopic application of
CLE in the field of urology. To date, studies of CLE imaging within the field of urology
have been predominantly focused on urothelial carcinoma. @ahrhave demonstrated

the ability of CLE to adequately visualize differences between normal urothelial mucosa
and tumor tissue within the bladd&r°In addition, CLE images representing different
tissue types within the genitourinary tract have been compiled into an imaging atlas,
establishing a preliminary set of diagnostic criteria for future stddligstil now, CM
imaging of kidney tissue has been limited to animal models using bench-top confocal
microscope$’ Campo-Ruiz and colleagues demonstrated in a murine model that CM



imaging of renal tubules, glomeruli, and interstitium correlated highly with hematoxylin
and eosin histology on a structural and cellular level.

Building upon these aforementioned studies, we evaluated the utility of CLE imaging of
ex vivo human renal tumors following surgical excision as compared to standard
histopathology as a proof-of-principle study towards the development of diagnostic
optical biopsy.

M ethods:

Patient Enrollment. Following protocol approval by the Institutional Review Board at

the University of Florida, a total of 20 patients with solitary small renal tumors scheduled
for partial (n=13) or radical (n=7) nephrectomy were enrolled in this study between
October 2013 and December 2014 (Table 1). Informed consent for the study was
obtained from all patients prior to surgery. All surgeries and CLE imaging were
performed by a single surgeon.

Fluorescein Administration. In the first two study patients, five mL of 10% fluorescein
(Alcon Laboratories, Inc., Fort Worth, TX) was administered intraoperatively by
peripheral intravenous injection approximately five minutes prior to renal hilar
transection in radical nephrectomy cases or renal artery clamping in partial nephrectomy
cases. This was to allow for adequate kidney and tumor tissue uptake of fluorescein.
After surgical resectiorex vivo CLE imaging of these two specimens was performed in
the pathology lab following completion of the surgery. In the ensuing eighteen patients,
surgically resected tumors were removed from surrounding perinephric fat anddsathed
vivo for five minutes in 200 mL of normal saline containing 0.0005% fluorescein for
tissue staining.

Ex vivo Confocal I maging. All specimens were rinsed with 250 mL normal saline to
remove excess fluorescein prior to CLE imaging. The CLE imaging system used
(Cellvizio, Mauna Kea Technologies Inc., Suwanee, GA) was equipped with a laser
scanning unit (488 nm excitation wavelength), 2.6 mm fiber-optic probe and a desktop
computer with image acquisition and processing software. The 2.6 mm probe has an
image resolution of 1 um, field of view of 240 um and a depth of focus of 60 um. CLE
video imaging was performed on five regions of the external tumor surface and on
regions of the surrounding normal parenchyma. Following this, the tumor specimen was
bisected folen face CLE imaging on five regions of the tumor cut-surface and on regions
of the surrounding normal parenchyma (Figure 1). Images were collected as video
sequences at 12 frames per second and stored for later review with corresponding
histopathology.

Histopathologic Analysis. Following CLE imaging, interrogated regions were carefully
marked with colored dyes to ensure the same regions of tumor and normal parenchyma
were biopsied for optimal imaging-histology co-registration (Figure 2). Biopsies were
processed for standard pathological assessment with hematoxylin and eosin by one of two
dedicated uropathologists on the study team. Representative CLE still-frame images were
taken from video segments of various benign and malignant renal tumor subtypes and



compiled into a CLE atlas of images with corresponding histopathology.

Results:

CLE imaging from the first two patients who received intravenous fluorescein had
suboptimal image quality that limited the ability to accurately visualize cellular
architecture and structure. Subsequently, direct topical administration of fluorescein
provided much improved and consistent image quality. Tissue microarchitecture could
not be well visualized when imaging from the external surface of the renal capsule or
tumor pseudocapsule. However, en face imaging with the probe in direct contact with
tumor tissue allowed for discrimination of structures within normal renal tissue (i.e.
glomeruli, tubules, sinus fat and collecting system) with excellent correlation to histology
(Figure 3). For example, individual cuboidal epithelial cells highlighted by fluorescein
staining of cytoplasm could be seen lining the renal tubules. The nuclei of these cells
appeared dark due to poor fluorescein penetration through the nuclear membrane, as did
the network of capillaries within the glomerulus. In contrast, urothelial cells of the renal
pelvis and sinus fat appeared dark and were accentuated by fluorescein staining of
extracellular matrix rather than cytoplasm. Tumor tissue was readily distinguished from
normal parenchyma, as were features unique to benign tumor subtypes (Figure 4). Of the
benign tumor subtypes, angiomyolipoma was remarkably distinctive for its characteristic
fat globules that appeared as dark, spherical bodies embedded in an amorphous
background of muscle and vessels. Oncocytoma demonstrated dark nests of cells
delineated by fluorescein staining of intervening fibromyxoid stroma. Spindle cells could
be seen in both leiomyoma and cystic nephroma tumors. However, unlike cystic
nephroma, leiomyoma exhibited broad fascicles with the classic whorl-like, trabeculated
pattern reminiscent of histologic findings. Although sufficient fluorescein penetration

into normal renal tissue allowed for excellent imaging, poor fluorescein penetration into
tumor cells, especially in malignant tumor subtypes, limited image content to mere
structural outlines of tumor architecture without cellular distinction (Figure 5). As such,
histologic grade could not be assessed due to limitations in CLE image quality of the
nucleus as well as the small sample size. Clear cell RCC exhibited a thunder storm-like
pattern, whereas, acquired cystic RCC had better fluorescein uptake that allowed for
visualization of intranuclear vacuoles. Papillary RCC demonstrated characteristic papillae
despite the lack of cellular detail due to poor fluorescein uptake. In addition, passing red
blood cells within vascular networks were easily visualized within angiomyolipomas,
clear cell RCC, and fibrovascular stalks of papillary RCC.

Discussion:

We report the first confocal laser endomicroscopic evaluatier w¥o human renal

tumors. Using fresh surgical specimens, we acquired real-time CLE images with
resolution sufficient for visualizing microarchitecture and cellular morphology
characteristic of both normal and tumor tissue. In our study, we made the following
observations. Firsex vivo administration of topical fluorescein allowed for more
consistent, uniform and superior staining of tissue specimens as compiaredo
peripheral administration of intravenous fluorescein. Others have previously shown that
intravenous fluorescein delivery provides excellent CLE image resolution in bladder
tumors.*®*° Therefore we believe that our observation was likely due to improper dosing



and timing between administration and imaging. Additionally, significant renal blood

flow through the human kidney in conjunction with the amount of time required to resect
and deliver the tumor specimen from the body (45-60 minutes) likely allowed dye to
transit from renal tissues befagevivo CLE imaging could be completed, resulting in

poor contrast between cellular structures and surrounding interstitium. A higher dose may
have been required to deliver sufficient volume of dye from the systemic circulation to

the kidney and tumor. Secgreh face CLE imaging of bisected specimens was superior

to external tumor surface imaging likely due to the limited depth of penetration of CLE
(i.e. 60 um). The presence of tumor pseudocapsule was enough to prevent visualization
of subcapsular cellular and structural detail. As with all light-based optical technologies,
there is an inherent trade-off between depth of light penetration and image resolution.
Third, CLE provided excellent discrimination of various anatomic components within
normal renal tissue, including tubules, glomeruli, collecting system, and perinephric fat
analogous to histopathology. Fourth, CLE imaging could easily discern between tumor
tissue and normal tissue. However, malignant tumor subtypes were not as well delineated
as benign tumor subtypes due to limited fluorescein penetration into malignant cells
although some tumor structures were still striking such as the papillae in papillary renal
cell carcinoma. There is evidence that besides passive diffusion in accordance to pH
partition theory there are also select isoforms of pH-dependent monocarboxylic acid
transporters (MCTS) involved in the cellular uptake of fluorescein. The kidney expresses
several MCT isoforms in distinct cellular distributions such that cells in the proximal
tubules express different isoforms from those in the distal tubules, which may account for
differential fluorescein uptake among normal céfig.dditionally, decreased fluorescein
uptake in malignant cells may be explained by modified expression of MCTs or
alterations in intra- and extracellular pH secondary to pathologic metabolic remddeling.
Potential alternatives include the use of fluorescein conjugated antibodies or other
fluorescence probes that may target and penetrate cellular compartments of tumor cells as
compared to predominately interstitial spaces with fluorescein. Another important point

of consideration in CLE imaging is that real-time acquisition of video sequences provides
more than a single field of view (Video 1). The single still-images isolated from CLE

video sequences do not fully capture the overall gestalt and patterns of cellular and tumor
architecture that aid in the differentiation of tumor subtypes.

While promising, ouex vivo pilot study has several limitations apropos to the utility of

CLE as a preoperative, diagnostic optical biopsy tool for SRMs. First, an ideal optical
biopsy tool would potentially replace the need for percutaneous needle biopsy by
providing immediate, real-time data in timevivo setting. In our study, we used a probe

size that obviates the percutaneous application of CLE technology. A 2.6 mm diameter
probe was favored over another available smaller diameter (0.85 mm) probe for its higher
spatial resolution, tm and 3.5um respectively. The smaller diameter probe fits within
standard 19 gauge biopsy needles, but the image quality is inferior. Also limitimg the

vivo application of CLE was our reliance on topical fluorescein administration as opposed
to the intravenous route. Although tangential from our goal of preoperative diagnosis, the
timing and dosing of intravenous fluorescein administration could be further investigated
and refined to allow for future intraoperative applications such as inspecting tumor beds
or partial nephrectomy specimens for positive surgical margins. Prior work in bladder



tumors suggest that intravenous fluorescein allows for adequate imaging within 1-2
minutes and up to 30 minutes following injectf§rSecond, an ideal optical biopsy tool
would provide adequate information through superficial contact that does not penetrate
the actual surface of the tumor, thus avoiding the risk of tumor cell spillage. However, we
observed a limited depth of light penetration when imaging from the external surface of
the renal tumor. Any overlying adipose tissue, normal parenchyma, or even tumor
pseudocapsule hindered image penetration and significantly deterred visualization of
underlying tissue, rendering images inadequate for purposes of tissue characterization.
Although tumor penetration with a CLE probe does not circumvent the concern of tumor
spillage akin to standard biopsy, it does have the advantage of live, continuous
acquisition of images unlike the static result from needle biopsy. Also, tumor penetration
may have utility in improving the yield of a standard biopsy by providing real-time
feedback (e.g. avoiding acellular regions).

Despite these limitations, improvements in CLE and other fiberoptic-based technologies
are worthy of pursuit in order to enhance the armamentarium of diagnostic imaging
modalities used in the field of urology as well as other fields of medicine. Studies have
demonstrated the potential of CLE as an adjunct to white light cystoscopy in bladder
cancer:**As a hollow organ, the bladder offers a direct routérfaeivo topical

fluorescein administration and unhindered imaging of tumor tissue. In our attempt to
extend the diagnostic spectrum of CLE to SRMs, we were confronted by significant
obstacles intrinsic to the imaging process of a solid organ and tumor. However, these
obstacles define a path for further development in CLE and other optical imaging
technologies that will improve light penetration while maintaining the capacity for high-
resolution imaging. More significantly, our study accomplished an important goal in
establishing a baseline set of CLE images of normal renal tissue and benign and
malignant tumor subtypes for future clinical urologic research.

Conclusions:

We report the first feasibility study of using CLE optical biopsy foresh@vo evaluation

of solid renal tumors. Additionally, we provide a preliminary atlas of confocal images

from various renal neoplasms with corresponding histology. The real-time procurement
of information using technologies such as CLE may provide instantaneous and actionable
data that improves patient counseling and clinical decision-making. Beyond the field of
urology, progress in this area may eventually revolutionize how pathologists and
radiologists approach and image renal tumors in the future.

Sour ce of Funding: Departmental



Table 1. Patient demographics, surgical type and tumor characteristics. RCC, renal cell
carcinoma.

Figure 1. En face confocal imaging of renal tumor with confocal 488 nm laser light
transmitted through a 2.6 mm fiber-optic probe.

Figure 2. Confocal laser endomicroscopy imaged tumor regions marked with colored
dyes for directed biopsy for histopathology.

Figure 3. Normal renal tissues. Comparison of H&E and en face confocal
endomicroscopic images of normal glomerulus and tubules (A,B), renal pyramid (C,D),
renal pelvis (E,F), and sinus fat (G,H).

Figure 4. Benign renal tumors. Comparison of H&E and en face confocal
endomicroscopic images of angiomyolipoma (A,B), oncocytoma (C,D), cystic nephroma
(E,F), and leiomyoma (G,H).

Figure 5. Malignant renal tumors. Comparison of H&E and en face confocal
endomicroscopic images of clear cell renal cell carcinoma (A,B), papillary renal cell
carcinoma (C,D), and acquired cystic renal cell carcinoma (E,F).
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Age | Gender | Tumor Type of Pathol ogy Histologic Route of

Size (cm) Nephrectomy Grade Fluorescein

Administration

63 M 6.5 Radical Oncocytoma N/A Intravenous

65 M 5.8 Radical Clear cell RCC 2 Intravenous
53 M 5.0 Partial Clear cdl RCC 2 Topical
37 F 2.1 Partial Leiomyoma N/A Topical
61 F 34 Partial Clear cell RCC 3 Topical
83 M 4.2 Radical Oncocytoma N/A Topical
55 F 35 Partial Papillary RCC 2 Topical
28 M 2.2 Partial Clear cell RCC 2 Topical
63 F 55 Partial Cystic nephroma N/A Topical
69 M 2.0 Partial Clear cell RCC 2 Topical
89 M 6.5 Radical Clear cdl RCC 2 Topical
62 M 1.7 Radical Acquired cystic 2 with Topical

RCC focal areas
of 3
73 M 2.5 Partial Clear cell RCC 3 Topical
68 F 44 Partial Angiomyolipoma N/A Topical
66 F 4.6 Radical Clear cdl RCC 2 Topical
43 M 4.2 Partial Papillary RCC 2 Topical
80 M 25 Partial Chromophobe 2 with Topical
RCC focal areas
of 3

A7 F 2.7 Partial Clear cell RCC 2 Topical
82 M 55 Radical Oncocytoma N/A Topical
53 M 12 Partial Clear cell RCC 2 Topical










- & -
A. Glomerulus and Tubules # ¥ =5%

G Renal Pyramld Li

L2 LAY

T S Cellvizio'

"

; - N
. X P
1 - ~
§ "
~ \i \ g
i \
& 3
_ -
¥ 3 )
. ~ .
MR
sJa '\W T ! -
R : :
.‘?‘1\‘_ \\ o -

S W e AN SERY - Cellvizio







% L8

L (.




Key of Definitionsfor Abbreviations

CLE = Confocal laser endomicroscopy
MCT = Monocarboxylic acid transporter
RCC = Renal cell carcinoma

SRM = Small renal mass



