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Serious Gaps in Knowledge Exist



Increase in BENIGN Renal Masses Being Removed:
CURRENT DIAGNOSTICS NOT GOOD ENOUGH!

Figure 1. Estimated proportion of resected lesions with benign histology in American studies by 1 cm size strata (primary analysis).

Johnson, et al. The Journal of Urology, Volume 193, Issue 1, 2015, 
30–35

The estimated number of surgically resected benign renal masses in the 
United States from 2000 to 2009 increased by 82% from 3,098 to 5,624.



Not all masses 
can be biopsied

◦ Hematoma  4.9%

◦ Pain  1.2% 

◦ Gross hematuria   1.0%

◦ Pneumothorax   0.6%

◦ Hemorrhage   0.4%

FLAWED Literature:
Non-consecutive cases



Lack of Accurate Imaging for 
Metastatic / Recurrent Disease
• FDG-PET has limited sensitivity for accurate staging 

and diagnosis

• Inability to predict early response to an ever 
increasing array of (non-conventional) systemic 
therapies



But…Radiographic Biopsy is 
Already Possible!

• Localized Disease:
– Multiphasic CT Scan
– Sestamibi SPECT/CT
– Carbonic Anhydrase-9

• Regional / Metastatic Disease:
– PSMA PET/CT
– Carbonic Anhydrase-9



Case 1
• 79yo male with eGFR=45 

presents with a 9cm incidental 
renal mass

• PMH: Mitral valve replacement
• Meds: Coumadin
• Lobulated avidly enhancing 

renal mass, central 
hypodensity



Johns Hopkins Workup
• Tc 99m Sestamibi SPECT/ CT

– Standard at JH
– Mitochondrial Imaging Agent



HOT TUMOR ON SESTAMIBI IMAGING

3 Year Follow-up on Surveillance:  Now 82yo, avid golfer
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Oncocytomas



Resected RCCs
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Oncocytoma



Clear Cell RCC

Rajasekaran et al., Histol Histopathol 2005; 20: 35.



Sestamibi Mechanism of Action



99mTc-sestamibi Mechanism of Action 
(Immunohistochemistry)

Papillary
RCC

Oncocytoma

Mitochondria MDR



Prospective Diagnostic Trial

Gorin et al., European Urology, Sep 2015



Results

p = 0.001
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Updated Results (n=126)

Sensitivity Specificity
Rowe 2015

Gorin 2016

Clinical Care

Validation of
Gorin (Ongoing)

Total



• Avid enhancement:  Clear Cell RCC & Oncocytoma
• “Hypoenhancing”: Papillary RCC
• Variable:  Chromophobe RCC





New Paradigm?

• Avid Enhancement + HOT Sestamibi= Oncocytoma
• Avid Enhancement + Cold Sestamibi= Clear cell RCC
• Hypoenhacment + Cold Sestamibi= Papillary RCC



Clear Cell RCC Oncocytoma
124I-girentuximab Immuno-PET/CT

Divgi et al. J Clin Oncol 2013; 31: 187. 

Positron Emission Tomography/Computed Tomography
Identification of Clear Cell Renal Cell Carcinoma: Results
From the REDECT Trial
Chaitanya R. Divgi, Robert G. Uzzo, Constantine Gatsonis, Roman Bartz, Silke Treutner, Jian Qin Yu,
David Chen, Jorge A. Carrasquillo, Steven Larson, Paul Bevan, and Paul Russo

Chaitanya R. Divgi, Columbia University;
Jorge A. Carrasquillo, Steven Larson,
and Paul Russo, Memorial Sloan-
Kettering Cancer Center, New York,
NY; Robert G. Uzzo, Jian Qin Yu, and
David Chen, Fox Chase Cancer Center,
Philadelphia, PA; Constantine Gatsonis,
Brown University, Providence, RI;
Roman Bartz, Silke Treutner, and Paul
Bevan, Wilex, Munich, Germany.

Published online ahead of print at
www.jco.org on January 3, 2012.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Clinical trial information: NCT00606632.

Corresponding author: Chaitanya R.
Divgi, MD, Columbia University,
Nuclear Medicine/PET, Columbia
University Medical Center, 722 W 168
St, R-114, New York, NY 10032; e-mail:
crdivgi@columbia.edu

© 2012 by American Society of Clinical
Oncology

0732-183X/13/3102-187/$20.00

DOI: 10.1200/JCO.2011.41.2445

A B S T R A C T

Purpose
A clinical study to characterize renal masses with positron emission tomography/computed
tomography (PET/CT) was undertaken.

Patients and Methods
This was an open-label multicenter study of iodine-124 (124I) -girentuximab PET/CT in patients with
renal masses who were scheduled for resection. PET/CT and contrast-enhanced CT (CECT) of the
abdomen were performed 2 to 6 days after intravenous 124I-girentuximab administration and before
resection of the renal mass(es). Images were interpreted centrally by three blinded readers for each
imaging modality. Tumor histology was determined by a blinded central pathologist. The primary end
points—average sensitivity and specificity for clear cell renal cell carcinoma (ccRCC)—were compared
between the two modalities. Agreement between and within readers was assessed.

Results
124I-girentuximab was well tolerated. In all, 195 patients had complete data sets (histopathologic
diagnosis and PET/CT and CECT results) available. The average sensitivity was 86.2% (95% CI, 75.3%
to 97.1%) for PET/CT and 75.5% (95% CI, 62.6% to 88.4%) for CECT (P ! .023). The average
specificity was 85.9% (95% CI, 69.4% to 99.9%) for PET/CT and 46.8% (95% CI, 18.8% to 74.7%)
for CECT (P ! .005). Inter-reader agreement was high (! range, 0.87 to 0.92 for PET/CT; 0.67 to 0.76
for CECT), as was intrareader agreement (range, 87% to 100% for PET/CT; 73.7% to 91.3% for CECT).

Conclusion
This study represents (to the best of our knowledge) the first clinical validation of a molecular imaging
biomarker for malignancy. 124I-girentuximab PET/CT can accurately and noninvasively identify ccRCC,
with potential utility for designing best management approaches for patients with renal masses.

J Clin Oncol 31:187-194. © 2012 by American Society of Clinical Oncology

INTRODUCTION

There were an estimated 60,920 new cases of renal
carcinoma in the United States in 2011, with an
associated mortality of 13,120.1 Renal cortical tu-
mors are diverse, with variable metastatic potential,
from benign (20%, including oncocytoma, angio-
myolipoma) to indolent (papillary and chromo-
phobe carcinoma) with limited metastatic potential
to the more potentially metastatic conventional
clear cell renal cell carcinoma (ccRCC).

Approximately 70% of renal cortical tumors
are confined to the kidney at presentation; 30% of
patients either present with or later develop meta-
static disease.2-4 ccRCC has a poor prognosis, largely
because of its higher metastatic potential.5-10 Thus, a
priori identification of this phenotype is important
in clinical decision making.

For large renal tumors that have replaced the
entire kidney, radical nephrectomy (RN) remains
the surgical treatment of choice. However, for small
renal masses (SRMs), 70% of which are detected
incidentally at a median size of 4 cm or less,11

nephron-sparing surgical approaches are increas-
ingly performed. There is emerging evidence that
RN for SRM can cause or worsen preexisting
chronic kidney disease and increase cardiovascular
morbidity and mortality.12-14 In appropriately se-
lected vulnerable patients—those who have a lim-
ited life expectancy, have competing comorbidities,
or are surgically fragile for other reasons—the use of
active surveillance may be an acceptable option.15

The creation of an individualized treatment plan is
thus increasingly warranted.

The standard for definitive characterization
of a renal mass remains surgical histopathology.
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ZIRCON Trial (PET antibody agent)

• T1 renal mass undergoing surgery
• Injection then 5 +/- 2d imaging then surgery
• 300 patients
• Sensitivity 86%, Specificity 87%
• Safe,  well tolerated, and accurate



Yang et al., Oncotarget 2015; 6: 33733.

CAIX Imaging with Novel Small Molecules



Case 2
• 53yo male

– eGFR <60
– Solitary kidney (Nx 10yrs ago 

for RCC
– Negative FDG-PET

Is Kidney Tumor Cancer?
Is Adrenal Tumor a Metastasis?



Chang et al., Cancer Res 1999; 59: 3192.

PSMA EXPRESSION IN 
CANCER





• To evaluate the specificity of 18F-DCPyL PET/CT, a seventh patient with 
progressive ccRCC was imaged prior to death and a rapid autopsy was 
performed.

• On conventional imaging, 54 sites of disease were identified.

• With the exception of 1 lesion (left inguinal lymph node), all sites of disease 
had corresponding radiotracer uptake.

• In addition, 12 sites of disease were identified on 18F-DCFPyL but not 
conventional imaging.

• Of these occult lesions, 8 were readily accessible at the time of rapid 
autopsy and 7 were confirmed to be metastatic ccRCC.



Rapid Autopsy Study
A B C



Rapid Autopsy Study
A B C



Rapid Autopsy Study

A B C



• Adrenal Lesion was FDG-PET negative BUT…
 HOT ON PSMA PET

• Adrenal Tumor Resected:  Clear-cell RCC, -SM



Renal Tumor was Sestamibi COLD

• Partial nephrectomy was performed
• Margin confirmed by OCT (a story for another day!) 
• Final Pathology:  ccRCC, ISUP2, R0



Our patient:

• Sestamibi cold renal tumor, PSMA hot adrenal lesion

• Final pathology:  Clear cell ISUP 2 RCC, -SM 
(kidney), Clear cell RCC –SM (adrenal tumor). 

• Cr=1.3 postop



Conclusions
• 99mTc-sestamibi SPECT/CT and CAIX based 

imaging are promising imaging modalities for renal 
tumors.

• PSMA based imaging is encouraging for 
comprehensive staging of advanced RCC.

• We do not need to biopsy the majority of tumors 
because radiographic biopsy is here!


