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Abstract

OBJECTIVE—To improve visualization of upper tract urothelial carcinomas. Previous studies 

using the novel pH low insertion peptide (pHLIP) variant 3 (Var3) conjugated to indocyanine 

green (ICG) have demonstrated high sensitivity and specificity for imaging of bladder urothelial 

carcinoma. Here, we describe a novel approach for the imaging of upper tract urothelial 

carcinomas using ICG-Var3 pHLIP.

METHODS—Twelve ex-vivo upper urinary tract specimens were irrigated with ICG-Var 3 

pHLIP for 15 minutes and then examined using a white light laparoscopic camera followed by 

near infrared fluorescent (NIRF) imaging using a Stryker 1588 AIM imaging system. Standard 

histopathologic evaluation was performed and findings were correlated with white light and ICG-

Var3 NIRF imaging. One patient who underwent radical nephrectomy for renal cell carcinoma was 

used as a negative control.

RESULTS—Nineteen lesions were identified on histopathologic evaluation in 10 patients, 

including 82% high-grade urothelial carcinoma and 18% low-grade urothelial carcinoma. 

Nineteen (100%) malignant lesions were identified using NIRF imaging, while 15 (78.9%) lesions 

were identified using conventional white light examination. The sensitivity of ICG-Var3 pHLIP 

NIRF imaging was 100% compared to 78.9% white light examination. Both modalities are 100% 

specific. Benign collecting systems and ureters did not show uptake of the pHLIP construct.

CONCLUSION—In this feasibility study, the ICG-Var3 pHLIP imaging agent demonstrated 

superior diagnostic performance compared to conventional white light examination. While 

additional studies are required for validation and in-vivo translation, pHLIP-based imaging 
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represents a promising tool to improve the evaluation and management of upper tract urothelial 

carcinoma. UROLOGY 139: 134–140, 2020.

Upper tract urothelial cell carcinoma (UTUC) accounts for 5%–10% of all urothelial 

neoplasms and has increased in incidence over the last 4 decades.1,2 Although, enhanced 

cystoscopic techniques have become increasingly adopted for the endoscopic diagnosis and 

management of lower tract urothelial carcinoma,3–5 there are limited data for the use of such 

approaches in upper tract urothelial carcinoma.6–11

The pH low insertion peptides (pHLIP) belong to a family of water soluble membrane 

peptides that have been shown to target the acidic microenvironment of malignant cells 

based on the Warburg effect.12 pHLIPs target low pH at the surface of cancer cells, 

where it is the lowest and independent of tumor perfusion, thus providing high specificity 

and sensitivity in tumor targeting.13 In preclinical trials, pHLIP has been used for 

imaging and pH specific drug delivery.14–21 Among investigated pHLIPs variant 3 (Var3) 

demonstrated the best tumor targeting.14,19,20 Currently 18F-Var3 pHLIP is underway to 

clinical translation for imaging of acidity.20 In a previous study using ICG-Var3 pHLIP, 

we demonstrated targeting of bladder urothelial carcinoma with high sensitivity (97%) 

and specificity (100%).21 Here, we report on a feasibility study for the use of ICG-Var3 

pHLIP-based imaging of upper tract urothelial carcinoma in ex-vivo specimens.

MATERIALS AND METHODS

Study Cohort

Following Institutional Review Board approval, 12 consecutive patients undergoing surgical 

treatment of upper urinary tract malignancy (N = 11 UTUC; N = 1 RCC) at the Miriam 

Hospital (Providence, RI) were prospectively enrolled and consented for participation in this 

study. All surgeries were performed by a single urologic oncologist (D.G.).

Specimen Processing and Imaging Evaluation

ICG-Var3 was prepared as described previously.15 For each case, 100 mL of solution 

containing 0.40 μmol of ICG-Var3 in Phosphate Buffered Saline (PBS), pH 7.4, 

supplemented with 10 mM D-glucose was freshly prepared. After excision of the upper 

urinary tract specimen, an open-ended ureteral catheter was inserted into the ureter. Samples 

were washed with 100 mL of normal saline for 15 minutes. Upper tracts were then slowly 

irrigated with the freshly prepared 100 mL of ICG-Var3 pHLIP solution for 15 minutes, 

followed by another wash with 100 mL of normal saline. The washed upper tract specimens 

were incised longitudinally. Ex-vivo evaluation of the upper urinary tracts was performed 

using Stryker 1588 AIM imaging system using 10 mm and 5 mm laparoscopes under white 

light followed by near infrared fluorescent (NIRF) imaging by a single investigator trained 

in NIRF imaging (B.G.). White light examination preceded NIRF imaging in every case. 

In 2 cases the DaVinci Si Surgical System Firefly (Intuitive Surgical, Sunnyvale, CA) was 

used. Areas labeled by ICG-Var3 pHLIP were marked by ink and entirely submitted for 

standard histopathologic evaluation by a single genitourinary pathologist (A.A.).
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Histopathologic Evaluation

Following imaging, specimens were sectioned and submitted after 24-hour fixation in 

10% phosphate-buffered formalin according to the standard institutional grossing manual. 

Samples were processed for routine histology into paraffin embedded blocks. Five 

micrometer thick tissue sections were obtained and stained for Hematoxylin & Eosin 

(H&E). Evaluation of pathology was performed by a genitourinary pathologist and a 

standard report was prepared based on the American Joint Committee on Cancer Staging 

Manual, seventh edition, 2010. Correlation between presence of ICG-Var3 NIRF stained 

lesions, standard gross white light evaluation, and routine histopathologic evaluation was 

assessed.

Statistical Analysis

Clinicopathologic features were summarized in frequency tables. Fisher’s Exact chi-square 

analysis was used to correlate the difference between white light and NIRF to presence of 

malignancy. Statistical analyses were performed using IBM SPSS Statistics for Windows 

Version 20 (IBM (IBM Corp, Armonk, NY), with P values <.05 considered statistically 

significant.

RESULTS

Twelve patients were included in the study, of whom 11 underwent radical 

nephroureterectomy (N = 10) or distal ureterectomy (N = 1) for UTUC, while 1 

control patient underwent radical nephrectomy for Renal Cell Carcinoma (RCC) (Table 

1, Supplementary Table 1a). A total of 19 urothelial carcinoma lesions were identified by 

standard histopathologic evaluation, including 8 (42.1%) invasive UTUC and 11 (57.9%) 

noninvasive UTUC (Table 1, Supplementary Table 1b). Fifteen (78.9%) lesions were high-

grade and 4 (21.1%) were low-grade.

ICG-Var3 NIRF ex-vivo imaging identified 19 lesions, while conventional white light 

examination identified 15 lesions (Table 2a and 2b).

Figure 1 demonstrates representative images of ICG-Var3 pHLIP targeting of high-grade 

invasive (Fig. 1A–C), high-grade noninvasive (Fig. 1D–F), and low-grade noninvasive (Fig. 

1G–I) lesions. Three lesions were low-grade noninvasive UTUC. Of the 9 invasive high-

grade lesions, 2 were presented with features of small cell carcinoma, and 1 with squamous 

differentiation.

Compared to white light examination, NIRF pHLIP-based imaging demonstrated superior 

sensitivity in visualizing UTUC (100% vs 78.9%; P = .001) and equal specificity (100% vs 

100%) (Table 3).

Without the aid of ICG-Var3 pHLIP (white light assessment only), only 15 lesions were 

grossly identified (78.9%). Of the lesions missed by white light assessment, 3 were high-

grade noninvasive papillary UCC, and the fourth missed lesion was low-grade noninvasive 

UCC
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In all cases, routine histopathologic evaluation demonstrated that benign urothelium, ureter, 

and the renal pelvis did not show any uptake of the pHLIP construct. Nonmalignant lesions 

like ureteritis cystica (6 locations) seen in the control patient were negative for ICG-Var3 

pHLIP staining (Fig. 1J–L).

DISCUSSION

In this feasibility study, the ICG-Var3 pHLIP NIRF imaging agent demonstrated excellent 

performance for the diagnosis of upper tract urothelial carcinoma, with 100% specificity and 

sensitivity. It improved the diagnosis of UTUC by 21.2% compared to conventional white 

light examination, identifying lesions not seen using white light gross examination due to 

small size. Normal mucosa was not stained by ICG-Var3 pHLIP, nor were nonmalignant 

lesions such as ureteritis cystica.

Cross-sectional imaging and traditional white-light endoscopic visual have historically 

demonstrated poor performance for the diagnosis and staging of UTUC.22–24 Recognizing 

the need for better and more accurate diagnostic methods, new technologies have 

been proposed. Maruschke et al detailed various imaging techniques used for UTUC 

identification in a retrospective cohort of 113 patients, citing sensitivities of 87.7% for 

retrograde ureteropylography, 83.1% for CT scan, 57.4% for intravenous urograms, and 50% 

for MRI.25 Although prior studies have reported on the performance of diagnostic imaging 

modalities such as computed tomography, intravenous urograms, and magnetic resonance 

imaging, none of these imaging modalities are a substitute for the direct visualization of 

tumors that is required to perform endoscopic biopsy.

Novel and advanced ureteroscopic techniques are extensively reported in a review by Baard 

et al in which benefits of narrow band imaging (NBI), Image 1S, and photodynamic 

diagnosis (PDD) for augmenting ureteroscopy (URS), especially as aids in diagnosing 

carcinoma in Situ and sessile lesions that may otherwise be difficult to identify.7 Advances 

in augmented and enhanced URS are further reviewed by Knoedler and Raman, describing 

the few reported cases where NBI was used with great success, the high specificity of 

PDD and difficulties associated with administration of the necessary fluorochrome, and the 

emerging confocal imaging microscopy of UTUC.26 Nonetheless, novel imaging modalities 

for the diagnosis of UTUC require more study as pitfalls have been documented. NBI 

provides subjective improvements in the visualization, with few noticeable improvements in 

the image compared to white light URS27; the fluorochrome associated with PDD can have 

adverse effects in up to 25.8% of patients10; and confocal imaging microscopy has been 

reported with unreliable relationship to tumor grade and stage.28 Utility of these advanced 

imaging modalities in diagnosis and management of UTUC is unmistakable, as white light 

URS has been reported as falsely omitting up to 50% of lesions in patients undergoing URS 

for UTUC and up to 15% of high-grade lesions are misdiagnosed as low-grade.29,30

This is the first study to report the feasibility of enhanced visual diagnosis of upper 

tract urothelial carcinoma using a novel and specific targeting agent, as has become 

accepted for lower tract urothelial carcinoma.21 The pHLIP peptide is specific to cellular 

microenvironments with higher acidity, with high rates of glucose metabolism, and can 
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detect 0.2–0.3 pH unit changes in vivo.13,14 Additionally, the ICG-Var3 pHLIP signal is 

easier to make out than that in NBI and PDD. In this regard, the pHLIP construct holds great 

promise to improve the evaluation and management of UTUC.

Since histopathologic diagnosis of UTUC is based on endoscopic identification of tumors, 

it follows that improved diagnostic tools will enhance current techniques. To this end, NIRF 

pHLIP-based imaging may facilitate endoscopic identification of target lesion or biopsy 

and treatment. pHLIP based targeting may have other applications in the management of 

UTUC-including enhancing the performance of urine cytologic evaluation, targeting lesions 

for endoscopic ablation, or allowing novel drug delivery mechanisms of pHLIP to be 

implemented in targeted treatments of urothelial carcinomas. However, these applications 

require further research.

This study has a number of limitations. First and fore-most, it is a small, ex-vivo feasibility 

study; as such, results will need to be validated in larger cohorts, and more importantly, 

translated into in-vivo applications. This will require validation of NIRF-based imaging 

within ureteroscopic approaches to determine whether smaller scope diameter, tangential 

lesion viewing, and in-vivo irrigation limit lesion identification. In addition, the ability of 

pHLIP-based imaging to enhance staging and differentiation of low-grade vs high-grade 

lesions is a critical question of clinical importance. Finally, we compared NIRF imaging to 

conventional white light evaluation; although white light ureteroscopic examination remains 

the standard of care in the diagnosis of UTUC, the recent adoption of enhanced cystoscopic 

techniques, such as PDD and NBI, will require comparison with pHLIP if they are adapted 

for upper tract use. Despite these limitations, pHLIP-based NIRF imaging demonstrated 

very encouraging results for the identification of UTUC that require validation in ongoing 

studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Ex vivo human upper tract urothelial carcinoma. (A-C) Case #5, high-grade UTUC, 

pT3NxMx; (D-F) case #9, high-grade noninvasive papillary UTUC, pTaN0Mx; (G-I) case 

# 8, noninvasive low-grade UTUC, pTaNxMx; (J-L) case #6, control––no tumor seen in 

ureteritis cystica. White light (A, D, G, J), ICG-Var3 NIRF (B, E, H, K), and (H) and (E) 

(C, F, I, L) images are presented.
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Table 2a.

Operator characteristics for determination of sensitivity and specificity of ICG-Var 3 pHLIP

Histopathologic Diagnosis

Cancer No Cancer

NIRF ICG-Var3 pHLIP Signal 19 0

No signal 0 6
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Table 2b.

Operator characteristics for determination of sensitivity and specificity of white light examination

Histopathologic Diagnosis

Cancer No Cancer

White light Seen 15 0

Not seen 4 6
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Table 3.

Results of sensitivity and specificity tests for 2 visualization methods

Measure NIRF of ICG-Var3 pHLIP White Light

Sensitivity 1.000 78.947

Specificity 1.000 1.000

Positive predictive value 1.000 1.000

Negative predictive value 1.000 0.600
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