
Intraoperative tumor resection currently relies on the ability of a surgeon to visually detect and/or 
palpate the tumor and tumor margins. Small tumor nodules can be missed or tumor margins may be 
inadequately removed, resulting in the need for secondary treatment. Intraoperative fluorescence 
imaging can help improve the initial resection and, therefore, both improve outcomes and reduce 
cost. Unconjugated fluorescent dyes have been previously used for this type of study to identify 
tumors in first-in-human studies. However, dyes conjugated to a targeting moiety have better 
specificity for the tumor itself and provide better guidance for the surgeon to locate the tumor and 
remove margins.  
     The new SolarisTM imaging system is an open air fluorescence imaging instrument designed 
specifically for intraoperative imaging in small to large animals. The system supports 4 different 
fluorescence channels to image common dyes (e.g. indocyanine green [ICG] and Fluorescein 
isothiocyanate [FITC]) and more unique near-infrared (NIR) fluorescent dyes. All of these can be 
imaged in ambient light to achieve sensitivities of 10 nM for single, long exposures and 10-100 nM for 
videos. The imaging head is attached to an adjustable arm so that it be can be positioned 75 cm 
above the object plane, far enough to be considered outside of the sterile field. The imaging head also 
has two cameras for simultaneous fluorescence and bright field (color) imaging; these images can be 
overlaid in the software. Single, long exposure images acquired from 2 different wavelengths can be 
overlaid to enable multiplexing and improve tumor identification; previously published studies have 
shown this to be useful for sentinel lymph node detection. For FITC, a custom liquid crystal tunable 
filter (LCTF) is included in the system in tandem with spectral unmixing software to separate tissue 
autofluorescence from fluorescence emitted by the dye.  
     Although this system is designed for larger animals, proof of concept intraoperative tumor 
resection has been performed in rodents. Subcutaneous tumors have been resected while imaging 
rats injected with the targeted agent IntegriSense™ 680. During the surgical procedures, both the 
residual tumor bed (in vivo) and the resected tumors (ex vivo) can be imaged to confirm complete 
resection in an ambient light environment.  To investigate a more challenging model, tumor cell lines 
have also been implanted intraperitoneally in rats. After injection with either the targeted agent 
BombesinRSense™ 680 and the activatable agent ProSense® 750, deep tissue tumors were readily 
identified during a comprehensive necropsy. Although there are depth limitations due to the 
absorption and scattering of light in tissue, some tumors are still visible non-invasively. These results 
suggest that intraoperative resection of tumors detected with both targeted and activatable 
fluorescent agents is feasible using the new Solaris imaging system. 
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Three rats were injected with HT29 luc2 cells to create intraperitoneal (IP) tumors.  (A) 
One rat was injected with IntegriSense 680 at 80 nmol/kg 24h prior to surgery. Tumors 
visible pre-operatively appeared to be on the IP wall after skin removal. After exposing the 
IP cavity a large tumor cluster was visible. The tumor bed appeared clean after resecting 
this tumor cluster. A small tumor nodule was found on the back side of the spleen 
underneath this tumor cluster. (B) Another rat was injected with both BombesinRSense 680 
at 24 nmol/kg and ProSense 750 FAST at 48 nmol/kg 24h prior to surgery. Areas of a 
diffuse intensity preoperatively corresponded to tumors on the IP wall and in the IP cavity. 
After removal a large tumor mass, post-operative images showed a strong signal with both 
agents. One of the two small nodules had a clear signal, while the other nodule did not. 
BombesinRSense 680 appeared to have a much higher non-specific signal in the GI tract 
than ProSense 750 FAST.  White arrows indicate tumor masses;  yellow areas indicate 
regions of potential mechanistic background signal. 
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Summary 
Intraoperative tumor resection has historically relied on a surgeon’s ability to palpate 
and visually distinguish tumors from the surrounding tissue. While often successful, 
one of the most common problems is leaving residual tumor during the initial surgery. 
We have developed a new instrument for fluorescence guided surgery that can be used 
in an ambient light environment to improve the visual discrimination to help improve 
tumor margin detection. This system also provides surgical grade white light 
illumination to fully illuminate the surgical bed.  As with any fluorescent imaging 
system, the ability to acquire an image requires an imaging agent. Four fluorescent 
channels are included in this system to support a wide range of dyes. All four channels 
can be used to get a sensitivity of <100 nM at video rate.  
     To test the utility of this system in tumor models, both IP and subcutaneous tumor 
models were studied in rats. These rats wer either injected with IntegriSense (an agent 
targeted at integrin expression), BombesinRSense (an agent targeted to Bombesin 
receptor expression) or ProSense FAST (an activatable agent for tumor cathepsin 
detection with more rapid clearance kinetics). At 80 nmol/kg, IntegriSense 680 was 
used to detect even very small tumors. At 24 nmol/kg, BombesinRSense 680 and 
ProSense 750 FAST could also be used for image-guided tumor resection. 
BombesinRSense 680 had an expected higher non-specific signal in the GI tract than 
ProSense 750 FAST, due to normal receptor expression in the intestines, highlighting 
the benefit of using multiple imaging agents to clearly assess tumor margins. 
    The most important use of this system is to ensure tumor margins are cleanly 
resected. In a subcutaneous tumor model, when the tumor was fully resected and the 
wound was reclosed the initial signal increase disappeared. However, if some residual 
tumor was left that could not be removed, this was visible both in the tumor bed and 
again after closure of the surgical site. 

4 Subcutaneous tumor resection with IntegriSense 680 

A. IntegriSense 680 (80 nmol/kg ) 

3 Surgical necropsy of intraperitoneal tumors resection with 
single and dual labeled rats 

A. System Design 

A. Imaging Channel Spectral Design 

B. Fluorescent Sensitivity 

B. BombesinRSense 680 (24 nmol/kg) & ProSense 750 FAST (48 nmol/kg) 

A. Complete Tumor Resection 

B. Incomplete Tumor Resection 

Instrument Features Include: 
• Tablet based control 
• Adjustable imaging arm & head 
• Fixed focal length optics to position the system outside of the 

sterile field 
• Movable cart and lockable foot pedal 
• Surgical grade white light LED based illumination 
• Video rate or long exposure acquisitions 
• Four channels to support visible and near infrared (NIR) dyes 
• Custom liquid crystal tunable filter (LCTF) for 

autofluorescence reduction 
• Two sCMOS cameras for simultaneous fluorescence and color 

image capture 

B. Imaging in an ambient light environment 

Imaging has been designed for use in a normal operating environment with ambient 
lighting (photograph at left). Because the white light illumination spectrally overlaps with 
the 470 and 660 channels, a custom designed notch filter was placed in front of the white 
light LEDs (lower right). To remove any leakage and further reduce the effects of ambient 
lighting, alternating images are acquired to enable subtraction of the background frame 
from the foreground frame.  

Background 
Min: 115   Max: 570 

Foreground 
Min: 298   Max: 1710 

Subtracted 
Min: 1710   Max: 17100 

Channel Excitation Filter >93% 
Transmission (nm) 

Emission Filter Cutoffs, >93% 
Transmission 

Dye / Protein 

470 488SP 517-523 FITC 

660 667SP 692-742 VivoTag 680, Cy 5.5 
Methylene Blue, IRDye 700 
AlexaFluor 660 - 700, iRFP 

750 743SP 770-809 VivoTag 750 
AlexaFluor 750, 790 

IRDye 800 

800 757SP 784LP ICG 

(A) Four imaging channels are provided to support a wide range of fluorescent dyes. Each 
channel uses LED illumination that passes through an excitation filter. Light emitted by the 
dye passes through an emission filter. (B) Fluorescence sensitivity data at full video rates 
under ambient lighting show that <100nM of dye can be detected.  
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Intralipid 
Dye + Intralipid 

Intralipid 
Dye + Intralipid 

Pre-Op Tumor Exposed Tumor Removed Residual Tumor Bed Closed 

Eight rats were implanted with HT29 luc2 cell to create subcutaneous tumors. Three weeks 
after implantation the rats were injected with IntegriSense 680 (24 nmol/kg) 24h prior to 
surgery. (A) The tumor was completely resected in one rat. As shown in (B), this was not 
possible for every rat. A tumor that was palpable and visible preoperatively (left) became 
much clearer once the tumor itself was exposed (2nd from left), making resection possible 
(middle). Imaging the tumor bed (2nd from right) after resection indicated a residual tumor 
signal that was still visible even after reclosing the surgical site (right).  White arrows indicate 
residual tumor mass. 
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Pre-Op Tumor Exposed Tumor Removed Residual Tumor Bed Closed 
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