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Challenges in oncologic surgery
Molecular approaches to light up cancer cells
Cancer viewing goggles

Conclusions

Optical imaging: a pesky orphan in radiology

+ X-ray: an empire b
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Optical imaging: an orphan no more
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Multiscale imaging reveals cancer complexity

In vivo imaging

| Histologic imaging
Cellular ima

Genomic imaging

Cancer - the enemy within
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Uncontrolled cell growth and altered function

Oncologic surgery

Primary treatment method for most solid tumors
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Challenges in the operating room

Where is the tumor?

Challenges in the operating room
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Where is the sentinel lymph node; what is the status?

Challenges in the operating room

Negative Positive

the edge tissue
cancer cancer
cells cells

Is the surgical margin negative?




Net surgical outcome
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"Nurse, get on the internet, go to SURGERY.COM,
scroll down and click on the Are you totally lost?*
icon.”

Subjective decision; variable outcomes

Goal

« Eliminate guesswork

* Prevent local relapse

« Selectively kill cancer cells

The power of light
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The visible portion of the electromagnetic spectrum
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Strategy

Eradicate

Tumor survival pathways
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Fluorescent molecular probes
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An intractable proposition
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L. Wan, et al. Nature Medicine 19, 1450-1464 (2013)

LS301 targets diverse tumors
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LS301 identifies spontaneous tumors
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Transgenic mouse MMTV-PyMT spontaneous breast cancer model




LS301 identifies microscopic tumors
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LS301 selectively binds to human cancer tissue

Pre-injection 2%h 30h 48h 72h %h 9%6h
skin deflected

PDX breast cancer model

Detection of invading tumor margins

Metastasis

Green Arrow: Invading Cancer Frontier
Red Cycle: Blood Vessels




8/1/2018

Optical surgical guidance systems

Non-ionizing radiation — suitable for OR

High detection sensitivity — ideal for MI

Real-time feedback — improves surgical decisions

Detection of small cancer cells — minimize relapse

Affordable - relative to other imaging methods

Fluorescence i id 't in clini

g€ 9 Y

PerkinElmer Quest Curadel ResVet Visionsense
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Review of fluorescence guided surgery systems:
identification of key performance capabilities
beyond indocyanine green imaging

DSouza, et al. J. Biomed. Opt. 21(8), 080901 (2016)

Crowded operating room




Cancer viewing glasses

Schematic
l- 4 " Processing
1 1 Module
1ff ot ""T.»;'_,}")‘,
Ve = - 3 Trarsmession
Wumination ¢ o 1
] |
. _
o .
_______ |
Display
Maodule
lllumination module
r - Goals:
| « Maximize spectral separation
J it ) + Maintain light output >5 mW/cm?
Wuminatio ~ ¢ -+ Maintain surgical lights
n Module Jl';";""::;

8/1/2018

10



NIR light source
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Supplies 5SmW/cm2 peak light output at 760 nm and 50 cm distance

NIR light source

~15 cm circular
Illumination area

Optical Fiber 780 nm
(NA=0.39 400um)

Plano Convex 5 degree Diffuser
Lens (20 mm) minimizes specular reflection

Generation 2: Laser light source

10 mW/cm?, 50 cm distance

Imaging module

Imaging
Module

Ly Goals:

[f

= Signal detection
= Compact form-factor
= Autofocusing
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Imaging module

Mini stepper Motor to

[z match working distance

Camera size:22x26x34mm

Zhu, et al. J. Biomed. Opt. 2015

Processing module

Processing Goals:
i = Real-time image processing

= Generation of color-NIR images
= User-friendly operation

Display module

L Goals:
~= -' = High resolution, large field-of-view

Head Mount
| -2l w# = Compact and light-weight
ey = Ease of use
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Prototypes

Specifications
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NIR-Color coregistration error  [RNN
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Detection/resection of multifocal tumors

White light

Fluorescenc

Vi

Image-guided tumor resection

13



Companion dog clinical trial
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Phase II: GAINS-guided
tumor esection

CVG detects canine tumors

LIRS S
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Intraoperative use Ex vivo tumor fluorescence

LS301 specifically accumulates in canine tumors

Clinical trials

= Number of patients completed: 58
= Cancer types: breast, skin, liver

= |Image guidance: sentinel lymph node, margin
assessment, survey of surgical ROI

= Contrast agent: ICG
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Human pilot study \

Real-time visualization

SLN visualization in a Melanoma patient

SLN visualization in a BC patient

wL NIR Overlay
Detected Deep-Seated SLNs

SLN detection | Radionuclide tracking | CVG tracking

[Sensitivity  [86.67 =0.27 % [ T00% |
11 BC patients
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Partial mastectomy
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Prediction of margin positivity

Hepatocellular carcinoma

* Leads to 600,000 mortalities annually

 Does not respond well to
chemotherapy and radiotherapy

* Poor surgical outcome: 80 % to 90%
of cancer relapse
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Intra-hepatic arterial ICG injection
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Satellite tumors Multifocal primary tumors with
non-defined boundaries

Y B

Patient 6
S

Patient 7

A

Satellite tumors

Summary

Imaging Module
(Visible + NIR)

Intraoperative

Real-time

High
Sensitivity

High
Inter-module
Resolution communication

Non-disruptive

User-friendly
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\ Surgeon

Processing Module
(image processing)
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Wide Usability

Viewing cancer complexity via imaging

Phenotyping
Omics
Molecular Signatures
Medical ///Microenyironment
and Clonal Signatures
Molecular
Imaging
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Deep learning augmented reality

Courtesy of Dr. Maki Sugimoto, IUHW Graduate School, Tokyo, Japan; Full vic

ailable at: hitps://youtu.be/jG_nFBszt-I

Conclusions

» Developed a broad spectrum tumor-targeting

NIR molecular probe

» Developed cancer vision goggles for image

guided surgery

« Efforts toward multicenter clinical trials in

progress
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