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Image Guided Therapy means . . . 

ÅAdjustment of treatment course to ensure:

ïComplete treatment of target 

ïMinimal damage to non-target

ÅMonitoring & Adaptation performed at appropriate

ïTime resolution (i.e. Surgery in real-time; Radiation per fraction)

ïSpatial resolution (smaller than required Treatment resolution)

Balance between these goals 
based on clinical site



Presentation Overview

ÅPhototherapies
ïPhotodynamic & Photothermal

ïDosimetry & Monitoring using Photonics

ïProstate Cancer as a Model System

ÅFluorescence Guided Surgery
ïImage Guided tissue resection at margins

ïHow Quantitative Does it Need to Be?

Introduce/Review REAL-TIME Image Guided Therapies using visible/Near-IR 
light for:

- Therapy
- Treatment monitoring



Why Optics?
ÅHigh Tissue Contrast across tissues

ÅVery Sensitive Detection

ÅHigh Dynamic Range

ÅMicroscopic to Macroscopic

ÅGenerally safe
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Why not Optics?
ÅOptical Scattering dominates limiting 

depth measurements

ÅDifficult to accurately measure optical 
properties 

ÅLarge variation in tissue optical 
properties
ïBetween organs

ïBetween people

ïBut this is what gives us the useful info



Photodynamic Therapy Overview
ÅBased on Light Activated Agents: systemic or topical

ïLight or Drug alone has no therapeutic/toxic effect

Interstitial: ProstateIntraluminal: 
Neuro Resection

Superficial: Skin
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Photodynamic Therapy Monitoring
Comparing Explicit Dose to Response

48hr GdContrast MRI

Dose vs MRI Damage Dose vs Pathology
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Explicit ƛƴ ǎƛǘǳ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ άLƴǇǳǘǎέ
- Photosensitizer, light fluence, pO2
- Vary during treatment 
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Surrogate of Tissue Damage

άPhotobleachingέ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ¢ƛǎǎǳŜ 5ŀƳŀƎŜ
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aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ άLƴǇǳǘǎέ
- Photosensitizer, light fluence, pO2
- Vary during treatment 

SpectraCure: Each Fiber used to deliver treatment light, 
and take measurements (fluorescence, light dose)
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Measurements of Singlet 
Oxygen

Å Reactive agent



Photodynamic Therapy Mechanism

ÅSinglet O2 measurements using luminescence are very difficult
ïWeak signal, poor detectors

aW bƛŜŘǊŜΣ Ŝǘ ŀƭΣ ά{ƛƴƎƭŜǘ ƻȄȅƎŜƴ ƭǳƳƛƴŜǎŎŜƴŎŜ ŀǎ ŀƴ ƛƴ ǾƛǾƻ ǇƘƻǘƻŘȅƴŀƳƛŎ therapy dose metric: validation in 
normal mouse skin with topical amino-levulinicŀŎƛŘέΣ BJCancer(2005) 92 p 298-304.

Variable Treatment Delivery Parameters Variation collapses when using Singlet O2



Photothermal Therapy Overview

ÅThermally-induced coagulation of tissue (like RFA, HIFU)
ïJust different methods of putting energy into the tissue

Å Interstitial Irradiation at powers that lead to increased tissue temperature

Neurology Prostate

Medtronic/Visualase
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Photothermal Therapy Mechanism
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Photothermal Therapy Monitoring

Surrogate

Temperature used as surrogate 
of tissue response (~55°C)

Point thermocouples
Fiber optic Probes
MR Thermometry


