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Photophysical Processes Photophysical Processes in:in:
Fluorescence Fluorescence detectiondetection Photodynamic TherapyPhotodynamic Therapy
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HistoricalHistorical

OverOver 30 centuries30 centuries agoago, plant, plant extracts containing psoralensextracts containing psoralens
((FurocoumarinFurocoumarin)) were used with subsequent exposurewere used with subsequent exposure to to 
sunlight tosunlight to treattreat psoriasis psoriasis andand vitiligo (vitiligo (LeukodermaLeukoderma) in) in
IndiaIndia,, Egypt andEgypt and China.China.

19001900 O. RAAB O. RAAB -- UsesUses acridineacridine + light + light toto kill parameciumkill paramecium
(Z.(Z. BiolBiol. 39, 524, 1900).. 39, 524, 1900).

19031903 H.V. TAPPEINER + A. JESIONEK H.V. TAPPEINER + A. JESIONEK -- UseUse eosineosin + light+ light
for skinfor skin diseasesdiseases (Herpes, Psoriasis(Herpes, Psoriasis andand skin cancer).skin cancer).
((MünchMünch.. MedMed.. WochenschrWochenschr., 50, 2042, 1903).., 50, 2042, 1903).



Historical Historical ContCont..

19761976 J. F. KELLY + M. E. SNELL J. F. KELLY + M. E. SNELL -- First clinicalFirst clinical PDT PDT of aof a
bladder carcinoma withbladder carcinoma with HPD. (J.HPD. (J. UrolUrol., 115, 150, ., 115, 150, 
1976).1976).

19781978 T. J. DOUGHERTY et al.T. J. DOUGHERTY et al.-- Clinical assessmentClinical assessment of PDTof PDT
(Cancer Res., 38, 2628, 1978).(Cancer Res., 38, 2628, 1978).

! LASERS + OPTICAL FIBERS !! LASERS + OPTICAL FIBERS !

19931993 First approvalFirst approval (by the(by the canadian health agencycanadian health agency) of PDT) of PDT
with Photofrinwith Photofrin® for the® for the prophylactic treatmentprophylactic treatment ofof
bladderbladder cancer.cancer.



ApprovedApproved Indications forIndications for PhotofrinPhotofrin® ® -- PDTPDT
((PorfimerPorfimer sodium; QLT / sodium; QLT / AxcanAxcan))

Indication                                             States   Indication                                             States   
EsophagealEsophageal CancerCancer USA (A), TheUSA (A), The NetherlandsNetherlands (A+E) , France (A+E) , France 

(A), U.K. (A) , Canada (A),(A), U.K. (A) , Canada (A), JapanJapan (E), (E), 
FinlandFinland (A), (A), SwedenSweden (A), (A), ItalyItaly (A), Ireland (A), Ireland 
(A), Portugal (A).(A), Portugal (A).

LungLung CancerCancer USA (E+A), USA (E+A), JapanJapan (E), France (A) , The(E), France (A) , The
NetherlandsNetherlands (E+A) ,(E+A) , GermanyGermany (E+A), (E+A), 
FinlandFinland (A), UK (A), (A), UK (A), SwedenSweden (A),(A), ItalyItaly (A), (A), 
Ireland (A).Ireland (A).

BladderBladder Cancer Cancer Canada (A)Canada (A)

GastricGastric CancerCancer JapanJapan (E)(E)

Cervical Cancer /Cervical Cancer / DysplasiaDysplasia JapanJapan (E)(E)

(A):(A): AdvancedAdvanced StageStage TumorsTumors; (E):; (E): EarlyEarly Stage Stage TumorsTumors. . In  July 2000In  July 2000



ApprovedApproved Indications Indications for for VisudyneVisudyne™™ -- PDTPDT
(BPD(BPD--MA; QLT / MA; QLT / CibaCiba--vision)vision)

Indication                               Indication                               States         States         
AgeAge--related macular degenerationrelated macular degeneration USA, Canada, USA, Canada, SwitzerlandSwitzerland

in patientsin patients with predominantlywith predominantly Argentina, Argentina, AustraliaAustralia, , BrazilBrazil

classic subfoveal choroidalclassic subfoveal choroidal ColombiaColombia, Malta, , Malta, KoreaKorea

NeovascularizationNeovascularization Norway and Norway and EU.EU.

In  In  OctoberOctober 20002000



ApprovedApproved Indications for Indications for LevulanLevulan® ® -- PDTPDT
(ALA; DUSA / (ALA; DUSA / BerlexBerlex / / ScheringSchering))

Indication                                            Indication                                            StateState
NonNon--hyperkeratotichyperkeratotic USA USA 

actinic keratosesactinic keratoses

of the face of the face and and scalp.scalp.

InIn SeptemberSeptember 20002000



PhotosensitizersPhotosensitizers
First generationFirst generation
•• Hematoporphyrin DerivativeHematoporphyrin Derivative (HPD)(HPD)
•• DihematoporphyrinDihematoporphyrin ester/ester/etherether ((PhotofrinPhotofrin®)®)
SecondSecond generationgeneration
•• mTHPCmTHPC ((FoscanFoscan®)®)
•• Benzoporphyrin Benzoporphyrin derivativederivative ((VisudyneVisudyne™, ™, VerteporfinVerteporfin™)™)
•• ALA / ALA / PpIX PpIX ((LevulanLevulan®)®)
•• ALAALA--esters /esters / PpIXPpIX ((MetvixMetvix®, ®, HexvixHexvix™™))
•• N N -- Aspartyl ChlorinAspartyl Chlorin e6 (NPe6)e6 (NPe6)
•• TinTin EtiopurpurinEtiopurpurin, SnET2 (, SnET2 (PurlytinPurlytin™™))
•• Lutetium TexaphyrinLutetium Texaphyrin ((OptrinOptrin™™, Lutrin, Lutrin™™, , AntrinAntrin™™))
•• Phthalocyanines Phthalocyanines ((AlPcTSAlPcTS, Pc 4, ...), Pc 4, ...)
•• Porphines Porphines (TPPS(TPPS44))
•• ……



PDTPDT with first generationwith first generation PSPS

PhotofrinPhotofrin®®
DrawbacksDrawbacks and side effectsand side effects

•• Poorly definedPoorly defined mixturemixture
•• Poor tumor selectivityPoor tumor selectivity
•• AbsorptionAbsorption atat 630 nm630 nm
•• Moderate phototoxicityModerate phototoxicity
•• LongLong--termterm skinskin photosensitizationphotosensitization
•• LongLong drugdrug / Light/ Light intervalinterval
•• LongLong lifetimelifetime in the bodyin the body
•• Not forNot for topicaltopical administrationadministration



PDTPDT withwith secondsecond generationgeneration PSPS
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PDTPDT withwith secondsecond generationgeneration PSPS

5 5 -- ALA /ALA / PpIXPpIX

•• AbsorptionAbsorption atat 635 nm (635 nm (BlueBlue lightlight also usedalso used))

•• Dose 30 Dose 30 -- 60 mg/kg60 mg/kg orallyorally (20% for(20% for topicaltopical administrations)administrations)

•• D / LD / L intervalinterval 4 4 -- 18 h18 h

•• Light dose 10 Light dose 10 -- 150 J/cm2150 J/cm2

•• SkinSkin photosensitizationphotosensitization 24 24 -- 48 h48 h



PDTPDT withwith secondsecond generationgeneration PSPS

5 5 -- ALA /ALA / PpIXPpIX

••UsedUsed toto treattreat a largea large varietyvariety ofof superficial lesionssuperficial lesions::

•• DermatologyDermatology:: -- BCCBCC superficialsuperficial: : (87% CR, 5% PR, 8% NR)(87% CR, 5% PR, 8% NR)
-- BCC BCC nodularnodular: : (53% CR, 35% PR, 12% NR)(53% CR, 35% PR, 12% NR)

PengPeng et al., Cancer, 79, 2282, 1997.et al., Cancer, 79, 2282, 1997.
-- Actinic KeratosesActinic Keratoses (86%(86% lesions clearedlesions cleared))

Phase III trialsPhase III trials reportedreported by DUSAby DUSA IncInc..
-- SCC,SCC, Bowen’s diseaseBowen’s disease, mycosis, mycosis

fungoidesfungoides, psoriasis, etc., psoriasis, etc.
Kennedy, J. Clin. LaserKennedy, J. Clin. Laser MedMed.&.&SurgSurg., 14, 289, 1996.., 14, 289, 1996.



PDT in PDT in DermatologyDermatology
UsedUsed toto treat precanceroses and malignant tumorstreat precanceroses and malignant tumors

Kulka Kulka et al., J. et al., J. AmAm. . AcadAcad. . DermatolDermatol, 42(3), 389, 2000., 42(3), 389, 2000.
Fritsch et al., Fritsch et al., ArchArch. . DermatolDermatol., 134, 207, 1998.., 134, 207, 1998.

-- BCC (BCC (superficial and nodularsuperficial and nodular))
-- Actinic keratoses Actinic keratoses 
-- Actinic cheilitisActinic cheilitis
-- SCCSCC
-- Bowen’s diseaseBowen’s disease..
-- KaposiKaposi ’s’s sarcomasarcoma
-- Malignant melanomaMalignant melanoma
-- Skin Skin metastasesmetastases
-- Mycosis Mycosis fungoidesfungoides
-- ......



PDT in PDT in DermatologyDermatology
UsedUsed toto treat nonmalignanttreat nonmalignant skinskin disordersdisorders

Kulka Kulka et al., J. et al., J. AmAm. . AcadAcad. . DermatolDermatol, 42(3), 389, 2000., 42(3), 389, 2000.
Fritsch et al., Fritsch et al., ArchArch. . DermatolDermatol., 134, 207, 1998.., 134, 207, 1998.

-- PsoriasisPsoriasis
-- Viral Viral diseasesdiseases
-- VascularVascular malformationsmalformations
-- Acne vulgarisAcne vulgaris
-- DisordersDisorders ofof cutaneous adnexacutaneous adnexa

((treatmenttreatment of of hirsutismhirsutism))
-- ......



PDTPDT withwith secondsecond generationgeneration PSPS

5 5 -- ALA /ALA / PpIXPpIX
••AerodigestiveAerodigestive::-- SCC in oralSCC in oral cavitycavity (Few CR(Few CR exceptingexcepting forfor

dysplasiadysplasia ++ healing without scarringhealing without scarring).).
Fan et al., Cancer, 78, 1374, 1996.Fan et al., Cancer, 78, 1374, 1996.

-- DysplasiaDysplasia++earlyearly cancer incancer in Barrett’s esophagusBarrett’s esophagus
(CR: 10/10 for HGD; 17/22 for Cancer; FU 1(CR: 10/10 for HGD; 17/22 for Cancer; FU 1--3030 mthsmths))
GossnerGossner et al.,et al., GastroenterolGastroenterol., 114, 448, 1998.., 114, 448, 1998.

-- ColorectalColorectal,, duodenalduodenal,, esophageal tumorsesophageal tumors
RegulaRegula et al.,et al., GutGut, 36, 67, 1995., 36, 67, 1995.

••UrologyUrology:: -- Superficial bladderSuperficial bladder cancer:cancer: (40% CR, 20% PR, (40% CR, 20% PR, 
40% NR).40% NR). KriegmairKriegmair et al.,et al., BrBr. J.. J. UrolUrol., 77, 667, 1996.., 77, 667, 1996.

••GynecologyGynecology:: -- EndometrialEndometrial ablationablation
Wyss et al., Int. J.Wyss et al., Int. J. GynGyn.&.&ObstObst., 60, 287, 1998.., 60, 287, 1998.



Future Directions of PDTFuture Directions of PDT
•• NONNON--CANCER PDTCANCER PDT

-- AgeAge--related macular degenerationrelated macular degeneration (BPD(BPD--MA,MA, LutexLutex, etc.), etc.)
-- Rheumatoid arthritisRheumatoid arthritis (BPD(BPD--MA)MA)
-- BenignBenign prostateprostate hyperplasiahyperplasia (SnET2,(SnET2, mTHPCmTHPC))
-- Dermatologic superficial lesionsDermatologic superficial lesions (ALA±esters(ALA±esters--PPIX)PPIX)
-- Artery diseasesArtery diseases ((LutexLutex, SnET2, BPD, SnET2, BPD--MA)MA)
-- BacteriaBacteria ((Helicobacter PyloriHelicobacter Pylori) (ALA)) (ALA)
-- Immune modulation (BPDImmune modulation (BPD--MA)MA)
-- Viral PDT (Viral PDT (blood bankingblood banking, etc.)  (BPD, etc.)  (BPD--MA)MA)
-- DecontaminationDecontamination of of woundswounds
-- etc.etc.



Photosensitization kineticsPhotosensitization kinetics in Type Iin Type I andand Type IIType II mechanismsmechanisms

PhotosensitizerPhotosensitizer excitationexcitation and desexcitationand desexcitation

EXCITATIONEXCITATION
1)1) AbsorptionAbsorption

DECAYDECAY

2)2) RadiativeRadiative decaydecay (fluorescence)(fluorescence)

3)3) NonNon--radiative singletradiative singlet decaydecay

4)4) Intersystem crossing
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Photosensitization kineticsPhotosensitization kinetics in Type Iin Type I andand Type IIType II mechanismsmechanisms

Type IType I mechanismsmechanisms

FREE RADICAL DERIVATIONSFREE RADICAL DERIVATIONS

7)7) Hydrogen transferHydrogen transfer

8)8) Electron transferElectron transfer

REACTANT FORMATIONSREACTANT FORMATIONS

9)9) Hydrogen dioxideHydrogen dioxide

10)10) SuperoxideSuperoxide anion
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Photosensitization kineticsPhotosensitization kinetics in Type Iin Type I andand Type IIType II mechanismsmechanisms

Type IIType II mechanismsmechanisms

REACTANT FORMATIONREACTANT FORMATION

7)7) Intermolecular exchangeIntermolecular exchange

OXIDATIONOXIDATION

8)8) CellularCellular oxidation
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CONCLUSIONCONCLUSION

-- PDTPDT is still going throughis still going through aa dynamic processdynamic process ofof
developmentdevelopment,, improvementimprovement,, and standardizationand standardization..

-- TheThe mostmost importantimportant factors obstructingfactors obstructing thethe widespread widespread 
clinicalclinical application of PDT are close toapplication of PDT are close to be liftedbe lifted::

-- UntilUntil 1999, 1999, legal approvallegal approval has beenhas been grantedgranted for use of for use of 
PDT PDT with significantwith significant restrictions (restrictions (small numberssmall numbers of of 
patients).patients).

But:But: ApprovalsApprovals of PDT have of PDT have recentlyrecently been, been, and will be and will be 
obtainedobtained in the in the nearnear future for important future for important medical medical 
applications.applications.



CONCLUSIONCONCLUSION ContCont..

-- TheThe mostmost importantimportant factors obstructingfactors obstructing thethe widespread widespread 
clinicalclinical application of PDT are close toapplication of PDT are close to be liftedbe lifted ((ContCont.):.):

-- SoSo far, thefar, the side effects side effects inducedinduced byby first and severalfirst and several secondsecond
generation photosensitizers weregeneration photosensitizers were too important.too important.

But:But: Numerous photosensitizers presenting minor side Numerous photosensitizers presenting minor side 
effects and optimizedeffects and optimized forfor specific therapiesspecific therapies are are 
close to close to be approvedbe approved..



CONCLUSIONCONCLUSION ContCont..

-- PDTPDT isis effective ineffective in treating lesions which cantreating lesions which can notnot be treated be treated 
with other well established methodswith other well established methods..

-- AmongAmong a largea large numbernumber ofof currently available minimally currently available minimally 
invasive therapiesinvasive therapies, PDT, PDT seemsseems toto bebe thethe most suitedmost suited toto taketake
thethe leadlead..



Photodynamic TherapyPhotodynamic Therapy

LightLight parametersparameters

•• WavelengthWavelength

•• DrugDrug -- lightlight intervalinterval

•• IrradianceIrradiance

•• DurationDuration of irradiationof irradiation

•• Total light doseTotal light dose



NewNew PhotosensitizersPhotosensitizers for PDT for PDT 

What is requiredWhat is required ??

•• EfficacyEfficacy ≥≥ 1st1st generationgeneration PSPS

•• RapidRapid clearanceclearance short skinshort skin phototoxicityphototoxicity

•• ImprovedImproved ""tumortumor -- to to -- normalnormal tissuetissue"" selectivityselectivity

•• High phototoxicityHigh phototoxicity

•• ActivationActivation atat longerlonger wavelengths thanwavelengths than 630 nm630 nm

•• Homogenous photosensitizerHomogenous photosensitizer distributiondistribution withinwithin thethe tumortumor



MechanismsMechanisms of of Selective Uptake and Selective Uptake and 
LocalizationLocalization of of Photosensitizers Photosensitizers in the in the LesionsLesions

•• NOT FULLY UNDERSTOOD !NOT FULLY UNDERSTOOD !

•• A ROLE IS PLAYED BY:A ROLE IS PLAYED BY:

-- TheThe PropertiesProperties of the of the LesionLesion

-- TheThe MolecularMolecular Nature of the CompoundNature of the Compound



•• TheThe PropertiesProperties of the of the TumorTumor
-- Leaky VasculatureLeaky Vasculature
-- Compromised LymphaticCompromised Lymphatic drainagedrainage
-- LargeLarge interstitial spaceinterstitial space
-- DecreasedDecreased pH valuepH value

((reduces solubilityreduces solubility ofof porphyrins          porphyrins          

aggregationaggregation ++ proteinprotein association)association)

MechanismsMechanisms of of Selective Tumor Uptake and Selective Tumor Uptake and 
LocalizationLocalization ofof Exogenous PhotosensitizersExogenous Photosensitizers



•• TheThe PropertiesProperties of the of the TumorTumor ((ContCont.).)
-- Elevated numbersElevated numbers ofof lowlow--density protein receptorsdensity protein receptors
-- PresencePresence of macrophagesof macrophages

((taketake up largeup large amountsamounts of HPD)of HPD)
-- High amountHigh amount ofof newly synthesized collagennewly synthesized collagen

((that binds porphyrinsthat binds porphyrins))
-- High amountHigh amount ofof LipidLipid

((thatthat has ahas a high affinityhigh affinity forfor lipophiliclipophilic dyes)dyes)
-- MembraneMembrane potentialspotentials ofof malignant cellsmalignant cells

MechanismsMechanisms ofof Selective Tumor Uptake and Selective Tumor Uptake and 
LocalizationLocalization ofof Exogenous PhotosensitizersExogenous Photosensitizers



MechanismsMechanisms of of Selective Uptake and Selective Uptake and 
LocalizationLocalization of of Photosensitizers Photosensitizers in the in the LesionsLesions

•• TheThe MolecularMolecular Nature of the CompoundNature of the Compound
!! DifferentDifferent localisationlocalisation mechanismsmechanisms forfor differentdifferent groups ofgroups of compoundscompounds !!

-- HydrophobicityHydrophobicity
-- MolecularMolecular charge (positivecharge (positive and delocalizedand delocalized))
-- pKapKa
-- AggregationAggregation
-- AffinityAffinity toto proteinsproteins (LDL,(LDL, albuminalbumin, etc.), etc.)
-- IncorporationIncorporation into amphiphilic systemsinto amphiphilic systems, e.g.,, e.g.,

phospholipid vesiclesphospholipid vesicles oror oil emulsionsoil emulsions
(SnET2, BPD(SnET2, BPD--MA,MA, ZnZn--PhthalocyaninePhthalocyanine))



MechanismsMechanisms ofof TissueTissue DestructionDestruction

•• TissueTissue/cellular/cellular TargetsTargets ofof PhotosensitizerPhotosensitizer::
-- MitochondriaMitochondria ApoptosisApoptosis

((PhotofrinPhotofrin®, ALA®, ALA--PPIX)PPIX)

-- Plasma membranePlasma membrane NecrosisNecrosis
(damage to the plasma membrane(damage to the plasma membrane observed withinobserved within
minutesminutes afterafter lightlight exposureexposure))

-- LysosomesLysosomes



MechanismsMechanisms ofof TissueTissue DestructionDestruction ContCont..

•• TissueTissue/cellular/cellular TargetsTargets ofof PhotosensitizerPhotosensitizer::

-- VasculatureVasculature (The(The vascular effects differ greatly with vascular effects differ greatly with 

different photosensitizersdifferent photosensitizers))

-- PhotofrinPhotofrin®®
-- VesselVessel constrictionconstriction
-- Macromolecular vessel leakageMacromolecular vessel leakage
-- Leukocyte adhesionLeukocyte adhesion
-- ThrombusThrombus

PlateletPlatelet activation  +  Release ofactivation  +  Release of thromboxane thromboxane 



MechanismsMechanisms ofof TissueTissue DestructionDestruction ContCont..

•• TissueTissue/cellular/cellular TargetsTargets ofof PhotosensitizerPhotosensitizer::

-- VasculatureVasculature

-- Phthalocyanine derivativesPhthalocyanine derivatives
-- Vascular leakageVascular leakage

-- monomono--LL--aspartyl chlorinaspartyl chlorin e6e6
-- Blood flow stasisBlood flow stasis

((Platelet aggregationPlatelet aggregation))

AllAll these vascular effects may includethese vascular effects may include damage of thedamage of the endotheliumendothelium !!



MechanismsMechanisms ofof TissueTissue DestructionDestruction ContCont..

•• TissueTissue/cellular/cellular TargetsTargets ofof PhotosensitizerPhotosensitizer::

-- NuclearNuclear membrane ofmembrane of tumor celltumor cell

((since most photosensitizerssince most photosensitizers do notdo not accumulateaccumulate inin cell nucleicell nuclei, , 

PDT has aPDT has a low potentiallow potential ofof causingcausing DNA damage)DNA damage)

-- Inflammatory andInflammatory and immune host systemimmune host system



Light Light penetration penetration in the skinin the skin
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Source: J. Source: J. Moan Moan et al., Action et al., Action spectra spectra of of 
dyes relevant for dyes relevant for photodynamic therapyphotodynamic therapy; ; 
in: in: Photodynamic Tumor TherapyPhotodynamic Tumor Therapy, 2nd , 2nd 
and and 3rd 3rd generation photosensitizersgeneration photosensitizers; J. ; J. 
Moser Moser EdEd., ., Harwood acadHarwood acad. . PublishPublish., 1998.., 1998.


