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Photodynamic TherapyPhotodynamic Therapy
DefinitionDefinition
Light activation of Light activation of photosensitizerphotosensitizer
to generate highly reactive oxygen to generate highly reactive oxygen 
intermediates  => intermediates  => tissue injury and tissue injury and 
necrosisnecrosis

FDAFDA--approved approved photosensitizersphotosensitizers::
PorfimerPorfimer sodium (sodium (photofrinphotofrin II)II)

IV, activity lasts for weeksIV, activity lasts for weeks
VisudyneVisudyne ((verteporfinverteporfin))

IV, activity lasts 3 daysIV, activity lasts 3 days
Aminolevulinic acid (ALA)Aminolevulinic acid (ALA)

Topical, activity lasts ~ 2 Topical, activity lasts ~ 2 
daysdays
ProdrugProdrug, metabolized to , metabolized to 
protoporphyrinprotoporphyrin IXIX



Available Topical Available Topical 
PhotosensitizersPhotosensitizers

for Photodynamic Therapyfor Photodynamic Therapy

CompoundCompound Aminolevulinic Aminolevulinic 
acid (ALA)acid (ALA)

Methyl Methyl 
aminolevulinateaminolevulinate

(MAL)(MAL)

Final active Final active 
metabolitemetabolite

PhotoporphyrinPhotoporphyrin
IXIX

Protoporphyrin Protoporphyrin 
IXIX

PreparationPreparation SolutionSolution Peanut Oil Peanut Oil 
Based CreamBased Cream

Brand nameBrand name Levulan (DUSA Levulan (DUSA 
Pharmaceuticals)Pharmaceuticals)

Metvix Metvix 
(Galderma)(Galderma)

Approval inApproval in USAUSA Europe, Europe, 
Australia, New Australia, New 
Zealand, (USA)Zealand, (USA)

Approved Approved 
forfor

AKs onlyAKs only AKs, Bowen’s AKs, Bowen’s 
disease, disease, sBCCssBCCs, , 
nBCCsnBCCs

CoCo--approved approved 
light sourcelight source

Blue lightBlue light Red lightRed light



Absorption (Activation) Absorption (Activation) 
Spectrum for Spectrum for PorphyrinsPorphyrins

Conclusion:Conclusion: Blue light activates Blue light activates 
porphyrinsporphyrins most efficientlymost efficiently

SoretSoret
BandBand



Absorption (Activation) Absorption (Activation) 
Spectrum for Spectrum for PorphyrinsPorphyrins

SoretSoret
BandBand
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Increased PDT EffectIncreased PDT Effect
in in AKsAKs or SCC or SCC 

vsvs Normal SkinNormal Skin

•• Increased ALA penetrationIncreased ALA penetration
(abnormal stratum corneum)(abnormal stratum corneum)

•• Lower intracellular [FeLower intracellular [Fe++] ] 
and hence and hence porphyrinsporphyrins lessless
converted to converted to hemeheme

•• ALA always metabolized ALA always metabolized 
principally to principally to 
protoporphyrinprotoporphyrin IXIX



HemeHeme Biosynthesis Biosynthesis 
PathwayPathway

ALAALA

PorphobilinogenPorphobilinogen

Multiple IntermediatesMultiple Intermediates
((PorphyrinogensPorphyrinogens, , PorphyrinsPorphyrins))

ProtoporphyrinProtoporphyrin

HemeHeme
FeFeHH



FDAFDA--Approved Approved 
ALAALA--PDTPDT

•• Focal treatment of AKsFocal treatment of AKs

•• Blue light (417 nm) exposure Blue light (417 nm) exposure 
(10J/cm(10J/cm22))

•• 1414--18 hour incubation18 hour incubation

•• Pivotal trial resultsPivotal trial results
oo 7575--9090% % of treated AKs of treated AKs 

resolved at 1 monthresolved at 1 month
oo Rates comparable to LNRates comparable to LN22

and approved field and approved field 
therapiestherapies

oo No scarringNo scarring



BU Versus FDABU Versus FDA--Approved Approved 
Protocol for AKsProtocol for AKs

•• Treatment area: Treatment area: 
Entire face vs. AKs onlyEntire face vs. AKs only

•• ALA incubation period:ALA incubation period:
11--3 vs. 18 hours3 vs. 18 hours

Rationale for modificationsRationale for modifications

•• Entire face is photodamagedEntire face is photodamaged
•• Optimum skin cancer preventionOptimum skin cancer prevention
•• Short ALA incubation is Short ALA incubation is 

convenient and adequately  convenient and adequately  
photosensitizingphotosensitizing

•• Patient motivationPatient motivation



ALAALA--PDT:  PDT:  
During TreatmentDuring Treatment

DUSA Blu U Lamp 
Kerasticks®: 20% ALA



Phototoxicity Phototoxicity 
After ALAAfter ALA--PDTPDT

Peak: Day 1Peak: Day 1
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Touma et al. Arch Touma et al. Arch DermatolDermatol, 2004, 2004



Severity of ALASeverity of ALA--PDT PDT 
PhotosensitizationPhotosensitization

Touma et al. Arch Touma et al. Arch DermatolDermatol, 2004, 2004



Unusual Idiopathic Unusual Idiopathic 
PustularPustular Eruption Eruption 

Following ALAFollowing ALA--PDTPDT



Improvement in Signs Improvement in Signs 
of Photodamage After of Photodamage After 

ALAALA--PDTPDT

Touma et al. Arch Touma et al. Arch DermatolDermatol, 2004, 2004



Improvement in Improvement in 
AKs and Erythema AKs and Erythema 

After ALAAfter ALA--PDTPDT

Touma et al. Arch Touma et al. Arch DermatolDermatol, 2004, 2004
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BaselineBaseline 1 Month1 Month 5 Months5 Months

Improvement in AKs Improvement in AKs 
After ALAAfter ALA--PDTPDT

p<0.001  p<0.001  Pre vs. PostPre vs. Post--RxRx

* *
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** **
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Improvement in Improvement in 
Photoaging Signs Photoaging Signs 
After ALAAfter ALA--PDTPDT

SkinSkin
qualityquality

GriffithsGriffiths
scorescore

FineFine
wrinklingwrinkling

MottledMottled
pigmentpigment

SallowSallow--
nessness

Baseline
One month
5 months

*p<0.01 to p=0.05*p<0.01 to p=0.05
Pre vs. PostPre vs. Post--RxRx
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ConclusionsConclusions
Short Incubation Short Incubation 

Broad Area ALABroad Area ALA--PDTPDT

•• As safe and effective for AKs   As safe and effective for AKs   
as the FDAas the FDA--approved protocolapproved protocol

•• One session is more effective for  One session is more effective for  
photoaging than 6 months of photoaging than 6 months of 
daily retinoic acid applications, daily retinoic acid applications, 
comparable to a TCA peelcomparable to a TCA peel

•• Likely to reduce risk of skinLikely to reduce risk of skin
cancerscancers

•• Optimum regimen still unknownOptimum regimen still unknown
•• Patient satisfaction very highPatient satisfaction very high



Guidelines for Use of Guidelines for Use of 
PDT (2005)PDT (2005)

International Society for PDT International Society for PDT 
in Dermatologyin Dermatology

((BraathenBraathen et al. JAAD, 2007)et al. JAAD, 2007)

•• Based on MEDLINE search, primarily Based on MEDLINE search, primarily 
European experience, 5  year European experience, 5  year 
followfollow--up, considering safety, up, considering safety, 
efficacy, efficacy, cosmesiscosmesis and patient and patient 
preferencepreference

•• PremalignantPremalignant and malignant and malignant 
indications onlyindications only

•• Recommendations ARecommendations A--E and IE and I--IVIV
AI:  Good evidence in support based AI:  Good evidence in support based 

on at least one well designed on at least one well designed 
randomized controlled trialrandomized controlled trial



Guidelines for Use of PDT (2005)Guidelines for Use of PDT (2005)
International Society for PDT in International Society for PDT in 

DermatologyDermatology

TreatmentTreatment
•• AKs AKs –– focal or broad area focal or broad area 

(11 studies)(11 studies)
AIAI

•• Bowen’s disease (4 studies)Bowen’s disease (4 studies) AIAI
•• SCC (3 open label studies)SCC (3 open label studies) C II iiiC II iii
•• s BCC (12 studies)s BCC (12 studies) AIAI

•• n BCC (12 studies)n BCC (12 studies) AIAI
Prevention Prevention 
(in organ transplant patients)(in organ transplant patients)
•• AKsAKs BIBI
•• SCCSCC C IIIC III

•• BCCBCC C II iiiC II iii



International Society for PDT International Society for PDT 
Conference Recommendations Conference Recommendations 

for Topical PDTfor Topical PDT

AKs:AKs: Highly effective, excellentHighly effective, excellent
cosmesiscosmesis, first line therapy, first line therapy

Bowen’s disease:Bowen’s disease: As for AKsAs for AKs

SCC:SCC: Insufficient evidence to support Insufficient evidence to support 
routine useroutine use

sBCCsBCC:: Effective and reliable (5 yr Effective and reliable (5 yr f/uf/u), ), 
excellent excellent cosmesiscosmesis, especially, especially
good for large and/or multiplegood for large and/or multiple
lesionslesions

nBCCnBCC:: For lesions < 2mm deep, as aboveFor lesions < 2mm deep, as above

Prevention (Prevention (immunosuppressedimmunosuppressed patients):patients):

AKs AKs -- Good evidenceGood evidence

SCC and BCC SCC and BCC –– Weak evidenceWeak evidence



Boston Experience with Boston Experience with 
NMSC High Risk GroupsNMSC High Risk Groups

•• Organ transplant recipientsOrgan transplant recipients
SCCsSCCs in 7% after 1 year and in in 7% after 1 year and in 
70% after 20 years70% after 20 years11

10X10X risk of BCCrisk of BCC22

4040--150X 150X risk of SCCrisk of SCC22

•• GorlinGorlin syndrome patients syndrome patients 
Up to hundreds of BCCsUp to hundreds of BCCs

•• Patients with a prior Patients with a prior NMSCsNMSCs
NMSC in >1/3NMSC in >1/3rdrd within 1 year within 1 year 3,43,4

11 BouwesBouwes et al.  et al.  TranasplantationTranasplantation, 1996 , 1996 
(figures for Australia)(figures for Australia)

2 2 LindelofLindelof et al. Br J et al. Br J DermatolDermatol, 2000, 2000
3 3 Schreiber et al. JAAD, 1990Schreiber et al. JAAD, 1990
44 Frankel et al. JAAD, 1992Frankel et al. JAAD, 1992



ALA Photodynamic ALA Photodynamic 
Therapy for Basal Cell Therapy for Basal Cell 

Nevus SyndromeNevus Syndrome

E.B. 22 years oldE.B. 22 years old

BeforeBefore
TreatmentTreatment

Six months after Six months after 
Treatment 3Treatment 3

No recurrence after 7 yearsNo recurrence after 7 years



ALA Photodynamic ALA Photodynamic 
Therapy for Basal Cell Therapy for Basal Cell 

Nevus SyndromeNevus Syndrome

C.C.  46 years oldC.C.  46 years old

BeforeBefore
TreatmentTreatment

AfterAfter
4 Treatments4 Treatments



Classic BCC in BCNS Classic BCC in BCNS 
Patient, Resolved After One Patient, Resolved After One 

ALAALA--PDT SessionPDT Session

BeforeBefore

AfterAfter

No recurrence after 2 yearsNo recurrence after 2 years



Broad Area PDTBroad Area PDT
in BCNSin BCNS

PretreatmentPretreatment AfterAfter
3 Treatments3 Treatments

G.S. 67 years oldG.S. 67 years old



PrePre--TreatmentTreatment PostPost--TreatmentTreatment

Broad Area PDT in BCNSBroad Area PDT in BCNS

G.S. 70 years oldG.S. 70 years old

3 3 new BCC after a 1 year hiatus in new BCC after a 1 year hiatus in 
prophylactic PDT sessionsprophylactic PDT sessions



Intralesional Treatment Intralesional Treatment 
of Nodular BCC in a of Nodular BCC in a 
Patient with BCNSPatient with BCNS

PretreatmentPretreatment 1 month1 month

BluUBluU lamp (417 nm) 10 J/cmlamp (417 nm) 10 J/cm22

ALA 20% diluted 1:1 in 1% epinephrineALA 20% diluted 1:1 in 1% epinephrine



Intralesional Treatment Intralesional Treatment 
of Nodular BCC in a of Nodular BCC in a 
Patient with BCNSPatient with BCNS

PretreatmentPretreatment 2 months2 months

BluUBluU lamp (417 nm) 10 J/cmlamp (417 nm) 10 J/cm22

ALA 20% diluted 1:1 in 1% epinephrineALA 20% diluted 1:1 in 1% epinephrine



OseroffOseroff et al.  Treatment of diffuse et al.  Treatment of diffuse 
basal cell carcinomas and basaloid basal cell carcinomas and basaloid 
follicular hamartomas in NBCCS by follicular hamartomas in NBCCS by 
widewide--area ALAarea ALA--PDT.  Arch Dermatol PDT.  Arch Dermatol 

141: 60141: 60--67, 200567, 2005

Patients:  Patients:  
•• 6, 10 and 17 6, 10 and 17 y.oy.o at presentationat presentation
•• 2 S/P XRT for medulloblastoma2 S/P XRT for medulloblastoma
•• 1212--25% BSA involved with 25% BSA involved with 

BCC or BFHBCC or BFH

Treatment:Treatment:
•• ALA 2.5ALA 2.5--20% in cream base 20% in cream base 

applied overnightapplied overnight
•• Red light from laser (633 nm) Red light from laser (633 nm) 

or tungstenor tungsten--hologenhologen lamplamp
(590(590--700 nm)700 nm)

•• Each session 3Each session 3--6 hours under 6 hours under 
general anesthesiageneral anesthesia



Treatment Outcomes Treatment Outcomes 
((OseroffOseroff et al)et al)

•• BCC/BFH resolution rate 85, 90, BCC/BFH resolution rate 85, 90, 
and >98% in 3 patients after and >98% in 3 patients after 
44--7 sessions7 sessions

•• No new lesions in treated areasNo new lesions in treated areas
after 1.8 after 1.8 –– 6 yr follow up from 6 yr follow up from 
last sessionlast session

•• Radiation dermatitis cleared Radiation dermatitis cleared 
(one patient)(one patient)

•• Moderate erythema Moderate erythema 
and mild edema, peaking 24and mild edema, peaking 24--36 hr36 hr
postpost--treatment,  well toleratedtreatment,  well tolerated



5 Year Randomized 5 Year Randomized 
Prospective Trial of MALProspective Trial of MAL--PDT PDT 
vsvs Surgery for Nodular BCCsSurgery for Nodular BCCs

Rhodes et al.  Arch Rhodes et al.  Arch DermatolDermatol, 2007, 2007

•• 97 Patients (105 BCCs)97 Patients (105 BCCs)

•• MALMAL--PDT 2 (77%) or 4 (23%) PDT 2 (77%) or 4 (23%) 
times/BCCtimes/BCC

•• Recurrences after 5 years: 14% of Recurrences after 5 years: 14% of 
MALMAL--PDT treated PDT treated vsvs 4% of excised4% of excised
BCCs (P=0.09)BCCs (P=0.09)

•• Good to excellent cosmetic outcomesGood to excellent cosmetic outcomes
3 Months3 Months 5 Years5 Years

MALMAL--PDTPDT 82%82% 87%87%

SurgerySurgery 33%33% 54%54%

p<0.007 MALp<0.007 MAL--PDT superiorPDT superior



37 years post transplant, 37 years post transplant, 
dozens of SCCdozens of SCC

Before TreatmentBefore Treatment 1 month 1 month s/ps/p first first 
ALAALA--PDT sessionPDT session

Renal Transplant Renal Transplant 
RecipientRecipient



75 75 y.oy.o., scheduled for surgical ., scheduled for surgical 
excisionexcision

BeforeBefore 10 months 10 months s/ps/p 3 ALA3 ALA--
PDT sessions PDT sessions ––
scouting biopsies scouting biopsies 
negativenegative

ErythroplasiaErythroplasia of of 
QueyratQueyrat



65 65 y.oy.o., many X., many X--ray exposures ray exposures 
as a child, biopsyas a child, biopsy--proven SCC.proven SCC.

Before Before 1 month 1 month s/ps/p 2 2 
ALAALA--PDT sessionsPDT sessions

Chronic Radiation Chronic Radiation 
DermatitisDermatitis

No recurrence after 3 yearsNo recurrence after 3 years



Conclusions Conclusions 

•• Intermittent broad area ALAIntermittent broad area ALA--
PDT can greatly reduce BCC PDT can greatly reduce BCC 
incidence in BCNS patientsincidence in BCNS patients

•• Topical or intralesional Topical or intralesional 
Levulan®/BluLevulan®/Blu U® ALAU® ALA--PDT PDT 
eradicates many BCCs eradicates many BCCs 
without scarringwithout scarring

•• ALAALA--PDT can improve the PDT can improve the 
appearance of scarred appearance of scarred 
photodamagedphotodamaged skinskin



•• Excellent patient Excellent patient 
tolerancetolerance

•• No scarringNo scarring

•• Cosmetic improvementCosmetic improvement

•• Decreased risk of new Decreased risk of new 
malignanciesmalignancies

•• Low cost compared to Low cost compared to 
alternativesalternatives

Advantages of Advantages of 
ALAALA--PDT in these PDT in these 

settingssettings
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