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ABSTRACT

Part A is a research protocol which describes the background and proposed methodology of this
systematic review. This section contains the definitions used for “photodynamic therapy”,
“conventional antifungal medication” and “oral fungal infections”. It also provides details of
guantitative and qualitative methods used to analyse the effectiveness of photodynamic therapy

(PDT) and conventional antifungal medications in the treatment of oral fungal infections.

Part B is a literature review which expands on the protocol. It provides an in-depth description of the
epidemiology and pathogenesis of oral fungal infections. It also discusses currently available and
future treatment strategies and the potential and shortcomings thereof. The importance of this
research is highlighted by contextualising PDT as an alternative treatment modality to conventional

antifungal medications.

Part C presents the research as a journal manuscript according to the Photodiagnosis and
Photodynamic Therapy Journal’s instructions for authors. The manuscript includes a brief introduction
to the research followed by a summary of the methods and presentation of the results which are then

discussed.



CONTENTS

PART A: PROTOCOL

ABSTRACT ... ettt ettt sttt et ste et et e sbe e b e et e sae sesteseesatebeeaeesaeees e besateense s see aaeeensen sheebeenses saeeneenneenaee 1
1. BACKGROUND ... et ittt ettt sttt et e e st et teaes saees et e sbeaae et saeseseenses saeessaeanes saeessenasesunensnes 3
2. THE REVIEW QUESTION. ...ttt ettt ettt sttt sttt s s s e ses e eate s sre et eesses seeenseenneessesnens 5
3. OBJECTIVES OF THE STUDY ..ottt ettt ettt e et ee e st ee et sreee et see s ae e sae sseenseesueessneanes 5
3.1 P IMIAIY ettt ettt et b e sae et et e b et et e et e tentente e e e an 5
3.2 Y= Tole] Ve =1 oSO TR 5
4, IMETHODS...... ettt sttt et sttt e b et sttt e b b s et b bt s st bt eae sttt eb b e sem et et besenesensreesnns 6
4.1 Inclusion Criteria of studies and pParticipants.........cccceeeeieinereece e e 6
4.2 EXCIUSTON CrITOITA e ceueueceeetceeree ettt et st ettt ettt ebe b e een 6
4.3 TArZEt CONUITIONS....c.iitietieteee et ce ettt et et teste st sae e et ae b e et esssrseseetesteseennsensensases 7
4.4 INEEIVENTION. ..ttt e e e s st s e ere sre e s 8
4.5 (60e] 3] oX- ] - | (o] RSO SSRPRR 8
4.6 Primary OUTCOME MEBASUIES....c.evvirie it it ettt ettt e st et st st saeereeeassessass e sessessesseesse s 9
4.7 SECONAAry OULCOME MEASUIES....c.evviiiieeeeetesreieeeesteseressessesesse st steste e e sessessesessassaseanns 10
4.8 Time Frame and LANGUAEE.......cceuvierireieceee e sttt et v s e sreste st st e e e nassaeannas 10
4.9 Information Sources and Search Strategy......ccceeevevievivecereeeree e e 10
5. DATA COLLECTION AND ANALYSIS....ecitriertireereier ittt ces s st en s s et seses e semene s 12
5.1 SEUAY SEIECHION... vttt et ettt et st st s e n b e 12
5.2 Data Extraction and Management........ccoeeeeieecieiese s st s sre e e 12
5.3 Study Quality and Risk of Bias ASSESSMENT........ccccuevieirieceieeee et ere e 13
5.4 Statistical Analysis and Data SYyNthesis.........ccoeoeieieiiceice e e e 14
5.5 Investigation of heterogeNEItY.......cceceieeieieeece ettt e e 14
5.6 SENSIIVITY ANAIYSIS...uiiiicie ettt e e e et st sreeaesas e et et aesaenaean 15
5.7 Y0 o o YU oI AN P21 1Y 13 ST ERTT 15
5.8 Assessment Of REPOItiNG Bias.......cccoeieieeieeietieieiee ettt s s sae et st sa s 15
6 DISCUSSION ...ttt sttt ettt ieeet e ses et s e s b b e st se b st s et et et sea st b s eae s e ean b eseseneae s 16
7. CONFLICT OF INTEREST ...cotttrtriireet et sttt ies sttt es e st ee s e st e ses b seseeses e sseses e sensesenes 17
8. FUNDING ..ottt sttt sttt et ettt b s e st a s e st et s s st s e e s o ses e b enebe semtaeetssenenennnn 17
9. REFERENGCES.....i ottt ettt ettt sttt et st et s e e s st s e b s et st eb st s s enes 18



PART B: LITERATURE REVIEW

W R N v~ wWw N

I =
p w0 NN = O

Oral fUNGAl INFECLIONS....c.iiiiee ittt e e s ettt b st s e et s s e s e e e s ans 2
CaANITA SPECIES....verteieiriiietietirtere et ete st sttt se e et e e saeete see e e sastesseb e st eneerease et ses seesesessensesessens 3
Predisposing factors to oral fungal iINfECIONS.......cc.ccuiiriciicecece e e s 3
Pathogenesis of 0ral Candidiasis.........uueeeiviiieiececiceeseere e e r et s e e st e e s 4
Clinical spectrum and classification of oral fungal infections.........cccceeeeveveseceececceinreeee e 5
Diagnosis of oral fungal INfECLION........ccceveiee e et s 7
Management of oral fungal INfECLIONS.......ccccveireece e et s 8
ANTIFUNGAl FESISTANCE......cui ettt et ettt s seebeste s te e e e besbeses et enssrsenesteenn 11
Introduction to Photodynamic therapy (PDT).....cccccceeerieeeseerire e erse s eesesste s ssass e s s 12
CUITENT USES OF PDT ...ttt sttt st et sttt sttt ebe st st e st aes et eae st ses et en sbeneassene 12
Mechanism Of aCtioN OF PDT ..ottt sttt sttt er st sttt s beb e enes 15
PROTOSENSITISEIS. ...ttt sttt v st sttt b st et e bes et e st aeb et sae st et enesean 16
T = o] Yo YU o OO OO T SRS 17
Treatment regimens for oral fungal infections........cceveii e e 18
REFERENCES ...ttt ettt sttt et e e sttt sae et et e ste et et sae s esses st sutassbenste ansessneensesasansnn 19

PART C: PUBLICATION READY MANUSCRIPT

FULL ABSTRACT ... itettrt et sereetesetesesesease st ses et assstesassssase st sessesasessssessesass seesassnsansssesensesenses sensesensssesessesensssesensens 3
SHORT ABSTRACT ...ttt see s besaeshe et et esees s esbes e et et shesbeshe et eaeessesbenben st e eesee st seeeueeneersessens 5
1. BACKGROUND......ee ittt e ettt st ettt et et e bt ea e e e s st e e see eaeeneeateeseesees ensese e se see sueeneensensens 6
THE REVIEW QUESTION ...ttt ettt ettt ettt st e s she st sae et s e ss s emsen e e eesee e s 8

2. OBJECTIVES OF THE STUDY ...ttt sttt ettt ettt ettt et sieeae et st s ses e e st st e e see sneeneeneeseensensnan 9
000 T {2 0 =1 7RSS 9

D Y=ol o] o Vo - o TR RS 9

3. IMETHODS...... ettt ettt sttt ettt et s bbb s s s e st e s b sttt s et e b b eae st st sresen e ennas 10
3.1. Inclusion Criteria for studies in this FeVIEW.......ccceeriennecrcce st s 10

3.1.1 TYPES Of SEUAIES.c.ucuveeieeietieeeeee ettt st e e r b s enereste e sean 10

3.1.2 Types Of PArtiCiPants.....cccccueieireiieceee ettt s st st e e e r e e 10

3.1.3 Types Of INLEIVENTION ..ottt st s st et e 10

3.1.4. TYPES OFf CONLIOIS ...ucvretitie ettt st st e e s b e b s e e sae et eee 10

3.1.5 Types Of OULCOME MEASUIES.......cvecieieeieciese e cteeeee ettt s e ae e sae st stesresneesensaes 11

Vi



3.1.6 Time Frame and LANGUAEE .......ccueueeieieeree ettt estee s este e e sae st stesnesneessaesansaensean 11

3.2. Information sources and SEArch StrategY......cocviririiiiiriesirceee sttt e vaeee 12
3.3 Study procedure and statistical Methods..........cccovveiieiiiinnc e 13
3.3.1 Study selection and data eXtraction..........ccecvecieieininecce e 13
3.3.2 Assessment of methodological quality of trials and risk of bias...........cccc.......... 14
3.3.3 Investigation of heterogeNEItY.......vveevicieiece e e e 14
3.3.4 SenSItIVITY ANGIYSIS...ccvecieece sttt et sttt s re st st e e enenees 14
3.3.5 SUDZIOUP ANGIYSIS...uiiiiriirieiireieceee st st ettt ers s e e eteste e e e e s esaeses s essare st seen 14
3.3.6 Assessment of REPOItiNg Bias......ccoecueieirineee i e st seeier vt e sre et st ste e eanenes 14
RESULTS. ..ttt ettt ettt sttt e st st bbb e st s ses et b st s et b b e et e b sea et st ebe st sen e ene 15
I (0T VY=Y =Y ot o Y o PO OO ORI 15
4.2 SEUAY GESINS...uiiteireeierietirtertee et stesteste e e e et st e e et asesae st see e e sastessebessansaaeasestesesessensensanseserees 17
4.3 StUAY PartiCiPANTS...ueuieiireireeee ettt ettt st st st e bbbt se e e e ae et st sae e en e s ten b aneennane 17
4.4 Treatment Parameters. .. e e e st 18
4.4.1. Nature of the iNterventioN ... e s 18
4.4.2. Light source and photOSENSItISErs......cuuviviie i viececeeccee e st 18
4.4.3 The treatmMent reZIMEN ..ottt st st r et eena s 18
4.4.4 Antifungal MediCatioN..........cccecieueeeteee ettt et se e st st e eaeas 20
4.4.5 Method of clinical and microbiological Assessment .........cccccueveeveereececrecesieennes 20
4.5 Outcomes: Clinical and MyColoGICal.......ccccueuiiirieeece et e 21
4.6. PUDIICATION DI@S...ciiiieeieeieireciriet sttt ettt et e sttt s ettt e 23
4.7. QUAIILY @SSESSMENT.....cciiicieieeeettet ettt te e e st st e e s et s et e e etssaesbe st saesnasessesbesasaesensaneeee 24
DISCUSSION.....c.ceetitiue sttt sttt ettt ses et s bbb b ses e b b sen ettt eaesen st e bt eaeses e ees b eneneaeae s 25
CONCLUSION. ...ttt ettt eteer sttt er e sttt et s b st e ee b s e e b ses et st ebe s e senteens 29
6.1, IMPliCatioNs fOr PraCtiCe.....ccuiiiiieireiece ettt ettt st st s e es s e s s eae e atestesbe e nnan 29
6.2. IMplications fOr RESEAICN........cccui it s st r s e v s e ene s e s 29
CONPFLICT OF INTEREST ...coeutttrtritreeteeree st eeeteies e sttt er i st eebes e st e s s seseseses s sreses e eensesenes 30
FUNDING .....c.coteteiet it sttt ettt sttt et e sttt ebees o ettt ses e s e b et s st e b s e ses et b e b eae sen st ebeaeseae sane 30
REFERENCES......co ittt sttt et s s e st e e s es e st ee b ses e st e et s eatseasneeen s 30

Vii



PART D: APPENDIX CONTENTS

APPENDIX A: LIST OF TERMS. ..ottt et sttt bt s b b st e e e sa s sa e e i
APPENDIX B: COMPREHENSIVE DATABASE SEARCH STRATEGY ..ottt ii
APPENDIX C: PRISMA-P CHECKLIST ...cut ittt sttt s s et s s st e sr e iv
APPENDIX D: PRISMA CHECKLIST ..ottt sttt et st s s st s ra s s es e e s e Vi
APPENDIX E: DATA CAPTURING TOOL...cccoiiiiiiiiiiiiiiinitii st s st X
APPENDIX F: INSTRUCTIONS FOR AUTHORS.......ccooiniiiiiiini sttt XXX
APPENDIX G: ETHICS WAIVER ...ttt sttt st st cr s e st e shesae s et eas s aennenas xli

viii



PART A: PROTOCOL

CONTENTS
1. BACKGROUND ... .ciitiiitite ettt ettt ettt ettt et e bt st e et e et e e b e e sheesaeesatesabeeabe e beenbeenbeesneesaeeenteen 3
2. THE REVIEW QUESTION ....oittiittiitteite ettt ettt ettt ettt ettt et st st s et esbeesbeesmnesabeebeenneennes 6
3. OBIECTIVES OF THE STUDY e s e s e s e e e e e e e e e e e e e e e e e e e e e e e e s e e e e e e e s e e enenenns 6
3.1 [ 10T 1 VTSP P PP PO PPPPPPPPROPPRE 6
3.2 Y Tolo] 1Yo F= TV USSR 6
A, IMIETHODS ... ettt h e sttt et e b e s b e s bt e s a et et e e bt e sb e e sbeesaeesateeab e e bt ebeenneesneeensean 6
4.1 Inclusion Criteria of studies and Participants .......ccccceevciiiieciee e 7
4.2 EXCIUSION CrIEOIIA ceueteeeiie ettt ettt e sttt e st e sbe e e st esbaeesabeesabeeesans 7
4.3 LI T2y A oleT g o [ To T o L3PPSR 7
4.4 INEEIVENTION 1.t et ra e s s sra e e s raee e 8
4.5 (6] 0] o L= ] -] o] (R U TP TP 8
4.6 Primary OUTCOME MEASUIES .....cuiiiiiiiiiiiiiteeeeeeeeiiiteeeeeessseabtreeeeesssssasrtaeeeeesssssssssaaaeeessssanssnee 9
4.7 SECONAArY OULCOME MEASUIES......iiiiiiiieeeciieeeeetteeeestteeeeebteeeessbteeessssteeessseeeeesssteeesssseeneesnses 10
4.8 TiMe Frame and LanNGUAZE .....coiivuviiiieiiie ettt etee ettt e e e e e tae e e satae e e e saaae e e snnbaeeesnnsaeeeens 10
49 Information Sources and SEarch STrategy .....cceeevcuieeeeiiiie e e 10
5. DATA COLLECTION AND ANALYSIS. ..ottt ettt e e e e ettt e e e e s e snere e e e e e e s e snnreneeeeeeeenas 12
5.1 ] 0o (VAT =] [=T ol 4 e Yo TPt 12
5.2 Data Extraction and ManagemMeNt.......ccuueieiiiiiiieiiieeeecreee et et e e esree s s s vee e s s sabee e e s saeeeas 12
5.3 Study Quality and Risk of Bias ASSESSMENT........c.ueieieiiiiieiccieee ettt e e ee e 13
5.4 Statistical Analysis and Data SYNthESIS ........eeeeiviiiiicieee et 14
5.5 Investigation of heteroGENEITY......c.uuii i e 14
5.6 SENSIEIVITY ANGIYSIS c.neviieeiiiiiie ettt e e et e e e s bt e e e s sbteeeesbeeeessbteeessasraaesnnes 15
5.7 SUDEIOUP ANAIYSIS ..oeiiiee ittt e st e e s et e e e e e bae e e e sbta e e e srraeeeeanes 15
5.8 Assessment Of REPOITING BiaS.....c.uuiiiiciiiieeciiee ettt et e e tre e e e e e e e eaaaeeeens 15
6. DISCUSSION ...ttt ettt ettt ettt ettt ettt e s bt e s aeesat e eabe e beeabeeeheesabesatesabeeabeebeenbeenbeesaeesateeatean 16
7. CONFLICT OF INTEREST ....uttittiittesteesite sttt ettt ettt st s sttt sbe e st saee st s bt e b e b e s meesmeeemneenneen 17
8. FUNDING ...ttt sttt et e st she e st st e b e e bt e s bt e sat e sabe e bt e b e e beenbeesbeesneeenneen 17
9. REFERENCES ... ettt ettt ettt st sttt et e b e s bt e s bt e st sabe e bt e b e e beesbeesbeesaneeaneen 18



ABSTRACT

Oral fungal infections have a significant impact on the quality of life of those infected. Treatment
of oral fungal infections conventionally make use of topical or systemic antifungal medications.
However, antimicrobial resistance has limited the effectiveness of these medications. Thus,
alternative therapies are required to treat these infections. Photodynamic therapy (PDT) has been

proposed as an alternative treatment modality in the treatment of oral fungal infections.

The aim of this study is to determine whether PDT, compared with standard anti-fungal treatment

modalities, is effective in the treatment of oral fungal infections.

A systematic review will be conducted using currently available human studies comparing PDT to
conventional antifungal medication in the treatment of oral fungal infections. The search will
include all studies up until September 2018 with no limitations on language. The outcomes of
interest will be clinical improvement coupled with microbiological confirmation via direct
microscopy or cell cultures. Study selection will follow the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and study quality will be assessed by using the risk
of bias tools of the Cochrane Collaboration. If sufficient data is available, a meta-analysis will be
conducted. The effect size will be estimated and reported from continuous variables using mean
difference and 95% confidence intervals. The weighting of each study will be calculated using the
inverse of the variance. A random effects model will be used. The Cochrane test (P <0.1 cut-off for
statistical significance) will be used to determine statistical homogeneity. The I?test will be used to
quantify heterogeneity. Sensitivity and subgroup analyses will be conducted as specified. An

assessment of reporting bias will be done using funnel plots.



1. BACKGROUND

Fungal infections in humans are a growing public health concern and there is evidence of an increasing
incidence and prevalence of fungal infections worldwide. 12 While accurate estimates of the burden

L2435 more than

of fungal infections are not commonly available, especially from developing countries,
300 million people suffer from a variety of fungal infections annually. : The increasing burden of fungal
infections, in part, has been due to the ever-increasing population of immune-compromised
individuals. This includes AIDS patients and individuals infected with HIV, established and uncontrolled

diabetes mellitus, cancer and transplant patients, those who are seriously ill, malnourished, on

immunosuppressive therapy and other medical conditions which affect the immune response. 2

Fungal infections are gaining significance as a major cause of morbidity and mortality.® Invasive fungal
infections are a serious cause for concern and carry a high risk of mortality.2 Mucocutaneous fungal
infections, although rarely fatal, are very common infections in humans.?2 Both types of fungal
infections are commonly overlooked and receive insufficient research attention and investment. Z
Some of the most common mucocutaneous fungal infections in humans affect the oral cavity and are
especially common in the critically ill and immune-compromised.® Oral Fungal infections are also
common in neonates, babies and denture-wearers. The most common organisms involved in oral
fungal infections are the Candida species.? & While, for the large part, not being life-threatening, oral
fungal infections have a significant impact on an individual’s quality of life due to oral discomfort,
burning, pain, dysgeusia (altered taste) and reduced appetite.2 In those living with HIV/AIDS, there is
an increased possibility of oral fungal infections progressing to oropharyngeal fungal infections and
those affected are particularly at risk of it fulminating into disseminated fungal infections if the
immune system is highly suppressed. HIV/AIDS is associated with 10 million additional cases of oral

candidiasis and 2 million cases of oesophageal fungal infections per annum.2



Treatment for mucocutaneous fungal infections includes nystatin and topical azoles as the first line
treatment, followed by systemic antifungal medication.2 However, it has become well-recognized
internationally that fungi are rapidly gaining resistance to current medication 2% due to various
reasons: (a) Multiple daily doses of triazoles, polyenes, and echinocandins are required due to limited
bioavailability & (b) Sampling and lab testing is not always possible for monitoring progress ¥ 13,
therefore patients often do not finish their course of medication, (c) Unpleasant and dangerous side
effects as well as drug interactions 2- especially important for patients who are chronically ill or HIV-
positive and taking multiple medications concurrently. (d) Inherent properties of oral fungi that make
them particularly difficult to treat - a recent study in South Africa and Cameroon found that 50% of
the Candida albicans specimens sampled were resistant to azoles. 2 New drugs to treat fungal
infections have not been developed since 2006 %2 and thus, alternate therapies are required to treat
these minimally invasive fungal infections without propagating the rise in fungal antimicrobial
resistance.’> Recently, the use of photodynamic therapy has gained traction as an antifungal

treatment modality.

Photodynamic therapy (PDT), also referred to as photodynamic antimicrobial chemotherapy (PACT),
photoradiation therapy and photochemotherapy, comprises three components: a chemical
photosensitizer (PS), the application of light and the presence of oxygen. Briefly, the PS is applied to
the target tissue (either topically or systemically), light of an appropriate wavelength is then used to
activate the PS generating highly reactive oxygen species (ROS), including the singlet oxygen, in the
target tissue (Figure 1). This results in cytotoxicity of the target cells and elicits an acute inflammatory

response in the surrounding tissues.> 2
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Figure 1 Jablonski Diagram illustrating the mechanism of action of Photodynamic therapy when used as antimicrobial
therapy (Image used with permission of Hamblini&)

Evidence of the clinical applications of PDT is growing, especially in the fields of oncology® 2 and
dermatology.22 22 The American Society of Dermatological Surgery (ASDS) has recently published a
consensus document recommending PDT as highly effective treatment modality for precancerous

lesions, superficial nonmelanoma skin cancers, inflammatory acne vulgaris and others. 2

The majority of studies on the treatment of microbial infections with PDT are in-vitro in nature. An
earlier review in 2014 found PDT to be effective against Candida species in the experimental
environment, with limited evidence for clinical efficacy 2. More human studies are emerging,
particularly from the oral health sector 222 with suggestions of PDT as a possible treatment for oral
fungal infections.?* 222 However, recent studies have found PDT to be less effective in clinical and
microbial resolution of specific oral fungal infections when compared with conventional antifungal
medication.2> 2 Given this equipoise, our proposed systematic review aims to review the available

literature so as to provide the most current evidence on the use of PDT as a treatment option for oral

fungal infections in humans.



2. THE REVIEW QUESTION

Is photodynamic therapy compared with standard anti-fungal treatment modalities, effective for the

treatment of oral fungal infections in humans?

3. OBIJECTIVES OF THE STUDY

3.1  Primary
The primary objective of the systematic review is to determine if photodynamic therapy (PDT), when

compared with standard medication, is effective in the treatment of oral fungal infections in humans.

3.2 Secondary:
e What are the most effective treatment regimens of photodynamic therapy in the treatment
of oral fungal infections? (Duration of treatment, number of visits and time between visits)
e  Which photoactivators are the most effective in treatment of oral fungal infections?
e  Which type of light delivery device and at which wavelength has been shown to be most

effective for the treatment of oral fungal infections?

4. METHODS

This protocol has been compiled using the Preferred Reporting Items for Systematic reviews and

Meta-Analyses for Protocols 2015 guidelines (PRISMA-P 2015)%.

A literature search will be conducted to gather evidence for the systematic review. Studies will then
be identified and screened for relevance and eligibility. Data will be extracted from selected studies
and the studies will then be assessed for methodological quality and rigour. Evidence synthesis and
statistical analysis will then be performed and a report will be written. The Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines 22 will be conformed to. The protocol

is registered with PROSPERO. PROSPERO registration at CRD42017076421.



4.1  Inclusion Criteria of studies and participants

Primary experimental and observational studies comparing the effect of treatment of oral fungal
infections using photodynamic therapy (PDT) to treatment using systemic and topical antifungal
treatment will be included. The search will be limited to human studies including adults over 18 years
only. If participants have concomitant systemic conditions (e.g. HIV, diabetes mellitus), it will be
required that the conditions be specified and accounted for in both control and treatment groups. The
study designs will include but not be limited to randomized control trials, quasi-randomised control
trials and cohort studies. The inclusion criteria has deliberately been left broad to attempt to find as

many relevant articles which relate to the specified primary and secondary objectives as possible.

4.2  Exclusion criteria

All PDT must make use of a photosensitiser i.e. laser therapy alone will not be included. Treatment
will need to be performed on the human subject. Case reports, case-series and letters to the editor

will also be excluded.

4.3 Target conditions

Oral fungal infections are fungal infections affecting the oral mucosa. The most common type being
oral candidiasis which is caused by commensal Candida species.2l The most frequently isolated
Candida species in oral lesions are Candida albicans. However, less common organisms may be the
causative species, especially in immune compromised individuals. 3 These non-albicans species
include Candida parapsilosis, Candida glabrata, Candida tropicalis, Candida guillermondii, Candida

krusei and Candida dubliniensis. 32

There are variations in the clinical presentation of candidal infections (Table 1). These can be broadly
categorised into primary and secondary oral candidiasis.2? 23 Primary oral candidiasis is confined to
the oral and perioral tissues. Secondary oral candidiasis is oral candidiasis which is a manifestation of
a systemic candidal infection. Furthermore, primary oral candidiasis can be subdivided into acute,

chronic and Candida-associated lesions.3% 32



Pseudomembranous and erythematous oral candidiasis fall under acute primary candidiasis. There
are four variations within chronic primary oral candidiasis i.e. hyperplastic, nodular, erythematous and
plague-like. Candida-associated lesions have a multifactorial aetiology and include denture stomatitis,

angular cheilitis, median rhomboid glossitis and linear gingival erythema .32 3

In this systematic review, all forms of oral fungal infections will be included as the “target condition”.

Table 1: Classification of Oral Candidiasis as proposed by Samaranyake32

Primary Oral Candidiasis Secondary Oral
Candidiasis
Acute Chronic Candida-associated
Pseudomembranous Hyperplastic Denture stomatitis Oral Candidiasis as a

manifestation of
systemic disease

Erythematous Nodular Angular cheilitis
Erythematous Median rhomboid
glossitis
Plaque-like Linear gingival
erythema

4.4  Intervention

The use of any photodynamic therapy system which utilises a PS which is activated by a light delivery

device, in the treatment of oral fungal infections on a human subject, will be included

4.5 Comparator
The comparator may be the use of topical or systemic anti-fungal medications.2! Table 2 lists

commonly used antifungal medication and dosages which are used for oral Candidiasis.

However, we will allow flexibility with the antifungal drugs used and dosages of the comparator as
treatment regimens vary in different settings and for different patients. The treatment regimens will

be noted and reported on. Clinical trials of new antifungal medications will not be included.



Table 2: Antifungal drugs used for oral Candidiasis in Adults (Adapted from Pienaar et al)3*

Drug
Topical
Amphotericin-B

Nystatin

Clotrimazole

Miconazole

Chlorhexidine
gluconate
Gentian Violet

Systemic
Fluconazole

Ketaconazole
Itraconazole

Posaconazole

Form

Lozenge

Cream

Oral suspension
Pastille

Solution

Cream

Oral gel

Cream

0,2% Mouthwash

0,5% Aqueous solution

150mg Capsules
200mg Tablets
100mg Capsules

Oral suspension

Dosage

10 000 iu dissolved slowly in the
mouth 3-4 times a day for a minimum
of 2 weeks

Apply to affected area twice a day
20ml 4 times a day; continue to use
for several days post clinical
resolution

Dissolve tablet in mouth 5 times a
day

5ml 3-4 times a day for 2 weeks
minimum

Apply to affected area 2-3 times a
day for 3-4 weeks

Apply to the affected area 3-4 times a
day

Apply twice a day and continue to
use 10-14 days after lesions heal
10ml to be swirled in the mouth for 1
timed minute and then spat out
Paint on affected area(s) of mouth
three times daily

150mg stat or one 150mg capsule
once a day for 2-3 weeks

One to two tablets twice a day with
food for 2 weeks

one capsule per day taken
immediately after meals for 2 weeks
100 mg (2.5 mL) PO BID on Day 1,
then 100 mg PO once a day for 13
days

4.6 Primary outcome measures

The primary objective is to determine if PDT is as effective in the treatment of oral fungal infections
compared with standard antifungal medication. The effectiveness of therapy can be determined via

clinical assessment coupled with microbiological confirmation via direct microscopy or cell cultures.

The presence or absence of Candida hyphae can be assessed and a change from hyphae present to

absent would indicate improvement. Effectiveness can be quantified by determining fungal load via



Candida colony forming units per millilitre (CFU/mL)%® with decreased fungal load indicating
improvement in the condition. The speciation of Candida can be determined via colony characteristics,
microscopic morphology, physiological or biomechanical characteristics, sero-diagnostic and
molecular tests.?> Speciation provides insights into the relative effectiveness of the treatment on
different fungal strains. In addition, changes in Candida morphology can be assessed.® Different
morphological forms, such as germ-tubes, pseudo-hyphae and mycelia, suggest changes in the
virulence of the fungi.2 A change from more virulent hyphae to less virulent yeasts and pseudo-
hyphae also show improvement in the infection with the demonstration of pseudo-hyphae and yeast

cells being an important method of distinguishing between normal colonisation and infection.®

4.7 Secondary outcome measures

The secondary objectives relate to parameters of the PDT. The various light delivery devices,
wavelengths used, photosensitisers and treatment regimens will be compared to determine which is
most effective in antifungal ability. The same measures of effectiveness will be used as to determine

the primary objective.

4.8 Time Frame and Lanquage

No restrictions will be placed on date or language in the electronic database search.

4.9 Information Sources and Search Strategy

An electronic search of several databases and journals will be conducted using a planned search
strategy (Table 3). The following databases will be searched: The Cochrane Library, BioMed,
EBSCOhost, PubMed/MEDLINE, EMBASE, ISI Web of Science, Clinicaltrials.gov, ProQuest and

WorldCat.

Each electronic database will require a tailored keyword/ MeSH term search. The results of the search

will be documented, reported and compared between databases.
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Where articles are found to be relevant, the reference lists will be hand-searched to backward track
for additional relevant articles. Forward tracking will be conducted using the search term
“photodynamic therapy oral fungal infections” with Google Scholar, ISI Citation Indices, and Web of

Science ISI proceedings (conference proceedings).

Unpublished and ongoing studies will also be sought from online registers. These include NIH Health
Services Research Projects in Progress, the ISRCTN registry, The UK Trials Gateway, the WHO
International Clinical Trials Platform (ICTRP). Where studies are found to be potentially relevant and
full-text articles cannot be found, the authors will be contacted to gain more information and

determine if the study should be included.

Table: 3 Proposed Search Strategy for photodynamic therapy for oral fungal infections

Database PubMed
Date 4/11/2017
Limits None
No Search Result
PHOTOTHERAPY[MESH] 34250
PHOTODYNAMIC THERAP*[Title/Abstract] 15548
3 #1 OR #2 38967
4 CANDID*[Title/Abstract] 314251
5 FUNGAL INFECT*[Title/Abstract] 18417
6 MYCOSES[MESH] 116485
7 DENTURE STOMATITIS[Other Term] 61
8 #4 OR #5 OR #6 OR#7 411274
9 (ORAL[Title/Abstract]) OR DENTAL[Title/Abstract] 682360
10 #8 AND #9 20147
11 #3 AND #10 90

11



5. DATA COLLECTION AND ANALYSIS

5.1  Study Selection

Articles will be screened in two stages i.e. initially by title and abstract screening and then full-text
screening. Two reviewers will conduct the screening and data extraction independently and any failure
of consensus will be resolved by a senior third party. Reasons for exclusion of studies will be provided

in the report.

5.2  Data Extraction and Management

Data extraction will be conducted by each reviewer independently. An electronic data extraction form
will be custom-made for this review, piloted and amended as required. The data collection form will

include the following information:

e Author(s), year of publication, journal
e Methods
o study design, study duration
o allocation sequence concealment, blinding, other concerns about bias
e Study setting
e Study population
e Participants
o recruitment procedures
o baseline characteristics, demographics
o medical conditions, current medication used, previous medication used
o dental prosthesis
e Target conditions
o Type of oral fungal infection, species involved
o History of infection, previous treatments for condition
o Method of determining type and presence of infection

12



e Interventions:

o Photodynamic therapy (PDT): type of light delivery device, wavelength,
photosensitizer, number of applications, time period between applications, length of
time of application

o Any adjunctive treatments

e Comparator
o Medication type, dosage and duration of treatment

o Adjunctive treatment

Outcome

o Clinical parameters- how clinical change was determined, whether there is a clinical

change

o Microbial parameters- Which clinical and laboratory procedures were utilise

Speciation, fungal load, fungal morphology

Presence of missing/ unavailable data

Results

o Comparison of before-after fungal loads, fungal species and fungal morphology

o Assessment of clinical change via scales (e.g. Newton scale for denture stomatitis) or

qualitatively via descriptive means

5.3 Study Quality and Risk of Bias Assessment

Each reviewer will conduct an assessment of study quality and the risk of bias of each included study.
This will be performed using the risk of bias tools of the Cochrane Collaboration. 2 These assessments
will be summarized in a “summary of findings” table and included in the report. In order to determine
the extent of the risk of bias for the body of evidence, the Grading of Recommendations Assessment,

Development and Evaluation (GRADE) will be used.2

13



5.4 Statistical Analysis and Data Synthesis

Where it is possible to extract quantitative data from the studies, these results will be captured into

Review Manager (RevMan) statistical software and pooled where appropriate to conduct a meta-

analysis. The effect size will be estimated and reported from continuous variables using mean

difference and 95% confidence intervals. The weighting of each study will be calculated using the

inverse of the variance. We expect the studies will differ in the mixes of participants and in the

implementation of interventions, with different effect sizes underlying different studies; thus, a

random-effects model will be used for analysis 2. This will provide a more conservative estimate of

treatment effects. Where there are insufficient studies, a narrative report of the results will be done.

5.5 Investigation of heterogeneity

The Cochrane test (P <0.1 cut-off for statistical significance) will be used to determine statistical
homogeneity. The I%test will be used to quantify heterogeneity. The effect of patient characteristics
such as age, smoking status, denture wearing and comorbidities will be investigated to determine the
effect on the test’s performance. The effect of the photodynamic therapy on various strains of fungi
will be compared where possible. This will be achieved by including covariates into fitted models if
sufficient data is available. Where insufficient data exists for quantitative analysis, results will be

summarised narratively.
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5.6  Sensitivity Analysis

In the sensitivity analysis, we assess whether the findings are robust to the decisions made in the

process of obtaining them.*! It is not always possible to pre-specify all factors requiring sensitivity

analyses as the need to do these may become more apparent as idiosyncrasies of the studies are

identified.®:

Where possible, there will be an attempt to retrieve any pertinent missing information from the study

authors. The effect of missing data will be assessed by testing various assumptions. This includes data

from studies that could not be extracted and included in the review and studies which have missing

participant data, including loss to follow up.

5.7 Subgroup Analysis

If there are sufficient data, we will use the different treatment parameters to conduct subgroup

analyses. This includes a comparison of different light delivery devices and wavelengths. Different

photosensitisers will be assessed as well as different treatment regimens i.e. duration of application,

frequency of applications and time between applications. The various antifungal medications used will

be compared. Furthermore, the effect of PDT on different fungal strains. Also the effect of

comorbidities/ predisposing medical conditions such as HIV, diabetes mellitus, and dental prosthesis

use.

5.8 Assessment of Reporting Bias

In order to assess risk of publication bias, we will make use of funnel plots to examine asymmetry,

provided there are 10 or more studies included. When we find evidence of small study effects we will
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consider publication bias as a possible explanation. A sensitivity analysis will be undertaken if plots

suggest treatment effects may not be from a symmetric distribution.

6. DISCUSSION

With the emergence of antimicrobial resistance and the growing burden of disease due to fungal

infections, alternative treatment modalities is needed to mitigate this growing problem. One such

treatment which has garnered attention in various spheres including oncology, the treatment of

bacterial infections and various dermatological conditions, is photodynamic therapy. 4

The body of research around photodynamic therapy (PDT) is growing and several laboratory studies

have shown that PDT is effective as an antifungal treatment. ¢ There is, however, less consensus

from the limited human studies available on PDT and oral fungal infections. Furthermore, there is even

greater discordance regarding the best photoactivators, light sources, and wave-lengths which are

both effective against the oral fungal infections and safe for use in humans.2®>

If PDT is found to be a suitable treatment alternative, it has the potential to be a breakthrough in

preventing over-use of currently available antimicrobial medication in the treatment of superficial oral

fungal infections. This may reduce the rate of antimicrobial resistance in fungi and improve the quality

of life of those affected with the condition. PDT has shown the potential to be effective against certain

18,47-49

drug-resistant strains of micro-organisms and there is emerging evidence that microorganisms

may have a reduced ability to become resistant to PDT.%8

16



In addition, PDT was previously thought to be the forte of expensive laser devices, however, any
source that is capable of emitting adsorbable energy within a particular range of wavelengths which
is able to activate the photosensitisers and penetrate tissue as required, can be used for PDT. 22 In
recent years, there has been an interest in developing cost-effective light delivery systems that can be
used in low-resource settings - this includes light-emitting diode (LED) battery-operated devices 2>=3

and the use of modified cell phones.>* The previous focus has been oncology but there is potential for

these devices to be adapted for other uses including the treatment of oral infections.

Therefore, it is important that the evidence be frequently evaluated to assess whether PDT is an

effective treatment option and whether it requires further research investment. The systematic

review by Javed et a/? found that there is insufficient evidence to show the clinical effectiveness of

PDT and the heterogeneity between studies was too great to conduct a meta-analysis. This systematic

review will attempt to determine if there has been sufficient progress in research to more thoroughly

fulfill the objectives of the review.
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1. Oral fungal infections

Fungi are free-living, eukaryotic organisms that occur as yeasts (round fungi), moulds (filamentous

fungi), or a combination thereof (dimorphic fungi). X Various fungal infections (mycoses) affect the oral

cavity, some superficial causing little problems to the affected individual, whereas others may be deep

and disseminate. The latter may lead to serious morbidity and even mortality. 2

The incidence of both superficial and invasive fungal infections are increasing. This is largely attributed

to the increased prevalence of immune compromised individuals.> ¢ Telles et al? provided a list of

superficial and deep mycoses (fungal infections) effecting the oral and maxillofacial region (Table 1).

Oral candidiasis is the most common oral fungal infection and is the focus of this review.

Table 1: Superficial and Deep Oral and Maxillofacial Fungal infections 2

Superficial Mycoses
Candidiasis

Hyperplastic Stomatitis

Erythematous Median Rhomboid
Glossitis

Angular Cheilitis Cutaneous

Pseudomembranous Pneumonia

Deep Systemic Mycoses
Histoplasmosis Blastomycosis

cryptococcosis

Deep Opportunistic
Aspergillosis Mucormycosis
Penicillosis Basisdiomycosis

Alternariosis Cercosporomycosis

2. Candida Species

Deep Mycoses
Subcutaneous
Sporotrichiosis

Lobomycosis

Rhinosporidiosis

Coccidioidomycosis

Geotrichosis
Cephalosporiomycosis

Fusariomycosis

Entomophthoromycosis

Chromomycosis

Paracoccidiodomycosis

Trichosporan

Paecilomycosis

Candida is a genus comprising more than 150 species of yeast 1, many of which are part of the

commensal microbiota in humans. 2 At least 17 Candida species are known to cause disease in



humans. These species include: Candida albicans, Candida glabrata, Candida dubliniensis, Candida
guilliermondii, Candida krusei, Candida lusitaniae, Candida parapsilosis and Candida tropicalis. ¥ &

Candida albicans is responsible for the majority of mycoses in humans, although other species are

increasingly being isolated. &

Candida species share similar characteristics. They are able to metabolize glucose in aerobic and
anaerobic environments and require fixed carbon environmental sources for growth.! Candidal
growth is also sensitive to temperature changes.t One of the most important features of C. albicans is
its ability to exist in different morphological forms. It is either found as a unicellular budding yeast
(blastospore), or in filamentous forms such as hyphae (mycelial) and pseudohyphae.? The
morphological plasticity is an important virulence factor of C. albicans as the hyphal form is important
for epithelial invasion and in the process of causing infection. & Another important virulence factor is

the ability of Candida to adhere to cell walls, which is enabled by components of the fungal cell wall.

3. Predisposing factors to oral fungal infections
Candida is usually a benign commensal organism causing no ill-effect in healthy individuals. However,
an imbalance in the normal flora can lead to an overgrowth of these organisms and result in a fungal
infection. ! The most common fungal infections are of a superficial nature, affecting the skin and nails
as well as the mucosa of the oral cavity and genital tracts.? Typically, this can occur via several
mechanisms: (1) breakdown of the skin or mucosal barrier, (2) compromised host defences, (3)

external factors affecting the host or (e.g. medication use), (4) a combination of the aforementioned.?

Both systemic and local factors can increase ones’ likeliness to develop oral candidiasis. Oral mycoses
is more common in neonates and infants due to their underdeveloped immune systems. Similarly,
those with systemic conditions or on medication negatively affecting the immune response, are also
at an increased risk. This includes those who are malnourished, those with diabetes, leukaemia and

other malignancies, blood dyscrasias, transplant patients, patients undergoing chemo- or radiation



therapy and those on chronic steroid medications. 2 One of the most prominent diseases directly
effecting the immune response is HIV/AIDS. HIV/AIDS was estimated to contribute 10 million cases of
oral candidiasis and 2 million cases of oesophageal mycoses per annum. %% The increasing use of
highly active antiretroviral therapy (HAART) has reduced the incidence of opportunistic infections,

including oral candidiasis. 12

Furthermore, there are several local factors which predispose to oral mycoses development: poor
oral hygiene and denture wearing £3; hyposalivation and a decreased pH of saliva. 2* Smoking is also
associated with oral candidiasis, although though the exact mechanism of the pathogenesis remains

unclear.®

4. Pathogenesis of oral candidiasis
There is a complex interplay between the host, fungi and the oral microenvironment. ¢ For oral
candidiasis to occur the fungi has to overcome the host defences and this is facilitated (or inhibited)
by the oral microenvironment. For C. albicans to transform from a commensal organism to
pathogenic, the fungi first needs to colonize the host tissue.” Adhesion is essential for colonization.
Usually C. albicans is found in mixed biofilms within the oral cavity. Biofilms are beneficial to the fungi
as they assist in colonization and survival within hostile environments (physical and chemical). In
addition, biofilms contribute to the development of drug resistance.’ In its commensal form, C.
albicans usually exists as budding yeasts. However, C. albicans hyphae are considered to be superior
in adhesion ability and are thus the more virulent morphological form. Adhesion stimulates hypha
formation which enhances adhesion.tZ & Attachment is facilitated by adhesins on the fungal cell

surface as well as glycoproteins such as glucose and mannose. 118

Secondly, the fungi need to invade the host tissues. C. albicans uses two mechanisms to invade host
cells: induced endocytosis and active penetration.t2 28 |nvasion is facilitated by the presence of

germinal tubes and phospholipase C.2¢ Certain components of the fungal cell wall are capable of



modifying host defences by either inhibiting phagocytosis or antigen presentation, thus interfering

with the immune response of the host.2®

Lastly, the hallmark of C. albicans pathogenicity is tissue damage. Tissue damage occurs either
directly, due to invasion of the microorganism into the host’s cell, or indirectly due to the host’s
immune response. Filamentation and active penetration is essential for epithelial damage.’
Furthermore, maintenance of hyphal elongation after invasion is also required to damage cells.
Indirectly, C. albicans causes damage to cells by initiating cell death pathways leading to apoptosis. It
has been found that in more established infections, anti-apoptotic signalling pathways are inhibited

and a majority of tissue damage occurs due to necrosis and not apoptosis.

5. Clinical spectrum and classification of oral fungal infections
There are variations in the clinical presentation of candidal infections (Table 2). These can be broadly
categorised into primary and secondary oral candidiasis. > 22 Primary oral candidiasis is confined to
the oral and perioral tissues. Secondary oral candidiasis is a manifestation of a systemic candidal
infection. Furthermore, primary oral candidiasis can be subdivided into acute, chronic and Candida-

associated lesions. 1220



Table 2: Classification of Oral Candidiasis as proposed by Samaranyake*>

Primary Oral Candidiasis Secondary Oral
Candidiasis
Acute Chronic Candida-associated
Pseudomembranous Hyperplastic Denture stomatitis Oral Candidiasis as a

manifestation of systemic

disease
Erythematous Nodular Angular cheilitis
Erythematous Median rhomboid
glossitis
Plaque-like Linear gingival erythema

Pseudomembranous and erythematous oral candidiasis falls under acute primary candidiasis.
Pseudomembranous candidiasis is frequently referred to as “thrush”. It is commonly seen in neonates,
those using corticosteroids or immune suppressive medication and the immune compromised.®
Pseudomembranous candidiasis appears as white plaques which can be removed to reveal
erythematous mucosa. Erythematous candidiasis is often associated with broad spectrum antibiotic
use © and presents as red, atrophic areas anywhere in the oral cavity, but most commonly the tongue

and palate.

There are four variations within chronic primary oral candidiasis i.e. hyperplastic, nodular,
erythematous and plaque-like. Candida-associated lesions have a multifactorial aetiology and include
denture stomatitis, angular cheilitis, median rhomboid glossitis and linear gingival erythema.l> 2
Patients may exhibit a combination of the aforementioned infections. Denture wearers frequently

have both erythematous denture stomatitis and angular cheilitis.®



Angular cheilitis presents as fissures or cracks at the labial commissures. It is associated with vitamin
and/ or iron deficiency as well as bacterial infections. & 1€ It is also commonly found in those with
vertical facial dimension loss due to tooth wear, tooth loss and dentures which have insufficient
vertical dimensions. &€ This leads to accumulation of saliva at the commissures and colonization of
microorganisms including Candida species. Denture stomatitis is usually found in patients with poorly
fitting or older dentures, especially when concomitant with poor oral and/ or denture hygiene.
Barbeau et a/? found the greatest risk factors to be nocturnal denture-wearing and smoking.2
Denture stomatitis is commonly classified clinically according to Newton’s classification?: Type I:
petechiae dispersed on the palatal mucosa in contact with the denture; Type Il: macular erythema

with no hyperplasia; and Type lll: generalized erythema with hyperplasia.

6. Diagnosis of oral fungal infection
The presence of Candida species is not sufficient for a diagnosis of candidiasis as several species of
Candida are commensals in humans. Thus, the first step of diagnosing oral fungal infections is the
identification of the lesions.2® Knowledge of the clinical presentation of oral fungal infections and that
of similar looking lesions is important in providing a differential diagnosis.2 The clinical diagnosis of
oral fungal infections is usually sufficient for the general practitioner to initiate management.2
However, there are several instances where a definitive diagnosis is necessary: the clinical diagnosis
is inconclusive, the prescribed treatments are not curative, the lesions are recurring, there is a high
risk of the infection spreading to deeper tissues, the host’s immune response is compromised, species
require identification for sensitivity testing or research purposes.® A definitive diagnosis is confirmed

by microbiological studies.

First, a sample needs to be acquired via swabbing, an imprint culture, oral rinses, collection of whole
saliva and incisional/excisional biopsy.2 2 Thereafter, identification of the yeasts can be made based

on four criteria: morphological, biochemical, immunological and genetic.2®



7. Management of oral fungal infections
The treatment of oral fungal infections consists of four parts: (1) diagnosis, (2) identifying and
correcting the predisposing factors or underlying disease where possible, (3) evaluating the type of

infection, and (4) prescribing appropriate antifungal therapies.t®

After the initial suspicion or identification of oral fungal infections, a thorough history taking and
clinical examination is required. This will assist to identify any local/systemic predisposing factors
which may contribute to the development of the infection.?* Local predisposing factors including
hyposalivation and dental prosthesis require assessment. The patient’s dental and denture hygiene
needs to be evaluated and the patient educated about its care. Nocturnal and continuous denture
wearing should be strongly discouraged as it is found to be a major risk factor. 222 Disinfection of the
dentures and oral cavity should be encouraged.?* 2 Emami et al”® conducted a meta- analyses of
randomised control trials comparing different methods of treatment for denture stomatitis. It was
found that disinfection of the dentures using chlorhexidine or hexitidine has a similar efficacy to the
use of antifungal medication. Disinfection of dentures could prevent overuse and reduce associated
side effects of antifungal medications. 222 However these studies reported recurrence of disease, had

small sample sizes, many were methodologically flawed, making the recommendations less reliable.

Once local factors have been assessed, it is necessary to look at systemic influences as oral fungal
infections rarely occur in the absence of compromising factors. 2 Underlying deficiencies and medical
conditions (as mentioned previously) should be excluded or patients should be treated or referred

accordingly.

Following the initial phases of management mentioned above, if resolution of the infection does not
occur, pharmacological intervention is then required. Treatment of oral fungal infections differs for
every case as it depends on the nature of the lesion/ infection, the medical history of the patient,

including concomitant medication, and also factors effecting patient compliance to therapy. There are



primarily four classes of antifungal medication available for the treatment of oral fungal infections i.e.
(1) azoles, (2) polyenes, (3) echinocandins, and (4) pyrimidines.? 2 Both systemic and topical

formulations are available.

Azoles inhibit ergosterol in the cell membranes by inhibiting cytochrome P450 (CYP)-dependent 14a-
demethylation.!> 3931 CYP is needed in several human metabolic pathways including the metabolism
of many drugs, thus it has many drug interactions. There are two subclasses of azoles: imidazoles and
triazoles. The imidazole group includes miconazole, clotrimazole and ketoconazole. Clotrimazole and
miconzazole are available in topical and systemic forms and are thus frequently used for oral fungal
infections (Table 3). Miconazole is additionally available as a buccal-adhesive tablet which is used in
the treatment or oropharyngeal candidiasis.2 Ketoconazole is only available in systemic form. The use
of these medications in systemic form should be reserved for more serious fungal infections due to
the side effects and possible drug interactions.2> 32 The triazole subclass includes fluconazole,
itraconazole, voriconazole and posaconazole. These drugs have an improved solubility and specificity
for fungal enzymes which makes them less toxic to humans than the imidazoles®®, however
hepatotoxicity is still a concern.22 Re et al*?, reported incidents of liver injury to be relatively low

amongst oral azole users, however those with pre-existing liver disease were at a much greater risk

than those without liver injury. 2 These drugs are rarely used for uncomplicated oral fungal infections.

There are only three commercially available polyenes. These are nystatin, amphotericin B and
natamycin.2 Polyenes bind to ergosterol resulting in membrane-selective permeability which causes
the cell contents to leak out, thus causing cell death.2 Topical nystatin has been used as the first choice
pharmacotherapy for oral fungal infections for years.:2 Nystatin is not absorbed systemically and
therefore there appears to be less toxic, however gastrointestinal side effects are common if taken
systemically, thus topical treatment is the usual route of application. Systemic Amphotericin B use

should be limited to serious fungal infections as the drug has a high potential for toxicity and adverse



drug effects.2 Even so, it is considered the gold standard for fulminating Candida infections. Resistance

to Amphotericin B has so far found to be rare. Non-systemic applications of amphotericin B are now

available which lacks the toxic effects associated with the systemic version.?

Table 3: Antifungal drugs used for oral Candidiasis in Adults (Adapted from Pienaar et al)

Drug
Topical
Amphotericin-B

Nystatin

Clotrimazole

Miconazole

Chlorhexidine
gluconate
Gentian Violet

Systemic
Fluconazole

Ketoconazole
Itraconazole

Posaconazole

Form

Lozenge

Cream
Oral suspension

Pastille
Solution

Cream

Oral gel

Cream

0,2% Mouthwash

0,5% Aqueous solution

150mg Capsules
200mg Tablets
100mg Capsules

Oral suspension

Dosage

10 000 iu dissolved slowly in the mouth 3-4
times a day for a minimum of 2 weeks
Apply to affected area twice a day

20ml 4 times a day; continue to use for
several days post clinical resolution
Dissolve tablet in mouth 5 times a day

5ml 3-4 times a day for 2 weeks minimum

Apply to affected area 2-3 times a day for 3-4
weeks
Apply to the affected area 3-4 times a day

Apply twice a day and continue to use 10-14
days after lesions heal

10ml to be swirled in the mouth for 1 timed
minute and then spat out

Paint on affected area(s) of mouth three
times daily

150mg stat or one 150mg capsule once a day
for 2-3 weeks

One to two tablets twice a day with food for 2
weeks

One capsule per day taken immediately after
meals for 2 weeks

100 mg (2.5 mL) PO BID on Day 1, then 100
mg PO once a day for 13 days

Echinocandins interfere with the synthesis of cell walls and include caspofungin, micafungin and

anidulafungin. These drugs are all limited to parenteral form and are not used for uncomplicated oral

candidiasis. Capsofungin may be used to treat invasive aspergillosis, disseminated candidiasis and

rarely candidiasis refractory to fluconazole.®® Lastly, pyrimidines such as flucytosine is an

antimetabolite that inhibits fungal protein uracil in fungal RNA with 5- fluorouracil.2 It is usually used

in conjunction with another antifungal agent in the treatment of severe Candida or Cryptococcal

infections.

Despite the currently available antifungal therapies, several problems exist with the treatment of

fungal infections. As mentioned, inherent properties of fungi, especially within biofilms, make them
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particularly difficult to treat.2® In addition triazoles, polyenes, and echinocandins require multiple daily
dosis due to their limited bioavailability.2® This, together with the adverse drug effects and drug
interactions- especially important for patients who are chronically ill or and those taking multiple
medications concurrently- adversely affect patient compliance with medication.?’ These medications
are particularly ineffective in those with compromised immunity as natural immunity is essential for
combatting these infections.28 Also, sampling and lab testing is not always possible for monitoring the
progress of treatment.224% These factors have contributed to the increasing incidence of drug resistant

fungi currently experienced.® 3241

8. Antifungal resistance
In 2014, the WHO report on the global surveillance on antibiotic resistance stated that “antibiotic
resistance is no longer a prediction for the future; it is happening right now, across the world, and is
putting at risk the ability to treat common infections in the community and hospitals. Without urgent,
coordinated action, the world is heading towards a post-antibiotic era, in which common infections
and minor injuries, which have been treatable for decades, can once again kill”. *2 Antifungal resistance

is an equally urgent matter which receives less attention and funding.*:

A recent study in South Africa and Cameroon found that as much as 50% of the Candida albicans
specimens sampled were resistant to azoles.2? This increase in resistant strains of fungi requires urgent
attention, research and investment to understand the mechanisms and find suitable therapies.>
According to Parente-Rocha et al?é, fungi utilize several mechanisms to promote resistance. These

include the mutation of drug targets, overexpression of the targeted protein, expression of the efflux

system, degradation of antifungal agents and pleiotropic drug responses.2®

In spite of the rising prevalence of fungi resistant to antifungal medication, there has been no new
antifungal drug classes approved for human use since 2006. L However, there is ongoing research into
various strategies which may be used to overcome fungal resistance. Research to identify antifungal
properties in novel bioactive compounds is under way.2 Also, bioinformatics analyses are being used

11



to search genomic databases for peptide sequences which have the physical-chemical characteristics
of antifungal drugs. In addition, promising research in the search of vaccines against fungal infections
is been investigated.® Nevertheless, since these drugs and vaccines are still currently in the pipeline,
alternative therapies are required to treat fungal infections without propagating the rise in fungal
resistance.”2 One such treatment which has been proposed as an antifungal therapy is photodynamic

therapy.

9. Introduction to Photodynamic therapy (PDT)
PDT is a treatment modality that utilises light of a certain wavelength to activate a photosensitizing
agent (PS). This reaction takes place in the presence of oxygen. The treatment results in the formation
of reactive oxygen species and other reactive molecules which causes damage to the cell and cell

death.# 4%

The PS is administered to the patient either topically or systemically. Several modes of administration
exist depending on the nature of the PS and the site of the lesion. These include intravenous, par
enteral, nasal, pulmonary, topical and targeted delivery.?¢ %2 The PS then requires time to accumulate
within the target cells. Thereafter, an energy source of an appropriate wavelength is used to activate

the PS for a certain amount of time to produce the desired effect - cell damage and/ or death.*®

10. Current uses of PDT
Evidence of the clinical applications of PDT is rapidly growing, especially in the fields of oncology*> >°
and dermatology. °'22 A review by van Straten et al’? assessed current studies about the clinical use
of PDT in oncology and PDT has been found to be successful in all stages of cancer therapies i.e. pre-,
intra-, and post-operatively and when used in combination treatment with other therapies.> It also
appears to be well tolerated by patients, with less adverse effects than what is associated with chemo-
and radiation therapy. However, it should be noted that many of the studies employ small sample
sizes and thus lack adequate statistical power. It was also found that in spite of the mounting evidence

in its favour, as well as 30 years since regulatory approval, PDT is still very much underutilised clinically
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in favour of radiation and chemotherapy.2® Nevertheless, more clinical and preclinical research is

being done to overcome these challenges as well as to find and improve PSs for these purposes.>®

In addition to oncology, the adoption of PDT into “standard care” within dermatology has also grown.
This, in part, is due to the ease of application of PDT to the skin.22 The American Society of
Dermatological Surgery (ASDS) has recently published a consensus document recommending PDT as
a “highly effective treatment modality” for precancerous lesions, superficial nonmelanoma skin
cancers, inflammatory acne vulgaris and others.2* Furthermore the applications of PDT is expanding

with PDT now being looked towards as a potential antimicrobial therapy.

Photodynamic antimicrobial therapy (PACT) is a relatively new approach for the treatment of
pathogens infecting tissues.2> There are several advantages to the use of PACT as opposed to
conventional antibiotics: Studies evaluating PDT on antibiotic resistant pathogens have found PDT to
be equally or more effective than antimicrobials on resistant strains of microbes.2® In addition, no
resistance to PDT has been found thus far and due to the mechanism of action of PDT, which differs
from conventional drug therapy. It is hypothesized that it is unlikely that resistance would develop in
the same way it has with conventional antimicrobial drugs.>> ¢ However, it should be noted that some
microbes have been found to be inherently less susceptible to PDT than others.2® PACT has been found
to be effective against biofilms which, as mentioned earlier, are notoriously difficult to treat.>” > PDT
has the added benefit of rapid action which is in contrast to systemic antimicrobials which require
time and high concentrations to reach biologically active levels and these levels may lead to toxicity

in the host.22

PACT is also relatively selective resulting in less damage to host tissues. Hamblin et a2 found that
PACT was most effective when the PS has a significantly cationic charge as microbial cells have a more
negative charge than mammalian cells, thereby enhancing the selective binding of the PS.

Furthermore, the microbial cells bind to the PS more quickly than the mammalian cells, reducing pre-
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irradiation exposure time. 22 More research is being conducted to find other selective carriers which

include liposomes, nanoparticles and microspheres.*> %

One area of focus of research is the use of PDT for the treatment of periodontitis. Periodontitis is an
infection of the tooth supporting tissues caused by a multitude of microorganisms. Results of studies
vary drastically from PACT being ineffective 825 to effective.t4® However, one of the major issues
regarding studies using PDT is that there is no standardised or ideal treatment regimens and
parameters which makes comparing studies very difficult. Also, studies use different outcome

measures and utilise different time points.

Although there is more evidence on PDT and bacterial infections, a few studies have investigated the
application of PDT to treat fungal infections. PDT has been used to treat onchomycosis, a fungal
infection of the nails and toenails that is particularly difficult to manage due to the need for protracted
courses of antibiotics, slow growth of the nail and poor penetration of topical antibiotics.®” PDT in the
management of onchomycosis overcomes the aforementioned problems and the side effects of

treatment appear to be minimal.®’,*®

Similarly, animal and human studies investigating PDT and oral fungal infections have shown positive
results.®? Mima et al performed a case series treating denture stomatitis with PDT on 5 patients and
found resolution of the denture stomatitis in 4 of the 5 patients 2L, It was suggested that smoking may
have contributed to the poor outcome on the single patient. Abduljabbar et a2 compared PDT in
smokers versus non-smokers and found statistically higher Candida albicans counts in smokers. They

also concluded that PDT is effective against oral fungal colonization 2. Mima et al/”

followed up the
case series with a randomised control trial of 40 patients comparing PDT to topical nystatin. PDT was
found to be comparable in effectiveness to nystatin. However, recent studies have diverged from the

previous findings.”* 2 Maciel et a/”* evaluated a combination light laser therapy (LLT) and a single

session of PDT in the treatment of denture stomatitis and found the treatment to be inferior to topical
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miconazole therapy. This treatment regimen is unconventional as most studies thus far evaluate

repeated applications of PDT clinically’ 772 and do not combine it with LLT.

11. Mechanism of action of PDT
PDT involves the absorption of a photon of light of a specific wavelength which leads to the excitation
of the photosensitizer (PS) to its singlet electronic state.>? Irradiation causes the transit of electrons to
a different orbital, exciting the PS to form an unstable molecule with a short half-life i.e. the excited
singlet state.®> According to Hamblin®?, the singlet-state PS can then undergo an electronic transition
to a longer- lived “triplet state”22, the main mediator of the PD reaction.®> This allows the triplet-state
PS to react with ground state oxygen. There are 2 photochemical pathways whereby this reaction can
take place: in the Type 1 pathway, electron transfer occurs to produce a superoxide radical and then
hydroxyl radicals (HO.). The Type 2 pathway produces excited state singlet oxygen (*0, ) via energy
transfer. The hydroxyl radicals and the singlet oxygen are highly reactive oxygen species (ROS) which

are capable of causing cellular component damage and cell death.>> 28

Figure 1 from HamblinZ is a Jablonski diagram which illustrates the photochemical reaction which

occurs during PDT and their antimicrobial activity.

Typel

g c I o Radicals, HO*
ps*
3

PS

Parasites
Virus Gram-positive Gram-Negative

Bacteria Bacteria Fungus
Current Opinion in Microbiology

Figure 1 Jablonski diagram showing the photochemical reaction caused by photodynamic therapy (Hamblin22)

15



There is no single pathway that leads to cell death after PDT. & The radicals, described above, cause a
change in cell membrane and wall integrity, which allows a further influx of PS into the cells. Damage
is caused in various ways. The radicals are capable of causing direct damage to the cell. Cytoplasmic
leakage, damage to cytoplasmic organelles and nucleic acid cause death by apoptosis, necrosis and
autophagy.® The cell death pathway is dependent on various factors including the dose of light, the
concentration and type of PS, and their intracellular localization.22 When PDT damage is strong and

cell damage is beyond repair, apoptosis will occur. However, at higher doses necrosis can occur.*> &

12. Photosensitisers
Photosensitizers (PS) are dyes which are able to absorb energy from light and transfer the energy to
another molecule.”> 8 The ideal photosensitizer has not yet been found and the requirements of the
PS differs according to the target tissue, lesion and purpose of treatment. Anti-cancer PSs should be
lipophilic with little or no overall charge and usually have a long wavelength absorption band for tissue
penetration; whereas antimicrobial PS’s usually have a pronounced cationic charge and requires only

superficial penetration.”® 22

According to Abrahamse & HamblinZ®, the PS should ideally be a single, pure compound with low
manufacturing costs and high chemical stability when stored. It should have a strong absorption peak
in the near-infra-red spectral region (650nm- 800nm). PSs should have no dark toxicity (toxicity when
not activated), but have the ability to accumulate in target tissues with a relatively rapid clearance

from normal tissues to avoid damage to normal cells.”2

With cancer therapy, most PSs are based on the tetrapyrrole backbone 22, such as porphyrins, chlorins,
bacteriochlorins and phthalocyanines. Another category of PSs is synthetic dyes which includes
Phenothiazine salts, Rose Bengal, Squaraines, BODIPY dyes, Phenalenones and transitional metal
compounds. Phenothiazine salts, toluidine blue O (TBO) and methylene blue (MB) have been

approved for human use and are effective against fungal cell membranes. Naturally occurring products
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are also being studied. These include Hypericin (from St. John’s Wort), Hypocrellin, Riboflavin and

Curcumin. 2228

Recent years have seen rapid advances of targeted PDT and the use of nanotechnology in the
treatment of cancer and PACT.” Targeted PDT enables the PSs to bind to specific molecules which
have an affinity for the target cells or to specific receptors on the target cells. This includes monoclonal
antibodies, antibody fragment, proteins, peptides, hormones and metabolites. Nanotechnology is
being used in two ways in PDT. The first is as a nanoparticle PS delivery system which enables the PS
to better localize in the target and it also improves the photochemical efficiency of the PS. The second
method is that the nanoparticles are able to act as a PSitself and absorb light and emit ROS. Fullerenes,

quantum dots and titanium dioxide 22 are examples thereof.

13. Light source
The appropriate light delivery source/device, capable of delivering the correct dosimetric parameters
is essential for successful PDT. This is to both penetrate the appropriate tissues and activate the PS to
a degree that sufficient ROS are generated to effect cellular damage of the target.22 8 Both coherent
(lasers) and non-coherent (light emitting diode (LED) and lamps) light sources are currently being used

and further investigated for PDT.%

The benefit of lasers is that they are capable of delivering a highly focussed light of an adjustable
wavelength which has a high degree of monochromaticity.®> According to Yoon et al%, the most
frequently used laser clinically is the Argon/ Dye laser. Other laser systems include metal vapour, KTP:
YAG and diode lasers.22 Although the diode lasers have some advantages in that they are easy to use,
light-weight and less expensive than the other lasers; the major drawback with lasers in general is the
cost.2 Thus, there has been a push to develop and utilise non-coherent light sources, especially LED-

based light-sources. These are user friendly, efficient, cost-effective as well being able to provide the
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necessary fluence and irradiance for treatment.2:2 The light source must also minimise ultra-violet

emissions and heat to prevent mutagenesis and damage to unintended tissues.®’

14. Treatment regimens for oral fungal infections
In a systematic review, it was found that in laboratory studies, the wavelength used for PDT are
relatively consistent (660nm or 475nm).%2 However, the energy fluency and power output diverged
significantly. Also, there are no reporting standards, thus parameters such as power density, number

of applications, irradiation area and number of points of irradiation are not always reported on.%

There is no consensus on the ideal treatment oral fungal infections as the number of human studies
are limited. In fact, the treatment regimens are so heterogeneous, making studies difficult to
compare.®? Three studies on the treatment of denture stomatitis made use of a similar treatment
regimen.”2 7 8 |n these studies, the denture and the palatal mucosa were treated with PDT. A
haematoporphyrin derivative PS (Photogem) was applied to the palate. In two studies a 30 minute
pre-irradiation time was used. Thereafter a specially designed LED device (wavelength of 440nm to
460nm) was used to irradiate the palatal mucosa for 30 minutes. The power and intensity generated
in these studies was 260mW and 102mW/cm? respectively. Abduljabaar et a2 provided only one

70, 73

session of PDT, whereas the two studies by Mima et al/ provided participants with six sessions of

PDT: three times a week for 2 weeks.

Scwingel et al¥?, Maciel et al” and Senna®® used methylene blue as a PS.”% 82 Scwingel made use of
a twin laser (A= 660nm, P= 30mW, fluence 7.5J/cm?) and the other two studies used a light gallium
aluminium arsenide laser (GaAlAs)( A= 660nm, P= 100mW). Thus results on the success and failure of

treatment may be directly linked to the different PDT parameters used.

Therefore, the aim of this systematic review is to compare the efficacy or PDT to that of conventional
antifungal medications, in the treatment of oral fungal infections in humans. We also aim to determine

which PDT parameters are the most effective.
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FULL ABSTRACT

BACKGROUND

There is an increasing prevalence of oral fungal infections and they can have a significant impact on
the quality of life of those infected. Treatment of oral fungal infections conventionally make use of
topical or systemic antifungal medications. However, antimicrobial resistance has limited the
effectiveness of these medications. Photodynamic therapy (PDT) has been proposed as an

alternative treatment modality in the treatment of oral fungal infections.

The aim of this study was to determine whether PDT, compared with standard anti-fungal treatment

modalities, is effective in the treatment of oral fungal infections in humans.

METHOD
Primary experimental and observational studies comparing the effect of treatment of oral fungal
infections using PDT to treatment using systemic and topical antifungal medications were included.

Only human, clinical studies were included.

A comprehensive electronic database search was conducted in September 2018. The Cochrane
Library, BioMed, SciELO, Scopus, EBSCOhost, PubMed/MEDLINE, ISI Web of Science,
Clinicaltrials.gov, ProQuest, WorldCat and Google Scholar were used. Databases were queried using

” "

keywords, MESH and root terms (e.g. “Candida”, “Oral fungal infections”, “mycoses”, “denture

stomatitis”, “Phototherapy”, “Photodynamic therapy” ). No limitations were placed on language,

time-frame or publication status.

The electronic database search yielded 654 titles with an additional two titles being found by hand-
searching. After duplicates were removed, 353 titles were subjected to screening by two
researchers. After abstract screening, and full-text reviews, four studies were included in the review
(n=112). All included studies were randomised control trials conducted on adult participants in

Brazil.

The effect size was estimated and reported from continuous variables using mean difference and
95% confidence intervals. The weighting of each study was calculated using the inverse of the
variance. A random-effects model was used for analysis. Where the researchers found insufficient

data, they conducted a narrative report of the results. Forest plots were created for the time-points



of 7, 15 and 30 days respectively. The authors used the Cochrane test (P <0.1 cut-off for statistical
significance) to determine statistical homogeneity and the I[?test was used to quantify
heterogeneity. Assessment of methodological quality and risk of bias was performed using the risk

of bias tools of the Cochrane Collaboration.

Pooling of the data was done to assess three outcomes: 1) clinical improvement from baseline; 2)
microbiological improvement by assessing changes in Candida colony forming units per millilitre
(CFU/ml); and 3) microbiological improvement via semi-quantification of CFU’s. The studies

assessed clinical change and microbiological change at different time points.

RESULTS AND DISCUSSION

This review found evidence for comparable effectiveness of PDT as compared with standard
antifungal therapy at 30 days from the start of treatment as assessed by clinical improvement (risk
ratio (RR) =1.59 [95% confidence interval (Cl), 0.44 to 5.82]; 3 studies, n=90 participants) and
mycological efficacy assessed directly using CFU’s (mean difference (MD) = 0.18 [95% CI, -0.98 to
1.33]; 2 studies, n=62). This finding was supported by the semi-quantification of CFU’s (RR=1.51
[95% Cl, 0.45; 5.02]; 3 studies, n=72). No statistically significant difference between PDT and
antifungal medication was found 15 or 30 days [ 15 days: RR=1.09, 95% Cl 0.63, 1.88; 30 days: [RR=
1.59, 95% Cl= 0.44, 5.82]. Heterogeneity was found to be borderline high at 15 days (/%= 47%) and
very high at 30 days (/%= 83%). Publication bias was not determined due to the sparsity of studies.
We found there to be a moderate to high risk of bias for all included studies resulting in a low quality

of evidence.

CONCLUSION

The findings of this review and meta-analysis, although limited due to the small number of studies
and patient samples, suggest that PDT has similar effectiveness when compared with conventional
therapy, in resolving oral fungal infections. Implementing PDT as an alternative management

modality, however, requires refinement of treatment parameters and further research.

PROSPERO registration at CRD42017076



SHORT ABSTRACT

OBJECTIVE: Photodynamic therapy (PDT) has been proposed as an alternative treatment for oral
fungal infections given the rise in antimicrobial resistance resulting in limited effectiveness of
conventional antifungal medications. This study sought to determine whether PDT, compared with

standard anti-fungal treatments, is effective in the treatment of oral fungal infections in humans.

METHODS: A comprehensive database search, without restrictions on language, time-frame or
publication status, yielded 353 titles meeting with our inclusion criteria; after evaluation by two
researchers, four studies (n=112) comparing the treatment of oral fungal infections using PDT versus
standard antifungal medications, were included in the review. All were randomised control trials
conducted on adult participants in Brazil. Studies varied in terms of frequency and duration of PDT
sessions. Pooling of the data (random-effects meta-analysis) was done to assess clinical
improvement from baseline and microbiological changes. Assessments of methodological quality,
risk of bias and heterogeneity were performed using peer-reviewed criteria. PROSPERO registration

at CRD42017076

RESULTS: PDT has comparative effectiveness to conventional antifungal medications from the start
of therapy in clinical efficacy [30 days, risk ratio =1.59 [95% confidence interval (Cl), 0.44 to 5.82];
%= 83%; 3 studies, n=90 participants) and mycological efficacy (30 days, mean difference = 0.18
[95% Cl, -0.98 to 1.33]; I?= 29%; 2 studies, n=62)]. Findings were consistent at all timepoints,
although PDT showed near-significance favourability for mycological effectiveness at 15 days,
assesed by CFU semi-quantification (RR = 1.49 [95% Cl, -0.97 to 2.28]; I?= 0%; 2 studies, n=36).

There was a moderate to high risk of bias for all included studies.

CONCLUSION: The findings of this review and meta-analysis, although limited due to the small
number of studies and patient samples, suggest that PDT has similar effectiveness when compared

with conventional therapy, in resolving oral fungal infections.



1. BACKGROUND

Fungal infections in humans are a growing public health concern, affecting more than 300 million
people annually.l While accurate estimates of the disease burden are not commonly available,
especially from developing countries,2* there is evidence of an increasing incidence and prevalence
of fungal infections worldwide. &2 2 The increasing burden in part, has been due to the increasing
population of immune-compromised individuals. These include those living with HIV/AIDS,
established and uncontrolled diabetes mellitus, cancer and transplant patients, those who are
seriously ill, malnourished and on immunosuppressive therapy and other medical conditions which

affect the immune response. 2

Furthermore, fungal infections are gaining significance as a major cause of morbidity and mortality.®
Invasive fungal infections carry a high risk of mortality.2 Mucocutaneous fungal infections, although
rarely fatal, are very common infections in humans. 2 Some of the most common mucocutaneous
fungal infections in humans affect the oral cavity and seen in the critically ill and immune-
compromised.Z Oral fungal infections are also common in neonates, babies, and denture-wearers
and have a significant impact on an individual’s quality of life due to oral discomfort, burning, pain,
dysgeusia (altered taste) and reduced appetite.2 HIV/AIDS predisposes the progression of oral fungal
infections to the oropharynx. These individuals are particularly at risk of disseminated fungal
infections if the immune system is highly suppressed. HIV/AIDS is associated with 10 million
additional cases of oral candidiasis and 2 million cases of oesophageal fungal infections per annum.2
Fungal infections are commonly overlooked and receive insufficient research attention and

investment. X

Topical antifungals are the first line of treatment for mucocutaneous fungal infections, followed by

systemic antifungal medication.l2 However, it has become well-recognized internationally that



fungi are rapidly gaining resistance to current medication 12 due to various reasons: (1) Multiple
daily doses of triazoles, polyenes, and echinocandins are required due to limited bioavailability Z,
(2). Sampling and laboratory testing is not always possible for monitoring progress ¥ 3, therefore
patients often do not finish their course of medication, (3). These medications often have
unpleasant and dangerous side effects as well as drug interactions - especially important for
patients who are chronically ill or HIV-positive and taking multiple medications concurrently. (4).
Inherent properties of oral fungi that make them particularly difficult to treat Z- a recent study in
South Africa and Cameroon found that 50% of the Candida albicans specimens sampled were
resistant to azoles. 22 New drugs to treat fungal infections have not been developed since 2006 12
and thus, alternative therapies are required to treat these minimally invasive fungal infections

without propagating the rise in fungal antimicrobial resistance.2> Recently, the use of photodynamic

therapy has gained traction as an antifungal treatment modality.

Photodynamic therapy (PDT), also referred to as photodynamic antimicrobial chemotherapy (PACT),
photoradiation therapy and photochemotherapy, comprises three components: a chemical
photosensitizer (PS), the application of light and the presence of oxygen. Briefly, the PS is applied
to the target tissue (either topically or systemically). Light of an appropriate wavelength is then used
to activate the PS generating highly reactive oxygen species (ROS), including the singlet oxygen, in
the target tissue. This results in cytotoxicity of the target cells and elicits an acute inflammatory
response in the surrounding tissues.2® 2 Thus, PDT is being studied as a treatment modality for a

variety of clinical applications.

Evidence of the clinical applications of PDT is growing, especially in the fields of oncology® & and
dermatology.t> 22 The American Society of Dermatological Surgery (ASDS) recently published a
consensus document recommending PDT as a highly effective treatment modality for precancerous

lesions, superficial nonmelanoma skin cancers, inflammatory acne vulgaris and others. 2£ Although



much research is being conducted on the use of PDT as an antimicrobial treatment, a majority of
these studies are in-vitro or lab studies and studies on human participants are lagging.

However, more human studies are emerging, particularly from the oral health sector 222 suggesting
PDT as a possible treatment for oral fungal infections.22 2% 2 |n contrast, more recent studies found
PDT to be inferior when compared with antifungal medication in the treatment of specific oral
fungal infections.2> 28 Given this equipoise, our systematic review aims to provide the most current

evidence on the use of PDT as a treatment option for oral fungal infections in humans.

The review question:
Is photodynamic therapy compared with standard anti-fungal treatment modalities, effective for

the treatment of oral fungal infections in humans?



OBIJECTIVES OF THE STUDY

2.1 Primary:

e The primary objective of the systematic review is to determine if photodynamic therapy
(PDT), when compared with standard medication, is effective in the treatment of oral fungal

infections.

2.2 Secondary:

e What are the most effective photodynamic therapy regimens for the treatment of oral
fungal infections (duration of treatment, pre-irradiation time, number of visits and time
between visits)?

e Which photoactivators and at what concentration, are most effective in the treatment of
oral fungal infections?

e  Which type of light delivery device and wavelength has been shown to be most effective for
the treatment of oral fungal infections?

e How do risk factors for oral fungal infections such as smoking and diabetes mellitis, affect

treatment outcomes?



3. METHODS

3.1. Inclusion Criteria for studies in this review

3.1.1 Types of studies
Primary experimental and observational studies comparing the treatment of oral fungal infections
using PDT to treatment using systemic and topical antifungal treatment was included. The study
designs include but were not be limited to randomized control trials, quasi-randomised control trials
and cohort studies. The inclusion criteria were deliberately left broad in an attempt to find as many

relevant articles which relate to the specified primary and secondary objectives.

3.1.2 Types of participants
Participants had to be human, with a clinical diagnosis of an oral fungal infection. The diagnosis
required microbiological confirmation. Any concomitant systemic conditions (e.g. HIV, diabetes
mellitus), required that the conditions be specified and accounted for in both control and treatment

groups.

3.1.3 Types of intervention
We included any human study using PDT to treat an oral fungal infection in vivo. PDT was defined
as “the administration of a nontoxic drug or dye known as a photosensitizer (PS) either systemically,
locally, or topically to a patient bearing a lesion, followed after some time by the illumination of the
lesion with visible light, which in the presence of oxygen, leads to the generation of cytotoxic species

and consequently to cell death and tissue destruction”2,

3.1.4. Types of Controls
We included any study using conventional topical or systemic antifungal medication for the
treatment of oral fungal infections. We allowed flexibility with the antifungal drugs used and

dosages of the comparator as treatment regimens vary in different settings and for different
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patients. The treatment regimens were noted and reported on. Clinical trials of new antifungal

medications were not included.

3.1.5 Types of outcome measures

Primary
The primary objective was to determine if PDT is as effective as standard antifungal medication in the
treatment of oral fungal infections. The effectiveness of therapy was determined via clinical
assessment and microbiological confirmation via direct microscopy or cell cultures.
The presence or absence of Candida hyphae can be assessed and a change from hyphae present to
absent would indicate improvement. Effectiveness was quantified by measuring the change in
fungal load. The latter was quantified as Candida colony forming units per millilitre (CFU/mL). A
decreased fungal load indicated an improvement in the condition. Some studies utilise a semi-
quantification of CFU/mL which is interpreted in the same way (no change, improvement or

worsening).

Secondary
The secondary objectives relate to the parameters of the PDT. The various light delivery devices,
wavelengths used, photosensitisers and treatment regimens were compared to determine which is
most effective in antifungal ability. The same measures of effectiveness were used as that which

was used to determine the primary objective.

3.1.6 Time Frame and Language

No restrictions were placed on time frame or language in the electronic database search.
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3.2. Information sources and search strategy
The protocol for this review was registered with PROSPERO, registration number CRD42017076421.
A comprehensive literature search was conducted and completed in September 2018 using the
following search strategy in PubMed/MEDLINE which was then modified for the other databases
(Table 1): ((Phototherapy [MESH]) OR (Photodynamic Therap* [Title/Abstract])) AND ((Candid*
[Title/ Abstract])

OR (fungal infect* [Title/ Abstract]) OR (Mycoses [MESH]) OR (Denture Stomatitis [other term]).

Table 1: Example of Search Strategy for photodynamic therapy for oral fungal infections

Database PubMed/MEDLINE

Date 4/11/2017

Limits None

No Search Result
1 PHOTOTHERAPY[MESH] 34250
2 PHOTODYNAMIC THERAP*[Title/Abstract] 15548
3 #1 OR #2 38967
4 CANDID*[Title/Abstract] 314251
5 FUNGAL INFECT*[Title/Abstract] 18417
6 MYCOSES[MESH] 116485
U DENTURE STOMATITIS[Other Term] 61

8 #4 OR #5 OR #6 OR#7 411274
9 (ORAL[Title/Abstract]) OR DENTAL[Title/Abstract] 682360
10 #8 AND #9 20147
1 #3 AND #10 90

The researchers used the following databases: The Cochrane Library, BioMed, SciELO, Scopus,
EBSCOhost, PubMed/MEDLINE, ISI Web of Science, Clinicaltrials.gov, ProQuest, and WorldCat. The
search term “photodynamic therapy oral fungal infections” was used for forward tracking in Google
Scholar, ISI Citation Indices, and Web of Science ISI proceedings (conference proceedings). This was
complemented by hand-searching the reference lists of the selected studies for additional relevant
studies. The results of the search were documented, reported and compared between databases.

The references were managed with EndNote reference manager.
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3.3 Study procedure and statistical methods

3.3.1 Study selection and data extraction
The researcher (IR) conducted the search with the supervision of a senior researcher (ME). All results
were collated within an online document where two researchers (IR and HH) independently
performed title and abstract screening, followed by full-text evaluation and data extraction. The
data extraction tool used was modified from the tool used by the Cochrane Collaboration. There

was no disagreement between the authors on the studies to include.

Where it was possible to extract quantitative data from the studies, the researchers captured these
results into Review Manager (RevMan version 5.3) statistical software and the data were pooled,
where appropriate, to conduct a meta-analysis. Pooling of the data was done to assess three
outcomes: 1) clinical improvement from baseline; 2) microbiological improvement by assessing
changes in Candida colony forming units per millilitre (CFU/ml); and 3) microbiological improvement
via semi-quantification of CFU’s. The studies assessed clinical change and microbiological change at

different time points. Forest plots were created for the time points of 7, 15 and 30 days respectively.

The effect size was estimated and reported from continuous variables using mean difference and
95% confidence intervals. The weighting of each study was calculated using the inverse of the
variance. As expected, the studies differed in the mixes of participants and in the implementation
of interventions, with different effect sizes underlying different studies; thus, a random-effects
model was used for analysis 2. Where the researchers found insufficient data, they conducted a

narrative report of the results.
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3.3.2 Assessment of methodological quality of trials and risk of bias
Each reviewer conducted an assessment of study quality and the risk of bias of each included study.
This was performed using the risk of bias tools of the Cochrane Collaboration.2? These assessments
were summarized in a “summary of findings” table and included in the report. We followed the
Grading of Recommendations Assessment, Development and Evaluation (GRADE) guidance for

determining the extent of the risk of bias for the body of evidence. %

3.3.3 Investigation of heterogeneity
The authors used the Cochrane test (P <0.1 cut-off for statistical significance) to determine statistical
homogeneity and the I%test was used to quantify heterogeneity. The effect of patient
characteristics such as age, smoking status, denture wearing and comorbidities was investigated to
determine the effect on the test’s performance. The effect of the photodynamic therapy on various
strains of fungi were compared where possible. This was achieved by including covariates into fitted

models if sufficient data are available.

3.3.4 Data Synthesis
Studies will be included in the meta-analysis if they meet the following criteria: studies require an
intervention group utilising photodynamic therapy (as defined in 3.1.3) to treat an oral fungal
infection (as defined by 3.1.2). Studies will also require a control group which utilises standard
antifungal medications (as defined by 3.1.4) to treat oral fungal infections. Outcomes measures
which will be considered for pooling will be changes in fungal load via the measure of colony forming
units/millilitre (CFU/mI) or the log thereof, clinical change from baseline (as a scale of change i.e.
improvement/ worsening) or as semi-quantification of fungal load which is which is a measure

sometimes used in studies in the treatment of fungal infections.
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3.3.5 Sensitivity Analysis

In the sensitivity analysis, we planned to assessed whether the findings are robust to the decisions
made in the process of obtaining them.2? It is not always possible to pre-specify all factors requiring
sensitivity analyses as the need to do these may become more apparent as idiosyncrasies of the
studies are identified.22

We planned to test the effect of missing data by testing various assumptions. This includes data
from studies that could not be extracted and included in the review and studies which have missing
participant data, including loss to follow up. We also planned to assess the effect size difference
and the effect of the various study designs. However, there were insufficient data to conduct a

sensitivity analysis.

3.3.6 Subgroup Analysis
We intended to use the different treatment parameters to conduct subgroup analyses. This includes
a comparison of different light delivery devices and wavelengths. Different photosensitisers will be
assessed as well as different treatment regimens, the various antifungal medications used, the
effect of PDT on different fungal strains and the effect of comorbidities/ predisposing medical
conditions such as HIV, diabetes mellitus, and dental prosthesis use. There were insufficient data to

perform subgroup analyses.

3.3.7 Assessment of Reporting Bias
Reporting bias was assessed using funnel plots. The assessment was based on effective sample size
and regression tests of asymmetry. There was insufficient data to conduct the assessment of

reporting bias.

15



4. RESULTS

4.1 Study selection
Our electronic database search resulted in the identification of 654 titles (Table 2). Two additional
articles were found by hand-searching the reference lists of relevant articles. The titles were collated
and duplicates were excluded. The remaining 353 titles were evaluated and 273 titles were
excluded. Subsequent abstract screening resulted in an additional 68 being excluded.

Table 2: Titles retrieved by electronic, manual, and reference searching

Database Overall number of search Number of search outcomes without
outcomes duplicates

PubMed 90 90

Cochrane Library 8 8

EBSCOHOST 38 33

Medline 111 111

ISI Web of Science 134 134

ProQuest Dissertation and Theses 22 22

WorldCat 197 166

ClinicalTrials.gov 1 1

SciELO 5 )

Scopus 2 2

Science Direct 46 46

Hand Search 2 2

Total 656 620

Total after removal of duplicates between 353

databases

The QUOROM flowchart was used in the study selection process (Fig.1). Nine English language
articles and two Portuguese language articles were subjected to full-text screening. We were unable
to find the full-text for one article. One of the Portuguese articles 2 did not fulfil the inclusion criteria
and was excluded. A further seven articles were also excluded for not fulfilling the inclusion criteria
(Table 3). Four full-text studies were included in the review, two of which were unpublished

dissertations 2231 which required translation prior to data extraction.
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Table 3: Clinical studies using PDT to treat Oral Fungal Infections which have been excluded

Study Publicatio ~ Reason for exclusion
n year

Abduljabaar et al 32 2017 Comparison between non-smokers and smokers (no antifungal control)
Alves et al 33 2018 Case report
Barcessat et al 34 2017 Case Report
Maciel et al 2 2016 PDT followed up with light laser therapy
Mima et al 3% 2011 Case report
Ribeiro et al 3% 2012 Not related to oral fungal infections
Simonovik-Soskic et al3Z 2010 Outcome not relevant to this review
Cadastro & Giovanist 2009 Full-text not found

Electronic database

search and handsearch
N=656

Duplicate Titles Identified
and removed (n= 303)

Title screening
(n=353)

Titles excluded
(n=273)

Abstract screening
(n=80)

Abstracts
excluded (n=68)

Full text and 1 abstract
—  where full-text not found
(n=12)

Full texts excluded due to non
fullfulliment of specified criteria
(see Table 3) (n=8)

>Case report (n=3)
>No comparison group (n=1)
>Different outcome (n=1)
>PDT followed by LLT (n=1)
>Different disease (n=1)
> Full text not found (n=1)

Texts included in
systematic review (n=4)

Figure 1 QUORUM Flow Chart



4.2 Study designs

We included all studies comparing PDT to conventional antifungal medications (Table 4), all of which
were randomised control trials. One study had an additional arm, namely the use of light laser

therapy (LLT)%; but data from this arm were excluded from the analyses.

4.3 Study participants (Table 4)

The four studies (n=112) included in this systematic review were all conducted in Brazil comprising
between 21 and 40 enrolled participants. Three studies provided the age of the participants.2® 2> 31
Of these, one study restricted the age range from 40-65 years 3! and the mean age in that study was
56.4 years. The second study, which did not restrict age, had a sample mean age of 62 years.? The
single study which included only HIV-positive participants had a notably younger sample (mean age
= 30 years, +8).22 Two studies restricted their participants to include only immune-competent
individuals.?% 31

The remaining study excluded participants with head and neck neoplasia, or

Newton type Il denture stomatitis.22

Table 4: Design and Demographics of included study

Study Design Population Sample size Mean age, male: female  Follow up
Lopes, 2011  Randomised Patients presenting to the Total: 22 Not provided 30 days
control trial Dental  Faculty at the Controls: 12
University of S&o Paulo Intervention:
10
Mima et al, Randomised Patients  attending  the Total: 40 Intervention: 62.45 (43- 90 days
2012 24 control trial Araraquara Dental School, 20 individuals 80) years
Brazil per arm 1:3
Control: 61.25 (41-78)
1:1.86
Scwingel et 3-arm randomised Patients being seen by a Total: 14 30 + 8 years 30 days
al, 2012 % control trial customer Service Specialistat 7 individuals  3.2:1
the City of Ponta Grossa (PR, per arm
Brazil)
Senna, 2012  Experimental Patients presenting to the Total 36 Overall : 56.4 years , 30 days
A analytic Odontology Faculty of Instituto 18 individuals ~ 1:17
randomized control Tocantinense Presidente  per arm Intervention: 58.1+ 6
trial with blinding Antonio Carlos in Araguaina, years; 1:9

Brazil.

Controls: 54.7 years; 7
18 females
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4.4 Treatment Parameters (Table 5)

4.4.1. Nature of the intervention
The studies had varied treatment parameters (Table 4). Two studies conducted PDT on both
dentures and the oral mucosa.?* 3L One study evaluated the treatment of oral candidiasis2 , while
the other three studies specifically evaluated the treatment of denture stomatitis 2> 2> 3Lwhich is a

form of oral candidiasis.

4.4.2. Light source and photosensitisers
Three studies (n=79) used lasers as the light source (660nm wavelength). Twin lasers were used in
two studies 223! gnd a GaAIA (Gallium aluminium arsenide) laser was used in one study 2. The
studies investigating lasers utilised methylene blue as the PS. A single study used a
haematoporphyrin derivative as a PS, which was activated by an LED light of 440- 460nm

wavelengthZ,

The power of the LED used was 260mw, which is significantly higher than that provided by the lasers
(100mw, 40mw, and 30mw respectively). Pre-irradiation time, which is the length of time between
application of the PS and photoactivation, ranged from 1 minute to 20 minutes. The length
application of the laser per point was between 10 seconds and 2 minutes. The length of application

of the LED was 20 minutes.

4.4.3 The treatment regimen
The frequency of PDT sessions was not consistent. Treatment sessions varied from one session in
total 2; to two sessions one week apart 22; to 6 sessions over 15 days.2 The largest number of

sessions were 8 PDT sessions over four weeks.3!
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Table 5: Description of parameters investigated and technical characteristics of the photodynamic treatments used in the included studies

Study Treatment arms Condition Photosensitiser and | PDT parameters Clinical outcomes Microbiological outcomes
treated Light Source
Lopes22 Control: 5ml 100000 IU | Denture 0.005% methylene | Intra-oral PDT: Procedure not specified Quantification via counts of
topical Nystatin, 6 times a | stomatitis chloride  (Methylene | A:660nm CFU’s
day for 2 weeks. blue; Chimiolux, | power: 40mw
Intervention: PDT of the Hipopherma) Energy density: 120J/cm? Species identification via germ
lesion Length of application: 2 min per point tube, micro-culture
Twin laser Pre-irradiation time: 20 min in fermented agar and
(Twin Flex Evolution - | Number of application points: varies fermentation and assimilation of
MM Optics Ltda, Sdo. | according to extent of the lesion. On carbohydrates
Carlos, Brazil) average 1 cm apart.

Number of applications: 2 (1 week apart) Time points: after 1st application,
after 2nd application (one week
later) and after 1 month.

Mima et al 24 Control: Nystatin topical | Denture Haematoporphyrin PDT for denture and intraoral Clinical assessment of | Candida colony
nystatin oral suspension | stomatitis derivative Intra-oral: infection severity using | counts from the palate and
100 000 IU. (Photogem®) \: 440-460nm Newton’s classification of | denture surfaces quantified as
Swish it for 1 min, gargle, Power: 260 mW denture stomatitis. CFU/mL
and then expectorate it LED Energy density: 122J/cm?
four times daily for 15 Ten LEDs uniformly | Intensity: 102 mW/ cm? Time points: 0, 15, 30, 60, | Candida spp. prevalence
days. distributed  on  a | Length of application: 20 minutes 90 days
Intervention: PDT of the circular Number of applications: 6 sessions- 3 Time points: days 0, 15, 30, 60,
palate and maxillary platform times per week for 15 days 90
denture

Scwingel etal2 | Control: (fluconazole | Oral Methylene blue A:660nm Clinical efficacy- changing | Semiquantification of CFU of
100mg/day during 14 | candidiasis Power: 30mw signs and symptoms Candida spp.
days). Twin Laser Length of application: 10 seconds from baseline
Intervention 1: light laser Pre-irradiation time: 1 min
therapy (LLT) Number of application points: 9 Time points measured:
Intervention 2: PDT or Number of applications: 1 every 2 days Time points measured: 0, 7, 15,
lesion 30 days

Sennad! Control: miconazole oral | Denture Methylene blue A\:660nm Clinical efficacy: Budtz- | Microbiological efficacy:
gel three times a day for | stomatitis Power; 100 mw Jorgensen classification response was assessed by the
4 weeks. Laser  GaAlAs - | Pre-irradiation time: 10 minutes Time  points:  before | proposed method by Olsen

Intervention: PDT  of
mucosa and dentures

Photon Lase Il - DMC

Energy density: 28J/cm?

Length of application: 20 seconds

number of applications: 8 (twice a week for
4 weeks)

treatment and 48 hours

after the end of treatment.

(1974).

Time points: before treatment
and 48 hours after the end of
treatment (after 4 weeks).
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4.4.4 Antifungal medication
Two of the studies used nystatin suspension as the comparator. One advised rinsing with 5ml of
100000 IU suspension six times a day for two weeks 22 and the other advised rinsing with the same
dosage, four times daily for two weeks.2* The study with HIV-positive participants used 100mg of
fluconazole a day for 15 days 2 as the comparator. In the fourth study, miconazole gel was applied

to the affected area three times daily for four weeks.22

4.4.5 Method of clinical and microbiological Assessment
One study used the Newton classification 22 of denture stomatitis to assess clinical changes.? This
was done at baseline, the end of treatment (day 15) and on follow up (days 30, 60 and 90). Another
study assessed clinical efficacy by changing signs and symptoms from baseline, however, no

particular assessment tool was mentioned.2

Quantification of colony forming units (CFUs) was used to assess the microbiological success of
treatment in two studies.? The remaining studies made use of different means of semi-
quantification of CFU/ml.2> 3 This was either done by making a visual assessment of the medium
turbidity (clear, mild or intense) of cell cultures in test tubes and then scored as low, medium or
abundant growth of fungus accordingly.? Alternatively, the CFUs were counted and expressed in
degrees of density: 0 — no growth, 1 — growth from 1 to 9 CFU; 2 — growth from 10 to 24 CFU, 3 -

growth from 25 to 100 CFU, 4— growth greater than 100 CFU, 5 — confluent growth.2!
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4.5 Outcomes: Clinical and mycological
PDT showed no difference in clinical improvement as compared with standard antifungal therapy

(risk ratio (RR) =1.59 [95% confidence interval (Cl), 0.44 to 5.82]; 3 studies, n=90 participants) (Figure

2).

PDT Conventional Antifungal Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Mima 2012 3 20 2 20 24.8% 1.50[0.28, 8.04] =

Scwingel 2012 7 7 2 7TO331% 3.00[1.06, 8.52] L E—

Senna 2012 17 18 17 18 42.0% 1.001[0.85 1.17] I

Total (95% CI) 45 45 100.0% 1.59 [0.44, 5.82]

Total events 27 21

Heterageneity: Tau : 1.03, Chi*=11.87, df=2 (P=0.003), F=83% b o o' 1 : .

Test for averall effect: Z= 0.70 (P = 0.48) Favours [Contral] Favours [FDT]

Figure 2: Forest plot of clinical efficacy at 30 days

This finding was consistent with regard to mycological efficacy as assessed using CFU’s (Figure 3)

(mean difference (MD) = 0.18 [95% ClI, -0.98 to 1.33]; 2 studies, n=62).

PDT Conventional therapy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Lopes 2011 23 115 12 245 0.8 10 7B.4%  -0.15[-0.87,0.67]
Mirna 2012 302 353 20 178 332 20 236% 1.24 090, 3.38]
Total (95% CI) 32 30 100.0%  0.18[-0.98,1.33]
Heterogeneity: Tau®= 0.28, Chi*=1.41 df=1 (F=023), F=29% f 1 T f |
Testf Il effect; =030 (P = 0.76 10 - 0 > 1
estfor overall effect. Z=0.30F = 0.76) Favours [experimental] Favours [control]

Figure 3: Forest plot of mycological efficacy using quantification of CFU's at 30 days

This finding was supported by the semi-quantification of CFU’s (Table 4) (RR=1.51 [95% Cl, 0.45;

5.02]; 3 studies, n=72).

PDT Conventional therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Senna 2012 17 18 17 18 42.8% 1.00[0.85,1.17] -
Scwingel 2012 T ¥ 2 To328% 3.00[1.06, 8.52] e
Lopes 2011 3 12 2 10 247% 1.25[0.26, 6.07] =
Total (95% CI) 37 35 100.0% 1.51 [0.45, 5.02] ——e
Total events 27 21
Heterogeneity: Tau : 087, Chi*=10.61, df=2{(F=0005), F=81% 'D.'I sz DTS é é 1D'
Testfor overall effect: £= 067 (P=0.50) Favours [Control] Favours [PDT]

Figure 4: Forest plot of mycological efficacy of treatment using semi-quantification of CFU's at 30 days
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PDT showed no difference in mycological effectiveness compared to conventional medication,

assessed at 7 days from the start of treatment (Figure 5) RR=1.07 ([95% CI 0.64; 1.77]; 2 studies; n=

36).
PDT Conventional antifungal Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lopes 2011 7 12 g 10 41.7% 1.7 [0.53, 2.59]
Sewingel 2012 ] 7 i 7 88.3% 1.001[0.52, 1.54]
Total (95% CI) 19 17 100.0% 1.07 [0.64, 1.77]
Total events 12 10
Heterageneity: Tau : 0.00; Chi*=0.09, df=1 (P =0.76);, F=0% TR, s ] 1 ; 0
Test for overall effect; 2= 024 (P = 0.80) Favours [Control] Favours [PDT]

Figure 5 Mycological effectiveness of treatment at 7 days using semi-quantification of CFU's

Additionally, no clinical differences were found between therapies at 15 days (Figure 6) (RR= 1.09

[95% CI: 0.63; 1.88]; 2 studies; n=54).

PDT Conventional Antifungal Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mima 2012 ] 20 11 20 441% 0.82[0.44,1.53] —
Scwingel 2012 T ¥ A T oE558% 1.36[0.83, 2.29] ——
Total (95% Cl) 27 27 100.0% 1.09 [0.63, 1.88] -
Total events 16 16

ity == s Chif= = = R= } } } | } |
?ehta;ugenewl.l T?ru ;ZDP?DI;hlp_—1dB??é df=1(P=017) F=47% 1 02 05 5 : 10

estfor overall effect Z=0.31 (F=0.78) Favours [Control] Favours [PDT]

Figure 6: Clinical effectiveness of treatment at 15 days

This was in keeping with the mycological findings at 15 days (Figure 7 & 8) (MD= 0.37 [95% Cl: -2.58;

3.31], 2 studies; n=62; RR=1.49 [95% Cl: 0.97; 2.28]; 2 studies; n=36)

PDT Conventional therapy Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lopes 2011 13 058 12 235 11 10 529%  -1.08[H1.79,-0.31] -
Mirma 2012 287 333 0 0.61 1.41 0 471 % 1.96 [0.36, 3.56] —i—
Total (95% CI) 32 30 100.0%  0.37[-2.58, 3.31]
Heterogenaity: Tau®= 412, Chit=11.18, df=1 (F = 0.0008); F=31% f f T I |
Testf Il effect Z=0.24 (P = 0.81 10 > 0 > 10
Bstfor overall effect 2= 0.24 (P = 0.81) Favours [experimental] Favours [control]

Figure 7: Mycological efficacy of treatment at 15 days using quantification of CFU's
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POT Conventional antifungal Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lapes 2011 ] 12 4 10 26.8% 1.88[0.82, 4.29] I L E—
Scwingel 2012 T ¥ A TOTiI% 1.36[0.83, 2.29] -
Total {95% Cl) 19 17 100.0% 1.49 [0.97, 2.28] o
Total events 16 9
Heterageneity: Tau : 0.00; Chi*=081,df=1{F=047) F=0% 10.1 sz Dfﬁ é é ‘ID'
Testfar averall effect: Z=1.81 (F=0.07) Favours [Control] Favours [POT]

Figure 8: Mycological effectiveness at 15 days using semi-quantification of CFU's

No statistically significant difference between PDT and antfungal medication was found at either
time point [ 15 days: RR= 1.09, 95% CI 0.63, 1.88; 30 days: [RR= 1.59, 95% Cl= 0.44, 5.82].
Heterogeneity was found to be borderline high at 15 days (I?= 47%) and very high at 30 days (/2=

83%).

Similarly, the mycological efficacy of treatment was measured directly using log(CFU/ml) in only two
studies.2? 22 These results were pooled but no statistically significant results were found at 15 days
[MD=0.37, 95% ClI=-2.58, 3.31] or 30 days [MD=0.18, 95% CI=-0.98, 1.33]. Two of the studies used
semi-quantification of the CFU’s and one study provided a summary which allowed us to summarise
data into a dichotomous variable. The outcome compared the mycological efficacy of the
treatments by measuring the CFU’s before and after treatment. This was done for timepoints 7 days,
15 days and 30 days. The meta-analysis failed to find any statistically significant differences between

PDT and antifungal medication at any time point for all outcomes.

4.6. Publication bias

The researches were unable to conduct an assessment of publication bias due to the sparsity of

studies.
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4.7. Quality assessment

Grading of the pooled estimates using the GRADE criteria, found there to be a moderate to high risk
of bias for all included studies (Figure 9). Due to these limitations, the quality of pooled estimates

was found to be low.

Random sequence generation (selection bias)

Allocation concealment {(selection bias)

Blinding of participants and personnel {(performance hias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

E & |8 |&|& | |TI0Tebums

® (00O i ozeum
® 00 | ® orsen

® ® ||| @ | toreuwes

Selective reporting (reporting bias)

Other bias

Figure 9: Risk of bias of included studies
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5. DISCUSSION

This systematic review and meta-analysis found that PDT had similar effectiveness when compared
with conventional therapy, in resolving oral fungal infections. Implementing PDT as an alternative

management modality, however, requires refinement of treatment parameters.

This is the first systematic and meta-analysis performed on PDT and oral fungal infections analysing
only human studies. Our results serve to update an earlier systematic review“°, which included
experimental and animal studies, which concluded that there was a lack of sufficient evidence to
support the clinical effectiveness of PDT for the treatment of oral fungal infections. Our review
specifically included only human studies which utilised conventional therapy as a comparitor. We
also placed no restriction on language and included unpublished studies. This enabled us to include
two studies which were not included in the aforementioned review and allowed us to assess the

most current evidence regarding PDT in the treatment of oral fungal infections in humans.

There has been a concerted effort to make the literature search as thorough and comprehensive as
possible, limiting restrictions in the search itself. Extensive searches were done to find unpublished
studies, conference papers and proceedings. In addition, the inclusion of only comparative studies
enabled us to make robust comparisons with conventional therapy, thus presenting a higher level
of evidence. All the included studies are randomised control trials even though it was not a

prerequisite for inclusion.

The studies included in this review demonstrated heterogeneity; the biggest challenges were the
lack of standardisation of methods across studies and variability in the assessment of outcomes.

Studies utilised different treatment parameters which we would expect to affect treatment
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outcomes. Thus, placing these treatment procedures under a single umbrella of PDT is not the most
ideal means of analysis. Unfortunately, the lack of studies did not allow us to perform the desired
subgroup analysis. Two studies used the quantification of colony forming units (CFUs)%% 2¢ which is
a direct method as opposed to the semi-quantification of CFU’s used by the remaining two studies.
2331 This made it difficult to compare the microbiological outcomes. The methods used to combine
and analyse these two outcome measures may have introduced some error into our findings. Lastly,
there was a lack of detail on the measures taken to reduce bias within the included studies,
especially with regard to randomization, blinding and outcome assessment. Although every effort
has been made to reduce bias within our methods, these limitations should be considered when
interpreting the results of this review. While we sought to undertake subgroup and sensitivity

analyses, the small number of studies and variation in treatment effects precluded this step.

Finding the most effective treatment parameters was one of our secondary objectives. However,
treatments varied significantly with regards to the light source, photosensitiser, wavelengths,
frequency, duration of application, pre-irradiation time, number of applications and more. Thus, it
is conceivable that outcomes may be influenced by these parameters. To highlight this, one recent
study found contrasting findings to the four included articles.Z This study could not be included in
this review as they followed up one session of PDT with two sessions of light laser therapy. This
study found a denture stomatitis cure rate of only 40% with PDT compared to 80% with miconazole
treatment. It should be noted that the methylene- blue concentration and light fluence used in this
study was lower than that used in other studies.?* 3L This suggests that either one session of PDT
may be insufficient to treat denture stomatitis or that the correct treatment parameters are crucial
to PDT effectiveness or a combination of both. Hence, standardised PDT treatment parameters are

required and one could speculate that further refinement of treatment parameters may be carried

out on a case-by-case basis.
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Another consideration is that the antifungal medication used as the comparators in the studies were
used empirically. This implies that the medications and doses are not tailored to be most effective
in treating the individual or the fungal strain. The antimicrobial sensitivity of the fungi was not
accounted for and evidence exists that different fungal strains have variable sensitivity to the
currently available antifungal medications.t2 This may skew data in favour of the PDT as the most
appropriate antifungal medication may not have been used. Consequently, we do not know exactly
which strains of fungi were being treated in each study and we do not know which were successfully
eradicated by PDT or conventional therapy. Furthermore, three of the studies focused on denture
stomatitis and other forms of oral fungal infections are not adequately represented. Thus, our
findings should be limited to the treatment of denture stomatitis only. Future studies should
therefore place more importance on determining fungal species and antimicrobial sensitivity and

broadening the array of diseases being treated.

We intended to assess the effect of risk factors such as smoking, nocturnal denture wearing,
pregnancy and systemic conditions predisposing to fungal infections have on treatment outcomes
but were unable to do so due to our limited sample. Smoking is a risk factor for oral fungal infections
and treatment outcomes tend to be inferior in smokers as compared to non-smokers.22 The study
by Senna et al22 which included four smokers, found that miconazole was more effective at reducing
fungal load than PDT. There was, however, only one smoker in the miconazole control group
compared to 3 in the PDT group. A recent study by Abduljabaar et al?2 found that PDT is effective in
the inactivation of oral fungal infections in smokers and non-smokers, however, at 3 months, CFUs
were statistically significantly higher in smokers compared to non-smokers.22 This may imply a
greater rate of recurrence of denture stomatitis in smokers but it also suggests that smokers tend
to have a higher Candida colony count compared to non-smokers.22 2L |t js therefore important to

account or control for patients with additional risk factors which may affect treatment outcomes.
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Recurrence of fungal infection has been mentioned as a particular concern when using PDT.22 22 This
corresponds to a recent case study done by Alves et a2 who performed PDT on five patients with
denture stomatitis. They used similar treatment parameters to Mima et al/? and also found that all
five patients had a recurrence of denture stomatitis at the end of day 45 of follow-up. More studies
beyond 30 days will be required to assess if recurrence is a problem with PDT therapy in general or
to determine if it is the specific treatment parameters used. If recurrence is found to be a problem
with the use of PDT, it would be important to assess whether new fungal species have emerged,
PDT- resistant species have developed or whether insufficient reduction of patient risk factors is a

possible contributory factor to the recurrence.

The importance of finding alternatives to conventional antimicrobial medication cannot be stressed
enough. PDT appears to have potential as a therapy for oral fungal infections. However, the lack of
recent human studies begs to question as to why progress into this area has stalled. At present, it is
still a relatively costly procedure requiring specialised equipment, not commonly available in
general dental offices. However, there is an effort to create more cost-effective LED light sources.?®
4 This would make PDT more accessible and thus have a far greater impact than would currently be
possible. Moreover, one major benefit which can be noted is that no major adverse effects have
been found with the use of PDT in the treatment of oral fungal infections. However, adverse effects
have been noted is the treatment of skin conditions. These include erythema, pain, burns, oedema,
itching, desquamation, and pustular formation.** Naturally, there is no risk of drug interactions
which is a considerable problem with some antifungal medications. Thus, we can speculate that
there is little risk to the use of PDT if one has the available resources. However, more clinical
research is required on all aspects of PDT treatment parameters. There is a need for well-designed
clinical trials which use standardized outcome measures, classifications and definitions to allow a

more robust meta-analysis to be conducted and clinical guidelines to be developed.
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6. CONCLUSION

6.1. Implications for Practice:
The findings of this review and meta-analysis, although limited due to the small number of studies
and patient samples, suggest that Photodynamic therapy (PDT) is as effective at treating oral fungal
infections compared with conventional antifungal medications and may be used as an alternative
treatment with caution due to the ideal treatment guidelines not yet being established. Despite the
criticism of the currently available evidence, there is a growing number of clinical applications for
the use of PDT. However, the major drawback is the cost of light-sources. Consequently, although
the use of PDT as an antifungal treatment modality appears encouraging, far too little is known

about the treatment parameters to fully endorse its clinical use.

6.2. Implications for Research
Oral fungal infections is a common disease which can seriously impact the quality of life of those
affected. Resistance to antifungal medication is occurring at an alarming rate and suitable
alternatives need to be found with urgency. Thus, if a treatment modality shows as much promise
as PDT and shows potential in reducing the reliance on antifungal medications, more effort is
required to research it and add to the greater body of evidence on the use of PDT as an antimicrobial
therapy. Although many laboratory studies are being conducted showing positive results, this study
shows that there has been a failure to translate this into clinical studies. This has resulted in many
factors regarding PDT being indeterminable at present, especially regarding the treatment
parameters. It is imperative that more high-quality research is conducted with a standardised

methodology, low risk of bias, adequate sample sizes and with longer follow-up periods.
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APPENDIX A: LIST OF TERMS

AIDS- Acquired Immune Deficiency Syndrome
HIV- Human Immunodeficiency Virus

PACT- photodynamic antimicrobial chemotherapy
PDT- Photodynamic therapy

PS- Photosensitiser

CFU/mL-Colony Forming Units per millilitre

GRADE- Grading of Recommendations Assessment, Development and Evaluation



APPENDIX B: COMPREHENSIVE DATABASE SEARCH STRATEGY

Number | Search term Yield
PubMed
Date: October 2017
Limits: none
1 PHOTOTHERAPY[MESH] 34250
2 PHOTODYNAMIC THERAP*[Title/Abstract] 15548
3 #1 OR #2 38967
4 CANDID*[Title/Abstract] 314251
5 FUNGAL INFECT*[Title/Abstract] 18417
6 MYCOSES[MESH] 116485
7 DENTURE STOMATITIS[Other Term] 61
8 #4 OR #5 OR #6 OR#7 411274
9 ORAL[Title/Abstract]) OR DENTAL[Title/Abstract 682360
10 #8 AND #9 20147
11 #3 AND #10 90
Cochrane
Date: November 2017
Limits: None
1 "oral fungal infections" 15
(Word variations have been searched)
2 "oral candidiasis" 1301
(Word variations have been searched)
3 "denture stomatitis" 100
(Word variations have been searched)
4 "photodynamic therapy" 1383
(Word variations have been searched)
5 "phototherapy" 2215
(Word variations have been searched)
6 #1 or #2 or #3 398
7 #4 or #5 3545
8 #6 AND #7 8
EBSCOHOST
Date: November 2017
Limits: None
1 "oral fungal infection" OR “oral candid*” OR “denture 5926
stomatitis”
2 photodynamic OR phototherapy 39289
3 #H1 & #2 39
Medline
Date: November 2017
Limits: None
1 ((kw: oral and kw: fungal and kw: infection)) or ((kw: oral 22581
and kw: candid*)) or ((kw: denture and kw: stomatitis))
2 kw: photodynamic or kw: phototherapy 29861




kw: oral and kw: fungal and kw: infection) or ((kw: oral and 111
kw: candid*)) or ((kw: denture and kw: stomatitis)) and (kw:
photodynamic or kw: phototherapy

ISI Web of Science
Date: November 2017
Limits: None

TS= (Oral fungal infection OR Oral Candid* OR Denture 16989
stomatitis)

TS= (Photodynamic or phototherapy) 40478

#2 AND #1 134

ProQuest
Date: November 2017
Limits: None

(oral fungal infection) OR (oral candid*) OR (denture 281,059
stomatitis)

Photodynamic OR phototherapy 7,510

((“oral fungal infection”) OR (“oral candid*”) OR (“denture 22
stomatitis”)) AND (Photodynamic OR phototherapy)

WoldCat
Date: November 2017
Limits: None

kw:("Oral fungal infection" OR "Oral candid*" OR "denture 197
stomatitis") AND (photodynamic OR phototherapy)

*31 duplcates removed 166

Total 601 titles
Delete 251 exact duplicates

Total 351




APPENDIX C: PRISMA-P CHECKLIST?

PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended iteins to
address in a systematic review protocol*

Section and topie

Ttem No

Checklist item

ADMINISTRATIVE INFORMATION

Title:
Identification la Identify the report as a protocol of a systematic review
Update 1b If the protocol is for an update of a previous systematic review, identify as such
Registration 2 If registered. provide the name of the registry (such as PROSPERO) and registration number
Authors:
Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors: provide physical mailing address of
corresponding author
Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review
Amendments 4 If the protocol represents an amendment of a previously completed or published protocol. identify as such and list changes:
otherwise, state plan for documenting important protocel amendments
Support:
Sources Sa Indicate sources of financial or other support for the review
Sponsor 5b Provide name for the review funder and/or sponsor
Role of sponsor or funder Sc¢ Describe roles of funder(s). sponsor(s), and/or institution(s), if any. in developing the protocol
INTRODUCTION
Rationale 6 Describe the rationale for the review in the context of what is already known
Objectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, mterventions,
comparators. and outcomes (PICO)
METHODS
Eligibility criteria 8 Specify the study characteristics (such as PICO. study design. setting, time frame) and report characteristics (such as years
considered. language. publication status) to be used as criteria for eligibility for the review
Information sources 9 Describe all intended information sources (such as electronic databases. contact with study authors, trial registers or other
grey literature sources) with planned dates of coverage
Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be
repeated
Study records:
Data management 11a Deseribe the mechanism(s) that will be used to manage records and data throughout the review




Selection process 11b State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the
review (that is, screening, eligibility and inclusion in meta-analysis)

Data collection process llec Describe planned method of extracting data from reports (such as piloting forms. done independently. in duplicate), any
processes for obtaining and confirming data from investigators
Data items 12 List and define all variables for which data will be sought (such as PICO items. funding sources), any pre-planned data
assumptions and simplifications
Outcomes and prioritization 13 List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with
rationale
Risk of bias in individual studies 14 Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the
outcome or study level, or both: state how this information will be used in data synthesis
Data synthesis 15a Deseribe criteria under which study data will be quantitatively synthesised
15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and
methods of combining data from studies, including any planned exploration of consistency (such as I”, Kendall’s 1)
15¢ Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression)
15d If quantitative synthesis is not appropriate, describe the type of summary planned
Meta-bias(es) 16 Speeify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies)
Confidence in cumulative evidence 17 Describe how the strength of the body of evidence will be assessed (such as GRADE)

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA -P (including checklist) is held by the
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0.

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati 4, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2:349(jan02 1):g7647.

1. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Systematic Reviews. 2015; 4: 1.




APPENDIX D: PRISMA CHECKLIST?

Section/topic Checklist item oRr?F;))%gZd#
TITLE |
Title Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary

Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known.

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

METHODS

Protocol and registration

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

Information sources

Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Search

Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

Study selection

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Vi



Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency

(e.g., 15 for each meta-analysis.

Section/topic

Page 1 of 2

Checklist item Reported

on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

DISCUSSION

Vii



Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7):
€1000097. doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.

Page 2 of 2

2. Moher D, Liberati A, Tetzlaff J and Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA Statement. BMJ.
2009; 339.
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APPENDIX E: DATA CAPTURING TOOL

Data Extraction and Assessment Template for
Photodynamic Therapy for Oral Fungal Infections

Study ID:

Report ID :

Date form completed:

First author:

Year of study:

Data extractor:

Citation:

1. General Information

Publication type

Journal Article[ ] Abstract[ | Other (specify e.g. book chapter)

Country of study:

Funding source of study:

Potential conflict of interest from funding? Y / N / unclear

2. Study Eligibility

Study Characteristics

Page/
Para/
Figure #

Type of study

(Review authors
to add/remove
designs based on
criteria specified
in protocol)

[ ]Randomised Controlled Trial (RCT)

[] Cluster Randomised Controlled Trial
(cluster RCT)

[ ] Controlled Before and After (CBA) study

e Contemporaneous data collection

e Comparable control site

e Atleast 2 x intervention and 2 x
control clusters

[ ]Interrupted Time Series (ITS)

e At least 3 time points before
and 3 after the intervention

e C(Clearly defined intervention
point

[ ] Other design (specify):

[ ] A process evaluation of an included
study design

Does the study design meet the criteria for
inclusion?

Yes[ | No[ |>Exclude Unclear[ ]

Description in text:




Participants

(Review authors
insert inclusion

Describe the participants included:

criteria as Are participants defined as a group Yes[ ] No[ ] Unclear [ ]
defined in having specific social or cultural Details:
Protocol) characteristics?
How is the geographic boundary Details:
defined? Specific location (e.g. state / country):
Do the participants meet the criteria | Yes[ | No[ |2Exclude  Unclear[ ]
for inclusion?
Types of Strategies included in the

intervention

(Review authors
insert inclusion

intervention

Focus of the intervention

criteria as Parameters of PDT Wavelength (nm) Power (mW)
defined in Beam Area cm? Light type:
Protocol)
Photosensitisers: Length of application
Number of applications: Pre-irradiation time:
Fluence (J/cm?) Number of application points:
Yes[ ] No[ |>Exclude  Unclear[ ]
Does the intervention meet the
criteria for inclusion?
Duration of Start date: Stop date: Intervention duration:
intervention
Is the duration of intervention Yes[ ] No[ ] >Exclude  Unclear[ ]
adequate for inclusion?
Types of List outcomes:
outcome
measures
. Outcome measured at a population Details:
(Review authors o
) . ) level or individual level?
insert inclusion
criteria as Do the outcome measures meet the | Yes[ ] No[ ] >Exclude  Unclear[ ]
defined in criteria for inclusion?
Protocol)

Xi




Summary of Assessment for Inclusion

Include in review [_]

Exclude from review [ ]

Independently assessed, and then compared? Yes[ ] | Differences resolved Yes[ ] No[ ]
No[ ]

Request further details? Yes[ ] No[] Contact details of authors:

Notes:

3. Study details

DO NOT PROCEED IF PAPER EXCLUDED FROM REVIEW

Study intention Descriptions as stated in the report/paper Page/
Para/
Figure #

Aim of intervention | What was the problem that this intervention was designed to address?

Aim of study What was the study designed to assess? Are these clearly stated?

Equity pointer: e.g. was study conducted in a particular setting that might target/exclude specific

Social context of population s? See also Inclusion/exclusion criteria under Methods, below.

the study

Start and end date | Identify which elements of planning of the intervention should be included

of the study

Total study

duration

Methods Descriptions as stated in the report/paper Page/
Para/
Figure #

setting?)

Method/s of recruitment of participants

(How were potential participants approached and
invited to participate? Where were participants
recruited from? Does this differ from the intervention

xii




Inclusion/exclusion criteria for participation in study

Representativeness of sample: Are participants in the
study likely to be representative of the target
population?

Total number of intervention groups

Assumed risk estimate References:

(e. .baseline or population risk noted in Background)

Sample size calculation:
What assumptions were made?

Were these assumptions appropriate? (Yes/No/Unclear)

What was the unit of randomisation?

Allocation by individuals or cluster/groups

What was the unit of analysis?

Is this the same as the unit of randomisation?

(Yes/No/Unclear)
Statistical methods used and appropriateness of (Check with your statistician if unsure about
these methods appropriateness)
Results

Participants Include information for each group (i.e. intervention and controls) | Page/

) under study Para/
Include if relevant .

Figure #

e What percentage of selected
individuals agreed to
participate?

e Total number randomised (or
total pop. at start of study for
NRCTSs)

e  Number allocated to each
intervention group (no. of
individuals)
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For cluster trials, number of
clusters, number of people per
cluster

Where there any significant
baseline imbalances?

Yes[ ]

Details:

No[ ] Unclear[ ]

Number and reason for (and
sociodemographic differences
of) withdrawals and exclusions
for each intervention group

Were patients who entered the
study adequately accounted
for?

What percentage of patients
completed the study?

What percentage of participants
received the allocated
intervention or exposure of
interest?

Is the analysis performed by
intervention allocation status
(intention to treat) rather than
the actual intervention
received? Have any attempts
been made to impute missing
data?

Age (median, mean and range if
possible)

Sex

Race/Ethnicity

Principal health problem (incl.
stage of illness)

Diagnostic criteria

Co-morbidity

Other sociodemographics (eg.
Educational level, literacy level,
soci-economic status, first
language. Also consider possible
proxies for these e.g. low
baseline nutritional status )

PROGRESS categories reported
at baseline (indicate letters of
those reported: Place of
residence, race, occupation,
gender, religion, education, SES,
social capital)
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Subgroups

Enter a description of any participant subgroups from this paper to
be analysed in the review.

Intervention Group 1
(copy and paste table for each Intervention group)

Group name:

(State brief name for this intervention group.)

Pa
ge

Pa
ra

Fi
gu
re

Details of intervention or cont

rol condition (Include if relevant in sufficient detail for replication)

Setting eg multicentre,
university teaching
hospitals, rural,
metropolitan, school,
workplace, community,
GP clinic, etc.

Theoretical basis
(include key references)

Content (list the
strategies intended and
delivered)

Did the intervention
include strategies to
address
diversity/disadvantage?

Enter a description of any relevant strategies

Delivery (eg. Stages
(sequential or
simultaneous), timing,
frequency, duration,
intensity, fidelity —
process indicators)

Parameters of PDT Wavelength (nm) Power (mW)
Beam Area cm? Light type:
Photosensitisers: Length of application
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Number of applications: Pre-irradiation time:

Fluence (J/cm?) Number of application points:

e Providers (who, number,
education/training in
intervention delivery,
ethnicity etc. if
potentially relevant to
acceptance and uptake
by participants

e Co-interventions

Duration of intervention

Duration of follow-up

Was sustainability discussed
by the authors? Was is a
consideration in study
development?

Economic variables Yes[ ] ->List in Outcome section if appropriate

ie costs of the intervention

) ’ No [ ] Unclear [ ]
and changes in other (eg .
health care) costs as result Details:

of intervention*

Other economic information | Yes [ ]
(from a societal, non-
healthcare view — e.g. lost No []
wages, time)

Details:

Resource requirements to

replicate intervention (e.g.

staff numbers, hours of

implementation,

equipment?)

Subgroups Enter a description of any intervention subgroups from this report to be analysed in the
review.

What are the
moderators/mediators of
changes stated in the study?

* Costs associated with the intervention can be linked with provider or participant outcomes in an
economic evaluation (depends on the type of economic evaluation)
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Do the authors describe any
political or organisational
context?

List relevant dot points

Were any partnerships
referred to?

List these as dot points

Was a process evaluation
conducted?

What components were included in the process evaluation? (eg. dose, frequency,
consistency, implemented as intended etc)

Control/comparison (what
information is provided
about what the control or
comparison group
received?)

Enter a description of what was provided for the control group, if applicable

Outcomes

(This table is set up for 2 outcome measure to save spaces, copy and paste table as often as required)

Question

Outcome 1

Page/
Para/
Figure #

Outcome 2

Page/
Para/
Figure #

Is there an analytic

framework)?

framework applied (e.g.
logic model, conceptual

Outcome definition

if relevant)

(with diagnostic criteria

(Community level,

individual level) or

Type of outcome: Is this
a modifiable variable

neighbourhood level,

desired health outcome

Time points measured

Time points reported

Is there adequate

to be observed?

latency for the outcome

Is the measure repeated
on the same individuals
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or redrawn from the
population / community
for each time point?

Unit of measurement (if
relevant)

For scales —upper and
lower limits and indicate
whether high or low
score is good

How is the measure
applied? Telephone
survey, mail survey, in
person by trained
assessor, routinely
collected data, other

How is the outcome
reported? Self or study
assessor

Is this outcome/tool
validated?

...And has it been used
as validated?

Is it a reliable outcome
measure?

Is there adequate power
for this outcome?

Were PROGRESS
categories analysed by
outcome? Indicate the
letters of those that
outcomes were
analysed by (place of
residence, race,
occupation, gender,
religion, education, SES,
social capital)
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Results

Copy and paste the appropriate table for each outcome and subgroup at each timepoint, including
baseline

For RCT/CCT

Dichotomous outcome
page/para/fig

Comparison

Outcome

Subgroup

Timepoint

Results Intervention Comparison

Events No. participants Events No. participants

No. of missing
participants
and reasons

Any other
results
reported

Reanalysis
required?
(specify -

(e.g. correlation
adjustment)

Reanalysis yes/no/unclear
possible?

Reanalysed
results

For RCT/CCT

Continuous outcome page/para/fig

Comparison

Outcome

Subgroup

XiX



Timepoint

Post-
intervention
or change
from
baseline?

Results

Intervention

Comparison

Mean

SD (or
other
variance)

No.
participants

Mean

SD (or
other
variance)

No. participants

No. missing
participants
and reasons

Any other
results
reported

Reanalysis
required?
(specify)

Reanalysis
possible?

yes/no/unclear

Reanalysed
results

For RCT/CCT

Generic inverse variance method

Page/para/figure

Comparison

Outcome

Subgroup

Timepoint

Results

Effect estimate

SE (or other variance)

Intervention no.

Control no.

No. missing
participants
and reasons

XX




Any other
results
reported

Reanalysis
required?
(specify)

Reanalysis
possible?

yes/no/unclear

Reanalysed
results

For CBA

Page/para/fig

Comparison

Assignment

How were control and treatment groups selected?? Is there likely to be an
effect if these were the opposite way?

Contemporaneous data collection?

Outcome

Subgroup

Timepoint

Post-
intervention or
change from
baseline?

Intervention Comparison

No.
participants

measured

No. missing
participants
and reasons

Baseline result
(with variance
measure)

Post-
intervention

XXi




results (with
variance
measure)

Change (Post —
baseline) (with
variance
measure)

Difference in
change
(intervention —
control) (with
variance
measure)

Any other
results
reported

Reanalysis
required?
(specify)

Reanalysis
possible?

yes/no/unclear

Reanalysed
results

For ITS

Generic inverse variance method

Page/para/fig

Comparison

Outcome

Subgroup

Length of
timepoints
measured

Snapshot or
interval
measured

No.
participants
measured

XXii




No. missing
participants
and reasons

Pre-intervention Post-intervention

No. of
timepoints
measured

Mean value
(with variance
measure)

Difference in
means (post —
pre)

Percent
relative
change

Result
reported by
authors (with
variance
measure)

Reanalysis
required?
(specify)

Reanalysis
possible?

yes/no/unclear

Individual time
point results

Read from
figure?

yes/no

Reanalysed
results

Change in level SE Change in slope SE
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Other relevant information

Were outcomes relating to harms/unintended
effects of the intervention described? Include any
data for these in the outcomes tables above

Potential for author conflict je. evidence that
author or data collectors would benefit if results
favoured the intervention under study or the
control

Key conclusions of the study authors

Could the inclusion of this study potentially bias
the generalisability of the review? Equity pointer:
Remember to consider whether disadvantaged
populations may have been excluded from the
study.

Is there potential for differences in relative effects
between advantaged and disadvantaged
populations? (e.g. are children from lower income
families less likely to wear bicycle helmets)

Are interventions likely to be aimed at the
disadvantaged? (e.g. school meals aimed at poor
children).

Issues affecting directness

(Note any aspects of population, intervention, etc.
that affect this study’s direct applicability to the
review question)

References to other relevant studies

Additional notes by review authors

Correspondence required for further study
information (from whom, what and when)
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Risk of bias assessment

Please refer to Chapter 8 - Table 8.5.c: Criteria for judging risk of bias in the ‘Risk of bias’

assessment tool and to the Cochrane EPOC Group’s guidance for assessing Risk of bias for
studies with a separate control group (RCTs, CCTs, CBAs) and Risk of bias for interrupted
time series studies (Appendix 3) for additional guidance for scoring Yes/No/Unclear. Note
that the table below includes items from both EPOC tools. The ITS tool has been
incorporated into the bottom of the table and all items for ITS studies are denoted by ITS
preceding the risk of bias question.

Domain Review Description Page/
authors’ Para/
judgement* Figure #

Was the allocation Yes /No / Describe the method used to generate the allocation sequence in

sequence Unclear sufficient detail to allow an assessment of whether it should

adequately produce comparable groups.

generated?

. Yes /No/ Describe the method used to conceal the allocation sequence in

Was allocation . . . . . .

adequately Unclear sufficient detail to determine whether intervention allocations

could have been foreseen in advance of, or during, enrolment.
concealed?
Yes/No/Uncl | Note whether baseline outcome measurements were reported and

Were baseline ear whether there were any important differences between groups. If

outcome there were important differences between groups, note whether

measurements appropriate adjusted analysis was performed to account for this.
similar?
Yes/No/Uncl | Note whether baseline characteristics were reported and whether

e e ear there were any important differences between groups.

characteristics

similar?

Were incomplete Yes /No / Describe the completeness of outcome data for each main

outcome data Unclear outcome, including attrition and exclusions from the analysis. State

adequately whether attrition and exclusions were reported, the numbers in

addressed? each intervention group (compared with total randomized

el participants), reasons for attrition/exclusions where reported, and
any re-inclusions in analyses performed by the review authors.

be made for each inclusi ' J d by th ' th

main outcome (or

class of outcomes).

Was knowledge of Yes / No / Describe all measures used, if any, to blind study participants and

the allocated Unclear personnel from knowledge of which intervention a participant

intervention
adequately
prevented during
the study?

received. Provide any information relating to whether the intended
blinding was effective, or whether blinding was appropriate.

e Participants —yes, no, unclear [record supporting statement
from study].
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Separate
assessments should
be made for
relevant groups of
people involved in
the study i.e
participants,
outcome assessors,
investigators, data
assessors etc

e Investigators — yes, no, unclear [record supporting statement
from study].

e Outcomes assessors — yes, no, unclear [record supporting
statement from study].

Data assessors — yes, no, unclear [record supporting statement from
study].

Was the study Yes/No/Uncl | State whether and how the possibility of contamination was
adequately ear minimised by the study design/implementation.
protected against
contamination?
Are reports of the Yes /No/ State how the possibility of selective outcome reporting was
study free of Unclear examined by the review authors, and what was found.
suggestion of
selective outcome
reporting?
Assessments should
be made for each
main outcome (or
class of outcomes).
Yes /No / State any important concerns about bias not addressed in the
Unclear other domains in the tool.
Other sources of
bias
[ )
Yes/No/Uncl | Describe whether or not the intervention occurred independently
ITS: Was the ear of other changes over time and whether or not the outcomes may

intervention
independent of
other changes?

have been influenced by other confounding variables/historic
events during the study period.
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ITS: Was the shape
of the intervention
effect pre-specified?

Yes/No/Uncl
ear

State whether or not the point of analysis was the point of
intervention. If not, describe whether a rationale for the shape of
the intervention effect was given by the study authors.

Yes/No/Uncl | Describe whether or not the intervention was likely to affect data
ITS: Was the ear collection and what the potential impact might have been.
intervention
unlikely to affect
data collection?
ITS: Was knowledge | Yes/No/Uncl | Describe all measures used, if any, to blind study participants and
of the allocated ear personnel from knowledge of which intervention a participant
interventions received. Provide any information relating to whether the intended
adequately blinding was effective, or whether blinding was appropriate.
FURNEILES Gl e  Participants —yes, no, unclear [record supporting statement
the study? from study].
S e Investigators —yes, no, unclear [record supporting statement

from study].
assessments should
be made for e Qutcomes assessors —yes, no, unclear [record supporting
relevant groups of statement from study].
people involved in
the study i.e Data assessors — yes, no, unclear [record supporting statement from
participants, study].
outcome assessors,
investigators, data
assessors etc
ITS: Was incomplete Yes/No/Uncl | Describe the completeness of outcome data for each main
S T CECE ear outcome, including attrition and exclusions from the analysis. State
adequately whether attrition and exclusions were reported, the numbers in
addressed? each intervention group (compared with total randomized
participants), reasons for attrition/exclusions where reported, and
any re-inclusions in analyses performed by the review authors.

Assessments should
be made for each
main outcome (or
class of outcomes).

Yes/No/Uncl | State how the possibility of selective outcome reporting was

ear examined by the review authors, and what was found.

ITS: Was the study
free from selective
reporting?
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Yes/No/Uncl | State any important concerns about bias not addressed in the

ear other domains in the tool.
ITS: Was the study

free from other
risks of bias?

* Note: For each section above ‘Yes’ indicates a ‘low risk of bias’; ‘No’ indicates a ‘high risk of bias’; ‘Unclear’
indicates an ‘uncertain risk of bias’. When entering the data into RevMan, the options to choose from will be
‘Low’, ‘High’ and ‘Unclear’
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Results

Comparison:

Outcome:

Subcategory:

Treatment group:

Control group:

Observed (n)

total (N)

observed (n)

total (N)

Treatment group:

Control group:

Total randomised

excluded*

Observed

lost to follow up*

*Reasons for loss/exclusion:

Subcategory:

Treatment group:

Control group:

Observed (n)

total (N)

observed (n)

total (N)

Treatment group:

Control group:

Total randomised

excluded*

Observed

lost to follow up*
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GUIDE FOR AUTHORS

INTRODUCTION

Scope

Photodiagnosis and Photodynamic Therapy is an intermational journal for the dissemination of scientific
knowledge and clinical developments of Photodiagnosis and Photodynamic Therapy in all medical
specialities. The journal publishes onginal articles, review articles, case presentations, "how-to-do-
it" articles, Letters to the Editor, short communications and relevant images with short descriptions.
All submitted matenal is subject to a strict peer review process.,

Tvpes of manuscript

Research Papers should report onginal clinical studies or research not previously published or being
considered for publication elsewhers. Work in Progress may also be submitted. See below for the

standard layout. Submission of a manuscript to this journal gives the publisher the right to publish
that paper if it i1z accepted. Manuscripts may be edited to improve clanty and expression.

Review articles, including institutional reviews of recent developments are welcome, and will
undergo peer review. Reviews should have an abstract of up to 250 words.

Editorials
Although most Editonals in the journal are commissioned, authors may contact the Editor-in-Chief
to request submission of their own Editorial.

Correspondence. Readers are encouraged to write about any topic that relates to photodiagnosis or
photodynamic therapy, clinical, scientific, educational, social or economic. Letters should be no longer
than 500 words and may include discussions on material previously printed in the Journal.

Case report will be considered if formatted as a research letter with 2 figures maximum. Maximum
length is up to 1000 words with up to & references and 2 tables or figures. There should be no Abstract
and no headings.

Short Communications should not exceed 1000 words and should consist of a background section
(not to exceed 100 words), aims (not to exceed 50 words), methods (not to exceed 250 words),
results (not to exceed 250 words) and conclusion (not to exceed 250 words). &n abstract of 150-200
words should also be provided. The editonal team reserves the right to decide which tables/figures
submitted are necessary. No abstract is necessary.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the comresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

« All tables (including titles, description, footnobes)

* Ensure all figure and table citations in the text match the files provided
+ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations
+ Manuscript has been 'spell checked' and 'grammar checked'
+ All references mentioned in the Reference List are cited in the text, and vice versa
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* Permission has been obtained for use of copynghted matenal from other sources (including the
Internst)

* A competing interests statement is provided, even if the authors have no competing interests to
declare

+ Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, wvisit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work., Examples of potential competing interests
include employment, consultancies, stock ownership, honorania, paid expert testmony, patent
applications/registrations, and grants or other funding. Authors must discdose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the artide is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal’s official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see "Multple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authonties where
the work was carned out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the criginality detection service Crossref
Similanty Check.

FPreprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as pror publication (see 'Multiple,
redundant or concurrent publication’ for more information).

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) wntten confirmation (e-mail, letter) from all authors that they
agres with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional crcumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscnpt has already been published in an online issue,
any requests approved by the Editor will result in a corngendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement’ form or a link to the online version
of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for intemal
circulation within their institutions. Permission of the Publisher is required for resale or distnbution
outside the institution and for all other denvative works, including compilations and translations. If
excerpts from other copynghted works are included, the author(s) must obtain written permission
from the copynght owners and cradit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases,

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement’ (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license,

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work., More
information.,

FElsavier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the wnting of the report; and in the decision to

submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
reguiring a commercial CC BY license, you can apply after your manuscript is accepted for publication,

Open access

This journal offers authors a choice in publishing their research:

Subscription

« Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* Mo open access publication fee payable by authors.

« The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.,
Gold open access

» Articles are freely available to both subscribers and the wider public with permitted reuse.

+ A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
critena and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distnbute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author{s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 2500, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspncing.
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Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscnpts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically indudes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embarge period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo penod of 12 months.

Elsevier Researcher Academy

Researcher Academy i1s a free e-learming platform designed to support early and mid-career
researchers throughout their research journey. The "Learn” environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through pesr review. Feel fres to use these free resources
to improve your submission and navigate the publication process with ease.

Language {(usage and editing services)

Flease write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

SLUNTHSSTON

Cur online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process, Editable files (e.0., Word, LaTeX) are required to typeset your article for
final publication. &ll correspondence, including notification of the Editor's decision and reguests for
revision, is sent by e-mail.

Referees
Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential
referees who are willing to review the article (please obtain confirmation from the referees before
submitiing your manuscript). Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Revised version of the manuscript

On the basis of the comments of the referses and editors, Authors may be askad to revise their
manuscript. In order to facilitate the evaluation of the revisions by the referees and editors, upon
revision, Authors are asked:

* to indicate all changes to the original manuscript by means of track changes'

* to add a letter for the referees, explaining how they dealt with all of the recommendations and
questions from the referees, Authors should submit their revised version no later than 9 months after
they were informed about the decsion that the manuscript needs revision. If no revised manuscript
1= received 9 months after the decision, the manuscript will be considered as rejected.

PREPARATION

.‘5?.",,-'-":"

Flease use mo abbreviations. Headlines and Subheadlines should be liberally emploved in the
Methods, Results, and Discussion sections. Use short paragraphs whenever possible. Clarity of
expression, good syntax and the avoidance of medical jargon will be appreciated by the editors,
reviewers and readers.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style 1= consistent. Where applicable, author{s) name(s), journal title/
book title, chapter title/article title, yvear of publication, volume number/book chapter and the article
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number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to comrect.

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the joumnal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is respansible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Open access

This journal offers authors two choices to publish their research;

1. Open Access

o Articles are freely available to both subscrbers and the wider public with permitted reuse

o An open access publication fee is payable by authors or their research funder

2. Subscription

o Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

o Mo open access publication fee

&l articles published open access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution-NenCommercial-NoDerivs  (CC-BY-NC-ND): for non-commercial
purposes, lets others distnbute and copy the article, and to include in a collective work (such as an
anthology), as long as they credit the author(s) and provided they do not alter or modify the article.

Elsevier has established agreements with funding bodies. This ensures authors can comply with
funding body open access requirements, including specific user licenses, such as CC-BY, Some authors
may also be reimbursed for associated publication fees. hittp://www.elseviercom/fundingbodies

If you need to comply with your funding body policy you can apply for the CC-BY license after your
manuscript is accepted for publication.

To provide open access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published open access. Your publication choice will have no
effect on the peer review process or acceptance of submitted articles.

The open access publication fee for this journal is SUSD 2,500 excluding taxes.

Learn more about Elsevier's pricing policy http://www.elsevier.com/openaccesspricing

Layout of manuscript

Divide the manuscrpt into the following sections: Title page, Structured Abstract, Key words (3-8),
Introduction, Matenals and Methods, Results, Discussion, Acknowledagments, References. The editors
will consider the use of other sections if more suitable for certain manuscripts.

Essential title page information

+ Title. Concise and informative. Tiles are often used in information-retrieval systems. Avoid
abbreviations and formulas where possible.

+ Author names and affiliations. FPlease clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.,
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author
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» Corresponding author. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also post-publication. This responsibility includes answenng any future queries about
Methodolegy and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present,/permanent address. If an author has moved since the work descnbed in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

The Structured Abstract, of no more than 250 words, should be written with particular care since
this will be the only part of the article studied by some readers. The prefenred subheadings are:
Background, Methods, Results and Conclusions.

The Intreduction should be brief and set out the purposes for which the study has been performed
along with relevant previous studies only where essential.

The Materials and Methods should be sufficiently detailed so that readers and reviewers can
understand precisely what has besn done without studying the references directly. The description
may be abbreviated when well accepted techniques are used.

The Results should be presented precisely. Keep discussion of their importance to a minimum in this
section of the manuscrpt.

The Discussion should directly relate to the study being reported. Do not include a general review
of the topic.

Tables should be typed with double spacing and each should be on a separate sheet. They should
be numbered consecutively with Arabic numerals, and contain only horizontal lines. Provide a short
descriptive heading above each table with footnotes and/or explanations undermeath.

Figures should ideally be submitted in high-resolution TIF format, or altermnatively in GIF, JPEG/IPG,
or EPS format. The figures should be placed in separate files, named purely with the figure numbers
(e.g. "Figurel.tif™.) The cost of colour figures will be paid by the author.

Legends for Figures should be typed with double-spacing on a separate sheet.

Gene Accession Numbers

For sach and every gene accession number cited in an artide, authors should type the accession
number in bold, underdined text. Letters in the accession number should always be capitalised.
Example: {GenBank accession nos. AI631510 , AI631511 , AI632198, and BF223228 ), a B-cell tumor
from a chronic lymphatic leukemia (GenBank accession no. BEGTS04E ), and a T-cell lymphoma
(GenBank accession no. AA361117 ).

Supplementary data

The journal accepts electromic supplementary matenal to support and enhance your scentific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, movies, animation sequences, high-resclution images, background datasets, sound clips
and more. Supplementary files supplied will be published online alongside the electronic version of
your article in Elsevier web products, including ScienceDirect: http://www.sciencedirect.com

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summanize the contents of the article in a concise, pictonial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Flease provide an image with a minimum
of 531 = 1328 pixels (h = w) or proportionally more. The image should be readable at a size of 5 =
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EFS, FDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical reguirements.
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Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Flease use "Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers oo, yyyy];
the Bill & Melinda Gates Foundation, Seattle, Wa [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Electronic artwork

General points

+ Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

+ Aim to use the following fonts in your illustrations: Anal, Courier, Times New Roman, Symbol, or
use fonts that look similar.

+ Mumber the illustrations according to their sequence in the text,

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

+ Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please "Save as' or convert the images to one of the following formats (note the resolution
reguirements for line drawings, halftones, and line/halftone combinations given below):

EPFS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMF, FICT, WPG); these typically have a
low number of pixels and limited set of colors;

+ Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with yvour accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScoenceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors, Use of the
01 is highly encouraged.

A DOI 1s guaranteed never to change, so you can use it as a permanent link to any electronic arbicle.
An example of a atation using DOI for an article not yet in an issue is: VanDecar 1.C., Russo R.M.,
James [LE., Ambeh W.B., Frankes M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Wenezuela. Journal of Geophysical Research, https://doi.org/10.102%/2001JE8000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published aricle.

Reference management saffware

Maost Elsevier journals have their reference template available in many of the most popular reference
management software producks. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndMote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by dicking the following
link:

http://open.mendeley.com/use-citation-style/photodiagnosis-and-photodynamic-therapy

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice,

Reference formatting

There are no sthct requirements on reference formatting at submission. References can be in any
style or format as long as the style 1= consistent. Where applicable, author{s) name(s), journal title/
book title, chapter titlefarticle title, yvear of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOT is highly encouraged. The reference style usaed by
the journal will be applied to the accepted article by Elsewvier at the proof stage. Mote that missing data
will be highlighted at proof stage for the author to comrect. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in sguare brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barmaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] 1. van der Geer, 1.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article, 1. Sci. Commun.
163 (2010) 51-59. https://doi.org/10.1016/1.5¢.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer, 1., Hanraads, 1.4.]., Lupton, R.A., 2018, The art of writing a scentific article. Heliyon,
19, e0D0205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk I, E.B. White, The Elements of Style, fourth ed., Longman, New York, Z2000.
Reference to a chapter in an edited book:
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[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:

[datasst] [6] M. Oguro, 5. Imahiro, 5. Saito, T. Makashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compesitions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
wwWi%8nb39n 1.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published aricle.
AudioSlides are brief, wehinar-style presentations that are shown next to the online article on
Soencelirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Data visualization
Include interactive data wisualizations in your publication and let your readers interact and engage

more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropnate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algonthms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your arbicle or make a statement
about the availability of yvour data when submitting your manuscript. If you are shaning data in one of
theses ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References"” section for more information about data atation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directhy to
the dataset. Elsevier collaborates with a number of repositories to link arbicles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositones a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, vou can link to relevant data or entities through identifiers within the text of vour
manuscript, using the following format: Database: oo (e.g., TAIR: AT1G010Z0; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, wvisit the Mendeley Data for journals page.
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Data statement

To foster transparency, we encourage you to state the availability of your data in your submission,
This may be a requirement of your funding body or institution. If your data is unawvailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published artide on ScienceDirect. For more information, visit the Data Statement page.

Process of submission

Online submission

Photodiagnosis and Photodynamic Therapy uses an  online submission and review
gystem. Authors can upload their article wia the Elsevier Editonal System  at
https: /fwew.evise.com/profilefapi/navigate/PDPDT. By accessing the website Authors will be guided
stepwise through the uploading of the vanous files. Editable file formats are necessary. We accept
most wordprocessing formats, but Word, WordPerfect or LaTeX is preferred. Figure files (TIFF, EFS,
IPEG) should be uploaded separately. Always keep a backup copy of the electronic file for reference
and safety. Save your files using the default extension of the program used. The system generates an
Adobe Acrobat PDF version of the article which is used for the reviewing process. Authors, Reviewers
and Editors send and receive all correspondence by e-mail and no paper correspondence i1s necessary.
For assistance please visit our Support Center,

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Waord: in addition to
editing text, you can also comment on figures/tables and answer guestions from the Copy Editor,
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. all instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published guickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and cormrectness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all correchions are sent back
to us in one communication. Flease check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which i1s sent cnce the article 1s
accepted for publication. Both comresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
Soencelirect and can be shared through the article DOT link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Queshbions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

€} Copyright 2018 Elsevier | https://www.elsevier. com
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APPENDIX G: ETHICS WAIVER

s UNIVERSITY OF CAPE TOWN
5 : Faculty of Health Sciences i
" Human Research Ethics Committee

Room E53-46 Old Main Building

Groote Schuur Hespital

Observatory 7925

Telephone [021] 406 6338

Email: lamees emjedi@uct. ac.za

Website: www.health.uct ac.za/fhs) researchy hums nethics/ forms

04 October 2018

HREC REF: 636/2018

Dr I Roomaney

c/o A/Prof Mark Engel
Medicine

J46.3

OMB

Dear Dr Roomaney

PROJECT TITLE: TREATMENT OF ORAL FUNGAL INFECTIONS USING ANTIMICROBIAL
PHOTODYNAMIC THERAPY: A SYSTEMATIC REVIEW AND META-ANALYSIS

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee.

The HREC note that the proposed study is a systematic review.

As the systematic review involves published literature available through publically accessible
electronic databases, research ethics review and approval is not required.

This is in accordance with Section 1.1.8 of the Department of Health’s Ethics in Health Research:
Principles, Processes and Structures (South African Department of Health, 2015), which states:
“Research that relies exclusively on publicly available information or accessible through legislation or
regulation usually need not undergo formal ethics review. This does not mean that ethical
considerations are irrelevant to the research.”

The HREC recommend that researchers refer to the PRISMA website, for the PRISMA statement and
checklist, to facilitate the reporting of systematic reviews and meta-analyses. For more information,

please refer to http://www.prisma-statement.org/.

Further, fundamental ethical principles for health-related research should be considered in the
objectives and methods of the systematic review. See, for example, the Declaration of Helsinki
(Fortaleza, Brazil, 2013) and the Department of Health's Ethics in Health Research: Principles,
Processes and Structures (South African Department of Health, 2015)

Yours sincerely

PROFESSOR M BLOCKMAN
CHAIRPERSON, FHS HUMAN RESEARCH ETHICS COMMITTEE
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