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Hermed fremsender Kraeftens Bekaempelse forskelligt
baggrundsmateriale vedrgrende solariers skadelige virkning.

Baggrundsmaterialet dokumenter sammenhaengen mellem brug af
solarier og @get risiko for kraeft i huden (modermeerkekraeft og alm.
hudkraeft). Baggrundsmaterialet bestar af Kraeftens Bekeempelses
anbefalinger, internationale anbefalinger, relevante videnskabelige
artikler og den nyligt vedtaget skotske lov, der forbyder unge under 18 ar
at benytte solarier.

Kreeftens Bekaempelses anbefalinger

Faktaark fra Miljgministeriet, DMI, Dansk Dermatologisk Selskab,
Sundhedsstyrelsen og Kraeftens Bekaempelse

Det Amerikanske "National Toxicology Program” UV straling er
carcinogent

Relevante videnskabelige artikler

EU's videnskabelige komites konklusioner om solarier

IARCs konklusioner (The International Agency for Research on
Cancer) pa solarieomradet

WHO's konklusion pa solarieomradet

Venlig hilsen
Anja Philip, projektchef — Solkampagnen




G

Anbefalinger til, hvordan man kan arbejde for at begraense effekten af
solariernes skadelige UV-straling. Afsender: Kraeftens Bekaeempelse.

Kobenhavn, 23. juni 2008

VIDEN
Krzeft | huden:

e Kreft i huden er forarsaget af for megen UV-stréling fra solen og solariet og for
mange skoldninger.

e 1 ud at 12 danskere far kraeft i huden — 22 personer fér dagligt stillet diagnosen “kraeft
1 huden”.

o Nesten dagligt der en dansker af kreft i huden (300 personer arligt).

o Personer under 30 &r, gger deres risiko for modermaerkekraft 3 gange, hvis de gér i
solarium én gang om maéneden eller oftere.

o Paverdensplan ligger Danmark pé 7. pladsen, nér det gelder antal tilfelde af
modermarkekreft.

Baggrund, udvikling i hudkreeft — den hyppigste kreftform i Danmark

De danske tilfeelde af kraeft i huden (modermeerke— og almindelig hudkra (i) er tredoblet pa 30
ar, og kraeft i huden er nu den hyppigste kreftform herhjemme. 80.300 danskere har
sygdommen i dag, og der registreres ca. 8.000 nye tilfzlde om aret. Da sygdommen ofte
kommer igen er det arlige antal tilfeelde anslaet til 12-15.000. Mindst 85 % af tilfazldene kan
fores tilbage til for megen UV-straling — enten fra solen eller solariet.

I modsetning til andre kreftformer rammer, serligt modermeaerkekreeft, ogsa unge. Forskning
har vist, at bern og unge er srligt folsomme overfor UV-straling og at skoldninger tidligt i
livet oger risikoen for at udvikle modermerkekraft.

Danmark ligger pa en syvende plads pa verdensplan, nar det gaelder kreft i huden. Og faktisk
er det én af de fa typer kreeft, vi stort set kan forebygge. Det kraever bedre solvaner med en
lavere livstids dosis af UV-strling, og at vi helt undgér solskoldninger om sommeren, nér
solen star hejt pa himlen. Og at vi skal undgér at bruge solarium.

Baggrund, danske undersogelser:

To store danske undersegelser viser et bekymrende stort forbrug af solarium — iszer blandt
unge

Danskernes solvaner, forar 2007
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En raPport fra en stor, repraesentativ interviewundersagelse af danskernes solvaner fra foraret
2007 gennemfort af Kraftens Bekaempelse og TrygFonden viser, at alt for mange opsoger
det lokale solarium: Hver 4. dansker gar i solarium — og 52 % af de helt unge mellem 15 og
17 &r har brugt solarium inden for det sidste ar.

Samtidig viser undersagelsen, at netop den unge aldersgruppe solbader hyppigst og mest i
tidsrummet mellem kl. 12 & 15, hvor UV-stralingen i sommerperioden er pé sit hgjeste.

Til Nyhedsavisens journalist Pernille Mainz siger Projektchef fra Kreftens Bekaempelse Anja
Philip, tirsdag den 11. september 2007:

"Vores nye solvaneundersagelse viser, at hele 52 % af de helt unge mellem 15 og 17 ar har
veeret i solarium inden for de sidste 12 maneder. Det er bekymrende, for jo yngre man er, nar
man far hudskader, jo flere dr har hudskaderne til at udvikle sig til krceft i huden. I Kreeftens
Bekceempelse mener vi, at der skal lovgivning til for at beskytte barn og unge. Vi mener, at det
bor forbydes for unge under 18 ar at bruge solarium. Og for at det realistisk set skal kunne
lade sig gere, bor der 0gsa stilles krav om, at solarierne skal bemandes."

Undersegelsen viser desuden at hele 94 % af de unge godt ved, at det kan give kraeft i huden
at bruge solarium. Men det &ndrer altsa ikke pd deres brug af solarium. Derfor mener
Kreftens Bekampelse, at et forbud mod at bruge solarium for unge under 18 &r er helt
nedvendigt.

""Unges solariebrug'’, januar 2007

Kreftens Bekampelses og TrygFondens undersogelse af "Unges solariebrug" i januar 2007
gav et lignende billede — godt 59% af de unge mellem 15 og 17 ar har brugt solarium inden
for det seneste ar. Samtidig viser denne undersegelse, at en tredjedel af de unge besoger
solariet én eller flere gange om méneden — og at mange har deres debut som 13-4rige eller
derunder. Undersagelsen afslarer ogsa, at 54 % af de unge, der har brugt solariet, oplever
skoldninger eller blerer pa huden efter solarie-besoget. En bekymrende tendens, da mange
videnskabelige undersagelser har fastslaet den direkte sammenhang mellem skoldninger og
risikoen for at udvikle modermerkekraft.®

Baggrund, sammenhgeng mellem solarier og kreeft:

Et besog i solarium om maneden oger risikoen for modermaerkekrzeft med 55 %

En stor svensk-norsk undersegelse fra 2003° viser med signifikans, hvad mange tidligere
studier indtil da havde antydet, at solarier giver oget risiko for melanom. Over 100.000
kvinder er fulgt 1 en arrekke — i gennemsnit 8 ar.

Undersogelsen viser, at de kvinder, der tog solarium en eller flere gange om maneden, da de
var i 20-29 érs alderen, havde 2-3 gange sterre risiko for at udvikle modermarkekraeft, end de
kvinder som aldrig brugte solarium.

S& man pé kvinder i alle aldre, havde de, der brugte solarium mere end en gang om méneden,
55 % storre risiko for at udvikle modermearkekreft end de kvinder, der aldrig gik i solarium.

[ undersegelsen tog man hejde for nogle af de andre faktorer, som gger risikoen for
modermarkekraeft - som f.eks. harfarve, antal forbrendinger og sterre modermaerker - og
antallet af solbadeferier.
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IZt canadisk team har foretaget et systematisk review af al litteratur pa omradet. Konklusionen
er klar: Besog i solarium giver en 25 % signifikant oget risiko for modermarkekraft. Og jo
leengere man opholder sig i solarium - og jo tidligere debut - jo hejere risiko '8, En analyse af
over 1000 kreftdiagnoser viser, at solarium ogsa giver oget risiko for almindelig hudkrett:
2,5 gang for pladecellekraft og 0,5 gang for basalcellekraeft ',

Bagerund IARC og WHO anbefaler et forbud mod solarium:

IARC fastslar, at brug af solarier for 35 ars alderen giver 75 % oget risiko for melanom

I en forskningsrapport fra "The International Agency for Research on Cancer " har man
gennemfort et systematisk review af veesentlige epidemiologiske og biologiske
videnskabelige studier vedr. solarier indtil 2006 for WHO *. Det viste, at brug af solarium af
personer under 35 ar signifikant gger risikoen for den livsfarlige modermarkekraft med hele
75 %. Ja, overhovedet at have besagt solariet — uanset alder - giver 15 % oget risiko for
modermarkekraeft (granse signifikant). IARC peger pa betydningen af politisk at sztte ind
over for helt unges markante brug af solarier.

Det er professor Peter Boyle, som star bag forskningsrapporten. Han udtaler bl.a:
"Solariums can produce UV-radiation up to five times stronger than the midday summer sun
and, when used before the age of 35, increase melanoma risk up to 75 percent".

Anbefalinger fra WHO

WHO anbefaler pa denne baggrund, at de forskellige landes regeringer vedtager
lovgivningsmassige restriktioner, som forbyder unge under 18 ar at bruge solarium, samt at
det skal vare lovpligtigt for solarierne at placere advarselsskilte synligt for brugerne i deres
lokaler.” WHO fremhaver nedvendigheden af at bemande solarier og af en skrap lovgivning
for at opretholde forbuddet (sanktionsmuligheder). ’

The Australasian College of Dermatologists, The Cancer Council Australia og deres
affilierede medlemsorganisationer samt The Cancer Society of New Zealand er gaet ud med
felgende position statement:
e Befolkningen skal undga enhver kosmetisk brug af kunstig UV-straling
o Befolkningen skal informeres om solariernes ggede kreeftrisiko
e Nationale og regionale forbud mod al brug af solarier for unge under 18, forbud mod
ubemandede solarier, uddannet personale i solarierne samt information til kunder.

Den 6. marts 2006 skriver Sara Hiom, Head of Health Information, Cancer Research UK at
Cancer Research UK gér ind for et forbud mod ubemandede solarier samt forbud mod solarier
for alle under 16 &r. Organisationen foreslar, at solarier kan reguleres gennem licensaftaler.

Sundhedsstyrelsen, Forbrugerridet, Euroskin og det videnskabelige forebyggelsesudvalg i
Kreeftens Bekaempelse bakker op om restriktioner

The European Society of Skin Cancer Prevention (Euroskin) har i oktober 2007 afholdt en
videnskabelig konference om solarium, kraeft og D-vitamin. De har ultimo 2007 sendt en
anbefaling til EU med folgende vaesentlige pointer:

e Brug af kunstige UV-kilder ber frarddes alle. Nedre aldersgraenser ber fastsattes.
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Anbeftalinger er ikke tilstreekkeligt - der ma lovgivning og kontrol til.

En standardisering ber gennemfores bade mht. striling, kontrol, merkning, hygiejne
og bemanding.

Kunstig UV-straling anbefales ikke som kilde til D-vitamin.

Terapeutisk brug af kunstig UV-straling ber varctages af leger.?

Sundhedsstyrelsen udtaler "ar brug af solarier til andet end medicinsk brug ikke er tilrddelig,
og frarader seerligt personer under 18 ar og personer med seerlig Iys hud at ga i solarium".

Forbrugerradet mener, pa baggrund af de overbevisende videnskabelige data, at, et forbud for
al brug af solarium under 18 ar er nadvendigt. Forbrugerradet argumenterer ogsa for et forbud
samt en tvungen bemanding af solarierne, fordi bern og unge er mere udsatte for carcinogener
end voksne, fordi de unge er mere underlagt sociale normer og modeidealer og bl.a. derfor er
de hyppigste brugere af solarium. Forbrugerradet gar ind for bemandede solarier til at sikre
den fastsatte aldersgrense. Forbrugerradet haefter sig ligesom Krafiens Bekampelse ogsa ved
de utilstraekkelige sikkerhedskrav til solarier, og at solarier kan give en alt for hoj stréling.

Andre lande, som regulerer eller har planer om at regulere solarieindustrien

1 Australien har folgende guidelines for solarieindustrien: Information om den ogede
kraeftrisiko, skriftlig samtykke fra foraeldre til unge mellem 15-18 é&r, forbud for unge
med hudtype 1 og alle under 15 ar. Der m4 ikke reklameres med ikke-kosmetiske
sundhedsfordele. Desveaerre forvaltes disse guidelines utilfredsstillende viser et studie
gennemfort i Melbourne, Australien. 8

Den seneste udmelding fra premierminister John Howard viser, at der er politisk vilje
til at palegge solarieindustrien restriktioncr, sé specielt de helt unge beskyttes.
Sundhedsminister Daniel Andrews i staten Victoria har annonceret, at han vil have
indfert restriktioner for solarieindustrien.

I flere stater i USA er det ulovligt at for unge under 18 &r at bruge solarium uden
forzldres tilladelse. I nogle stater er det helt forbudt.®

I Belgien, Sverige og Frankrig er det lovbestemt at andelen af UV-B stréling fra

solarierer maksimalt ma vaere 1,5 %. Det svarer til den sammensetning, vi far fra
7

solen.

I Frankrig er det forbudt for unge under 18 ar, at bruge solarium og solarierne skal
veere bemandet med uddannet personale. Desuden mé solarieindustrien ikke
markedsfere sundhedsfordele ved anvendelsen.”

I Sverige er der krav om standardiserede solarierer samt opsat information om risici,

anbetalet brugsfrekvens og information om at unge under 18 frarades al brug af
8

solarier.

I Skotland er der netop vedtaget et lovforbud mod at unge under 18 &r md bruge
solarium, solarieejerne modtager en bade hvis de lader unge under 18 ar bruge deres
solarium. Skotterne har ogsé forbudt ment-solarier, hvor der ikke er personale der kan
kontrollere geesternes alder.
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Konklusion:

- kosmetisk brug af solarier ber vare forbudt for alle under 18 ar

- al kosmetisk brug af solarium og hejfjcldssole ber frarddes alle danskere

- lovgivning ber sikre en regelmaessigt tilsyn og kontrol

- alle solarier bor bemandes med uddannet personale

- der ber vaere forbud mod solarier i alle offentlige bygninger

- befolkningen skal informeres om den kreeftrisiko, solarier udgoer med tydelig
mzerkning/skiltning

- sanktionsmuligheder bar paleegges ejer (bader) — ved overtreedelse af forbud
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Brug af solarium frarades

Den ultraviolette straling (UV-straling) fra solarier og Skru ned for solen mellem kl. 12 & 15

hojfjeldssol eger risikoen for at udvikle kraeft i huden og N&r UV-indexet er 3 eller mere, anbefaler vi, at man

risikoen for tidlig aeldet hud (1). Derfor frardder vi brug af beskytter sig i solen. I Danmark er det typisk i tidsrummet

solarium. mellem kl. 12 & 15 fra april til september, nar der er
skyfrit eller kun f& skyer pa himlen. Man kan beskytte sig

UV-strdling i solarium ved at fglge de fire solrd: Siesta, Solhat, Solcreme,

Solarier udsender en koncentreret UV-straling, der indeholder Sluk Solariet. Laes mere p& www,skrunedforsolen,dk
mere UVA-strdling end middagssolen, men mindre UVB-

strdling (1;2). Solarium

Ultraviolet (UV-)stréling fra solarium udger en vaesentlig
Tidligere troede man, at det kun var UVB-stréling, som risiko for solskoldninger, rynker og tidlig aldning af huden
forarsager kraeft i huden. Nu ved man, at b8de UVA- og UVB- og forgger risikoen for kraeft i huden. Derfor frarades al

straling er skadelig. UVA-strdling kan give for tidlig zeldning af kosmetisk brug af solarier.
huden (rynker), gjenskader og kan desuden bidrage til kreeft i

huden (1;3;4). UVB-stréling giver iseer anledning til

solskoldninger og pé lang sigt hudskader i form af ru pletter, pigmentpletter og kraeft i huden.

Sammenhaengen mellem kraeft i huden og UV-straling er enke! - jo mere UV-striling fra sol og solarium og jo flere
forbraendinger, des stgrre risiko for kraeft i huden og tidlig aeldning af huden.

Sundhedsrisici ved solariebrug

En svensk-norsk underspgelse har fulgt over 100.000 kvinder i en arraekke og viser, at de kvinder, der tog solarium en
eller flere gange om méaneden, da de var i 20-29 &rs alderen, havde 2-3 gange stgrre risiko for at udvikle
modermaerkekreeft, end de kvinder som aldrig brugte solarium.

S3 man pa kvinder i alle aldre, viste denne undersagelse, at de, der brugte solarium mere end en gang om maneden,
halvanden gang starre risiko for at udvikie modermeerkekraeft end hos de kvinder, der aldrig gik i solarium (5).

Op mod halvdelen af solariebrugerne udvikler irritation, redme, kige og udtgrring af huden. Solarielys kan undertiden
fremkalde og forveerre soleksem. P8 sigt aldes huden tidligere end normalt. UV-straling fra solarier forarsager ogsé
andringer i hudens immunforsvar, der har betydning for den agede risiko for kraeft i huden (1).

Hvis man alligevel vaelger at laegge sig under de kunstige straler, bgr man altid bruge beskyttelsesbriller.

Solariernes standard

1 Danmark har vi ingen formelle krav til uddannelise af personale i solarierne. Solarier skal fglge EU-standarder for
type, styrke og UV-straling, men der stilles ikke krav til inspektion og regulering af UV-stralingen. Derfor kan man
ikke vide, hvilken intensitet og hvilke bglgeleenger det enkelte solarium udsender elier vaere sikker p8, at man far den
korrekte vejledning af eventuelt personale.

Solarium og solskoldning

Solarielys anvendes undertiden til at "forbrune” huden, inden man gar ud i sommersolen eller rejser pa solferie. Det
er vigtigt at vide, at forbruningens beskyttende effekt mod solskoldning er lille (6). Vi anbefaler derfor, at man
beskytter sig, nar man er ude i solen - ogsé, hvis man har veeret i solarium inden.

Solarium og D-vitamin’
Der er stor variation i, hvilken UV-strz‘-’inng der er i solarier. Derfor ved man ikke praecist, hvor meget solariet kan
bidrage med at danne D-vitamin. Det frarides at bruge solarium som kilde til D-vitamin.

..........
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Selvbrunende cremer

Hvis man gnsker en brun kuler, kan selvbrunende cremer veere et alternativ. Selvbrunere danner den brune farve i
huden ved en kemisk proces og har ingen kendte bivirkninger. Huden fr en ‘brunhed’, som ligner almindelig
solbraandthed. Selvbrunere yder nogen beskyttelse i solen (7). Vi anbefaler, at man beskytter sig, ndr man er ude i
solen - ogsd, hvis man har brugt selvbruner.

Laes mere

En ekspertgruppe under WHO har gennemgaet de videnskabelige undersggelser, der har belyst

sammenhangen mellem anvendelse af solarium og risiko for kreeft i huden (8). Ekspertgruppen

anbefaler et forbud mod solarier for alle under 18 8r. Laes mere pd
www.sst.dk/upload/forebyggelse/cff/milioemedicin/solarier/iarc rap om solarier.pdf og

http://www.who.int/mediacentre/news/notes/2005/np07/en/index.html
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Skru ned for solen mellem kl. 12 & 15
Nar UV-indexet er 3 eller mere, anbefaler vi, at man

Almindelig hudkraeft og modermaerkekreeft. beskytter sig i solen. I Danmark er det typisk i tidsrummet
Almindelig hudkraeft er den hyppigste, og er sjaldent dedelig. mellem ki. 12 & 15 fra april til september, nar der er

Modermeerkekreaeft er den farligste og mest aggressive. Begge skyfrit eller kun f8 skyer p& himlen. Man kan beskytte sig
typer kreeft i huden skal under behandling. Jo tidligere kreeft i ved at falge de fire solrdd: Siesta, Solhat, Solcreme,

huden opdages og behandles, des sterre chancer er der for at Sluk Solariet. Laes mere p5 www.skrunedforsolen.dk
blive helbredt, og det kosmetiske resultat bliver bedst.

Betegnelsen kraeft i huden deekker over to typer kraeft:

Kraeft i huden

Kraeft i huden kan forebygges. Man bgr jeevnligt
undersgge sin hud for tegn pd krzeft og falge de fire
solrad.

Kraeft i huden skyldes i langt de fleste tilfaalde for megen UV-
straling fra solen eller solarium. Kraeft i huden kan
forebygges.

Den hyppigste kraeftform i Danmark
Danmark har en af de hgjeste forekomster af bade hudkreeft og modermaerkekraeft i verden. Gennem de seneste 30 ar
er antal tilfaelde af hudkreeft og modermaerkekraeft tredoblet (1).

Almindelig hudkraeft
I dag er almindelig hudkraeft den hyppigste kreeftform blandt danskere (2). Omkring 80.000 danskere har vaeret i
behandling for almindelig hudkraeft. Kun fa der af sygdommen.

Almindelig hudkraeft kan behandles kirurgisk. Disse indgreb giver undertiden grimme ar, og man anvender derfor mere
og mere cremebehandlinger evt. sammen med lys, der giver et paenere resultat. Andre behandlinger kan besta i
frysning eller rentgenstraling. Hvis man en gang har haft hudkraeft, skennes cirka 30% risiko for, at fa sygdommen
igen et nyt sted.

Modermaerkekraeft
Omkring 13.000 danskere har vzeret i behandling for modermaerkekraeft. Mere end 80% overlever sygdommen (2).

Modermaerkekraeft behandles med operation, hvis det sidder som en samlet knude og ikke har spredt sig. Er der sket
spredning, afhaenger behandlingen af spredningsgraden. Det kan g8 fra yderligere operation og evt. stréling til
forskellige behandlinger med immunterapi. Ved spredning kan kemoterapi ogsa vaere en mulighed. Chancen for at
overleve modermaerkekraeft afhanger af, hvor tidligt sygdommen bliver opdaget og behandlet.

Hold gje med din hud'

Man kan undersgge sin hud ved at se efter nye eller eksisterende pletter eller knuder, der eendrer farve, stgrrelse eller
form. Det kan ogsa vaere sar, der ikke heler. Kreeft i huden kan ogs& veere et maerke, der bigder let, ikke heler eller
klgr. Undersag hele kroppen, da kreeft i huden ogsa kan forekomme, hvor man normalt ikke er udsat for sol. Man bar
ops@ge laage, hvis man opdager forandringer.

Laes mere
Om modermeaerkekreeft: http://www.cancer.dk/Alt+om+kraeft/kraeftsygdomme/modermaerke

Om almindelig hudkraeft: hitp://www.cancer.dk/Alt+om+kraeft/kraeftsygdomme/huden/hudkraeft.htm

Referencer
(1) www.cancer.dk/nordcan

(2) Clemmensen IH, Nedergaard KH, Storm HH. Kreeft i Danmark- En opslagsbog. 2006. Krzeftens Bekaempelse, Fadl's Forlag.
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FAKTAARK D-VITAMIN

-del af en serie pd i alt ni faktaark

N&r kroppen udszaettes for sollys (UVB-striling), dannes der
D-vitamin i kroppen. D-vitamin hjeelper kroppen til at optage
kalk, og er ngdvendig for knogler og muskler. Mangel pa D-
vitamin sger risikoen for knogleskgrhed og kan give
muskelsmerter og svage muskler.

Kilder til D-vitamin

Solens UVB-straling er en effektiv kilde til D-vitamin.
Fadevarer som fisk, ked, seg og maelkeprodukter indeholder
ogsd D-vitamin. Iszer fede fisk som sild og laks er gode kilder
tit D-vitamin. Men det er vanskeligt at daekke hele sit behov
for D-vitamin udelukkende gennem maden (1).

Ophold i solen far kroppen til at danne D-vitamin. Hvor meget
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Skru ned for solen mellem kl. 12 & 15

N&r Uv-indexet er 3 eller mere, anbefaler vi, at man
beskytter sig i solen. I Danmark er det typisk i tidsrummet
mellem k. 12 & 15 fra april til september, ndr der er
skyfrit eller kun f8 skyer pd himien. Man kan beskytte sig
ved at fglge de fire solrdd: Siesta, Solhat, Solcreme,

Sluk Solariet. Laes mere pd www .skrunedforsolen.dk

D-vitamin

N38r huden udszettes for sollys (UVB-straling), dannes der
D-vitamin. Mange danskere opholder sig s& meget .
udendgrs i sommerhalvaret, at de far tilstraekkeligt D-
vitamin, men nogle mennesker har behov for et tilskud.

D-vitamin, der dannes i kroppen, afhaenger af hvor staerk solens UVB-striling er og hvor lang tid, man opholder sig i

solen (2).

I sommerhalvaret - fra maj til september - er solens lys i Danmark s3 kraftigt, at udendgrs ophold fgr kl. 12 og efter
kl. 15 giver tilstraekkelig mulighed for at danne D-vitamin. Mange danskere opholder sig nok udendgrs i
sommerhalvaret til, at de far tilstraekkeligt D-vitamin, men nogle mennesker har behov for et tilskud.

I vinterhalviret - fra oktober til april - er solens strdling i Danmark ikke staerk nok til, at der dannes D-vitamin, nar

man opholder sig i solen (3).

For lidt D-vitamin?

Bgrn og voksne der ikke er ret meget udendgrs kan have svaert ved at danne tilstraekkelig D-vitamin. Det samme
geelder bgrn og voksne, som er tildaekket, ndr de er udendsrs - fx med lange aermer og lange bukser eller kjoler.
Derfor anbefales, at disse grupper tager et dagligt D-vitamintilskud pa 10 ug (400 IU). Personer over 65 ar anbefales

under alle omstandigheder at tage dette D-vitamintilskud.

Bern og voksne med mgrk hud kan danne liges8 meget D-vitamin som bgrn og voksne med lys hud (2). Men det tager
lzengere tid, sa derfor kan det veere svaert at fa deekket behovet for D-vitamin i det danske klima. Denne gruppe bar

derfor ogsa tage et dagligt tilskud af D-vitamin p& 10 ug (400 IU).

Gravide har et starre behov for D-vitamin, derfor anbefales det at gravide tager et D-vitamin tilskud pé 10 ug (400
IU). Spaedbgrn skal have D-vitamin, fordi de ikke m8 opholde sig i solen og ikke kan fa daekket behovet gennem

kosten.

Solcreme og D-vitamin

Undersggelser tyder p, at solcreme haammer dannelsen af D-vitamin (2). Nar brug af solcreme ikke fgrer til D-
vitaminmangel, skyldes det formentlig, at solcreme ikke bruges systematisk (4). Vi anbefaler, at man beskytter sig
mod solen i tidsrummet ml. 12 og 15. Men efter dette tidsrum er det ikke altid npdvendigt at bruge solcreme.

Pas pad med UV-striling fra solarium

Der er stor variation i, hvilken UV-straling der er i solarier. Derfor ved man ikke praecist, hvor meget solariet kan
bidrage med at danne D-vitamin. Det frarddes at bruge solarium som kilde til D-vitamin.
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Report on Carcinogens (RoC)

The RoC is an informational scientific and public health document first ordered by Congress in 1978
that identifies and discusses agents, substances, mixtures, or exposure circumstances that may pose a
hazard to human health by virtue of their carcinogenicity. The RoC is published biennially and

serves as a meaningful and uscful compilation of data on:

1. The carcinogenicity (ability to cause cancer), genotoxicity (ability to damage genes), and
biologic mechanisms (modes of action in the body) of the listed substance in humans and/or

animals.
2. The potential for human exposure to these substances.
3. Federal regulations to limit exposures.

For more background information please select Questions & Answers about the RoC.

View the most recent edition of the RoC (1 1"y on-line or download a copy as a zipped tile (30 mb).

View the review process for the 12th RoC.

The National Toxicology Program announces the availability of draft background documents:

Aristolochic Acid Related Exposures and Riddelliine. View the Federal Register Notice.

http://ntp.niehs.nih.gov/index.cfm?objectid=03CIB512-ACF8-C1F3-ADBAS53CAES...
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Ultraviolet Radiation Related
Exposures
Introduction

Uleraviolee radiation (UVR) is clectromagnetic radiation found
between X-rays und light in the clectromagnetic spectrum. Ie is
emitted by the sun and artificial devices, including sunbeds or
sunlamps. UVR can be divided into UVA, UVB, and UVC
components.

Solar radiation and exposure to sunlamps or sunbeds were first
listed in the Ninth Report on Carcinogens (2000) and broad-spectrum
UVR and its components ultravioler A radiation (UVA), ultraviolet B
radiation (UVB), and ultravioler C radiation (UVC) were first listing
in the Tenth Report on Carcinogens (2002). Much of the evidence for
listing the various UVR related-exposures applies to more than one
type of UVR, thus the profiles for these listings are discussed together.
Evidence for the carcinogenicity of broad-spectrum UVR comes from
studies on solar radiation and exposure to sunlamps or sunbeds.
Similarly, studies to evaluate the carcinogenicity of solar radiation in
animals and to determine the mechanism(s) by which it causes cancer
(mechanistic studies) involve exposure to broad-spectrum UVR or its
UVA, UVB, or UVC components. Use of sunlamps or sunbeds
entails exposure to ultravioler radiation. Evidence for the
carcinogenicity of the UVR-related exposures is discussed separately
and follows this introduction. However, most of the information on
additional information relevant to carcinogenicity, propertics, use,
production, exposure, and regulations is common to all listings for
exposures related to UVR and therefore has been combined into one
section following the carcinogenicity discussions. The listings for
exposures related to UVR are as follows:

*  Solar radiation is known to be a human carcinogen

* Exposurce to sunlamps or sunbeds is known to be a human
carcinogen

*  Broad-spectrum UVR is known to be a human carcinogen

* Ultraviolet A radiation is reasonably anticipated to be a human

carcinogen

* Ultraviolet B radiation is reasonably anticipated to be a human
carcinogen

* Ultraviolet C radiation is reasonably anticipated to be a human
carcinogen

Solar Radiation

Known to be a human carcinogen
First Listed in the Ninth Report on Carcinogens (2000)

Carcinogenicity

Solar radiation is known to be a human carcinogen based on sufficient
evidence of carcinogenicity from studies in humans, which indicate a
causal relationship between exposure to solar radiation and skin cancer
(both cutancous malignant melanoma and non-melanocytic skin
cancer). Some studies suggest that solar radiation also may be
associated with melanoma of the ¢ye and non-Hodgkin’s lymphoma

(IARC 1992).

Exposure to Sunlamps or Sunbeds

Known to be a human carcinogen
First Listed in the Ninth Report on Carcinogens (2000)

SUBSTANCE PROFILES

Carcinogenicity

Exposure to sunlfamps or sunbeds is known to be u human carcinogen,
based on sufficient evidence of carcinogenicity from studices in
humans, which indicate a causal relationship between exposure to
sunlamps or sunbeds and human cancer. Sunlamps and sunbeds emir
primarily UVA and UVB radiation. Epidemiological studies have
shown that exposure to sunlamps or sunbeds increases the risk of
malignant melanoma (Swerdlow er al. 1988, Walter et «l. 1990,
Autier et al. 1994, Westerdahl er ul 1994, Chen e 4l 1998, Walter e
al. 1999, Westerdahl er al. 2000). The longer the exposure, the greater
the risk, especially in people exposed before the age of 30 or people
who have been sunburned. Malignant melanoma of the cye also is
associated with usc of sunlamps (IARC 1992).

Broad-Spectrum UVR

Known to be a human carcinogen
First Listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity

Broad-spectrum UVR is known to be a human carcinogen based on
sufficient evidence of carcinogenicity from studies in humans that
show a causal relationship between exposure and human cancer.
Epidemiology studies have shown that exposure to broad-spectrum
UVR (solar radiation) causes skin cancer (both melanocytic and non-
melanocytic). Studies of humans exposed to solar radiation, artificial
devices emitting broad-spectrum UVR, or devices emirtting
predominantly UVA or UVB all contribute to these conclusions.
Evidence that the broad-spectrum UVR component of solar radiation
is carcinogenic comes from (1) studies of human cancer associated
with exposure to devices that emit artificial broad-spectrum UVR, (2)
the fact that tumors develop ar the same sites both in humans exposed
to sunlight and in animals exposed to broad-spectrum UVR from
artificial sources, and (3) mechanistic studies in which human tissue
was exposed to artificial sources of broad-spectrum UVR.

Broad-spectrum UVR is absorbed by DNA and causes dircct and
indirect DNA damage with the potential to result in mutations, as
demonstrated by mechanistic studies using human tissue. Mutations
found in the p53 tumor suppressor gene of human skin cancer are
specific for broad spectrum UVR-induced damage.

The findings in humans are supported by evidence in experimental
animals. Exposure to broad-spectrum UVR caused skin tumors
(papilloma and squamous cell carcinoma) and eye tumors (spindle-cell
sarcoma) in albino rats and skin tumors {fibrosarcoma and/or squamous-
cell carcinoma) in mice, hamsters, and opossums (IARC 1992).

UVA

Reasonably anticipated to be a human carcinogen
First Listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity

UVA is reasonably anticipated to be a human carcinogen based on
limited evidence from studies in humans and sufficient evidence from
studies in experimental animals. Epidemiological studies on the effects
of sunlight or artificial broad-spectrum UVR cannot identify effects
due specifically to UVA, UVB, or UVC exposure. However,
information about the specific effects of UVA, UVB, and UVC
exposure can be inferred by comparing the results of human
epidemiology studics of broad-spectrum UVR exposure with the
results of studies on the effects of specific broad-spectrum UVR
components in experimental animals and human tissues.
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In studies where most of the UVR exposure was o UVA (ic,
exposure to solar radiation or UVA-emitting sunbeds), there was an
increased risk of skin cancer. Westerdahl e «f. (2000) studied
exposure to sunbeds emicing mainly UVA (with 0.1% ro 2.1% UVB)
and found an increased risk of melanoma. The available data from
experimental animals show that exposure 1o UVA caused skin wimors
in mice (squamous-cell carcinoma and papilloma) and fish

(melanoma) (IARC 1992).

uUvB

Reasonably anricipated to be a humnan carcinogen
First Listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity

UVB is reasonably anticipated to be a human carcinogen based on
limited evidence from studies in humans and sufficient evidence from
studies in experimental animals. Mechanistic studies wich human
tissue have demonstrated that the UVB componenr in solar radiation
is absorbed by DNA, resulting in DNA damage that leads to the
characteristic p53 gene mutations observed in human skin cancer.
However, epidemiologic studies linking these exposures to skin cancer
are limited because they lack information on the specific wavelengths
of UVR to which the individuals were exposed. Although increased
skin cancer is clearly associated with exposure to UVB (as a
component of solar radiation or from sunlamps used before the early
1970s), the people in these studies also were cxposed to other
components of broad-spectrum UVR. Thercfore, the studies could
not distinguish between the effects of UVB and other components of
UVR. Sunlamps used in the early 1970s produced significant amounts
of UVB (22 to 40%); onc study found that exposure to UVB-
emitting sunlamps increased the risk of malignant melanoma of the
skin (Chen er 2. 1998). In experimental animals, prolonged exposure
to devices emitting primarily UVB caused skin tumors in rats
(papilloma), mice (squamous-cell carcinoma, fibrosarcoma, papilloma,
and keratoacanthoma), guinea pigs (ibroma and trichofolliculoma),
and opossums (melanocytic hyperplasia and melanoma) (IARC 1992).

uvc

Reasonably anticipated to be a human carcinogen
First Listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity

UVC is reasonably anticipated to be a human carcinogen based on limited
evidence from mechanistic studies with human tissue and sufficient
evidence from studies in experimental animals. Human studies,
including those with cultured human cells, have shown that exposure to
UVC causes DNA damage. UVC is absorbed by DNA and causes
damage similar to that caused by UVB. However, no epidemiological
studies have adequatcly evaluated UVC carcinogenicity in humans.
UVC is absorbed by the ozone layer and does not contribute to solar
exposure. In studies of exposure to artificial devices emitting UVC, the
devices also emitted other components of UVR. Exposure to high doses
of radiation from devices emitting primarily UVC caused skin tumors
in rats (kcratoacanthoma-like tumors) and mice (squamous-cell
carcinoma and fbrosarcoma) (IARC 1992).
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Additional Information Relevant to Carcinogenicity
Broad-spectrum UVR causes skin cancer via DNA damage,
suppression of the immune system, tumor promotion, and mutations
in the p53 tumor suppressor gene. Broad-spectrum UVR causes
mutations in cultured human cells; the type of damage depends on the
specific wavelength of UVR and whether the affected cells can repair
the damage without error. DNA absorbs broad-spectrum UVR
(mainly UVB and UVC), and this reaction yields producrs that can
cause mutations (discussed below under “Properties”). UVB causes the
following four major DNA base modifications (changes to DNA's
structure) in people: cyclobutane-type pyrimidine dimers, (6-4)
photoproducts, the corresponding Dewar isomers, and thymine
glycols. Both UVA and UVB induce 8-hydroxydeoxyguanosine
production from guanosine by the action of singlet oxygen (Griffiths
et al. 1998).

UVA, UVB, and UVC as individual components of broad-
spectrum UVR cause genotoxic damuge in several in vitro test systems,
including bacteria, yeast, rodent cells, and human cells. Moreover,
exposure to each of the three components of broad-spectrum UVR
causes DNA damage in humans. UVA’s biological effects are indirect
and largely the result of energy transferred through reactive oxygen
intermediates (free radicals), whereas UVB and UVC are absorbed by
DNA and directly damage DNA through base modifications. Based
on the number of studies showing genetic damage, UVC is the
strongest genotoxin of the three components of broad-spectrum UVR,
and UVA is the weakest.

More than 90% of human squamous-cell carcinomas contain
mutations of the p53 tumor suppressor gene. These mutations were
found in 74% of sun-exposed normal human skin and only 5% of
unexposed skin, indicating a strong association with sun exposure.
Observed p53 gene mutations were most frequently C o T or CC to
TT transitions at pyrimidine—pyrimidine sequences, These specific
53 mutations now are considered a signature of broad-spectrum
UVR carcinogenesis (Brash er al. 1991, Ziegler et al. 1993, Griffiths et
al. 1998, Wikonkal and Brash 1999).

Exposure to solar radiation and broad-spectrum UVR alters
immune function in humans and experimental animals (IARC 1992).
Evidence that immunosuppression is related to skin cancer comes
from the following observations: (1) immunosuppressed organ
transplant recipients showed a marked increase in skin cancer,
particularly squamous-cell carcinoma, (2) broad-spectrum UVR
decreased the ability to mount a delayed-type hypersensitivity
response, and (3) mice exposed to low levels of broad-spectrum UVR
failed to reject highly immunogenic tumor cell lines (Quinn 1997).

Exposure of human skin grafts on mice to UVB radiation after
pretreatment with the carcinogen dimethylbenz(a)anthracene causes
human skin tumors (squamous-cell carcinoma, actinic keratoses,
melanocytic hyperplasia, and melanoma) (Atillasoy ez 4/ 1997).
Exposure of human skin grafts on mice to UVB alone causes
precancerous lesions (melanocytic hyperplasia).

Properties

Solar radiation includes most of the electromagnetic spectrum. Of the
bands within the optical radiation spectrum, UVR is the strongest and
most damaging to living things (IARC 1992). Broad-spectrum UVR
includes wavelengths of light ranging from 100 to 400 nm. UVR is
divided into wavelength ranges identified as UVA (315 w 400 nm),
UVB (280 to 315 nm), and UYC (100 to 280 nm). Of the solar UV
energy reaching the equator, 95% is UVA and 5% is UVB. No
measurable UVC from solar radiation reaches the carth’s surface,
because the shortest UV wavelengths are completely absorbed by




ozone, molecular oxygen, and water vapor in the upper atmosphere
(Farmer and Naylor 1996).

Molecules that absorb UVR and visible lighe (photoreactive
molecules) contain segments chat reace with light (called
chromophores), in which photons of light excite electrons from the
ground state to higher-energy states. These molecules then generally
re-emit light on returning to lower-energy or ground states (Dyer
1965). The various molecules sensitive to UVR differ in the
wavelengths of UVR that they absorb and the light that they emic.

Photochemical and photobiological inwractions occur when photons
react with a photoreactive molecule, forming either an altered molecule or
wo separate molecules (Phillips 1983, Smith 1989). For such a reaction
to occur, the photons must have enough energy to alter a photoreactive
chemical bond (i.c., to break the original bond or form new bonds).

The photobiological reactions related to skin cancer risk duc to
UVR exposure are the reactions with the main chromophores of the
skin's outer layer—urocanic acid, DNA, wyptophan, tyrosine, and the
melanins, The products resulting from UVR's reaction with DNA
(DNA photoproducts) include pyrimidine dimers, pyrimidine-
pyrimidone (6-4) photoproducts, thymine glycols, and DNA exhibiting
cytosine and purine damage and other damage, such as DNA strand
breaks and cross-links and DNA-protein cross-links. The various DNA
photoproducts differ in their mutagenic potential (IARC 1992).

UVR-induced DNA photoproducts cause a variety of cellular
responses that contribute to skin cancer. Unrepaired DNA
photoproducts may result in the release of cytokines that contribute to
tumor promotion, tumor progression, immunosuppression, and the
induction of latent viruses (IARC 1992, Yarosh and Kripke 1996).

UVB is considered to be the major cause of skin cancer, despite the
fact that it does not penetrate the skin as deeply as UVA or react with
the outer skin layer as vigorously as UVC. lts high reactivity with
macromolecules, coupled with the depth to which it penetrates skin,
makes UVB the most potent portion of the UV spectrum for both
short-term and long-term biological effects. UVA, while possibly not as
dangerous, also causes biological damage (Farmer and Naylor 1996).

Use

Broad-spectrum UVR has many uses as a natural source of energy and
is important in various biological processes. Solar radiation is required
for life. Plants must have sunlight to grow and to produce
carbohydrates and oxygen. Broad-spectrum UVR from solar radiation
helps produce vitamin D in human skin cells. Vitamin D merabolites
promote the absorption of calcium by the intestinal tract; therefore, it
is essential for the growth and development of healthy bones. Brief
exposure to sunlight on a regular basis is sufficient to produce all of
the vitamin D most people need. This vitamin also can be obtained
from dietary sources. Artificial sources of broad-spectrum UVR have
many uses, including tanning, medical diagnosis and treatment, and
promotion of polymerization reactions (e.g., curing of protective
coatings). Sunbeds use artificially produced UVR to enable individuals
to develop a suntan for cosmetic reasons. Originally, sunbeds were
buile with mercury arc lamps, which emitted large quantities of UVB
and UVC. Now, sunbeds and solaria emit mostly UVA (IARC 1992).

Broad-spectrum UVR has both diagnostic and therapeutic uses in
medicine and dentistry. More than 30 disorders now can be treated
through UVA exposure combined with compounds called psoralens
(PUVA therapy). Psoriasis and eczema are the skin diseases most
frequently treated with PUVA therapy. PUVA can also be used with
UVB exposure to treat psoriasis patients who are not good candidates
for systemic therapy with methotrexate or etretinate (Morrison 1992).
In addition, broad-spectrum UVR and, more commonly, UVB are
used with coal-tar creams to treat psoriasis (Reid 1996). UVB also
may be used to convert 7-dehydrocholesterol (provitamin D) to
viamin D in the skin of vitamin D-deficient patients.

SUBSTANCE PROFILES

UVA may be a component of the phototherapy to treat neonatal
jaundice or hyperbilirubinemia. Typically an infanc is irradiated with
visible light for several hours a day, for up to one week; however, the
lamps also may emic UVR, and one commercial neonaral
phototherapy unit was found to emit UVA and shorter wavelengths of
UVR (IARC 1992). UVA has been found to react with melatonin, a
hormone that helps to regulate sleep-wake cycles. Although the
photoproducts of melatonin have not been identified, melatonin has
been predicted to be moderately phototoxic (Kim ez 2l 1999).

Broad-spectrum UVR has many industrial applications. One of its
major industrial uscs is in photopolymerization, including curing of
protective coatings and inks. Broad-spectrum UVR is used to simulate
weathering of various materials, such as polymers. UVR (usually UVC
at 260 to 265 nm) is used to sterilize and disinfect tools and materials.
Other uses include UV photography, UV lasers, and in dental
examinations to detect early denual caries, dental plaque, and calculus

(IARC 1992).
Sources

In the broadest sense, broad-spectrum UVR is formed when
something is heated or when electrons that have been raised 1o an
excited state return to a lower energy level. Broad-spectrum UVR s
naturally emitted by the sun. An estimated two-thirds of the energy
emitted by the sun penetrates the atmosphere. Broad-spectrum UVR
constitutes approximately 5% of the solar radiation that reaches the
earth’s surface (LARC 1992).

Six artificial sources of broad-spectrum UVR have been identified:
incandescent lights, gas discharge lamps, arc lamps, fluorescent lamps,
metal halide lamps, and electrodeless lamps. Incandescent sources
provide visible radiation in a continuous spectrum. Gas discharge lamps
produce visible radiation when an electrical current is passed through a
gas. The type of gas present in the lamp determines the emission
wavelengths; low gas pressures produce narrow bands, whereas higher
pressures produce broad bands. Arc lamps are intense sources of broad-
spectrum UVR and often are used to simulate solar radiation.
Fluorescent lamps emit radiation from a low-pressure mercury discharge,
which. produces a strong emission at 254 nm; this radiation excites the
phosphort-coated lamp to produce fluorescence. Various emission spectra
can be obrained by altering the makeup and thickness of the phosphor
and the glass envelope. In metal halide lamps, metal halide salts are
added to a mercury-vapor discharge lamp, thus creating extra emission
lines. Electrodeless lamps use magnetrons to generate microwave energy,
which then is absorbed by the discharge tube (IARC 1992).

Low-pressure mercury vapor lamps, sunlamps, and black-light lamps
are considered to be low-intensity UVR sources. High-intensity UVR
sources include high-pressure mercury vapor lamps, high-pressure xenon
arc lamps, xenon-mercury arc lamps, plasma torches, and welding arcs.

Sunlamps and sunbeds emit broad-spectrum UVR. Sunbeds now
chiefly emit UVA; however, before the mid 1970s, they morc
commonly emitted UVB and UVC (IARC 1992). Three different
UVA phosphors have been used in sunlamps sold in the United States
since the late 1970s, producing emission spectra that peak at 340,
350, or 366 nm. Two modern sunlamps evaluated by the U.S. Food
and Drug Administration emitted 99.0% and 95.7% UVA; the
remaining radiation was UVB. A ncw high-pressure UVA sunbed
with eighteen 1600-watt filtered arc lamps emitted 99.9% UVA. An
older type of sunlamp, used prior to the late 1970s (UVB/ES type),
emitted 48.7% UVA (Miller ez 4l 1998).

Exposure

The greatest source of human exposure to broad-spectrum UVR is
solar radiation; however, the exposurc varies with geographical
location. Information on global broad-spectrum UVR levels has been
compiled from data gathered for epidemiological studies of skin cancer
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and other health effects, such as premarcure aging of the skin, cawracts,
and suppression of the immune response. Despite the large number of
measurements, estimating human exposure is complex. The UVR
wavelengths to which an individual is exposed vary considerably with
latitude, alitude, time of day, and season. People also vary in cheir
tength of outdoor exposure, the parts of the body they expose, and the
shapes of their bodies. Nevertheless, many studics have estimated
exposure 1o broad-spectrum UVR. Few studices, however, were able o
distinguish between UVA, UVB, and UVC exposure (IARC 1992).

Various factors influence terrestrial levels of UVA (i.e., levels
found at the carth’s surface). UVA levels decrease with increasing
distance from the cquator and increase with increasing alvitude.
Terrestrial UVA levels also are decreased by stratospheric ozone,
which varies with latitude and season. When there is less ozone, more
UVA reaches the earth’s surface. Time of day also influences UVA
levels. Clouds reduce the amount of UVA reaching ground level. Air
pollution, including tropospheric ozone, can decrease UVA exposure,
especially in urban arcas. Surface reflection also contributes to
personal cxposures to UVA and can result in exposure to body parts
that otherwise would be shaded from the sun (IARC 1992).

Terrestrial UVB levels are affected by the same factors as terrestrial
UVA levels; however, since UVB is absorbed more by stratospheric
ozone than is UVA, differences in latitude and altirude affecc UVB
exposure more than UVA exposure. Scasonal changes affect UVB
levels, mostly in temperate regions. Generally, cloud cover scatters less
than 10% of the UVB under a clear sky; however, very heavy cloud
cover virtually climinates UVB, even in the summer. Surface reflection
also contributes to human UVB exposure (IARC 1992).

Commonly used fluorescent sunlamps deliver 0.3 to 1.2 times the
annual UVA dose from the sun to a typical tanner exposed for 20
sessions at 2 minimal erythemal doses (MED) per session (Miller ef 4/,
1998). (The MED is the lowest UVR exposure sufficient to produce
well-defined reddening of the skin within 24 hours of exposure.) A
frequent tanner (100 sessions at 4 MED/session) receives 1.2 1o 4.7
times the annual solar UVA dosc, while the newer high-pressure
sunlamps deliver 12 times the annual solar UVA dose to the frequent
tanner.

Approximately 25 million people in the United States use sunbeds
each year, and one to two million people visit tanning facilities as
often as 100 times per year (Sikes 1998, Swerdlow and Weinstock
1998). Teenagers and young adults are prominent among users. A
1995 U.S. survey found that of commercial tanning salon patrons,
8% were 16 to 19 years old, 42% were 20 to 29 ycars old, and 71%
were female (Swerdlow and Weinstock 1998).

Anyone working outside (such as agriculural, construction, and
road work laborers) is exposed to solar radiation on the job. For a
group of more than 800 ourdoor workers in the United States at 39°
N latitude (the latitude of Philadelphia), personal annual exposure of
the face was estimated at 30 to 200 MED (Rosenthal ez 2/ 1991).
However, this estimate may be low because Rosenthal and colleagues
assumed facial exposure to be only 5% to 10% of ambient exposure,
whereas other data suggested that it could be as high as 20%. Based
on this higher estimate, the annual facial exposure doses for these
outdoor workers would be 80 to 500 MED (IARC 1992).

Occupational exposure to artificial broad-spectrum UVR occurs in
industrial photo processes, principally UV curing of polymer inks,
coatings, and circuit board photoresists; sterilization and disinfection;
quality assurance in the food industry; medical and denral practices;
and welding (IARC 1992). UV lasers, such as those used in cornea
shaping and coronary angioplasty, are another potential source of
occupational exposure, with relative risks that could be comparable to
risks for individuals in outdoor professions (Sterenborg ez 2l 1991).
Electric arc welders are the largest occupational group with exposure
to artificial broad-spectrum UVR. It is cstimated that more than
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500,000 welders in the United States have been occupationally
exposed to broad-spectrum UVR. Occupational exposure to artificial
broad-spectrum UVR depends on both the source of exposure and the
protective methods used to decrease exposure. Some artificial broad-
spectrum UVR sources (such as germicidal lamps in some uscs) are
sclf-contained and present no risk o workers. Other occupational
uses, such as use of UVR in laboratorics, UV photography, and UV
lasers, incvitably lead to broad-spectrum UVR exposure, which may
include intense short-term exposures (IARC 1992).

Regulations

FDA

Performance standards for sunlamps and other devices that emit ultraviolet radiation
have been developed

User instructions and warning labels must accompany sunlamps and other devices
that emit ultraviolet radiation

Guidelines

ACGIH

Threshold limit values {TLVs) have been developed for over 60 different wavelengths
{ranging trom 180 to 400 nm} in the ultraviolet spectrum. In addition to these TLVs,
specific protections for the eye to exposures from UY radiation in the 315 1o 400
nm spectral range also have been developed’

NIOSH

Comprehensive recommendations for standards have been developed that include
various exposure limits, labeling and warning sign requirements, and numerous
work practice requirements’

'See Introduction tor information on where to obtain additional detail on regulations
and recommendations.
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The association of use of sunbeds with cutaneous malignant melanoma
and other skin cancers: A systematic review

The International Agency for Research on Cancer Working Group on artificial uitraviolet (UV) light and skin cancer

Exposure to solar ultraviolet (UV) radiation is a known cause of
skin cancer. Sunbed use represents an increasingly frequent
source of artificial UV exposure in light-skinned populations. To
assess the available evidence of the association between sunbed
use and cutaneous malignant melanoma (melanoma) and other
skin cancers, a systematic review of the literature till March 2006
on epidemiological and biological studies on sunbed use was per-
formed in Pubined, ISI Web of Science, Embase, Pascal, Cochrane
library, Lilacs and Medcarib. Search for keywords in the title and
in the abstract was done systematically and supplemented by man-
ual searches. Only case—control, cohort or cross-sectional studies
were selected. Data were abstracted by means of a standardized
data-collection protocol. Based on 19 informative studies, ever-use
of sunbeds was positively associated with melanoma (summary
relative risk, 1.15; 95% CI, 1.00-1.31), although there was no con-
sistent evidence of a dosc—response relationship. First exposure to
sunbeds before 35 years of age significantly increased the risk of
melanoma, based on 7 informative studies (summary relative risk,
1.75; 95% CI, 1.35-2.26). The summary rclative risk of 3 studies
of squamous cell carcinoma showed an increased risk. For basal
cell carcinoma, the studies did not support an association. The evi-
dence does not support a protective effect of the use of sunbeds
against damage to the skin from subsequent sun exposure. Young
adults should be discouraged from using indoor tanning equip-
ment and restricted access to sunbeds by minors should be
strongly considered.

© 20006 Wiley-Liss, Inc.
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Sun exposure is the main environmental cause of skin cancer,
and ultraviolet (UV) radiation is the solar wavelength |nvolved in
skin cancer, including the malignant cutaneous melanoma.' People
may also be exposed to UV radiation through many artificial sour-
ces at home and in the workplace, with some individuals receiving
high doses. Sources of artificial UV radiation include various lamps
used in medicine, industry, business and research, as well as for
domestic and cosmetic purposes. Sunbeds and sunlamps used for
tanning purposes are the main source of deliberate exposure to arti-
ficial UV radiation.! Although the contexts of sun exposure and
indoor tanning differ, both deliver UV radiation, and their health
effects would therefore be expected to be similar.

UV radiation wavelengths range between 100 and 400 nm and

are broadly categorized into UVA (>315-400 nm), UVB (>280~
315 nm) and UVC (100-280 nm). Modern indoor tanning equip-

ment mainly emits in the UVA range, but a fraction (i.e., <5%) of

this spectrum is in the UVB range.

Before 1990, UVB was usually considered the only carcino-
genic part of the solar spectrum, but since then UVA as well has
been suspected of having carcinogenic potential. In 1992, the
International Agency for Research on Cancer (IARC) classified
UVB and UVA radiation, as well as *“use of sunlamps and sun-
beds,” as “probably carcinogenic to humans" (Group 2A of the
IARC classification of carcinogenic agents).' More recently, the
10th Report on Carcinogens published by the National Toxicology
Program in the USA classified UVA radiation as a “known to be a
human carcinogen. 2 Biological mechanisms by which chronic
sun exposure causes squamous cell cancer (SCC) of the skin have
become better known and chronic exposure to high UVB doses is
now considered as the main environmental cause of that skin
cancer.” Biological mechanisms implicated in basal cell carci-
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noma (BCC) start to be better known. In contrast, we still have
poor knowledge of the UV w.xvelenglh and the dose delivery pat-
tern .ﬂ skin level implicated in the genesis of melanoma and of
BCC.?

Indoor tanning is widely practiced in most developed countries,
particularly in Northern Europe and the USA, and is gammg popu-
larity even in sunny countries such as Australia.” ® The likely
impact of this fashion on skin cancer incidence is of substantial
concern, mainly for cutaneous malignant melanoma (hereafter
melanoma), a cancer of poor prognosis when diagnosed at an
advanced stage.

This paper summarizes a syslematic review of epidemiological
and experimental studies on use of indoor tanning equipment and
skin cancer developed by a Working Group convened by IARC.

UV spectra from sunlight and indoor UV tanning appliances

During a sunny day on the Mediterranean coast, the solar UV
spectrum at noon contains 4-5% UVB and 95-96% UVA. When
UV output of a typical indoor tanning appliance is calculated in
terms of biological activity, as estimated by the erythema-effec-
tive irradiance, the emission of many tanning appliances is equiva-
lent to or exceeds the emission of the midday sun in southern
Europe The UV intensity of powerful tanning appliances may
be 10-15 times higher than that of the midday sun, ¥ leading to
UVA doses per unit of time received by the skin during a typical
tanning session that arc well above those experienced during ordi-
nary daily activities or even during sunbathing. As a result, the an-
nual UVA doses received by frequent indoor tanners may be 1.2—
4.7 tirhes those reccived from the sun, in addition to those received
from the sun.’ This widespread repeated exposure to high doses of
UVA constitutes a new phenomenon for human beings.

Members of the Working Group: Adele Green (Chair), Queensland
Institute of Medical Research, PO Royal Brishane Hospital, Brisbane, QId,
Australia; Philippe Autier, Unit of Epidemiology, Prevention and Screen-
ing, Jules Bordet Institute, Brussels, Belgium (current address is: Interna-
tional Agency for Research on Cancer, Lyon, France); Mathieu Boniol and
Peter Boyle, International Agency for Research on Cancer, Lyon, France;
Jean-Francois Doré, INSERM U590, Centre Léon Bérard, Lyon, France;
Sara Gandini, Division of Biostatistics and Epidemiology, European Insti-
tute of Oncology, Milan, Italy; Julia Newton-Bishop, Cancer Research UK
Genetic Epidemiology Division, St James's University Hospital, Leeds,
UK; Béatrice Secretan* International Agency for Research on Cancer,
Lyon, France; Stephen J Walter, Clinical Epidemiology and Biostatistics,
McMaster University, Hamilton, Ont., Canada; Martin A. Weinstock, Der-
matoepidemiology Unit, VA Medical Center, Providence, and Depart-
ments of Dermatology and Community Health, Brown University, Provi-
dence, Rhode Island; and Johan Westerdahl, Department of Surgery, Lund
Umvcrslty Hospital, Lund, Sweden.

"The device used for tanning may be referred to as sunbed, sunlamp, ar-
tificial UV, artificial light or tanning bed, among other terms. Also, a num-
ber of terms are used to define a place where indoor tanning may occur: so-
larium, tanning salon, tanning parlor, tanning booth, indoor tanning salon,
indoor tanning facility. In addition, indoor tanning may also occur in non-
commercial premises. For the purpose of this report, the term indoor tan-
ning equipment has been used throughout.
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SUNBED USE AND RISK OF MELANOMA AND SKIN CANCERS

In the 1990s, regulations in some countries (¢.g., France, Swe-
den) limited to 1.5% the maximum percentage of UVB in the UV
output of tanning appliances. However, in practice, the UV output
and spectral characteristics (i.e., amounts of UVA, UVB, visible
light and infrared radiation) of tdnning, appliances vary consider-
ably. The propomon of UVB in UV energy output could vary
from 0.5 10 4%.'™'" and may attain an, emission spectrum similar
to the sun spectrum in the UVB range.® Thesc differences are due
to sunbed design (e.g., the numbers and type of fluorescent tubes,
the presence of high pressure UV lamps, the materials composing
filters, the distance from canopy to the skin), sunbed power and
tube ageing.

Biological effects of exposure to artificial UV radiation
relevant to carcinogenesis

A large body of experimental and epidemiological data strongly
indicates that the spectrum ot UV radiation reaching the Earth’s
surface causes skin cancer."''* UVB is a complete carcmogcn
that is absorbed by DNA and can damage DNA directly."?

Evidence of the mutagenic propcmes of UVA in humans has
been found in several studies.”>™'* UVA radiation does cause
UVB-like cyclobutane pyrimidine dimers and 6-4 photoproducts,
albeit with a much lower cfticacy than does UVB radiation. Most
of the DNA damage induced by UVA is indirect, through the
absorption of UVA photons by other cellular structures (chromo-
phores), with formation of reactive oxygen species that can trans—
fer UVA energy to DNA vig mutagenic oxidative intermediates, 15

Skin of human volunteers exposed to UVA lamps used in tan-
ning appliances show DNA damage, p53 mutations induced by
oxidative damage and alterations of the p53 protein similar to
those observed after sun exposure or after exposure of experimen-
tal animals,'®"

UVA penetrates deeper into human skin than does UVB.
Because UVA represents the largest proportion of the UV spec-
trum of tanning appliances and of solar radiation reaching the
Earth’s surface, far more UVA than UVB reaches the basal layers
of the epidermis where melanocytes and early keratinocytic cells
are located.

Both UVA and UVB radiation can affect the i immune response
that may be involved in the promotion of melanoma, 151 but
the 2 types of radiation seem to act differently. 2122 JVB induces
immunosuppression at both the local and sys‘emlc levels, while
UVA does not induce systemic immune suppression.”

To date, evidence obtained from experimental studies on the
involvement of high UVB doses in the causation of SCC is con-
sistent with observations in humans. In contrast, experimental
studies give conflicting results regarding the roles of UVB and
UVA in the induction of melanoma in humans. The same uncer-
tainties hold true for BCC, a type of tumor that shares some epide-
miological characteristics of melanoma.

Experiments carried out in animals cannot reproduce the com-
plex interplay in individuals between highly variable natural sus-
ceptibilities to UV radiation, sun exposure behaviors and exposure
to various sources of UV radiation. During indoor tanning, such
interrelationships may be critical, as users are more inclined than
the average population to engage in outdoor tanning activities,
and indoor tanning sessions often precede or follow active sun ex-
posure or outdoor tanning.

Effects of artificial UV on human skin

Skin redness or burning are reported by 18-55% of users of
indoor tanning equipment in Europe and North America.?
Although UVB is far more potent than UVA in causing sunburn,
high fluxes of UVA are capable of inducing skin redness in indi-
viduals sensitive to sunlight or with only moderate tanning ability.

In individuals who tan easily, exposure to tanning appliances
will lead first to the oxidation of melanin already present in super-
ficial keratinocytic layers of the skin, known as immediate pig-
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ment darkening.”® A more permanent tan is acquired with accu-
mulation of exposure, depending on tanning ability and on the
amount of UVB present in the UV spectrum of the lamps.

Immediate pigment darkening has no photoprotective effect
against UV-induced skin redness or sunburn.” 7 Morcovnr a UVA-
induced permanent tan provides little pholoprolecnon Y and the
skin thickening caused by UVA alfords only very little photopro-
tection.™ Studies in humans show that a prevacation tan induced
.1rtmudll\y oiters virtually no protection against sun-induced DNA
damage.

Exposure to artificial UV for tanning purposes

Few people had used indoor tanning equipment before 1980 but
by the end of the 1990s more than 60% of women and 50% of
men aged 18-50 years in Northem Europe reported having ever
used indoor tanning eqmpment Indeed, prevalence of lndoor
tanning is increasing so rapidly in many countries that current esti-
mates may be outdated rapidly. The most frequent motivations for
indoor tanning are the acquisition of a so-called sale tan and prep-
aration of the skin before sun exposure.”

Use of indoor tanning equipment is more prevalent among
women and among both men and women younger than 335 years.
Earliest studies in Sweden and in the USA tended to find indoor
tanning to be more prevalent among_ adolescenls with fair skin
types who are more prone to sunburn,*~*7 More recent studies in
the USA found cither the opposite™~*° or no association.”’

Few studies have assessed the compliance of indoor tanning facil-
ity operators or consumers with recommendations and regulations.
Overall, information provided by tanning salon operators on health
risks and on duration and frequency of exposure is often incomplete,
and there is a lack of identification of highly sun- sensmve subjects or
of subjects taking photosensitizing medications.™

About 17-35% sunbed users reported that they did not wear eye
protecnon.m" “3 In some surveys, 16% of sunbed users may have
had more than 100 sessions per year,' and most users tend to
exceed the recommended exposure times.

Since 1989, a total of 16 studies (18 reports) have cxamined
prevalence of indoor tanning among children and adolescents
aged B-19 years in Australia, Europe and the USA. 4647 All studies
showed a frequent use by adolescents and children, sometimes at a
very young age. According to the most recent studies, 30% of ado-
lescents in Sweden and 24% of adolescents in the USA aged 13-
19 years reported ever-use of indoor tanning equipment and 8 and
12% respectively were frequent users (10 times per year or more),
In a recent survey in the United Kingdom, while 7% of children
aged 8-11 years reported exposure to a sunbed in the Past 6
months, as many as 48% expressed a desire to use a sunbed.

Epidemiological studies on indoor tanning and skin cancer

As existing animal models of human melanoma are inconsis-
tent, evidence of an association between indoor tanning and skin
cancer must be sought predominantly from epidemiological stud-
ies. Few studies have addressed this topic specifically, but some
studies included 1 or more secondary questions about indoor tan-
ning. We systemalically analyzed the results from the relevant
studies and compiled them in a metaanalysis.

Methods

The methodology used for the literature search is summarized
in Table I. The minimal common information about exposure to
indoor tanning appliances for all studies was “ever exposed.” For
those studies wherem “ever exposed to mdoor tanning appliances
versus never” was not strictly assessed*”"” we used the informa-
tion closest to this category.

Most estimates included all subjects and combined sexes in the
analysis. Some studies presented results separately for women and
men, with no combined data, in which case both estimates were




1118

included. Since the studies used different age categories lor classi-
fying age at first exposure, we considered as “young exposure”
those exposures that started before 35 years of age.

Every measure of association adjusted for the maximum num-
ber of confounding variables, and corresponding confidence inter-

TABLE I_— MF,'I'HO_D USED FOR THE LITERATURE SEARCH

The literature to March 2006 was scarched using the following
databases: Pubmed, 1S Web of Science (Science Citation
Index Expanded), Embase, Pascal, Cochrane library, Lilacs
and Medcearib. The following keywords and their
corresponding French translation were used for search in the
PASCAL database: skin cancer, squamous cell carcinoma,
SCC, basal cell carcinoma, BCC and melanoma for diseases.
To define exposure, the following keywords were used:
sunbed, sunlamp, artificial UV, artificial light, solaria,
solarium, indoor tanning, tanning bed, tanning parlour,
tanning salon and tanning booth.

Scarch for keywords in the title and in the abstract was done
systematically. Manual search was done of references cited in
the sclected articles, and in selected reviews or books on
melanoma and skin cancer. All participants of the working
group were asked to report any additional published or
submitted study. No language restriction was applied.

Primary inclusion criteria were developed for the selection of
relevant articles, which were case—control, cohort or cross-
sectional studics published as an original article. Ecological
studies, case reports, reviews and editorials were not
considered eligible.

The selected articles were reviewed, and data were abstracted by
means of a standardized data-collection protocol. When
another article on the same study was published
simultancously, additional relevant or missing information
was retricved from the companion paper.

IARC WORKING GROUP

val (Cl), was transformed into logarithms of relative risk (log RR)
and the corresponding variance was calculated.™ Where no esti-
mates were reporied, the crude estimates were calculated from
tabular data, using asymptotic Mantel-Haenszel methods to evalu-
ate the 95% CI of the log odds ratio.

The homogeneity of the effects across studies was assessed using
the large sample test based on the x“-test. The summary relative risk
was estimated using random effects models even when heterogeneity
was found to be not statistically significant, in order to be conserva-
tive. Publication bias was investigated by funnel plot regression.™

Studies on melanoma

We identitied 23 studies on use of indoor tanning equipment
and melanoma (Table “).34.49.50.53--73 All studies used the case—
control design, except for | cohort sludy.‘w A case—control study
was considered population-based when cases were derived from a
population-based cancer registry and controls were selected from
the general population. Of these 23 studies, 4 studies were
excluded from the metaanalysis because they did not include esti-
mates of the relative risk for cutaneous melanoma associated with
exposure to tanning appliances,”**>%742

Studies used for the metaanalysis included a total of 7,355
cases. The first study was published in 1981 and the last in 2005.
Fifteen studies were carried out in European countries, 4 of which
in Scandinavian countries, and 2 were in the United States, 1 in
Canada and | in Australia.

Studies on basal cell and squamous cell carcinomas

Nine case-control studies have examined the association
between indoor tanning and cither BCC or SCC of the skin. 7482
All studies reported a risk estimate except one,”* which was there-
tfore excluded. A further 3 studies that did not distinguish between

TABLE Il - CHARACTERISTICS OF THE STUDIES CONSIDERED FOR THE METAANALYSIS ON MELANOMA

Refcrence Couniry Numbcr Relative risk?
- o Cases o Controls
Cohort study
Veicrpd et al. (2003)™ Norway, Sweden 187 106,379" 1.55 (1.04-2.32)
Population-based case—control
studies
Adam er al. (1981) UK 169 207 2.93 (1.16-7.40)
Gallagher ef al. (1986)55 Canada 595 595 :
Holman ef al. (1986)*" Australia 511 511 1.1 (0.6-1.8)
Osterlind et al. (19883-“’ Denmark 474 926 0.73 (0.53-1.01)
Zanetti er al. (1988)% Ttaly 208 416 0.9 (0.4--2,0)
Beitner et al. (1990)%2 Sweden 523 505 3
Walter et al. (1990)%? Canada 583 608 4
Westerdahl et al. (1994)7° Sweden 400 640 1.3 (0.9-1.8)
Holly et al. (1995)%° USA 452 930 0.94 (0.74-1.2)
Chen et al. (1998)%° USA 624 512 1.13 (0.82-1.54)
Walter et al. (1999)%* Canada 583 608 1.54 (1.16-2.05)
Westerdahl ef al. (2000)7 Sweden 571 913 1.2 (0.9-1.6)
Other case-control studies
Klepp and Magnus ;1979)53 Norway 78 131 3
Holly ef al. (1987)° USA 121 139 3
Swerdlow et al. (1988?5“ UK 180 120 2.94 (1.41-6.17)
MacKic e al. (1989)° UK 280 180 1.3 (0.2-7.9) for men;
1.2 (0.5-3.0) for women
Dunn-Lane et al. (1993)% UK 100 100 1.16 (0.54-2.47)
Garbe et al. (1993)% Germany 280 280 1.5 (0.9-2.4)
Auticr er al. (1994;67 Belgium, France, and Germany 420 447 0.97 (0.71-1.32)
Naldi er al. (2000)"’ Italy 542 538 0.78 (0.45-1.37)
Kaskel er al. (2001)*° Germany 271 271 1.00 (0.6-1.8)
Bataille et al. (2004)7? UK 413 416 1.19 (0.84—1.68)
Bataille et al. (2005)* Belgium, France, the Netherlands, 597 622 0.90 (0.71-1.14)

Sweden, UK

ALM, acral lentiginous melanoma; HC, histologically confirmed; LMM, lentigo maligna melanoma; M, melanoma; MM, malignant melanoma;
NM, nodular melanoma; SSM, superficial spreading melanoma.
Cohort size.—Values in parentheses are 95% CI .—>Because no estimate of risk was reported in these studies, we did not include them in the
metaanalysis.—*The study by Walter er al. (1990)°® was reanalyzed in the 1999 publication, We used the relative risk adjusted for potential con-
founders presented in the 1999 publication.
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TABLE IH - METAANALYSIS OF EPIDEMIOLOGICAL. STUDIES ON INDOOR TANNING AND RISK
FOR MELANOMA, SQUAMOUS CELL CARCINOMA AND BASAL CELL CARCINOMA

Heterogeneity”

Exposure Number of Summary relative risk'
studies (p value)

Melanoma

Ever use of indoor tanning equipment 19 115 (1.00-1.31) 0.013

First exposure in youth 7 1.75 (1.35-2.26) 0.55

Exposure distant in time 5 1.49 (0.93-2.38) 0.018

Exposure recent in time 5 1,10 (0.76-1.60) 0.81
Squamous cell carcinoma

Ever use of indoor tanning equipment 3 2.25 (1.08-4.70) 0.10
Basal cell carcinoma

Ever use of indoor tanning equipment 4 1.03 (0.56-1.90) 0.06

"Values in parentheses are 95% Cl.—*y’-test: the degrees of freedom are given by the number of risk

estimates included minus 1.

these 2 major types of skin cancer’>77 were also excluded from

review, leaving 5 studies for consideration.

Relative risk for melanoma

Thirteen of l‘) studies presented positive estimates for “ever”
versus “never” exposed to indoor tanning equipment, but only 4
were statistically significant®**5%6% (Fig "1}, Seven of these stud-
ies reported only crude relative risks, and 1 adjusted for age and
sex only. Results of the metaanalysis are shown in Table III. The
summary estimate indicated a signiﬁcant positive association
between “ever” versus “never” mdoor tanning and melanoma
(RR, 1.15; CI, 1.00-1.31) and the y>-test for heterogeneity was
statistically significant.

To decrease the influence of possible biases, estimates were cal-
culated including only the cohort and the 9 population-based
case—contro! studies. The summary relative risk was very similar
apart from having wider Cls (RR, 1.17; CI, 0.96~1.42). In an anal-
ysis restricted to the 8 studies that adsjusted for confounders related
to sun exposure and sun sensitivity, 1.64.69-7173 the summary
relative risk remained similar to that obtained from all 19 studies,
but the CI widened (RR, 1.19; CI, 0.33—4.30).

Seven studies presented estimates relevant for the evaluation of
“first exposure in youth” versus “never” (Fig. 2). All relative

risks were adjusted for confounders related to sun gxposure or sun
sensitivity, except in the study by Walter er al® A si}mﬁcant
75% increase in risk was detected (Table 1II) and the y -test for
heterogeneity was nonsignificant.

Five studies investigated time since exposure and reported esti-
mates that allowed comparisons between recent and more distant
exposure. 58636769 Metaanalytic estimates were greater for
exposures more distant in time when compared to those for more
recent exposures (Table 11I).

There_was some indication for a dose eiiect relationship in 2
studies,”"" but not in the other two.® But metrics used for
assessing duration were all different and therefore did not permit
metaanalytic synthesis. Only 4 studies explored the role of natural
sensitivity to sunlight on risk associated wnh indoor tanning, and
overall, they found no consistent result.” 7

Type of indoor tanning equipment

No epidemiological study has been able to explore in a rigorous
way amounts of UVA and UVB received by indoor t'mmng users.
The study by Chen er al®® obtained information concerning the

type of sunbed or sunlamp used (e.g., desktop models, floor mod-
els, beds or walk-in booths). This information was obtained by
showing to subjects pictures of various types of sunlamps and sun-
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Studies

Swerdlow et al, 1988
Westerdahl et al., 1994
Chenetal, 1998
Walter et al., 1999
Westerdah! et al., 2000
Veierod et al., 2003

Bataille et al., 2005

Summary relative risk

FiGure 2 — Relative risk for cu-
taneous melanoma associated with
first use of indoor tanning equip-
ment at age <35 years: estimates of
7 studies and summary estimate.

beds. The study found a nonsignificant elevated risk of malignant
melanoma associated with the use of desktop sunlamps and heavy-
weight floor-model sunbeds and a statistically significant tripled
risk associated with use of more than 2 types of sunlamps, com-
pared with no use of sunbeds. The study by Bataille er al.**
reporied no impact of the type of device used on melanoma risk.

The relative risks of melanoma associated with ever-use of
sunbed/sunlamp reported in the studies did not vary with year of
publication or first year of study period, and funnel plot regression
gave no indication of publication bias (ever-use of sunbed/sun-
lamps, p = 0.80; first exposure in youth, p = 0.10). This observa-
tion suggests that the apparent increased risk for ever use and for
age at first use were unlikely to be explained by the earlier types
of indoor tanning appliance used.

Before 1980, exposure to artificial UV radiation was more
likely to take place at home with devices that emitted greater
amounis of UVB radiation, whereas exposure in the 1980s
increasingly occurred in commercial salons using equipment that
emitted mainly UVA. The Norway-Swedish prospective study
provided evidence that the increased melanoma risk associated
with exposure to tanningxappliances was not due to the type of UV
lamps used before 1983.%

Relative risk for squamous cell carcinoma
and basal cell carcinoma
78-82

The metaanalysis was based on the 5 studies reporting type-
specific risk estimates (Table III). Metaanalytic estimates suggested
a significant effect of exposure to indoor tanning appliances for
SCC, but not for BCC. Funnel plot regression gave no indication of
publication bias (» = 0.26 and 0.77 for SCC and BCC, respec-
tively).

The study by Karagas et al.®' gave the most detailed results,
and the trends were consistent with the results reported for mela-
noma. Results were adjusted for sun sensitivity but not for sun ex-
posure, since adjustment for sun exposure did not change the risk
estimates. Depending on age at first use, the risks for BCC and
SCC were found to increase by 10% (OR, 1.1; Cl, 0.9-1.5) and
20% (OR, 1.2; CI, 0.9-1.6) respectively for each decade younger
the person was at first use of indoor tanning equipment.

IARC WORKING GROUP
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Discussion

Investigation of the association between indoor tanning and
skin cancers poses challenging problems, as indoor tanning has
been in widespread use only recently. Based on our knowledge
about the relationship between sun exposure and risk for mela-
noma, it could be stated that associations after long latency peri-
ods, such as would be expected for melanoma and BCC, may not
be detectable yet. Also, since the fashion of indoor tanning has
been increasing steadily, the failure to distinguish between distant
and recent exposures in most epidemiological studies may mask
an actual increase in risk with exposure early in life.

Our systematic review of published studies mainly from Europe
and North America of the association of use of indoor tanning
equipment with skin cancers revealed an association of age at first
use of less than 35 years with melanoma risk. These studies consis-
tently indicated a moderate strength of association, with a summary
relative risk of 1.75 (1.35-2.26). This result suggests a greater vul-
nerability of younger people to the carcinogenic impact of indoor
tanning. Also, it is in agreement with the knowledge that age at ex-
posure may influence the relative risk for skin cancer associated
with UV exposure, and that exposure to sunlight in childhood is an
important contributing factor for melanoma risk in adults 348

The association with ever-use of such equipment, or use more
than 15-20 years prior to diagnosis of melanoma, was weak, and
evidence regarding a dose—response relationship was scant. The
evidence is limited by concems over characterization of exposure
and recall of exposure by individuals, potential confounding by
sun exposure or other variables and the low power to detect asso-
ciations that become evident only following a prolonged lag pe-
riod after exposure. Our results are similar to a previous metaanal-
ysis,”> but our systematic review is more exhaustive and included
more studies.

In Scandinavian countries use of indoor tanning equipment has
been popular since the late 1970s and the prevalence of use in
those countries is the highest in the world. In the Norwegian—
Swedish prospective study the highest risk for melanoma was
found in women who used indoor tanning equipment at least once
per month when they were 20-29 years old. These results support
the hypothesis that a certain lag period is needed before the impact
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of exposure to tanning appliances on melanoma incidence
becomes apparent. It also underlines the greater vulnerability of
younger subjects to harmful eftects of indoor tanning.

The positive association between use of indoor tanning equip-
ment and melanoma risk reported here is consistent with the
knowledge that melanoma is caused primarily by exposure 10 solar
radiation. The limited evidence for a positive association between
indoor tanning and SCC is consistent with its known dependence
on dose of UV radiation to the skin. Thus the biological plausibii-
ity of a causal association between indoor tanning and risk for
melanoma and SCC is strong.

On balance, the evidence pertaining to the strength, consistency,
dose—response and temporal sequence of the association of the use
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of indoor tanning equipment with melanoma risk, and of the coher-
ence and biologic plausibility of the association, leads us to conclude
that there is convincing evidence to support a causal relationship,
particularly with exposure before the age of 35 years. This evidence
is strongly suggestive and further studies could clarify our under-
standing ol this association and allow more definitive conclusions.

We are cognizant of the importance of this issue for the health
of light-skinned populations. The strength of the existing evidence
suggests that policy makers should strongly consider enacting
measures such as restricting minors and discouraging young adults
from using indoor tanning equipment, in order to protect the gen-
eral population from additional risk for melanoma and squamous
cell skin cancer.
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Risk of cutaneous malignant melanoma in relation to
use of sunbeds: further evidence for UV-A
carcinogenicity.

Westerdahl J, Ingvar C, Masbick A, Jonsson N, Olsson H.

Department of Surgery, University Hospital, Lund, Sweden.

In a population-based, matched, case-control study from southern Sweden of 571
patients with a first diagnosis of cutaneous malignant melanoma and 913 healthy
controls aged 16-80 years, the association between sunbed use and malignant
melanoma was evaluated. A total of 250 (44%) cases and 372 (41%) controls reported
ever having used sunbeds. A significantly elevated odds ratio for developing
malignant melanoma after regular exposure to sunbeds was found, adjusted for hair
colour, raised naevi, skin type and number of sunburns (odds ratio (OR) 1.8, 95%
confidence interval (CI) 1.2-2.7). A dose-response relationship between total number
of sunbed uses and melanoma risk was only found up to the level of 250 times. The
OR was higher in individuals younger than age 36 years (adjusted OR 8.1, 95% CI
1.3-49.5 for regular vs. never use). The association seemed to be true only for subjects
with black/dark brown or light brown hair and among females. Lesions of the
extremities showed the strongest association of increased risk with sunbed use. An
increased risk was related to commercial exposure and to exposure during the winter.
The results substantiate the hypothesis that exposure to sunbeds might increase the
risk of developing malignant melanoma.
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Executive Summary

In line with several leading international organisations, there is growing concern
about the Australian solarium industry among the state Cancer Councils and
other health agencies, due to increased patronage of solaria and the associated
risk of skin cancer. Following a recent intense period of media attention on this
issue in Australia, this report has been generated to investigate the health effects
of solaria use and to estimate the costs and benefits to the Commonwealth
Government should they decide to fortify existing regulatory controls of the
industry.

The actual size of the solaria industry is unknown and difficult to quantify though
recent audits have shown that solarium businesses have at least quadrupled
since 1992 and that Victoria has seen the largest growth. Compared to the
situation outside Australia, the prevalence and frequency of the general
population’s usage of solaria is fairly low (approximately 0.6-3.0%). However, the
prevalence of use among adolescents and females is higher with one study
showing 12% of NSW school children had used solaria. At this time, we know
little about the change of solarium usage over time, or of consumer patterns and
predictors of use. However, the increased supply of these services is partly
reflected in their increased demand. Studies indicate that the level of compliance
with the Australian/New Zealand Standard on Solaria for Cosmetic Purposes
(AS/NZS 2635:2002) within the market is poor to many behavioural elements of
the Standard, including prohibiting individuals with skin type i, obtaining parental
consent for youths under 18 years and obtaining consent from every consumer
prior in regard to use. Compliance with the technical elements of the Standard is
unknown (i.e., sunlamp emission intensity, replacement of ageing lamps, operator
training levels). Based on overseas trends, the level of ultraviolet (UV) emissions
in the UVB waveband from sunbeds is likely to be in the range of 4-6% of the
total UV emissions from the sunbed, or similar to that of solar UVB.

Ultraviolet radiation (UVR) is the principal causative factor of malignant
melanoma and keratinocytic skin cancers. Both UVB and UVA wavelengths are
classified as carcinogenic to humans by world health authorities. Australia has
among the highest ambient UVR levels in the world with most States having more
intense UVR in winter than in a European summer. Australia also has the highest
rates of skin cancer in the world with over 9,500 new cases of melanoma
diagnosed in 2003. Melanoma incidence has increased rapidly by approximately
40% from 1993-2003, the highest increase of any cancer in Australia. The
change in the incidence of keratinocytic skin cancers since 2002 is unknown, but
is also likely to have increased. Skin cancer is the most expensive cancer to treat
in Australia and costs are continuing to rise rapidly in real terms. The known
treatment costs to the Government are likely to be a fraction of all costs for the
treatment of sun-damaged skin through Medicare Australia.

It is of particular concern that the additive effect of Australians using artificial UVR
against already intense levels of solar UVR (i.e., ‘photoaddition’) will mean that
the existing high burden of skin cancer will increase. There is compelling
evidence that individuals who use artificial indoor tanning devices will increase
their risk of skin cancer. Results from a meta-analysis of 21 studies investigating
the association between solarium use and risk of skin cancer show an increased




risk for developing melanoma (by 22%) and squamous cell carcinoma (by 78%),
an increased risk of melanoma for first users under 35 years (by 98%) and for
women (by 71%). The risk also appears to be increased for basal cell
carcinomas (18%), although these latter findings were inconclusive.

Using a crude mathematical model combining data parameters for solar and
artificial UVR doses, population prevalence of indoor and outdoor tanning, and
melanoma mortality and incidence figures, we estimated that currently the
number of new cases of melanoma attributable to indoor tanning devices is in the
range of 12-62 per year. In terms of mortality, less than 1% of all UVR-caused
melanoma deaths would be attributable to solarium use (or approximately 1-7
melanoma deaths) each year.

A decision-analytic model was created to project the future cost and health
effects comparing current solaria practice with enforcing solarium regulations,
based on the current Standard, thereby effectively restricting youths under 15
years and prohibiting persons with skin type |. The health effects were measured
in terms of new cases of melanomas and squamous cell carcinomas (SCCs), life
years gained and life years lost due to premature melanoma mortality. The costs
were limited to those incurred by Medicare Australia for the diagnosis, treatment
and care of individuals with skin cancers.

If the Government were to regulate the industry, we estimate that around 20-35
melanomas and 240-320 SCCs would be avoided and 35 life years gained per
100,000 persons. The corresponding cost-savings generated from avoided
health care costs are expected to be approximately $300,000 per 100,000
persons. For all young Australians, we could expect that over their lifetime, over
1,000 melanomas and 12,000 SCCs would be avoided and at least $12.2 million
would be saved. These estimations are sensitive to the relative risk estimates for
skin cancers and solarium use and discount rates.

In summary, there are strong arguments for government intervention in the
solarium market to ensure that heaith risks are minimised and solaria practices
are monitored. There is clear evidence that solarium users are increasing their
risk of skin cancer. Reports indicate that there is market failure in this industry as
operators are unaware of and/or failing to comply with the voluntary code of
practice which aims to minimize these increased health risks. Given the huge
burden imposed by skin cancer in Australia now, growth in the solaria industry will
inflate this human and economic burden in years to come. Resuits from a cost-
effectiveness analysis suggest that by enforcing solaria regulations the
government can expect favourable cost and health benefits.




A Prospective Study of Pigmentation, Sun Exposure, and
Risk of Cutaneous Malignant Melanoma in Women

Marit Bragelien Veierpd, Elisabete Weiderpass, Magnus Thorn, Johan Hansson,

Eiliv Lund, Bruce Armstrong, Hans-Olov Adami

Background: Although sun exposure is an established cause
of cutaneous malignant melanoma, possible interactions with
host factors remain incompletely understood. Here we re-
port the first results from a large prospective cohort study of
pigmentation factors and sun exposure in relation to mela-
noma risk. Methods: The Women’s Lifestyle and Health Co-
hort Study included 106 379 women from Norway and Swe-
den who were aged 30-50 years in 1991 or.1992 when they
completed an extensive questionnaire on personal character-
istics and exposures. Linkages to national registries ensured
complete follow-up through December 31, 1999. Poisson re-
gression models were used to estimate relative risks (RRs).
All statistical tests were two-sided. Results: During an aver-
age follow-up of 8.1 years, 187 cases of melanoma were di-
agnosed. -—B&Mﬂ‘mﬂfﬁﬂsﬂsﬂlﬂ-ﬁmﬁmﬂl&aL
-~ socia c easing body surface area (RR for =1.79 m?
versus <1.61 m? = 1.60, 95% confidence interval [CI] = 1.03
to 2.48; P,,..4 = .02), number of large asymmetric nevi on the
_legs (RR for =7 nevi versus 0 nevi = 5.29, 95% CI = 2.33 to
12.01; Py .nq<.001), hair color (RR for red versus dark
brown or black = 4. % CI = 2.11 to 7.76; Py, n4<-001),

sunburns per year at ages 10-19, 20-29, and 30-39 years
(Peena< 001, Py, g = .03, and P, , = .05, respectively), and |

use of g ggxlce that emits artificial light (solanum) one or
] ; mon : ]

& ORI .

ever, nt may be too earfto see the full etfect of a ult expo-
sures in this cohort. [J Natl Cancer Inst 2003;95:1530-8]

Cutaneous malignant melanoma (hereafter called melanoma)
imposes a considerable public health burden. The incidence of
melanoma varies more than 150-fold around the world, with the
highest rates occurring among white or predominantly white
populations in Australia, New Zealand, North America, and
northern Europe (/). Rates of melanoma in Norway and Sweden
have more than tripled since 1958-1962, the first years that
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reliable information was available from cancer registries; rates
are now higher there than they are elsewhere in Europe (2) and
are predicted to increase (3).

Although sun exposure is the major established risk factor for
melanoma (4,5), geographic differences in melanoma incidence
cannot be attributed solely to differences in the intensity of solar
exposure. Within Europe, for example, the incidence of mela-
noma is higher at northern latitudes, which generally have lower
solar intensities, than at southern latitudes, which generally have
higher solar intensities (2), although in both Norway and Swe-
den, an inverse relationship between melanoma incidence and
latitude has been noted (6,7). Hence, the effect of UV light on
melanoma risk may be strongly modified by other factors, such
as differences in sun sensitivity and the nature of the exposure to
the sun (8).

A number of studies have examined factors that influence the
association between sun exposure and the risk of melanoma. An
intermittent pattern of sun exposure, which is typically assessed
by measures of sun-intensive activities, such as outdoor recre-
ation or vacations, is associated with increased risk of melanoma

(9). In addition, many studies (4,5,9,/0) have reported that sun-

% | burn, which is an indicator of an intermittent pattern of sun
2um

exposure, is positively associated with the risk of melanoma.
Results of many studies have suggested that childhood is a criti-
cal period for sun exposure {9), and ecologic studies have shown
more consistent associations than case—control studies between
childhood sun exposure and melanoma risk (/7). Host factors
such as eye color, hair color, skin color, the pumber of nevi, and
skin reaction to chronic and agute sun exposure have also been
associated with the risk of melanoma (4,12).

Most of what is known about the association between sun
exposure and melanoma risk comes from results of case~control
studies. The Nurses' Health Study is, as far as we know, the only
cohort study to examine the association between sun exposure
and malignant melanoma; however, a case—control design within
the cohort was used in these analyses (13,14). Case—control
studies are limited by the potential for differential bias in recall
of sun exposure between case patients and control subjects
(15,16). Prospective cohort studies can overcome such limita-
tions because the exposure information is collected prior to dis-
ease occurrence. Here we report the first results from the Nor-
wegian—Swedish Women’s Lifestyle and Health Cohort Study,
which was initiated in 1991. This study is the first prospective
cohort study, to our knowledge, to examine the associations
between pigmentation factors and sun exposure and the risk of
malignant melanoma,

SuBJECTS AND METHODS

Study Population

For practical reasons, women were enrolled in the Norwegi-
an—Swedish Women’s Lifestyle and Health Cohort Study in
" both 199Tand 1992. In Norway, a nationwide random sample of
100000 women who were born between 1943 and 1957 (i.e.,
aged 34-49 years at inclusion) was drawn from the National
Population Register at Statistics Norway (Oslo, Norway). In
Sweden, a random sample of 96000 women who were bomn
between 1943 and 1962 (i.e., aged 30-50 years at inclusion) and
were residing in the Uppsala Health Care Region (which com-
prises about one-sixth of the Swedish population) was drawn
from the National Population Register at Statistics Sweden
(Stockholm, Sweden).

Journal of the National Cancer Institute, Vol. 95, No. 20, October 15, 2003

All women received a letter inviting them to participate in the
study. The letter also requested that they provide written in-

formed consent and contained a comprehensive guestionnaire

that was to be completed and returned in a prepaid envelope.
ldentical questions relevant to the analysis presented here were
included in the questionnaires sent fo womep in the two coun-
“tries. The study was approved by the Data Inspection Boards in
both countries and by the regional Ethical Committees, and all
women gave written informed consent to participate.

Host Factors and Expesure Information

In the questionnaires, study participants were asked to cat-
egorize their natural hair color (dark brown/black, brown, blond,
or red) and their eye color (brown, gray/green, or blue) and to
categorize the number of asymmetric nevi larger than 5 mm on
their legs from toes to groin (0, 1, 2-3, 4-6, 7-12, 13-24, or =25
nevi). A brochure that was included with the questionnaire pro-
vided color pictures with three examples of asymmetric nevi.

Participants recorded their sun sensitivity according to their
reactions to both acute and chronic exposure to the sun. Regard-
ing acute sun exposure, the questionnaire asked the women to
choose from among four categories to describe how their skin~
reacts to heavy sun exposure at the beginning of the summer: the

;&%WMM, the skin turns red,
the skin turns red with pain, or the skin turns red with pain and
blisters. The women were asked to describe how their skin reacts
to long-lasting or chronic sun exposure according to four cat-
egories: the skin turns deep brown, brown, or light brown, or the
skin never turns brown,

Participants were asked to report their histories of sunbum

and sunbathing vacations and on the frequency of their use of a
solarium (i.e., a sun bed or a sunlamp that emits artificial UV

S@o«?"‘

<
Ov

light) when they were aged 10-19, 20-29, 30-39, or 40-49 )

years. For each age period, the ici

A
the number of times per year she had been burned by the sun so S\b\“\\w,
@ /

Mat it resulted in pain or blisters that subsequently
peeled by choosing from among five categories: never, one time
per year at most, two or three times per year, four or five times
per year, or six or more times per year. Participants repo; e
average number of weeks per year spent on sunbathing vacations
in southern latitudes (typically southern Europe, e.g., Spain or
Greece) or within Norway or Sweden for each age period by
choosing from among five categories: never, 1 week per year,
2-3 weeks per year, 4-6 weeks per year, or =7 weeks per year.
MMMMWW@FE
_age period by choosing from among six categofies: neyer, rare Y,
one time per month, two times per month, three or four times per
month, or more than one time per week. The questionnaires also
contained questions about the participant’s current height and
weight, current and past contraceptive use, reproductive history,
prevalent diseases, and lifestyle.

Follow-up and Endpoints

Start of follow-up was defined as the date of receipt of the
returned questionnaire. Person-years were calculated from the
start of follow-up to the date of diagnosis of primary melanoma,
to the date of emigration or death, or to the end of follow-up
(December 31, 1999), whichever occurred first. Each resident of
Norway and Sweden is assigned a unique national registration
number that includes the person’s date of birth; those registra-
tion numbers are entered into the nationwide databases that were
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used in this study. By linkage of cohort data to the national

cancer registries in Norway and Sweden, this national registra-
tion number allowed us to identify cancer cases. Information on
death and emigration was gathered by linkage to Statistics Nor-
way and Statistics Sweden,

A total of 57584 (57.6%) of the Norwegian women and
49259 (51.3%) of the Swedish women returned completed ques-
tionnaires; the overall response rate was 54.5%. We excluded
four women because of the lack of vital status information in the
available register files, 18 women who had emigrated or died
before the start of follow-up, 198 women who did not adequately
answer the questions regarding sun exposure or personal char-
acteristics (i.e., sun sensitivity of skin, hair color, eye color, and
number of asymmetric nevi), and 244 women who were diag-
nosed with melanoma prior to the start of follow-up.

Statistical Analysis

Participants’ geographic regions of residence were defined
according to four categories: the southern region of Norway, the

middle region of Norway, the northern region of Norway, and |

the Uppsala Health Care Region in Sweden. The latitudes of the
population center of mass within each Norwegian county, which
were provided by the Norwegian Mapping Authority, together
with the observed number of melanoma cases in those counties,
formed the basis for our definitions of the three Norwegian
regions, The southern region of Norway includes Vest-Agder,
Aust-Agder, Rogaland, Vestfold, @stfold, and Telemark coun-
ties, with population centers of mass located at 58°24'--59°31'
N; the middle region of Norway includes Oslo, Akershus, Bus-
kerud, Hordaland, Oppland, Hedmark, and Sogn og Fjordane
counties, with population centers of mass located at 59°58'-
61°30’ N; the northern region of Norway includes Mgre og
Romsdal, Ser-Trgndelag, Nord-Trgndelag, Nordland, Troms,
and Finnmark counties, with population centers of mass located
at 62°44'~70°22" N, The Uppsala Health Care Region in Swe-
den has the population center of mass located at 59°86’' N

Body surface area was calculated according to the formula (] 7)
weight™*? x height®’®® x 71.84 and categorized by quartiles.
We combined the upper two categories of the variables concern-
ing acute and chronic exposures to sun because of the small
numbers in each category and analyzed nevus counts in three
categories: 0, 1, 2-6, and =7 (only two categories, 0 and =1,
were used when testing interaction effects). In the age period-
specific analyses of sunburns, sunbathing vacations, and so-

larium use, we combined the upper categories of these variables

because of small numbers. For each of the variables (sunbums,
sunbathing vacations, and solarium use), new variables were
constructed to combine the exposure during the three age peri-
ods that were recorded for all women (i.e., 10-19, 20-29, 30-39
years).

We used Poisson regression analysis to estimate the associa-
tion between sun exposure or personal characteristics and the
risk of melanoma. The statistical significance of independent
variables and interaction effects was tested by using the likeli-
hood ratio test. We tested for trends across categories of vari-
ables by assigning equally spaced values (e.g., 1, 2, 3, or 4) to
the categories and treating the variables as continuous variables
in the Poisson regression analysis. All analyses were adjusted for
attained age (i.e., age at study entry plus the duration of follow-
up), which was categorized by 5-year intervals (for analyses of
women aged 40 years or older, we used only two age categories,
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<50 years and 50-60 years), and all multivariable models also
included geographic region of residence. The analyses of per-
sonal characteristics included mutual adjustments for statisti-
cally significant variables. The multivariable models used in the
analyses of sunburn, sunbathing vacations, and use of a solarium
included hair color. In addition, each age-specific model for use
of a solarium included the corresponding numbers of age-
specific sunburns and sunbathing vacations. Results are pre-
sented as relative risks (RRs) with 95% confidence intervals
(Cls). All P values are two-sided, and a 5% level of statistical
significance was used.

RESULTS

The final study sample consisted of 106379 Norwegian and
Swedish women. During an average 8.1 years of follow-up (me-
“dian = 8.3 years, range = 0.01-8.6 years) corresponding to
866 668 person-years of observation, 187 incident cases of mela-
‘noma were reported to the Cancer Registries in Norway and
‘Sweden. These incident cases occurred among 183 women for
whom melanoma was their first cancer diagnosis and four
women for whom melanoma was their second cancer diagnosis.
All incident cancer cases were histopathologically confirmed as
invasive melanoma. Characteristics of the study cohort and of
the incident cases of malignant melanoma and their frequencies

are summarized in Table 1. Melanomas on the lawer limbs were_
observed mogt frequently, followed by melanomas on the trunk.

Classification of subtypes was less frequently performed in Swe-
den than in Norway. Seventy-one percent of the Norwegian cases
were classified as superficial spreading melanoma (Table 1).
Table 2 summarizes the associations between personal char-
acteristics and the risk of melanoma. Calculated body surface
Larea was positively associated with the risk of melanoma (P ong
= ,02), as was hair color (Py.,q<.001). Compared with women
who had dark brown or black hair, women with blond hair had
an_approximately twofold higher risk of melanoma, whereas
women with red hair had an approximately “fourfold hj, higher her risk.
Eye color was not associated with melanoma risk. We also found
no_statistically significant association between tanmng of the
skin after heavy or repeate a-
noma, although an indication of a trend was seen for skin color

after repeated sun_exposure. The numbe metric
redictor of melanoma risk: women

wnth seven or more nevi had an approximately fivefold higher higher
risk of melanoma than women with 110 neVi (Pg,,4<.001). Mu-~
tual adjustment for all statistically significant variables listed in
Table 2 did not appreciably change any of the multivariable
relative risks presented in the table (data not shown).

Risks of melanoma increased with increasing numbers of
sunburns women reported having during the second, third, and
fourth decade of life (Table 3). The estimated risk of melanoma
“was est for women who reported having sunburns during
adolescence (i.e., the 10-19-year age period), whereas no asso-
ciation between risk and sunburns during the fifth decade of life
(i.e., the 40-49-year age period) was observed. Next, we com-
bined the information about the number of sunbums at ages
10-19, 20-29, and 30-39 years into one new variable. Women
who had one or no sunburns per year during these three periods
were used as the reference category. The other categories were
sunburns two or more times per year during the adult years (i.e.,
20-29 years and/or 30-39 years), sunbums two or more times
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Table 1. Characteristics of participants in the Norwegian-Swedish Women's Lifestyle and Health Cohort Study and of the incident cascs
of cutaneous malignant melanoma during follow-up from 1991-1992 through 1999

Norway Sweden Total

Characteristics {n = 57311)* {n = 49 068)* (N = 106 379)*
Mean age at study entry, y (range) 41.1 (3449) 39.6 (30-50) 40.4 (30-50)
Person-years of follow-up 468982 397686 866 668
Number of incident cases of melanoma 121 66 187
Mean age at diagnosis of melanoma, y (range) 45.7 (35.4-54.0) 45.3 (31.9-57.5) 45.6 (31.9-57.5)
Site of melanoma. No. (%)

Trunk 32(26) 19 (29) 5127)

Upper limb 12 (10) 10 (15) 22(12)

Lower limb 60 (50) 29 (44) 89 (48)

Othert 17 (14) 8(12) 25(13)
Histologic type of melanoma, No. (%)

Superficial spreading melanoma 86 (71) 5(8) 91 (49)

Nodular melanoma 16 (13) 2(3) 18(10)

Lentigo malignant melanoma 2(2) 0(0) 2(1)

Malignant melanoma, not otherwise specified 17 (14) 59 (89) 76 (41)
Body surface area in m*f, No. (%) (n = 103333)

<1.61 13985 (25) 11696 (25) 25 681 (25)

1.62-1.69 13929 (25) 11680(25) 25609 (25)

1.70~1.78 14 361 (26) 11 802 (25) 26 163 (25)

>1.79 13896 (25) 11984 (25) 25 880 (25)
Skin color after heavy sun exposure in the beginning of the summer, No. (%) (n = 105 595)

Brown 14 856 (26) 11532 (24) 26 388 (25)

Red 27 584 (49) 23243 (48) 50827 (48)

Red with pain 11 342 (20) 11421 (23) 22763 (22)

Red with pain and blisters 2999 (5) 2618 (5) 5617 (5)
Skin color after repeated sun exposure, No. (%) (n = 103312)

Deep brown 8797 (16) 7979 (16) 16 776 (16)

Brown 311394 (58) 30029 (62) 61423(59)

Light brown 13453 (25) 10 129 (21) 23582(23)

Never brown 900 (2) 631 (1) 1531 (1)
Hair color, No. (%) (n = 103027)

Dark brown, black 9348 (17) 13813(29) 23 161 (23)

Brown 21500(39) 20939 (43) 42439 (41)

Blond 22241 (41) 12 185 (25) 34426 (33)

Red 1495 (3) 1506 (3) 3001 (3)
Eye color, No. (%) (n = 102710)

Brown 6345 (12) 6738 (14) 13083 (13)

Gray, green, or mix 21062 (39) 17 130 (36) 38192 (37)

Blue 27 170 (50) 24 265 (50) 51435 (50)
Total No. of asymmetric nevi >5 mm on legs, No. (%) (n = 100980)

0 47704 (89) 38997 (82) 86701 (86)

] 3438 (6) 4842 (10) 8280 (8)

2-3 1595 (3) 2424 (5) 4019 (4)

46 416 (1) 713 2) 1129 (1)

27 324()) 527(1) 851 (1)

*Because of missing values, the number of women will differ in the presentation of personal characteristics below. The total number of women (n) is presented

for each personal characteristic.
tHead/neck and skin unspecified.

{Calculated according 1o the following formula (/7); weight™*?* x height®" x 71.84.

per year during adolescence (i.e., 10-19 years), and sunburns
two or more times per year during all three age decades (i.e.,
10-19, 20-29, and 30-39 years). We observed increased risk of
melanoma for the upper two categories of this new variable and
a statistically significant positive trend (Table 3). Collapsing the
upper three categories into one gave a multivariable relative risk
of 1.70 (95% CI = 1.23t0 2.34; P = .002) for sunburns two or
more times per year for at least one of the three age decades as
compared with a maximum of one sunburmn per year in all three
decades. No statistically significant interaction was found be-
tween this dichotomous sunbumn variable and the number of nevi
on the legs (P = .84).
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We found suggestive evidence for ciation _between
increasing risk of melanoma and increasing number of weeks
women spent on sunbathing vacations at ages 30-39 years
(Table 4). Although most of the point estimates and all of the
trends pertaining to this association were not statistically signifi-
cant, we consistently observed a risk increase of approximately
60%-70% for the highest compared with the lowest exposure
category for women who took sunbathing vacations between the
ages of 10 and 39 years. Increased risk, albeit not statistically
significant and with no appreciable trend, was also observed
when information on sunbathing vacations from these three de-
cades of life was combined into a new variable in a way analo-
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Table 2. Relative risks (RRs) and 95% confidence intervals (Cls) of cutancous malignant melanoma according to personal characteristics®

Characteristic No. of cases  Age-adjusted RR (95% CI)  Multivariable RRt (95% CI)
Body surface arca, m?t (n = 103333)
<1.61 32 1.00 (referent) 1.00 (referent)
1.62-1.69 44 1.38 (0.87t02.17) 1.37 (0.87 10 2.17)
1.70-1.78 57 1.74 (1.13 10 2.68) 1.73 (1.12 10 2.66)
>1.79 52 1.60 (1.03 to 2.49) 1.60(1.03102.48) .-. .
Poona = 02 P =02 i
Skin color after heavy sun exposure at the beginning of summer (n = 105 595)
Brown 36 1.00 (referent) 1.00 (referent)
Red 100 1.45(0.99 10 2.12) 1.45 (0.99 10 2.13)
Red with pain/red with pain and blisters 51 1.34 (0.88 to 2.06) 1.36 (0.89 t0 2.08)
Pieng = 21 Piena = 19
Skin color after repeated sun exposure (n = 103 312)
Deep brown 21 1.00 (referent) 1.0Q (referent)
Brown 107 1.39 (0.87 10 2.22) 1.40 (0.87 10 2.23)
Light brown/never brown 51 1.62 (0.97 10 2.69) 1.60 (0.96 10 2.67)
Piona = 07 Puena = 07
Hair color (n = 103027)
Dark brown, black 26 1.00 (referent) 1.00 (referent)
Brown 57 1.18 (0.74 to 1.88) 1.16 (0.73t0 1.84) o an.
Blond 82 2.10(1.3510 3.26) 1.96 (1.25103.07) 59
Red 14 4.13(2.16t0 7.51) 4.05(2.11t0 7.76)
Prrena<.001 Prena<001
Eye color (n = 102710)
Brown 18 1.00 (referent) 1.00 (referent)
Gray, green, or mix 63 1.18 (0.70 10 1.99) 1.15 (0.68 10 1.94)
Blue 97 1.36 (0.82 to 2.25) 1.33 (0.80 t0 2.20)
Pueng = 17 Prena = 19
Total No. of asymmetric nevi >5 mm on legs (n = 100 980)
4] 128 1.00 (referent) 1.00 (referent)
1 26 2.15(1.41103.28) 2.29 (1.50 10 3.49)
2-6 16 2.14 (1.27 10 3.60) 2.30(1.36 to 3.87)
=7 6 4.92(2.1710 11.15) 5.29(2.33 10 12.01)

Piena<-001

Pena<.001

*Poisson regression analysis. All statistical tests were two-sided.
tMultivariable models included attained age and region of residence.

tCalculated according to the following formula (17): weight™*?* x height®"> x 71.84.

gous to that described above for sunburns (Table 4). Collapsing
the upper three categories of this new variable gave a multivari-
able relative risk of 1.51 (95% CI = 0.95 t0 2.40; P = .07) for
sunbathing vacations one or more weeks per year in at least one
of the three age decades as compared with never going on sun-
bathing vacations in any of the three decades. No statistically
significant interaction was found between this dichotomous vari-
able for sunbathing vacations and the number of nevi on the legs
(P = .58).

v s We had limited power to examine the association between the
é{y" use of a solarium during adolescence and melanoma risk be-

The multivariable models in Tables 35 include hair color as
a measure of sun sensitivity. Additional adjustment for skin
color after repeated sun exposure gave similar results and did not

affect the conclusions (data not shown).

Di1scussION

Results of our prospective analysis suggest that hair color, the

number of large asymmetric nevi on the legs, and body surface

area are important personal characteristics that contribute to the

risk of melanoma. The numbe: sunburn impor-

_cause only 2% of the women in the study reported having such
exposure, However, we found that compared with women who
never used a solarium at ages 20-29 years, women who reported

_using a solarium once or more per month during that age period
had a relative risk of melanoma of 2.58 (95% CI = 1.48 to 4.50;"
Picna = .006) (Table 5). Use of a solarium at ages 30-39 years
and 40-49 years also appeared to be associated with a risk,
although not a statistically significantly increased risk, of mela-
noma (Table 5). In a multivariable analysis of the combined
variable for solarium use during the 10-39-year age period,
women who used a solarium one or more times per month in at
least one of the three decades between ages 10 and 39 had a
statistically significantly higher risk of melanoma than women
who had never or rarely used a solarium during those three
decades (RR = 1.55,95% Cl = 1.04 t0 2.32; P = .04) (Table 5).
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tant predictor of melanoma risk, and the strongest effects were

associated with the number of sunburns women experienced
during adolescence; there was similar, albeit weaker, evidence
association between the number of sunbathing vacations

%

taken in Norway, Sweden, or more southern latitudes and mefa-
noma risk. Using a_solarium one or more times per month,

patticularly during the 20-29-year age period, adjusted for num-
bers of sunburns and sunbathing vacations, was statistically sig-

nificantly associated with melanoma risk.

"The incidence of melanoma observed in our study was higher
among the Norwegian women than among the Swedish women.
The crude incidence rates of melanoma, which we calculated
from the data presented in Table 1, were 25.8 cases per 100000
person-years of follow-up for the Norwegian women and 16.6
cases per 100000 person-years of follow-up for the Swedish
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Table 3. Relative risks (RRs) and 95% confidence intervals (Cls)

of cutancous malignant melanoma according to annual number of

sunburns during different age periods*

Frequencies,

Age period and number of sunburns No. (%) No. of cases Age-adjusted RR (95% CI) Multivariable RRt (95% CI)
10-19 years (n = 95472)
0 21747 (23) 22 1.00 (referent) 1.00 (referent)
<|/year 52452 (55) 94 1.80 (1.13 10 2.86) 1.64 (1.03 to 2.62)
>2/year 21273 (22) 55 2.70 (1.65 to 4.44) 2.42 (1.46 t0 4.02)
Prcna<.001 Pena<.001 Tie
20-29 years (n = 97442)
0 20 346 (21) 28 1.00 (referent) 1.00 (referent)
= l/ycar 58458 (60) 102 1.29 (0.85 10 1.96) 1.24 (0.81 to 1.88)
»>2/year 18638 (19) 43 1.76 (1.09 10 2.84) 1.69 (1.04 to 2.76)
Poena = .02 Prena = .03
30-39 years (n = 94 850)
Q 30588 (32) 48 1.00 (referent) 1.00 (referent)
=<l/year 54199 (57) 99 1.15(0.82t0 1.63) 1.15 (0.81 10 1.62)
=>2/year 10063 (11) 27 1.71 (1.07 10 2.74) 1.71 (1.06 10 2.76)
Piena = 04 Pireng = .05
40—49 yearsf (n = 45269)
0 20031 (44) 43 1.00 (referent) 1.00 (referent)
<|/year 22260 (49) 44 0.92 (0.61 to 1.41) 0.92 (0.61 10 1.41)
=2/year 2978 (7) 6 0.94 (0.40 t0 2.21) 0.96 (0.41 to 2.27)
Popa = .74 Pucoa = -77
Combined, 10-39 years (n = 90633)
= 1/year, 10-39 years 64 807 (72) 99 1.00 (referent) 1.00 (referent)
>2/ycar, 20-29 years and/or 30-39 years 5873 (6) 13 1.47 (0.82 to 2.62) 1.54 (0.86 to 2.75)
=>2/year, 10~19 years 7357 (8) 20 1.82 (1.13 10 2.95) 1.66 (1.02 to 2.70)
=>2/year, 10-39 years 12595 (14) 34 1.83 (1.24 10 2.70) 1.79 (1.20 to 2.68)

Prrena<-001

Poong = 002

r_-"(‘ n

*Poisson regression analysis. All statistical tests were two-sided.
tMultivariable models included artained age, region of residence, and hair color.
tIncluded only women who were aged 40 years or older when answering the questionnaire.

women. These incidence rates are in accordance with crude in-
cidence rates reported for Norwegian and Swedish women for
1993 through 1997 (23.3 cases per 100000 person-years for
Norwegian women and 17.3 cases per 100000 person-years for
Swedish women) (3). Age-adjusted incidence rates of melanoma
have been consistently higher among Norwegian than among
Swedish women since the 1960s.

We observed a strong association between hair color and
melanoma risk but not between eye color and melanoma risk.”
ese results are consistent with results of a pooled analysis of
data derived from published case—control studies, in which the
reported relative risks were 2.38 (95% C1 = 1.90 to 2.97) for
individuals who have red hair compared with those who have
black or dark brown hair and 1.55 (95% CI = 1.35 to 1.78) for
individuals who have blue eyes compared with those who have
brown eyes (12). However, the association we observed between
cutaneous sensitivity to the sun (i.e., burning or tanning) and
melanoma risk was much weaker than that reported in a retro-
spective Australian study (78). Our findings, that hair color but
not eye color was statistically significantly associated with mela-
noma risk, agree with those of two Danish case—control studies
{19,20); in addition, the association between melanoma risk and
cutaneous sun sensitivity reported in those two studies was also
much weaker than that for hair color. A Swedish case—control
study (21) also found that hair and eye color and skin type were
statistically significantly associated with melanoma risk, al-
though the associations were considerably weaker for eye color
and skin type than for hair color, whereas an early Norwegian
case—control study {22) that used hospital-based control subjects
found that tolerance to sun exposure, but not hair or eye color,
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was associated with melanoma risk. We speculate that hair color
may be the best measure (combining accuracy of measurement
and predictive capacity) of sun sensitivity in homogeneous fair-
skinned populations, such as those of Scandinavia. By contrast,
reported sun sensitivity may be a less reliable measure of sun
sensitivity in these populations because it depends on an indi-
vidual’s experience with repeated and quite heavy sun exposure,
which many Scandinavian subjects may not have.

In agreement with the results of several case—control studies
(23-25), the results of our cohort study show that the number of
_asymmetric nevi larger than § mm on the legs was the strongest
host risk factor for melanoma. The participants self-reported
such nevi on their legs, guided by color pictures of dysplastic
nevi in a brochure that was enclosed with the questionnaire. The
method we used for this self-reporting has been shown to have
limited accuracy for the diagnosis of one or more dysplastic
nevi, with an estimated sensitivity of 29% and a specificity of
85% (26). Hence, the relative risk of 5.3 for melanoma in the
presence of seven or more large nevi on the legs that we ob-
served in our study may underestimate the excess risk. Increased
surveillance and more frequent excision of suspected lesions
might, on the other hand, spuriously inflate the risk of melanoma
among subjects with asymmetric nevi. However, such an effect
seems unlikely because all incident cases were histopathologi-
cally confirmed invasive malignant melanomas.

Our results confirm the positive association between past his-
tory of sunbumn and melanoma repgrted previously by the ma-
jority of case—control studies (9,10). Our effect estimates were
higher sunbu i for”

those that occurred later in life; however, it may be too early to
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Table 4. Relative risks (RRs) and 95% confidence intervals (Cls) of cutancous malignant melanoma according to the average number of
weeks per year spent on sunbathing vacations to southern latitudes or within Norway or Sweden during different age periods*

Frequencies,

Age period and annual weeks on sunbathing vacation No. (%) No. of cases Age-adjusted RR (95% CI) Muhivariable RRt (95% Cl1)
10-19 years (n = 93418)
0 45298 (48) 77 1.00 (referent) 1.00 (referent)
| week/year 19921 (21) 35 1.10 (0.74 10 1.65) 1.21 {0.80 t0 1.83)
2-3 weeks/year 20086 (22) 32 1.02 (0.67 t0 1.54) 1.09 (0.71 10 1.65)
>4 weeks/year 8113(9) 20 1.56 (0.95 to 2.55) 1.67 (1.01 to 2.74)
Prona = 22 Prena =12
20~-29 years (n = 96 029)
0 26 460 (28) 41 1.00 (referent) 1.00 (referent)
1 week/year 28723 (30) 55 1.28 (0.8510 1.92) 1.36 (0.90 10 2.05)
2-3 weeks/year 32997 (34) 53 1.08 (0.71 to 1.62) 1.13 (0.74 t0 1.70)
>4 weeks/year 7849 (8) 19 1.67 (0.96 to 2.88) 1.79 (1.03 t0 3.11)
Pieng = .26 Prong = 18
30~39 years (n = 93 845)
0 24293 (26) 33 1.00 (referent) 1.00 (referent)
1 week/year 28 858 (31) 56 1.42(0.93t0 2.19) 1.49 (0.97 10 2.30)
2-3 weeks/year 33 144 (35) 65 1.43 (0.94 10 2.18) 1.45 (0.95t0 2.21)
>4 weeks/year 7550 (8) 16 1.56 (0.86 to 2.84) 1.63 (0.89t 2.97)
Puena = .10 Pucna = .08
40-49 yearst (n = 45211)
0 13806 (31) 23 1.00 (referent) 1.00 (referent)
1 week/year 12 801 (28) 36 1.70 (1.0] to 2.87) 1.87(1.11103.18)
=>2-3 weeks/year 18604 (41) 31 1.01 (0.59t0 1.73) 1.06 (0.6! to 1.81)
Puena = 87 Puena = 98
Combined, 10-39 years (n = 88450)
0, 10-39 years 15799 (18) 21 1.00 (referent) 1.00 (referent)
>1 week/year, 20-29 and/or 30-39 years 27851 (31) 53 1.42 (0.86 to 2.36) 1.45 (0.87 to 2.40)
=] week/year, 10~19 years 1751 (2) 3 1.37 (0.41 to 4.59) 1.46 (0.43t0 4.92)
>1 week/year, 10-39 years 43049 (49) 79 1.44 (0.89 t0 2.34) 1.56 (0.95 to 2.56)

Poena = 27

Poeng = .13

*Poisson regression analysis. All statistical tests were two-sided.
tMultivariable models included attained age, region of residence, and hair color.
fIncluded only women who were aged 40 years or older when answering the guestionnaire.

‘Table 5, Relative risks (RRs) and 95% confidence intervals (Cls) of cutancous malignant melanoma according to solarium use during different age periods*

Frequencies,
Age period and solarium use No. (%) No. of cases Age-adjusted RR (95% CI) Multivariable RRt (95% CI)
10~19 years (n = 85847)
Never 84 182 (98) 152 1.00 (referent) 1.00 (referent)
Rarely or =1 time/month 1665 (2) 4 1.65 (0.61 t0 4.47) 1.52(0.56104.12)
=36 P =44
20~29 years (n = 89142)
Never 71133 (30) 123 1.00 (referent) 1.00 (referent)
Rarely 11618 (13) 19 1.16 (0.70 to 1.92) 1.11(0.67t01.85) | _.
=1 time/month 6391 (N 18 2.32(1.35103.99) 2.58(1.48t04.50) . 54
Pireng = 009 Piena = 006
30-39 years (n = 87 890)
Never 44 338 (50) 78 1.00 (referent) 1.00 (referent)
Rarely 28383 (32) 51 1.03 (0.72 to 1.48) 0.93 (0.64 to 1.34)
21 time/month 15169 (17) 36 1.40 (0.93 t0 2.10) 1.42 (0.93 t0 2.16)
Piena = 15 Prena = 19
4049 yearst (n = 41 409)
Never 17 345 (42) 27 1.00 (referent) 1.00 (referent)
Rarely 14514 (35) 33 1.46 (0.88 t0 2.43) 1.39 (0.82 t0 2.33)
=] time/month 9550 (23) 22 1.48 (0.84 to0 2.60) 1.67 (0.93 to 2.99)
Poena = 14 Pirena = 08
Combined, 10-39 years (n =
Never/rarely, 10-39 years 65239 (82) in 1.00 (referent) 1.00 (referent) .
=1 time/month 10-19, 20-29, or 30-39 years 14377 (18) 34 1.45 (0.98 t0 2.14) 1.55(1.0410232) AVop24.

P =.07

P=.04

*Poisson regression analysis. All statistical tests were two-sided.
tMultivariable models included attained age. region of residence, hair color, and the corresponding number of age-specific sunbums and weeks on annual summer

vacations.

tIncluded only women who were aged 40 years or older when answering the questionnaire.
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see the full effect of sunbums later in life in our cohornt of

womeq, Systematic reviews of case—control studies (70U, 77) have
not found evidence of an overall stronger effect of sunburns in
carly life than in later life. Furthermore, the reported dose-
response gradients of melanoma risk with frequency of sunburn
were comparable during childhood and adulthood in a recent
large multicenter case—control study from Europe (27). How-

ever, it is possible that the case-control studies have underesti-
_mated the effects of sunburn during childhood and adolescence
_because of high recall error from the very lang recall period for
.most subjects, All of our study subjects were younger than 50
years when they answered the questionnaire, giving a shorter
recall period than in many case—control studies (9) that include
subjects up to 70 years old or older.

Sun exposure during sunbathing vacations is usually intense
and intermittent, and results of previous case—control studies
(10) suggest that there is a positive association between the
incidence of melanoma and high levels of intermittent sun ex-
posure. We recorded the number of sunbathing vacations in
Norway and Sweden (at latitudes higher than 58° N, where UV
levels are low, even in summer) and those in southern latitudes
in the same variable, which may explain the lack of a strong
association between sunbathing vacations and melanoma in our
study. Previous Scandinavian studies show inconsistencies in
their results on sunbathing and melanoma risk. One Swedish
study (27) and a Danish study (28) found associations between
vacations spent in sunny places and melanoma risk, whereas
another Swedish study (29) did not.

Qur_results provide stronger evidence than those of other
studies that solarium use is associated with an increased risk of

melanoma; we found that overall, regular (i.e., one or more times

per month) s _(ﬂanwn___gsc_at_imy_ag&_ﬁussmmd_mth.um

tistically significant 55% increase in risk of melanoma after
adjustment for sun sensitivity and_measures of sun exposure.
Although other studies (30-34) have reported positive associa-
tions between melanoma risk and exposure to artificial UV light,
these associations often apply to specific subgroups of the study
population (e.g. the youngest subjects with melanoma), or they
have not been adjusted for possible confounding with sun ex-
posure. A recent review (35) concluded that there was insuffi-
cient evidence to determine whether or not tanning lamps cause
‘melanoma, The more consistent and overall statistically signifi-
——————y
cant association between melanoma risk and solarium use ob-
served in our study, which may be due to the relative youth of
our cohort, adds substantially to the existing evidence that arti-
ficial UV light for recreational tanning increases risk of melanoma.
Our study has several important strengths. First, because all
physicians, hospital departments, and histopathologic laborato-
ries in Norway and Sweden are obliged to report malignant
diseases to the cancer registries, and the cancer registries match
regularly against the death registers at Statistics Norway and
Statistics Sweden, respectively, we had a complete follow-up
and histopathologic confirmation of all incident cases of mela-
noma. Second, our study had a prospective design, such that
detailed information on host factors and sun exposure was col-
lected prior to melanoma diagnosis. Error in measurement of
these factors is inevitable in epidemiologic siudies of skin cancer
{26,36,37) but can be assumed to be non-differential in the pres-
ent study. By contrast, measurement error in case—control stud-
ies may be influenced by a diagnosis of skin cancer and therefore
may differ in degree between cases and controls (15,16).
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Among the limitations of our study were the comparatively
small number of cases, the limited detail about the exposure
measurements, and the relatively short follow-up period for solar
and artificial UV light exposure during midlife. In addition, we
did not adjust for the multiple comparisons made in this study.
Instead, we chose to evaluate the individual associations on their
own merits and with respect to results from prior studies. Fi-
nally, because our cohort included only women, our results may
not be generalizable to both sexes. In Norway and Sweden,
incidence rates of melanoma tend to be slightly higher among
women than among men (3). However, previous case—control
studies (2) have not focused on whether there are sex differences
in the associations between pigmentation characteristics or sun
exposure and the risk of melanoma.

The results of our cohort study suggest that public health
recommendations for melanoma prevention should include a
combination of information on inherent predisposition and the
effects of exposure to UV radiation. Hair color and large asym-
metric nevi on the legs were the most important host factors
associated with risk, and our results for sunburn, sunbathing
vacations, and use of a solarium support current recommenda-
tions for the avoidance of UV exposure, especially intermittent
exposure, either from nawral or from artificial sources. Al-
though our study cohort is still too young to fully assess whether
UV exposure during adolescence is more critical than UV ex-
posure during adulthood for melanoma risk, there is great po-
tential to explore this question and the important issue of inter-
actions between risk factors in future follow-up studies of these
Norwegian and Swedish women.
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Abstract

The incidence of cutaneous malignant melanoma (melanoma) and of basal cell carcinoma is still increasing in most fair-skinned

.. populations. The fashion of intermittent exposure to solar ultraviolet (UV) radiations is considered the main cause of this increase.

In 20 years time, tan acquisition through exposure to artificial sources of UV radiations has become frequent among fair-skinned
adolescents and young adults. Modern sunbeds are powerful sources of UV radiations that do not exist in the nature, and repeated
exposures to high doses of UVA constitute a new phenomenon in humans. A large prospective cohort study on 106,379 Norwegian
and Swedish women conducted between 1991 and 1999 has provided evidence for a significant, moderate increase in melanoma risk
among regular sunbed users. Failure of past case-control studies to document with consistency the sunbed-melanoma association
was probably due to a too short latency period between sunbed use and melanoma diagnosis, and to too few subjects with high
total durations of sunbed use. Regulations of sunbed installation, operation and use should become standardised across the 25
European Union countries. Enforcement of regulations in tanning parlours remains inadequate. In contrast, the existence of regu-
lations is presented by many tanning salon operators as a guarantee that sunbed use is safe. We stress the need for the control of
information disseminated by the “tanning industry” on suppositions that sunbed use is safer than sun exposure, and on the hypo-
thetical health benefits of tanning. New fluorescent UV lamps are proposed that have a spectrum similar Lo the midday sun. Given
the known association be__twéeh intermittent sun exposure and melanoma, public-health authorities should reconsider the soundness
of the commercialisation of these lamps. :

© 2004 Elsevier Ltd. All rights reserved.
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The incidence of BCC is also increasing sharply in most
fair-skinned communities, mainly in females [6].
The fashion of intermittent sun exposure that took

The incidence of cutaneous malignant melanoma
place after 1950 is considered as the main cause of the in-

(melanoma) has steeply increased in the past 50 years

in most fair-skinned populations. For instance, from
1970 until 1997, a 2.5-fold increase in melanoma inci-
dence was observed in Finland, and a 3.6-fold increase
in White Americans [1,2]. From 1979 until 1998, a 2.4-
fold increase was observed in Scotland [3], and from
1980 and 2000, a 2.8-fold increase was estimated for
France [4]. Risk factors for the basal cell carcinoma
(BCC) are similar to risk factors for melahoma [5]-
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creases in melanoma and in BCC. The depletion in ozone
observed in the stratospheric layers of the atmosphere is
not likely to contribute to the raising incidence of these
skin cancers. The ultraviolet (UV) radiation is deemed
to represent the part of the solar spectrum involved in
the genesis of melanoma 1 In spite of increasing knowl-
edge on the association between sun exposure and the
considerable rise in skin cancer incidence, exposure to
artificial sources of UV radiation has become popular
in all fair-skinned populations around the world.
These artificial sources of UV radiation have various
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denominations, e.g.. tanning machines, UVA-tanning
devices, indoor tanning, sunbeds, and solarium. The sun-
bed fashion could contribute to the increase in skin can-
cer occurrence, in particular, of melanoma [8].

In this paper, we delineate the public-health issues in-
volved in sunbed use in 2004, and we stress the need to
promote actions going beyond the regulations of sunbed
use, especially actions aiming at controlling the informa-
tion disseminated by the “‘tanning industry”™ on sup-
posed safety and hypothetical health benefits of
sunbed use.

2. Sunbed use is an intentional sun exposure behaviour

The meclanoma epidemic affects mainly skin areas
usually covered by clothes, like the trunk. shoulders
and limbs. while lower increases in melanoma incidence
are observed on the more chronically sun exposed body
sites, like the head and neck [3,9]. Likewise, the increasc
in BCC incidence is mainly observed on body sites that
are not chronically exposed to sunlight [6]. This epidemi-
ological feature points to the role attributed to the inter-
mittent sun exposure in the genesis of most melanoma
and BCCs. The most intense form of interntittent sun
exposure Is the intentional sun exposure (ISE) that is
essentially motivated by the acquisition of a tan or by
the possibility to go uncovered in the sun [10]. During
ISE, significant portions of the trunk and of the limbs
are generally uncovered. Sunbathing and sunbed use
are the most typical ISE behaviours, and people at-
tracted to sunbathing activities are also more attracted
to indoor tanning [11].

In Europe, the sunbed fashion follows a strong South-
to-North gradient. The sunbed fashion started in the
1980s in the Nordic countries and extended in more
Southern countries in the 1990s. Surveys in Europe and
North America indicate that between 15% and 35% of

: women, and between 5% and 10% of men 15-30 years

(o

old have used sunbeds [12-14]. In Sweden, after 1995,
70% of females and 50% of males 18-50 years old re-
ported sunbed use [15,16]. In the late 1990s, the indoor
tanning fashion rapidly extended to Mediterranean areas
like the north of Italy [17,18]. In the State of Victoria,
Australia ~a sunny area with high records of skin cancers
~ 9% of subjects 14-29 years old reported sunbed use in
the past years [19]. A substantial proportion of sunbeds
are used in private facilities. In Germany or Nordic coun-
tries, home-made solaria are not uncommon.
2

3. The role of UVA and UVB in melanoma occurrence is
still unknown

At present, there are no scientific data indicating that
intentional exposure to UV radiations emitted by sun-

A RO,
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beds is less harmful than intentional exposure to
sunlight.

The UV radiation reaching the earth’s surface com-
prises UVB (280-319 nm) and UVA (320-400 nm)
radiations. During a sunny day on the Mediterrancan
coast, the solar UV spectrum at noon contains approx-
imately 5% of UVB and approximately 95% of UVA.
UVB is far more efficient than UVA at inducing the
synthesis of melanin, and producing a deep, persistent
tan. UVB is also 1000 times more potent than UVA
at inducing skin erythema (painless skin reddening)
or sunburn (painful skin reddening, sometimes with
blisters).

Until end of the 1980s, UVB was considered as the
carcinogenic part of the solar spectrum, and a shift in
usage occurred towards low pressure fluorescent tubes
emitting essentially in the UVA range, yielding the so-
called “UVA-tanning™.

At the end of the 1980s, UVA was also suspected of
having carcinogenic potential. In 1992, the International
Agency for Research of Cancer classified UVB and
UVA radiations, as well as sunbeds, as ‘‘agents that
are probably carcinogenic to humans” (group 2A of
the IARC classification of carcinogenic agents) [7].

Biological mechanisms by which chronic sun expo-
sure causes squamous cell cancer (SCC) of the skin are
better known (e.g., the UVB-induced mutations found
in the p53 gene). In contrast, we still have a poor knowl-
edge of the biological mechanisms by which solar radia-
tions are involved in the genesis of melanoma and BCC
in humans.

3.1. Long-term health effects of high UVA doses are
unknown

In large powerful tanning units, the UVA irradiation
intensity may be 10-15 times higher than that of the
midday sun {20]. When UV output is calculated in
terms of biological activity, as estimated by the ery-
thema-effective irradiance, the emission of many sun-
beds is equivalent or surpasses the emission of the
midday sun on the Mediterranean Sea {20,21]. Such
powerful sources of UVA radiations do not exist in nat-
ure, and repeated exposures to high doses of UVA con-
stitute a new phenomenon in humans. If the role of
UVA in melanoma occurrence is uncertain, the UVA
doses per unit of time received by the skin during a typ-
ical sunbed session are fag higher than what is experi-
enced during daily life or%uring sunbathing. We have
little idea of the likely long-term medical consequences
of such exposure. Worries are further reinforced by
knowledge that UVA penetrates deeper than UVB into
the skin. A recent study discovered DNA lesions typical
of UVA action in the basal epithelial layer of the hu-
man skin, the skin region where most melanocytes are
situated [22].
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3.2, The questionable concept of © UV A-tunning™

The term “UVA-tanning™ is misleading, as the out-
put of a sunbed equipped with low pressure fluorescent
lamps always contains some UVB, which is critical for
the induction of a deep, persistent tan. In addition, most
of the DNA damage observed in the skin of sunbed
users is due to the fraction of UVB emitted by the {luo-
rescent lamps [23].

In the 1990s, regulations in some countries (e.g., Swe-
den, France) limited the maximum proportion of UVB
in the total UV energy output of sunbeds to 1.5%. How-
ever, in the real world, the UV output and spectral char-
acteristics of sunbeds vary considerably, The proportion
of UVB in UV energy output could vary from 0.5% to
4% [24,25], and may attain an emission spectrum similar
to the sun spectrum in the UVB range [20]. These differ-
ences are due to sunbed design {(e.g., the numbers and
type of fluorescent tubes, the presence of high-pressure

.UV lamps, the materials of the filters, the distance from
. the canopy to the skin), to sunbed power, and to tube

aging.
3.3. Sunbed-induced sunburns

Sunburn expericnce during childhood or during
adulthood is a risk factor for melanoma, and the risk in-
creases with increasing numbers of sunburns [26]. Skin
erythema or burns are reported by 18-55% of sunbed
users [12,13,16,27). Although UVB is more potent than
UVA for triggering sunburn, high fluxes of UVA
are capable of inducing skin erythemal reactions after
10-20 min in a subject who is naturally susceptible to
sunburns and having moderate tanning ability (i.e., Fit-
zpatrick skin phototype 2). The same subject engaging
in unprotected sunbathing in the midday sun would in-
cur an erythemal reaction after 20 min.

The high frequency of sunburn experience by sunbed

_users shows that sunbed use is very close in nature to

€ Lunbathing, and there is no reason to believe that sun-

burns experienced during sunbed sessions would convey
less melanoma risk than sunburns experienced during
sun exposure.

4. Epidemiological data on sunbed use and melanoma

As there is no valid animal model for human mel-
anoma, and because we are still ignorant about the ef-
fects of UV radiation(s) and melanoma occurrﬁ'nce, the
study of any eventual link between sunbed use’and mel-
anoma left to epidemiological investigations.

Seven epidemiological case-control studies specifi-
cally addressed the possible association between increas-
ing amounts of sunbed use and melanoma [12,15,28-32].
Two reviews concerning six studies [33,34] concluded
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that some data raised the possibility of a moderate pos-
itive association between sunbed use and melanoma.
However, overall, the results lacked consistency and
no conclusive evidence could be drawn from these six
studies on the influence of sunbed use on melanoma
occurrence. A seventh case-control study conducted in
the UK explored sunbed use before 1989 [32]. 1t showed
no dose-response relationship between amounts of sun-
bed use and melanoma.

In 2003, MB Veierod and co-workers published the
results of a prospective cohort study of 106,379 women
in Norway and Sweden who were followed for an aver-
age of 8.1 years from 1991 until 1999 [26]. During the
follow-up, 187 cases of melanoma were diagnosed.
After adjustment for intermittent sun exposure and
host characteristics, the study found a 55% increase in
nielanoma risk (95% Confidence Interval: 4-132%,)
among the 18% of women aged 10-39 years old who re-
ported having used sunbed at least once a month when
they were 10-19, 20-29 or 30-39 years old. An increase
in melanoma risk was observed for all age groups, from
20 to 49 years old. Twelve sunbed sessions per year cor-
respond to the 12-session tanning programme proposed
by many commercial tanning facilities. Hence, the re-
sults of the Norwegian—Swedish study were consistent
with the existence of a moderate association between
regular sunbed use at least once a month and mel-
anoma occurrence.

5. What are the differences between the Norway—Sweden
and case-control studies?

5.1. Methodological limitations of case-control studies

In the seven case-control studies, exposure to sunbeds
was assessed retrospectively, and compared between pa-
tients with melanoma (i.e., the cases) to subjects without
melanoma (i.e., the controls). These case-control studies
could suffer from three limitations:

1. Case-control studies are not optimal designs for dem-
onstrating an increase in Relative Risk when additive
risks are small, 1.e., an estimated Relative Risk of
between 1.00 and 1.99.

. The answers of melanoma patients on their past sun-
bed use could be biased because, at the moment of the
interview, they knew they had a melanoma (interview
bias). i

3

3. The selection of contro.';]s may have included subjects
more inclined to have had more sunbed use than
average (selection bias).

38

The Norwegian-Swedish study was a longitudinal
cohort design. Sunbed use was assessed retrospec-
tively, but before any diagnosis of melanoma. So, the
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Norwegian—-Swedish study was less prone to interview
and sclection biases at the inception of the cohort. In
addition, prospective cohort studies on large numbers
of subjects are more powerful designs than case-control
studics, and are thus more appropriate to reveal the
existence of moderately elevated risks.

5.2, Changing emission spectrum, latency period and
accumulared UV doses

Apart from methodological issues, the negative re-
sults of the case-control studies could be due to the fol-
lowing factors:

I. The UV lamps changed over time. Up to the mid-
1980s, arc mercury lamps having an emission spec-
trum rich in UVB (and even UVC) radiations were
commonly used as a substitute to the absence of sun-
shine, e.g., for the synthesis of vitamin D in children.
Hence, eventual carcinogenic effects could be attrib-
utable to exposure of children to these arc mercury
UV lamps, and not to modern tanning devices.

. The latency period between exposure to artificial UV
sources and melanoma occurrence is probably several
decades [11]. Five of the seven case-control studies
examined sunbed use before 1990, and were con-
ducted in countries where the indoor tanning fashion
was still in its early phase. The latency period may be
the main reason why case-control studies yielded
inconsistent results, since sunbed use was not fre-
quent before 1985.

3. Only a few subjects included in the case-control studies

had more than 20 h of cumulative sunbed exposure.

[89)

How the Norway-Sweden study addressed these
factors?

1. In 1983, commercialisation of arc mercury lamps was
banned in Norway and Sweden. A further analysis of
the Norway-Sweden study showed that the increased
melanoma risk associated with sunbed use was not
due to the use of UV lamps before 1983 [35].

2. Women who participated in the Norway-Sweden
study were 30 years old or more at cohort inception.
The highest melanoma risk was found in women who
used sunbeds at least once per month when they were
20-29 years old [increase of 158% (95% CI: 48-
350%)]. Lower melanoma risks were found for sun-
bed use at least once a month during the third or
fourth decade of life. This result supportsithe hypoth-
esis that there is a latency period. In the Nordic coun-
tries, the sunbed fashion is popular since the late
1970s, and rates of sunbed use in those countries
are the highest in the world. Furthermore, women
are approximately two times more inclined than
men to utilise sunbeds. Hence, it is probable that
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the risk of melanoma associated with sunbed use
started to become apparent in the Norway-Sweden
study in women.

3. The Norway-Sweden study showed that before 1992
18% of the study women used sunbeds at least once a
month over 10 years, what is equivalent to at least
40 h of cumulative sunbed use, if one assumes a dura-
tion of 20 min for a typical sunbed session.

In conclusion, the results of the Norway-Sweden
study are consistent with the existence of a 55% (95%
Cl: 4-132%) increase in melanoma risk associated with
40 h or more of sunbed use. Further follow-up of the co-
hort will inform us about the trends in melanoma risk
according to amounts of sunbed exposure.

3.3 Are 40 h of sunbed use equivalent to 40 h of
sunbathing?

Over a 10-year period, the duration of sunbathing
activities may exceed 400 h in suntan enthusiasts. So,
how significant are 40 h of sunbed use, compared with
400 h of sunbathing? In fact, durations of sunbed use
and of sunbathing are not readily comparable because:

e We do not know if sun exposure or sunbed use would
influence melanoma occurrence by acting through the
same biological mechanisms.

e If the UVA dose is the key element, then 20 min of
sunbed exposure represents a UVA dose equivalent
to 2-3 h of sun exposure in the summer midday sun,
but the dose rate of UVA received per unit of time
by skin cells is 5-10 times higher than that in the sun.

e The erythemal effectiveness of sunbed use is approxi-
mately two times that of the midday sun. If sunburns
are key indicators of biological events implicated in
the genesis of melanoma, then 20 min spent under a
sunbed could have the biological significance of 40
min of sunbathing in the summer midday sun.

e Sunscreens are often used during sunbathing, with
the net result for suntan worshippers that sunburn
occurrence is delayed, and time spent in the sun is
longer {36].

e Sunbathing may take place when the sun is less
bright, for instance at the end of the afternoon.

So, with our current state of knowledge about the
relationship between UV radiations and melanoma,
one should be cautioﬁﬁs when comparing durations of
sunbathing with durations of sunbed use.

6. Skin cancers other than melanoma

Two case-control studies examined past exposure to
sunbeds in patients with non-melanoma skin cancer.
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One found no association [37]. Another found positive
associations between sunbed use and SCC and BCC
[38]. In the latter study, the estimated Relative Risk
associated with sunbed use was 2.5 (95% ClL: 1.7-3.8)
for SCC and 1.5 (95% CI: 1.1--2.1) for BCC. These find-
ings are in line with data on non-melanoma skin cancers
in patients affected by severe psoriasis and treated with
PUVA therapy (a combination of UVA irradiation
and oral psoralen).

7. Regulations of commercialisation, installation, opera-
tion and use of artificial tanning devices

Since 1990, many countries have issued specific rules
for sunbed installation, operation and utilisation. There
is a wide variation in the content of these rules. In the
European Union, there is no standardisation of regula-
tions on sunbed commercialisation and use. In some

. countries (e.g., in the UK, Canada and the Nether-
'-C’lands), recommendations are formulated by, or in asso-
ciation with the sunbed industry, or organisations of
professional sunbed operators. In the US, the Food
and Drug Administration provides standards only for
the manufacturing of tanning devices, and regulations
for operation and utilisation vary considerably across
the States. '

An important achievement of regulations is the
requirement for better information for consumers, as
well as the wearing of protective eyewear to protect
the eyes. Table 1 presents a list of criteria that should
prevent individuals to use sunbeds. In some countries
(e.g., in France), training of commercial tanning facili-
ties is mandatory, and tanning machine operators are in-
structed to refuse access to the sunbed to the consumer
meeting at least one criteria listed in Table 1. The need

©
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Criteria that should prevent sunbed use*

to have trained operators has prevented the multiplica-
tion of automated tanning parlours, working without
the surveillance of an operator.

However, regulations and recommendations to con-
sumers are not a panacea becausc:

. Their enforcement remains a challenge.

. They do not apply to the private use of sunbeds.

. They do not reflect the numerous uncertainties we
have on the association between UV exposure and
skin cancers, or other UV-induced lesions like the
premature skin aging and eye lesions.

4. Their potential impact on hazards associated with
sunbed use is probably marginal because after all,
they do not prevent individuals from receiving high
doses of UV radiation.

5. Indoor tanning operators take advantage of the exist-

ence of regulations for asserting that sunbed use is

secure.

(2 N =

8. The tanning industry and the concept of ‘“‘safe tan
acquisition”

8.1. The tanning industry

The “tanning industry” can be understood as all
commercial activities developed around the behaviours
of intentional sun exposure, for tan acquisition or for
other reasons like the search of well-being. Products
promoted and sold by the tanning industry comprise
sunscreens, a variety of oral preparations deemed to in-
crease the resistance to UV aggressions or to facilitate
tan acquisition, swim suits permeable to UV radiations,
and the use of non-solar sources of UV presented as safe

1. To be less than 18 years of age.

2. To be pregnant.

3. To suffer from a febrile episode.

4. To suffer from significant eye vision impairment.
5. To have red hair.

6.

To have melano-compromised skin, i.e., when the skin atways sunburns with no ability to tan or has a high susceptibility to sunburn with a poor

ability to develop a tan.
7. To have a family history of eye or cutaneous melanoma.

o0

- To have large numbers of naevus (mole), in the order of more than 30 moles > 2 mm on the whole body, éﬁr one or more naevi larger than 5 mm.

9. To have a tendency to have freckling developing on the face when going in the sun.

10. To have a history of frequent sunburn during childhsdd or during adulthood.

11. To have pre-malignant (e.g., solar keratosis) or a history of malignant skin lesions.

12. To have a sun damaged skin (wrinkles on the face, or irregular pigmented skin areas on the face and arms).

13. To wear cosmetics. Cosmetics may enhance sensitivity to UV exposure.
14. To be taking medications. Medications may increase sensitivity to UV, and may sometimes lead to severe health complications (e.g., extensive
skin burns). Individuals should seek advice from their physician to determine if the medication will make them UV-sensitive.

* After World Health Organisation (WHO) 2003 (60) and International Commission on Non-Ionizing Radiation Protection (ICNIRP) 2003 (8).
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alternatives to sunlight. The tanning industry has elabo-
rated a large part of its marketing strategies around the
concept of “safe tan acquisition”, that is the acquisition
of a tan without incurring (or with incurring less) detri-
mental effects of UV exposure, mainly sunburns, skin
cancers, and skin aging.

8.2, The dubious concept of “regulated” or “controlled”
an acquisition

For promoting the idea of the possibility of “safe (or
safer) tan acquisition”, the sunbed industry has invented
the concept of “‘regulated” or “controlled tanning”, as
opposed to beach tanning that would be “unregulated”
or “‘uncontrolled” [39,40]. ““Controlled’’ tan acquisition
would be safer than sunbathing because of the con-
stancy of several UV-exposure criteria, like, for instance,
a constant UV intensity in wavelength and in time. [n
hot countries, like Italy and Australia, the “controlled
tan acquisition’ concept is used for convincing consum-
ers that sunbed use represents a good substitute to beach
sunbathing.

But the perilous assertion that “controlled” tan
acquisition would be less aggressive than 'uncontrolled’
tan acquisition is not supported by laboratory experi-
ments, it contradicts recent findings in basic science,
and denies epidemiological and behavioural data:

I. Subjects attracted by indoor tanning are also
attracted by sunbathing [l 1}. Hence, for most sunbed
users, amounts of indoor UV add to amounts of out-
door UV, with possible interactive processes that
could further increase the melanoma risk. In addi-
tion, the weak photoprotection against sunburns
afforded by a sunbed-induced tan may encourage
longer stays in the sun [41].

2. Surveys continually show the ignorance of tanning
parlours operators and the lack of enforcement of
basic utilisation rules [42-45].

3. DNA damage that is detectable after sunbed expo-
sure is comparable to DNA damage induced by expo-
sure to natural sunlight [46].

4. Tan induction is rather an indicator of skin aggres-
sion with DNA damage than a marker of skin photo-
protection [47,48].

5. The recurring induction of melanin synthesis could be
involved in skin carcinogenesis [49,50).

6. Sunbed use causes sunburns in 18-55% of users, and
these acute skin reactions are associated with mel-
anoma and BCC occurrence. #

7. The UVB fraction present in the sunb"::d emission
spectrum may still have detrimental effects on the
skin.

8. We have no knowledge about the long-term effects of
repeated exposures to high UVA doses mixed with
some UVB.
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8.3. The questionable photoprotection properties of ' pre-
vacation tan”

The tanning industry and many sun-enthusiasts allege
that a “pre-vacation tan™ acquired through sunbed use
would confer protection against sunburns and other del-
eterious effects of the sun. But photoprotection against
sunburns and DNA photodamage afforded by the tacul-
tative pigmentation induced by tanning under the sun is
very low, just cquivalent to a sun protection factor
(SPF) 3 sunscreen [51]. The tan induced by UVA-tan-
ning provides practically no photoprotection [52]. The
moderate skin thickening induced by sunbed use would
alford even less photoprotection than tanning [53]
Increasing numbers of laboratory data show that a
pre-vacation tan offers only little protection against
sun-induced DNA damage [41,54,55].

9. New threats on the horizon
9.1. The UV-lamps rich in UVB radiation

Recently, new fluorescent lamps that have an emis-
sion spectrum resembling the emission spectrum of the
midday sun have been introduced into the market.
Exposure to these lamps enables a faster acquisition of
a deep tan. Exposure to UVB-rich lamps is similar to
intentional sun exposure in the midday sun, and is thus
likely to convey the same risk of skin cancer. Given the
known association between intermittent sun exposure
and melanoma, public-health authorities should recon-
sider the soundness of the commercialisation of these
lamps.

9.2. Age of sunbed users

Age of sunbed users is a new concern: in Sweden,
sunbed use is popular among adolescents 14-17 years
old [56]. A large survey in 2004 in the schools of Lanark-
shire (UK) showed that 7% of children 8-11 years old
had used a sunbed [57]. This phenomenon is also ob-
served in Australia [58]. Most countries do not have reg-
ulation on a minimal age for indoor tanning [59].
Childhood and adolescence are periods of greater bio-
logical vulnerability to UV radiations, and thus prohibi-
tion of the use of tanning devices before 18 years old
seems wise [8,60].

i

i

9.3. The hypothetical health benefits of UV radiations

The subtlest position for the defence of indoor tan-
ning is the recognition of good and bad effects of indoor
tanning, but that finally, good effects would outweigh
bad effects. The good health effects attributed by the tan-
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ning industry to UV radiation are numerous, from the
healing of seasonal depression to the prevention of
breast, colon and prostate cancers. Advocacy texts is-
sued by the tanning industry secms to come to the con-
clusion that everything being  considered, finally,
“controlled skin damage’ 1s somehow good for health
[61].

The generation of vitamin D is the main known ben-
efit of UV radiation. Vitamin D synthesis is activated by
UVB radiation, not by UVA radiation. In fair-skinned
European subjects, if dietary intakes of vitamin D are
inadequate, brief periods of exposure to summer sun-
light in everyday life on hands and face is all that is
needed to initiate vitamin D synthesis. Longer exposures
provide no additional benefit in this respect.

UV radiations are used for treating various skin con-
ditions such as psoriasis and dermatitis. Psoriasis pa-
tients treated over long periods of time with a
combination of UVA and oral psoralen have an in-
oreased incidence in  non-melanoma skin cancers
{6[552,63], and a significant increase in melanoma incidence
was found in one cohort of PUVA-treated psoriasis pa-
tients [64,65].

The role that UV radiation would have in the preven-
tion of cancerous diseases is largely based on ecological
data and on speculations on as yet unproven biological
mechanisms. At present, there is no sound scientific data
showing a protective effect of intentional exposure to
UV radiation on any cancer in humans.

In North European countries, and in Canada,
advertisements recommend sunbed use from November
to March to combat the “winter depression™ or “sca-
sonal depression”, attributed to the absence of days
with bright sunshine and-to long periods of obscurity.
However, light therapy using white fluorescent lights is
as effective for the treatment of seasonal depression
[66]. Thus there is no reason to promote exposure to
potentially harmful UV radiation to treat that
ondition.

Table 2

10. How credible is the precautionary principle?

The precautionary principle is frequently evoked in
the shaping of health or of environmental policies. In
brief. that principle consists of regulating the general
public use or the diffusion in the environment of a sub-
stance or of a device whose safety remains open to ques-
tion. In Europe, the precautionary principle is
frequently put forward to oppose the development of
innovations, even though there is no evidence for a det-
rimental impact on health or on the environment.

In spite of the scientifically established association be-
tween the intermittent exposure to solar UV radiation
and melanoma, and of the evidence that melanoma inci-
dence is doubling every 10 or 20 years in many fair-
skinned populations, the indoor tanning fashion has
undergone a considerable growth in the past 20 years.
Hence, although there was far more scientific evidence
for possible harmful health effects due to sunbed use
than for many other products, the precautionary princi-
ple has never been applied for protecting consumers
against the many health uncertainties regarding the
safety of artificial UV sources, and against the many
unverified beliefs utilised for the marketing of the sun-
bed fashion.

11. The need to control information disseminated by the
tanning industry

For most people, information and advertisements
disseminated by the tanning industry are the main
source of information regarding tan acquisition and
sun protection. Behavioural studies in Europe
[17,67,68] show that people know about skin cancer
and the damaging affect of sunbathing, and about possi-
ble dangers associated with sunbed use, but that knowl-
edge does not alter their tanning behaviours in general.
In Europe and the USA, recommendations on sunbed

Steps to be taken in the regulation of sunbed use and of information given to the general public®

1. Devise regulations for the installation, operation and utilisation, independently of those set by the tanning industry.

2. To prohibit sunbed use before 18 years old.

3. Rendering the use of protective cyewear (goggles) mandatory during sunbed sessions.
4. Use of and speculations on concepts such as “safe”, or “controlled”, or *‘regulated” tan acquisition” should not be authorised.
5. Reference to hypothetical health benefits of outdoor or indoor ultraviolet (UV) exposures must be prohibited. The mention of preventive effects on

cancers and other major health conditions should not be authorised.

6. The existence of legal regulations on indoor tanning shov}ld not be used for advertising purposes, or for is’?uing claims on the safety of indoor
y

tanning.

7. Requirement to inform consumers visiting tanning parloiirs on the dangers associated with sunbed usc and sun exposure, including, among other

things:

(a) Increased risk of skin cancer, especially melanoma and basal cell carcinoma (BCCQ).

(b) Risk of sunburns and skin erythema.
(c) Risk of premature wrinkles.
(d) Risk of unpleasant and disgraceful pigmented skin lesions.

* The list should be included in information packages accompanying tanning devices that are acquired for private use.

A
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use and regulations restricting indoor tanning do not
make sunbed users more cautious, especially adolescents
and young adults [67-71].

The most relevant strategy for curbing sunbed use is
to obtain a change in attitudes toward sunbathing and
having a tan. In that respect, the principal public health
target should be to draw up regulations, independently
of those set by the tanning industry, and the control
of information and advertisements (Table 2). The tan-
ning industry should no longer have the possibility to
have recourse to claims on health benefits of outdoor
or indoor tanning in order to convince consumers to
use sunbeds.

Indeed, this strategy would concern other segments of
the tanning industry, such as sunscreen companies that
base their marketing strategy on the possibility of
acquiring a healthy and safe tan, thanks to the use of
their product.

1€
h 6-“ 12. Conclusions

The Norway—Sweden study [26] has provided epide-
miological evidence that regular sunbed use is associated
with a moderate increase in the risk of melanoma. Large
numbers of people use sunbeds on a regular basis, and
sunbed use often starts during adolescence. So, in
2004, UV doses accumulated by many people though
sunbed use may be far higher than observed in the Nor-
way—Sweden study. _

Public-health efforts should continue to disseminate
information on the dangers of UV radiations, and to
discourage sunbed use.

Regulation of sunbed installation, operation and use
is desirable, but enforcement of rules is by far the most
difficult challenge. In addition, regulations should be-
come harmonised in the European Union.

Advertisements and information disseminated by the
tanning industry to the general public should be control-
led. The sunbed manufacturers and operators should no
longer be able to claim health benefits of any sort attrib-
utable to sunbed use, and to other forms of intentional
sun exposure.

Close monitoring of sunbed use and of its immediate
consequences (e.g., skin erythema and sunburns) is now
well established in Sweden. There are signs of decreasing
trends in sunbed use among adolescents and young
adults in Sweden [68]. Is the sunbed fashion be levelling
off in Sweden? Similar surveys should be conducted in
other countries to monitor global exposure ﬁ) privately
owned or commercially operated tanning devises. Bold-
eman et al. [68] have proposed an international harmo-
nisation of survey tools for the monitoring of sunbed use
and sunburn experience. Such an instrument is highly
desirable for comparing sunbed use habits and conse-
quences across countries and to follow the impact of

policies intended to discourage sunbed use or to combat
the “safe tan™ concept. The survey tool could also in-
clude the monitoring of sun exposure and sun protection
habits.
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Abstract

Background: A number of studies have been conducted
evaluating the risk of cutaneous malignant melanoma after
exposure to sunlamps and/or sunbeds. The proportion of
subjects in the individual studies who have reported
exposure has, in general, been modest, and the resulting
risk estimates for melanoma have been unstable with wide
95% confidence intervals (95% CI). The inconclusive results
seen in individual studies have resulted in confusion as to
the carcinogenicity of these devices.

Methods: We conducted a systematic review and meta-
analysis of these studies. A review of the literature from Jan
1, 1984 to April 2004 using MEDLINE identified 12 case-
control studies and 1 cohort study which quantitatively
evaluated the use of sunlamps and/or sunbeds and subse-
quent melanoma. After applying exclusion/inclusion criteria,
9 case-contro]l and 1 cohort study provided data for the
analysis. Summary odds ratios (OR) and 95% Cls for sunlamp/

sunbed use and subsequent melanoma were calculated using
a random-effect model.

Results: Ten studies provided data for assessment of melano-
ma risk among subjects who reported ““ever” being exposed
compared with those ““never” exposed. A positive association
was found between exposure and risk (summary OR, 1.25;
95% CI, 1.05-1.49). Significant heterogeneity between studies
was present. Evaluation of the metrics “first exposure as a
young adult” (5 studies) and “longest duration or highest
frequency of exposure” (6 studies) also yielded significantly
elevated risk estimates (summary OR, 1.69; 95% CI, 1.32-2.18,
and 1.61; 95% CI, 1.21-2.12, respectively, with no heterogeneity
in either analysis).

Conclusions: Results indicate a significantly increased risk
of cutaneous melanoma subsequent to sunbed/sunlamp
exposure. (Cancer Epidemiol Biomarkers Prev 2005;14(3):
562-6)

Introduction

There is good experimental and epidemiologic evidence that
UV radiation exposure (mainly from sunlight) is causally
related to all forms of human skin cancer including cutaneous
malignant melanoma (1). Melanoma incidence has most
strongly and consistently been associated with reported
“intermittent sun exposure’’ mostly accrued through recrea-
tional activities. A quantitative review of studies of sun
exposure and melanoma found a positive association between
intermittent exposure and risk of cutaneous malignant
melanoma in 21 (statistically significant in 16) of 23 studies
included in the analysis (2).

Because by its nature, exposure to artificial UV radiation
through sunlamp and sunbed use is intermittent in character,
there has been consistent concern over the past 15 years that
use of such devices for recreational tanning may increase risk
of melanoma (3). In addition, data from surveys conducted in
Europe (4, 5) and North America (6) indicate that sunbeds are
now being used by an increasing proportion of the population,
particularly young people.

A series of epidemiologic investigations have attempted to
determine the nature of this putative association. However,
analysis of sunlamp/sunbed use has been hampered by small

Received 7/28/04; revised 10/14/04; accepted 16/27/04.
Grant support: Michael Smith Foundation for Health Research Infrastructure award.

The costs of publication of this article were defrayed in part by the payment of page charges.
This article must therefore be hereby marked advertisement in accordance with 18 US.C.
Section 1734 solely to indicate this fact.

Requests for reprints: Richard P. Gallagher, Cancer Control Research Frogram, British
Columbia Cancer Agency, 600 West 10th Avenue, Vancouver, BC, Canada V5Z 4E6.
Phone: 604-877-6000; Fax: 604-877-1868. E-mail: richardg@bccancer.be.ca

Copyright © 2005 American Association for Cancer Research.

numbers of exposed subjects in individual studies. In order to
evaluate the strength and consistency of association between
use of these devices and melanoma, we have conducted a
systematic review and meta-analysis.

Materials and Methods

To identify relevant studies of sunbeds/sunlamps and
melanoma, we conducted a MEDLINE database search for
the years 1984 to 2004, using the terms ““melanoma (etiology,
epidemiology) and sunbeds, sunlamps, and solarium” as
keywords. We also selected all review articles in English on
UV radiation, tanning devices, solaria, and melanoma, and
scrutinized these to locate articles with data on sunlamp and
sunbed use missed by the MEDLINE search. We did not
attempt to locate unpublished data. We chose 1984 as the
year of start of our search as that year saw the first
publications from large-scale epidemiologic studies of mela-
noma and UV exposure with good control for phenotype
confounders. The search yielded a total of 12 case-control
studies reporting risk estimates for melanoma subsequent to
sunbed/sunlamp use (7-18). In addition, one cohort study was
found which reported on usage among Norwegian and Swedish
women (19).

Selection of Studies. All case-control studies of cutaneous
malignant melanoma that reported on use of sunlamps,
sunbeds, or both were initially considered for the analysis.
For inclusion, we required that numbers (or percentages) of
exposed cases and controls were presented in the study, and
odds ratios (ORs) with 95% confidence intervals (95% CI) were
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available, evaluating at least “ever” versus “never’” use of
these devices. Because of these requirements, two carlier
studies were omitted; one due to missing Cls (7) and the other
due to missing data on numbers of exposed cases and controls
(8). A study by MacKie et al. (10) was also omitted because it
was not possible from the information presented to determine
accurately the proportions or numbers of cases and controls
exposed. All other studies were included in the analysis.

In order to attempt to make the analysis reflect, as far as
possible, recreational rather than medical use of sunlamps/
sunbeds, we did not include studies of psoralen and UVA
radiation therapy [e.g., that of Stern et al. (20)]). Where studies
provided separate estimates of risk for medical and nonmed-
ical use, the estimates for nonmedical use were used. Where
separate estimates were not given, the overall ORs and Cls
were used. Whenever possible, ORs adjusted for phenotype
factors (hair, skin, eye color, phototype, number of nevi, etc.)
and sun exposure were used in preference to crude or
unadjusted values. The studies of Swerdlow et al. (13) and
Osterlind et al. (9) present risk estimates as crude ORs
unadjusted for phenotype factors. Swerdlow” indicated the
“ever versus never exposed” value was adjusted only for age,
sex, and region of residence. In the case of the study by Walter
et al. (14), risk estimates were calculated as crude and adjusted
ORs, and because the two analyses gave “essentially the same
effect” (p.236), the authors presented the unadjusted values.
Thus, the Walter estimates can be expected to closely
approximate adjusted values.

A number of the studies presented data which allowed us to
evaluate whether initial exposure to sunbeds/sunlamps
occurring earlier in life “as a young adult” conferred a
different risk than if exposure began closer to the time of the
study. A total of five studies contributed to this analysis and,
with the exception of the study of Walter et al. (14), the
estimates used were the adjusted values.

Finally, a number of studies attempted to determine
whether a dose-response gradient with exposure was seen.
We produced summary ORs comparing melanoma risk
between subjects with the longest duration or highest
frequency of exposure and subjects never exposed. Six studies
provided data for this analysis.

Two of the authors (R.P.G. and T.K.L.) examined each of the
studies independently to determine which risk estimate was
the best indicator of “first exposure as a young adult” and
which was the best for “longest duration or highest frequency
of use,” and after a discussion concerning one study, agreed on
the measures considered to be most appropriate.

Summary ORs and 95% Cls were calculated for the three
measures of sunlamp/sunbed exposure noted above using the
method of DerSimonian and Laird (21). The Q statistic was
used as a test for heterogeneity among the original study
estimates (22). Published gender-specific ORs (14) or period-
specific ORs (15) were treated as separate entries or “studies”
in the meta-analysis. Sensitivity analyses were conducted by
recalculating summary ORs after eliminating specific studies.

Results

A total of 10 published articles (with 12 ORs) were used in
assessing the relationship between ever versus never use of
sunlamp/sunbed and melanoma (Table 1). The summary OR
showed a modest elevated risk (OR, 1.25; 95% CI, 1.05-1.49).
Positive associations were seen in 8 of 10 individual studies,
although only 4 risk estimates were statistically significant.
One of the studies (9) showed an inverse association. There

® Personal communication (April 30, 2004).

was significant heterogeneity (Q = 28.9; P = 0.0024) likely due
to the studies being conducted over a long period of time with
different designs. Also, one study (9) showed results markedly
different from the others. Recalculation excluding the Oster-
lind study substantially reduced but did not eliminate the
heterogeneity, and had only a slight effect on the summary OR.
Excluding both the Osterlind study and the Swerdlow study
(not adjusted for phenotype factors) again had essentially no
effect (OR, 1.24; 95% CI, 1.09-1.41). The cohort study of Veierod
et al. (19) used ‘‘never/rarely” as the index in assessing
exposure. We included this measure in the analysis as
combining these two groups as the index should give a
conservative estimate of risk among users. Excluding the
Veierod study made little difference to the summary OR (OR,
1.21; 95% Cl, 1.02-1.44).

Five studies contributed data to the analysis of first
exposure as a young adult (Table 2) which showed a positive
association with subsequent melanoma (OR, 1.69; 95% Cl, 1.32-
2.18). Confidence intervals for this analysis were wider than
those seen for the previous metric because the estimates
contributing to the summary ORs were based on relatively
small numbers of subjects. All five of the individual studies
showed a positive association although only two were
statistically significant. This group of estimates showed no
evidence of heterogeneity (Q = 3.81; P = 0.58). Recalculation
excluding the Swerdlow study (no control for phenotype
factors) had only a slight effect on the summary measure (OR,
1.65; 95% ClI, 1.28-2.13).

Data from six studies were entered into the analysis of
longest duration or highest frequency of use (Table 3). A
higher point estimate of risk was seen in this analysis (OR,
1.61; 95% CI, 1.21-2.12) than in the ever versus never analysis,
although the Cls for the two estimates overlapped slightly. All
six individual study estimates showed a positive association
with melanoma. Again, this group of estimates showed no
evidence of heterogeneity (Q = 5.90; P = 0.55), and recalcula-
tion excluding the Swerdlow study (no control for phenotype
factors) had virtually no effect on the summary OR (OR, 1.57;
95% Cl1, 1.19-2.09).

Discussion

This meta-analysis is subject to a number of limitations. The
estimates of risk for melanoma subsequent to using sunlamps/
sunbeds are based on published data in a series of 10 articles
over a period of 20 years. A pooled analysis of original
observations taken in the 10 studies would have provided a
more powerful approach to summarizing data on melanoma
and sunlamp/sunbed use. However, because the studies had
different overall aims, different metrics were used to record
duration and/or frequency of sunlamp/sunbed use. With the
exception of Westerdahl et al. (17), no study collected all the
information (years of use, frequency of exposure per year, and
duration of each exposure) needed to conduct a full quanti-
tative assessment of the association. This made pooling of raw
data infeasible.

Results of the analysis are, of course, dependent on the
choice of measures selected from each study. The overall
measure, ever versus never use, is fairly clear-cut, with the
caveat that we selected wherever possible the risk estimate
and CIs noted “for tanning purposes” rather than total use.
Recalculation of summary ORs using values for total sunbed/
sunlamp usage rather than use for tanning purposes
indicated that our decision did not affect the conclusions
reached. The measures used to assess first exposure as a
young adult were subject to more judgment. The case-control
studies defined a young adult in different ways, with first
exposure ages ranging from “less than 25 to ““less than 39
years.” For the women's prospective cohort study (19), we
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Table 1. Exposure to sunlamps and/or sunbeds and cutaneous malignant melanoma: case control and cohort study results

Ever vs. never exposed

Reference Place and period Cases Controls % Controls exposed Metric OR* (95% CI)
Osterlind ~ East Denmark 1982-1985 474 926 18% Ever used sunbeds 0.7 1% (0.5-1.0)
etal. (9)
Swerdlow UK (Scotland) 1979-1984 180 197 8.3% Ever used UV lamps 29" (1.3-6.4)
et al. (13) or sunbeds
Walter Ontario Canada 1984-1986 583 608 Males 14% Ever used sunbeds/ Males 1.88' (1.20-2.98)
et al. (14) sunlamps
Females 21% Females 1.45" (0.99-2.13)
M + F 1.62" (1.21-2.16)
Carb? an Germany 1984-1987 856 705 7% Use of sunbeds-yes  1.5* (0.9-2.4)
et al. (11
Autier Germany, Belgium, 420 447 Males 14%" Ever exposed Sunlamps" 1.77% (1.00-3.23)
et al. (15) France 1991-1993 to sunlamps
for tanning )
Females 17%° Ever exposed Sunbeds® 0.95! (0.64-1.41)
to sunbeds

for tanning
Al 1161 (0.83-1.61)

Westerdahl  South Sweden 1988-1990 400 640 25% Ever used sunbeds/ 1.3° (0.9-1.8)
et al. (16) sunlamps
Holly San Francisco USA 1981-1986 452 930 38%* Ever use of sunlamp 094" (0.74-1.2)
et al. (12)
Chen Connecticut USA 1987-1989 624 512 Males 16% Ever used sunlamp  1.13* (0.82-1.54)
et al. (18)
Females 22%
Westerdahl South Sweden 1995-1997 571 913 Males 33% Ever used sunbeds 1.2 (0.9-1.6)
et al. (17)
Females 57% .
Veierod Sweden and Norway; — Total cohort, 2% of total female Exposed 21/mo 1.55" (1.04-2.32)
et al. (19) female cohort 1991-1999 106,379 women  cohort exposed in any month

at age 10-39!

Summary OR
No. studies = 12 (10 investigations, 1 with sex-specific, and 1 with exposure-specific risk estimates) 1.25 (1.05-1.49)

NOTE: Abbreviation: NS, not stated.

*Odds ratio adjusted in the original study for age, sex, host factors, and in some studies, sun exposure.
tOdds ratio unadjusted.

tSunbed use only; no OR given for sunlamp use.

*Used for tanning purposes.

15tudy conducted among female subjects only.

Comparison group is never/rarely.

defined first exposure as a young adult to be women who The longest duration or highest frequency of use analysis
used sunbeds for the first time at ages 10 to 19. As this cohort  combined what we considered to be the best measure of
was comprised of women who were recruited in 1991 to 1992 cumulative sunbed/sunlamp exposure available within each
at ages 30 to 50, early exposure would have occurred study. The intention of this analysis was to compare risk
before 1980. estimates in subjects with maximal cumulative usage to that in

Table 2. Exposure to sunlamps and/or sunbeds and cutaneous malignant melanoma: case control and cohort studies

First exposure as young adult

Reference Place and period Cases Controls % Controls exposed  Metric OR" (95% CI)
Swerdlow UK (Scotland) 1979-1984 180 197 3% Age at first 3.8 (0.9-16.5)
et al. (13) exposure <30 y
Walter Ontario Canada 1984-1986 583 608 Males 7% First use Males 2.13" (1.13-4.13)
ct al. (14) <age 30
Females 12% Females 1.551 (0.94-2.59)
M +F 175" (1.18-2.59)
Chen Connecticut USA 1987-1989 624 512 8% <age 25 at first use  1.35 (0.88-2.08)
et al. (18) of sunlamp .
Westerdahl  South Sweden 1995-1997 571 913 9% First exposure at 23 (1.24.2)
et al. (17) age <35 .
Veierod Sweden and Norway; — Total cohort 2% of total female Exposed >1/mo, 1.52" (0.56-4.12)
et al. (19) female cohort 1991-1999 106,379 women cohort age 10-19
Summary OR
No. studies = 6 (5 studies, 1 with sex-separate risk estimates) 1.69 (1.32-2.18)

*Odds ratio adjusted in the original studies for age, sex, host factors, and in some studies, sun exposure.
tOdds ratio unadjusted.
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Table 3. Exposure to sunlamps and/or sunbeds and cutaneous malignant melanoma: case control and cohort studies

Longest duration or highest frequency of use

Reference Place and Period

Cases Controls % Controls Exposed Metric

OR* 95% CI)

Swerdlow et al. (13)

Walter et al. (14) Ontario, Canada 1984-1986 583 608

Females 2%

Autier et al. (15) Germany, Belgium, 420 447

France 1991-1993

1980 or later 2%

Westerdahl ct al. (16) South Sweden 1988-1990 400 640 5%
Chen ct al. (18) Connccticut USA 1987-1989 624 512 8%
Westerdahl et al. (17) South Sweden 1995-1997 571 913 6%

Summary OR

No. studies = 8 (6 studies, 1 with sex-specific estimates, and one with period-specific estimates)

UK (Scotland) 1979-1984 180 197 2%
Males 4%

Prior to 1980 5%

3.4% (0.6-20.3)

Duration of use >1 y
Males 2.12" (0.90-5.28)

Sunbed/sunlamp use
21/mo for 212 mo
Females 2.99" (1.08-9.57)
M + F 244" (1.27:4.71)
210 h exposure for Prior to 1980 2.12" (0.84-5.37)
tanning before 1980
210 h exposure for
tanning 1980 or later

1980 or later 0.99° (0.49-2.00)

>10 exposures/y to 1.8 (1.0-3.2)
sunbeds/sunlamps .

210 uses of sunlamp .15 (0.60-2.20)

>250 sunbed uses 1.5 (0.7-3.2)

1.61 (1.21-2.12)

*Odds ratio adjusted in the original studies for age, sex, host factors, and in some studies, sun exposure.

10dds ratio unadjusted.

subjects “‘ever exposed” and those ‘‘never exposed.” This
would enable us to determine whether there was a suggestion
of a gradient of risk from none to maximal use. Of course those
subjects most heavily exposed will also be included in the ever
exposed category, so the OR differences seen between the
levels of exposure are not independent.

The published articles covered a time period of nearly 20
years. During this time the UV emissions of artificial tanning
devices changed in character. Sunlamps used up to the late
1970s were usually used in the home setting (except for
medical use) and emitted primarily UVB (sometimes with a
small component of UVC). In the early 1980s, two major
changes took place. Indoor tanning began to be done largely in
commercial salons rather than at home, and salons began to
use UVA lamps. Thus, the character of the exposure changed
and because of this there is some question whether results
from the early studies (9, 13, 14) can be legitimately combined
with those of more recent studies. We suggest that combining
the results of the studies is appropriate, as there is no
convincing human data demonstrating that UVB is more or
less strongly related to melanoma than UVA. In fact, there is
some evidence that melanocytes exposed in vivo to either UVA
or to UVB show similar levels of thymine dimer formation (23).
In addition, studies have shown that UVA as well as UVB
impairs antioxidant function and promotes reactive oxygen
species, events known to be involved in cutaneous carcino-
genesis (24-27). Finally, the risk estimates from later studies,
taken together, do not differ in character from those seen in the
earlier investigations.

Finally, although we have used risk estimates adjusted for
phenotype factors and, when possible, for sun exposure, it is
unlikely that the studies have achieved complete control for
these potential confounders. If individuals who use artificial
tanning devices are more likely to suntan, as many suspect,
then some of the elevated risk seen might be due to
recreational sun tanning.

Our results, however, suggest that any exposure to artificial
tanning devices modestly, but significantly, increases risk of
cutaneous melanoma; however, caution is needed as it is
possible that there is unpublished (or unanalyzed) data on
sunbed or sunlamp use in existence from previously con-
ducted etiologic studies of melanoma. The subgroup analysis
of risk among those exposed “early in adult life” suggests a
risk estimate slightly higher than that seen in the ever versus
never analysis. We take this to indicate that risk increases with
adequate lag time (>10 years) after commencement of
exposure. However, as noted above, this lag time is potentially

confounded by the change in tanning device emissions from
UVB to UVA in the early 1980s. The latter interpretation,
however, seems unlikely as risk estimates for exposure during
the period when UVA was emitted by sunbeds (17) are similar
to those scen during earlier periods.

Summary ORs for those with the longest duration or highest
frequency of use suggest a higher risk of melanoma among
those most heavily exposed than among those ever exposed.
Confidence intervals of the two estimates overlap; however,
this does give some indication that a dose-response effect
might be found to be present if exposure data were more
effectively captured.

If there is a causal relationship between sunlamp/sunbed
exposure and melanoma, the public health question is asked:
how important is the risk? It is not possible with the data
available to answer this question with any certainty. However,
a large number of epidemiologic studies have been conducted
on the relationship between solar UV exposure and melanoma,
and these have been summarized quantitatively by Nelemans
et al. (28) and Elwood and Jopson (2). Combining the highest
reported levels of “intermittent” exposure produced a sum-
mary OR for all studies of 1.71 (95% CI, 1.54-1.90) in the
Elwood study, and 157 (95% CI, 1.29-1.91) for population-
based studies in the Nelemans investigation. These values are
similar to that seen for longest duration or highest frequency of
use of sunlamps/sunbeds in the present study. Although
caution is required due to the possibility of confounding by
inadequate control for concurrent sun exposure, the results
suggest that artificial UV may be a significant contributor to
risk among those with substantial exposure.

In summary, although it is not possible to determine
accurately how much sunbed/sunlamp use contributes to
individual risk of cutaneous malignant melanoma, it seems
clear that any use of these devices elevates risk for cutaneous
malignant melanoma. Furthermore, risk further increases
with appropriate lag time, and frequency and duration of
usc seem likely to be positively related to the magnitude of
the risk.
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ABSTRACT: Exposure to the solar ultraviolet spectrum that penetrates the Carth's
stratosphere (UVA and UVB) causes cellular DNA damage within skin cells. This
damage is clicited directly through absorption of energy (UVB), and indirectly through
intermediates such as sensitizer radicals and reactive oxygen specics (UVA). DNA
damage is detected as strand breaks or as base lesions, the most common lesions being
8-hydroxydeoxyguanosine (8OHAJG) from UVA exposure and cyclobutane pyrimidine
dimers from UVB cxposure. The presence of these products in the genome may cause
misreading and misreplication. Cells are protected by free radical scavengers that
remove potentially mutagenic radical intermediates. In addition, the glutathione-S-
transferase family can catalyze the removal of cpoxides and peroxides. An extensive
repair capacity exists for removing (1) strand breaks, (2) small base modifications
(80HAG), and (3) bulky lesions (cyclobutane pyrimidine dimers). UV also stimulates
the ccll to produce carly response gencs that activate a cascade of signaling molecules
(e.g.. protein kinases) and protective enzymes (¢.g., haem oxygenase). The cell cycle
is restricted via p53-dependent and -independent pathways to facilitate repair pro-
cessces prior to replication and division. Failure to rescue the cell from replication block
will ultimately lead to cell death, and apoptosis may be induced. The implications for
UV-induced genotoxicity in diseasc arc considered.

KEY WORDS: DNA damage, UVA, UVB, repair, gene induction, cancer.

I. INTRODUCTION

The organ primarily affected by ultraviolet radiation is the skin. There
has been an upsurge of interest in the effects of ultraviolet radiation on skin
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in particular, in recent years, {ueled by reports of a reduction in protection
of the Earth’s surface due to ozone depletion. Epidemiological evidence
points strongly toward a link between exposure to sunlight and skin
cancers, particularly malignant melanomas, basal cell carcinomas, and
squamous cell carcinomas.

The ultraviolet component of sunlight incident on the Earth’s surface
can be broadly defined as the ultraviolet B (UVB) component, lying
between 280 nm and 315 nm, and ultraviolet A (UVA) in the range 315 to
400 nm. UVC (100 to 280 nm) is completely absorbed by the Earth’s
atmosphere and therefore is unlikely to have a major pathophysiological
effect. While all biological macromolecules (DNA, lipid, protein) can
absorb UVB energy, this review is restricted to the effects of UV radiation
on DNA only. As there is an absolute requirement for the absorption of
ultraviolet energy to cause molecular damage, the absorption spectrum of
a particular btomolecule governs the nature of the damage induced. DNA
absorbs strongly in the UVB region: however, it is only a weak chro-
mophore in the UVA region. Instead, other organic molecules, referred to
as photosensitizers, absorb photons of UVA encrgy and may subsequently
transfer this energy via oxygen or via an endogenous radical to other
biomolecules.

This scction reviews the genotoxicity of ultraviolet light, defining
molecular changes induced and methods for their measurement in relation
to the functions of DNA in the transfer and expression of genetic informa-
tion. The eftects of UV-DNA damage on repair and protective systems
within cells are described, as well as the activity of these systems in
disease.

il. MECHANISMS OF UV-INDUCED DAMAGE

The majority of early work investigating the effects of UV has been
carried out using isolated DNA. However, these findings are supported by
more recent studies in cellular systems such as £. coli and fibroblasts.
Commonly, DNA-damaging agents induce several genotoxic lesions in
DNA and these include strand breaks, either double or single due to
deoxyribose degradation or repair, base deletion, or base modification. It
is convenient to consider UVB as a direct inducer of DNA damage,
whereas UV A exerts its genotoxic effect indirectly, most likely through
sensitizer radicals or reactive oxygen species (ROS). These are considered
in turn.
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A. Direct Effects — UVB

DNA is the most prominent cellular chromophore for the absorption of
UVB.! The absorption of energy causes the excitation of a single electron
to a higher, less stable, encrgy tevel. This reactive intermediate can then
degrade or react readily with a variety of biomolecules. While the photo-
chemistry of DNA within cells and organs is more complex, it is well
established that three major base modifications are induced directly due to
photons from UVB. These are (1) cyclobutane-type pyrimidine dimers, (2)
the (6-4) photoproduct, (3) the corresponding Dewar isomer,” and (4)
thymine glycols. Pyrimidine dimers are the most prevalent (5 to 10 times
more frequent than the photoproduct or Dewar isomer). These can exist as
either cytosine-cytosine, thymine-thymine, or mixed dimers depending on
the wavelength and irradiation conditions.’ These direct mechanisms of
UVB action are well supported by the observation that the absorption
spectra for cytosine and thymidine correlate with the action spectrum for
dimer formation.* However, cytosine in cyclobutane pyrimidine dimers
rapidly deaminates 1o form uracil.® There is a degree of sequence specific-
ity in the induction of the (6-4) photoproduct; cytosines 5” upstream of
adjacent pyrimidines are frequent targets for the induction of this lesion.
Purine dimers are not reported following UVB irradiation.

UVB can also cause limited numbers of strand breaks, their rate
increasing with increasing wavelength, and in addition, single base lesions
have also been detected. These are primarily the ring-saturated thymines
(5,6-dihydrothymidine) also known as thymine glycols.®

There is also evidence for the induction of 8-OHdG following UVB
exposure.” Primary murine keratinocytes generated a dose-dependent in-
crease in 8-OHdG over the dose range 4 to 750 mJ/em® UVB.

Because DNA is entwined within a core of structural proteins, the
histone proteins, it is also common to find DNA-protein crosslinks (DPCs),
mostly involving cysteine residues.® The frequency of DPCs is an order of
magnitude lower for UVB than for an equivalent ¢nergy dose of UVA.

B. Indirect Damage

UVA radiation constitutes more than 90% of other radiation reaching
the Earth’s surface, and historically UV A radiation was considered harm-
less. However, the genotoxicity of UVA has been firmly established from
in vitro experiments. Owing to the low absorptivity of DNA between 315
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nm and 400 nm, the damage induced is largely due to the absorption of
UVA photons by endogenous non-DNA chromophores. This energy is
indirectly transferred to DNA via reactive oxygen intermediates or radicals
generated on the absorbing chromophore. Within mammalian cells, these
chromophores (photosensitizers) include riboflavin, porphyrins, quinones,
and reduced nicotinamide co-tactors. Bioactive drugs such as the tetracy-
clines may also act as photosensitizers.

Initially, following the absorption of UVA photons, an electron is
transferred to an orbital of higher energy. either maintaining the same
direction of spin to form the unstable singlct species (1., psecs-nsecs), or
undergoing a spin conversion to the triplet state, *Sens*, which has a t,,
~ ps. This longer-lived specics has a greater propensity to react with other
molecules and can cause direct modification of DNA via a type I reaction.’

3Sens* + 'substrate = 'Sens + ‘substrate* ; energy transfer reaction
3Sens* + substrate = Sens* + substrate ~ ; one electron transfer
‘Sens* + substrate = adduct ; addition reaction

These reactions contrast with the type 11 reactions that are oxygen-medi-
ated reactions, see equations below, producing ROS such as singlet oxygen
'0, or superoxide anion, O, .

3Sens + 0, = 'sens + 'O,
3Sens + 'O, = sens* + O,

Because the reactions of UV A-generated ROS with DNA are synonymous
with other endogenously generated sources of reactive oxygen species, it
is much more difficult to discern the frequency of UVA-induced damage
in vivo.

An inverse relationship in the pattern of reaction products following
UVA damage is seen in DNA when compared with UVB damage. UVA
excited photosensitizers promote the formation of three major base lesions,
in addition to a much lower level of base loss.> These are (1) 8-hydroxy-
deoxyguanosine (8-OHdG) — singlet oxygen appears to mediate the
formation of 8-OHdG from guanosine.'? 8-OHdAG is reported to be induced
by UVA at a 10-fold higher rate than strand breaks (SB) in mammalian
cells;'! (2) hydroxyhydroperoxides — using thymine in solution, in the
presence of menadione as a photosensitizer, UV A indirectly generates the
radical cation of thymine that, in the presence of oxygen, gives risc to
isomeric hydroxy-hydroperoxides;'> (3) Pyrimidine photoproducts; the
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formation of pyrimidine photoproducts has been reported following ab-
sorption of UVA photons, but a sixfold greater energy input is required at
365 nm compared with 254 nm to induce the same order of magnitude of
lesions.” However, the 64 photoproducts are not observed,'*!* possibly
because the latter arise exclusively from the singlet state induced by direct
energy absorption rather than via a triplet state formed from energy trans-
fer.

Peak et al.'® have demonstrated the induction of DNA SSBs in human
cells in vitro, throughout the visible region; UV A irradiation in the pres-
ence of D,0O enhances SSBs implicating singlet oxygen, because the decay
of singlet oxygen is slowed down by an order of magnitude in D,0
compared with H,O. Furthermore, studies using supercoiled plasmid DNA'7
exposed to singlet oxygen have demonstrated that 'O, has the capacity to
break covalent bonds within DNA. In addition, the generation of the
superoxide anion is purported to play an indirect role in the generation of
SSBs following dismutation to hydrogen peroxide, H,O, and the site-
specific generation of the hydroxyl radical, ‘OH, on the DNA backbone at
localized metal ion binding sites.!'® However, the H,O, yield calculated
after exposure of epithelial cells in culture to UV A radiation is not suffi-
cient to account for the majority of strand breaks, favoring singlet oxygen
as the genotoxic agent.'™

The requirement for oxygen in the UVA-mediated induction of DPCs
is elegantly demonstrated in studies by Gantt er @/.,"” using human cells
irradiated at 405 nm in a hypoxic environment that reduces DPC torma-
tion. In contrast, incubation in D,O enhances DPC lesions, by lengthening
the half-life of singlet oxygen.

More recently, the formation of glyoxal from DNA treated with reac-
tive oxygen species has been described.?’ The yield of glyoxal is 17-told
greater than 8-OHdG and is likely to arise from deoxyribose degradation
during strand breakage. Glyoxal forms adducts at guanine sites, and we
predict that such lesions may be found after UVA irradiation.

Ill. ANALYSIS OF UV-INDUCED DNA MODIFICATION

Despite strong epidemiological evidence, much of the identification of
UV as a genotoxic agent rclevant to disease has only been possible by the
development and refinement of techniques for the accurate identification
and determination of lesions. These techniques can be broadly classified
as those that measure (1) strand breaks, (2) specific sequences of damage,
and (3) specific base lesions.
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A. Strand Break Analysis

DNA remains as a tightly coiled o helical structure tn its intact form.
However, strand breakage by agents such as UVR reduces the intra- and
inter-chain stabilization and is accompanied by a degree of unwinding.
This phenomenon is applied in the fluorescence-activated DNA unwind-
ing assay (FADU assay),” DNA sedimentation analysis,”? and also the
single cell gel electrophoresis or comet assay.?* These techniques examine
nonextracted DNA, and depend on the binding of a fluorescent dye to
DNA for detection; however, the latter is exquisitely more scnsitive,
requiring 50 comets per analysis. Using the comet assay to study laser-
induced UV-B DNA damage, De With er al.** were able to detect DNA
damage in human lymphocytes after a single laser pulse dose of just 12 mJ.
In a study of the sensitivity ot pigmented cells to UVB-induced strand
breakage, using the comet assay, Noz et al.** showed that common
melanocytic nevi have a 30% lower induction of strand breaks compared
with foreskin melanocytes. Control experiments with X-ray irradiation
indicated that the differences in strand breakage could not be accounted for
by intrinsic nuclear characteristics.

However, any study of strand breaks induced by UV is complicated by
the difticulty of measuring alkali labile sites, and more critically by exci-
sion repair processes,? which introduce DNA strand breaks during the
removal of bulky base lesions (see Section [V). Furthermore, UV is widely
reported to initiate apoptosis (Section V). The comet assay also detects
apoptotic cells, where strand breaks are induced by endogenous endonu-
clease, rather than UV-mediated ROS or deposition of energy.

B. Specific Protein Recognition of Base Damage in DNA

Native DNA is weakly immunogenic, however, after denaturation by
UV radiation it can elicit a significantly improved antigenic response. This
principle has been exploited in the production of antisera that recognize
thymine dimers. Such immunological reagents are powerful tools in the
determination of DNA damage induced by UV, which can be used on fixed
tissue sections?’ and in whole cell FACS analysis.

Immunological reagents are powerful sequence-specific reagents, as
demonstrated by Herbert er al., who described the production of a
polyclonal antiserum (that is referred to as 529), the major antigenic
epitope of which was identified as a cyclobutane thymidine dimer with an
adjacent 3’ or 5’ thymidine. More recently, this antiserum has been used in
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FACS analysis for the determination of DNA damage induced in cultured
fibroblasts by UVB (see Figure 1). We have observed a linear increase in
529 binding with increasing UVB dose, where cell viability was only
significantly reduced after a dose of 50 mJ/cm?. By using double staining
techniques it is possible to quantify cyclobutane pyrimidine dimer forma-
tion induced by UV during different phases of the cell cycle.’® Using
epidermal cells from hairless mice irradiated in vivo with UVB, a linear
fluorescence/dose relationship was observed.

Mizuno et ul*” describe the production of a monoclonal antibody,
TDM-1, which recognizes thymidine dimers and whose reactivity is ab-
rogated following treatment of DNA antigen with photolyase . The anti-
body was subsequently applied to the measurement of lesions in DNA
isolated from irradiated mammalian cells. Hori er a/.*! used polyclonal
antibodies to study DNA extracted from human skin tumors and controls.
These workers observed immunoprecipitates indicative of unrepaired
cyclobutane-type pyrimidine dimers in individuals with squamous cell
carcinoma and with facial actinic keratosis. An aberration in repair may
contribute to misreading and misreplication (Section VI).

More recently, immunocytochemical techniques have been applied in
human mononuclear cells, to compare cyclobutane-type pyrimidine dimers,
Dewar isomers and 6—4-photoproduct production induced by sunlight
compared with UVB alone, generated by a broad spectrum UVB sun
lamp.?*> This confirmed that the majority of (6—4) photoproducts are con-
verted to Dewar valence isomers by the UVA component in sunlight, and
implies that (6-4) photoproducts are unlikely to contribute directly to
sunlight-induced carcinogenesis.

In order to evaluate the frequency of photoproducts formed in vivo in
UV-irradiated human skin, Chadwick ef a/.>* used monoclonal antibodies
to probe methanol-fixed paraffin sections. The staining of thymine dimers
and 6—-4 photoproducts in nuclei of epidermal cells showed a minimal
change with depth (2.5% loss per cell layer) following 300 nm UVR,
confirming the effective penetration and damage induction by UVB in
human skin.

The generation of 8-OHdG is widely reported following exposure of
DNA to ROS-generating systems.'™* However, a recent immunohis-
tochemical investigation into chronic UVB exposure (10 MED 3 times/
week for 2 wecks) of the epidermal cells of hairless mice showed a 6-told
increase in nuclear 8-OHdG. This is postulated to arise indirectly from the
effects of UVB-inducing lipid peroxidation and inflammation, thereby
producing ROS involved in modifying DNA bases.?
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FIGURE 1. RHT cells were exposed to increasing doses of UVB, and after 1 h
DNA binding of 529 was determined using a FACscan flow cytometer. in parallel,
cell viability was determined using the MTT assay to measure mitochondrial
activity. Results are expressed as percent change in fluorescence from control.

In addition to laboratory-generated reagents, there are several DNA
binding proteins which recognize UV-induced base lesions that may play
a physiological role in marking DNA for repair processes. These proteins
can be utilized in assays for UV-DNA damage (Section V.B).
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The recognition of UV-DNA lesions can also be harnessed as a means
of detection in the ligation-mediated polymerase chain reaction (LMPCR).
This technique can be applied wherever a lesion can be converted into a
strand break with a 5" phosphate group. For example, cyclobutane dimers
can be mapped by cutting DNA at the lesion with a dimer-specific endo-
nuclease such as T4 endonuclease V, followed by E. coli photolyase to
generate ligatable breaks.’® The alkali sensitivity of (6—4) photoproducts
and Dewar isomers can be utilized to generate breaks. Following ligation
of an oligonucleotide primer onto the 5” end of broken DNA, the fragments
of a genomic sequence ladder are amplified by PCR.

Tomaletti and Pfeiffer’® have applied LMPCR to examine the distribu-
tion of CPDs and 6—4 photoproducts along the promoter sequences of
c-jun, proliferating nuclear antigen (PCNA) and c-fos, and described
photofootprints at common transcription factor binding sites, including
AP-1 and SP-1.

C. Chromatographic Analysis of Photoproducts

Analytical chromatography by HPLC and GC-MS have been used in
the identification of UV photoproducts. Franklin er al?” described the
development of an HPLC assay for the separation and quantitation of
cyclobutane pyrimidine dimers and (6—4) photoproducts. This has allowed
the accurate determination of photoproduct mutagenic potential®** and
frequency, where a 10-fold greater yield of cyclobutane pyrimidine dimers
is reported relative to (6—4) photoproduct after UVB exposure.*?

UV-modified bases excised from laser-irradiated DNA in the presence
of acetone and acetophenone as photosensitizers have been quantified by
HPLC.%' The level ot 8-0xodG was 50% that of pyrimidine dimers using
acetone as a sensitizer, whereas after direct excitation of DNA at 254 nm,
the yield of 8-0xodG was only 0.8% that of pyrimidine dimers, confirming
that 8-oxodG only represents a significant modification following UVA
irradiation. The production of 8-oxodG was not increased in D,O or was
it inhibited by SOD and catalase. The authors suggest that direct electron
transfer reaction from sensitizer radicals mediated 8-oxodG formation.
The formation and detection of oxidized base products after UV irradiation
of DNA using GC-MS has been described.* Recently, we have described
the development of a highly specific and selective assay, using GC-MS for
the detection and quantification of cis-syn cyclobeta dithymine (cyclobutane
thymine dimers).** The absolute determination of lesions will contribute to
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our understanding of the relationship between base lesion and disease
development (Section VI).

IV. CELLULAR PROTECTION AGAINST UV-DNA DAMAGE

Maintaining the integrity of DNA is crucial for accurate replication,
transcription, and cell survival; therefore, scveral mechanisms of protec-
tion have evolved. In healthy eukaryotic cells, the consequences of UV
irradiation on the induction of damage to DNA are minimized by a
combination of antioxidant detence systems, detoxification, and repair
systems.

A. Antioxidant Defense

The antioxidant repertoire of eukaryotic cells ranges from enzymes
that catalyze the removal of specific radical species to low-molecular-
weight polypeptides with a non-specific scavenging capacity. Table |
summarizes the properties and distribution of antioxidants.

The major antioxidant cnzymes are present throughout the dermal
layers; however, their protective etlicacy against UV-induced damage is
only poorly understood. Nevertheless, the intranuclear accumulation of
these compounds 1s important for any protective etfect to be observed in
cellular systems.

An early study on DNA damage examined the effects of addition of
exogenous catalase to UV A-irradiated human fibroblasts.'® These workers
demonstrated that alkali-labile sites/single-strand breaks induced by UVA
could be virtually eliminated in the presence of catalase, while cytotoxicity
was unaffected. This contrasts with the findings of Epe er a/.,*' who did not
find any protection afforded by catalase or SOD against UVA (333 nm)-
induced FPG-protein-sensitive sites in bacteriophage PM2 DNA using
acetone as sensitizer (see Section 1V). However, these workers did observe
protection by azide. This supports the role of a purine radical and points
to involvement of different radical intermediates in generating base modi-
fications compared with strand breaks.

The protection afforded by low-molecular-weight scavengers has been
investigated, Fischer-Nielsen er a/. ¥ examined the effects of glutathione,
ascorbate, and 5-aminosalicylate on 8-0xodG induced by UV (240 to
580 nm) in calf thymus DNA. While all molecules exhibited photoprotective
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TABLE 1

Antioxidant Protection Against DNA Damage Induced
by UV Irradiation In Vitro

Antioxidant Activity UV protection Ref.
SOD 0,/-+0, +2H'=> No protection 41
H,0,+ O,
Catalase 2H,0, == 2H,0 + O,  Protects against 18
UVA strand breaks
No protection 41
Vitamin C O,- +OH. + Protects against 44
ascorbate = semi- UVA-induced
dehydroascorbate 80OHIG 7
Protects against
UVB-induced
80OHdG
Vitamin E Acts as a chain Trolox protects 7
terminator for lipid against UVB-
peroxy radicals induced 80OHdAG
Carotenocids  Scavenges singlet Inhibits epidermal 48
oxygen damage
GSH Cofactor for GSH Protects against 44
peroxidase and UVA-induced
scavenges OH 80HdG
Flavonoids Quenches 80HdAG 49

induced by UVA

activity by reducing levels of 8-OFHdG, the presence of exogenous iron
promoted 8-OHdG formation. Subsequently, these workers confirmed that
preincubation with both ascorbate and S5-aminosalicylate diminished
8-OHdG formation in V79 Chinese hamster ovary cells, confirming that
both compounds can act as intranuclear antioxidants.*

Despite the strong evidence supporting a direct action for UVB on
induction of DNA damage, there are studies that have demonstrated a
favorable change in antioxidant defense status following UVB exposure.
In a mouse skin model of acute UVB exposure (300 mJ/cm?), Fuchs et al.%
observed an increase in glutathione reductase and catalase activity, while
SOD and GSHPx were unaffected. Furthermore, an inhibitory effect of
vitamin C, selenite, and trolox on 8-oxodG formation was observed in
mouse keratinocytes preincubated with antioxidants that had been irradi-
ated with 500 mJ/em? UVB.7

The carotenoids represent a class of small molecules that have a
photoprotective function in the protection of plants from UV damage.
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However, they are becoming of increasing interest in skin protection. The
primary species scavenged by P carotene is singlet oxygen, which is
believed to be generated close to the surface of the skin, and exogenous
carotenes have been shown to inhibit epidermal damage and tumor forma-
tion induced by UV in mouse models.*’4¥ An investigation into the cffects
of soybean isoflavone genistein on §-OHdG induced by UV demonstrated
that this flavonoid was a powerful quenching agent. Moreover, it was less
etfective against Fenton-induced 8-OHdG formation, suggesting a ditfer-
ent mechanism for adduct formation by UV light.#

However, there remains no consensus as to the efficacy of scavengers
to prevent the pathologies described in Section VI.

B. Detoxification

The glutathione-s-transterase (GST) multigene family represents a
major group of detoxification enzymes found in the endoplasmic reticu-
lum, which are particularly concentrated in the liver. It is likely that the
level of expression of particular isoforms is critical in determining the
toxicity of cells to any given insult. GST expression is governed by both
transcriptional and posttranscriptional control, and many isozymes are
induced via the antioxidant-responsive element, the xenobiotic-responsive
element or the glucocorticoid enhancer element. ROS, as generated during
UVA irradiation, induce GSTs that detoxify toxic carbonyl, epoxide, and
peroxide-containing metabolites produced by the effects of ROS.

In humans, there are marked differences in isozyme expression. In
addition, 50% of the population carry deletions in GSTMI1, while 16%
have deletion of GSTTI. These enzymes catalyze the conjugation of
glutathione to carcinogenic intermediates, and epidemiological studies
have associated the null genotype with an increased risk of cancer. In a
recent report, Kerb ef al. * have investigated whether genetic variation at
the GST loci GST T1 and GST M1 influences UVB sensitivity in healthy
individuals. After controlling for skin type, homozygous carriers of GST
T1 deletion presented with the most intensive inflammatory reaction post-
UVB irradiation. The lack of GST M1 alleles were also common in the
induction of an intense inflammatory response, while a combination of
null phenotypes at both loci was associated with the most intense inflam-
matory reactions. These findings implicate a heritable GST deficiency as
a risk for UV sensitivity and potentially for cancer induction. The mecha-
nisms by which GSTs influence tumor number and accrual remain specu-
lative, but are likely to involve repair processes.
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C. DNA Repair of UV-Induced Lesions

The genetic stability of any cell requires not only the regulated mecha-
nism of DNA replication, but also efticient repair mechanisms tor both
spontaneous and induced DNA lesions. Failure of such mechanisms can
lead to various clinical manifestations such as cancer and degenerative
disorders.®! The importance of the repair mechanisms in relation to UV-
induced pathogenesis has been well highlighted over the years. 5%

Intrinsic and extrinsic agents causing DNA lesions can be removed
primarily by three repair mechanisms: direct reversal, base excision, and
nucleotide excision. These repair mechanisms are well understood in
unicellular organisms, and in recent years much more has become under-
stood in the mammalian system. The parallel nature of these mechanisms
between both systems is discussed further.

1. Direct Reversal

Direct reversal of DNA damage involves mechanisms that ‘undo’ the
damage. Examples of such mechanisms include: enzymatic photoreactiva-
tion, repair of spore photoproduct, repair of Of-guanine and O*thymine
alkylations, and finally the repair of single-strand breaks by direct rejoin-
ing. These have been observed in prokaryotic and/or eukaryotic systems
and are shown in Table 2.

The mechanism of alkyl transfer is of great importance in humans.
To date there are no known diseases associated with O°-methylguanine
DNA methyltransferase (MGMT) dysfunction; however, O%-guanine and
O'-thymine adducts are mutagenic lesions and are therefore potentially
tumorigenic.®” The human MGMT is a monomeric protein (M, = 21,700)
and has the capacity to transfer larger alkyl groups such as ethyl and butyl
on the O° position of guanine. In E. coli there are two types of MGMT
referred to as Ogt and Ada. The former is similar in nature to the human
MGMT, while the latter functions not only in the methyl transfer from
O%-methylguanine, but from phosphotriesters as well. Ada also appears to
be involved in the positive regulation of ‘alkylation-defense’ genes.

2. Base Excision Repair
The mechanism of base-excision repair eliminates non-bulky lesions,

that is, those that do not distort the actual helical structure of DNA.®
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Alkylating agents and ionizing radiation are typical examples of insults
that can generate such adducts. The excision of these moditied/damaged
bases involves the action of a specific class of enzyme, the DNA
glycosylases. These catalyse the hydrolysis of the N-glycosylic bond that
links the adduct to the deoxyribose-phosphate backbone. The resulting
apurine or apyrimidine (AP) deoxyribose or AP site is processed turther by
cleavage of the phosphodiester bond immediately 3” to this site. Only some
DNA glycosylases have both hydrolase and B-lyase activity. To date a
number of DNA glycosylases have been characterized and reviewed.®
Some of these DNA glycosylases important in the repair of both direct and
indirect UV damage are summarized in Table 3.

AP hydrolases or the ‘true” AP endonuclease climinate AP sites gen-
erated by glycosylase or spontaneous base loss and can also trim the 3’
sites of strand breaks generated by ROS or ionizing radiation. In £. coli
there are two types of these hydrolases: exonuclease 111 and endonuclease
IV. One human AP endonuclease (APE, HAP1, APEX, REF1) has been
characterized and appears to have a high degree of sequence homology to
exo. 1.8 The enzyme is a 36-kDa monomer and also appears to have the
capacity to activate transcription factors Fos and Jun via the cysteine
residue on the N-terminus of the enzyme.?

Following excision of the adduct, the gap is filled by the action of a
DNA polymerase. Studies have yet to confirm whether this involves
proliferating cell nuclear antigen (PCNA)-independent Polf} and/or PCNA-
dependent Pold and Pole.*” Experiments using a puritied nuclear extract
from bovine testis indicate that perhaps Polf} is better suited to fill short
gaps.®™ The poly (ADP-ribose) polymerase also appears to increase in
activity during strand breaks and DNA nicks.® However, its precise con-
tribution to DNA repair remains unclear.®® The final stage of base excision
repair involves the ligation of a nucleotide to its neighbor and thus sealing
the DNA strand.

Recent work with Chinese hamster ovary extracts reveal that mamma-
lian cells may repair AP sites via two distinct pathways. The first pathway
is the single nucleotide gap-filling reaction, as described above, while the
second pathway appears PCNA dependent and involves the removal of a
short oligonucleotide containing the abasic site and approximately seven
3’ flanking nucleotides.”

3. Nucleotide Excision Repair

Perhaps the most important mechanism of DNA repair to UVB-in-
duced damage involves the nucleotide excision repair system (Figure 2).%7
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UV Radiation: 280-320nm
‘ Pyrimidine Dimer
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FIGURE 2. The pyrimidine dimer is recognized by the Xeroderma Pigmentosum
(XP) complementation group, XPA. This polypeptide binds to the damage and
allows entry of the HSSB* complex, which further recruits TFiiH* and XPF-ECC1*
complex. The XPB and XPD components of TFilH possess helicase properties
that aid the ATP-dependent unwinding of DNA at the site of damage to allow for
dual incision. XPG excises the DNA at the 5th phosphodiester 3’ 1o the adduct,
while XPF excises approximately 20 bases 5’ the damage. The 24-29 oligonucle-
otide is released, and the resulting gap is filled by the action of proliferating cellular
nuclear antigen (PCNA), replication factor C and DNA polymerases & and ¢. This
repair synthesis begins at the 5’ end and works long to the 3’ end. The final 3" nick
is sealed by the action of a DNA ligase. (*Components of these excinuclease
complexes have been detailed in Tabie 4.)

This mechanism allows the removal of bulky adducts, such as cyclobutane
pyrimidine dimers (CPDs) and 6—4 photoproducts. It is also important to
note that lesions repaired by the direct reversal or base excision route can
also be removed by nucleotide excision repair.”> Recently, Reardon et al.
(1997) demonstrated the removal of 8OHdG via this pathway.”
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This mechanism is principally similar to base excision repair; how-
ever, it involves the excision of an oligonucleotide containing the leston as
opposed to a single adduct. The dual incisions, either side of the lesion, are
by a multisubunit ATP-dependent nuclease (excinuclease). In E. coli three
subunits are required (0 make such incisions, whereas in humans 16
polypeptides are required. In both systems the excinuclease cuts the 5th
phosphodiester bond 3’ to the lesion; however, at the 5” end the position
of the cut varies such that the excised oligomer generated is a 12—13mer
in £ coli and a 24--29mer in humans. Components of the human
excinuclease have been detailed in Table 495190

Once the oligomer containing the lesion dissociates from DNA, repair
synthesis resumes. This involves the action of PCNA, replication factor C

TABLE 4

16 Polypeptides Associated with the Human Exinuclease Involved in

Nucleotide Excision Repair

Polypeptide Protein (M,)

1 XPA (p31)

2 p70

3 p34

4 p11

5 XPB/ ERCC3 (p89)
6 XPD/ ERCC2 (p80)
7 Yeast TFB1 (p62)
8 Yeast SSL1 (p44)
9 Cdk7 (pa1)
10 CyclinH (p38)

11 p34
12 XPC (p125)

13 HHRA-D23B (p58)
14 XPF/ERCC4 (p112)
15 ERCC1 (p33)
16 XPG/ ERCCS5 (p160)

Excinuclease
component

XPA

HSSB (RPA)

TFIH

XPC
XPF

XPG

Proposed activity in repair

Recognizes and binds to
damage; allows entry of
HSSB

XPA-HSSB complex recruits
TFIIH and XPF-ECC1
complex

XPB and XPD of TFlIH have
helicase properties and thus
aid the ATP-dependent
unwinding of DNA at the
damage site, allowing assess
for dual incision; TFIIH plays
a role in transcription-
coupled repair

Helps stablize the precision
complex

5-incision (endonuclease
activity: hydrolase)

J-incision (endonuclease
activity: lyase)

Note: XP refers to the complementation groups of the human disease Xeroderma
Pigmentosum and ERCC indicate the rodent excision repair cross complementing

genes.

Adapted from Sancar.%
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(RPC), and DNA polymerases, namely, Pold and Pole. After the excision
gap ts filled the sequence is sealed into place by the action of one of four
DNA ligases. "

The rate of repair is influenced by many factors, one being the ‘physi-
cal’ nature of the adduct.'"? Using immunodetection, Young et al. followed
the time course of repair and showed that both 6—4 photoproducts and
CPDs are rapidly removed in vivo (within 2 h), the rate of removal being
greater for the photoproducts.'” Elegant studies by Henriksen ef /. dem-
onstrated the half-life of repair for UVA (365 nm)-induced lesions in
lymphocytes is ~50 min compared with 100 min for UVB-induced dam-
age.'™ However, between 30 and 60 min post-UVB irradiation, the levels
of strand breaks increase due to nucleotide excision repair.

4. Transcription Repair Coupling

DNA repair rates are heterogencous throughout the genome; active
genes are repaired far more etficiently compared with inactive ones.'03-10%
Ruven et al. described the selective removal of CPDs from transcription-
ally active genes in the epidermis of hairless mice.'"” Similarly, lesions in
the template strand within a transcribed sequence are repaired more rapidly
than lesions in the nontranscribed (coding) strand.'® Such hetcrogeneity
and preferential strand-specific repair may be of relevance in evolutionary
terms as selective adaptation promotes cell survival.

There are many factors that govern repair rates,'” such as the configu-
ration of chromatin structure, accessibility to damage, level of CpG methy-
lation, and the interaction with the nuclear matrix. In humans there appears
to be preferential repair genes transcribed by RNA polymerase I11.''" The
relationship between DNA excision repair and repair of transcribed strands
has been investigated in both prokaryotic and eukaryotic systems. In
humans the mechanistic details remain unclear. However, studies in E. coli
reveal that a 130-kDa protein referred to as transcription-repair coupling
factor (TRCF or MFD) is involved in the displacement of the stalled RNA
pol, and the promotion of repair via binding to the damage recognition
subunit (UvrA) of the excision nuclease.!!'! Although the precise details are
not known in humans, two gene products, CSA/ERCCS8 and CSB/ERCC6,
appear to be involved in the recognition and promotion of repair of
transcription-blocking lesions. Humans defective in either TRC proteins
appear to recruit XPA and TFIIH to the lesion site such that following
excision and repair synthesis transcription can resume.''2
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5. Mitochondrial Repair in UV-Induced Lesions

Human mitochondrial (mt) DNA comprises less than 1% of the total
cellular genome. mtDNA consists of 16,569 nucleotides and encodes 37
gene products (2 rRNA molecules, 22 tRNA molecules, and 13 proteins),
all essential for electron transport and oxidative phosphorylation. During
their normal function, mitochondria are subject to constant attack from
oxy-radicals and reactive oxygen species. Such oxidative stress together
with other features, for example, their relaxed codon-anticodon pairing
rule, are believed to contribute to a number of clinical manifestations.!'t?
The accumulation of mitochondrial mutations and deletions have long
since been linked with the development of malignancy, neurodegenerative
disorders,'#-115 as well as the progression of aging.''®

The increasing mutation rate of mtDNA is believed to be linked to
inefficient repair mechanisms and the lack of protective structures. To
date, several repairs have been detected in mitochondria, these are uracil
DNA glycosylase,'t” AP endonuclease,''® and mtDNA polymerase y. These
enzymes appear to be transported through the membrane and therefore are
not encoded in mtDNA.¥ With respect to UV-induced lesions in mtDNA,
studies have shown that mitochondria are unable to repair pyrimidine
dimers generated by high-energy far UV.1"%12" However, adducts such as
8-hydroxy-deoxyguanine resulting from visible, near UV damage, are
repaired with a high degree of efficiency,'?' suggesting that mitochondria
are better equipped for coping with oxidative stress.

V. CELLULAR RESPONSE TO DNA DAMAGE

The mechanisms of intracellular signaling and regulation of cellular
response after exposure to DNA-damaging agents have been investigated
actively over the last decade. Briefly, the induction of mammalian gene
function can be broadly classified as early response genes, which are
transcriptionally activated within minutes (such as the protooncogenes
c-fos and c-jun) and the secondary response genes. In the UV response,
these include proteins binding to DNA damage sites,'?? those affecting cell
proliferation (e.g., GADD genes'?®), proteins involved in signal transduc-
tion, including protein kinase C,'?* the antioxidants heme oxygenase, and
Mn SOD, and the tumor suppressor gene p53. These are summarized in
Table 5.
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TABLE 5
Summary of Genes Activated in Mammalian
Cells by UVR

Gene

fos

jun

DNA damage

binding protein
Coliagenase

ICAM-1

PKC

Cyclo-oxygenase

Phospholipase A2
Metallothionene
Heme oxygenase

p53

WAF-1

GADD 45

UV radiation can stimulate cell signaling by protein kinases, leading
to the phosphorylation and activation of c-fos and c-jun. The c-jun
protooncogene encodes a protein that can form a heterodimer with c-fos to

Activity/function

Component of transcription
factor AP-1

Component of
transcription factor AP-1

Unknown, possible role in
repair

Degradation of
extracellular matrix;
associated with invasive
tumors

Adhesion of leukocytes to
activated endothelium,
during activation flattening
+ extravasation

Ubiquitous intracellular
second messenger

Involved in prostaglandin
metabolism, and
production of lipid
mediators

Synthesis of lipid
messengers

Metal ion binding protein,
radical scavenger

Degradation of released
heme

Tumor suppressor gene;
cell cycle checkpoint
control

A cyclin-dependent kinase
inhibitor protein involved
in cell cycle regulation

Suppresses cell growth,
inhibits DNA replication

A. AP-1 Transcription Factor Expression

209

Ref.

125

136

125a

126
127

124

128

129
130
131

150

132

123
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yield the transcription factor AP-1. This protein forms an initiation com-
plex with RNA polymerase and therefore has a transactivating role for
adjacent gene expression,

Attempts to elucidate the signal pathways involved in ¢-jun expression
following UV irradiation have shown that activation of membrane-associ-
ated Src tyrosine kinase is the earliest step for induction of c-jun by UV,
followed by the activation ot the GTP binding protein, p21 Ras, and
Rat-1."** However, contradictory data suggest that UV initially elicits a
signal from DNA damage, subsequently transducing the signal to the
cytoplasm and ultimately activating Raf-1 and MAP-2 kinases.'* In con-
trast, Coffer e al.'*> have examined the propagation of the UVC-induced
signal leading to gene expression. Following c-jun expression, EGF and
insulin receptors are activated by phosphorylation within 5 min, and this
subsequently activates p21ras. A failure of the cells to respond to growth
factors postirradiation suggests that receptor-mediated events regulate the
response of mammalian cells to UV. Preformed complexes of AP-1 with
the c-jun promoter mediate production of the immediate response gene,
c-jun, due to phosphorylation of c-jun promotor at serines 63 and 73.1%

Similarly, the induction of ¢-fos by UV in mammalian cells appears to
require a membrane event,'** which is then translocated to the nucleus. An
elegant study by Gillardon et a/.'37 demonstrated that the topical applica-
tion of c-fos anti-sense oligo-deoxynucleotides (ODN’s) inhibited c-fos
activation in UVB-irradiated epidermal cells. This was associated with a
significant suppression of PCNA expression (normally involved in DNA
repair synthesis and replication). This may represent a transcriptional
mechanism linking DNA damage and DNA repair, as the promoter of the
mouse PCNA gene has been identified as a sequence relating to the
consensus sequence for the transcription factor AP-1.

AP-1 binds selectively to promoter and enhancer sequences regulating
gene expression and this has been described for the human metallothionein
gene, collagenase, hemeoxygenase, and c-fos. The secondary response to
UV thus can be mediated through direct binding of early response gene
products to cis-acting elements in promoter regions of the secondary
response genes.

B. NF-KB Expression

The protein NF-KB, which comprises a heterodimer of pS0 and p65,
has been termed an oxidative stress-responsive transcription factor.
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Normally present in the cytoplasm in association with an inhibitory factor
IKB, NFKB becomes activated by ROS, and translocated to the nucleus
where transcriptional activation of immune and acute phase proteins oc-
curs.

A recent report by Vile et al.'** has contirmed that despite extensive
DNA damage induced by all wavelengths of UV radiation, the signal for
NF-KB activation is membrane dependent. Furthermore, inhibition of
membrane damage by o-tocopherol and butylated hydroxytoluene pre-
vented NF-KB activation. This confirms the observations of Simon e o/, '+
In addition, UV irradiation induces cytokine production, including IL-1,
IL-6, and BFGF. As the 5’ flanking region of IL-6 contains a consensus
NF-KB binding sequence, Simon ez a/.'* investigated the eftects of UVB
(290 10 320 nm) on NF-KB-like binding activity in a human epidermal
cancer cell line. These workers demonstrated that a sublethal dose of UVB
leads to an increase in NF-KB binding independent of DNA damage and
possibly acting via a membrane signaling pathway. The subsequent in-
crease in cytokine release, which acts in an autocrine manner, results in
gene transcription and mutation fixation.

Rho B is an immediate early response gene inducible by growth factors
and UVB.'" This GTP binding protein could rapidly control adaptive
cellular responses by GTP hydrolysis. A putative scheme for control of the
early responses is shown in Figure 3.

C. DNA Damage Recognition Proteins

The induction of novel proteins in response to DNA damage has been
reported following radiation. While their functions are not weil under-
stood, it is postulated that they may serve a role in damage recognition and
repair processes. These can be detected in UV-irradiated DNA by electro-
phoretic mobility shift assays, as proteins that reduce the migration of
restricted DNA. Using the band shift assay, Vaisman and Chaney'>* have
identified a nuclear protein extract from human carcinoma cell lines that
selectively bind to UV-damaged dsDNA. Expression of this protein was
found to be inhibited by actinomycin and cycloheximide, suggesting that
induction of UV-DNA damage recognition protein requires de novo RNA
and protein synthesis. This work supports earlier observations by Chu and
Chang,'*' and Reardon er al.'"> Wakasugi et al.'** have examined nuclear
and cytoplasmic proteins from UV-treated HeLa cells that bind selectively
to UV-damaged DNA. They have identified a 40-kDa polypeptide on
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SDS-PAGE that binds to irradiated dsDNA, whose induction kinetics
correspond to the induction of the (6--4) photoproduct. Furthermore, re-
moval of this photoproduct from irradiated DNA by photolyase dimin-
ished the binding of this protein, which has been identified since that time
as glyceraldehyde 3-phosphate dehydrogenase.!** Immunodetection of this
protein may provide a simple procedure for the in situ detection of (6-4)
photoproducts. Similar studies in a normal human fibroblast cell strain
identified a novel DNA damage-binding activity that preferentially bound
the (6-4) photoproduct in both double- and single-stranded oligonucle-
otides, rather than the cyclobutane dimer. An apparent molecular mass of
66 kDa was determined by southwestern analysis, consisting of two sub-
units ~ 22 kDa and 44 kDa.'*" As the binding activity of this protein was
found to be significantly greater in Gl phase compared with S phase, these
workers propose that the protein may function not only in repair but also
in cell cycle or gene regulation.

D. p53 Expression

The tumor suppressor gene p53 maintains DNA integrity (1) by serv-
ing as a critical regulator of a Gl cell cycle checkpoint via WAF--1, (2)
through GADD 45 that suppresses cell growth and inhibits replication!#6
and (3) through apoptosis following UV-induced DNA damage. In addi-
tion, a possible role for p53 has been proposed in nucleotide excision
repair where p53 may bind single-stranded DNA ends and catalyze DNA
renaturation.'*’ Many of the biological activities that have been ascribed to
p53 are effected by its transactivational activity following binding to
promoters that have a specific p53 binding motif.

Irradiation of mammalian cells with UV light results in a dose-depen-
dent increase in p33, which is evident within 2 h.'*® Nelson and Kastan'*
have proposed that DNA strand breaks in cells exposed to UV are suffi-
cient and probably necessary for the induction of p53 wild-type alleles.
Further investigation by Liu ef a/.'*® into UVB-induced expression of p53
in mouse keratinocytes has demonstrated a 4- to 10-fold induction of the
protein, peaking S h postirradiation. However, mRNA levels were unaf-
fected and the protein halt-life was extended ~7-fold, supporting the
induction of p53 by UV as a posttranscriptional event. Using antibody 529,
which has high recognition of cyclobutane dimers, we have identified an
increase of 529 binding 3 h postirradiation in cultured, transformed fibro-
blasts (see Table 6), which correlated with an increase in p53 expression, !s!
However, this does not establish a causal link. Scheidman and Landsberg'3?

Copyright® 1998, CRC Press LLC — Files may be downloaded for personal use only.
Reproduction of this material without the consent of the publisher is prohibited.

214




Downioaded By: [DNL] At: 09:13 23 June 2008

TABLE 6
Dose Dependence of DNA Damage and p53 Expression in SV40
Transformed Keratinocytes Following UVA Irradiation

Time post
reintroduction of p53 expression 529 binding
UVA dose medium (hr)

Resuits are mean fluorescence values

of n = 3 experiments (SEM)

0 74(26) 114(37)

0.5 Jiem? 1 87(12) 93(31)

2 81(13) 67(15)

3 130(9) 140( 3)

24 92(14) 62(34)

0 74(23) 105(10)

1 Jlcm? 1 92(6) 97(30)

2 69(13) 77(18)

3 119(1 ) 127(34)

24 100(21 89(26)

Note: Human SV 40 transformed keratinocytes were synchronized by serum
deprivation and UVA irradiated. Cells were probed with an antibody to
UV-DNA damage, 529 and a monoclonal anti-p53 (DO-7) that recog-
nizes both native and mutated forms of the protein and detected using
fluorescein-labeled secondary antibodies. Quantitation was by a Becton
Dickinson FACScan flow cytometer, where results are as arbitrary
fluorescence units.'!

confirmed that UV irradiation leads to transient changes in the phospho-
rylation of p53.

Recently, Renzing er al.'> have demonstrated that oxidative stress
resulting from UV A exposure, but not DNA damage, is involved in p53
activation by inhibition of gene activation with N-acetyl cysteine that does
not affect DNA damage. Rathmall ez al.'** have shown in fibroblasts from
severe combined immunodeticient (SCID) mice, that the activation of p53
in response to UV-DNA damage is not due to signal transduction by DNA
protein kinase. Taken together, these data indicate that UV-induced DNA
damage alone does not activate p53. Figure 4 illustrates the effect of UV
on the cell cycle mediated by p53.

Within this text, many cell models have been compared with respect
to the molecular consequences of DNA damage. Yet, there is a major
difference in the cellular response of keratinocytes and melanocytes to the
effects of UV-induced DNA damage and ultimately in the development of
cancer.'" While keratinocytes are more prevalent in the epidermis, they
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arc organized for loss and replacement. In addition, Keratinocytes are
prone to undergo apoptosis. However, melanocytes have a limited capacity
to regeneratc damaged cells, and apoptosis appears to be restricted.'™
Thus, while UVA is important in the development of melanoma,' melano-
cytes appear resistant to the toxic effects of UVRY and DNA-damaged
melanocytes may survive with mutation. The gene mutations most fre-
quently associated with carcinogenesis appear to be within the Ras family
and in p53 (see Section V).

E. Apoptosis

Cell death is no longer considered exclusively as an uncontrolled
response to damage or disease (necrosis), but rather as an active process
requiring protein synthesis, DNA degradation, and subsequent recognition
and degradation by phagocytes.'S? p33-driven apoptosis provides a mecha-
nism for the removal of cells whose DNA damage is irreparable.

An in vitrro study by Malomi et al.'** compared UVB- and UVA-
induced apoptosis in cultured human keratinocytes. In the order of 60% of
UVA-exposed cells and 90% of UVB-exposed cells displayed morpho-
logical characteristics of apoptosis within 24 h of exposure. The antioxi-
dant vitamin E conferred significant protection against both UV A- and
UVB-induced apoptosis, implicating ROS in the induction of cell damage
by both UVA and UVB. Oxidative stress is recognized as an inducer of
apoptosis,'*® and this is possibly through NF-KB activation'®® and signal
transduction.

A more recent investigation into the effects of UV-dose on the induc-
tion of apoptosis has been undertaken by Cotton and Spandau.'' These
workers reported that while high UV doses induce apoptosis, lower doses
induced repair. The cellular localization of p53 was also affected by UV
dose; in apoptosing cells, pS3 is located within cell surface blebs contain-
ing damaged DNA, whereas nuclear staining of p53 predominates in
actively repairing cells,

Failure to apoptose and remove DNA-damaged cells may lead to
fixation of mutations and ultimately cancer.

VI. PATHOLOGICAL EFFECTS OF UV-INDUCED DNA
DAMAGE

The skin acts as a protective barrier against external insults and there-
fore is the primary target for UV irradiation effects. These can range from
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being acute inflammatory, self-resolving responses, to chronic invasive
changes. Strong ¢pidemiological evidence links UVR to the development
of skin cancer.

A. Skin Cancer

Basal cell carcinoma (BCC) is the most prevalent malignant skin
tumor (~80% of all skin cancers), arising from the basal epidermal layer
cells that invade the underlying dermis. Squamous cell carcinoma (SCC)
1s the next most common malignant tumor, characterized by well-difteren-
tiated keratinocytes, whereas malignant melanoma (MM) is less trequent.
UVR exposure is believed to be the most important etiological factor.

Carcinogenesis is a complex multistage process requiring the alter-
ation of cellular DNA e¢ither as a result of chromosomal abberation or
mutation. The DNA damage induced by UV light can contribute to cyto-
toxicity (Section E), block replication, and also give rise to mutation (e.g.,
misreading of modified sites by DNA polymerase), or by induction of
recombinatorial events. Thymine glycol in DNA blocks replication by
E. coli DNA polymerase [ in vitro, but is only weakly mutagenic. How-
ever, 8-OHdG directs misincorporation of adenine by DNA polymerase in
vitro and causes G-T transversions in £. coli. The mutations at dipyrimidine
sites frequently show CC = TT double base changes and a highly frequent
C = T substitution. Mutations associated with carcinogenesis commonly
involve tumor suppressor genes and oncogenes. The p33 is found in most
cells of the body, where it functions as a tumor suppressor protein. Many
mutations have been reported over an extensive region of the gene, all of
which cause its activation.

Examination of the mutation pattern in the p53 gene in BCC and SCC
showed ~90% of mutations occurring at dipyrimidine sites.'¢? [n addition,
a comparison of the effects of UV on normal skin demonstrated that 74%
of sun-exposed normal skin contained p53 mutated at dipyrimidine sites,
while only 5% mutation was observed in unexposed skin.'** The majority
of p53 point mutations are located at pyrimidine-pyrimidine sequences in
over 90% of skin tumors. Berg ¢z al.'** have used a hairless mouse model
to unequivocally demonstrate that the kinetics of constitutive p53 alter-
ation are causally linked to chronic UVB exposure, and that this is a very
early event in the induction of skin cancer.

Mutations in ras oncogenes have been detected in cultured cells of
mouse skin tumors, induced by near-UV radiation, where mutations oc-
curred at dipyrimidine sites.'®
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Using a hairless mouse model, Berg er ¢/.'*® have demonstrated that
combined UVA and UVB is less effective than UVB alone in inducing
pyrimidine dimers at equivalent carcinogenic doses of irradiation. This
implies that other base lesions (possibly oxidative) are contributing to the
development of cancer in UV A- and UVB-irradiated mice, and questions
the relevance of analysing pyrimidine dimers alone as a carcinogenic risk
measure. In addition, the suppression of the immune system by cellular
DNA damage may also contribute to the development of cancer following
UV exposure, by enabling developing tumors to cscape immune surveil-
lance.'®?

Investigations into correlation between mutation and melanoma are
less conclusive. McGregor er al.'*f examined cutaneous melanocytic le-
sions for p53 immunoreactivity. Owing to the short halt-life of p53, any
immunoreactivity must be attributable to posttranslation modification or
mutation. These workers reported a highly signiticant correlation between
immunoreactivity and malignancy, where p53 immunoreactivity was ob-
served in 63% of tumor specimens. Yamamoto er al.'" examined p53
expression with respect to clinical stage in MM. While no relationship was
observed in the ecarly stages of disease, p53 expression was found to
correlate with invasive and highly mitotic tumors, suggesting that p53 may
have a role in malignant transformation. Hartmann et «l.'"" confirmed
these tindings: from genomic sequencing of adjacent splice sites of p33 in
20 immunoreactive tumors, three C:G to T:A transitions and one CCto TT
mutation were observed at dipyrimidine sites. These data suggest that
although p53 mutations may be involved in some malignant melanomas,
they do not play as large a role as in BCC and SCC.

Noz er al** have examined nevus cells originating from dysplastic
nevi and demonstrated that these cells had 65% higher induction of DNA
strand breaks in response to UVB irradiation than in foreskin melanocytes.
The reasons for the increased sensitivity of dysplastic nevi may relate to
decreased protection or repair.

Few antioxidant intervention studies aimed at minimizing skin tumor
development have been reported. Supplementation with dietary selenium
(a cofactor for glutathione peroxidase) in mice did not exert any protective
effect against tumor development during UV exposure. However, post-
treatment those animals receiving (0.5 mg Se/Kg) showed a leveling off in
tumor development compared with untreated controls.'”

The presence of particular GST phenotypes may confer a protective
role against skin cancer following UVR. Heagerty er a/.'7* have suggested
that the presence of GSTM1 may be protective against single or multiple
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BCC. based on a study of the GSTMI gene locus in patients with cutane-
ous tumors, where GSTMI null genotype was associated with increased
tumor number. In contrast, Shanley ¢r /'™ did not observe an increased
frequency of the GSTMT1 null genotype using multiplex polymerase chain
reaction in BCC or MM. However, this was a small study. and a much
larger cross-sectional analysis of multiple cutaneous BCC has since con-
firmed the influence of GSTMI and GSTTI on tumor number and, longi-
tudinally, on tumor accrual.'™

The stringency of the DNA repair processes outlined in Section E
indicates that inefficient repair capacity may be a risk factor for cancer
development. Hall ez ¢! have investigated UV-induced DNA damage
repair in BCC and SCC, but did not find a significant difference in overall
repair capacity in these groups compared with controls. However, studies
by Tornaletti and Pfeiffer'”® using LMPCR have identified mutation hot
spots in pS3 at nucleotide regions that are repaired slowly, suggesting that
repair efficiency may affect the mutation spectrum within cancer-associ-
ated genes such as protooncogenes and tumor suppressor genes. Using a
p53 transgenic mouse, Li e al.'7” have studied DNA repair efficiency and
apoptosis in keratinocytes after UV irradiation. Mutant p53-transgenic
mouse skin had reduced repair of UV-induced DNA damage in vitro and
in vivo, while apoptosis was slightly increased. These results suggest that
mutant p53 interacts with wild-type p53 present within the cells to inter-
fere with UV induced-DNA damage repair but not apoptosis.

B. Xeroderma Pigmentosum

The link between defective DNA repair capacity and skin cancer is
exemplefied by xeroderma pigmentosum. Xeroderma pigmentosum (XP),
which is a rare hereditary syndrome associated with an increased (>1000
fold) cancer incidence for SCC, BCC, and MM. All cultured ccils isolated
from XP patients are hypersensitive to UV-induced killing and mutagen-
esis, and while there is heterogeneity in the genotype of the abnormality,
80% are defective in the nucleotide excision repair gene, XPA (see Section
V). An additional form, the XP-variant, has defective postreplication
repair.

Individuals with the XPA phenotype are equally inefficient in the
repair of nuclear and Mt DNA damage, suggesting a similarity between the
processes used to repair damage at the two sites.'” However, Runger
et al.'” have demonstrated that differential DNA repair pathways exist in
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human cclls for the repair of direct and indircet DNA damage based on
observations within XP cells; all complementation groups show a reduced
repair of UVB-induced DNA damage, whereas all groups except XP-C
were effective in the repair of UV A-induced lesions. This capacity for
mammalian cells to process UVA- and B-induced damage difterently
further complicates the assessment of UV exposure risk.

In order to further characterize the defect in XP cells, Abousekhra and
Wood examined UV-irradiated cells for PCNA. Immunostaining for PCNA
in XP-A and XP-G fibroblasts showed a complete absence of PCNA
following UV irradiation. This indicates an absolute role for XP-A and
XP-G in the incision step.'®

Using reverse transcriptase PCR and single strand conformation poly-
morphism, Dumaz er a/.'*' analyzed more than 40 XP skin tumors for
mutations in the p53 gene. The authors reported that 40% contained at least
one mutation in the p53 gene at dipyrimidine sites, particularly C-C. These
are noted hot spots tor p53 mutation that relate to unrepaired UV-induced
lesions (e.g., pyrimidine dimers).

Studies on the Ha-ras gene by Daya-Grosjean er al.'™? demonstrated
amplification and rearrangement of Ha-ras in 70% of XP tumors. Further-
more, a twofold increase in mutational frequency in ras was observed in
skin tumors from XP when compared with equivalent tumors {rom other-
wise healthy subjects.

C. Photosensitive Lupus

Systemic lupus erythematosus (SLE) is an autoimmune disease char-
acterized by the production of a variety of autoantibodies, particularly
against DNA and nuclear components. For many SLE patients (~45%),
cutaneous lesions are provoked by UV light.

It has been postulated that the persistence of UV-induced DNA dam-
age caused by repair deficiencies in combination with immunoregulatory
abnormalities may lead to the accumulation of DNA-containing immune
complexes.'® Rosenstein et al.'** have examined DNA damage repair in a
small study of SLE fibroblasts; while excision repair, pyrimidine dimer
removal, and endonuclease I11-sensitive sites appeared normal, the forma-
tion and maintenance of DPCs (possibly with repair proteins) and SSBs
were reduced when compared with normal fibroblasts. An inability to
repair lesions induced by UV light may result in prolonged presence of
antigenic DNA, an increase in immune complexes and increased tissuc
damage in SLE.
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Emlen ef /' have identified an increased rate of apoptosis in lym-
phocytes from SLE patients, which may represent a mechanism by which
nuclear DNA could be presented extraccllularly. Furthermore, following
UVB irradiation, SLE keratinocytes become apoptotic with Ro/SSA anti-
gen expression in discrete surface blebs associated with sites of oxygen
modification.'¥

Paradoxically, phototherapy by UVA may be of therapeutic benefit in
SLE,"™ particularly in those with cutaneous lesions. The mechanism of
this therapy requires further investigation.

CONCLUSION

Our understanding of the molecular effects of UVA and B radiation on
cellular DNA has developed rapidly from the original observations of
pyrimidine dimer formation following exposure to UVB. Many different
lesions arising from both direct UV absorption and indirect photo-
sensitisation reactions have been characterized, facilitated by the develop-
ment of sensitive analytical and molecular biological tools for their evalu-
ation.

The conservation of the genome despite UV-induced genotoxicity is
achieved by a combination of antioxidant, detoxification, and repair pro-
cesses. These areas are under intensive investigation and may not only
provide clues as to mechanisms of discase but also may lead to the
development of novel biomarkers tor clinical chemistry and strategies for
limiting the effects of UV on DNA, particularly with respect to conditions
such as skin cancer and photosensitive lupus.
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1. BACKGROUND

The main source of exposure to ultraviolet radiation (UVR) is the sun, but for some individuals
substantial exposure occurs from artificial sources including sunbeds for cosmetic purposes,
industrial lamps, arc welding and medical UVR therapies.

There is evidence that UVR can cause damage to health.

In the context of a notification under the safeguard procedure in accordance with Article 9 of the
Low Voltage Directive (LVD) 73/23/EEC', a shortcoming in the European harmonised standard
EN 60335-2-27:1997* has been brought to the attention of the European Commission by the
Spanish authorities.

The LVD, a harmonisation Directive based on Article 95 of the EC Treaty, regulates the placing
on the market of electrical appliances with a voltage rating between 50 and 1000 V (AC) and 75
and 1500 V (DC) with respect to health and safety. According to Article 95(3) of the EC Treaty®
the LVD takes as its basis a high level of protection. Electrical appliances that comply with
European harmonised standards under the LVD are presumed to comply with the corresponding
essential health and safety requirements of the LVD.

The above mentioned shortcoming in the European harmonised standard EN 60335-2-27:1997,
which has been reported to the European Commission, relates to the fact that the standard does
not entirely cover the health and safety aspects which have to be considered during the design
phase of the electrical appliance. In particular, it does not provide limit values on the maximum
effective irradiance of UV radiation for the types of tanning devices that are covered by the
scope of the standard.

In reaction to the notification and after consultation of governmental experts of Member States
in the LVD ADCO* working group the Commission Services decided to request a scientific
opinion from the “Non-Food Scientific Committees”.

The scientific opinion will be used when preparing a Commission mandate to the European
standardisation organisations regarding:

the revision of the above mentioned standard EN 60335-2-27:1997;
- drafting or revising product related standards covering risks associated with the exposure
of persons to ultraviolet radiation (UVR).

' Council Directive 73/23/ELC of 19 February 1973 relating to electrical equipment designed for use within cestain voltage limits (OJ L 77,
26.3.1973); Directive as amended by Directive 93/68/EEC (OJ L 220, 30.8.1993)

* EN 60335-2-27:1997 “Safety of household and similar electrical appliances - Part 2-27: Particular requirements for appliances for skin
exposure to ultraviolet and infrared radiation”

3 Atticle 95 of the EC Treaty see: www.curopa.cuint/eur-lex/en/treaties/selected/livre221 html

* «Administrative co-operation” working group in the area of the LVD, consisting of the Market Surveillance representatives from all Member
States and the European Commission
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2.

TERMS OF REFERENCE

The scientific committee is requested to answer the following questions in relation to the
sunbeds for cosmetic purposes:

1.

What are the general health and safety implications (negative and positive) relating to the
exposure of persons to ultraviolet radiation (UVR)*?

What are the differences between risks associated with exposure of persons to natural UVR
and those risks from artificial UVR? What are the differences regarding the health and safety
risks with respect to exposure of persons to UVA, UVB and UVC radiation respectively?

Is the total dose value of UVR the only effective health and safety parameter with regard to
the risks associated with exposure of persons to both natural and artificial UVR? What is the
validity of the Bunsen-Roscoe law® over the range of irradiances and wavelengths associated
with exposure of persons to both natural and artificial UVR?

What are the specific health and safety implications (negative and positive) relating to the
exposure of persons to UVR from tanning devices for cosmetic purposes?

Are limit values necessary for the irradiance of UVR from artificial sources, in particular
from tanning devices for cosmetic purposes, with respect to health and safety? Is it necessary
to give different values for the irradiance of UV-A, UV-B and UV-C radiation respectively?
If so, please specify the limit values for the irradiance of artificial UVR above which adverse
health effects will occur. What are the uncertainties of these limit values?

Please specify the limit values of total dose of artificial UV-A, UV-B and UV-C radiation
above which adverse health effects will occur, taking into account skin phototype, intensity
of exposure, duration of exposure and associated uncertainties.

Supporting documents

Spanish formal objection against European harmonised standard EN 60335-2-27
ICNIRP statement (2003) (http://www.icnirp.org/documents/sunbed.pdf)
WHO guidance brochure: artificial tanning sunbeds (2003)
(http://www.who.int/uv/publications/en/sunbeds.pdf)

ESA (European Sunlight Association) Position paper

ESA (European Sunlight Association) frequently asked questions
(http://www .europeansunlight.org/test/esa/html/faq.htm)

NRPB: Health effects from Ultraviolet Radiation V13 No.l 2002
(http://www.nrpb.org/publications/documents_of nrpb/pdfs/doc_13_1.pdf)
NRPB: Advice on Protection Against Ultraviolet Radiation V13 No.3 2002
(http://www.nrpb.org/publications/documents_of nrpb/pdfs/doc_13_3.pdf)

5 The International Commission on [llumination (CIE) defines ultraviolet radiation (UVR) as optical radiation between 100 and 400 nm. The

spectral region is divided into three photo-biological spectral regions: UVC (100-280 nm), UVB (280-315 nm) and UVA (315-400 nm).

¢ The Bunsen-Roscoe law (law of reciprocity) states that a certain biological effect is directly proportional to the total energy dose irrespective of

the administered regime. Dose is the product of intensity and the duration of exposure. (Bunsen R, Roscoe HE, Photochemische
Untersuchungen, Poggendorff's Annalen 1855: 96: 373-394, 1857: 100: 43-88 and 481-516, 1857: 101:235-263, 1859: 108: 193-273)).
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SSK: Schutz des Menschen vor den Gefahren der UV-Strahlung in Solarien
(http://www.ssk.de/2001/ssk0101w.pdf)

Scientific investigations from ECOFYS

Other documents

National and international organisations contributing to the discussion

ICNIRP - International Commission on Non-lonizing Radiation Protection
(http://www.icnirp.org)

WHO - World Health Organization (http://www.who.int)

IARC - International Agency for Research on Cancer (http://www.iarc.fr)
UNEDP - United Nations Environment Programme
(http://www.unep.org/PDF/Solar_Index_Guide.pdf)

NRPB - National Radiological Protection Board (UK) (http://www.nrpb.org)
SSK - Strahlenschutzkommission (Germany) (http://www.ssk.de)

IMM - Institute of Environmental Medicine (Sweden) (http://www.imm .ki.se)
EPA - U.S. Environmental Protection Agency (US) (http://www.epa.gov)
FDA - U. S. Food and Drug Administration (US) (http://www.fda.gov)
NIES - National Institute for Environmental Studies (JP) (www(@nies.go.jp)
List of experts provided by ESA (European Sunlight Association)
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3. OPINION

The cosmetic purpose of using a sunbed is to achieve a tan. The tanning effect has been
demonstrated and quantified in a study that followed a Food and Drug Administration (FDA)
protocol (Caswell, 2000) with 3 weekly exposures for 8 weeks. A significant tanning effect was
evident after 6 exposures and the level of tan increased steadily over the 8-week assessment
period. Another study, with twice weekly exposure for 6 weeks, demonstrated tanning
(Ruegemer et al, 2002).

Commercial sunbeds were developed in the 1970s and came into widespread use in the 1990s.
Thus, the full health effects of artificial tanning are not yet known. It will take several years
before the real picture of the role of the sunbeds in inducing skin cancer becomes fully apparent,
due to the long induction period of this disease.

In this Opinion, the term “sunbed” refers to all types of UV tanning devices for cosmetic
purposes.

The six questions raised in the Terms of Reference have also been addressed by van der Leun
and Forbes (2005).

1. What are the general health and safety implications (negative and positive) relating to
the exposure of persons to ultraviolet radiation (UVR)?

1.1 Negative Effects
1.1.1 Acute

Skin ‘

Exposure of the skin to solar UVR (~ 295 — 400 nm) results in inflammation (erythema/sunburn)
that is usually maximal about 24 hours later (Farr et al, 1988). This response is primarily induced
by its UVB component (~295-315nm) (see section 2(b).1) and is associated with increased blood
flow (Young et al, 1985), increased sensitivity to thermal and mechanical stimuli (Harrison et al,
2004), a dermal inflammatory infiltrate (Gilchrest et al, 1983; Hawk et al, 1988) and the
presence of apoptotic keratinocytes know as sunburn cells (Sheehan and Young, 2002).
Individual sensitivity to erythema can be assessed by determining the minimal erythema dose
(MED) that increases with skin type as shown in Table 1 but MED is not predictive of skin type
because there is considerable variation of MED within different white skin types (Harrison and
Young, 2002). Within a few days of exposure to solar UVR delayed melanogenesis (tanning)
occurs that is dependent on skin type and like erythema is primarily caused by UVB. This results
from the synthesis of melanin in melanocytes: specialized pigment producing cells in the
epidermis that transfer melanin to keratinocytes. Many people expose themselves to UVR, either
from the sun or sunbeds, for the sole purpose of obtaining a tan that becomes more intense with
repeated exposure. This repeated exposure also results in thickening of the epidermis, especially
the stratum corneum, the outermost dead layer, which results in the skin feeling dry. The UVA
content of solar UVR makes a relatively small contribution to erythema and tanning (see section
2(b).1). A UVB tan is photoprotective against erythema but the level of photoprotection is
modest and equivalent to a sunscreen with a sun protection factor (SPF) of 2-3 (Agar and Young,
2005). However, tans primarily induced by UVA are not photoprotective against erythema
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(Gange et al, 1985). UVR exposure, in particular UVA, results in transient immediate pigment
darkening (IPD) the function of which is not known (Routaboul et al, 1999).

Table 1: A classification of skin phototypes based on susceptibility to sunburn in sunlight,
together with indicative MEDs that might be expected following UV exposure on
unacclimatized skin

Skin Photo Sunburn Tanning Classes Of No. in SED® for 1 minimal
Type Susceptibility Ability . Individuals erythema dose ( MED)
I H}gh None Melano-compromised 1-3
11 High Poor
i Moderate Medium
v Low Dark Melano-competent 3-7
A% Very low Natural brown skin
VI Extremely low  Natural black skin  Vic/ano-protected 7->12

¥ The unit of erythemal radiation is the Standard Erythema Dose (SED), where 1 SED is equivalent to an erythemal
effective radiant exposure of 100 Jm? (CIE 1998). It requires an exposure of about 3 SED to produce just minimal
erythema in the unacclimatized white skin of the most common northern European skin types (Harrison & Young
2002). An exposure of 5-8 SED will result in moderate sunburn and 10 SED or more can result in a painful,
blistering sunburn.

Solar UVR exposure can aggravate certain skin diseases such as lupus erythematosus and
pemphigus (Morison et al, 1999) and induce skin photosensitivity with commonly used UVR-
absorbing systemic drugs and topically encountered chemicals (Ferguson et al, 1999).
Furthermore, there is a wide range of acquired and genetic UVR and visible radiation
photodermatoses that are beyond the scope of this document.

Exposure of the skin to UVR can suppress cell-mediated immunity when assessed with the
sensitisation (Kelly et al, 2000) and the -elicitation arms (Moyal and Fourtanier, 2003) of the
contact hypersensitivity (CHS) response. A single sub-erythemal exposure of solar simulating
radiation (SSR) suppresses the induction (sensitisation) arm of the CHS response in skin types
/I (Kelly et al, 2000) but erythemal exposure is necessary to suppress the elicitation arm
(Moyal and Fourtanier, 2003). Suppression of cell-mediated immunity is thought to play a role
in UVR-induced skin cancer and infectious diseases, e.g. Herpes simplex infections.

The clinical effects of UVR exposure, whether acute or long-term, are underpinned by many
molecular and cellular events (Matsumura and Ananthaswamy, 2002). UVR-induced damage to
epidermal DNA, especially cyclobutane pyrimidine dimers (CPD), is thought to be responsible
for many adverse effects of solar UVR, including immunosuppression, and can be demonstrated
in the skin immediately after exposure to erythemal and sub-erythemal UVR (Young et al,
1998). DNA integrity is maintained by complex repair processes and the pS53 mediated
elimination of damaged cells by apoptosis (sunburn cell formation). Failure of these processes is
though to result in skin cancer (Matsumura and Ananthaswamy, 2002). Membrane as well as
DNA effects also contribute to UVR-induced skin damage. The relevant cell surface or
cytoplasmic chromophores are currently unknown. There is considerable evidence that the
photoisomerization of stratum corneum trans-urocanic acid (UCA) to the cis-form also plays an
important role in immunosuppression. Exposure to erythemal UVR or repeated sub-erythemal
UVR results in a loss of epidermal antigen presenting Langerhans cells (Novakovic et al, 2001).

[ L% T,
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Eye

The eye is a complex multi-layered organ that receives visible radiation on its retina. The
intermediate layers attenuate UVR to different degrees and thereby protect the retina from UV
photodamage. The outermost cornea absorbs UVC and a substantial amount of UVB, which is
further attenuated by the lens and the vitreous humor in front of the retina. UVA is less well
attenuated by the cornea but is attenuated by the internal structures so it does not reach the retina
(Sliney, 2001; Roberts, 2001; Johnson, 2004).

The only acute clinical effect of UVR on the eye is photokeratitis that is also known as snow
blindness or welder’s flash (Sliney, 2001; Roberts, 2001; Johnson, 2004). This is a painful
transient inflammatory condition caused by UVC and UVB-induced damage to the corneal
epithelium. Typically it appears 6-12 hours after exposure and resolves, within 48 hours. In some
ways it can be regarded as sunburn of the eye.

1.1.2 Chronic

Skin Cancer

An JARC monograph on solar and ultraviolet radiation classified solar radiation as
*“carcinogenic” to humans (Group 1) and UVA and UVB and the use of sunbeds as “probably
carcinogenic” to humans (Group 2A )Y(IARC, 1992).

Non-melanoma

Solar exposure is recognized as the main environmental factor in the development of basal cell
carcinoma (BCC) and squamous cell carcinoma (SCC) that form the great majority of skin
cancers (IARC, 1992). These lesions result in a high level of morbidity with only occasional
mortality from infrequent metastatic SCC. UVR is also associated with actinic keratoses (AK)
that may be regarded as precancerous lesions for SCC.

The evidence for UVR in these lesions has been primarily ecologic (reviewed by Armstrong and
Kricker, 2001), supported by mouse studies in the case of SCC (de Gruijl, 1995). More recently,
a role for UVR has been supported by the presence of UVR “signature mutations” in tumours
(Brash et al, 1996). Skin type is an important determinant of BCC and SCC risk with skin types |
and II at greater risk than skin types III and IV, with the lowest risk being in skin types V and
V1. SCC is associated with chronic UVR exposure and is more common in people with outdoor
occupations. There is evidence that BCC is associated with intermittent exposure (Kricker et al,
1995). Many cancer registers do not record BCC and SCC. Melanoma has been registered for
many years and there is evidence that the incidence rate is increasing substantially in Europe
(Boyle et al, 2004). Data from the skin cancer registry in Trentino, Italy showed incidence rates
of 88 per 100,000 for BCC and 29 per 100,000 for SCC in the period 1993-1998 in comparison
to 14 per 100,000 for melanoma (Boi et al, 2003).

Melanoma

Though much less common than BCC and SCC, melanoma is the main cause of death from skin
cancer. There were an estimated 35,000 cases of melanoma diagnosed in Europe in 2000 with
9000 deaths (Boyle et al, 2004). Sun exposure is established as the major environmental
determinant of melanoma (IARC, 1992; Donawho et al, 1994; Armstrong and Kricker, 1993)
and the risk of melanoma depends on the interaction between environmental exposures and the
genes which determine susceptibility. Melanoma is rare in black skinned peoples (Parkin et al,
1997).
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There is no doubt that skin colour and sun exposure are potent determinants of risk of melanoma.
World incidence figures show that the risk to individuals is greatest where pale skinned peoples
live at low latitudes such as Australia and New Zealand (Parkin et al, 1997; Bulliard, 2000). In
areas of the world where dark and pale skinned peoples live at high UV exposure levels, such as
Hawaii, then the risk to pale skinned people is much greater than for their darker skinned
neighbours (Chuang et al, 1999). Within Europe there is variation in incidence which reflects the
interaction between skin colour and latitude as the peak incidence is in the north, in countries
such as Sweden, where fair skinned peoples live an outdoor life and have access to sunny
holidays in the south, or Switzerland where fair skinned peoples live at high altitude (Parkin et
al, 1997). So, in the period 1996-8 the incidence rates (European Standardised Rates) in women
were reported to be 17 per 100,000 in Switzerland, 6 per 100,000 in Spain and 16 per 100,000 in
Sweden (de Vries and Coebergh, 2004).

Broadly, it would be reasonable to conclude that the risks of melanoma are so low in black-
skinned peoples that sun protection advice should be directed only towards white-skinned
peoples. The difficulty here is that skin colour is a continuous rather than a discontinuous
variable. Some Asian peoples have quite a high tendency to burn and within white skinned
peoples there is variation in susceptibility to sunburn and to melanoma which is related to skin
colour and whether there are freckles or not. Data from many case control studies have
established that phenotypic characteristics associated with vulnerability to the sun are risk
factors for melanoma. Gandini et al (2005a) recently summarized these in a meta-analysis of 60
such studies. Her overall conclusions were that skin type 1 (versus 1V) was associated with a
relative risk (RR) of 2.1 for melanoma (95% CI 1.7-2.6), where skin type I, is skin which always
burns and never tans and skin type IV is skin which never burns. A high density of freckles was
associated with a RR=2.1 (95% CI 1.8-2.5), eye colour (Blue vs. Dark: RR=1.5, 1.3-1.7) and
hair colour (Red vs. Dark: RR=3.6, 2.6-5.4). Hence, whatever the ethnic origin of Europeans, in
terms of skin type, health advice about skin cancer should be directed to those individuals with a
tendency to burn rather than to tan, those who have freckles and those with fair (particularly red)
hair. It is clear from the level of these risk factors that the relative risk is significant but the
absolute risk associated with these phenotypic characteristics is relatively small in European
countries with incidence rates of between 5 and 17 per 100,000 per annum (European
Standardised Rates) (de Vries and Coebergh, 2004). The prevalence of individuals with these
risk factors will vary considerably between populations. In a study of healthy women in the UK,
8% had red hair and 6% had very high fre¢kle scores on the back (Bertram et al, 2002).

Risk of melanoma is also greater in patients with larger numbers of melanocytic naevi whether
banal or clinically atypical, where an atypical naevus is defined as a mole Smm or greater in
diameter, with an irregular or ill-defined edge and variable pigmentation. Numerous case-control
studies have addressed this, and a second meta-analysis by Gandini et al (2005b) showed that the
number of common naevi was confirmed as an important risk factor for melanoma with a
substantially increased risk associated with the presence of 101-120 naevi compared with <15
(pooled Relative Risk (RR) = 6.9; 95% Confidential Interval (CI): 4.6, 10.3) as was the number
of atypical naevi (RR = 6.4 95%; CI: 3.8, 10.3; for 5 versus 0). Twin studies have provided
strong evidence that naevus number is genetically determined (Wachsmuth et al, 2001; Zhu et al,
1999; Easton et al, 1991) and the association of the phenotype with melanoma risk therefore
implies the presence of naevus genes, which are also low penetrance melanoma susceptibility
genes. Thus, persons with this atypical naevus phenotype have an increased risk of melanoma,
which is significantly higher than that associated with red hair or freckles. The prevalence of this
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phenotype also varies between populations but was reported in 2% of individuals in the UK
(Bataille et al, 1996).

The phenotypes described above are genetically determined and therefore it is not surprising that
family history is a risk factor for melanoma. Familial melanoma was reported in the 19" century
in the UK (Norris, 1820), and a strong family history of melanoma is the most potent risk factor
for melanoma (Kefford et al, 1999). Any family history of melanoma is associated with a
doubling of risk for close relatives. A study from the Utah population database estimates risk to
first-degree relatives of melanoma cases to be 2.1 (95% CI 1.4-2.9). A similar study from the
Swedish Cancer Registry estimated the standardized incidence ratio for melanoma to be 2.4
(95% CI 2.1-2.7) for offspring if one parent had a melanoma, 3.0 (95% CI 2.5-3.5) for an
affected sibling and 8.9 (95% CI 4.3-15.3) if a parent and a sibling were both affected. The
highest ratio was 61.8 (95% CI 5.8-227.2) for offspring when a parent had multiple melanomas
(Hemminki et al, 2003). Such patterns of risk are indicative of a significant hereditary
component, which is most probably inherited as an autosomal dominant trait with incomplete
penetrance. The risk of melanoma increases with age although in Europe the age distribution
curve is relatively flat and in Europe the incidence is commonly higher in women than in men
(Parkin et al, 1997).

Sun exposure is clearly the major environmental risk factor for melanoma as discussed above. A
third meta-analysis reported by Gandini et al (2005¢) has supported the conclusions of many
individual case-control studies that intermittent sun exposure remains the most predictive
environmental risk factor for melanoma (random effects model RR=1.6 (95% CI 1.3-2.0) and
that sunburn, especially in childhood is a significant risk factor, although there was much
heterogeneity between studies. A random effects model suggested a highly significant effect for
sunburn at any age (RR=2.0 95% CI 1.7-2.4). The pooled analysis provided no evidence for a
causal effect of chronic sun exposure on melanoma risk, RR=1.0 (95% CI 0.9-1.0). Further
evidence for a role of sun exposure in melanoma comes from penetrance studies for the
melanoma susceptibility gene CDKN2A in which there was evidence for an interaction between
susceptibility genes and latitude of residence so that penetrance was highest in families with
germline CDKN2A mutations living in Australia when compared with those in Europe (Bishop
et al, 2002).

A meta-analysis, incorporating latitude, showed that phenotypic indicators of excessive sun
exposure (representing gene/environment interaction) in fair-skinned individuals are risk factors
for melanoma (Gandini et al, 2005a). Pre-malignant and malignant lesions were associated with
a RR=4.3 (2.8-6.6) and actinic damage indicators with a RR=2.0 (1.2-3.3). This is of note
despite the lack of epidemiological evidence from case-control studies for chronic sun exposure
as a risk factor for melanoma.

In summary, there is strong evidence that excessive sun exposure is causal for melanoma.
Evidence persists that the exposure pattern is important, e.g. intermittent, although the
observation in some studies that actinic skin damage is a risk factor provides some evidence that
chronic over-exposure is also causal in some patients. The evidence is also strong that excessive
sun exposure increases the risk of melanoma in those with a strong family history. There is an
emerging view, based upon epidemiological and biological studies that there may be more than
one route to melanoma: one associated with low or intermittent sun exposure and for which
numerous naevi is a risk factor and another with chronic over exposure (Whiteman et al, 2003).
All of the risk factors quoted above are independent risk factors in individual case control studies
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and therefore the presence of multiple risk factors in an individual increases the relative risk of
melanoma.

Health education is postulated to be most effective when targeted at those at greatest risk. Thus,
UVR risk communication to European citizens is probably best directed at those with established
risk factors (e.g. family history, fair skin and multiple naevi). There is a need to communicate
these complex issues to the European citizen in a way that is easily understood.

Photoageing

Exposure of the skin to UVR results in UVR-induced skin ageing known as photoageing, which
is very evident, when one compares normally sun-exposed (face) and sun-protected (buttock)
sites. Clinical symptoms of photoageing include wrinkling, laxity and disturbances of the
distribution of pigmentation (Glogau, 1996). Photoageing is thought to at least partially arise
from the induction of matrix metalloproteinases (MMPs) that degrade collagen, the major
structural protein of the dermis (Fisher et al, 2002). Photoageing, assessed by elastosis, is an
indicator of non-melanoma skin cancer risk (Kricker et al, 1991).

Effects on the Eye

There is epidemiological evidence that solar UVR exposure increases the risk of cataracts of the
lens, anterior lens capsular change and pterygium (Johnson, 2004). In vivo and ex vivo acute
studies on mammalian lens (Pitts et al, 1977; Merriam et al, 2000; Oriowo et al, 2001) and a
chronic in vivo study (Jose and Pitts, 1985) have indicated that the UVB part of the solar
spectrum is most likely to be responsible for any long term effects that solar UVR has on the
lens. There is also epidemiological evidence that solar UVR exposure results in ocular
melanoma, especially from a study in Australia (Vajdic et al, 2002) that showed that choroid and
ciliary body melanoma were positively associated with time outdoors on weekdays with OR up
to 1.8 (95% CI 1.1 - 2.8) and p = 0.01 for trend. Unlike melanoma of the skin there is no
latitude gradient for ocular melanoma (Vajdic et al, 2003), which may be because UVR dose to
the eye is probably determined by UVR exposure from horizon sky that is less affected by
latitude.

1.2 Positive Effects

Exposure to solar UVB initiates the synthesis of vitamin D, in the skin, that is vital for musculo-
skeletal health (Vieth, 2005) and there is evidence that large numbers of people are vitamin D
insufficient (Holick, 2005). Rickets, widespread in industrialized cities in 19 century Europe, is
being increasingly diagnosed in ethnic minority populations in Northern and Southern Europe
and can be attributed to vitamin D deficiency (Pedersen, 2003; Yeste and Carrascossa, 2003;
Ladhani et al, 2004; Mallet et al, 2004). There is also emerging evidence, as yet mainly ecologic
(i.e. by association), that vitamin D is important in other aspects of health such the prevention of
autoimmune disorders (Ponsonby et al, 2005) and several internal malignancies (Berwick and
Kesler, 2005; Giovannucci et al., 2006). There are also recent data suggesting that vitamin D
may be important in improving outcome from cancer (Chen and Holick, 2003; Zhou et al, 2005).
Exposure to the sun may therefore have widespread beneficial effects but it seems likely that
these beneficial effects would also be produced by increased oral intake of vitamin D. However,
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the role of vitamin D in non-skeletal health, along with its association with UVR exposure
remains a very controversial area and more data are needed for informed discussion.

2(a) What are the differences between risks associated with exposure of persons to natural
UVR and those risks from artificial UVR?

There are no physical differences in type of radiation between natural and artificial UVR per se.
However, there are important differences in the spectral distribution and absolute and relative
irradiances of UVR from the sun and artificial sources, and between different artificial sources as
shown in Figure 1. There is no standard solar spectrum because this varies with factors such as
season, latitude and time of day. From a physical standpoint, the UV emission from sun is
primarily within the UVA range. Artificial emission spectra are different from solar emission
spectra from a physical point of view.

It is relatively easy to compare the acute risks of exposure to natural and artificial UVR, which
are similar, the details of which are discussed in Section 4. It is much more difficult to compare
chronic effects which, in the sun, also depend on patterns of exposure.

sunlight

Cleo Natural

Relative spectral power

Cleo Performance

T ) I T '

290 310 330 350 370 390
Wavelength nm

¥ Measured in Melbourne (38° S) at solar noon on 17 January 1990. Measurements were made at the Australian
Radiation Laboratory with a Spex 1680B double monochromator with a resolution of 1 nm

Figure 1 Emission spectra of solar UVR and two tanning lamps (i) Cleo natural and (ii)
Cleo performance 2
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Data on the risk of skin cancer associated with artificial UVR sources (see Section 4) are few
compared with those related to sun exposure. Furthermore the tanning device studies are often
uninformative because of small numbers of cases and controls, and low usage of the devices.
There are also great difficulties in collecting adequate exposure data because of recall bias and
lack of user knowledge of the type of UVR emitted by the devices. Many studies therefore have
recorded only whether a tanning device has been used “ever” or “never” so that the power to
address dose or age effects is limited.

Furthermore, tanning device users are often those who sunbathe frequently and it is likely that
case-control studies are seriously confounded. There are some data published on the effects of
medical use of artificial UVR sources. Although the UVR dose is considerably lower than that to
which users of tanning devices are potentially exposed, such studies do have the merit of much
more accurate dosage estimation.

Photo(chemo)therapy is used in the treatment of skin diseases. The use of psoralen plus UVA
(PUVA) to treat psoriasis is known to cause skin cancer (Stern and Laird, 1994) but PUVA is
mechanistically quite different from UVA and UVB and therefore is not relevant to the current
discussion. In the PUVA cohort study reported by Stern from the United States, there was no
discernable additional effect of exposure to UVB (Stern and Laird, 1994). In a study of
psoriatics treated with coal tar and UVB in the 1950s followed up for 25 years there was no
demonstrable increased risk of skin cancer but the numbers treated were relatively small (280)
(Pittelkow et al, 1981). In an even smaller study of 195 German psoriatics treated with
broadband (n=69) or narrow band UVB (n= 126) from 1994 to 2000 only one skin cancer had
occurred by 2004. This was an in situ melanoma which developed in the same year that narrow
band UVB therapy was begun (Weischer et al, 2004). A study in Scotland with a median follow
up period of 4 years has shown a small increase in BCC after treatment with narrow band UVB
phototherapy (Man et al, 2005).

Overall, the risks of skin cancer from the medicinal use of artificial UVR (in the absence of
photosensitizers) appear to be small but the data are few and the dose to which the patients are
exposed tends to be significantly smaller than users of commercial sunbeds are potentially
exposed to. It is likely, from our knowledge of skin cancer and solar UVR, that the skin cancer
risk attributable to artificial UVR will be greater in those who are genetically susceptible such as
the fair skinned.

Household lights emit significant amounts of UVR (Sayre et al, 2004) and several case-control
studies have addressed risk for melanoma associated with such exposure. The earliest study
suggested an elevated risk associated with exposure to fluorescent lights at work (Beral et al,
1982) but all subsequent studies failed to identify such a risk (Osterlind et al, 1988; Rigel et al,
1983; Walter et al, 1992; Holly et al, 1995).

2(b) What are the differences regarding the health and safety risks with respect to
exposure of persons to UVA, UVB andiUVC radiation respectively?

Coblentz introduced the concept of the spectral regions UVA, UVB and UVC at the Second
International Congress on Light in Copenhagen in 1932. These regions were determined by the
transmission properties of three common glass filters; a barium-flint filter defined the UVA
(315-400nm); a barium-flint-pyrex filter the UVB (280-315nm); and a pyrex filter defined the
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UVC (wavelengths shorter than 280nm). So the basis of these divisions has its grounding in
physics, and not biology, although these definitions have been very useful in biology. Although
these are the official designations of the Commission Internationale de l'Eclairage (CIE), other
authorities, especially in the biological and clinical sciences, use different definitions such as
UVA (320-400nm), UVB (290-320nm) and UYC (190-280nm). More recently, the terms UVA-I
(340-400nm) and UVA-II (315-340nm) have come into use because of a better understanding of
mechanistic differences between UVB and UVA. Mechanistically, UVA-II is similar to UVB in
which the target molecule (e.g. DNA) is directly altered by its absorption of UVR energy. In
contrast, UVA-I reactions tend to cause indirect damage to target molecules via reactive oxygen
species (ROS) generated by UVR absorption by other molecules.

2(b).1 Acute Effects

The wavelength dependency of a given photobiological effect is demonstrated by its action
spectrum, which depends on a variety of factors but is based on the absorption spectrum of the
chromophore (UVR absorbing biomolecule) and the optical properties of the skin. Action
spectroscopy and studies with different broad-spectrum sources show that UVB is much more
effective than UVA for most acute endpoints studied in human skin. This includes erythema
(Anders et al, 1995; CIE 1998; Young et al, 1998), delayed pigmentation (Parrish et al, 1982),
DNA photodamage (Young et al, 1998) and UCA photoisomerization (McLoone et al, 2005) In
general, UVB is 3 to 4 orders of magnitude more effective per unit physical dose (J/cm?) than
UVA, but this difference depends on the specific wavelengths/wavebands being compared.
Action spectra for immunosuppression in human skin are not available. UVB is known to be
immunosuppressive but the role of UMA is still not clear (Phan et al, 2006). The action
spectrum for IPD shows that UVA is more effective than UVB (Irwin et al, 1993).

UVC is not an issue for terrestrial solar UVR because it is completely absorbed by the ozone
layer. In any case, UVC is strongly attenuated by chromophores in the upper epidermis (Young,
1997) and UVC-induced DNA damage in the dividing basal layer of human epidermis is not
readily detected (Campbell et al, 1993; Chadwick et al, 1995) which may explain why the dose
response curve for UVC erythema in human skin is very much less steep than for UVB (Diffey
and Farr, 1991). It is unlikely that UVC from artificial sources presents an acute or long-term
hazard to human skin. However, UVC is likely to cause acute photokeratitis.

Wavelength dependency is crucial in determining the biological effect of a given spectral region
of a UVR source. For example, the 0.8% UVB content of a tanning lamp accounted for 75% of
the CPD (cyclobutane pyrimidine dimers) that it induced in human keratinocytes in vitro
(Woollons et al, 1999). Thus action spectra are essential as weighting functions to determine the
biological effects of different broad-spectrum UVR emission spectra (see Section 5). Emission
spectra without relevant action spectrum weighting are of very limited value in risk assessment.
Action spectra are only valid if there is no interaction between different spectral regions.
However, there is evidence that such interactions do occur at the cellular level (Schieke et al,
2005).
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2(b).2 Chronic Effects

The wavelength dependencies for skin cancer (SCC) and photoageing (elastosis) have been
determined in hairless mouse models (de Gruijl, 1995; Kligman and Sayre, 1991) and these
studies have shown action spectra similar to that for human erythema (CIE, 1998; Young et al,
1998). Figure 2 shows the action spectra for human erythema and non-melanoma skin cancer
(SCC) (CIE 1998, 2000) and it can be seen that these are very similar, especially in the solar
UVB and UVA-II (315-340nm) ranges. Thus, one might conclude that erythema, primarily
caused by UVB, can be regarded as a surrogate risk factor for SCC and photoageing. There is no
animal model for UVR-induced BCC.

Figure 2: The CIE (1987) reference action spectrum for erythema in human skin (red) and the
estimated CIE (2000) action spectrum for human squamous cell carcinoma (blue) based
on mouse studies
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Sunburn, an important risk factor for melanoma, has therefore implicated UVB in its
pathogenesis (Wang et al, 2001). The incidence of melanoma, as well as BCC and SCC, is very
high in xeroderma pigmentosum (XP) with defective excision repair of UVB-type DNA damage,
e.g CPD. The wavelength dependency for melanoma however is not yet established because of
the lack of a good animal model (Noonan et al, 2003). Melanomas have proved extremely
difficult to induce by UVR alone in mice. Wavelength dependency has been determined in a fish
model (Xiphophorus) (Schartl et al, 1997) the value of which is limited because its melanoma-
like lesions arise from the dermis instead of the epidermis and fish are phylogenetically very
different from humans. Studies in these fish however showed that visible and UVA radiation, as
well as UVB (Setlow et al, 1993) induced lesions that raised concern that UVA might be causal
for human melanoma as well or instead of UVB. A mammalian opossum model also developed
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melanoma-like lesions after broad-band UVA exposure but with low potency compared to
broad-band UVB (Robinson et al, 2000). A mouse model was described in 2003 (the hepatocyte
growth factors/scatter factor transgenic mouse) in which melanomas with a strong epidermal
component were induced (Nonnan et al, 2003). Neonatal UV irradiation was necessary and
sufficient to induce melanoma although adult irradiation increased the number of lesions. In
2004 the same group reported studies using the mouse in which UVB but not UVA induced
melanoma, providing perhaps more persuasive evidence that UVB exposure is causal rather than
UVA (De Fabo et al, 2004).

Studies of somatic mutations in a variety of genes have been reported in the search for evidence
to support a role for UVB exposure. Genes such as p53 have, however, failed to show the
characteristic UVB signature C to T transitions and CC to TT mutations, providing additional
concern that UVB may not be the only causal waveband. Recently, mutations in BRAF
(downstream of RAS) were found in a majority of naevi and melanoma. The dominant point
mutation (T1796A) is not characteristic of UVB radiation, but this does not exclude a causal role
for UVR (de Gruijl, 2003).

It is more difficult to determine UVA induced mutagenesis because DNA does not significantly
absorb UVA at doses obtained with solar exposure. It is thought that UVA induced mutagenesis
is mainly mediated by photosensitising reactions that generate reactive oxygen species. In one
system it was suggested that T to G transversions are typical of UVA induced damage
(Drobetsky et al, 1995) but in another G to T transversions were seen as well as small tandem
base deletions (Pfeifer et al, 2005). There is no consensus on UVA signature somatic mutations
in tumours. Furthermore, it is possible that UVA may have an indirect adverse effect on the
micro-environment in the dermis and dermo-epidermal junction by inducing growth factor
release which may have a proliferative effect on melanocytes (Brenner et al, 2005).

In summary, UVB is likely to be the main cause of photoageing and SCC. Sunburn, a marker for
excessive UVR exposure, is a risk factor for melanoma. UVB is the main cause of sunburn but
this does not necessarily mean that it is the prime cause of melanoma, the spectral dependence of
which remains unknown. The conservative approach is to restricc UVB and UVA exposure in
susceptible phenotypes until wavelength dependency is established. UVC exposure is unlikely
to cause acute or long-term damage to the skin but can cause severe acute damage to the eye and
should not be permitted at all from any tanning device.

3 (a) Is the total dose value of UVR the only effective health and safety parameter with
regard to the risks associated with exposure of persons to both natural and artificial
UVR? (b) What is the validity of the Bunsen-Roscoe law over the range of irradiances
and wavelengths associated with exposure of persons to both natural and artificial
UVR?

Experiments in which the photoresponse of a material is investigated as a function of radiant flux
(dose rate or irradiance) are commonly called reciprocity law experiments. Bunsen and Roscoe
(1859) are credited with conducting the first reciprocity law experiments. Reciprocity holds in
photobiology when the observable response depends only on the total administered radiant
exposure (commonly referred to as dose) and is independent of the two factors that determine
total dose, that is, irradiance and exposure time.
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Since the reciprocity law only depends on total dose, its validation for a particular end-point can
have many experimental manifestations. Assuming that the reciprocity law is valid, then each
manifestation should be equivalent to the others as long as the integrated total dose is the same.
Thus, when the reciprocity law is obeyed, the same photobiological response is observed when
specimens receive the same integrated total dose regardless as to whether the exposure is
performed:

a) Ata high irradiance for a short period of time.

b) At a low irradiance for a long period of time.

c) By repeatably switching a light source on-or-off and controlling both the on-off
frequency of the light and the length of time that the light remains in the on-state and the
off-state. Experiments in which the light is turned on-and-off at an extremely high
frequency are called flash photolysis experiments, while experiments in which the light is
turned on-and-off at a low frequency are called intermittency experiments.

d) By ramping the irradiance to a high level, holding the flux for a specified period of time,
and then ramping it back down to a lower level or any variant of these stress regimes.

These exposure regimes, depicted graphically in Fig 3, are adapted from a similar representation
given by Forbes et al (1979).
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Figure 3: A selection of irradiance vs exposure time regimes for testing the law of reciprocity
in which the integrated areas (i.e. dose) for each exposure regime are identical. When the
reciprocity law is obeyed, the photoresponse for each of these exposure regimes is the same.

A summary of reciprocity experiments carried out in human and mouse skin are reviewed by
Martin et al (2003). In every case, reciprocity for erythema was shown to hold. Of particular
relevance to sunbed use, where exposure times will vary between a few minutes up to half-an-
hour or so depending on the power and spectral output of the lamps, Meanwell & Diffey (1989)
showed that exposure to polychromatic radiation for time periods ranging from 1s to 1h induced
degrees of delayed erythema ranging from minimal to marked that depended only on dose and not
dose rate. These findings both support and extend those of previous studies in which the end point
was confined to minimal erythema.
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(a) High UVR intensity over short period

(b) Low UVR intensity over long period

(¢) High UVR intensity in short bursts

(d) Gradual increase, holding and decrease of UVR intensity

On the other hand, Table 2 shows that reciprocity has been shown not to hold in UV-induced
mice skin carcinogenesis where, in general, for a fixed dose of UV radiation the carcinogenic
effectiveness in mice skin increases as the irradiance decreases or is fractionated (van der Leun
et al 2005).

Although reciprocity has been shown to hold for erythema, different skin types respond

differently to repeated daily sub-erythemal doses of simulated solar UVR. In sun-sensitive skin
types Il these have a cumulative effect such that a frank erythema becomes evident after 2-3
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exposures of 0.65MED (Sheehan et al, 2002). Whereas in sun-tolerant skin type 1V, this
accumulation is not observed which suggests much better resolution of acute UVR damage.

Table2: UVR reciprocity studies in human and mouse skin. Mouse tumorigenesis studies are

for SCC

- ~
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Response Source Spectrum Irradiation E‘ Lo § Reference

= e

8" <
Human skin
Erythema Mercury Monochromatic | Continuous 4 Y Hausser 1927
Erythema Mercury Monochromatic | Continuous ? Y Hausser 1928
Erythema Mercury Monochromatic | Continuous 8 Y Luchiesh 1930
Erythema Mercury Monochromatic | Continuous 4 Y Coblentz 1932
Erythema Mercury Monochromatic | Continuous 20 Y Blum 1946
Erythema ~_| Mercury Monochromatic | Flash 200 Y Schmidt 1963
Erythema Mercury .- Monochromatic | Continuous 10° Y Park 1984
Erythema Xenon Monochromatic | Iptermittent ? Y Everett 1969
Erythema Xenon Monochromatic | Continuous ? Y Everett 1969
Erythema Xenon Polychromatic Continuous 10° Y Meanwell 1989
Erythema Laser Monochromatic | Flash 3 Y Parrish 1976
Erythema Laser Monochromatic | Continuous 10° Y Anderson 1980
Langerhans cell | Xenon Monochromatic | Continuous 10 Y Murphy et al, 1993
depletion
Mice skin
Tumorigenesis Mercury Polychromatic Continuous 12 N Blum 1941
Tumorigenesis Mercury Polychromatic Intermittent 4 N Blum 1942
Tumorigenesis Mercury Polychromatic Intermittent 4 N Bain 1943
Tumorigenesis Xenon Monochromatic | Intermittent 3 N Forbes 1979
Tumorigenesis Fluorescent Polychromatic Continuous 5 N Forbes 1981
Tumorigenesis Fluorescent Polychromatic Continuous 8 N de Gruijl 1983
Immunosuppression | Fluorescent Polychromatic Intermittent 1 Y DeFabo 1979
Immunosuppression | Fluorescent Polychromatic Continuous 10 Y DeFabo 1980
Immunosuppression | Fluorescent Polychromatic Continuous 10 Y Noonan 1981

4 What are the specific health and safety implications (negative and positive) relating to
the exposure of persons to UVR from tanning devices for cosmetic purposes?
- "

4.1 Negative Effects
4.1.1. Acute and non skin cancer effects

The use of tanning devices has been associated with acute adverse reactions such as a form of
skin fragility known as pseudoporphyria (Murphy et al, 1990; Weiss and Jung, 1990) and
lentigines (Salisbury et al, 1989; Kadunce et al, 1990) that have been noted in case reports. There
have also been case reports of induction (Fruchter and Edoute, 2004) and exacerbation (Stern
and Docken, 1986) of systemic lupus erythematosus.
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There is a risk of phototoxic reactions with people using certain medications (Bisland, 1990) or
applying topical aromatherapy products, such as bergamot oil, that contain photosensitising
chemicals (Kaddu and Wolf, 2001) or eating plants that contain such chemicals (Ljunggren,
1990).

Devices with a higher UVB/UVA ratio or a high UVB irradiance will be more cffective at
tanning and will require a shorter exposure time. However, this also increases the likelihood of a
burn (doses > 1 MED) because there is a lower margin of error in the determination of exposure
time (see Section 5). Burns have also been reported due to equipment failure (Eltigani and
Mathews, 1994).

Studies in the late 1980s showed that the use of tanning devices has an adverse effect on human
immune function (Hersey et al, 1987; Rivers et al, 1989). More recently, Whitmore and Morison
(2000) reported that 10 full-body exposures over a two-week period suppressed immunity as
assessed by the induction and elicitation arms of the contact hypersensitivity response (CHS).
These authors also studied the effect of 10 full-body tanning exposures in 11 volunteers and, not
surprisingly, reported the presence of CPD and p53 protein expression in keratinocytes in vivo
(Whitmore et al, 2001). One study used a Cleo Natural source (see Figure 1) to assess the
immunological effects of repeated whole-body sub-erythemal exposure (1.2 SED) on 165 skin
types II and III for up to 30 consecutive days (Narbutt et al, 2005). The results showed a
cumulative UVR dose-dependent reduction of the primary allergic response and the elicitation
arm of the CHS response and suggest that there is no adaptation to these immunological
responses.

Comment on UV A-induced immunosuppression

The role of UVB in immunosuppression is well established in mice and humans. The role of
UVA is much less clear. Much of the evidence for the role of UVA in humans has come from
sunscreen studies in which the addition of UVA filters has been shown to improve
immunoprotection (Fourtanier et al 2005). In mice, there is evidence that UVA abrogates UVB-
induced immunosuppression (Tyrrell and Reeve, 2006) but there is evidence of a positive
interaction of UVB and UVA in human immunosuppression (Poon et al, 2005), i.e. the combined
effect is greater than the sum of the parts. It should be noted that immunosuppression is a
complex issue and that the above brief comments are a necessary simplification.

4.1.2 Chronic

Skin Cancer

Non-melanoma R
Very few studies have been done on the relationship between sunbed use and non-melanoma
skin cancer risk. Two hospital-based case-control studies in Ireland, in the mid to late 1980s, did
not show any relationship between the use of tanning devices and non-melanoma skin cancer
(O’Loughlin et al, 1985; Herity et al, 1989). A similar conclusion, at about the same time, was
reached by Bajdik et al (1996) in British Columbia, Canada, who evaluated 406 controls
(population based) against 180 SCC cases and 226 BCC cases. About 10% of each group had
“ever” used a sunlamp. The adjusted OR for BCC and SCC for “ever” having used a sunlamp
were 1.2 (0.7-2.2) and 1.4 (0.7-2.7) respectively, which are clearly non-significant. One small
study from 2002, using the “generalized estimating equation method” reported no significant
effect of tanning devices for BCC, even though the total lifetime exposure to tanning devices
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was almost twice as high in patients compared with controls (Boyd et al, 2002). In the same year,
Karagas et al (2002) assessed the relationship between use of tanning devices and BCC and SCC
in a population-based case control study. In this study there was greater use of tanning devices
ranging from 9.2% (male controls) to 28.4% (female patients). The OR for BCC and SCC were
L5 (1.1-2.1) and 2.5 (1.7-3.8) respectively and adjustment for a variety of factors made no
difference to these results. The results of Karagas et al (2002) indicated that the use of tanning
devices is a risk factor for non-melanoma skin cancer.

Melanoma

Sunbed usage has increased considerably in recent years (Rafnsson et al, 2004) but the data on
melanoma risk are scanty. There are a number of case-control studies but the details on exposure
for the majority was small and all, as case-control studies, were subject to bias of recall and the
effect of confounders. There is a single cohort study (Verierod et al, 2003) in which risk of
melanoma was addressed.

A number of case-control studies reported no evidence of sunbed use as a risk factor for
melanoma (Osterlind et al, 1988; Holly et al, 1995; Westerdal et al, 1994; Zanetti et al, 1988;
Chen et al, 1998; Dunn-Lane et al, 1993; Naldi et al, 2000; Bataille et al 2004, 2005). The
majority of these studies were, however, small and the prevalence of sunbed usage in cases and
controls was very low. Others were supportive of weak evidence or evidence in “at risk” groups
(Walter et al, 1990; Westerdahl et al, 2000). Walter et al (1990) showed some suggestion of a
trend to increased risk of melanoma with longer duration of use. In the study by Westerdahl et al
(2000) an increased risk of melanoma was demonstrated only for use of sunbeds before the age
of 35 years (OR, 2.3; CI, 1.2-4.2). Swerdlow et al (1988) showed a significantly increased risk
for any use of sunbeds OR 2.94 (95% CI 1.4-6.17) with a significant trend for increased duration
of use. Autier et al (1994) showed little evidence of risk overall when corrected for skin type etc
but did show evidence of increased risk for usage of sunbeds for 10 hours or more, when burning
was reported after use of the sunbed or when the users reported use of the sunbed to tan.

The only cohort study to address risk associated with solaria followed more than 100,000
Norwegian and Swedish women for an average of 8 years, and 187 melanomas developed. This
study identified use of a solarium for 1 or more times per month as a risk factor for melanoma.
When the exposures occurred between the ages of 20 — 29 years the adjusted relative risk was
2.58 (95%CI 1.48-4.50). Among women who had used a solarium once or more per month, in at
least one of the three decades between ages 10 and 39, the adjusted relative risk of melanoma
compared to women that had never or rarely used a solarium during these three decades, was
1.55 (95%CI 1,4-2.32) (Veierad et al, 2003). This is probably the most persuasive evidence for
a role for sunbeds in causing melanoma but the data are as yet relatively weak and support the
view only that frequent use is deleterious.

Gallagher et al (2005) carried out a meta-analysis of 9 case-control studies and the one cohort
study and came to the conclusion that sunbed use significantly increased the risk of melanoma
with an OR of 1.25 (1.1-1.5) “ever” versus “never” used. This increased to 1.69 (1.3 -2.2) using
the metric “first exposure as a young adult”.
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Photoageing

There seems to be no published literature on the photoageing effects of sunbed use but this
would be expected from the long-term use of sunbeds because photoageing is associated with
solar exposure (Fisher et al, 2002). Some studies have looked at the effect of repeated sub-
erythemal exposure of UVB and UVA'in human skin and reported some changes that are
associated with photoageing (Lavker et al, 1995a, 1995b; Lavker and Kaidby, 1997).

As with the sun, tanning devices emit infrared radiation (IR: 760nm to 1mm). The effects of IR
on skin are poorly understood but in vitro studies suggest that it may play a role in photoageing,
which has been suggested by animal studies (Schieke et al, 2003).

Effects on the eye

Four studies have assessed the relationship between sunbed use and ocular melanoma and found
varying degrees of association Tucker et al, 1985; Seddon et al, 1990; Holly et al, 1996). The
most recent study (Vajdic et al, 2004) provides “moderately strong” evidence, with several
metrics, that sunbed use results in ocular melanoma, after adjustment for confounding factors
including exposure to solar radiation. The OR for use (never vs ever) was 1.7 (95% CI 1.0 — 2.8)
and 2.4 (95% CI 1.0 — 6.1) for first use under 21 years. There was a significant trend (p = 0.04)
for duration of use. This study also suggested a protective effect from wearing goggles with an
OR = 2.2 (95% CI 0.5 - 9.7) in those who did not always wear goggles but this was not
significant (p = 0.3).

4.2 Positive Effects

g
Vitamin D status
Tanning with UVB-emitting sunbeds would be expected to improve vitamin D status and this
has been reported in a recent study (Tangpricha et al, 2004) that showed that people who used a
sunbed at least once a week for at least 6 months had a mean serum concentration of 25
hydroxyvitamin D (25(OH)D) of 115.5 + 8.0 (SEM) nmol/L compared with the controls who
had levels of 60.3 + 3.0 nmol/L (P < 0001). The tanners also had significantly higher hipbone
mineral density. However, this study has several flaws; (i) it relied on recall of sunbed use
without establishing serum 25(OH)D before sunbed use, (ii) the tanning group had much greater
sunlight exposure and (iii) there was a much greater proportion of white-skinned people in the
tanning group. Furthermore, there were no data on the spectral output of the tanning devices
used.

Feel good factor

Many people claim to feel better after sunbed use (Diffey 1986) but studies using primarily UVA
emitting sunbeds showed that mood effects could not be attributed to circulating serotonin or
melatonin (Gambichler et al, 2002a) or opioid peptides (Gambichler et al, 2002b). The possible
role of UVB-induced keratinocyte-derived B-endorphin (Gilchrest et al, 1996) has yet to be
investigated.
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5. (a) Are limit values necessary for the irradiance of UVR from artificial sources, in
particular from tanning devices for cosmetic purposes, with respect to health and safety?
(b) Is it necessary to give different values for the irradiance of UVA, UVB and UVC
radiation respectively? (c) If so, please specify the limit values for the irradiance of
artificial UVR above which adverse health effects will occur. What are the uncertainties of
these limit values?

From the above discussion on reciprocity, it is clear that acute clinical effects resulting from
sunbed use (i.e. erythema) are likely to depend only on total dose and not dose rate. It is not
possible to make any statements on the risk of skin cancer, especially melanoma. Since all
tanning devices emit a broad UVR spectrum, the spectral profile of which determines the
device’s effectiveness to elicit clinical effects, it is irrelevant to specify irradiance limits in
different spectral wavebands, especially since the spectral regions UVA, UVB and UVC were
originally based on the optical properties of different glasses (see section 2b). A more
appropriate way to speak of tanning devices than using the terms UVA, UVB and UVC is to
compare their erythemal power, as a percentage of total UVR power, with sunlight. This is
expressed mathematically as:

100 x §‘f E(A).£(A).AL/ 4020 E(A).AL

250 290

E(7) is the relative spectral power distribution of the UV source and (1) is the erythemal
effectiveness of radiation of wavelength A nm (CIE 1998). An example of this calculation is
given in Appendix A. For the 3 sources illustrated in the Figure 1, the erythemally effective
percentages are 0.44%, 0.51% and 0.13% and for summer sunlight, the “Cleo Natural” and
“Cleo Performance” lamps, respectively. Clearly, the “Cleo Natural” lamp more closely
resembles sunlight “biologically” than the “Cleo Performance” lamp.

In specifying an upper limit of irradiance, the important quantity is the erythemally-weighted
irradiance, obtained by weighting each spectral irradiance component of the lamp by its relative
effectiveness to induce erythema and summing over all wavelengths present in the source
spectrum (see equation above). To minimise the risk of timing errors, which might result in
“sunburn” it is desirable that the prescribed sunbed exposure session should be no less than 10
minutes. The avoidance of “sunburn” may also reduce the risk of melanoma.

Depending on an individual’s phototype, the exposure in SED during this 10-minute period
should not exceed the subject’s estimated indicative MED (see Table 1). The maximum
erythemal-weighted irradiance should not exceed 11 SED/h (0.3 W/m?). This is equivalent to a
UV index (UVI) of 12, which WHO describes as “extreme”. A noon UVI of 12 would be typical
in summer in Darwin, Australia (13°S) and Colombo, Sri Lanka (13°N).

The main conclusion from this analysis is that the erythemally weighted properties of a given
sunbed emission spectrum (as demonstrated in Appendix A) are more important than its physical
properties per se. This is because UVB is orders of magnitude more erythemogenic than UVA
(as shown in Figure 2) which, as shown in Figure 1, is the main UVR component of sunlight and
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tanning device spectra. At present, certainty can only be reasonably assured for acute effects
such as erythema.

6 Please specify the limit values of total dose of artificial UVA, UVB and UVC radiation
above which adverse health effects will occur, taking into account skin phototype,
intensity of exposure, duration of exposure and associated uncertainties.

The clinical effects of UVR exposure can be either deterministic, where the magnitude of the

effect is related to exposure and a threshold dose is possible, or stochastic, in which the

probability of the effect is related to exposure and there is no threshold dose. Erythema is an

example of a deterministic effect with a threshold and SCC is a stochastic effect without a

threshold.

There is no need to specify total dose separately for UVA, UVB and UVC for the reasons given
in Section 5. It is not possible to specify uncertainties for long-term effects.

For a single exposure on a sunbed it is important to avoid marked or severe erythema but
necessary (for the desired cosmetic effect) to receive a sufficient UVR dose to stimulate
melanogenesis. Experience has shown that an exposure at or just below that to induce a just
perceptible MED 8 to 24 hours after exposure approximates the optimum.

A classification of skin phototypes based on susceptibility to sunburn in sunlight (WHO 2003),
together with indicative MEDs that might be expected following exposure on unacclimatized
skin, is given in Table 1. Depending on an individual’s phototype, the exposure in SED on any
single occasion should not exceed their estimated indicative MED.

With a stochastic effect like SCC skin cancer there is no threshold dose below which the effect
will not occur. Consequently, any recommendation about a limit value of total dose accumulated
over a specific time period (e.g. year, lifetime) is arbitrary and subjective. A limit of 20 sessions
per year (equivalent to an exposure of approximately 40 SED or 20 MED in melano-
compromised individuals) was proposed by the British Photodermatology Group (BPG) in 1990
(Diffey et al 1990) and was subsequently adopted by the UK Health & Safety Executive (HSE
1995).

The International Electrotechnical Commission (1995) recommends that the maximum annual
exposure should not exceed an erythemal-weighted dose of 15 kJ/m* (150 SED), equivalent to
around 50 MED in white-skinned people. Not surprisingly, it is this higher limit adopted by The
Sunbed Association in the UK in their code of practice for operators (TSA 2004). A pragmatic
defence of the limit of 20 sessions per year is that it discourages people from purchasing sunbeds
to use at home where the temptation to use them several times a week or for prolonged time
during a single tanning session is evident.

Other agencies have simply advised against sunbed use and not specified an “acceptable”
maximum annual usage (AGNIR 2002; WHO 2003; ICNIRP 2003).

Estimates have been made of the risk of basal and squamous cell skin cancers arising from
sunbed use (AGNIR 2002) and what constitutes an “acceptable” risk is a matter of judgment. For
most people, who may use sunbeds 10 or 20 times a year for 10 years or so in young adulthood,

24




SCCP/0949/05
Opinion on Biological effects of ultraviolet radiation relevant to health with particular reference to sun beds for
cosmetic purposes

the estimated additional lifetime risk of non-melanoma skin cancer, compared with non-users, is
up to 10% (AGNIR 2002).

Case-control studies, particularly more recent ones, have generally found an association between
sunbed use and melanoma (Young 2004) with an odds ratio of around 1.5 (Veiered et al. 2003).
In communicating this risk to policy makers (Heller ef a/ 2003), it may be helpful to estimate the
potential number of cases and deaths prevented each year in a population if sunbeds were
eliminated. These are given in Table 3 for the UK, where the relative risk of incidence and
mortality of sunbed users is taken to be 1.5 relative to non-users. The figure of 1.5 is used for
illustrative purposes since different studies have yielded different relative risks (Young 2004)
and so the population impacts in Table 3 should be treated with caution (B. Diffey). Melanoma
incidence and mortality data refer to the year 2002 (Cancer Research UK, 2005).

Fol . "
- Melanoma per = S | No. affected in .Estlmated population
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Male 28.7 11.2 3.0 5 1.5 0.024 3193 874 78 21
Female 30.3 13.7 2.5 9 1.5 0.043 4128 770 179 33
Total 7321 1644 257 54

Table3  Non-use of tanning devices might have resulted in about 54 fewer deaths from
melanoma in 2002 than the 1644 that were observed in the UK

An alternative approach to estimating the mortality associated with sunbeds is through modelling
population exposure to both sunlight and sunbeds, assuming that the patterns of exposure from
these two sources are equally carcinogenic, that the melanomas that result are equally fatal, and
that the fraction of deaths due to sunbetf uise i$ equal to the population exposure from sunbeds
expressed as a fraction of the total population exposure from sunlight and sunbeds. Using this
approach Diffey (2003) estimates the mortality due to sunbed use each year in the UK is around
100, with a range of about 50 to 200. The estimates from this approach and that illustrated in
Table 3 are not inconsistent given the many uncertainties and assumptions involved. If it is
assumed that the use of sunbeds increased the risk of melanoma by 50%, the additional lifetime
risk of dying from melanoma will be of the order 1x10°. From the above discussion it is clear
that there is no limit value of total dose of artificial UVR below which adverse health effects will
not occur and that any limit is subjective and arbitrary.

Based on data available the risk of developing skin cancer in connection with the use of sunbeds
is high in comparison to the “acceptable” risk of developing cancer from other consumer
products (WHO, in press).
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4. COMMENTS RECEIVED DURING THE PUBLIC CONSULTATION

23 comments were received mainly from public health bodies and the sunbed industry. Some
from public health bodies felt the SCCP committee had not sufficiently emphasized the health
risks of sunbed use and those from industry felt that we had made too much of these risks. Some
comments from public health bodies were accompanied with their own documents on the risks of
UVR including that from sunbeds. There were several comments on vitamin D, some stating that
there was no evidence of benefits other than for skeletal health and others stating that these
benefits were better established than we had stated. Overall, there were many comments on
detail, some of which have been addressed but none of which alters the overall conclusions of
the SCCP committee.

There were a few common themes in the comments that we have specifically addressed:

¢ The erythemally weighted irradiance limit that was originally given was too high and we
have now reduced this to 0.3W/m? which is in accord with other bodies

e There was no discussion on the effects of UVR on melanoma of the eye. This has now
been addressed along with the inclusion of a study that shows a relationship between
sunbed use and melanoma of the eye.

e The lack of inclusion of CIE action spectra that have now been included in Figure 2.

Comments received:

s Afsse (Agence Frangaise de Sécurité Sanitaire Environnementale), InVS (Institut de Veille
Sanitaire), afssaps (Agence Frangaise de Sécurité Sanitaire des Produits de Santé)
Afsset (Agence Frangaise de Sécurité Sanitaire de I’Environnement et de Travail)
BEUC, the European Consumers’ Organisation

The British Medical Association

Cancer Research UK

Dr. Jean-Pierre Cesarini, France

Charit¢ — Medical University, Germany

Ir. G. Crevecoeur, Belgium

Dr. Jan C. van der Leun (Ecofys BV, the Netherlands) and Dr. Paul Donald Forbes (Toxarus,
Inc., USA)

European Sunlight Association, Belgium

EUROSKIN (European Society of Skin Cancer Prevention), Germany
Gezondheidsraad / Health Council of the Netherlands

UK Health Protection Agency

Dr. Ph. Autier, France

Bayerisches Staatsministerium fiir Umwelt, Germany

Dr. Nji Ousseni, France

State Non-Food Products Inspectorate, Lithuania

Public Health Authority, Slovakia

Nordic Radiation Protection and Health Authorities

Dr. Alexander Steinmann, Germany

SUNARC, USA
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5.

Dr. Paul Donald Forbes (Toxarus, Inc., USA)
Hospital Universitario de la Princesa, Spain

CONCLUSION

Question 1: What are the general health and safety implications (negative and positive)
relating to the exposure of persons to ultraviolet radiation (UVR)’?

Clinically relevant UV-radiation is UVB (280 — 315 nm) and UVA (315-400 nm)

Solar UVB (~295 — 315nm) is primarily responsible for inducing erythema (sunburn) and
tanning

UVA has similar acute clinical effects to UVB if the physical doses (J/cm?) given are
approximately 1000 times greater

Human skin may be phenotypically classified into phototypes I — VI which are
determined by acute sensitivity to sunlight, melanin content and tanning ability

Solar exposure is associated with basal cell carcinoma, squamous cell carcinoma and
malignant melanoma.

The risk of a given type of skin cancer is influenced by patterns of UVR exposure
Phototype is a good indicator of skin cancer risk which reflects acute sensitivity to
sunlight with phototype I being the most sensitive and phototype VI being the most
resistant

Moles and freckles are good indicators of susceptibility to malignant melanoma

Moles and freckles are independent risk factors for skin cancer

UVR is immunosuppressive in humans, the consequences of which are unknown but may
be important in skin cancer and infectious diseases

Public health messages should be directed to those people at greatest risk of skin cancer
in order to promote behaviour which is appropriate to the balance of risk

Solar UVR, especially UVB, causes photokeratitis (snow blindness) of the eye and
increases a cataract formation.

There is evidence that solar UVR exposure is associated with ocular melanoma

Question 2: What are the differences between risks associated with exposure of persons to
natural UVR and those risks from artificial UYR? What are the differences regarding the
health and safety risks with respect to exposure of persons to UVA, UVB and UVC
radiation respectively?

There are no intrinsic differences between the physical and biological properties of
natural and artificial UVR but there are differences in spectral profile that may have
biological consequences

7 The Intemational Commission on [llumination (CIE) defines ultraviolet radiation (UVR) as optical radiation between 100 and 400 nm. The
spectral region is divided into three photo-biological spectral regions: UVC (100-280 nm), UVB (280-315 nm) and UV A (315-400 nm).
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o It is relatively easy to compare the acute effects of natural and artificial UVR but much
more difficult to compare the long-term effects.

e UVR, with and without photosensitizers, is used in the phototherapy of skin diseases and
skin cancer is an accepted risk in such treatment

e Wavelength dependency (action spectrum) studies show that UVB is the most harmful
part of the solar UVR spectrum for both acute and long term term-effects but wavelength
dependency data on UVA are more limited than for UVB

e We lack data to make conclusive statements on the wavelength dependency of melanoma

Question 3: Is the total dose value of UVR the only effective health and safety parameter
with regard to the risks associated with exposure of persons to both natural and artificial
UVR? What is the validity of the Bunsen-Roscoe law® over the range of irradiances and
wavelengths associated with exposure of persons to both natural and artificial UVR?

e The reciprocity law applies for human erythema

o There are no quantitative human data for long-term effects but patterns of exposure may
be important, especially for melanoma (see Question 1) that suggests a failure of the
reciprocity law

¥ The Bunsen-Roscoe law (law of reciprocity) states that a certain biological effect is directly proportional to the total energy dose irrespective of
the administered regime. Dose is the product of intensity and the duration of exposure. (Bunsen R, Roscoe HE, Photochemische
Untersuchungen, Poggendorff's Annalen 1855: 96: 373-394, 1857: 100: 43-88 and 481-516, 1857: 101:235-263, 1859: 108: 193-273.).
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Question 4: What are the specific health and safety implications (negative and positive)
relating to the exposure of persons to UVR from tanning devices for cosmetic purposes?

There are some case reports for adverse clinical effects (other than skin cancer) from
sunbed use but it is not possible to estimate the frequency of these

Several studies, and a meta-analysis, have shown a significant association between
sunbed use and malignant melanoma. Typically, the risk for developing melanoma in
relation to the use of sunbeds is around 1.5.

Sunbed use can result in the desired cosmetic outcome which is tanning

There is no evidence to support a pharmacological basis for the “feel good” factor of
sunbed use

Use of sunbeds that contain UVB may enhance vitamin D status but there are few data
available on this relationship. The emission spectrum of the source is likely to be
important

There is some evidence that sunbed use is associated with ocular melanoma

Question 5: Are limit values necessary for the irradiance of UVR from artificial sources, in
particular from tanning devices for cosmetic purposes, with respect to health and safety? Is
it necessary to give different values for the irradiance of UV-A, UV-B and UV-C radiation
respectively? If so, please specify the limit values for the irradiance of artificial UVR above
which adverse health effects will occur. What are the uncertainties of these limit values?

The biological consequences of a given sunbed emission spectrum are much more
relevant than its specific irradiances within different wavebands which were originally
defined by physical rather than biological parameters

A biologically effective dose can be obtained by weighting a given emission spectrum
with a relevant action spectrum

This weighting should be done with the human erythema action spectrum, which is
similar to the tanning action spectrum and the estimated human action spectrum for
squamous cell carcinoma. This gives an erythemally weighted irradiance of the emission
spectrum of the sunbed as demonstrated in Appendix A

The maximum erythemally weighted irradiance should not exceed 0.3W/m2, or 11
standard erythema doses (SED) per hour. This is equivalent to tropical sun, which the
WHO terms extreme.

Certainty can only be reasonably assumed for acute effects

Question 6: Please specify the limit vilues of total dose of artificial UV-A, UV-B and UV-C
radiation above which adverse health effects will occur, taking into account skin phototype,
intensity of exposure, duration of exposure and associated uncertainties.

There is no need to specify different dose limits for UVB and UVA for the same reasons
given in Question 5. However, there is no justification for the presence of UVC in
tanning devices.

The dose limits for adverse acute effects are dealt with in Question 5. In the context of
risk assessment, it is not possible to give dose limits for skin cancer because of lack of
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human dose-response data. However, SCC is a stochastic effect for which there is no
assumed threshold dose. Any annual dose limits given are arbitrary

e The human erythema action spectrum is similar to the estimated human SCC action
spectrum based on mouse data. This may also represent the wavelength dependency for
human BCC. However, we lack mammalian data on the wavelength dependency of
malignant melanoma. Broad spectrum studies in mice indicate that as with non melanoma
skin cancer, UVB is much more important than UVA

e The important biological risk factors for malignant melanoma are age, sex (in some
populations), skin phenotype (in particular types I and II), moles, freckles and family
history. Behavioural/environmental risk factors include intermittent sunburning UVR
exposure, especially in youth.

Overall Conclusion

UVR tanning devices were not in widespread use before the 1990-s and the full health effects of
their use are not yet known. It will take several years before the real picture of the role of the
UVR tanning devices in inducing skin cancer becomes fully apparent. This is due to the long
induction period of the cancer.

The SCCP is of the opinion that the use of UVR tanning devices to achieve and maintain
cosmetic tanning, whether by UVB and/or UVA, is likely to increase the risk of malignant
melanoma of the skin and possibly ocular melanoma.

People with known risk factors for skin cancer, especially malignant melanoma, should be
advised not to use UVR tanning devices. Specifically, these are (i) skin phototypes I and II and
the presence of freckles, (ii) atypical and/or multiple moles and (iii) a family history of
melanoma. Eye protection from UVB and UVA should be worn if sunbeds are used.

Risk of melanoma seems to be particularly high when using sunbeds at a young age. Thus UVR
tanning devices should not be used by individuals under the age of 18 years.

6. MINORITY OPINION

Not applicable

7.  GLOSSARY

AK - actinic keratosis

BCC - basal cell carcinoma

BPG - British Photodermatology Group

CHS - contact hypersensitivity

CI - confidential interval

CIE - Commission Internationale de I’Eclairage
CPD - cyclobutane pyrimidine dimers
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IARC — International Agency for Research on Cancer

IPD — immediate pigment darkening

IR — infrared radiation

LVD - Low Voltage Directive

MED — minimal erythema dose

MMP — matrix metalloproteinases

PUVA — psoralen plus UVA

OR - odds ratio

RR - relative risk

ROS —reactive oxygen species

SCC - squamous cell carcinoma

SCCP - Scientific Committee on Consumer Products

SED - standard erythema dose

SPF — sun protection factor, based on UVB absorbance
SSR - solar simulating radiation

UCA — urocanic acid

UVA -Ultraviolet radiation with wavelengths 380-315 nm
UVA-I -Ultraviolet radiation with wavelengths 340-400m
UVA-II -Ultraviolet radiation with wavelengths 315-340nm
UVB - Ultraviolet radiation with wavelengths 315-280 nm
UVC - Ultraviolet radiation with wavelengths <280 nm
UVR - ultraviolet radiation

XP — xeroderma pigmentosum
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10. APPENDIX A: TECHNIQUE FOR DETERMINING THE ERYTHEMAL-WEIGHTED
IRRADIANCE

The erythemal-weighted irradiance should be determined by means of a calibrated
spectroradiometer. This type of measurement, known as spectroradiometry, enables the intensity of
UV radiation on a wavelength-by-wavelength step to be recorded over all the wavelengths present in
the sunbed emission spectrum. A spectroradiometer is an expensive, complex piece of optical
equipment, which is found mainly in laboratories with a special interest in photobiology. It is
important that users of spectroradiometers have their own standard lamps (either deuterium or
tungsten) regularly calibrated by a national standards laboratory so that these can be used to provide
an absolute spectral sensitivity calibration of the spectroradiometer.

The technique is to place the input optics of the spectroradiometer on top of the plastic sheet of the
sunbed or at the recommended tanning distance from a sun canopy. The spectral irradiance is
measured in equal wavelength steps (e.g. Snm) from 280 to 400nm resulting in a set of numbers like
those shown in column 2 in the table below. The numbers in column 3 represent the erythema action
spectrum. This is the relative effectiveness of UV radiation of different wavelengths to cause
erythema (or redness) in human skin 8-24 hours after exposure. The numbers in each row of
columns 2 and 3 are multiplied together in column 4. All the numbers in column 4 are summed to
give (in this example this comes to 0.0355) and then multiplied by Snm (the wavelength interval
used in scanning the spectrum) to give the erythemal-weighted irradiance in W/mZ, which in this
example is 0.0355 x 5= 0.18 W/m®. This number should not exceed 0.3 W/m?.

Spectral irradiance erythema action

nm W/m¥/nm spectrum Erythemal weighted irradiance
280 0.00 1 0.0000
285 0.00 A 0.0000
290 0.00 1 0.0000
295 0.00 1 0.0000
300 0.00 0.64863 0.0000
305 0.01 0.21979 0.0015
310 0.03 0.0745 0.0020
315 0.11 0.0252 0.0029
320 0.32 0.00855 0.0027
325 0.76 0.0029 0.0022
330 1.51 0.00136 0.0020
335 2.44 0.00115 0.0028
340 3.35 0.00097 0.0032
345 408 0.00081 0.0033
350 4.71 0.00068 0.0032
355 4.83 0.00058 0.0028
360 4.48 0.00048 0.0022
365 5.57 0.00041 0.0023
370 3.09 0.00034 0.0010
375 2.27 0.00029 0.0007
380 1.52 0.00024 0.0004
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nm Spect\x};’a/lnzlz'/r::li‘lance erytsl;t;l:t:l?::lon Erythemal weighted irradiance
385 0.98 0.0002 0.0002
390 0.70 0.00017 0.0001
395 0.44 0.00015 0.0001
400 0.28 0.00012 0.0000
Sum 0.0355
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Erratum in:
Int J Cancer. 2007 Jun 1;120(11):2526.

The association of use of sunbeds with cutaneous
malignant melanoma and other skin cancers: A
systematic review.

International Agency for Research on Cancer Working Group on artificial
ultraviolet (UV) light and skin cancer.

Exposure to solar ultraviolet (UV) radiation is a known cause of skin cancer. Sunbed
use represents an increasingly frequent source of artificial UV exposure in light-
skinned populations. To assess the available evidence of the association between
sunbed use and cutaneous malignant melanoma (melanoma) and other skin cancers, a
systematic review of the literature till March 2006 on epidemiological and biological
studies on sunbed use was performed in Pubmed, ISI Web of Science, Embase, Pascal,
Cochrane library, Lilacs and Medcarib. Search for keywords in the title and in the
abstract was done systematically and supplemented by manual searches. Only case-
control, cohort or cross-sectional studies were selected. Data were abstracted by means
of a standardized data-collection protocol. Based on 19 informative studies, ever-use
of sunbeds was positively associated with melanoma (summary relative risk, 1.15;
95% CI, 1.00-1.31), although there was no consistent evidence of a dose-response
relationship. First exposure to sunbeds before 35 years of age significantly increased
the risk of melanoma, based on 7 informative studies (summary relative risk, 1.75;
95% CI, 1.35-2.26). The summary relative risk of 3 studies of squamous cell
carcinoma showed an increased risk. For basal cell carcinoma, the studies did not
support an association. The evidence does not support a protective effect of the use of
sunbeds against damage to the skin from subsequent sun exposure. Young adults
should be discouraged from using indoor tanning equipment and restricted access to
sunbeds by minors should be strongly considered. Copyright 2006 Wiley-Liss, Inc.

PMID: 17131335 [PubMed - indexed for MEDLINE]
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Sunbeds, tanning and UV exposure

The desire 10 acquire a tan for fashion or cosmetic purposes has led to a large increase in the use of artificial tanning sunbeds in,
mostly, developed countrics. Use of sunbeds for tanning continucs to increase in popularity, especially among young women,

Sunbeds used in solariums, and sun tanning lamps, are artificial tanning devices that claim 1o offer an effective, quick and harmless
alternative to natural sunlight. Hlowever, there is growing evidence that the ultraviolet (UV) radiation emitted by the lamps used in
solariums may damage the skin and incrcasc the risk of developing skin cancer.

Some 132 000 cases of malignant melanoma (the most fatal kind of skin cancer) and over two million cases of other skin cancers occur
worldwide each year. One in every three cancers diagnosed worldwide is a skin cancer. Most skin cancers are attributable to over-
exposure to natural UV radiation. A fact sheet indicating the adverse health consequences from natural (i.c.. sun) UV exposure issucd
by the World Health Organization (WHO) can be found at the link to the right.

This fact sheet is the complement of the above, providing information on artificial sources of V. Primary among these artificial
sources is sunbeds, and this fact sheet looks at the health consequences of sunbed usage and how they can be managed. Information for
this fact sheet comes from WHO sponsored mectings and workshops, recent scicntific literature, reviews by WHO Member States and
the recommendations of international NGOs.

Health consequences

Skin cancers

Exposure to UV, either naturally from the sun or from artificial sources such as sunlamps, is a known risk tactor for skin cancer. Short-
wavelength UVB (280-315 nm) has becen recognized for some time as carcinogenic in experimental animals, and there is increasing
cvidence that longer-wavelength UVA (315-400 nm) used in sunbeds, which penetrates more deeply into the skin, also contributes to
the induction of cancer. A study conducted in Norway and Sweden showed a significant increase in the risk ot malignant melanoma
among women who had regularly used sunbeds.

Additional exposurc to UV from sunbeds is likely to enhance the well-known detrimental consequences of excessive solar UV
exposure. There is no evidence to suggest that UV exposure from any type of sunbed is less harmful than UV exposure from the sun.
Pre-cancerous actinic keratoses and Bowen's disease have also been found in sunlight-protected but sunbed exposed skin in fair-
skinned users after just two to three years of regular sunbed use.

Skin ageing, eye damage and other adverse health effects

Any excessive exposure to UV, not just from sunbeds, can result in structural damage to human skin. In the short term this damage can
be due to burning, fragility and scarring and in the longer-term as photoageing. Photoageing, caused by the breakdown of collagen in
the skin by UV, manifests itself as wrinkling and loss of clasticity.

The effects of UV on the eye include cataracts, pterygium (a white coloured growth over the cornea) and inflammation of the eye such
as photokeratitis and photoconjunctivitis. Furthermore, excessive UV cxposure can suppress the immune system, possibly leading to a
greater risk of infectious diseases.

Some skin types are unsuitable for tanning

Based on their susceptibility to sunburn, skin types are classified into six different classes (1~ VI). People with skin type I have the
lightest skin and may not have even a light tan after repeated exposure to a sunbed. Instead, their skin generally suffers sunburn
reactions. People with skin type I are more likely to use sunbeds than peoplc with darker skin.

The ability of the consumer to recognize their skin type as not suitable for sunbed use is based on either self-diagnosis, or worst, a bad
experience of sunburn. For this reason sunbed operator training is needed to ensure correct skin type diagnosis. While skin type 11 and
higher can tan. skin damage can still occur following excessive exposure to UV.

Dangers associated with childhood UV exposure

Childhood exposure to UV and the number of times a child is burnt by UV, either from the sun or from sunbeds, are known to increase
the risk of developing melanoma later in life. For this reason, particular attention is required to ensure children and adolescents do not
use sunbeds. The United States Department of Health and Human Services has classified exposure to sunlamps or sunbeds as “known
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to be carcinogenic to humans™ and states that the longer the exposure, the greater the risk, espeeially to people exposed before the age
of 30 years.

About sunbeds

Sunbeds emit predominantly UVA and some UVB, both of which can damage the DNA in cells of the skin. However. in recent years,
lamps of sunbeds have been manufactured that produce higher levels of UVB to mimic the solar spectrum and speed the tanning
process. While UVB has well known carcinogenic properties and whose excessive exposure is known to lead 1o the development of
skin cancers, recent scientific studies suggest that high exposures to the longer wavelength UVA could also have an impact on skin
cancer occurrence.

As with sun exposure, recent studics indicate a relationship between the use of sunbeds and malignant melanoma as well as non-
melanoma skin cancers such as squamous and basal cell carcinomas. Thus, the consequences of regular sunbed use may include
disfigurcment from removal of skin cancers, early death if the cancer is ¢ malignant melanoma, as well as substantial costs to national
health systems for screcning, treating and monitoring skin cancer patients.

Health benefits

Aside from tanning, many people claim that use of sunbeds helps them to be more relaxed and have a feeling of wellbeing. It is
difficult to quantify such claims.

While sunbed use may increase vitamin D synthesis, predominantly from the UVB component. for the majority of the population,
incidental exposure to the sun, combined with normal dietary intake of vitamin D, provides adequate vitamin I for a healthy body
throughout the year. If people require more vitamin D than the sun can provide (for example. because of living in polar regions) this
should be supplemented through dict rather than sunbed usce.

Only in very rare and specific cases should the medically-supervised use of sunbeds be considered. Medical UV devices successfully
treat certain skin conditions such as dermatitis and psoriasis. These treatments should only be conducted under qualified medical
supervision in an approved medical clinic and not unsupervised either in commercial tanning premisces or at home using a domestic
sunbed.

There is a widespread false belief that a tan acquired using a sunbed will offer good skin protection against sunburn for a holiday in a
sunny location. In reality. a tan acquired using a sunbed offers only limited protection against sunburn from solar UV. It has been
estimated that a sunbed tan offers the same protective effect as using a sunscreen with a sun protection factor (SPF) of only 2-3.

Strong case for effective regulations governing sunbed use

As long as sunbeds arc available to the public, there is a need for guidelines or legislation to reduce the risks associated with their usc.
WHO encourages governments to formulate and enforce effective laws governing the use of sunbeds. In countries where voluntary
industry codes of practice exist, the sunbed owners have gencrally not shown significant capacity to self regulate effectively.

Of highest regulatory priority should be the restriction of use by persons under 18 ycars as well as banning unsupervised trained
personel. WHO recommendations are consistent with those of the International Commission on Non-lonizing Radiation Protection
(ICNIRP) and the European Society for Skin Cancer Prevention (EUROSKIN).

The key reasons why regulations are necessary

Increase in the number of unsupervised commercial sunbeds - Without trained staff and adequate health care advice, the
potential for harm to the uninformed consumer is much greater, This, combined with competitive pricing strategies such as
unlimited sessions within a specific time frame, increases the likelihood of skin damage.

High intensity of UV output - Some machines have the capacity to emit very high levels of UV, many times stronger than the
midday summer sun in most countrics. In a largely unregulated industry where training of staff is not mandatory, this increases
the health risks considerably.

Exposure time and intervals between lanning sessions - Reasonable sunbed use includes keeping to recommended exposure
times (which depends on the type of machine used) and having sufficiently long breaks between tanning sessions. Normally at
least 48 hours are needed between tanning sessions for repair of UV-induced DNA damage in skin cells

Eyewear - UV protective eyewear (such as goggles) must be worn during tanning sessions to protect the cyes.

Effect of certain drugs and cosmetics - Some drugs, for example anti-depressants, antibiotics, psoralens, antifungals, and
antidiabetics as well as some cosmetics make the skin more photosensitive and therefore decrease the time it takes for the skin
to burn.

The size of the skin area cxposed - Modern ‘clam-type’ sunbeds and canopics can expose more skin arca to UV than outdoor
situations, therefore increasing the health risk. Here young people, , are more sensitive to UV-induced damage from this "all-
over” tanning.

ICNIRP recommendations

In its 2003 publication ICNIRP recommends against the use of UV-emitting appliances for tanning or other non-medical purposes.
ICNIRP states that the following groups are at particularly high risk of incurring adverse health cffects from UV, and therefore should
be particularly counseled against the use of tanning appliances:
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People who have skin phototypes 1 or 11;

Children (i.c.. less than 18 years of age);

Pcople who have large numbers of nevi (moles);

Persons who tend to freckle;

Individuals who have a history of frequent childhood sunburn;

People who have pre-malignant or malignant skin lesions;

People who have sun-damaged skin,

Those who are wearing cosmetics. These may enhance thetr sensitivity to UV exposure; and

Persons taking medications. In this case they should seck advice from their physician to determine if the medication will make
them UV-sensitive.

Action of the World Health Organization

INTERSUN, the Global UV project, is a collaborative project between WHO. the United Nations Environment Programme, the World
Meteorological Organization, the International Agency on Cancer Rescarch and ICNIRP that aims to reduce the burden of discase
resulting from exposure to UV radiation. The project assesses and quantifics health risks, and develops an appropriate response through
guidelines, recommendations and information dissemination. Beyond its scientific objectives. INTERSUN provides guidance to
national authoritics and other agencies about ¢ffective sun awarcness programmes. These address different audiences such as
occupationally exposed people, tourists, school children and the general public.

In 2003 WHO published a brochure entitled "Artificial tanning beds: risks and guidance” providing advice to the public, operators of
sunbed facilities and member states on how sunbeds could be managed to protect public health.
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