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Tattoo and cancer is not a new issue 

• Goldstein N. Tattoos today. From eyelids to ankles and some 

in '3-D'. Arch Dermatol. 1985;121:604-5

• Prediction of an increased rate of skin cancers with the 

increased prevalence of tattooing



Tattooing is a unique toxicologic model

• Persistance in the dermis during the whole life of the 

bearer

• « bolus » of high concentration of pigment in a single 

shot

• Lymph node transport

• +/- rest part of the body (?)



[product] dermis

Time (mo, years)

100%

?

[product] inhaled 

by cigarette

Time (mo, years)

Smoking every day for a lifetime

One/several tattoos for a lifetime



Tattoos and cancers

• Can tattoos give rise to skin cancers ?

– Do epidemiology, clinical and histopathology

support that hypothesis ?

– How ?

– Which type of skin cancer ?

• Can tattoos give rise to other cancer ?

– Can tattoo pigments or by-products go in to 

blood flow ?

– Can  they deposit in other organs ?

Kluger N, et al. Lancet Oncol 2012;13:e161-168



Same risks ?



Epidermis

Dermis

DEJ

Skin 

cancers



Kluger N et al. Ann Dermatol Venereol 2011;138:146-54



Tattoo inks and skin cancers: 

a clinical view



• Malignant tumors

– Melanoma

– Squamous cell carcinoma

– Basal cell carcinoma

• Eruptive or isolated keratoacanthoma

• Pseudo-epitheliomatous hyperplasia

• Anecdotal tumors

– Cutaneous lymphoma (1)

– Leiomyosarcoma (1)

– Dermatofibrosarcoma protuberans (2)

• Benign tumors

– Traumatized naevus, seborrhoeic keratoses, histiocytofibroma, 

epidermal cysts, milia



A popularity among the young…

• USA (Laumann AE, et al. J Am Acad Dermatol 2006)

– 24% (n = 500, 18 – 50  yo, Illinois)

• Germany (Stirn A, et al. J Psychosom Res 2006) 

– 8,5% (n > 2000, 14 - 93 yo)

– 15% among the 14 – 44 yo

– 22% among the : male 25 – 34 yo

• France 10%, and 25% between 25-34 yo (ifop 2010)

• Finland 15%, among the 20-30 yo (nuorisobaromeetri 2009)



Laumann AE, Derick AJ. Tattoos and body piercings in the United States: a national data set. J Am Acad Dermatol. 2006;55:413-21.



• Germany

– 3,411 tattooed individuals 

– July 2007 – March 2008

Klügl I, et al. Dermatology 2010;221:43-50

> 300 cm2 : 61%

1 to 3 tattoos

Adult 18 - 35 yo





Collection Pr L Thomas, Lyon

Kluger N et al. Dermatology 2008

Vraga E, et al. J Cutan Pathol 2011



Kluger N, et al. Acta Dermato Venereol 2013, under press



Superficial spreading melanoma

melanoma area

Tattoo pigments



Kluger N, et al. Acta Dermato Venereol 2013, under press

Superficial spreading melanoma + nodular evolution



Basal - cell carcinoma

Kluger N, et al. Lancet Oncol 2012;13:e161-168



Birnie AJ, et al. Clin Exp Dermatol 2006; 31: 820–21.

Lee JS, et al. Ann Dermatol 2009; 21: 281–84.

Omidian M, et al. Arch Iranian Med 2009; 12: 198.





Vitielo M, et al. J Clin Aesth Dermatol 2010 Pitarch G et al. JAAD 2007 

Chorny JA et al. Arch Dermatol 2007 Kluger N et al. Am J Clin Dermatol 2008 

Keratacanthomas

Keratoacanthoma(s) Pseudo-epitheliomatous hyperplasia

Squamous cell carcinoma



Pseudo-epitheliomatous hyperplasia
Dr R. Fournier, Nïmes



• Distinguishing PH, KA and SCC can be challenging

– KA is nowdays considered as a variant of SCC

– Full-thickness biopsies and/or surgical removal of the entire 

lesion + thorough histological examination

– Follow-up of the patient in case of KA or SCC on tattoo

• PH and KA occur rapidly after the procedure (< 1 year) ++

• SCC occur usually within years after ++

• PH and KA versus SCC on tattoos are ”different”

physiopathologic processes ?

Kluger N. J Cutan Pathol 2010;37:812-3.



Pros Cons

Trauma induced by the procedure

KA and PH +++, CBC, CSC Debatted for MM

Inflammation

Acute inflammation Chronic ? (macrophages)

UV exposure

Photo-reaction in 21% Sunscreen use in 76%

Genetic background

Tattoo inks

In vitro data In vivo data ?

Kluger N, et al. Dermatology. 2008;217:219-21; Hutton Carlsen K, Serup J.  J Eur Acad Dermatol Venereol. 2013. doi: 10.1111/jdv.12093.



Increase incidence of skin cancers

• The probability of having a fortuitous lesion 

increase with the tattooed surface

Kluger N, et al. Dermatology. 2008;217:219-21; NORDCAN (association of Nordic Cander Registries)

Melanoma
Other skin 

cancer



Keratoacanthoma / PH Squamous cell carcinoma

Red +++ Red

Occurs within days to a year Occurs within several years

Rapid growth Slow growth

Trauma +++

Inflammation +++

Tattoo inks

Tattoo inks

Other factors (UV...)

Basal cell carcinoma Melanoma

Dark color

Occurs within several years

Slow growth

Lack of detection, delay in diagnosis, UV, trauma (?)...



Ortiz A, et al. J Am Acad Dermatol 2009;.60:1074-1075

2 lesions at 2 different sites on the same 

tattoo :

1) PH and 2) KA SCC

2 lesions at 2 different sites on the same 

tattoo :

1) KA and 2) SCC

No case of ”double” melanoma on one 

tattoo so far



Dr M Werber, Toulouse 

Tattooing and naevus



Naevus trauma during tattooing

• Melanocytic nevus is the most common skin lesion

• In case of trauma, it can display worrisome clinical 

appearance that prompts the realization of a full-excision 

of the lesion

Kluger N, et al Naevus and tattooing: a matter of concern. J Eur Acad Dermatol Venereol. 2008;22:767-8. 





Dr S Reberga, Toulouse 



Dr G Colonna, Porto Vecchio 



Differential diagnosis:

Seborrheic keratosis



Kluger N, et al. Nouvelles Dermatologiques 2010; 29:3-4



Dr G Colonna, Porto Vecchio 



Follow-up

• Atypical mole 

syndrome

• Personnal history of 

melanoma

• Difficult follow-up

Kluger N, Thomas L. Arch Dermatol 2008Dermatol. 2008;144:948-9.

Gall N, et al. J Dtsch Dermatol Ges. 2007;5:1120-1.



Follow-up

• Dermoscopy (!?!)

• Dark blue globules

Kluger N, et al. Arch Dermatol 2008

Dr H.Garat, Tournefeuille



Naevus: what to do

• Personnal history of 

melanoma

– No tattoo 

• Patients with familial history of melanoma, atypical mole 

syndrome or numerous naevi 

– Wait to be aged 20 – 25 years  (all the naevi have 

appeared) 

– Avoid areas full of naevi 

– Choose a « clear » design, small size, light colors 

– Tattooist should avoid tattooing on naevi
Kluger N, Thomas L. The dragon with atypical mole syndrome. Arch Dermatol 2008

Dr F. Trouche, Rodez



Dr V Blatière, Montpellier



Tattoo inks and systemic risk of cancer



Kluger N, et al. Lancet 2008



Consequences ?

• Do pigments within the lymph node may 
disturbe the anatomo-pathologist ?

– Stainings (Fontana, iron...)

– By masking tumoral cells ?

• What are the long term consequences of 
pigments in the lymph nodes ?

– Alteration of immune defenses ?

– Chronic overstimulation ?

– ...



Nam H el al. A pitfall of 18-fluorodeoxyglucose-PET in a patient with a tattoo. Lancet Oncol 2007;8:1147-48



Metallic salts chronic intoxication ?

• To date, no convicing case report suggests so

– One case report rather ”debattable”

• The concentration and exposure remain low

• Even if metallic salts are introduced in the dermis, there 

is no proof of they are released in the circulation

• If so, the exposure will be different to ”conventionnal”

chronic exposure

• Toxicological studies in heavily tattooed individuals are 

waranted +++

Fircanis S, et al. The girl with the iron tattoo. Virulence. 2012 Oct 17;3(7). 





A critical view 

on the risk assessment 

by toxicologists



• Lots of pigments have other uses than tattooing 

• None have been approved so far by the FDA  for 

tattooing 

• Resolution ResAP(2008)1
Resolution ResAP(2008)1 on requirements and criteria for the safety of tattoos and permanent make-up (superseding 

Resolution ResAP(2003)2 on tattoos and permanent make-up) 

• No regulation in Europe

– Starting (Switzerland, France…) 



Ingredients

C.i. 77491

Glycerin; distilled water; 

Isopropanol





Timko AL et al. Arch Dermatol 2001;137:143-147; Clarke Beute T, et al. Dermatol Surg 2008;34:508-516



Schmitz I, et al. JDDG 2004;2:350-353



• 56 tested inks (4 brands), spectrometry

– Aluminium, baryum, cooper, iron, strontium +++

• Allergenic metallic salts 

– Chromium (35/56), Nickel (9/56) and Cobalt (1/56)

• Toxic metallic salts 

– Cadmium, manganese, 

lead, antimony

– But no mercury…

Forte G, et al.. Sci Total Environ. 2009 407:5997-6002.



2 caps of black

1 cap of red 

1 cap of grey

1 cap of white

1 cap = 0,3 to 2,8 ml

[Pb] = 31 to 2127 ppm = 31 to 2127 pg/mg

[As] = 18 to 8977 ppm = 18 to 8977 pg/mg 

1 Cap 16 mL

Pb 6200 pg

Pb 425 400 pg

As 3600 pg

As 1 795 400 pg

Unpublished data

[Pb] tap water = 10-50 µg/1000mL

Ink in a 16 ml/cap weights approx 0,20 g 

(HelsInki, 02.2013)

0,0062 µg

0,4254 µg

0,0036 µg

1,795 µg





Toxicity ?

• Photodecomposition of monoazo compounds (Pigment 

Red 22 and P.R. 9) induce the production of  

– 2-methyl-5-nitroaniline (2-MNA, hepatic dysfunction, 

mutagen for salmonella)

– 4-nitro-toluene (4-NT, genotoxic on lymphocytes)

– 2,5-dichloroaniline (2,5-DCA, nephrotoxic in the rat)

– 1,4-dichlorobenzene (1,4-DCB, kidney cancer in the rat, 

liver cancer in the mouse) 

Engel E, et al. Anal. Chem 2006; 78:6440-47

Vasold R, et al. Anal Bioanal Chem. 2008;391:9-13.



Photoinstability of tattoo inks after laser

• Irradiation of P.R. 22 and P.R.9 by a Nd:Yag laser

• Increase of byproducts
– 2-methyl-5-nitroaniline

– 2-5-dichloraniline

– 4-nitro-toluene

– 1,4-dichlorobenzene

• Products potentially toxic or carcinogenic

• What are the risks in real life after laser removal ?

• UVB and natural light on P.R. 22: detection of naphthol AS 

Vasold R et al, Photochem Photobiol 2004;80:185-90

Engel E et al, JGSD 2007;5:583-89



Vasold R et al, Photochem Photobiol 2004;80:185-90

PR22 before laser PR9 before laser

PR9 afterPR22 after



• In vivo study of UV decomposition and transportation of PR22

• 4 groups of mice

– G1:  Sacrificed at day 1

• Extraction of the pigments

– G2:  Sacrificed at day 42

• At D10, solar radiation 32 days 

• Total 44,8 SED (Standard erythemal dose)

• Extraction of the pigments

– G3a & G3b: Sacrificed at day 42 

• At D10, normal light exposure 32 days

• G3a : Extraction of the pigments at D42

• G3b : irradiation Nd:YAG 532 nm, 

2,5J/cm²/pulse, total : 165 J/cm²

• Extraction of the pigments



• Day 1  

– 36,5 µg PR22/punch

– Estimation 584,0 µg PR22/mouse

• Day 42 (group 3a) 

– 24,9 µg PR22/punch

– Estimation 398,4 µg PR 22/mouse

– Diminution of 32% 

• Day 42 (group 2)

– 9,9 µg/punch; 158,4 µg/mouse

– Diminution of 60%

– No carcinogens (2,5MNA, NT)

• Day 42 + laser (group 3b)

– Detection of 2,5 MNA, 6-NT, NAS

Engel E, et al. Exp Dermatol 2009:19:54-60 



• « Natural » diminution of pigment concentration: 32%

– Elimination through the epidermis (during the healing phase)

– Transport in the rest of the body  
• Lymph node: yes

• Further in the body: ?

– Cutaneous in situ decomposition (UV, enzyme degradation) ?

• Diminution after laser: 51%

– only 8% of PR22 is found as 2,5-MNA and 4-NT

– Other not extracted/analyzed 

products ? 

• Diminution after UV: 60%

– No decomposition product
• In situ metabolism? 

• Spreading in the body ? 

• Other photochemical mechanism ?

Engel E, et al. Exp Dermatol 2009:19:54-60 



• To date, no reported case of skin cancer on priorly 

tattooed skin area which underwent laser removal

– But, is it easy to make the link ?

– One case of dermato-fibrosarcoma on a tattoo 

– ”The original tattoo was placed (...) 15 years prior, 

and was partially removed with QS Nd:Yag 1024 nm 5 

years after placement. Another tattoo was placed in 

the same area 7 years prior to his presentation”

Reddy KK, et al.  J Drugs Dermatol. 2011 Aug;10(8):837-42.





• Determination of [pigment] in the skin 

– Tattooing of human and pig skins 

– Performed by the researchers  and tattoo artists

– PR22 ink with a purity of 98%

• On the market, purity < 80%

– Mean concentration 2,53 mg/cm²

(0,6 to 9,42 mg/cm²)

– Difference between purified and 

commercial PR 22



Method A : purified PR22,  pig skin, researchers 

Method B : commercial PR22 , pig skin, researchers 

Method C :  purified PR22, pig skin, tattooists

Method D:  commercial PR22, human skin, researchers 

Method E: purified PR22, human skin, researchers 



• Limitations

• In vitro data ; Pig skin ; study only on PR22

• [PR22] obtained right after tattooing 

– [PR22] after tattoo healing ?

– Transepidermal elimination ? Lymphatic clearance ?

• No real discussion on the weak concentration obtained 
by the tattooists (versus the researchers)

– In vivo, tattooists do it better

– Unexperienced « trainees » may tattoo more inks than 
experienced tattooists

« 2,53 mg/cm² » : an overestimation ?



• 19 commercial tattoo inks (HPLC, spectrometry)

– Quantification of 20 PAH 

– 16 PAH detected

– 7 PAH found were carcinogen 2B 

– [HAP] mean total max = 201,1 +/- 19,5 µg/g
• 0,1 µg/g (dibenzo[a,h]anthracene)

• 24,5 µg/g (phenanthrene)

– [phenols] max = 385 µg/g

• Estimation for a 400 cm² tattoo

– 2,53 mg/cm²

– Injection de 402 µg (PAH), 770 µg (phenol)

Regensburger J, et al. Exp Dermatol 2010:19:e275-281 





Carcinogen 2B = possibly carcinogenic to human

Cell phones

Furan

Caffeic acid

http://monographs.iarc.fr/ENG/Classification/ClassificationsGroupOrder.pdf

Nickel, Cobalt...

Some approved 

treaments in medicine,... 

IARC



• Incubation of human keratinocytes with 3 inks extracts 
and various [PAHs] 

• Irradiation with UVA (330-400 nm), 4-8 J/cm²

• Phototoxicity with one ink 

• Consequence in vivo in case of 

a black tattoo and repeated 

UV expositions ?

• Limitations
– In vitro 

– In vivo, keratinocytes are not in 

direct contact with the inks (dermis) 

Regensburger J, et al. Exp Dermatol 2010:19:e275-281 



Conclusions

• The risk of skin cancer is today 

fortuitous

• The risk of systemic toxicity is 

currently unknow and 

overstated by in vitro data



Conclusion

• Is there a risk related to UV exposure and tattoos ?

• Is there a risk after tattoo laser removal ?

• Is there a risk of chronic intoxication by metallic salts ?

• Is there a risk of cancer of for the heavilly tattooed 

individuals ?

• Necessity of follow – up of large cohort of tattooed 

individuals (blood analysis, biopsies, cancer registries) and 

in vivo studies in the skin of tattooed individuals



The tattooist’s choice…



The most common complication is…




