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What we already know? (BfR 1)
Tattoo and cancer 



Photoinstability of P.R. 22 and P.R. 9 
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

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

Vasold R, Photochem Photobiol 2004
Engel E, JGSD 2007



• 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, Anal Chem 2006
Vasold R, et al. Anal Bioanal Chem. 2008 

Photoinstability of P.R. 22 and P.R. 9 
after laser

Clinical relevance after laser removal in real life in human subjects? 



• 19 commercial tattoo inks (HPLC, spectrometry)
• Quantification of 20 PAH 

• 16 PAH detected

• 7 PAH carcinogen B2 (USEPA carcinogenicity) 

Regensburger J, Exp Dermatol 2010 

Polycyclic aromatic hydrocarbons



• In vivo study of UV decomposition and transportation of PR22

• 4 groups of mice
• G1:  Sacrificed at day 1

• G2:  Sacrificed at day 42
• Solar radiation 32 days

• G3a & G3b: Sacrificed at day 42 
• At D10, normal light exposure 32 days

• G3a : Extraction of the pigments at D42

• G3b : laser irradiation Nd:YAG 532 nm 

Engel E, Exp Dermatol 2009 

P.R. 22 in a tattooed mouse model



• Day 1  
• 36,5 µg PR22/punch

• Day 42 (group 3a) 
• 24,9 µg PR22/punch

• 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 Engel E, Exp Dermatol 2009 



• « 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, Exp Dermatol 2009



Tattoo pigments migrate to draining lymph nodes
a phenomenon known since before 1887

Variot G, Bulletins de la Société d'anthropologie de Paris, 1887. pp. 730-736.



Tattoo pigments migrate to draining lymph nodes

Kluger N, Lancet 2008



Nanoparticles in tattoos inks

Hoegsberg, Br J Dermatol 2011



Norman  Goldstein



Kluger N, et al. Lancet Oncol 2012

Epidemiology

K Saarinen (Lahti), O Saksela (Helsinki)

Fortuitous association between skin 
cancers and tattoos



What has happened since BfR 1?
Tattoo and cancer 



Hering H, J Invest Dermatol 2018



Bauer, Arch Toxicol 2020

Pigment Green 7



Mouse models

Lerche C, Photdermatol Photoimmunol Photomed 2015

Black ink with benzo(a)pyrene 
(BaP)

Skin tumors are 
arising later on 
tattooed mice !



Lerche C, Photdermatol Photoimmunol Photomed 2015

Skin tumors are 
arising outside the

tattoos!



Mouse models

Lerche C, Exp Dermatol 2017

Red ink with 2-anisidine

= =

Third tumor arises faster



Nanoparticles in lymph nodes

Schreiver I, Scientific report 2017

Autopsy from
donors;
No data 

about them!

No clinical
impact thus

far

Other
sources?



Tattoo pigments in Kupffer cells (Liver)

Significance: detoxification or complication risk?

No liver condition reported to tattoo pigments in humans

Skin

Liver

Lymph nodes

Spleen

Lung

Kidney

Sepehri M, Dermatology 2017





•34 cases since 1938 to 2019

•13 years after tattooing (mean) 

•0 multiple melanomas on the same tattoo



•14 cases since 1976 to 2020

•15 years after tattooing (median)

•0 multiple BCC on the same tattoo
Birnie, et al. Clin Exp Dermatol 2006



• Hypothesis « the association between the presence of a tattoo and 
early onset basal cell carcinoma (< 50 y) would be confined to the 
anatomic site of the BCC »

• 21% (156/922) of the patients with early onset of BCC had a tattoo vs 
26% (213/823) of the controls (… so having a tattoo is protective !)

• Misleading article and, after a reply to the authors, the authors have 
found an association between having a BCC of the head and neck and a 
tattoo in the area ! 





Keratoacanthoma
Trauma by needle 

punctures

Inflammatory 
reaction

Foreign bodies 
(red pigments)

UV exposure 
during healing Personal 

background 
(aging skin, past 
sun exposure, 

genetic)

Laser removal

Cover-up/touch-
up



Eruptive keratoacanthoma on red tattoos: the only non-fortuitous
lesion ?

Kluger, et al. Ann Dermatol Venereol 2017
Colboc, et al. J Eur Acad Dermatol Venereol 2020

P.R. 270



Skin cancers
in cohorts of tattooed patients with complications

Serup, 2017

n=405

Kluger, 2017
(1992-2016)
n=31

Kluger, 2019

n=52

Kluger, 2021
(2016-2021)
n=45

Rogowska, 2021

n=50

Van der Bent, 
2021
n=301

Denmark Finland France Finland Poland Netherlands

0% (n=0) 10% (n=3) 2.5% (n=3) 1% (n=1) 0% (n=50) 0.6% (n=2)

0.6% (n=3)
KeratoAc

Melanomas KeratoAc B-cell lymphoma - BCC

Serup, et al. Dermatology 2017
Kluger. Dermatology 2017
Kluger, et al. J Eur Acad Dermatol 2019
Kluger, under submission, J Eur Acad Dermatol 2021
Rogowska, et al. accepted, Dermatology 2021
Van der Bent, et al. J Cosmet Dermatol 2021



Other cutaneous cancers

• Dermatofibrosarcoma n = 4

• Leiomyosarcoma n = 2

• Cutaneous lymphoma n = 1+1

With the courtesy of Dr Suvi Cajanus, Helsinki

De Antoni, Adv Skin Wound Care. 2020
Lastrucci I, et al. Indian J Dermatol. 2018
Reddy KK, et al. 2011
Baker PA, et al. Sarcoma. 2005
West CC, et al. J Plast Reconstr Aesthet Surg. 2009
Sangueza OP,  et al. Am J Dermatopathol. 1992
Kluger, et al. Ann Dermatol Venereol under submission

De Antoni, Adv Skin Wound Care. 2020



Kluger N, Lancet Oncol 2012
Kluger N, Ann Dermatol Venereol 2017

Epidemiology

Fortuitous association between skin 
cancers and tattoos, except for 
keratoacanthomas in a specific group of 
individuals (mid aged, red color, sun
exposure…)



Warner, et al. Cancer Epidemiol Biomarkers Prev. 2020



Conclusions, today on November 19th 2021

• The toxicological studies have provided a high amount of anxiogenous
data, that are NOT backed up to date by any clinical data

• The risk of skin cancer is today fortuitous

• The risk of systemic toxicity is currently unknown and (IMHO) 
overstated by in vitro data



Questions: is there a risk… 

related to 
UV exposure
and tattoos?

after tattoo 
laser 

removal?

of cancer for 
the heavily

tattooed
individuals?

Necessity of follow – up of 
large cohort of tattooed
individuals (biopsies, cancer 
registries) and robust in vivo 
studies in the skin of 
tattooed individuals



Isn’t it matter of perspective?



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
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