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Abstract

Fluoroquinolones are photosensitizing drugs in humans, as they can enhance effects of ultraviolet A (UVA) radiation on the 
skin. UVA causes lesions both to deoxyribonucleic acid and other cellular organelles by Type I and Type II reactions (major 
and minor). The resulting photoproducts are highly reactive and can change the chemical composition of nucleotide bases, 
induce strand breaks and disrupt macromolecules and organelles. The cellular response can trigger apoptosis, causing a 
phototoxic skin reaction, recognized clinically as erythema, bullous or eczematous lesions, pseudoporphyria, onycholysis or 
subcorneal pustules. Moreover, cells with defects in oncogenes and/or tumor suppressor genes may be unable to promote 
apoptosis and thus give rise to a tumor cell. There has been growing evidence in the literature that photosensitizing drugs 
increase the photocarcinogenesis potential of UV radiation. In addition to being photocarcinogenic, UV radiation is immuno-
suppressive, which may explain why tumor cells multiply without control. The immunosuppression seems to be enhanced by 
fluoroquinolones. These drugs have proven to be photogenotoxic and photocarcinogenic in vitro and in animals. Clinical studies 
seem to suggest an increased risk of skin cancer in patients taking fluoroquinolones, with an even higher risk with longer 
courses of treatment. This article suggests a possible association between fluoroquinolones and skin cancer but also highlights 
a gap in the literature. Thus, it is important to increase preventive measures regarding sun exposure.

Keywords: Deoxyribonucleic acid/radiation effects. Deoxyribonucleic acid damage; dermatitis. Phototoxic. Fluoroquinolones. 

Radiation-sensitizing agents. Skin neoplasms/genetics.

Resumo

As fluoroquinolonas atuam como substâncias fotossensibilizantes, potenciando os efeitos da radiação UVA na pele. A radia-
ção UVA desencadeia lesões tanto no ADN como nos restantes organelos celulares por reações de tipo I e tipo II (major e 
minor), cujos produtos de reação altamente reativos são capazes de alterar a composição química das bases de nucleótidos, 
induzir quebras da cadeia, oxidar macromoléculas e organelos. A reposta celular pode desencadear mecanismos de apoptose, 
provocando uma reação de fototoxicidade na pele, que pode ser reconhecida clinicamente como eritema, lesões bolhosas 
ou eczematosas, pseudoporfiria, onicólise ou pústulas subcorneas. Além disso, as células com lesões em oncogenes e/ou 

https://crossmark.crossref.org/dialog/?doi=10.24875/PJD.M22000006&domain=pdf


Port J Dermatol and Venereol. 2022;80(1)

34

Introduction

Ultraviolet (UV) radiation is a potent and complete car-
cinogen. UVB is absorbed by the deoxyribonucleic acid 
(DNA) molecule, and consequently, photolesions are 
formed: cyclobutene pyrimidine dimers (CPDs) and pyrim-
idine (6-4) pyrimidone (6-4 PPs)1. On the other hand, DNA 
damage induced by ultraviolet A (UVA) depends on indi-
rect mechanisms in which reactive oxygen species (ROS) 
are generated through photoactivation of endogenous 
photosensitizers such as porphyrins, tryptophan2, or 
exogenous photosensitizers, including fluoroquinolones 
(FQ)3. There has been growing evidence in the literature 
that photosensitizing drugs increase the photocarcino-
genesis potential of UV radiation4-7 for instance diuretics 
(hydrochlorothiazide), non-steroidal anti-inflammatory 
drugs (naproxen), cardiovascular drugs, chlorpromazine, 
tetracyclines, and quinolones.

Quinolones are antimicrobials classified according to 
their action spectra. Nalidixic acid was the first quino-
lone antibiotic (first-generation). The second-generation 
quinolones are fluoroquinolones since they have a flu-
orine at position six and include ciprofloxacin, enoxa-
cin, lomefloxacin, norfloxacin, and ofloxacin. The 
third-generation quinolones are levofloxacin, sparflox-
acin and moxifloxacin and have more than one fluorine 
atom in its composition8.

Nalidixic acid was the first quinolone used as an 
antibiotic, and in 1964, the first case of a photosensi-
tivity reaction presenting as a pseudo-porphyria was 
described9. Since then, phototoxicity has been widely 
studied also with other quinolones, namely the 
fluorquinolones10-16. The clinical aspects favoring a pos-
sible phototoxic reaction include erythema, eczema-
tous or bullous lesions, pseudo-porphyria, photo- 
onycholysis, and subcorneal pustules, although some 
occasional cases of photoallergy also occur10. In addi-
tion to phototoxicity, FQ has been investigated for their 
photocarcinogenesis potential16-21.

genes supressores tumorais podem não ser capazes de promover a apoptose e, desta forma, originar uma célula tumoral. 
Tem havido uma crescente evidência na literatura de que fármacos fotossensibilizantes aumentam o potencial fotocarcinogé-
nico da radiação UV. Além de fotocarcinogénica, a radiação UV é imunossupressora, o que pode justificar que células  
tumorais proliferem sem controlo. O estado de imunossupressão parece ser também agravado pelas fluorquinolones. Estes 
fármacos provaram ser fotogenotóxicos e fotocarcinogénicos em estudos in vitro e em animais. Os estudos clínicos parecem 
sugerir um risco aumentado de aparecimento de cancro de pele em doentes a tomar fluoroquinolonas, havendo um aparente 
incremento do risco em tratamentos mais longos. O presente artigo conclui uma possível associação entre a toma de fluoro-
quinolonas e risco de cancro cutâneo, mas também evidencia uma lacuna de estudos na literatura. Desta forma, é importante 
reforçar as medidas preventivas face à exposição solar.

Palavras-chave: Ácido desoxirribonucleico/efeitos de radiação. Danos ao ácido desoxirribonucleico; dermatite. Fototóxico. 
Fluoroquinolonas. Agentes sensibilizadores de radiação. Neoplasias cutâneas/genética.

The present review focuses on the accumulate evi-
dence found for the photocarcinogenic potential of FQ in 
in vitro and animal studies, as well as clinical studies to 
elucidate if FQ are responsible for the appearance of skin 
tumors in individuals chronically exposed to these drugs.

Photocarcinogenesis

Direct UV-radiation damage

UVB radiation is directly absorbed by DNA and gen-
erates CPDs and 6-4 PPs in a 2:1 ratio. These photo-
products lead to mismatches during DNA replication22. 
Within CPDs, TC and CC dimers are the most muta-
genic. TC → TT and CC → TT mutations are the ones 
most frequently found in the p53 gene in UV-induced 
skin cancers2. The most important reaction is deami-
nation, converting cytosine to uracil. For instance, TC 
CT and CC CPDs turn into TU UT and UU CPDs, 
respectively. During replication, the U residues in the 
codon lead to the incorporation of an adenosine base, 
which in the next replication pairs up with T, which 
results in the characteristic mutations of photocarcino-
genesis, namely T → C at TC sites and the CC → TT 
mutation. Furthermore, 6-4 PPs undergo deamination, 
but only at the 5’ DNA strand, with the 6-4 PPs TT 
being the most mutagenic23. In mammals, the most 
important mechanism for removing these errors is the 
nucleotide excision repair (NER)24. Individuals with 
xeroderma pigmentosum have defects in this repair 
system; thus, they are more prone to develop skin 
cancer at younger ages25.

UVA radiation also causes DNA damage through 
oxygen-dependent reactions involving photosensitiza-
tion. This process results in oxygen and nitrogen  
reactive species that lead to the formation of 8-oxo-7, 
8-dihydroguanine (8-oxoGua) and single-strand 
breaks23. UVB is also capable of generating 8-oxoGua 
through the oxidation of the guanine base by the  



R.T. Lopes et al.: Fluoroquinolones as enhancers of photocarcinogenesis

35

•OH radical26. All three types of photoproducts  
(CPDs, 6-4 PPs, and 8-oxoGua) are premutagenic. 
Their carcinogenic potential depends not only on the 
type of photoproduct, but also on the nucleotide 
sequence into which they are inserted24.

The most common skin cancers are basal cell carci-
noma (BCC), squamous cell carcinoma (SCC), and 
melanoma (ordered from most common to least and 
from least to most aggressive). Depending on the tumor 
type, various signaling pathways may be affected. In 
BCC, Patched and Smoothened mutations influence 
aberrant activation of the Sonic hedgehog pathway, 
promoting cell proliferation and tumor growth. In the 
case of SCC, mutations in the p53 gene (TP53), the 
epidermal growth factor receptor gene, Rat sarcoma 
(RAS), c-fyn proto-oncogenic proteins (FYN), and 
cyclin-dependent kinase inhibitor 2A (CDKN2A) are 
involved. Melanoma has different UV-induced muta-
tions including those of TP53 and CDKN2A22.

The promotion of cell proliferation caused by 
UV-induced mutations is, among others, mediated by 
the mitogen-activated protein kinase pathway. The RAS 
protein represents one of three oncogenes involved in 
this pathway whose mutations can lead to continuous 
receptor-independent proliferation, promoting tumor 
growth. These mutations have been detected in mela-
noma N-RAS genes and are caused by sun exposure, 
since these genes have a large amount of pyrimidine 
sequences. The RAS protein is one of the inhibition 
transducing signals of the hepatocyte growth factor 
(MET) receptor, which may lead to the appearance of 
melanoma when overexpressed22,27. Both BCC and 
SCC exhibit specific mutations in the TP53, located at 
PDs, both CPDs and 6-4 PPs. These mutations are 
considered characteristic of the effect of UVB27.

Inflammation also plays an important role in photo-
carcinogenesis. UV radiation induces cyclooxygenase-2 
(COX-2) gene transcription. From arachidonic acid, 
COX-2 synthesizes prostaglandins (PG) that initiate 
the inflammatory process. UV radiation increases the 
amount of arachidonic acid while maintaining a  
continuous synthesis of PG in the skin, which contrib-
utes to the process of carcinogenesis and tumor  
progression22. COX-2 and PGE2 can be triggered by 
ROS, as well28.

Damage by production of ROS

UVA radiation is barely absorbed by DNA, nonetheless, 
it is carcinogenic, as it indirectly causes DNA damage 
through photosensitizers1. A photosensitizer in a singlet 

excited state reacts directly with neighboring chemicals, 
causing injury to macromolecules and cellular organelles. 
However, in a triplet excited state, the photosensitizer is 
more stable and has a longer lifetime29. UVA radiation 
induces the formation of CPDs as the result of an energy 
transfer from the photosensitizer in a triplet excited state 
to the pyrimidine bases30. UVA radiation causes DNA 
damage through two mechanisms: (i) oxidation of sub-
strate with loss of an electron (Type I mechanism) and/or 
(ii) production of ROS (Type II minor mechanism) or sin-
glet oxygen (1O2) (type II major mechanism)31.

Type I mechanism involves the transfer of an electron 
through the direct interaction of the excited photosensi-
tizer with DNA, generating an intermediate radical. The 
initial step of this reaction does not require oxygen, but 
it can participate in subsequent reactions. This mecha-
nism is dependent on the oxidation potential of the DNA 
base and the reduction potential of the photosensitizer. 
Of the four DNA bases, guanine has the lowest oxidation 
potential, therefore it is the most likely base to be oxi-
dized. The Type II major mechanism involves the transfer 
of energy from an excited photosensitizer to an oxygen 
molecule (O2) to produce singlet oxygen 1O2, a potent 
oxidant with a long lifetime, which reacts with DNA, espe-
cially at guanine bases and leads to the formation 
of 8-oxoGua. The minor type II mechanism requires the 
formation of superoxide anion (O2

– ) through the transfer 
of an electron from the photosensitizer to the oxygen 
molecule, followed by dismutation into hydrogen peroxide 
(H2O2). Both O2

–  and H2O2 are not able to directly damage 
DNA. In the presence of metal ions, H2O2 can damage 
DNA by reacting with Fe(II) to form the free hydroxyl 
radical (∙OH) in the so-called Fenton reaction. The ∙OH 
radical injures DNA without any specificity to the nucle-
otide. In contrast to this radical, copper-oxygen com-
plexes, formed in a reaction involving H2O2 and Cu(II), 
induces lesions at specific sites in DNA, namely at thy-
mine and guanine residues1,30,31.

In Type I mechanism, the lesion occurs specifically 
at 5’-G in the 5’-GG-3’ sequence, while the Type II major 
mechanism acts on a guanine residue without specificity 
for consecutive guanines. 8-oxoGua is accounted for as 
the result of the guanines’ damage and can lead to 
incorrect DNA replication, resulting in mutations, namely 
transversion G → T. These mutations in consecutive 
guanines present in RAS oncogenes, for example,  
GGT → TGT and GGC → TGC, are found in human skin 
cancers. These mutations are preceded by the formation 
of 8-oxoGua at 5’-G in the 5’-GG-3’ sequence through 
the Type I reaction1,30. Table 1 summarizes alterations in 
DNA nucleotides caused by UV radiation.
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by UVA35. Marrot and Agapakis-Causse36 used both 
supercoiled plasmids DNA and diploid chains of yeasts 
Saccharomyces cerevisae under UVA radiation and 
were able to conclude that the potential for phototoxic-
ity involved several factors: ROS production, photopro-
duction of toxic subproducts, direct interactions with 
DNA with possible impact on replication and/or 
transcription.

The most photomutagenic and photocarcinogenic FQ 
in vitro are lomefloxacin and fleroxacin since both have 
an extra fluorine atom at position 837. However, FQ that 
only have the fluorine at position 6 are also capable of 
causing considerable damage (Fig.  1). Sauvaigo 
et al.38 worked with calf thymus DNA under UVA and 
observed that norfloxacin and ofloxacin were able to 
induce single breaks. The loss of the fluorine is asso-
ciated with the production of a highly reactive carbene 
at position 8 in the case of lomefloxacin and at position 
6 in the case of enofloxacin, norfloxacin and ofloxacin. 
However, the rate at which the FQ loose fluorine is 
much faster in lomefloxacin than in the others. The aryl 
cations resulting from the subsequent reactions are 
highly reactive and may be involved in the degradation 
of nearby biomolecules38. The loss of the fluorine 
seems to be the main process involved in the photo-
toxic effect of FQ. However, this photodegradation pro-
cess is not significant in ciprofloxacin and moxifloxacin. 
For these FQ, irradiation under an aerobic environment 
gives rise to N-demethylation of the piperazinyl ring 
thgrough photoionization from a single state and forma-
tion of hydrated electrons, as well as1 O2 generation 
from triplet excited state drug39.

Under UVA radiation, FQ can act as a chromophore as 
they absorb sufficient energy, reaching a triplet excited 
state. In this process, an energy transfer occurs and CPDs 
are formed31. Lhiaubet-Vallet et al.40 used supercoiled cir-
cular DNA under UVA+FQ and observed that norfloxacin 
and enoxacin were able to generate CPDs. Hiraku and 
Kawanishi41 worked with lomefloxacin and DNA fragments 
containing the human c-Há-ras-1 proto-oncogene and the 
human tumor suppressor gene TP53 under UVA. They 
concluded that lemofloxacin can damage every single 
guanine residue and enhance the formation of 8-oxoGua. 
These lesions can subsequently lead to aberrant DNA 
replication and mutations41.

Since oxidative stress is implicated in cellular and 
molecular damage, cells possess a complex antioxidant 
system, which includes the conversion of ROS to harm-
less compounds by antioxidant enzymes such as super-
oxide dismutase (SOD), catalase, and glutathione29.  
The photosensitization of FQ generate ROS18,35 that 

Photoimmunosuppression

Despite the antigenic capacity of UV-induced skin 
tumors cells that might generate an immune response 
favoring tumor immunosurveillance, skin cancer has a 
high frequency in the population, especially those with 
higher sun exposure. Studies have shown that UV radi-
ation induces local immunosuppression as it 
down-regulates or even inhibits the systemic immune 
response to antigens from mutated cells. Therefore, 
tumor cells proliferate without an immune response32.

Since the studies of Margaret Kripke in 1970’s, it is 
known that in mice highly antigenic UV-induced 
UV-induced tumors transplanted into normal non-UV 
irradiated mice were completely rejected, unless they 
were transplanted into an UV-irradiated area (local pho-
toimmunosuppression) or to a non-irradiated area in 
mice exposed in other areas to high UV doses (systemic 
photoimmunosuppression)33. Although mechanisms of 
photoimmunusuppression are not completely under-
stood, UV-induced DNA damage has shown to reduce 
the number of Langerhans cells and other dendritic cells 
in the skin. Moreover, their capacity to effectively present 
antigens to T cells involved in the anti-tumor response 
is abrogated, namely through the production of PGE2 and 
immunoregulatory cytokines (IL-10, IL-4)34.

FQ and photocarcinogenesis

In vitro studies

FQ has been shown to be photogenotoxic in vitro: 
Reavy et al.18 tested rat fibroblast cells and observed 
that UVA-irradiated FQ penetrated the fibroblasts and 
led to DNA single breaks. This could be explained by 
the production of1 O2 and O2

–  when FQ are irradiated 

Table 1. Lesions and mutations in the DNA caused by UV 
radiation

UVB UVA  
Type I reaction

UVA major  
Type II reaction

G → 8-oxoGua (rare 
lesion)

5’-GG-3’ → 
5’-8-oxoGuaG-3’

G → 8-oxoGua
(Without specificity 
for consecutive 
guanines)

Normal DNA TT → 
TT 6-4 PPs

GGT → TGT
GGC → TGC

G → T

TC CPDs → TT CPDs
CC CPDs → TT CPDs

UV: ultraviolet; CPDs: cyclobutane pyrimidine dimers; 6-4 PPs: pyrimidine-(6-4)-
pyrimidone photoproducts; T: thymine; C: cytosine; 8-oxoGua: 8-hydroxyguanine.
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protective effect on the cell. However, FQ can bind to 
melanin and form FQ-melanin complexes. These com-
plexes may lead to the accumulation of the FQ in the 
cell and increase its toxicity29.

An erratic NER is often associated with photosensi-
tivity and a high incidence of skin cancer. This system 
repairs pre-mutagenic DNA by removing CPDs 

can disturb the complex antioxidant system. Kowalska 
et  al.29 used human epidermal melanocyte cells 
exposed to UVA and moxifloxacin and observed a 
reduction in SOD activity compared to control, a 
decreased in mitochondrial SOD2 mRNA levels and a 
reduction in catalase activity. In addition to scavengers, 
melanin also neutralizes ROS and thus exerts a 

Figure 1. Structural formula of some quinolones. Fluor atoms that suffer the action of UV radiation are marked by an 
arrow.
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higher that psoralens, and these tumors occurred quite 
early during the experiment45. Klecaket al.17 performed 
studies in lightly pigmented Skh-1 mice, which were 
exposed to various FQ and UVA and could observed 
the appearance of the same types of benign tumors 
(papillomas, keratoacanthomas) and malignant (SCC) 
when exposed to lomefloxacin. Further stud-
ies19,46 reinforce the evidence that FQ can induce both 
benign and malignant tumors in vivo.

The absence of a functional NER is associated with 
an increase in the photocarcinogenic potential of FQ 
since there is no longer a repair of DNA lesions. If these 
lesions occur in strategic places such as tumor sup-
pressor genes or oncogenes, the appearance of a 
tumor cell may occur. Itoh et  al.47 used mice with a 
defect in PD repair, homozygous for the absence of the 
XPA gene that encodes a NER protein and observed a 
large number of SCC in mice exposed to lomefloxacin 
and UVA.

Clinical studies

Photosensitizing drugs have been extensively stud-
ied, and there has been growing evidence that these 
drugs increase the photocarcinogenesis risk48. 
Hydrochlorothiazide is one of the drugs in which a cor-
relation, even if modest, has been established between 
its use and the onset of nonmelanoma skin cancer 
(NMSC: SCC and BCC)49. For this reason, Infarmed, in 
conjunction with the European Medicines Agency, 
issued a communication addressed to health profes-
sionals, advising to strengthen sun protection mea-
sures and rethink the use of the hydrochlorothiazide  
in patients with a history of skin cancer50. In recent 
years, several studies have evaluated the association 
between FQ therapy and the risk of skin cancer. 
Table  2 presents some of their methodological ele-
ments and their main results.

Studies in the United States seem to demonstrate an 
association between therapy with photosensitizing 
drugs and the risk of NMSC. In 2007, Karagas 
et al.7 observed a significant association with a proba-
bility (odds ratio [OR]) of 1.5 (95% confidence interval 
[CI], 1.0-2.4) for BCC and a rate of 1.8 (95% CI, 1.1-3.2) 
for SCC. There was also a clear increase in risk with a 
treatment longer than 1 year (BCC: OR 1.9; 95% CI, 
1.1-3.3 and SCC: OR 2.3; 95% CI, 1.1-4.5). In 2013, 
Robinson et al.5 studied a population consisting of indi-
viduals diagnosed with NMSC. Subjects who were on 
an antimicrobial treatment, including FQ, had an 

and 6-4 PPs lesions. Human replication protein A is 
one of the essential components of NER and is 
extremely sensitive to oxidation. FQ can generate oxi-
dative stress in the cell, which inevitably leads to oxi-
dation of human replication protein A. Oxidized protein 
is associated with decreased repair capacity of NER. 
The vulnerability of NER may lead to a connection 
between skin photosensitivity and an increased risk of 
skin cancer42.

Moreover, FQ can enhance photoimmunosuppres-
sion contributing to a lack of response against mutated 
cells, which therefore multiply under no immune con-
trol. Singh et al.43 worked with pefloxacin on a human 
keratinocyte cell line (HaCaT) exposed to UVA radiation 
and observed a promotion of immune suppression with 
non-toxic doses in peritoneal macrophages through a 
significant reduction of interleukin-1, interleukin-6, and 
tumor necrosis factor-alfa. Sun et  al.44 demonstrated 
that pefloxacin and ciprofloxacin further decreased the 
number of Langerhans cells locally, therefore abrogat-
ing their function in the presentation of antigens to the 
cells of the immune system.

Animal studies

In an initial and short exposure to significant levels 
of UV radiation, the skin reaction includes apoptosis 
of keratinocytes and inflammation, followed by epider-
mal hyperplasia. In UV exposed animals, this stage 
regresses if irradiation is discontinued. If exposure is 
prolonged, epidermal hyperplasia is observed before 
the onset of neoplasia. Hyperplasia combined with 
cytological dysplasia, classified in humans as solar 
keratosis, is a common lesion due to repeated chronic 
UV exposure45. Mäkinen et  al.45 irradiated with UVA 
lightly pigmented Skh-1 mice taking FQ and detected 
SC lesions with severe changes in nucleus and cell 
size and occasionally observed disorganization in  
epithelial cell layers which together could be consid-
ered as signs of carcinoma in situ. Furthermore, the 
authors observed lesions in these mice such as pap-
illomas, keratoacanthomas, solar keratosis, and SCC, 
a definitive marker of carcinogenesis from both chem-
icals and UV radiation. Furthermore, other studies 
showed FQ were photocarcinogenic in mice: animals 
exposed to fleroxacin+UVA, ciprofloxacin+UVA and 
ofloxacin+UVA exhibited an increase in benign tumors 
when compared to animals exposed to UVA alone; and 
in rats exposed to lomefloxacin+UVA both the number 
of benign and malignant tumors was higher, even 
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Although clinical studies can provide some evidence 
that there is a significant role in photosensitization, and 
subsequently, the appearance of tumors, these drugs are 
still widely prescribed, given that most are for short treat-
ments. However, there is a range of patients who require 
long courses of treatment, notably in indwelling patients 
for prophylaxis of urinary tract infections or in the treat-
ment of leprosy and tuberculosis. There is a clear lack of 
evidence, due to a lack of studies, on the effect of pro-
longed treatment with FQ. On the other hand, there is a 
clear evidence that hydroclothiazide, a long treatment 
photosensitizing drug, is associated with the appearance 
of non-melanoma skin tumors49. For this reason, its 
replacement has been recommended50. This increasing 
risk of photocarcinogenisis in patients exposed to photo-
sensitizing drugs may be further enhanced in a subpop-
ulation of patients with chronic pharmacologic-induced 
immunossuppression (e.g., solid organ transplanted 
patients), as it has been shown that these patients have 
an increased risk of UV-induced skin tumors52 (eef Pinho 
et al.) and the use of photosensitizers is this population, 
namely voriconazole, is significantly associated with rap-
idly growing SCC and even melanoma.

Therefore, clinical studies with the main objective of 
investigating the photosensitizing effects in patients 
taking long-treatment FQ, as well as other photosensi-
tizers, are highly needed.

increased risk for SCC (OR 1.4; 95% CI, 0.9-2.1) and 
for BCC (OR 1.9; 95% CI 1.3-2.8). The risk was con-
siderably higher with a treatment longer than 1 year for 
BCC (OR 1.9; 95% CI 1.0-3.7)5.

In the Netherlands, a study was conduct with  
individuals histologically diagnosed with melanoma. 
Taking quinolones appears to be related to an increased 
risk of developing melanoma (adjusted OR [ORadj] 1.33; 
95% CI 1.01-1.76), even when used for a short period 
of time corresponding to standard treatment51.

In 2010, a cohort study was designed in Denmark to 
infer the association of photosensitizing drugs and the 
risk of onset of skin cancer (SCC, BCC and melanoma). 
The study was divided into long and short treatment 
drugs (including ciprofloxacin and levofloxacin). There 
was an increased risk of skin cancer of more than 20% 
in patients on short treatment drugs compared to 
non-users. The FQ short treatment was associated with 
an increased risk of BCC (ciprofloxacin incident ratio 
rate [IRR] 1.2; 95% CI 1.1-1.2 and levofloxacin IRR 1.5; 
95% CI 1.1-2.1) and SCC (ciprofloxacin IRR 1.3; 95% 
CI 1.2-1.4 and levofloxacin IRR 1.0; 95% CI 0.4-2.3). 
The short treatment was extended in some subjects, 
whose risk for developing a tumor was significantly 
increased, especially for levofloxacin: BCC (IRR 1.7; 
95% CI 0.7-3.9); melanoma (IRR 1.5; 95% CI 0.03-84) 
and SCC (IRR 1.5; 95% CI 0.1-29)6.

Table 2. Studies assessing the association of FQ therapy and skin cancer risk: main results

Reference Type of 
study

Study population BCC SCC Melanoma

Karagas 
et al.7

Case-
control

582 BCC
281 SCC
532 controls

Associated photosensitizing 
drugs
OR 1.5
IC 95%, 1.0-2.4

Associated 
photosensitizing drugs
OR 1.8
IC 95%, 1.1-3.2

Not evaluated

Robinson 
et al.5

Case-
control

1,637 BCC
1,605 SCC
1,952 controls

Associated antimicrobials
OR 1.9
95% CI 1.3-2.8
Associated antimicrobials 
(>1 y)
OR 1.9
95% CI 1.0-3.7

Associated antimicrobials
OR 1.4
IC 95%, 0.9-2.1

Not evaluated

Siiskonen 
et al.51

Case-
control

1,318 melanoma
6,786 controls

Not evaluated Not evaluated Associated quinolones
Radj 1.33
95% IC 1.01-1.76

Kaae  
et al.6

4,761,749 
individuals

Associated ciprofloxacin
IRR 1.2; 95% IC 1.1-1.2
Associated levofloxacin
IRR 1.5; 95% IC 1.1-2.1
Associated levofloxacin 
(long treatment course)
IRR 1.7 95% IC 0.7-3.9

Associated ciprofloxacin
IRR 1.3 95% IC 1.2-1.4
Associated levofloxacin
IRR 1.0 95% IC 0.4-2.3
Associated levofloxacin 
(long treatment course)
IRR 1.5 95% IC 0.1-29

Associated levofloxacin (long 
treatment course)
IRR 1.5 95% IC 0.03-84

BCC: basal cell carcinoma; SCC: squamous cell carcinoma; OR: odds ratio; ORadj: adjusted odds ratio; IRR: incident ratio rate.



Port J Dermatol and Venereol. 2022;80(1)

40

Funding

This work has not received any contribution grant or 
scholarship.

Conflicts of interest

The authors have no conflicts of interest to declare.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed on 
humans or animals for this study.

Confidentiality of data. The authors declare that no  
patient data appear in this article.

Right to privacy and informed consent. The  
authors declare that no patient data appear in this article.

References
1. Kawanishi S, Hiraku Y. Sequence-specific DNA damage induced by UVA 

radiation in the presence of endogenous and exogenous photosensiti-
zers. Curl Probl Dermatol. 2001;29:74–82.

2. Marrot L, Meunier JR. Skin DNA photodamage and its biological conse-
quences. J Am Acad Dermatol. 2008;58:S139–48.

3. Moore DE. Drug-induced cutaneous photosensitivity: incidence, mechanism,  
prevention and management. Drug Safety. Drug Saf. 2002;25:345–72.

4. Ibbotson S. Drug and chemical induced photosensitivity from a clinical 
perspective. Photochem Photobiol Sci. 2018;17:1885–903.

5. Robinson SN, Zens MS, Perry AE, Spencer SK, Duell EJ, Karagas MR. 
Photosensitizing agents and the risk of non-melanoma skin cancer: a 
population-based case-control study. J Invest Dermatol. 2013;133:1950–5.

6. Kaae J, Boyd HA, Hansen AV, Wulf HC, Wohlfahrt J, Melbye M. Photo-
sensitizing medication use and risk of skin cancer. Cancer Epidemiol 
Biomarkers Prev. 2010;19:2942–9.

7. Karagas MR, Stukel TA, Umland V, Tsoukas MM, Mott LA, Sorensen HT, 
et al. Reported use of photosensitizing medications and basal cell and 
squamous cell carcinoma of the skin: results of a population-based 
case-control study. J Invest Dermatol. 2007;127:2901–903.

8. Sánchez G, Hidalgo ME, Vivanco JM, Escobar J. Induced and photoin-
duced DNA damage by quinolones: ciprofloxacin, ofloxacin and nalidixic 
acid determined by comet assay. Photochem Photobiol. 2005;81:819–22.

9. Zelickson AS. Phototoxic reaction with nalidixic acid. JAMA. 
1964;190:556–7.

10. Oliveira HS, Gonçalo M, Figueiredo AC. Photosensitivity to lomefloxacin. 
A clinical and photobiological study. Photodermatol Photoimmunol Pho-
tomed. 2000;16:116–20.

11. Moore DE. Mechanisms of photosensitization by phototoxic drugs. Mutat 
Res. 1998;422:165–73.

12. Shimoda K. Mechanisms of quinolone phototoxicity. Toxicol Lett. 
1998;102–103:369–73.

13. Martinez LJ, Sik RH, Chignell CF. Fluoroquinolone antimicrobials: singlet 
oxygen, superoxide and phototoxicity. Photochem Photobiol. 
1998;67:399–403.

14. Kawada A, Hatanaka K, Gomi H, Matsuo I. In vitro phototoxicity of new 
quinolones: production of active oxygen species and photosensitized lipid 
peroxidation. Photodermatol Photoimmunol Photomed. 1999;15:226–30.

15. Spratt TE, Schultz SS, Levy DE, Chen D, Schlüter G, Williams GM. 
Different mechanisms for the photoinduced production of oxidative DNA 
damage by fluoroquinolones differing in photostability. Chem Res Toxicol. 
1999;12:809–15.

16. Reus AA, Usta M, Kenny JD, Clements PJ, Pruimboom-Brees I,  
Aylott M, et al. The in vivo rat skin photomicronucleus assay: phototoxicity 
and photogenotoxicity evaluation of six fluoroquinolones. Mutagenesis. 
2012;27:721–9.

17. Klecak G, Urbach F, Urwyler H. Fluoroquinolone antibacterials  
enhance UVA-induced skin tumors. J Photochem Photobiol B Biol. 
1997;37:174–81.

18. Reavy HJ, Traynor NJ, Gibbs NK. Photogenotoxicity of skin phototumo-
rigenic fluoroquinolone antibiotics detected using the comet assay. Pho-
tochem Photobiol. 1997;66:368–73.

Prevention

Given the evidence in the literature, although not 
completely clear, it is always good clinical practice to 
advise patients. Aiming for the prevention of skin can-
cer, some recommendations include avoidance of 
exposure to sunlight between 11 a.m. and 4 p.m., use 
of a hat and appropriate clothing such as cotton cloth-
ing with a tighter knit or higher density, use of sun-
screen with protection index equal or superior to 50 and 
education in recognizing the alarm signs of pigmented 
or keratotic lesions or non-healing skin ulcers. The 
physician may also opt for a more preventive action by 
advising drug administration at the end of the day to 
reduce the circulating dose during sunlight hours.

Conclusion

FQ can act as photosensitizing drugs under UVA 
radiation and cause DNA damage. If the lesions take 
place in oncogenes and/or tumor suppressors and are 
not repaired, it can trigger the appearance of a tumor 
cell. The immunosuppression caused by UV radiation 
can be enhanced by FQ, worsening the picture of 
uncontrolled cancer cell proliferation. FQ has been 
shown to be photogenotoxic and photocarcinogenic 
both in vitro and in animals. Clinical studies seem to 
suggest an increased risk of skin cancer also in patients 
taking FQ. This article reinforces the association 
between taking FQ and the risk of skin cancer, but it 
also highlights the shortage of studies on the subject. 
More studies need to be proposed with a robust meth-
odological design that control potential modifiers, such 
as sun exposure, phototype, and treatment length to 
identify the true magnitude of the relationship between 
FQ therapy and skin cancer.

What does this study add?

The authors call the attention to the capacity of fluo-
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