
pharmaceutics

Review

Latest Evidence Regarding the Effects of
Photosensitive Drugs on the Skin: Pathogenetic
Mechanisms and Clinical Manifestations

Flavia Lozzi 1, Cosimo Di Raimondo 1 , Caterina Lanna 1, Laura Diluvio 1, Sara Mazzilli 1,
Virginia Garofalo 1, Emi Dika 2, Elena Dellambra 3 , Filadelfo Coniglione 4, Luca Bianchi 1,*
and Elena Campione 1,*

1 Dermatology Unit, Department of Internal Medicine, Tor Vergata University, 00133 Rome, Italy;
flavia.lozzi@hotmail.com (F.L.); cosimodiraimondo@gmail.com (C.D.R.); caterinalanna.cl@gmail.com (C.L.);
lauradiluvio@yahoo.it (L.D.); saramazzilli2@gmail.com (S.M.); virginiagarofalo27@gmail.com (V.G.)

2 Dermatology Unit, Department of Experimental, Diagnostic and Specialty Medicine-DIMES, University of
Bologna, Via Massarenti, 1-40138 Bologna, Italy; emi.dika@outlook.it

3 Laboratory of Molecular and Cell Biology, Istituto Dermopatico dell’Immacolata–Istituto di Ricovero e Cura
a Carattere Scientifico (IDI-IRCCS), via dei Monti di Creta 104, 00167 Rome, Italy; e.dellambra@idi.it

4 Department of Clinical Science and Translational Medicine, Tor Vergata University, 00133 Rome, Italy;
filadelfo.coniglione@uniroma2.it

* Correspondence: luca.bianchi@uniroma2.it (L.B.); elena.campione@uniroma2.it (E.C.);
Tel.: +39-0620908446 (E.C.)

Received: 5 October 2020; Accepted: 2 November 2020; Published: 17 November 2020
����������
�������

Abstract: Photosensitivity induced by drugs is a widely experienced problem, concerning both
molecule design and clinical practice. Indeed, photo-induced cutaneous eruptions represent one
of the most common drug adverse events and are frequently an important issue to consider in the
therapeutic management of patients. Phototoxicity and photoallergy are the two different pathogenic
mechanisms involved in photosensitization. Related cutaneous manifestations are heterogeneous,
depending on the culprit drug and subject susceptibility. Here we report an updated review of the
literature with respect to pathogenic mechanisms of photosensitivity, clinical manifestations, patient
management, and prediction and evaluation of drug-induced photosensitivity. We present and
discuss principal groups of photosensitizing drugs (antimicrobials, nonsteroidal anti-inflammatory
drugs, anti-hypertensives, anti-arrhythmics, cholesterol, and glycemia-lowering agents, psychotropic
drugs, chemotherapeutics, etc.) and their main damage mechanisms according to recent evidence.
The link between the drug and the cutaneous manifestation is not always clear; more investigations
would be helpful to better predict drug photosensitizing potential, prevent and manage cutaneous
adverse events and find the most appropriate alternative therapeutic strategy.

Keywords: photosensitive drug; photosensitive drug-induced cutaneous eruption; phototoxic reaction;
photoallergic reaction

1. Introduction

Photosensitive drugs (PSDs) can cause adverse cutaneous manifestations due to an interaction
between the drugs themselves-either topically or systemically administered-and sun radiation [1].
UVA radiation (320–400 nm) is the main responsible for drug-induced eruptions, due to its deep
penetration through the skin. UVB (290–320 nm) and visible light (400–700 nm) may also be involved,
although less frequently [2,3].

Cutaneous eruptions represent one of the most common cutaneous adverse events (AEs) of PSDs
(up to 8%) [3]. The prevalence of drug-induced photoreaction varies widely according to ethnic group
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and geographic area, probably due to different skin types, sunscreen use, and sun radiation intensity.
In this regard, the percentage of patients with positive photopatch testing ranges between 5.7 and
49.5% depending on the country [4].

The pathogenesis of drug-induced photosensitivity includes phototoxic and photoallergic reactions,
depending on the specific drug and the subject’s susceptibility. However, the distinction between the
two pathogenetic mechanisms is often difficult. Clinical history, physical examination, diagnostic tests,
and histopathologic features are the key points for diagnostic orientation [2,5].

Clinical cutaneous manifestations are heterogeneous and vary from itching on sun-exposed areas
to severe blistering sunburn-like reactions [1]. More often, cutaneous manifestations present features
compatible with those of contact dermatitis, showing eczematous eruption. In some instances, to reverse
the cutaneous AEs it is sufficient to interrupt drug assumption, while in other cases it is necessary to start
a topical or systemic therapy, usually based on corticosteroids or, in few cases, on immunosuppressant
medications. Prevention consists of high sunscreen protection and the use of filtering clothing [2,4–6].

Some drugs are not only responsible for photosensitivity, but also an increased risk of cutaneous
malignancies, such as melanoma and non-melanoma skin cancer (NMSC) [3,7–9].

Among the most important PSDs, there are antimicrobials, nonsteroidal anti-inflammatory
drugs (NSAIDs), anti-hypertensives, anti-arrhythmic medications, psychotropic medications,
chemotherapeutic agents, and others.

ICH Guidance S10 on Photosafety Evaluation of Pharmaceuticals 5 September 2015 was drawn
up to establish international standards for photosafety assessment and harmonize these assessments,
supporting human clinical trials and marketing authorizations for pharmaceutical products [10].

In this review, we discuss past knowledge and recent updates regarding the pathogenetic
mechanisms of photosensitization, principal clinical manifestations of related cutaneous eruptions,
and principal PSDs with their formulations, biochemical properties, and cutaneous AEs.

2. Pathogenesis

PSDs are exogenous chromophores, which absorb photons and undergo chemical reactions after
exposure to a light source. The wavelengths absorbed depend on the chemical structure of the PSD [11].

As already mentioned, phototoxicity and photoallergy are the two mechanisms involved in
PSD-induced reactions. Phototoxicity is more frequent and can occur in any individual exposed to a
sufficient amount of the causative drug and light source. Differently, photoallergy occurs only in some
individuals and requires an initial sensitization to the offending agent [12]. Table 1 summarizes the
principal aspects of phototoxicity and photoallergy.

Table 1. Main features of phototoxicity and photoallergy.

Characteristics Phototoxicity Photoallergy

Incidence high Low
Sensitization + −

Time of onset Few min-h >24 h
Most common clinical

presentation Exaggerate sunburn Dermatitis

Dose dependency + +/−

Histologic features cell necrosis and, neutrophilic and
lymphocytic infiltration of derma

Epidermal spongiosis, vesiculation, exocytosis of
lymphocytes into the epidermis, perivascular

inflammatory infiltrates

min: minutes, h: hours.

2.1. Phototoxicity

A photosensitizer chemical absorbs radiation energy and consequently rises to an excited state
molecule. This process leads to oxygen-dependent reactions, which are ultimately responsible for cell
damage through two main mechanisms [5].
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The first one consists of the transfer of an electron to the excited-state photosensitizer and thus in
the formation of free radicals that can react with biomolecules (directly or in the presence of oxygen),
forming secondary free radicals (peroxyl radicals or hydroxyl radical). In the second type of reaction,
the transfer of energy to ground-state oxygen causes oxygen radical formation. The consequent
oxidation of lipids and proteins and DNA damage lead to cell injury [5,13,14]. Additional mechanisms
include the formation of stable photoproducts responsible for tissue damage, and the covalent bondage
of some photoproducts to target biological substrates (as for 8-methoxypsoralen and pyrimidine bases
of DNA) [1,5,15]. The high variability of phototoxic manifestations can be partially related to the
different sites of drug accumulation in the skin [1].

Cells have protective mechanisms against reactive oxygen species (ROS), such as the enzyme
superoxide dismutase, glutathione peroxidase, and catalase. The damage occurs when these protective
systems are overwhelmed, and when there are irreparable DNA alterations. This makes cells undergo
apoptosis [1].

2.2. Photoallergy

Photoallergy was first reported in the early 1960s referred to as the use of halogenated salicylalinide
and consists of a delayed immune response to photosensitizer-bound proteins [14].

Sensitization can occur through two possible models. The first one consists of photo-modification
of the hapten (prohapten) that subsequently binds a protein and may potentially induce photoallergy.
The second model first involves hapten-protein binding followed by light-mediated activation
(photohapten). Either way, haptens undergo processing by Langerhans cells and are presented
to naıve T cells in the lymph nodes, with consequent differentiation of photoallergy-specific T cells.
The photoallergic reaction occurs when the patient is re-exposed to the allergen as well as to the
appropriate radiation source and dose [4,12]. In this contest, there is the release of cytokines and
chemokines and the recruitment of inflammatory cells with consequent eczematous eruption [1].

Immediate hypersensitivity has also been described in some cases of photoallergic reactions, due
to an IgE response to UV [14,16,17].

3. Clinical Manifestations and Diagnostic Approach

Cutaneous manifestations induced by PSDs are usually limited to sun-exposed areas, although in
some photoallergy reactions the lesions can spread over the entire skin surface [11]. Naturally shaded
areas, such as the philtrum, submandibular and postauricular regions, and inverse areas, may be
spared [4]. Clinical presentation is heterogeneous. Phototoxic reactions usually occur a few minutes to
hours after light exposure and appear as an exaggerated sunburn, with erythema and edema together
with itching and burning [1,11]. This scenario corresponds to keratinocyte direct damage, histologically
visible as cell necrosis, and neutrophilic and lymphocytic infiltration of derma [2,11]. Photoallergic skin
lesions appear 24 h or more after exposure to light and resemble eczematous dermatitis. Epidermal
spongiosis, vesiculation, exocytosis of lymphocytes into the epidermis, and perivascular inflammatory
infiltrates can be evidenced in the histologic examination. In a few cases, despite drug interruption,
chronic actinic dermatitis may develop [11,18].

Other PSD-induced manifestations can be more characteristic. Pigmentation is frequent in
phototoxic eruptions. Indeed, also a normal UV-response involves the release of IL-1α that stimulates
the production of melanotrophins by keratinocytes. In addition, it has been shown that stress can
influence the level of pro-inflammatory cytokines such as IL-1α [1,19]. Hyperpigmentation seems not
to occur in photoallergic reactions [14,20]. Porphyria and pseudoporphyria are possible drug-induced
manifestations. Porphyria is very rare and has been described as a consequence of methandrostenolone
assumption [1,21]. Pseudoporphyria has cutaneous features similar to those of porphyria cutanea
tarda with a normal porphyrin profile. Skin fragility leading to blisters is typical. Milia, hypertrichosis,
and hyperpigmentation are rare [1]. Several drugs have been associated with drug-induced pellagra.
Probably culprit drugs interfere with the metabolism of niacin/nicotinamide adenine dinucleotide
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(NAD) by inhibiting niacin production from dietary tryptophan and by acting as NAD analogs [1,22].
Erythema multiforme-like reactions and telangiectasia have also been described [4,23].

Two procedures are currently used to evaluate drug-induced photosensitivity, namely phototesting
and photopatch testing. The first one aims at establishing the minimal erythema dose (MED) for a
patient while taking a given medication and then after drug discontinuation. A lower MED during
treatment suggests phototoxicity induced by the drug. The photopatch testing consists of applying
two sets of a given medication onto the patient’s back. After 24 h, one set is irradiated with a dose of
UVA below the MED. After twenty-four hours, the areas are examined for an eczematous eruption.
A reaction present only at the irradiated site suggests a photoallergic reaction. The equal reaction at both
sites expresses an allergic contact dermatitis. Lastly, a reaction on both the irradiated and non-irradiated
area, but greater on the first one, suggests both allergic contact dermatitis and photoallergic reaction.
Photopatch testing, however, has not been validated for systemic medications [3,4,24].

4. Prediction and Evaluation of Drug-Induced Photosensitivity

While developing a new drug it is important to assess its potential photosensitive effects.
ROS assay is used to evaluate the photoreactivity of chemicals, consisting of the detection of
reactive species produced after the irradiation of a chemical product. Additional tests are the
photo-basophil-histamine-release test–which evaluates the release of inflammatory molecules from
leucocytes-and the photo-hemolysis test, made to assess the damage to the cell membrane of the
erythrocyte. The change in oxygen consumption in Bacillus subtilis and growth inhibition of yeast
cells after irradiation are also used [1,25–28]. Culture models and human reconstituted epidermis
may be useful to predict drug-induced photosensitivity [1]. UV spectral analysis is used to study the
photoexcitability of chemicals and, together with the ROS assay, it is a validated analysis and thereby
recommended in the ICH S10 guideline [10,14]. In addition, the photogenotoxic potential of a drug can
be determined by establishing its affinity for DNA and its capability to induce structural alterations [1].
Other tests and molecular studies have been validated to assess the potential photosensitizing properties
of drugs; however, their discussion is beyond the scope of this review.

5. Photosensitive Drugs

Here we report an updated analysis of the literature regarding the main drugs responsible for
phototoxic and photoallergic reactions and the principal cutaneous manifestations associated with
their administration. We focused on the principal culprit drugs and described the most characteristic
reactions and the postulated damage mechanisms. We did not extend the discussion on every PSDs
reported in the literature because it would have been beyond the scope of the review. The distinction
between systemic drugs and topical formulations was considered the most appropriate.

5.1. Systemic Drugs

5.1.1. Antimicrobials

Tetracyclines (tetracycline, doxycycline, minocycline, lymecycline) are the most frequent
antimicrobials responsible for photosensitive reactions due to their wide absorption spectrum across the
UVA region. Free radical activity during photodegradation of these drugs has also been reported [18].
Cutaneous reactions range from mild sunburn-like manifestations to widespread erythematous
dermatitis. Solar urticarial, lichenoid reactions, actinic granuloma, and photo-induced onycholysis
have also been described [3,29–32]. Interestingly, photo-induced onycholysis may appear even up to 2
weeks after UV exposure [33]. Recently, the carcinogenic risk due to the use of tetracycline has also
been assessed, evidencing an 11% increase in the risk of developing basal cell carcinoma [34].

Nalidixic acid and fluoroquinolones are also responsible for several photo-induced eruptions with
a broad spectrum of cutaneous manifestations (blistering, fragile skin, pseudoporphyria, and purpura)
depending on the specific member of this group of agents [3]. The greatest phototoxic potential seems
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to be related to the halogen group in position 8. Members with a hydrogen group at this position show
only mild phototoxic potential and those with a methoxy group in the same position appear to be the
most photostable [3,35,36]. It has also been hypothesized that the photodefluorination leads to the
production of a highly reactive radical capable of attacking cell biological constituents [18].

Cefotaxime and ceftazidime have been associated with photo-induced telangiectasia and sunburn
susceptibility, respectively [3,37,38]. Photosensitive effects have also been reported for dapsone,
trimethoprim, isoniazid, and pyrazinamide [39–42].

Among antifungal agents, voriconazole has been widely associated with severe photodrug-induced
eruptions, and recent literature reported voriconazole as the second most common culprit of phototoxic
reactions [3,43]. Cheilitis, pseudoporphyria, onycholysis, photoaging, and the development of
melanoma and squamous cell carcinoma (SCC) on areas that have been affected by drug-induced
eruption have also been reported [3,9,44–46].

Antimalarials may frequently cause photosensitization. Quinine and quinidine have
been associated with edematous, eczematous, and lichenoid eruptions, while chloroquine and
hydroxychloroquine have been associated with polymorphous light eruption and systemic lupus
erythematosus [3,47–51]. Recently photo-induced eruptions have been also described in patients
assuming atovaquone/proguanil [52].

Among antiretrovirals, a photosensitive potential has been reported for efavirenz, tenofovir,
and tipranavir. However, in the context of HIV infections, it is not always simple to distinguish
cutaneous manifestations related to the disease itself from those induced by the drug [3,53–55].
Indeed, nearly 5% of patients with HIV suffer from some form of photosensitive dermatitis,
including PSDs-induced reactions, actinic prurigo, chronic actinic dermatitis, lichenoid photoeruptions,
porphyria cutanea tarda, pseudoporphyria, photoaggravated granuloma annulare, and actinic lichenoid
leukomelanoderma [56]. Moreover, HIV patients are overall more susceptible to drug reactions than
the general population, due to multiple factors among which there are polypharmacy, slow acetylator
status, relative glutathione deficiency, and latent Herpesviridae infections [55].

5.1.2. Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs include many molecules with a different chemical structure but consistent in their
ability to inhibit the cyclo-oxygenase (COX) enzymes to varying degrees. The old NSAIDs have
their target in the COX-1 enzyme, whereas the most recent NSAIDs inhibit preferentially the COX-2
enzyme [18]. Cutaneous manifestations range from eczematous lesions to erythema multiforme to
lichenoid eruptions [4].

It has been evidenced that the most photoactive NSAIDs are the 2-arylpropionic acid derivatives
(naproxen, ibuprofen, ketoprofen, suprofen, benoxaprofen, and tiaprofenic acid) which lead to the
generation of significant yields of singlet oxygen and free radical species upon UV irradiation [18,57,58].
Naproxen appears to have the greatest photosensitizing potential and has even been associated with
pseudoporphyria [3,59,60]. It has been proposed that the different schedules of administration of NSAIDs
can partly explain the different photosensitizing potential of these drugs. Indeed, naproxen is administered
at a higher dosage than indomethacin or diclofenac, thus it has a higher circulating concentration compared
to the latter. Among the most recent NSAIDs, photoallergic reactions and pseudoporphyria have been
reported in relation to celecoxib assumption although data are not yet sufficient [61].

5.1.3. Anti-Hypertensives

The three main categories of anti-hypertensives most frequently involved in photo-induced
cutaneous reactions are diuretics, ACE inhibitors, and angiotensin receptor blockers (ARBs).

Thiazides are the most commonly prescribed diuretics. Hydrochlorothiazide has been
associated with exaggerated sunburn reactions, eczematous and lichenoid eruptions, and
photoleukomelanoderma [62,63]. It is interesting to note that in some cases chronic eczematous
photosensitivity has been described as lasting months to years after discontinuation of the drug [64].
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As previously mentioned, although less frequently, UVB can also be responsible for drug photo-induced
cutaneous reactions. Hydrochlorothiazide has been recently associated with the phototoxic reaction
after UVB exposure [65]. Furosemide, another diuretic, has also been reported to cause phototoxic
eruptions typically bullous lesions resembling Brunsting–Perry type bullous pemphigoid [66,67].
Hydrochlorothiazide and furosemide have in common an aromatic chlorine substituent in their
molecular structure. This characteristic has been postulated to be responsible for the photosensitizing
properties of these drugs linked to an intermediate photoionisation process and bond dissociation
occurring during the irradiation, which in turn is responsible for the production of free radicals, followed
then by cell damage. Indeed, all chlorine-containing drugs that undergo photodechlorination have been
included in the list of PSDs [18]. As for ACE inhibitors, ramipril, quinapril, and enalapril have been
reported to cause photosensitivity. Fewer data are available for ARBs, although photo-induced
cutaneous reactions have been associated with losartan, irbesartan, and valsartan, and up to
10% have been reported as serious [3,68–70]. Calcium channel blockers (CCBs) belonging to
the dihydropyridine group-which includes amlodipine and nifedipine-have been associated with
photodistributed facial telangiectasia and photodermatitis. Diltiazem has caused in some cases
photodistributed hyperpigmentation [3,71–73].

It is important to note that recent evidence has linked hydrochlorothiazide assumption to an
increased risk of developing NMSCs, partly as a consequence of its photosensitizing effect [74,75].
In this regard, topical 0.8% piroxicam and 50+ sunscreen filters proved to be highly effective in the
treatment of actinic keratoses in patients assuming anti-hypertensives, especially photosensitizing
thiazides. Similar results have been reported for ingenol mebutate [76,77].

A recent study has also reported an increased risk of both SCC and melanoma in patients
taking amiloride and hydrochlorothiazide, and an increased risk of melanoma in patients taking
indapamide [3,8]. In addition, a meta-analysis has highlighted an increased risk of skin cancer and
cutaneous melanoma respectively in patients taking CCBs and β-blockers [78]. Recently, beta-blockers,
whose therapeutic indications include hypertension as well as arrhythmias, heart failure, and essential
tremor, have been associated with photosensitization. Moreover, it increases their consideration as
a potentially effective treatment in dermatologic diseases as hemangiomas, wound healing, Kaposi
sarcoma, melanoma, pyogenic granuloma, and pemphigus. For this reason, it would be important to
acquire more data about their cutaneous AEs [79]. Tilisolol, bisoprolol, and atenolol have been mainly
associated with photo-induced cutaneous reactions [3,80].

5.1.4. Anti-Arrhythmics

Amiodarone has been associated with several AEs, including photosensitivity, in a wide number of
patients. In particular, phototoxicity has been reported in nearly 7% of patients taking amiodarone [81].
Photo-induced cutaneous manifestations typically occur as a burning sensation followed by erythema
and eczematous eruption. Usually, after long-term exposure, amiodarone induces a distinctive
blue-grey pigmentation on sun-exposed areas in 1–2% of patients [81–83]. Amiodarone, and its
principal metabolite desethylamiodarone, accumulate in the skin, where they can be detected in
pigmented areas at a concentration ten times greater than that detectable in non-pigmented areas.
Moreover, it has been demonstrated that iodine-rich amiodarone and its metabolite store in secondary
lysosomes bounded to lipofuscin, as a consequence of dermal macrophages phagocytosis. This explains
typical long-lasting (1–2 years) skin pigmentation [3,84]. Dronedarone shows significantly minor
phototoxicity than amiodarone, although cases of photo-induced reactions have been described [85].

5.1.5. Chemotherapeutics

Several groups of chemotherapeutics have been associated with photosensitivity reactions. Among
the antimetabolites, fluorouracil has been linked to enhanced sunburn reactions, photodistributed
hyperpigmentation, and polymorphous light eruption-like reactions [86]. Tegafur, capecitabine,
and dacarbazine also cause photo-induced lichenoid and eczematous reactions [3]. As for antimitotic
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agents, taxanes have been widely associated with photosensitization. Paclitaxel has been reported
to cause both photodistributed erythema multiforme and onycholysis [87,88]. Nanoparticle
albumin-bound paclitaxel derivative (nab-paclitaxel) has been recently associated with photosensitivity
reactions [89].

Targeted therapies-nowadays a topic of increasing relevance–may also show AEs, including
photosensitivity. Vemurafenib is one of the most common culprits associated with photosensitivity
reactions, which have been observed in 35–63% of patients treated with this drug. Noteworthy,
the photosensitizing activity of vemurafenib does not appear to be involved in the increased risk of
developing SCC described in patients taking this drug [90,91].

New attention is now being given also to Janus kinase (JAK) inhibitors. A recent study reported
a photodistributed rash in a patient with polycythemia vera occurring one month after starting the
treatment with ruxolitinib. In addition, the patient developed multiple SCC [92].

Hydroxyurea has been associated with photo-induced dermatitis and granulomatous
eruption [93,94] (Figure 1).

Figure 1. Photo-induced dermatitis in a patient assuming hydroxyurea.

5.1.6. Psychotropic Drugs

Chlorpromazine is the prototype of PSDs. Its chemical structure is characterized by the presence
of an aromatic chlorine substituent, sharing with hydrochlorothiazide and furosemide the postulated
pathogenic mechanisms of photosensitization described in Section 5.1.3 [18]. It has been associated
with exaggerated sunburn reactions, lichenoid reactions, and bullous eruptions. Photodistributed
slate-grey to violaceous hyperpigmentation has been reported in the case of long-term exposure to
chlorpromazine or thioridazine [95].

The tricyclic antidepressants chemically related to phenothiazines have also shown
photosensitizing effects with a broad spectrum of cutaneous manifestations, ranging from
erythematous eruptions, blistering, blue-grey hyperpigmentation, photodistributed granuloma
annulare, telangiectasia [3,4].

Phenothiazines also share some structural features with ethylenediamine-derived antihistamines,
such as cetirizine and hydroxyzine. This may lead to possible cross-reactions [4].

5.1.7. Others

Among the HMG-CoA reductase inhibitors (statins), simvastatin and atorvastatin have been
reported to cause photodistributed erythema multiforme [96]. Atorvastatin phototoxicity seems to be
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due to singlet oxygen generation via a phenanthrene-like photoproduct [97]. Fenofibrate has been
linked to eczematous and lichenoid eruptions [98].

Diabetic medications have been shown to cause photo-induced cutaneous lesions. In particular,
metformin has been associated with both erythematous and eczematous eruptions [99].

Clopidogrel, an antiplatelet drug, has been associated with a lichenoid photodistributed
eruption [100].

Table 2 lists discussed drugs.

Table 2. Main groups and relatively molecules of photosensitive drugs discussed/cited in the text.

PSD Group Molecule

Antimicrobials

Tetracycline
Doxycycline
Minocycline
Lymecycline

Nalidix acid and fluorochinolones
Cefotaxime
Ceftazidime

Dapsone
Trimethoprim

Isoniazid
Pyrazinamide
Voriconazole

Quinine
Quinidine

Chloroquine
Hydroxychloroquine

Atovaquone/proguanil
Efavirenz
Tenofovir
Tipranavir

NSAIDs

Naproxen
Ibuprofen

Ketoprofen
Suprofen

Benoxaprofen
Tiaprofenic acid

Antihypertensives

Hydrochlorothiazide
Furosemide

Ramipril
Quinapril
Enalapril

Antihypertensives

Losartan
Irbesartan
Valsartan

Amlodipine
Nifedipine
Diltiazem
Amiloride

Indapamide
Tilisolol

Bisoprolol
Atenolol

Antiarrhythmics Amiodarone
Dronedarone



Pharmaceutics 2020, 12, 1104 9 of 17

Table 2. Cont.

PSD Group Molecule

Chemotherapeutics

Fluorouracil
Tegafur

Capecitabine
Dacarbazine

Paclitaxel and nab-paclitaxel
Vemurafenib
Ruxolitinib

Hydroxyurea

Psychotropic drugs
Chlorpromazine

Thioridazine
Tricyclic antidepressant

Others Simvastatin, atorvastatin, fenofibrate, metformin, clopidogrel

PSD: photosensitive drug; NSAID: nonsteroidal anti-inflammatory drugs.

5.2. Topical Drugs and Cosmetics

Topical agents can be associated with both phototoxic and photoallergic reactions. It has been
reported that acyclovir, dibucaine injection, hydrocortisone, and chlorpromazine gel may cause
photoallergic reactions [11,101–104].

Furocoumarins, such as bergapten, 5- and 8-methoxypsoralen, are photosensitive compounds
produced by plants and used in the cosmetic industry and folk medicine. They have been associated
with phototoxic reactions and phytophotodermatitis, often presenting bullous dermatitis with
hyperpigmentation [11]. Coal tar has also been identified as a phototoxic reaction inducer, causing an
immediate burning sensation, followed by wheals and then by erythema within 24–48 h [11,105].

NSAIDs are among the topical agents most frequently responsible for photosensitization.
Ketoprofen can cause both phototoxic and photoallergic reactions-the latter ones more frequently.
Dermatitis is often characterized by edema, bullae, or erythema multiforme that can also extend
beyond the area of application and persist after drug discontinuation [11,106]. Benzophenone plays
a major role in ketoprofen photosensitive effects [107] and cross-reactions have been described for
tiaprofenic acid, suprofen, oxybenzone, and fenofibrate [11,107,108]. A cross-reactivity in photoallergic
sensitization has also been described between diclofenac and aceclofenac, both responsible for vesicular
dermatitis [11,107,109,110].

The topical application of benzydamine has been associated with photoallergic reactions locally
and at distant sites as well as with submental dermatitis and cheilitis when used orally [11,111,112].
Piroxicam may even induce photoallergic reactions which appear usually on the face and dorsum
of the hands as erythematous papules, vesicles, and dyshidrosis. Patients most frequently reported
previous sensitization with thimerosal [11,113,114].

Interestingly, although systemic tetracyclines have been widely associated with photosensitizing
potential, a recent study reported no evidence of phototoxicity, photoallergy, skin sensitization, or skin
irritation with topical minocycline foam 4% [115].

Cosmetics ingredients often show photoallergenic and photoirritance potential. This is partially
because cosmetics substances are formulated to remain on the skin despite rinsing, thus increasing
the risk of toxic reactions with repeated applications [14]. 6-methylcoumarin, musk ambrette, and
hexachlorophene have been associated with numerous cutaneous eruptions and their use has been
stopped [116]. To date, most photoallergic reactions are caused by products, often sunscreens,
containing p-aminobenzoic acid (PABA) derivatives, benzophenones, salicylates, dibenzoylmethane
derivatives, and anthranilates [14,117]. In addition, some derivatives of benzophenones show structural
similarities with ketoprofen, leading often to cross-reactivity [118]. It should be noted that newer
sunscreens contain molecules more photostable, such as Mexoryl SX-for which only one case of
photoallergy has been reported-Tinosorb S and M [11,119]. Many antibacterials have also been
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associated with photosensitive effects, including triclosan (soap and deodorants) and fenticlor (hair
care products), characterized by the low and moderate potential of photoallergy [14,116,120]. Table 3
lists the discussed topical drugs and cosmetics.

Table 3. Topical drugs and cosmetics discussed/cited in the text.

Topical Drugs Cosmetics

Acyclovir
Dibucaine

Hydrocortisone
Chlorpromazine gel

Furocoumarins (bergapten, 5- and
8-methoxypsoralen)

Coal tar
Ketoprofen

Tiaprofenic acid
Suprofen

Oxybenzone
Fenofibrate
Diclofenac

Aceclofenac
Benzydamine

Piroxicam

Furocoumarins (bergapten, 5- and
8-methoxypsoralen)
6-methylcoumarin

Musk ambrette
Hexachlorophene
PABA derivatives
Benzophenones

Salicylates
Dibenzoylmethane derivatives

Anthranilates
Mexoryl SX

Triclosan
Fenticlor

PABA: p-aminobenzoic acid.

6. Discussion

Cutaneous eruptions induced by drugs are frequently experienced during clinical practice
and drug-related photosensitivity, specifically, may represent an important issue to consider in the
therapeutic management of patients. The PSD list is being updated constantly because of increasing
therapeutic strategies and clinical experience. The knowledge of the pathogenetic mechanisms
of drug-induced photosensitivity appears to be an important clue for both the prediction of the
photosensitizing potential of a drug according to its chemical structure and the prevention of cutaneous
damage. Phototoxicity mostly relies on oxygen-dependent reactions, which lead to oxidation and
damage of important cellular structures, including DNA. As discussed above, it has been demonstrated
that some PSDs are responsible not only for cutaneous eruptions but also for an increased risk of
cutaneous carcinomas and melanoma. In this regard, prevention appears to be essential. It has
been evidenced that vitamin D3 has a protective effect on keratinocytes affected by oxidative DNA
damage as well as by UVB damage [1,121,122]. Moreover, it has been shown that the nuclear erythroid
2-related factor 2 (Nrf2) is important in the induction of some drug-metabolizing enzymes, such as
glutathione S-transferase and NAD(P)H:quinone oxidoreductase 1 [123]. The induction of Nrf2 is
being explored as a therapeutic option to protect skin cells against UV-induced oxidative stress and
photosensitivity [1,124,125].

Clinical manifestations are extremely heterogeneous, depending on the drug and patient
susceptibility. Some eruptions are more indicative than others but accurate medical history is essential
and diagnostic tests and histopathologic examination are frequently necessary, also considering that
patients often assume more than one drug. In this regard, it is reasonable to think that patients taking
multiple drugs have a greater risk to be affected by photo-induced cutaneous reactions, both for the
potential accumulation of phototoxic effects and possible cross-reactivity between drugs with regard
to photoallergic reactions. Differential diagnosis with photorecall reactions should be considered.
Photorecall reaction consists of a sunburn-like eruption appearing after drug administration in the
absence of the radiation trigger, in the same areas affected by a previously sunburn. This pathological
event has been most commonly described in association with chemotherapeutic agents, such as
methotrexate, docetaxel, and gemcitabine and it should be distinguished from true drug-induced
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photosensitivity [3,126–128]. Although less frequently, antibiotics can also be responsible for this
clinical manifestation [129].

As previously reported, some PSDs are responsible for drug-induced pellagra probably due to
interference with NAD metabolism. The fact that NAD is the main substrate of Poly (ADP-ribose)
polymerase 1 (PARP1)-an enzyme involved in repairing UV-induced DNA damage–may explain this
pathologic manifestation [1,22]. Overactivation of PARP by excessive UV exposure can in turn lead to
cellular NAD and ATP depletion with consequent cellular energy impairment and cell death [130].
In this regard, the role of nicotinamide has been investigated, the primary precursor of NAD and a PARP
inhibitor. It has been evidenced that nicotinamide reduces UV-induced inflammation, cellular energy
depletion, and immunosuppression, and enhances the repair of UV-induced DNA damage [130–132].
This makes nicotinamide an important option for photoprotection and skin cancer chemoprevention and
it deserves further investigation to better define its role in PSD-induced phototoxicity and photoallergy.

7. Conclusions

In conclusion, PSDs represent an important research area and more investigations would be
helpful to better predict drug photosensitizing potential, prevent and manage cutaneous adverse
events and find the most appropriate alternative therapeutic strategy.
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