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Abstract 

A combination therapy with phototherapy at the beginning of a systemic antipsoriatic therapy with fumaric acid esters, 

apremilast, methotrexate, anti-TNF- agents, ustekinumab or secukinumab or in case of only a partial remission is 

sometimes used . As these chemicals can be absorbed into the skin, photosensitive effects with the clinical symptoms of 

exaggerated sunburn should be investigated. We assessed phototoxic properties of these substances using an in vitro 

photohaemolysis test. In this in vitro model of phototoxicity UV-induced damage of erythrocytes and resultant haemolysis is 

measured. This test) exhibited no phototoxic effects. Therefore combination of these substances with either UVA-rich or 

demonstrated minor phototoxic properties (< 15% photohemolysis) of some of the used systemic antipsoriatics 

(adalimumab, fumaric acid ester, infliximab, ustekinumab). The other tested drugs (apremilast, etanercept, methotrexate, 

secukinumabUVB-rich irradiation is probably safe with regard to the absence of severe acute phototoxic properties of these 

substances, but an estimation of the long-term risk/benefit ratio of such a therapy cannot be made.  
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Introduction 

Systemic antipsoriatic agents such as fumaric acid 

esters, apremilast, methotrexate, anti-TNF- agents, 

ustekinumab and secukinumab induce an 

amelioration of psoriasis within several weeks, but 

PASI 100 is not often reached [1]. Phototherapy is 

superior to certain biologics and induces remission in 

a shorter time period [2]. Therefore a combination 

therapy with phototherapy at the beginning of a 

systemic therapy or in case of only a partial remission 

can be reasonable [3]. In order to be aware of  

photosensitive  properties of these substances we 

assessed the in vitro phototoxic potential of these 

substances using a photohaemolysis test. This assay is 

a standard in vitro method used in isolated 

erythrocytes for measurement of possible phototoxic 

effects [4]: As cellular membranes are vulnerable to 

photochemically generated ROS (reactive oxygen 

species) and radicals UV-induced damage of 

erythrocytes and resultant haemolysis can be 

measured. Photoreactive chemicals can be absorbed 

into the skin and activated by ultraviolet irradiation 

thus having cytotoxic potential against skin tissue. The 

most common chemical manifestation of phototoxicity 

coincide with the symptoms of skin irritation or 

exaggerated sunburn, i.e. erythema, pruritus and 

edema [5]. Beside these side effects the phototoxic 

properties e.g. of psoralens (PUVA therapy) are used 

since decades for therapeutical purposes in 

dermatology [6]. 

 

Material and Methods 

Test substances 

Tests were performed with the following compounds: 

apremilast (Otezla, Celgene, Summit, USA), 

adalimumab (Humira, AbbVie, Wiesbaden, 

Germany), etanercept (Enbrel, Pfizer, Kent, United 

Kingdom), fumaric acid esters (Fumaderm, Biogen 

Idec, Ismaning, Germany), infliximab (Remicade, 

Janssen Biologics, Leiden, The Netherlands), 

methotrexate (Metex, Medac, Wedel, Germany), 

secukinumab (Cosentyx, Novartis, Basel, Schweiz) 

and ustekinumab (Stelara, Janssen-Cilag, Beerse, 

Belgium). The concentrations used in the test based 

on serum concentrations. Benzophenone (Merck, 

Darmstadt, Germany) was used as positive control [7].  

The test substances were dissolved in appropriate 

solvents (ethanol) if required and further diluted in 

TCM buffer (NaCl 35.0 g; Tris 15.0 g; KCl 1.5 g; 

MgCl2×6H20, 1.0 g; CaCl2 × 2 H20 0.75 g; aqua dest. 

ad 5000 ml; pH 7.4; 280 mOsm/kg).  

UV sources 

Irradiations were performed with the following 

ultraviolet (UV) A-rich (i) or UVB-rich (ii) lamps:  

(i) Waldmann UVA 700 (Waldmann, Schwenningen, 

Germany), emitting in the region of 340 to 440 nm 

(maximum about 365 nm). Irradiance was 

50.0 mW/cm² UVA at a distance of 20 cm. 

(ii) TL 20 W/12 light bulbs (Philips, Hamburg, 

Germany) with a main emission range of 275 to 365 

nm (maximum approximately 315 nm). Irradiance was 

1.2 mW/cm² UVB, and 0.2 mW/cm² UVA at a 

distance of 20 cm. 

Dosimetry 

UVA or UVB intensities or doses were measured by 

an integrating instrument (UV-Meter, Waldmann, 

Schwenningen, Germany). 

Photohaemolysis test 

The photohaemolysis test was performed as described 

[4,7]. Briefly, three times washed fresh human 

erythrocytes from healthy donors (normal UV 

sensitivity, no intake of photosensitizing drugs or 

vitamins) were suspended at a dilution of 1:200 in 

TCM buffer containing 0.03% human albumin. A 
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0.4 ml volume of this erythrocyte suspension and a 

correspondingly prepared erythrocyte-free sample 

were incubated with 0.1 ml of the test substance 

preparations at three concentrations (adalimumab: 16 

g/ml, 1.6 g/ml, 0.16 g/ml; apremilast: 500 ng/ml, 

50 ng/ml, 5 ng/ml; etanercept: 100 g/ml, 10 g/ml, 1 

g/ml; fumaric acid ester: undiluted, 1:10 diluted; 

1:100 diluted; infliximab: 10
-6

 M, 10
-7

 M, 10
-8

 M; 

secukinumab: 50 g/ml, 5 g/ml , 0.5 g/ml; 

ustekinumab: 0.5 g/ml, 0.05 g/ml 0.005 g/ml) for 

one hour at 37°C. Benzophenone (10
-3

 M) was used as 

positive control in all experiments. Both substance-

free erythrocyte samples (blanks) as well as samples 

containing the test substances (including erythrocyte-

free controls) were exposed to 0, 25, 50, 75 J/cm² 

UVA (Waldmann 700 UVA) or to 0 (0), 800 (0.36), 

1600 (0.72) or 2400 (1.08) mJ/cm² UVB (J/cm² UVA) 

from TL 20 W/12 light bulbs. During irradiation, 

samples were kept in a shaking bath at 37°C. To 

obtain total haemolysis (100%) erythrocytes were 

exposed to distilled water. After an incubation period 

of 20 min in the dark, supernatants were recovered by 

centrifugation. The released haemoglobin in the 

supernatants was determined as cyan-methaemoglobin 

after incubating the samples for 10 min with Drabkin’s 

solution (Sigma-Aldrich, Schnelldorf, Germany) for 

15 min. Haemolysis was determined by reading the 

absorbance at 550 nm with a Sunrise Microplate 

reader (Tecan GmbH, Crailsheim, Germany) and 

calculated on basis of the absorbance data according to 

the formula: 

 

 

In order to exclude equivocal results, only haemolysis 

>5% was regarded as a meaningful positive finding. 

Results are given as mean of three independent 

experiments with erythrocytes from three different 

donors in Table 1 and as single values in Figure 1 and 

Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

Adalimumab induced photohaemolysis up to 8.0% 

with UVB-rich irradiation. Fumaric acid ester and 

infliximab induced photohemolysis up to 13.8 % with 

UVB-rich and UVA-rich irradiation and ustekinumab 

up to 11.6 % with UVA-rich irradiation alone (Table 

1). Single photohaemolysis values of these substances 

after the highest UV-doses used are shown in Figure 

(1,2).  Apremilast, etanercept, methotrexate and 

blank - haemolysis total

sample free-eerythrocyt -blank  - sampletest 
001(%) Haemolysis 

 

 

Figure 1: Single values (n=3) of UVA-induced photohaemolysis (75 

J/cm
2

) by fumaric acid, infliximab and ustekinumab at different 

concentrations (1:1 (undiluted), 1:10 and 1:100). 

 

 

Figure 2: Single values (n=3) of UVB-induced photohaemolysis (2400 

mJ/cm2) by fumaric acid, infliximab and adalimumab at different 

concentrations (1:1 (undiluted), 1:10 and 1:100). 
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secukinumab did not induce significant haemolysis 

with UVA or UVB irradiation with values < 5% (Table 

1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

we did not see increased phototoxicity with either 

UVA-rich or UVB-rich irradiation the combination of 

these substances is probably safe with regard to the 

absence of severe phototoxic properties.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Mean (in %) of haemolysis (n=3) induced by apremilast, adalimumab, etanercept, fumaric acid ester, infliximab, methotrexate, secukinumab or 

ustekinumab and radiation rich in UVA or UVB (bold: values > 5%) 

 
 

 

Not 

irradiated 

UVA 

25  J/cm
2

 

UVA 

50 J/cm
2

 

UVA 

75 J/cm
2

 

UVB 

800 mJ/cm
2

 

UVB 

1600 mJ/cm
2

 

UVB 

2400 mJ/cm
2

 

Adalimumab        

16 g/ml 0.58 1.41 0.44 1.78 0.13 0.0 4.79 

1.6 g/ml 0.0 1.67 0.25 3.58 0.0 0.0 6.53 

0.16 g/ml 0.13 0.38 0.01 3.21 0.13 0.15 8.02 

Apremilast        

500 ng/ml 0.0 0.0 0.0 0.0 0.75 0.0 0.0 

50 ng/ml 0.0 0.0 0.0 0.0 2.51 0.0 0.0 

5 ng/ml 0.0 0.0 0.0 0.0 0.38 0.0 0.0 

Etanercept        

100 g/ml 1.31 1.55 2.97 4.12 0.12 0.97 3.04 

10 g/ml 0.67 2.05 1.48 4.03 0.57 0.69 3.23 

1 g/ml 0.0 2.48 1.58 4.76 0.24 0.40 3.25 

Fumaric acid 

ester 

       

undiluted 1.36 2.78 3.28 7.78 0.60 6.80 13.11 

1:10 1.47 1.23 2.51 5.54 1.51 7.33 9.27 

1:100 1.37 1.09 0.68 2.86 0.78 8.00 7.28 

Infliximab        

25 mg/ml 0.53 0.01 1.20 3.50 12.33 8.48 13.8 

2.5 mg/ml 0.13 2.24 1.30 2.61 1.05 1.32 2.23 

0.25 mg/ml 0.10 0.54 0.44 5.47 1.31 1.59 3.56 

Methotrexate        

10
-6 

M 0.40 1.10 1.63 0.41 1.83 3.71 3.60 

10
-7 

M 0.50 0.99 0.81 0.90 0.47 3.72 2.41 

10
-8 

M  0.0 1.73 1.21 0.71 0.59 4.77 2.63 

Secukinumab        

50 g/ml 0.0 0.0 0.0 0.0 0.0 0.5 0.0 

5 g/ml 0.0 0.0 0.0 1.37 0.0 0.0 0.0 

0.5 g/ml 0.0 1.01 2.15 0.0 0.0 0.0 0.0 

Ustekinumab        

0.5 g/ml 1.8 0.52 0.67 11.63 0.40 0.96 4.63 

0.05 g/ml 2.2 1.48 1.53 10.13 0.27 0.92 4.44 

0.005 g/ml 0.69 1.44 0.52 11.20 2.10 1.78 4.32 

Benzophenone 

(positive control) 

       

10
-3 

M 0.11 48.69 85.68 77.40 13.55 32.27 67.00 
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Discussion 

Our in vitro photohaemolysis test demonstrated minor 

phototoxic properties (< 15% photohemolysis) of 

some of the used systemic antipsoriatics (adalimumab, 

fumaric acid ester, infliximab, ustekinumab). Because 

Nevertheless acute photosensitizing effects in humans 

or long-term side effects of such combination 

therapies cannot be excluded by this test. Therefore 

we cannot draw the conclusion of having a clear 

indicator of the risk/benefit ratio of such a treatment. 

The focus of this study was on a selected range of 

newer antipsoriatic agents, because methoxy-psoralen 

and acitretin have well-known photosensitizing 

properties used for therapeutic purposes (PUVA and 

Re-PUVA therapy) and cyclosporine A should not be 

combined with phototherapy because of an increased 

risk of skin cancer.  

For fumaric acid the initial therapy combined with 

phototherapy was shown to be safe in patients with 

psoriasis (no increase of photosensitivity) and effective 

[1]. Therefore this combination therapy is possible 

and recommended up to 3 weeks in the initial phase.   

Physicians advising patients on the use of methotrexate 

need to be aware of its possible side effects, including 

photosensitivity. This rare reaction is a 

photodermatitis reactivation reaction  [8], because it 

doesn´t occur during treatment of methotrexate, but a 

solar burn is reactivated after 2 to 4 days when 

methotrexate is given. Therefore a delayed 

administration of methotrexate by 5-7 days is 

recommended if a patients reports ultraviolet-related 

erythema in the past days or presents with a notable 

sunburn. According to the guidelines MTX can be 

combined with UVB or PUVA, but increased 

photosensitivity has to be considered [1]. 

When phototherapy is combined with biologics, 

among the most concerns is the potential for increase 

in skin cancers. Even if biologics seem to be less 

immunosuppressive than cyclosporine, a substance 

that is known to increase the risk of skin cancer in 

combination with phototherapy, a risk of skin cancer 

was already demonstrated during treatment with 

biologics alone [9,10]. For adalimumab, etanercept 

and infliximab combination therapies with PUVA are 

not recommended because of these possible side 

effects [1]. Nevertheless combined treatments were 

already published for narrowband UVB plus 

adalimumab [11], etanercept  [12, 3] and ustekinumab 

[13] with a more effective outcome than the 

monotherapy. For the recently approved drug 

apremilast a safe combination with phototherapy was 

described [14], but for secukinumab reports about 

combination with phototherapy were not found.  

Taken together combination of these drugs with 

phototherapy is probably safe with regard to the 

absence of severe acute phototoxic properties. 

Therefore a modification of UV-doses during 

phototherapy seems not to be necessary. Moreover 

these substances are not applicable for therapeutic 

photosensitizing purposes such as methoxypsoralen. 

As the photohaemolysis test only measures in vitro 

damage of erythrocytes’ membranes by ROS and 

radicals in the presence of the parent substance other 

acute or long-term effects on the skin as well as effects 

of metabolites of the drugs cannot be entirely 

excluded. The short and long-term risk/benefit ratio of 

combining these substances with phototherapy should 

be assessed by further in vitro and in vivo 

investigations. 
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