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6. EMCPPTS 

 

6. The European multi-centre photopatch test study (EMCPPTS) 

 

With the results of the pilot irritancy study described in Chapter 4 known, the 

EMCPPTS could commence recruiting subjects. During the time the EMCPPTS 

was recruiting subjects, the sunscreen survey described in Chapter 5 was 

performed, allowing more meaningful interpretation of the EMCPTTS results. This 

Chapter details the EMCPPTS itself, the core research project of this thesis. 

 

6.1 Introduction 

6.1.1 The initiation meeting 

In February 2007, several  interested parties met in Amsterdam, The Netherlands, 

under the auspices of the European Society for Photodermatology (ESPD) and 

European Society of Contact Dermatitis (ESCD) with the aim of setting up the 

EMCPPTS. This meeting was in the format of a workshop, with attendees including 

clinicians from photobiology units and contact dermatitis units as well as 

photobiological scientists. There were clinicians from the following European 

countries: the UK, the Netherlands, Belgium, Germany, Austria, Italy, Portugal and 

France. A draft protocol for the study had been compiled in the Dundee 

Photobiology Unit using the methodology from the 2006 UK multi-centre PPT 

study as a template and this was circulated to attendees via email before the 

meeting to facilitate and guide discussion. During the first part of the meeting, the 

newly published results from the 2006 UK study were presented to stimulate further 

discussion.[1] Over the course of the workshop meeting, consensus was reached 

regarding the direction in which to proceed with the EMCPPTS. This allowed a 



161 

6. EMCPPTS 

 

final version of the protocol and proforma to be created in Dundee (see Appendices 

2 & 3).  

6.1.2 The centres 

After the initial workshop meeting, attendees returned to their units and discussed 

the proposed EMCPPTS with other European colleagues over the following weeks. 

As a result, several photobiology and contact dermatitis units across Europe 

signalled their desire to participate and were formally invited to participate in 

subject recruitment. At the workshop meeting, there was consensus that only 

investigators in centres who felt they could recruit ≥20 subjects would participate 

and that the total target number of subjects would be >1,000 over a one year period. 

This figure was not generated from a formal statistical sample size calculation, but 

based on consensus that it would provide a clinically valuable estimate of the 

frequency of PACD, whilst being practically achievable over the timescale 

intended. Once the list of recruiting centres had been compiled, the contact details 

were collated in Dundee and forwarded via email to Chemotechnique Diagnostics 

Ltd (Vellinge, Sweden) who were supplying the PPT agents directly to participating 

centres by post.  

At the start of the recruitment period, PPT agents had been sent to a total of 44 

centres in 15 countries. However, at the close of the study, subjects had only been 

recruited from 30 centres across 12 European Countries. Table 6.1 lists these 

countries and centres which actively recruited subjects, with the Principal 

Investigator (PI) at each centre. The recruiting centres encompassed a reasonable 

geographical spread within Europe, as given in Figure 6.1. The Southernmost 

centre was Athens, Greece (37°N) and the Northernmost was Dundee, UK (56°N). 
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Due to the heterogeneous legislation across different European countries, some 

investigators had to seek and obtain ethical approval before subject recruitment, 

whereas others did not and considered PPT as an investigation which formed part of 

routine clinical care for their patients. 

 

Country Centre Principal Investigator (PI) 

Austria 
Graz Prof P Wolf 

Vienna Prof A Tanew 

Belgium Leuven Prof A Goossens 

Denmark Copenhagen Prof HC Wulf 

France 

Besancon Dr F Aubin 

Grenoble Dr J-L Bourrain 

Lille Prof P Thomas 

Montpellier Dr J-L Peyron 

Rennes Dr H Adamski 

Toulouse Dr M-C Marguery 

Germany 
Dusseldorf Dr NJ Neumann 

Tubingen Prof T Biedermann 

Greece Athens Prof C Antoniou 

Italy 
Bari Prof C Foti 

Milan Prof P Pigatto 

The Netherlands Amsterdam Prof T Rustemeyer 

Poland Krakow Dr R Spiewak 

Portugal Coimbra Prof M Goncalo 

Spain 

Barcelona_1 Prof M Lecha 

Barcelona_2 Prof A Alomar 

Barcelona_3 Dr JM Carrascosa 

Barcelona_4 Dr A Gimenez-Arnau 

Bilbao Dr J Gardeazabal 

Valencia Dr J de la Cuadra 

The UK 

Cardiff Dr M Chowdhury 

Dundee Prof J Ferguson 

Leeds Dr SM Wilkinson 

Manchester Prof L Rhodes 

Newport Dr N Stone 

Sheffield Prof D Gawkrodger 

 

Table 6.1. Recruiting countries, centres and PIs of the EMCPPTS. 
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Figure 6.1. Geographical distribution of the 30 EMCPPTS centres.

X4 
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6.1.3 Objectives 

The five objectives of the EMCPPTS stated within the protocol were as follows: 

 To obtain an approximate incidence of contact and photocontact allergy to 

sunscreen constituents and topical NSAIDs among a population of European 

patients who present with an exposed-site dermatitis. 

 To determine the relative contact and photocontact allergic potential of each of 

the sunscreen constituents and topical NSAIDs tested. 

 To inform advisory bodies and providers of test batteries on which sunscreens 

and NSAIDs should be included in the routine photopatch test batteries. 

 To inform sunscreen and cosmetic manufacturers and regulatory authorities 

which sunscreens would be most suitable for inclusion in commercial products. 

 To assess the effectiveness of the consensus photopatch test methodology for 

detecting photocontact allergy across multiple European sites.[2] 
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6.2 Methods 

6.2.1 Inclusion and exclusion criteria 

The inclusion criteria for the EMCPPTS specified that subjects must be aged 18 

years of age, or greater, and have sufficient cognitive capacity to give written 

informed consent. Subjects included had at least one of the following four 

indications for performing PPT:  

 An exposed site dermatitis during summer months. 

 Any exposed site dermatitis problem. 

 History of a sunscreen reaction. 

 History of a topical NSAID reaction. 

 

The exclusion criteria for the EMCPPTS were as follows:  

 Subjects who had had potent or superpotent topical steroid applied to the 

photopatch test site on the back in the five days prior to PPT  

 Subjects whose skin disease activity on the back was too active to allow PPT.  

 Subjects prescribed and taking systemic immunosuppressant medication (i.e. 

prednisolone, methotrexate, azathioprine or ciclosporin).  

 Subjects taking any photoactive medicine (e.g. thiazides, sulphonamide 

derivatives, amiodarone, fluoroquinolones, CPZ, NSAIDs, quinine). This was a 

relative exclusion and clinicians were free to continue PPT despite such 

medication (see below). 
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6.2.2 Investigation of subjects with marked UV Sensitivity 

It was anticipated that some subjects eligible for recruitment to the EMCPPTS 

would have a level of photosensitivity such that a UVA dose of 5 Jcm
-2

 would lead 

to an uncomfortable and obscuring erythema across the irradiated set, e.g. those 

with drug-induced photosensitivity or CAD. To minimise this adverse event 

occurring, some recruiting centres conducted UVA MED testing prior to PPT as 

outlined in the methodology section of Chapter 1. The MED could then be used to 

determine if a lower dose of UVA (e.g. 50% of the MED) for irradiation was 

appropriate. As an example, the MED dose series used in Dundee was as follows: 1 

Jcm
-2

; 1.5 Jcm
-2

; 1.8 Jcm
-2

; 2.2 Jcm
-2

; 2.7 Jcm
-2

; 3.3 Jcm
-2

; 3.9 Jcm
-2

; 4.7 Jcm
-2

.  

Despite conducting a UVA MED, it was anticipated that some subjects would have 

a severity of photosensitivity that precluded PPT.  

6.2.3 Calibration of UVA meters 

In the three months prior to any subject recruitment, all participating centres were 

asked to send their UVA meters via post to the Photobiology Unit in Dundee for 

calibration. This was to ensure that all centres were administering equivalent doses 

of UVA during irradiation. The photophysics laboratory is International 

Organisation for Standardisation (ISO) 9001 registered and UK Accreditation 

Service (UKAS) accredited. The meters were tested using a bank of 100W UVA 

lamps and calibrated using a Bentham model DM150 spectroradiometer (Bentham 

Instruments Ltd, Reading, UK) with calibration traceable to the UK National 

Physical Laboratory. 

6.2.4 Photopatch test agents 

The photopatch test series of 19 organic UV absorbers and 5 topical NSAIDs with 

the concentrations used are listed in Table 6.2.  
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Test agent 

(INCI name for organic UV absorbers) 

Concentration 

used (%) 

Butyl methoxydibenzoylmethane 10 

Homosalate 10 

4-Methylbenzylidene camphor 10 

Benzophenone-3 10 

Ethylhexyl methoxycinnamate 10 

Phenylbenzimidazole sulfonic acid 10 

Benzophenone-4 2 

Drometrizole trisiloxane 10 

Octocrylene 10 

Ethylhexyl salicylate 10 

Ethylhexyl triazone  10 

Isoamyl-p-methoxycinnamate 10 

Terephthalylidene dicamphor sulfonic acid 10 

Bis-ethylhexyloxyphenol methoxyphenyl triazine 10 

Methylene bis-benzotriazolyl tetramethylbutylphenol 10 

Diethylamino hydroxybenzoyl hexyl benzoate 10 

Disodium phenyl dibenzimidazole tetrasulfonate 10 

Diethylhexyl butamido triazone 10 

Polysilicone-15 10 

Ketoprofen 1 

Etofenamate 2 

Piroxicam 1 

Diclofenac 5 

Ibuprofen 5 

Control (Pet) n/a 

 

Table 6.2. The EMCPPTS test agents, with concentrations used.
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The 19 organic UV absorbers are all in common usage and among the 26 agents 

currently permitted for use in cosmetic products in Europe listed in Annex VII [3] 

(also see Appendix 1). All UV absorbers were tested at a concentration of 10%, 

except benzophenone-4, which was used at a 2% concentration due to the irritant 

potential of higher concentrations discovered during the pilot irritancy study 

described in Chapter 5. The concentrations of the topical NSAIDs used were chosen 

after consensus was reached by several members at the initial workshop meeting 

who had expertise in testing with these agents. All agents were prepared in 

petrolatum except terephthalylidene dicamphor sulfonic acid which was prepared in 

water, as it has a low pH which needs the addition of a neutralizing agent to prevent 

IRs. The final study proforma allowed space for inclusion of up to three of a 

subjects “own agents” to be tested “as is” e.g. commercial sunscreens (see 

Appendix 3).   

6.2.5 PPT methodology 

6.2.5.1 Application of patches 

The PPT agents were prepared using 8mm diameter metal Finn chambers
®

 mounted 

on Scanpore tape
®

 (Bio Diagnostics Ltd, Upton-Upon-Severn, UK). The reverse of 

each individual metal chamber was numbered with the corresponding agent number 

prior to depositing the test material. Using the 5 ml plastic syringe which the test 

agent was supplied in, the agent was applied directly into the chamber, filling no 

more than half the chamber volume. This bar of length 5-6mm, with a diameter of 

2mm equated to a volume of approximately 20μl. The agent photopatches were 

prepared in duplicate and applied to the skin of the upper right and/or left back of 

the subject, avoiding the paravertebral groove. To facilitate even irradiation of the 

relatively large test site, the area to which the  photopatches were applied was 



169 

6. EMCPPTS 

 

relatively flat and the patches were arranged in a group (3 rows of 4/5 rather than 2 

rows of 6/7).   

The position of the patches was then traced onto a polythene “map” using a Pentel
®

 

permanent marker.   Any naevi or skin blemishes were indicated to serve as “land 

marks.” For the duration the photopatches were applied, the subject was advised to 

keep as cool as possible, avoid strenuous exercise and avoid sun exposure to their 

back. According to local preference and the set-up of their unit, PIs could opt to 

apply agents for either 24 or 48 hours prior to irradiation (see below). After this 

time, all photopatches were removed and discarded. The outline and numbers 

within the photopatch test site were labelled with a medium, black Staedtler 

Lumocolor
®
 permanent pen. 

6.2.5.2 Timing of readings 

Because PPT in several units (usually photobiology units) was structured in such a 

way that irradiation at 48 hours was impractical, two protocols were in operation. In 

some centres, photopatches were left in place for 24 hours, after which irradiation 

occurred. This meant that photopatch test site readings were performed at days 1, 2, 

3 and 4 (or 0, 24, 48 and 72 hours post-irradiation). In other units (often contact 

dermatitis units), photopatches were left in place for 48 hours, after which 

irradiation occurred. This meant that photopatch test site readings were at days 2, 3, 

4 and 5 (but also corresponding to 0, 24, 48 and 72 hours post-irradiation). 

6.2.5.3 Irradiation  

A technician or nurse randomly chose which of the two sets was to be irradiated 

with the investigator being blinded to this throughout the duration of photopatch 

test readings. The light sources used were standard fluorescent psoralens + UVA 

(PUVA) tubes. One set of agents was covered with UV-opaque material, along with 
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the rest of the back, neck and head, while the other set was irradiated. For 

irradiation, the source was moved into the correct position, a distance of 20 cm 

from the subject, parallel to the back skin. The lamps were warmed up for two to 

three minutes for stabilisation during which the set to be irradiated was covered 

temporarily with UV impermeable material. When the source was ready, the 

temporary cover was removed, and the photopatch set was irradiated for the time 

required to administer 5 Jcm
-2

 (or less if the subject was abnormally photosensitive 

on UVA MED testing). 

6.2.5.4 Photopatch readings 

The photopatch test site was read on the day of irradiation (0 hours, both pre- and 

post- irradiation) and 48 hours later by the blinded investigator. Optional readings 

could be made at 24 and 72 hours/or later post-irradiation. These results were 

recorded on a standardized, single sided, A4 sized paper proforma (see Appendix 

3). The ICDRG scale was used for grading the reactions seen.[4] Where positive 

results were seen, the COADEX system was also to be used when possible to 

assign relevance.[5] The proforma also included an area in which to record the 

diagnosis after PPT had been carried out. This included five tick box options as 

follows: Atopic Dermatitis; CAD; PLE; “Other” ; and  “Not yet diagnosed.” 

6.2.5.5 Collation of results 

All completed proformas were either faxed or posted to the coordinating centre in 

Dundee. A collage of postmarks is given in Figure 6.2. When received, the 

proformas were vetted for errors and omissions. If there were errors or omissions, 

an email asking for clarification of the details was sent to the PI at that site. Due to 

the number of queries generated by the study, it was not possible to send more than 

one email if a query email was not answered. However, this did not result in a 
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significant loss of data as most of the queries were resolved using this method and 

proformas were amended accordingly in Dundee. PIs sometimes opted to batch a 

number of proformas and send them to Dundee periodically, whilst others tended to 

send in each completed proforma as it arose. 

All paper proformas received in Dundee were photocopied. One set was kept in a 

master file and the other set was passed onto personnel in the Health Informatics 

Centre (HIC) at the University of Dundee. The HIC personnel entered the 

anonymised data into a secure database periodically in large batches of 

approximately 200 subjects. After the termination of subject recruitment, this 

database was locked and data analysis was performed using spreadsheets. 
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Figure 6.2. A collage of postmarks and stamps from EMCPPTS centres.
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6.2.5.6 Interpretation of results 

In the study, all ICDRG reactions recorded as doubtful (“?+”) were treated as a 

negative response for the purpose of data analysis. When using the above PPT 

methodology and ICDRG reaction grading system, interpretation allows six 

possible reaction patterns to be determined, as listed below: 

 Negative – a negative result in both irradiated and covered set 

 PACD – a positive reaction of any ICDRG grade in the irradiated set with a 

negative reaction in the covered set 

 ACD – positive reactions of equal ICDRG grade in both the irradiated and 

covered sets  

 Photoaugmentation of ACD – a positive reaction of ICDRG grade “++” or 

“+++” in the irradiated set and a positive reaction of at least one ICDRG grade 

lower (i.e. “+” or “++”) in the covered set 

 Photoinhibition of ACD – a positive reaction of any ICDRG grade in the 

covered set and a negative or positive reaction of at least one ICDRG grade 

lower (i.e. “+” or “++”) in the irradiated set 

 IR – an irritant reaction in either control or irradiated set 
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6.3 Results 

Note - In the subsequent results, only reactions to the 19 organic UV absorbers and 

5 topical NSAIDs at the timepoint of 48 hours post-irradiation are discussed, unless 

otherwise stated. 

 

A total of 1,031 subjects were recruited over the duration of the study. This had to 

be extended from the anticipated 12 months to 31 months (August 2008 – February 

2011) due to slow recruitment. Of the 1,031 subjects recruited, 715 (69.4%) were 

female, 313 (30.4%) were male and three (0.3%) had no gender recorded. The age 

of subjects ranged from 18-92 years, with a median of 46.  

Regarding patch application time, this was 24 hours (1 day) in 679 (65.9%) of 

subjects and 48 hours (2 days) in 347 (33.7%), with no duration specified in five 

(0.5%) subjects. The dose of UVA used for irradiation was 5 Jcm
-2

 in 977 (94.8%) 

subjects, with the remaining 54 (5.2%) subjects receiving <5 Jcm
-2

.   

The number of subjects recruited by each centre is given in Figure 6.3. It can be 

seen that two UK centres accounted for 439 (42.6%) of the 1,031 subjects recruited. 

Of the 30 centres, 15 centres were able to recruit greater than 20 subjects, a 

minimum number proposed at the initiation workshop. 
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Figure 6.3. The number of subjects recruited by each EMCPPTS centre.
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6.3.1 PACD reactions 

A total of 346 PACD reactions in 200 subjects were recorded. The number of 

PACD reactions to each test agent is given in Figure 6.4. This included two subjects 

who developed a PACD reaction to the petrolatum control. An example of a PACD 

reaction (to the agent butyl methoxydibenzoylmethane) in a Dundee subject is 

given in Figure 6.5. 

 Two organic UV absorbers (phenylbenzimidazole sulfonic acid and diethylhexyl 

butamido triazone) led to zero PACD reactions. When analysed as a whole, 200 

(19.4%) of 1,031 subjects developed at least one PACD reaction. This figure is 

much higher than many previous similar sized studies of patients attending 

clinicians with a history of possible PACD. Of the 200 subjects with at least one 

PACD reaction to the 24 test agents or petrolatum control, the breakdown of 

reactions per subject was as follows: 

 122 subjects had 1 reaction 

 40 subjects had 2 reactions 

 19 subjects had 3 reactions 

 13 subjects had 4 reactions 

 4 subjects had 5 reactions 

 1 subject had 6 reactions 

 1 subject had 9 reactions 

The two subjects who developed PACD to the petrolatum control both had multiple 

positive reactions (5 and 9 reactions), and may both have had a “reactive” back. Of 

the 78 subjects who had PACD reactions to two or more agents, 58 had a reaction 

to ketoprofen as one of their reactions. 
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Figure 6.4. The number of PACD reactions to the 24 test agents and petrolatum control. 
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Figure 6.5. EMCPPTS PPT readings at 24 hours post-irradiation in Dundee subject. 

The ICDRG grade “+” PACD reaction to butyl methoxydibenzoylmethane (a.k.a. 

“Parsol 1789”) can be seen at the number 1 position in the irradiated (lower) set. 

The covered (upper) set is negative.
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There was great variation in the frequency of PACD at each centre, as given in 

Table 6.3. This shows that the frequency of PACD varied between 0 – 90.9%. Of 

note were Athens, where zero of 48 subjects developed PACD and Bari, where 26 

of 32 subjects developed at least one PACD reaction. 

When PACD reactions to the five topical NSAIDs are excluded, there were 148 

reactions in 95 subjects to the 19 organic UV absorbers, giving a lower PACD rate 

of 9.2%.  

The ICDRG grading system strength of PACD reactions in the irradiated set is 

given in Table 6.4. Ketoprofen and octocrylene accounted for 51 (80.9%) of 63 

very strong ICDRG grade “+++” reactions. 

The COADEX relevance was assigned to 338 of 346 PACD reactions, with five 

reactions having two assignations. The 343 COADEX assignations for the 346 

PACD reactions are given in Table 6.5. It can be seen that the most common 

assignations are “current (C)” and “unknown (D)”, with “active sensitisation (A)” 

and “history of exposure (E)” rarely recorded. Etofenamate is notable as 42 (71.2%) 

of 59 PACD reactions were of unknown relevance. 



180 

6. EMCPPTS 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

Table 6.3. Recruiting centres with number and percentage of PACD reactions. 

Centre 

Number of 

subjects 

recruited 

Number of subjects 

with at least one 

PACD reaction 

% of subjects 

recruited with at least 

one PACD reaction 

Manchester 293 25 8.5 

Dundee 146 23 15.8 

Coimbra 55 7 12.7 

Leuven 49 20 40.8 

Athens 48 0 0 

Vienna 38 7 18.4 

Barcelona_1 37 5 13.5 

Bari 32 26 81.2 

Copenhagen 32 3 9.4 

Sheffield 31 1 3.2 

Barcelona_4 26 2 7.7 

Leeds 26 3 11.5 

Valencia 26 11 42.3 

Montpellier 23 12 52.2 

Milan 22 12 54.5 

Krakow 19 6 31.6 

Tubingen 17 3 17.6 

Amsterdam 14 0 0 

Barcelona_3 14 5 35.7 

Newport 14 2 14.3 

Dusseldorf 13 1 7.7 

Lille 11 10 90.9 

Rennes 10 5 50 

Bilbao 9 5 55.6 

Toulouse 9 3 33.3 

Cardiff 7 3 42.9 

Graz 4 0 0 

Barcelona_2 3 0 0 

Grenoble 2 0 0 

Besancon 1 0 0 

TOTALS 1031 200 N/A 
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Test agent 

ICDRG grade of PACD 

reactions in irradiated set 

+ ++ +++ 

Ketoprofen 23 65 40 

Etofenamate 32 24 3 

Octocrylene 11 19 11 

Benzophenone-3 14 18 5 

Butyl methoxydibenzoylmethane 10 6 2 

Isoamyl-p-methoxycinnamate 4 6 0 

Ethylhexyl methoxycinnamate 3 3 1 

Methylene bis-benzotriazolyl tetramethylbutylphenol 5 0 0 

Piroxicam 4 1 0 

Terephthalylidene dicamphor sulfonic acid 2 2 0 

Diethylamino hydroxybenzoyl hexyl benzoate 2 2 0 

Ibuprofen 3 1 0 

4-Methylbenzylidene camphor 1 2 0 

Benzophenone-4 1 2 0 

Ethylhexyl triazone  3 0 0 

Bis-ethylhexyloxyphenol methoxyphenyl triazine 1 1 1 

Disodium phenyl dibenzimidazole tetrasulfonate 2 1 0 

Ethylhexyl salicylate 2 0 0 

Diclofenac 1 1 0 

Homosalate 1 0 0 

Drometrizole trisiloxane 0 1 0 

Polysilicone-15 1 0 0 

Phenylbenzimidazole sulfonic acid 0 0 0 

Diethylhexyl butamido triazone 0 0 0 

Control (Pet) 2 0 0 

TOTALS 128 155 63 

 

Table 6.4. Agents with ICDRG grade of PACD reactions in the irradiated set. 
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Test agent 

Total 

number 

of PACD 

reactions 

COADEX assignation of PACD 

reactions 

C O A D E X 

Ketoprofen 128 72 28 1 21 3 1 

Etofenamate 59 6 1 0 42 0 8 

Octocrylene 41 22 0 0 6 0 14 

Benzophenone-3 37 16 3 0 7 0 13 

Butyl methoxydibenzoylmethane 18 12 2 0 2 0 1 

Isoamyl-p-methoxycinnamate 10 5 0 0 4 0 1 

Ethylhexyl methoxycinnamate 7 4 2 0 1 0 0 

Methylene bis-benzotriazolyl tetramethylbutylphenol 5 4 0 0 1 0 0 

Piroxicam 5 1 1 0 2 0 0 

Terephthalylidene dicamphor sulfonic acid 4 2 0 0 2 0 0 

Diethylamino hydroxybenzoyl hexyl benzoate 4 2 0 0 2 0 0 

Ibuprofen 4 0 0 0 4 0 0 

4-Methylbenzylidene camphor 3 1 1 0 0 0 1 

Benzophenone-4 3 0 0 0 3 0 0 

Ethylhexyl triazone  3 1 0 0 2 0 0 

Bis-ethylhexyloxyphenol methoxyphenyl triazine 3 1 0 0 2 0 0 

Disodium phenyl dibenzimidazole tetrasulfonate 3 0 0 0 3 0 0 

Ethylhexyl salicylate 2 2 0 0 0 0 0 

Diclofenac 2 0 0 0 2 0 0 

Homosalate 1 1 0 0 0 0 0 

Drometrizole trisiloxane 1 0 0 0 1 0 0 

Polysilicone-15 1 0 0 0 1 0 0 

Phenylbenzimidazole sulfonic acid 0 0 0 0 0 0 0 

Diethylhexyl butamido triazone 0 0 0 0 0 0 0 

Control (Pet) 2 0 0 0 2 0 0 

TOTALS 346 152 38 1 110 3 39 

 

Table 6.5. Agents with COADEX assignations of PACD reactions. 
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6.3.1.1 PACD reactions at different timepoints 

In addition to the primary timepoint of 48 hours post-irradiation, the proforma also 

allowed investigators to record reactions pre-irradiation, immediately post-

irradiation, 24 hours post-irradiation and 72 hours or later post-irradiation. 

According to the method for interpretation of reaction patterns, by definition, 

PACD reactions could only arise at 24, 48 and 72 hours or later post-irradiation. 

However, not all investigators opted to record reactions at all three timepoints.  

At 24 hours post-irradiation, 734 subjects had reactions recorded. Within these, 119 

PACD reactions in 74 subjects were seen. Therefore, 10.1% of subjects who had a 

reaction recorded at this timepoint had at least one PACD reaction, a figure lower 

than the 19.4% who had at least one PACD reaction recorded 48 hours post-

irradiation. Of the 24 test agents, 20 led to PACD at this timepoint, as given in 

Figure 6.6, with the ICDRG grade of the reactions seen in the irradiated set given in 

Table 6.6. 

At 72 hours or later post-irradiation, 426 subjects had reactions recorded. Within 

these, 62 PACD reactions in 41 subjects were seen. Therefore 9.6% of subjects who 

had a reaction recorded at this timepoint had at least one PACD reaction. As with 

the 24 hours post-irradiation timepoint, this figure is lower than the figure at 48 

hours post-irradiation. Of the 24 test agents, 12 led to PACD at this timepoint, as 

given in Figure 6.7, with the ICDRG reaction strength grading in the irradiated set 

given in Table 6.7. 
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Figure 6.6. The PACD reactions recorded to 20 test agents at 24 hours post-irradiation.
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Test agent 
ICDRG grade of PACD 

reaction in irradiated set 

+ ++ +++ 

Ketoprofen 12 15 5 

Etofenamate 18 4 0 

Benzophenone-3 10 2 0 

Butyl methoxydibenzoylmethane 5 3 0 

Octocrylene 4 3 0 

Isoamyl-p-methoxycinnamate 5 2 0 

Diethylamino hydroxybenzoyl hexyl benzoate 3 1 0 

Disodium phenyl dibenzimidazole tetrasulfonate 3 1 0 

Ethylhexyl methoxycinnamate 1 1 1 

Homosalate 2 0 0 

4-Methylbenzylidene camphor 2 0 0 

Benzophenone-4 2 0 0 

Drometrizole trisiloxane 1 1 0 

Terephthalylidene dicamphor sulfonic acid 1 1 0 

Methylene bis-benzotriazolyl tetramethylbutylphenol 2 0 0 

Diethylhexyl butamido triazone 2 0 0 

Piroxicam 2 0 0 

Diclofenac 2 0 0 

Ethylhexyl salicylate 1 0 0 

Ibuprofen 1 0 0 

TOTALS 79 34 6 

 

Table 6.6. Agents with ICDRG grade of PACD reactions in the irradiated set at 24 

hours post-irradiation. 
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Figure 6.7. The PACD reactions recorded to 12 test agents at 72 hours post-

irradiation or later. 
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Test agent 

ICDRG grade of PACD 

reaction in irradiated set 

+ ++ +++ 

Ketoprofen 6 11 8 

Octocrylene 2 5 3 

Etofenamate 4 3 1 

Benzophenone-3 1 2 2 

Isoamyl-p-methoxycinnamate 1 3 0 

Benzophenone-4 1 1 0 

Terephthalylidene dicamphor sulfonic acid 0 2 0 

Diethylamino hydroxybenzoyl hexyl benzoate 0 2 0 

4-Methylbenzylidene camphor 1 0 0 

Drometrizole trisiloxane 0 1 0 

Disodium phenyl dibenzimidazole tetrasulfonate 0 1 0 

Piroxicam 1 0 0 

TOTALS 17 31 14 

 

Table 6.7. Agents with ICDRG grade of PACD reactions in the irradiated set at 72 

hours post-irradiation or later.
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6.3.2 ACD reactions 

In comparison to PACD, ACD was less frequently observed, with a total of 55 

ACD reactions in 47 subjects recorded. Therefore, of the total 1,031 subjects, only 

4.6% had at least one ACD reaction. Of the 24 test agents, only 15 led to ACD, as 

given in Figure 6.8. Interestingly, despite being the agent most frequently leading to 

PACD, ketoprofen did not lead to any ACD reactions. The agent most frequently 

leading to ACD was the “newer" UVB + UVA absorber methylene bis-

benzotriazolyl tetramethylbutylphenol (Tinosorb M
®
).  

The ICDRG grade of the ACD reactions is given in Table 6.8 and it can be seen 

that most are weak “+” reactions. The COADEX relevance which was assigned to 

54 of the 55 ACD reactions is given in Table 6.9. No ACD reactions had two 

COADEX assignations. As with PACD reactions, most ACD reactions were 

assigned current or unknown relevance. 

As with PACD, ACD reactions were also recorded at other timepoints. At 0 hours 

pre-irradiation (which could be 24 or 48 hours after patch application), 969 subjects 

had reactions recorded. Of these, 32 (3.3%) subjects had a total of 46 ACD 

reactions. At 24 hours post-irradiation, 734 subjects had reactions recorded, of 

which 23 (3.1%) had a total of 31 ACD reactions. At 72 hours or later post-

irradiation, 426 subjects had reactions recorded, of which 10 (2.3%) subjects had a 

total of 10 ACD reactions. 
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Figure 6.8. The number of ACD reactions to 15 test agents.
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Table 6.8. Agents with ICDRG grade of ACD reactions. 

Test agent 

ICDRG grade of ACD 

reactions 

+ ++ +++ 

Methylene bis-benzotriazolyl tetramethylbutylphenol 8 3 0 

Etofenamate 3 6 1 

Octocrylene 4 3 0 

Benzophenone-3 6 0 0 

4-Methylbenzylidene camphor 4 0 0 

Terephthalylidene dicamphor sulfonic acid 4 0 0 

Butyl methoxydibenzoylmethane 2 1 0 

Ethylhexyl methoxycinnamate 2 0 0 

Isoamyl-p-methoxycinnamate 2 0 0 

Ethylhexyl salicylate 1 0 0 

Bis-ethylhexyloxyphenol methoxyphenyl triazine 1 0 0 

Diethylamino hydroxybenzoyl hexyl benzoate 0 0 1 

Disodium phenyl dibenzimidazole tetrasulfonate 1 0 0 

Piroxicam 0 1 0 

Ibuprofen 1 0 0 

TOTALS 39 14 2 
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Test agent 

Total 

number of 

ACD 

reactions 

COADEX assignation 

C O A D E X 

Methylene bis-benzotriazolyl tetramethylbutylphenol 11 6 0 0 5 0 0 

Etofenamate 10 6 0 4 0 0 0 

Octocrylene 7 5 0 0 2 0 0 

Benzophenone-3 6 3 2 0 1 0 0 

4-Methylbenzylidene camphor 4 1 2 0 1 0 0 

Terephthalylidene dicamphor sulfonic acid 4 2 0 0 1 0 0 

Butyl methoxydibenzoylmethane 3 2 0 0 1 0 0 

Ethylhexyl methoxycinnamate 2 1 1 0 0 0 0 

Isoamyl-p-methoxycinnamate 2 2 0 0 0 0 0 

Ethylhexyl salicylate 1 1 0 0 0 0 0 

Bis-ethylhexyloxyphenol methoxyphenyl triazine 1 1 0 0 0 0 0 

Diethylamino hydroxybenzoyl hexyl benzoate 1 1 0 0 0 0 0 

Disodium phenyl dibenzimidazole tetrasulfonate 1 1 0 0 0 0 0 

Piroxicam 1 1 0 0 0 0 0 

Ibuprofen 1 0 0 0 0 0 1 

TOTALS 55 33 5 4 11 0 1 

 

Table 6.9. Agents with COADEX assignations of ACD reactions. 
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6.3.3 Photoaugmentation of ACD 

Photoaugmentation of ACD was a rare reaction pattern with only 21 reactions in 18 

subjects recorded, as given in Figure 6.9. This pattern was only seen with 7 test 

agents. The COADEX relevance was assigned in 20 of these reactions as follows: 

C=10; O=4; D=3; X=3. 

6.3.4 Photoinhibition of ACD 

Photoinhibition of ACD was also a rare reaction pattern with only 14 reactions in 

11 subjects recorded, as given in Figure 6.10. This pattern was only seen with 11 

test agents. The COADEX relevance was assigned in 13 of these reactions as 

follows: C=6; O=2; D=3; X=2. 

6.3.5 Irritant reactions (IR) 

IRs were rare, with a total of 7 reactions in 6 subjects being recorded. There were 

two reactions to etofenamate with one reaction to each of butyl 

methoxydibenzoylmethane, octocrylene, terephthalylidene dicamphor sulfonic acid, 

methylene bis-benzotriazolyl tetramethylbutylphenol and ketoprofen. 

 

6.3.6 Subjects with multiple reaction patterns 

Of the 200 subjects who had at least 1 PACD reaction: 

 16 also had at least one ACD reaction 

 10 also had at least one photoaugmented ACD reaction 

 4 also had at least one photoinhibited ACD reaction 
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Figure 6.9. Photoaugmentation of ACD reactions to 7 test agents. 
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Figure 6.10. Photoinhibition of ACD reactions to 11 test agents. 
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6.3.7 Photopatch application time 

679 subjects had patches applied for 24 hours. Of these: 

 94 (13.8%) had at least one PACD reaction 

 22 (3.2%) had at least one ACD reaction 

347 subjects had patches applied for 48 hours. Of these: 

 105 (30.2%) had at least one PACD reaction 

 25 (7.2%) had at least one ACD reaction 

 

6.3.8 Gender 

There were 715 female subjects. Of these: 

 118 (16.5%) had at least one PACD reaction to any agent 

 53 (7.4%) had at least one PACD reaction to a UV absorber 

 95 (13.3%) had at least one PACD reaction to a topical NSAID 

 31 (4.3%) had at least one ACD reaction to any agent 

 

There were 313 male subjects. Of these: 

 82 (26.2%) had at least one PACD reaction to any agent 

 42 (13.4%) had at least one PACD reaction to a UV absorber 

 68 (21.7%) had at least one PACD reaction to a topical NSAID 

 16 (5.1%) had at least one ACD reaction to any agent 
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6.3.9 Age 

To analyse the effect of age on the frequency of PACD and ACD, subjects were 

grouped into 10-year blocks. The distribution of ages within these blocks is given in 

Figure 6.11. 

 

117

191

243

205

177

80

17
1

0

50

100

150

200

250

18-27 28-37 38-47 48-57 58-67 68-77 78-87 88-97

N
u

m
b

e
r 

o
f 

su
b

je
ct

s

Age group (years)

 

Figure 6.11. The age distribution of subjects in the EMCPPTS. 

 

The number and percentage of subjects with at least one PACD and ACD reaction 

in each age group is given in Table 6.10. This table is represented graphically 

(minus the single subject aged 92 years, who skews the chart) in Figure 6.12. It can 

be seen that the frequency of PACD reactions appears to peak in the age group 28-

37 years before gradually declining with age (if those aged 78 years or greater are 

discounted due to small numbers). However, no such trend emerges with the 

frequency of ACD reactions. 
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Age 

group 

(years) 

Total 

number of 

subjects in 

age group 

Number of 

subjects with 

at least one 

PACD 

reaction 

% of 

subjects with 

at least one 

PACD 

reaction 

Number of 

subjects with 

at least one 

ACD 

reaction 

% of 

subjects with 

at least one 

ACD 

reaction 

18-27 117 20 17.1 3 2.6 

28-37 191 45 23.6 12 6.3 

38-47 243 53 21.8 6 2.5 

48-57 205 39 19 9 4.4 

58-67 177 25 14.1 13 7.3 

68-77 80 11 13.8 4 5 

78-87 17 6 35.3 0 0 

88-97 1 1 100 0 0 

 

Table 6.10. The number and percentage of subjects with at least one PACD reaction 

and those with at least one ACD reaction, in each age group.  
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Figure 6.12. The percentage of subjects with at least one PACD reaction and those 

with at least one ACD reaction, by each age group. 
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6.3.10 Diagnosis 

The proforma allowed five possible options for a diagnosis to be entered after a 

subject had been investigated, with some subjects having more than one option 

selected. The number of subjects in each diagnostic category, with rates of PACD 

and ACD is given in Table 6.11. This suggests that rates of PACD and ACD may 

be higher in subjects with CAD than those with either Atopic dermatitis or PLE, but 

the numbers involved are too small to allow a meaningful comparison.  

 

Diagnosis 

recorded 

Total 

number 

of 

subjects 

Number of 

subjects 

with at 

least one 

PACD 

reaction 

% of 

subjects 

with at 

least one 

PACD 

reaction 

Number of 

subjects 

with at 

least one 

ACD 

reaction 

% of 

subjects 

with at 

least one 

ACD 

reaction 

Atopic dermatitis 69 9 13 4 5.8 

CAD 31 6 19.4 3 9.7 

PLE 190 25 13.1 0 0 

Other 393 80 20.4 20 5.1 

Undiagnosed 343 75 21.9 19 5.5 

 

Table 6.11. The number and percentage of subjects with at least one PACD reaction 

and those with at least one ACD reaction in each diagnostic category. 
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6.3.11 Photosensitive subjects  

There were 54 subjects in whom a UVA irradiation dose of less than 5 Jcm
-2

 was 

used. The doses used ranged from 0.25 – 4 Jcm
-2

, with a median of 2.5. The 

diagnoses recorded for these subjects is given in Table 6.12. Of these 54 subjects, 9 

(16.7%) had at least one PACD reaction and 8 (14.8%) had at least one ACD 

reaction.  

 

Diagnosis (more than one option could be recorded) Number of subjects 

Atopic dermatitis 7 

CAD 13 

PLE 3 

Other 23 

Not yet diagnosed 10 

 

Table 6.12. The diagnoses of subjects in whom a dose <5 Jcm
-2

 was used for 

irradiation. 
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6.3.12 Indication for testing 

The proforma allowed investigators to record one or more indications for recruiting 

subjects. The number of subjects with each indication and rates of PACD and ACD 

is given in Table 6.13.  

 

Indication 

for 

recruitment 

Total 

number 

of 

subjects 

Number of 

subjects with at 

least one PACD 

reaction 

% of subjects 

with at least 

one PACD 

reaction 

Number of 

subjects with 

at least one 

ACD reaction 

% of subjects 

with at least 

one ACD 

reaction 

Exposed site 

dermatitis in 

summer 

517 83 16.1 24 4.6 

Any exposed 

site 

dermatitis 

308 27 8.8 6 1.9 

History of 

sunscreen 

reaction 

226 63 27.9 17 7.5 

History of 

NSAID 

reaction 

139 97 69.8 11 7.9 

 

Table 6.13. The number and percentage of subjects with at least one PACD reaction 

and those with at least one ACD reaction in each indication for recruitment 

category. 

It can be seen that rates of PACD and ACD are higher in those who had a history of 

sunscreen or topical NSAID reaction. Therefore a sub-analysis of these groups was 

performed, the results of which were as follows: 

226 subjects had a “history of sunscreen reaction.” Of these: 

 44 (19.5%) had a total of 61 PACD reactions to UV absorbers 

 44 (19.5%) had a total of 52 PACD reactions to topical NSAIDs 

 15 (6.6%) had a total of 19 ACD reactions to UV absorbers 

 3 (1.3%) had a total of 3 ACD reactions to topical NSAIDs 

139 subjects had a “history of NSAID reaction.” Of these: 
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 37 (26.6%) had a total of 60 PACD reactions to UV absorbers 

 97 (69.8%) had a total of 121 PACD reactions to topical NSAIDs 

 7 (5%) had a total of 7 ACD reactions to UV absorbers 

 5 (3.6%) had a total of 5 ACD reactions to topical NSAIDs 

 

Denominators were generated for the whole study population of 1,031 subjects. 

These are as follows: 

 95 (9.2%) had a total of 146  PACD reactions to UV absorbers 

 164 (15.9%) had a total of 198 PACD reactions to topical NSAIDs 

 37 (2.8%) had a total of 43 ACD reactions to UV absorbers 

 12 (1.2%) had a total of 12 ACD reactions to topical NSAIDs 

 

It can be seen that almost 70% of those subjects with a history of reacting to a 

topical NSAID had at least one positive PACD reaction to a topical NSAID. A 

similar high level was not observed for subjects with a history of reacting to a 

sunscreen regarding positive reactions to a UV absorber.  
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6.3.13 Regional patterns of reactions 

Within each country the availability and usage patterns of different agents is likely 

to vary, raising the possibility that differing frequencies of PACD and ACD to the 

test agents would occur. Because the total number of reactions was low for most 

agents, only the top five agents leading to PACD and top agent leading to ACD 

were analysed with respect to location. The results are represented graphically in 

Figures  6.13 - 6.18, which give the locations where subjects reacted to each agent.  

The number of PACD reactions to ketoprofen, etofenamate, octocrylene and 

benzophenone-3 were also high enough to allow analysis of rates of PACD to each 

agent in each country, by combining data from multiple centres if there was more 

than one centre in a country. This is given in Figure 6.19. 
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Figure 6.13. The centre locations of PACD reactions to ketoprofen. 
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Figure 6.14. The centre locations of PACD reactions to etofenamate. 
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Figure 6.15. The centre locations of PACD reactions to octocrylene. 
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Figure 6.16. The centre locations of PACD reactions to benzophenone-3. 
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Figure 6.17. The centre locations of PACD reactions to butyl 

methoxydibenzoylmethane. 
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Figure 6.18. The centre locations of ACD reactions to methylene bis-benzotriazolyl 

tetramethylbutylphenol. 
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Figure 6.19. Rates of PACD to ketoprofen, etofenamate, octocrylene and benzophenone-3 by country.
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6.3.14 Cross reactions 

There appeared to be an association between PACD reactions to the 3 agents 

ketoprofen, benzophenone-3 and octocrylene. The number of subjects that reacted 

to more than one of these agents concomitantly is given in Table 6.14. 

  

Agent or combination of agents Number of subjects with PACD 

Ketoprofen 128 

Octocrylene 41 

Benzophenone-3 37 

Octocrylene &  ketoprofen  34 

Octocrylene &  benzophenone-3  18 

Ketoprofen  &  benzophenone-3  22 

Positive to all 3 15 

 

Table 6.14. Associations between PACD reactions to ketoprofen, octocrylene and 

benzophenone-3 

 

An example of a Portuguese subject with concomitant reactions to ketoprofen and 

octocrylene is given in Figure 6.20. 

Within the subjects who had concomitant reactions to two or three of these agents, 

COADEX assignations can provide some evidence as to the nature of the 

relationships between agents.  

The COADEX assignations for subjects that had combinations of PACD reactions 

to the three agents are given in Tables 6.15 – 6.18. It can be seen that each of the 

three agents is often assigned current relevance. However, another common pattern 

is the assignation of ketoprofen as current or old relevance, with benzophenone-3 or 

octocrylene assigned as a cross reaction. 
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Figure 6.20. Concomitant PACD reactions to ketoprofen and octocrylene. 

This close-up of a subject from Portugal, shows strong PACD reactions to 

octocrylene and ketoprofen.
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COADEX assignation Number of subjects 

Octocrylene Ketoprofen 

X C 8 

X O 6 

X D 8 

C C 6 

C A 1 

D C 4 

D D 1 

 

Table 6.15. COADEX assignations in the 34 subjects who had concomitant PACD 

reactions to octocrylene and ketoprofen. 

 

COADEX assignation Number of subjects 

Benzophenone-3 ketoprofen 

X C 9 

X O 3 

C C 3 

C D 2 

C O 1 

C X 1 

D C 3 

 

Table 6.16. COADEX assignations in the 22 subjects who had concomitant PACD 

reactions to benzophenone-3 and ketoprofen. 

 

COADEX assignation Number of subjects 

Benzophenone-3 Octocrylene 

X C 2 

X D 1 

X X 9 

C C 5 

D D 1 

 

Table 6.17. COADEX assignations in the 18 subjects who had concomitant PACD 

reactions to benzophenone-3 and octocrylene. 
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COADEX assignation Number of subjects 

Benzophenone-3 Octocrylene Ketoprofen 

X C C 2 

X X C 6 

X X O 2 

X D C 1 

C C C 2 

C C O 1 

D D C 1 

 

Table 6.18. COADEX assignations in the 15 subjects who had concomitant PACD 

reactions to benzophenone-3, octocrylene and ketoprofen. 

 

As discussed in Chapter 1, it is known that subjects can also develop cross reactions 

between different topical NSAIDs. The association between PACD reactions to the 

topical NSAIDs is given in Table 6.19.  

As shown, all of the four subjects who reacted to ibuprofen also reacted to 

etofenamate, which may represent co-sensitisation rather than cross-reaction.  

The COADEX assignations of the 29 subjects who had concomitant PACD 

reactions to ketoprofen and etofenamate are given in Table 6.20. Within these 

subjects, ketoprofen was often assigned current or old relevance, whilst 

etofenamate relevance was often unknown. Cross reactions were only assigned in 

six subjects. 
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Agent or  combination of agents Number of subjects with PACD 

Ketoprofen 128 

Etofenamate 59 

Piroxicam 5 

Ibuprofen 4 

Diclofenac 2 

Ketoprofen & etofenamate 29 

Ketoprofen & piroxicam 0 

Ketoprofen & ibuprofen 2 

Ketoprofen & diclofenac 0 

Etofenamate & piroxicam 1 

Etofenamate & ibuprofen 4 

Etofenamate & diclofenac 1 

 

Table 6.19. Associations between PACD reactions to the five NSAID agents. 

 

COADEX assignation  

Ketoprofen Etofenamate Number of subjects 

C C 3 

C D 9 

C X 3 

C - 1 

D D 3 

O D 5 

O O 1 

O X 3 

- - 1 

 

Table 6.20. COADEX assignations in the 29 subjects who had concomitant PACD 

reactions to ketoprofen and etofenamate. 

(“-“ denotes no COADEX assignation recorded). 

Associations between ketoprofen PACD and ACD to etofenamate, octocrylene and 

benzophenone-3 were not always present. Two of ten subjects with etofenamate 

ACD had PACD to ketoprofen, whilst the respective figures for octocrylene were 

five of seven subjects. None of the six subjects who developed ACD to 

benzophenone-3 had PACD to octocrylene. 
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6.3.15 Testing to own agents  

The proforma allowed space for PIs to test up to three of a subjects’ additional 

“own agents.” A total of 347 (33.7%) of 1,031 subjects had at least one additional 

agent tested, of which 88 (25.4%) subjects had at least one PACD or ACD reaction. 

Of these, only 13 also had any positive reaction type (PACD, ACD, 

photoaugmentation of ACD, photoinhibition of ACD) to one of the 24 test agents or 

petrolatum control. This highlights the importance of such testing, as clinically 

important reactions would not have been picked up by testing to the test agents 

alone. 

Because of the heterogeneous, non-standardised nature of subjects’ own agents, 

they were collated into three groups for analysis as follows: 

1) Proprietary sunscreens “as is” or other individual organic UV absorbers 

2) Proprietary topical NSAIDs or other individual topical NSAIDs 

3) Miscellaneous agents, which often included other systemic medications 

 

6.3.15.1 PACD reactions 

There were 48 PACD reactions in 48 (13.8%) subjects recorded 48 hours post-

irradiation. The PACD reactions to additional agents are given in Table 6.21, with 

ICDRG grades of the reaction in the irradiated set and the COADEX relevance 

assigned. The sunscreen/absorber group include a single PACD reaction to the UV 

absorber PABA from the UK, but there were no other reactions to PABA from the 

UK centre who tested it routinely (at a 10% concentration in petrolatum) in 188 

subjects. 
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Agent type 

Total 

number of 

reactions 

ICDRG grade in 

irradiated set 
COADEX relevance 

+ ++ +++ C O A D E X 

Sunscreen/absorber 30 28 2 0 11 0 0 15 0 0 

NSAID 8 2 0 6 8 0 0 0 0 0 

Miscellaneous 10 5 5 0 7 0 0 1 0 0 

 

Table 6.21. PACD reactions to additional agents, with ICDRG grading and 

COADEX relevance. 

 

6.3.15.2 ACD reactions 

There were 46 ACD reactions in 40 (11.5%) subjects recorded 48 hours post-

irradiation. The ACD reactions to additional agents are given in Table 6.22, with 

ICDRG grades of reaction and the COADEX relevance assigned.  No positive ACD 

reactions to topical NSAID additional agents were recorded.  

 

Agent type 

Total 

number of 

reactions 

ICDRG grade COADEX relevance 

+ ++ +++ C O A D E X 

Sunscreen/absorber 33 28 5 0 16 1 1 11 1 0 

Miscellaneous 13 8 5 0 10 1 0 1 0 0 

 

Table 6.22. ACD reactions to additional agents, with ICDRG grading and 

COADEX relevance. 
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6.4 Discussion 

The EMCPPTS was conducted in 30 centres across 12 different European countries 

to generate a clearer picture of which agents currently in use in this area most 

frequently led to PACD. The overall frequency of PACD in recruited subjects was 

19.4%, a figure higher than previous large studies. The most obvious reason for this 

high rate was the inclusion of topical NSAIDs, particularly ketoprofen and 

etofenamate. When analysed alone, the 19 organic UV absorbers led to PACD in 

9.2% of subjects, which will give more reassurance to sunscreen manufacturers and 

users.  

6.4.1 PACD to test agents 

6.4.1.1 Ketoprofen 

Of all the test agents, ketoprofen led to the largest number of PACD reactions by 

far, as given in Figure 6.4. It seems plausible that this was due to an inherently high 

photoallergenic potency, which would be supported by previous reports.[6-8] 

However, as with all the test agents, concurrent accurate figures for the tonnage use 

of ketoprofen cannot be obtained for the geographical areas in which the 

EMCPPTS was conducted. This is because there are a large number of separately 

regulated/monitored routes through which individuals could obtain this agent, and 

no single organisation collates this data. Without such a “usage denominator” less 

definite conclusions can be drawn as to its exact photoallergenic potential. 

Aside from its photoallergenic potential, another concern over ketoprofen is its 

potential to cross-react with other agents, as given in section 6.3.14. The finding of 

association and likely cross-reaction in subjects between ketoprofen and 

benzophenone-3 has been previously reported, and can be explained by the 

benzophenone-like structure of ketoprofen.[9] However, it is interesting that cross-
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reactivity between ketoprofen and octocrylene also appears to occur but cannot be 

as easily explained on chemical structural similarity. In subjects developing PACD 

to combinations of these agents, analysis of the COADEX system for assigning 

relevance suggests that ketoprofen was often considered the primary sensitiser, with 

benzophenone-3 and octocrylene considered to be cross-reactants. Although 

benzophenone-3 is declining in use as an organic UV absorber, the sunscreen 

survey results presented in Chapter 5 suggest that octocrylene usage is increasing 

over time. A recent report highlighting the association between ketoprofen and 

octocrylene has emerged.[10] The findings of the EMCPPTS seem to be in keeping 

with this report, which will be of concern to sunscreen manufacturers, whose 

octocrylene (and to a declining extent, benzophenone-3) containing sunscreens may 

lead to PACD in individuals who have been previously sensitised to ketoprofen. 

In December 2009, with ongoing reports of ketoprofen PACD and new information 

about cross-sensitisation with octocrylene emerging, the French medicines 

regulatory agency (Afssaps) suspended the marketing authorisations of all topical 

preparations containing ketoprofen in France.[11,12] The Afssaps then informed 

the European Medicines Agency (EMA) Committee for Medicinal Products for 

Human use (CHMP) who undertook a benefit-risk analysis of topical ketoprofen. 

The committee confirmed a “positive benefit balance” of topical ketoprofen but 

made some recommendations about usage. These included use only when 

prescribed by a physician, and strengthening the warnings about avoiding sunlight 

exposure for the duration of usage and 2 weeks thereafter.[12] The CHMP’s 

recommendations were subsequently forwarded to the European Commission for 

the adoption of a binding decision. Therefore, ketoprofen was permitted back on the 
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market in France and the impact of the new measures across Europe was to be re-

assessed three years after implementation, in the year 2013.  

It is possible that following dissemination of the EMCPPTS results in the scientific 

literature, its findings may be taken into account by certain regulatory authorities in 

2013. The great concern for sunscreen manufacturers is that even if ketoprofen is 

finally removed from the marketplace in Europe, reactions to octocrylene-

containing sunscreens would persist lifelong in ketoprofen-sensitised individuals. 

The ICDRG grading of reactions suggests such reactions involving octocrylene 

(and ketoprofen) are fairly frequently of “+++” grade, unlike the other 22 test 

agents.  This could damage sales of such sunscreens and lead to the cessation of 

usage of octocrylene, with the resultant incorporation of more costly UV absorbers 

in its place. The results from the EMCPPTS seem to strongly support the attempts 

of some within France to have ketoprofen withdrawn from the marketplace there. If 

such a case can be made, then extension of such a withdrawal to include Europe as 

a whole would also seem reasonable. 

6.4.1.2 Etofenamate  

The agent leading to PACD in second largest number of subjects was the topical 

NSAID etofenamate. Etofenamate is an anthranilic acid derivative, which is not 

available in the UK, but is used in other European countries, particularly in the 

Mediterranean. There are relatively few reports of PACD and ACD to etofenamate 

to date in the literature.[13] Of the 59 subjects in the EMCPPTS who developed 

PACD reactions to etofenamate 48 hours post-irradiation, 32 had ICDRG grade “+” 

reactions and only three had “+++” reactions. Additionally, most etofenamate 

PACD reactions were assigned unknown relevance. In Dundee, 12 etofenamate 

reactions were recorded 48 hours post-irradiation. At 24 hours post-irradiation, nine 
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of these were of ICDRG grade “+” and two of “++,” with the gradings at 48 hours 

post-irradiation seven “+” and five “++” reactions. Many of these reactions had a 

morphology which may have been phototoxic in nature. This can be seen in Figure 

6.21, which shows an etofenamate reaction from Dundee at 24 hours post-

irradiation. It seems possible that this agent has the potential to be both a 

photoallergen and phototoxin as with other NSAIDs or CPE and CPZ, which were 

discussed in Chapter 3. In order to investigate this interesting possibility, further 

study of etofenamate by PPT at different concentrations and biopsy of positive test 

sites, as well as in vitro phototoxic assays would be of great value. 

 

 

Figure 6.21. EMCPPTS reaction to etofenamate at 24 hours post-irradiation in 

Dundee subject. 

The ICDRG grade “+” reaction to etofenamate can be seen in the irradiated (upper) 

set (left image) with close-up (right image). 
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6.4.1.3 Octocrylene 

Of the 19 organic UV absorbers, octocrylene led to the most PACD reactions, 

closely followed by benzophenone-3. As outlined in Chapter 1, octocrylene absorbs 

UVB and UVA wavelengths and has some structural similarities to the cinnamates. 

Its use has increased greatly over recent years in sunscreens as it helps to stabilise 

butyl methoxydibenzoylmethane, and it is often used at a 10% concentration in this 

setting. As discussed above, 14 of 41 octocrylene PACD reactions were assigned as 

cross-reactions to ketoprofen which will be a concern for sunscreen manufacturers. 

This association has stimulated experimental work investigating possible molecular 

mechanisms for octocrylene allergenicity.[14]  However, 22 of 41 PACD reactions 

were assigned current relevance, most likely a result of its very widespread usage, 

which suggests it also has a reasonably high inherent potential to cause PACD. 

6.4.1.4 Benzophenone-3 

In the case of benzophenone-3, 13 of 37 PACD reactions were assigned as cross- 

reactions, usually to ketoprofen. However, as with octocrylene, the assignation of 

16 PACD reactions as being of current relevance signals that it may be a relatively 

potent photoallergen in its own right. This finding is in keeping with the 

accumulation of many reports citing PACD and ACD over time in the literature as 

discussed in Chapter 1. This evidence contributed to regulatory authorities in 

Europe stipulating that any product containing benzophenone-3 must now be 

labelled with the words “contains oxybenzone.” It is probably as a result of these 

adverse effects and its cross-reactivity that the sunscreen study in Chapter 5 shows 

that benzophenone-3 usage is declining with time. This decline has been expedited 

by the development of more effective dedicated UVA-absorbing agents by 

sunscreen manufacturers. 
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6.4.1.5 Butyl methoxydibenzoylmethane 

The organic UV absorber leading to the third highest rate of PACD was butyl 

methoxydibenzoylmethane. As the most important UVA absorber used by 

sunscreen manufacturers, the Chapter 5 survey highlights that it is difficult to find a 

sunscreen which does not contain it in the UK. The finding that 12 of 18 reactions 

to butyl methoxydibenzoylmethane were assigned current relevance is in keeping 

with this high availability and usage figure. It will be reassuring to sunscreen 

manufacturers that 10 of the 18 PACD reactions were only of ICDRG grade “+” 

intensity. It is probable that its potential to cause PACD is still far outweighed by 

its usefulness as a UVA absorber, and it will continue to be used in most sunscreen 

products.  

6.4.1.6 The cinnamates and 4-methylbenzylidene camphor 

The two cinnamate absorbers tested, isoamyl-p-methoxycinnamate and ethylhexyl 

methoxycinnamate, were the sixth and seventh most frequent cause of PACD 

among agents. The reactions seen were mainly assigned current or unknown 

relevance and do not appear to have been the result of cross-reactions to other 

cinnamon-related agents. Such cross-reactions to fragrances have been previously 

documented, although a recent report found this risk to be low.[15] Isoamyl-p-

methoxycinnamate led to PACD in ten subjects, yet in the Chapter 5 survey was 

found in only 0.9% of sunscreens. Ethylhexyl methoxycinnamate led to PACD in 

seven subjects and in the survey was found in 17.8% of sunscreens, a large decrease 

from the 1980s when it was the most commonly used UVB absorber.[16] The 

EMCPPTS results suggest that isoamyl-p-methoxycinnamate may be the more 

potent of the two cinnamates, but given their apparent low and declining use, 

neither may be of significant concern to manufacturers or clinicians at present. This 
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decrease in significance may also apply to the UVB absorber 4-methylbenzylidene 

camphor. It led to only 3 PACD reactions in the EMCPPTS, but the survey in 

Chapter 5 appears to show it is rapidly declining in usage anyway, at least in the 

UK. 

6.4.1.7 The salicylates and phenylbenzimidazole sulfonic acid 

Ethylhexyl salicylate and homosalate led to only two and one cases of PACD 

respectively, whilst the survey in Chapter 5 indicates that they are used in moderate 

and increasing amounts in sunscreens. Put together, these results suggest that both 

salicylates appear to be of low photoallergenic potency and, although they are weak 

UVB absorbers, are likely to remain useful in sunscreens. Similarly, the 

miscellaneous UVB absorber phenylbenzimidazole sulfonic acid is likely to remain 

a useful agent for sunscreen manufacturers. According to the Chapter 5 survey, it 

was present in 5.6% of UK products in 2010, but was the only “older” organic UV 

absorber which led to zero PACD reactions in the EMCPPTS.  

6.4.1.8 Piroxicam, ibuprofen and diclofenac 

The remaining three topical NSAIDs piroxicam, ibuprofen and diclofenac only led 

to a total of 11 PACD reactions between them. Of these reactions, eight were of 

ICDRG grade “+,” three were of grade “++” and zero were of grade “+++.” All 

positive reactions to ibuprofen and diclofenac and two of five reactions to 

piroxicam were assigned unknown relevance. As with all test agents, it is not 

possible to accurately define the photoallergenic potential of these three topical 

NSAIDs without usage figures. However, they do appear to lead to far fewer and 

lower strength PACD reactions than ketoprofen and etofenamate and would 

therefore seem to be safer options for patients to use in musculoskeletal injury.  
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All four of the subjects who developed PACD to ibuprofen also developed PACD 

to etofenamate, an NSAID of another class. As discussed in Chapter 1, cross-

reactions between NSAIDs from different chemical classes are unusual, and the 

subjects may have developed co-sensitization instead. Only two of the four subjects 

who reacted to ibuprofen also reacted to ketoprofen, which may not be that unusual 

given that ketoprofen has a benzophenone-like structure and ibuprofen does not. 

6.4.1.9 The “newer” organic UV absorbers 

The 2006 multicentre UK PPT study of Bryden et al incorporated only one of the 

nine “newer” UV absorbers that were tested in the EMCPPTS, ethylhexyl 

triazone.[1] At that time the two absorbers developed and patented by the company 

L’Oreal Ltd, terephthalylidene dicamphor sulfonic acid (Mexoryl SX
®
) and 

drometrizole trisiloxane (Mexoryl XL
®

) were not released for testing by the 

company in a pure form. As a result, the investigators had to use a commercial SPF 

60 sunscreen “as is” which contained both agents for PPT and this led to a large 

number of PACD and, particularly ACD, reactions. The other widely used pair of 

absorbers initially developed and marketed by the company CIBA Ltd, methylene 

bis-benzotriazolyl tetramethylbutylphenol (Tinosorb M
®

) and bis-

ethylhexyloxyphenol methoxyphenyl triazine (Tinosorb S
®
), were also absent from 

the 2006 study.  

One of the most important findings for clinicians and sunscreen manufacturers is 

that all nine of the newer, larger molecular weight UV absorbers tested in the 

EMCPPTS seem likely to have a very low potential to cause PACD. One, 

diethylhexyl butamido triazone, did not lead to any PACD reactions and the 

remaining eight led to a total of only 24 PACD reactions, of which 16 were of weak 

“+” ICDRG grading. The testing of such a large number of these agents in the 
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EMCPPTS, including both Mexoryls
®
 and Tinosorbs

®
, has not been performed 

previously and provides extremely important information.  

Many of the “newer” UV absorbers have a molecular weight greater than 500 

Daltons. As discussed in Chapter 1, such a weight has been proposed as a lower 

limit for the development and authorisation of new topical agents in humans. This 

is because penetration of the stratum corneum, and therefore potential elicitation of 

PACD and/or ACD, by molecules of this size is thought unlikely. Despite this 

theory, eight of the nine “newer” agents still led to at least one PACD reaction, 

including polysilicone-15 which has a very high molecular mass of approximately 

6,000 Daltons. It is not possible to fully explain how such reactions occurred, but 

given that 16 of the 24 PACD reactions were of ICDRG grade “+,” perhaps some 

IRs were mistakenly denoted as true PACD reactions. Another possibility is that 

some smaller breakdown product or metabolite of the agent may have been able to 

penetrate the stratum corneum and elicit PACD or ACD.  

6.4.2 ACD reactions 

In contrast with the 2006 UK PPT study by Bryden et al, in which ACD was 

slightly more commonly observed than PACD, in the EMCPPTS ACD was far less 

frequently found than PACD.[1] As discussed above, the first contributory reason 

for this difference is likely to be the inclusion of topical NSAIDs in the EMCPPTS, 

which increased the frequency of PACD.  The second reason is likely to be the use 

of an SPF 60 sunscreen “as is” in the 2006 study, which led to many ACD 

reactions. 

The agent most frequently leading to ACD in the EMCPPTS was methylene bis-

benzotriazolyl tetramethylbutylphenol (Tinosorb M
®
), as given in Figure 6.8. This 

widely used UVB and UVA absorber is formulated as microfine nanoparticles, 
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which require addition of the surfactant decyl glucoside. In the pilot irritancy study 

described in Chapter 4, it led to more positive reactions than all other agents except 

benzophenone-4. However, these reactions did not follow a dose-dependent pattern, 

with the 5% test concentration leading to more reactions than either the 2% or 10% 

concentrations. As discussed in Chapter 1, there have been reports of PACD and 

ACD to methylene bis-benzotriazolyl tetramethylbutylphenol, and ACD to decyl 

glucoside. The results of the EMCPPTS suggest that this may become a concern for 

sunscreen manufacturers and users, particularly given the large increase in usage of 

methylene bis-benzotriazolyl tetramethylbutylphenol seen in the Chapter 5 survey. 

Further patch testing of subjects who develop ACD to methylene bis-benzotriazolyl 

tetramethylbutylphenol using decyl glucoside alone at an appropriate concentration 

e.g. 5% or 7.5% in pet, will be an important future study to perform.  

Following methylene bis-benzotriazolyl tetramethylbutylphenol, the next three 

agents most commonly leading to ACD were etofenamate, octocrylene and 

benzophenone-3. Although ketoprofen led to zero ACD reactions in its own right, 

five of the seven subjects who developed ACD to octocrylene also developed 

PACD to ketoprofen. None of the subjects who developed ACD to benzophenone-3 

had concomitant PACD to ketoprofen, and only two of ten etofenamate ACD 

subjects did. These patterns support the PACD findings that these three agents seem 

to have a reasonably high inherent allergenic potential. The other 11 agents that led 

to ACD caused only 21 reactions between them. This finding, coupled with the 

finding that 39 of the total 55 ACD reactions were of ICDRG grade “+,” is further 

reassuring information for sunscreen manufacturers and users.  
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6.4.3 Photoaugmentation, photoinhibition and irritancy 

Photoaugmentation and photoinhibition of ACD were rarely observed reaction 

patterns in the EMCPPTS, as given in Figures 6.9 and 6.10. This was in keeping 

with the findings of the previous UK PPT study.[1] In the EMCPPTS, ten of the 18 

subjects who developed a photoaugmented ACD reaction also had at least one 

PACD reaction, highlighting that such reaction types often occur together. As 

discussed in Chapter 1, in some studies reported by other groups, 

photoaugmentation of ACD is interpreted as ACD plus PACD. Although this is a 

seemingly small difference of interpretation, it can lead to the over-diagnosis of 

PACD.  IRs were also rarely seen which confirms the finding of the pilot irritancy 

study in Chapter 4 that most organic UV absorbers can be tested at a concentration 

of 10%.  

Overall, although they are not common, the EMCPPTS serves to remind other 

clinicians about the rarer reaction types of photoaugmentation of ACD, 

photoinhibition of ACD and IRs when conducting PPT. 

6.4.4 Regional patterns of PACD  

In the 30 recruiting centres, the rates of PACD varied greatly, being as high as 80-

90% in some centres and as low as zero in others, as given in Table 6.3. To a 

certain extent, these differences may reflect subtle regional patterns of PACD 

influenced by the availability and usage of the 24 agents tested. However, it is more 

likely that the greater factor influencing the frequency was variation in subject 

recruitment. Some centres may have recruited subjects who gave a history strongly 

suggestive of PACD, whilst others may have recruited more subjects who had a less 

focused history and weaker indications for PPT.  
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Possible trends in usage could be hypothesised from Figures 6.13 – 6.19. 

Accounting for the overall large number of subjects recruited in Manchester and 

Dundee, PACD reactions from ketoprofen are mostly from Belgium, France, Spain 

and Italy. Few reactions are seen in Austria, Denmark, Germany Poland, Portugal 

and the UK. Similarities in the pattern for PACD to both octocrylene and 

benzophenone-3 are likely to reflect the influence of cross-reactions to ketoprofen. 

The recording of several PACD reactions to etofenamate in the UK is of interest, as 

it is not available at all here. As above, it may be that some etofenamate reactions 

were actually phototoxic in nature, which would make local usage and exposure 

patterns less important. Centres in the UK accounted for 12 of 18 PACD reactions 

to butyl methoxydibenzoylmethane and nine of 11 ACD reactions to methylene bis-

benzotriazolyl tetramethylbutylphenol which may reflect the high usage of both 

these agents recorded in the Chapter 5 survey.  

6.4.5 Photopatch application time    

There appeared to be a higher frequency of both PACD and ACD in those subjects 

who had patches applied for 48 hours as opposed to 24 hours. Unfortunately, formal 

statistical analysis comparing the difference would not be meaningful because the 

subjects in either group were mainly recruited from two different groups of centres. 

The difference suggests that perhaps clinicians may detect more positive reactions 

if 48 hour application of photopatches is possible, which is in keeping with a 

previous study of application time.[17] Despite this finding, 24 hour application is 

likely to remain a widely used alternative. This is because it is not possible to 

undertake 48 hour application in many centres, often photobiology units, which are 

conducting other investigations concurrently. 
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6.4.6 Timing of readings 

When different timepoints for reading were examined, some interesting 

observations emerged, as given in Figures 6.6 and 6.7 for PACD. For both PACD 

and ACD, the frequency of positive reactions seen increases from 24 hours post-

irradiation to a maximum at 48 hours post-irradiation and then (although overall 

numbers at 72 hours post-irradiation or later are smaller), declines. The ICDRG 

grading at all these timepoints shows that “+++” PACD reactions are rarer at 24 

hours post-irradiation than at 48 hours post-irradiation and 72 hours post-irradiation 

or later. These observations on frequency and strength would fit with the 

“crescendo” pattern of PACD and ACD, both of which are delayed type 

hypersensitivity reactions. From a clinical viewpoint, these findings support 

performing readings at 48 hours post-irradiation when undertaking PPT. 

6.4.7 Gender 

As regards gender, females made up the majority of recruited subjects. This is not 

an unexpected finding, given that females are known to be more likely to consult 

the medical profession for diagnosis and treatment than males. Interestingly, there 

was a difference in the frequency of PACD and ACD between the sexes, with males 

showing a higher frequency of both reaction patterns, as given in section 6.3.8. The 

reasons for this are not immediately clear. Some previous studies have reported 

higher rates of ACD in females, but this may reflect higher levels of exposure to 

certain allergens, such as nickel in jewellery and fragrances in cosmetics.[18,19] If 

this explanation was extrapolated to the EMCPPTS, it might be expected that 

females should have a higher frequency of PACD to the 19 organic UV absorbers 

as they more frequently use sunscreens and other cosmetics which contain UV 

absorbers. However, this was not the case. A possible explanation for the higher 
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frequency of PACD and ACD seen among male subjects is that the smaller number 

of males that did eventually seek medical attention (and were subsequently 

recruited) more frequently had a more severe problem with PACD or ACD. By 

contrast, a larger number of females may have had a lower threshold for seeking 

medical help earlier, but were then less commonly diagnosed with PACD or ACD. 

6.4.8 Age 

The frequency of PACD and ACD appeared to vary according to the ages of 

subjects as given in Figure 6.12. As regards PACD, there is a relatively high 

frequency of 17.1% in the youngest age group of 18-27 years which then rises to 

peak of 23.6% in the bracket 28-37 years. Thereafter, the frequency declines with 

each age bracket to a level of 13.8% in the bracket 68-77 years. One plausible 

explanation for such a trend is that in the youngest bracket (18-27 years) fewer 

subjects had yet been sensitised to the test agents, and then a peak occurred at 28-37 

years, by which time more subjects had encountered the agents. After this time, a 

slowly ageing immune system may have led to less frequent elicitation of PACD 

responses being seen in previously sensitised subjects. Decreased responsiveness of 

delayed hypersensitivity has been observed in elderly subjects, but may only occur 

after 70 years of age.[20-22] However, as the overall numbers in the study are 

relatively small in statistical terms, this “trend” may be due to chance. The even 

smaller numbers involved in the ACD group do not show any consistent pattern 

across different age groups. 

6.4.9 Diagnosis 

As with age, the absolute numbers involved are too small to draw firm conclusions 

about the association of PACD and ACD with diagnosis, as given in Table 6.11. 

One feature is that rates of PACD and ACD appear higher in those with CAD than 
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either PLE or atopic dermatitis. If this difference was confirmed in larger numbers 

of subjects, it could possibly be explained by CAD patients having to use 

sunscreens more frequently, coupled with their known tendency to develop ACD 

and PACD.[23,24]  

The diagnostic options of “other” and “undiagnosed” had rates of PACD and ACD 

just above the overall rates. It seems likely that many of the subjects in the “other” 

option were diagnosed as PACD or ACD. The high rates in the “undiagnosed” 

group suggest that the positive PACD and ACD PPT reactions seen may not have 

been of current clinical relevance. 

6.4.10 PPT in photosensitive subjects 

There were 54 subjects in whom a dose of <5 Jcm
-2 

UVA had to be used for 

irradiation, as given in Table 6.12. Unfortunately, the small numbers in this group 

mean that interpretation of the rates of PACD and ACD in these photosensitive 

subjects was not possible. As one might expect, this group included 13 subjects 

with CAD. Also in this group were 23 subjects in whom the “other” diagnosis 

option was ticked, which likely included subjects with photodermatoses such as 

drug-induced photosensitivity, actinic prurigo and solar urticaria. Clinicians with 

less experience of using PPT are often concerned about the step of irradiating 

subjects with UVA leading to unforeseen adverse effects. However, the inclusion of 

these 54 photosensitive subjects in the EMCPPTS highlights that if the European 

consensus PPT methodology is performed correctly, this group of photosensitive 

subjects can be still be investigated.[2]  

6.4.11 Indications for testing 

When indications for testing were analysed, the largest group were those with an 

“exposed site dermatitis in summer months.” The frequency of PACD and ACD in 
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this group was higher than that of the less specific “any exposed site dermatitis” 

group, which is not unexpected. Both these commonly presenting groups of patients 

should not be overlooked in the clinical setting when considering PACD as a 

possible diagnosis.  

The highest frequencies of PACD and ACD were seen in the smaller, but more 

defined groups of subjects who gave a history of reacting to a sunscreen or topical 

NSAID, as given in Table 6.13. In the “history of sunscreen reaction” group, the 

rates of PACD and ACD to both UV absorbers and NSAIDs were higher than the 

total study group denominators. However, the most striking finding was that almost 

70% of those subjects who had a “history of NSAID reaction” had a PACD reaction 

to one of the five topical NSAID test agents. Additionally, 26% of this group 

developed PACD to one of the UV absorbers, a figure possibly augmented by 

cross-reactions from NSAID sensitivity. The EMCPPTS emphasises the importance 

of PPT in the investigation of such patients presenting to the clinic. 

6.4.12 Testing additional “own agents” 

The EMCPPTS proforma allowed a subjects “own agents” to be tested in addition 

to the 24 test agents, and this was performed in approximately one-third of subjects. 

The patterns of PACD to additional agents mirror those of the test agents to some 

degree in that positive reactions to sunscreens/absorbers were usually of weaker 

ICDRG grade than those seen with topical NSAIDs, as given in Table 6.21. Many 

PACD reactions were assigned current relevance which is not surprising, as 

subjects often bring agents to the clinic that they have been recently applying to the 

skin and have suspicions about. The 15 PACD reactions to sunscreens/absorbers of 

unknown relevance may represent reactions to sunscreens which PIs have chosen to 

test “as is” for subjects, in order to be able to safely suggest one for future use, but 
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to which the subjects have reacted. The reporting of only a single reaction to PABA 

from the UK centre which tested 188 subjects to this organic UV absorber is 

slightly surprising, given its widespread use in previous decades accompanied by 

the reports of PACD and ACD reviewed in Chapter 1. This suggests that its 

discontinuation of usage in sunscreens has already led to a decrease in the 

frequency of PACD and ACD in subjects and that perhaps it should not be routinely 

used in PPT series.  

Analysis of ACD reactions to additional agents gives an overall frequency that was 

similar to PACD, in keeping with the 2006 UK PPT study, as given in Table 

6.22.[1] Both reaction types can be caused by some of the multiple ingredients 

within these agents other than the active ingredients e.g. preservatives and 

fragrances. Overall, the finding of a reasonably high frequency of PACD and ACD 

to additional agents emphasises the importance of performing such testing in 

subjects. 

6.4.13 Study limitations  

The EMCPPTS was performed in subjects attending clinicians with suspected 

PACD. As a result, the frequency of PACD reported will be higher than that 

occurring in the European population as a whole. On a similar theme, the small 

numbers of subjects in certain analysed subgroups (e.g. by diagnosis) means that 

caution must be exercised when interpreting and extrapolating apparent patterns. 

Although the study was conducted across multiple European centres, two UK 

centres (Manchester and Dundee) accounted for 439 (42.6%) of the 1,031 subjects 

recruited. Unfortunately, this lessens the extent to which the results can be 

extrapolated across Europe as a whole. Given the large numbers of subjects 

recruited by both these centres, it may be reasonable to surmise that the true 



231 

6. EMCPPTS 

 

frequency of PACD to these 24 test agents in this study population, in the UK lies 

between the frequency found at either centre i.e. 8-16%. 

The multicentre methodology of the study meant that differences in subject 

selection for recruitment occurred. Such differences will likely have largely 

accounted for the variation observed in rates of PACD between centres. Similar 

selection differences may also have contributed to the apparent variation in rates of 

PACD seen between subjects who had patches applied for 24 hours (often from 

photobiology units) and those applied for 48 hours (often from contact dermatitis 

units).  

A further limitation, mentioned earlier in the discussion, is that there was no 

accurate quantitative denominator data available in the form of the number of 

subjects exposed to each test agent. Therefore, for agents that led to few PACD 

reactions, this may reflect limited exposure rather than a low photoallergenic 

potential. Likewise, agents with many PACD reactions may reflect high usage, 

rather than a high photoallergenic potential. 



232 

6. EMCPPTS 

 

6.5 Conclusions   

In conclusion, the EMCPPTS has provided new information on the relative 

frequency of PACD in this selected patient group and the main photoallergens 

implicated. The study has also reinforced the important place of PPT, when 

performed according to the European consensus methodology, as an investigation 

in cases of possible PACD presenting to the clinician. The results obtained were to 

become of great value when deciding which agents to include in a new and up-to-

date European Baseline photopatch test series, as described in Chapter 8. The study 

also serves as a benchmark for tracking trends in PACD over time and similar 

studies will need to be repeated periodically to ensure agents included in 

photopatch test series continue to be of relevance. 

 

The following Chapter outlines some of the factors that have to be considered when 

planning studies similar in scope to the EMCPPTS. It also reports some of the 

difficulties that were encountered in the four years during which the EMCPPTS 

was conducted.  
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