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Solar urticaria: clinical characteristics, treatment effectiveness, long-term prognosis, and QOL status in 29 patients
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Introduction: Solar urticaria (SU), a relatively rare skin inflammatory and photosensitivity disease, is often resistant to standard urticaria treatment. Quality of life (QOL) among SU patients has not been extensively explored. This study was performed to clarify the clinical features and effectiveness of therapies (e.g., hardening therapy) for SU and to determine QOL among SU patients.

Methods: The authors examined the characteristics, treatments, and QOL statuses of 29 Japanese SU patients using medical records and a questionnaire approach.

Results: Among 29 patients, H1 antihistamine therapy (H1) was effective in 22 (75.8%) patients. H2 antihistamine therapy (H2) was effective in three of seven (42.9%) patients. Ultraviolet radiation A (UVA) hardening therapy was effective in eight of nine (88.9%) patients. Visible light (VL) hardening therapy was ineffective in three of three patients. In one patient who underwent both UVA and VL hardening therapy, only UVA hardening therapy was effective. In the questionnaire, 18 patients (90%) reported some improvement compared with disease onset (four had complete remission, six had completed treatment although mild symptoms persisted, and eight were receiving treatment with moderate symptoms), whereas two patients reported exacerbation. Patients in complete remission had a mean disease duration of 4 years, whereas patients not in remission had a mean disease duration of 8.8 years. The mean Dermatology Life Quality Index (DLQI) score for the current status was 7.4. There was a correlation between DLQI and symptom/treatment status. However, neither DLQI and action spectra nor DLQI and treatments exhibited significant differences.

Discussion: The questionnaire revealed current QOL status and long-term prognosis in SU patients. Compared with disease onset, most patients showed improvement when assessed for this study. Both H1 and H2 should be attempted for all SU patients. UVA hardening therapy may be an option for SU patients with an action spectrum that includes UVA.
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Introduction

Solar urticaria (SU), a relatively rare photosensitivity disease (1), is characterized by edematous erythema and wheals on areas exposed to visible light (VL) or ultraviolet radiation (UV); it can sometimes be life-threatening (2). The exposure to UV light/VL is suspected to activate a photoantigen, possibly a chromophore-derived photoproduct, that exists in the serum of affected individuals (3). Treatments for SU are limited; they include topical sunscreen, oral H1 antihistamine therapy (H1), oral H2 antihistamine therapy (H2) (4), rush hardening therapy (hardening), immunosuppressants, and biological agents (5). However, SU is often refractory to treatment (6, 7). Hardening, a standard treatment for SU, induces tolerance by repeatedly exposing a patient to gradually increasing doses of the triggering wavelengths (8). There is some evidence that ultraviolet radiation A (UVA) hardening is effective (9–11). Several hypotheses have been proposed regarding its effectiveness, such as tolerance that arises from the depletion of mast cell mediators (12), a simple photoprotective effect from delayed tanning (13), and the binding of photoallergens to IgE-binding sites (10, 14).

Only a few studies have collected epidemiological and photobiological data for SU (15, 16). Ethnic differences in skin color affect SU incidence (17, 18), and action spectra differ among ethnicities (16, 19). However, few studies have analyzed Asian patients (16, 20, 21). Furthermore, only a few studies of SU have included prognostic data (6, 19, 21) or assessed quality of life (QOL) (22–24). Thus, the long-term prognosis of SU patients, particularly with regard to QOL, is not well known.

The first aim of this study was to clarify the clinical features and effectiveness of various therapies (e.g., hardening therapy) among Japanese SU patients. The second aim was to clarify the long-term prognosis and assess QOL using a questionnaire approach. In this study, the authors analyzed data from SU patients who visited our dermatology department over a 13-year period, and the authors evaluated the results of questionnaires regarding prognosis and QOL.



Methods


Patient population

Twenty-nine Japanese SU patients who visited Kobe University from April 2003 to April 2016 were analyzed in this study (Table 1). Most patients had Fitzpatrick skin color type III–IV. No patients received omalizumab or immunosuppressive drugs because omalizumab was not approved during the study period; moreover, such treatments were uncommon or not covered by public insurance in Japan. All patients in this study had been diagnosed with SU on the basis of a photo-provocation test. Data regarding background characteristics and treatment effectiveness were collected from medical records. In some cases, improvement in minimal urticarial dose (MUD) was measured; in other cases, improvement in the extent of skin lesions during daily life was determined by physician interviews. These immediate post-treatment improvement data were gathered from medical records. At a few months to a few years post-treatment, all patients were mailed a questionnaire that assessed long-term improvement. The questionnaire asked patients to review their Dermatology Life Quality Index (DLQI) score for their current status. The study protocol was approved by the Institutional Review Board of Kobe University (No. 1617).



TABLE 1 Data based on the medical record.
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Photo-provocation test

Diagnoses of SU were made via photo-provocation tests that used VL, UVA, and ultraviolet radiation B (UVB) light sources. Each test used a slide projector lamp with a 250-W halogen bulb for VL (peak, 850 nm; range, 400–3,000 nm; JC24V250WS/GI; Iwasaki Electric Co. Ltd., Japan), a long-bulb fluorescent black light for UVA (peak, 350 nm; range, 310–400 nm; FL 32S; Toshiba Lighting & Technology Co., Japan), and a long-bulb fluorescent sunlamp for UVB (peak, 310 nm; range, 280–350 nm; FL 32S E-30; Toshiba Lighting & Technology Co.). The approximate flux value of narrow-band UVB (NB-UVB) was 3.9–4.5 [mW/cm2], and the approximate flux value of UVA was 6.7–8.1 [mW/cm2]. VL was not measured for slide projectors because appropriate measurement equipment was unavailable.

Photo-provocation tests with UVA/UVB were performed as previously described (10). Additionally, VL irradiation was administered on each patient’s back at a distance of 15–30 cm for 20 min. Patients who developed a wheal after exposure were diagnosed with SU and enrolled in this study; patients who developed only erythema or itchiness were diagnosed with photosensitivity and excluded from the study. Wavelengths that caused a wheal were considered the action spectra. The MUD was defined as the lowest dose that caused obvious wheals. To detect delayed reactions in some cases, skin lesions were checked at 24 and 48 h after irradiation; if a wheal appeared within a few hours or within 1 day, the latent time result was considered positive (3). As previously reported, the presence of a latent time suggested that the patient could have an inhibition spectrum (3, 16, 25).



Inhibition spectra

To determine the inhibition spectrum, cutoff glass filters (Toshiba Medical Supply, Japan) were used to eliminate short wavelengths. After the induction of wheals by irradiation with the action spectrum, half of the wheals were shielded (3) and the exposed wheals were irradiated with wavelengths outside of the action spectrum. Wavelengths that suppressed wheal formation were regarded as the inhibition spectrum.



Intradermal serum injection test

To detect serum photoallergens, some patients underwent an intradermal injection test (IIT) using autologous serum that had undergone in vitro irradiation with their action spectra. Regarding the amount of in vitro irradiation, there were various details. In many cases, more than MUD was irradiated to serum in vitro, but up to 3.3 times of MUD was irradiated in vitro in a case. Additionally, non-irradiated autologous serum was used as a control (26). For the IIT, 0.05 mL of serum was intradermally injected into the forearm. Natural saline was utilized as a negative control. At 15 and 30 min after injection, a wheal diameter 1.5–2.0 mm larger than the negative control was considered a positive result (27).



Hardening therapy

The protocol for UVA hardening therapy was performed as previously described, with a maintenance dose of 10 J/cm2 UVA once every 1–2 weeks (9, 10). The duration varied among patients. VL hardening therapy was conducted as follows. A slide projector was used to administer VL irradiation to 3–4 parts of the body (face, abdomen, forearms, and thighs) at a distance of 10–30 cm for 3–10 min. In each subsequent treatment, VL irradiation was administered for 1 min longer than in the previous treatment. The protocol was repeated once daily for outpatients and 2–3 times per day for inpatients. The schedule was performed every day or every second day. H1 and H2 were used alone or in combination with hardening therapy.




Results


Patient population

The median patient age at the first visit was 29 years (interquartile range [IQR]: 21–51 years); there were 13 men (44.8%) and 16 women (55.2%). Sixteen patients had a history of allergic disease (eight allergic rhinitis, four asthma, two atopic dermatitis, one each allergic rhinitis and atopic dermatitis, and one each asthma and atopic dermatitis). The serum total IgE level was measured in 19 patients; the median level was 213.7 IU/mL (IQR: 56.1–308.5 IU/mL). The median age at onset was 29 years (IQR: 17–51 years); it showed a bimodal distribution, with peaks at 21–25 and 51–60 years (Figure 1A). Patient characteristics are shown in Table 1.
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FIGURE 1
 Age at onset and action spectra of SU. (A) Distribution of age at onset. (B) Percentages of action spectra.


The questionnaire response rate was 69% (20 of 29 patients) (Table 2). The median age at the time of questionnaire response was 46 years (IQR: 29–65 years). The median time from disease onset until questionnaire response was 7 years (IQR: 3.75–14 years).



TABLE 2 Data based on the questionnaires.
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Photo-provocation test and IIT

Among the 29 patients, photo-provocation tests revealed action spectra of VL only in 15 patients (51.7%), UVA to VL in 11 patients (37.9%), UVB to VL in two patients (6.9%), and UVB to UVA in one patient (3.4%) (Figure 1B; Table 1). Because only one patient did not have an action spectrum that included VL, 28 patients (96.5%) were at least sensitive to VL.

The median MUDs were 10 min (IQR: 4.75–20) for VL, 7 J/cm2 (IQR: 5–10) for UVA, and 120 mJ/cm2 (IQR: 70–145) for UVB. An inhibition spectrum was confirmed in 6 of the 10 tested patients. Detailed examination of the wavelengths revealed an inhibition spectrum longer than 420 nm in all six patients. A latent time was detected in six patients. The IIT with autologous serum irradiated with their action spectrum in vitro was positive in 13 of 17 patients tested (76.5%): 11 patients were positive to irradiated serum with VL, and 2 patients were positive for irradiated serum with both VL and UVA.



Treatment selection

All 29 patients underwent H1 (Table 1); 12 of these patients underwent H1 only. The dose of H1 was limited to a 2-fold increase because of insurance coverage-related restrictions in Japan. Because all patients attempted H1 only as the first step, the effectiveness of H1 only could be measured in all patients. Ten patients underwent both H1 and hardening therapy; three patients underwent both H1 and H2; and two patients underwent H1, H2, and hardening therapy. One patient underwent H1, H2, and oral psoralen-UVA (PUVA) therapy; one patient underwent H1, H2, and natural sunbathing therapy (the sunbathing protocols varied and are not described in this article).



Treatment effectiveness

Treatment effectiveness was examined on the basis of medical records (i.e., without questionnaire responses) or via MUD measurements (Table 1). When the reviewing physician recorded improvement based on the patient’s subjective symptoms or the MUD was improved after treatment, the treatment was considered effective. To eliminate subjective patient data, the authors divided patients into a “MUD-based review group” and an “Interview-based review group” (Supplementary Figures S1, S2). When treatment effectiveness was adequate and urticaria did not appear in daily life, or when urticaria was not induced during a photo-provocation test, the treatment was considered “effective.” If the treatment exhibited partial effectiveness but urticaria remained present or another additional treatment was needed, or the prolonging of MUD was observed but urticaria appeared by photo-provocation test, the treatment was considered “partially effective.”

The results for H1 only were as follows: five effective (17.2%), 17 partially effective (58.6%), four ineffective (13.8%), and three unknown (10.3%) (Figure 2A; Table 1). The results for H2 only were three effective (42.9%) and four ineffective (57.1%) (Figure 2B; Table 1). Hardening with UVA was effective in eight patients and ineffective in one patient (Figure 2C; Table 1). The patient with an ineffective treatment result had an unusual situation in which the action spectrum comprised VL, but UVA hardening was attempted. Hardening with VL was ineffective in three of three patients. Natural sunbathing was effective in one patient. Oral PUVA was ineffective in one patient. In one patient who underwent hardening with both UVA and VL, UVA hardening was effective, whereas VL hardening was ineffective.

[image: Figure 2]

FIGURE 2
 Treatment effectiveness. (A) Percentages of H1 antihistamine effectiveness. (B) Percentages of H2 antihistamine effectiveness. (C) Effectiveness of hardening therapy according to wavelength.




Current symptoms according to the questionnaire

Twenty of 29 patients responded to the questionnaire. Their current statuses were as follows (Table 2; Figure 3A): complete remission in four (20%), improvement with mild symptoms but not undergoing treatment in six (30%), improvement with moderate symptoms but continuing treatment in eight (40%), and deterioration in two (10%). In particular, nine patients (45%) were continuing H1, whereas two patients (10%) were continuing hardening therapy based on their current status (Table 2).

[image: Figure 3]

FIGURE 3
 Current symptoms and time from disease onset. (A) Percentages of current symptoms and current treatment conditions. (B) Time from disease onset to complete remission or current status.


In the complete remission group, the mean disease duration from onset to complete remission was 4 years; the specific durations for each of the four patients were 1, 2, 2, and 11 years (Figure 3B; Table 2). In contrast, the mean disease durations were 11.7 years in the improvement with mild symptoms group, 6.4 years in the improvement with moderate symptoms group, and 10 years in the deterioration group (Figure 3B). The mean disease duration in the non-complete remission group (combination of mild symptoms, moderate symptoms, and deterioration groups) was 8.8 years.



Dermatology life quality index score for current status according to the questionnaire

To analyze QOL status among SU patients, the authors collected DLQI data via questionnaire. The patients were classified into five groups depending on their DLQI scores to visualize the degree of QOL impairment (Figure 4A; Table 2). Briefly, DLQI scores 0–1 were classified as “no disturbance,” 2–5 as “mild disturbance,” 6–10 as “moderate disturbance,” 11–20 as “severe disturbance,” and 21–30 as “extreme disturbance” (28). Thus, four patients (20%) had “no disturbance,” five patients (25%) had “mild disturbance,” five patients (25%) had “moderate disturbance,” six patients (30%) had “severe disturbance,” and no patients had “extreme disturbance.”

[image: Figure 4]

FIGURE 4
 Current symptoms and comparison with DLQI score for the current status. (A) DLQI score for the current status. (B) Association between DLQI score for the current status and current symptoms/treatments. Because continuous variables showed a non-normal distribution according to the Shapiro–Wilk test and each sample was independent, statistical analyses were performed using the Kruskal–Wallis test followed by Dunn’s multiple comparisons test.


The association between the DLQI score for the current status and current symptoms/treatments was analyzed (Figure 4B). The median DLQI scores in each group were as follows: complete remission, 0 (IQR: 0–0); mild symptoms, 6 (IQR: 3.5–9.25); moderate symptoms, 8.5 (IQR: 6.25–13.75); and deterioration, 16.5 (IQR: 14.75–18.25). There were significant differences in DLQI score between the complete remission and moderate symptom groups (p = 0.022) and between the complete remission and deterioration groups (p = 0.012).



Dermatology life quality index score for current status according to the action spectrum and treatments

The authors examined factors affecting the DLQI score for the current status. The action spectrum at onset did not affect the DLQI score for the current status (Figure 5A). Similarly, treatment selection (H1, UVA hardening, and/or VL hardening) did not affect the DLQI score for the current status (Figure 5B).

[image: Figure 5]

FIGURE 5
 Factors affecting DLQI score for the current status. (A) Comparison of DLQI score for the current status according to action spectrum at onset. Because continuous variables showed a non-normal distribution according to the Shapiro–Wilk test and each sample was independent, statistical analyses were performed using the Kruskal–Wallis test followed by Dunn’s multiple comparisons test. (B) Comparison of DLQI score for the current status according to treatment. Because continuous variables showed a non-normal distribution according to the Shapiro–Wilk test and each sample was independent, statistical analyses were performed using the Kruskal–Wallis test followed by Dunn’s multiple comparisons test.


In addition to the above factors, the authors found no differences in other factors (sex, age at onset, complications, total serum IgE level, inhibition spectrum, and time from disease onset).



Statistical analysis

As shown in Figures 4B, 5A,B, continuous variables exhibited a non-normal distribution according to the Shapiro–Wilk test and each sample was independent; thus, statistical analyses were performed using the Kruskal–Wallis test followed by Dunn’s multiple comparisons test. Statistical analysis was performed with GraphPad Prism 8 software (GraphPad Software Inc., La Jolla, CA).




Discussion

In this study, the authors used a questionnaire approach to explore long-term prognosis and QOL among SU patients. The authors examined factors affecting long-term prognosis within a few years after treatment. To our knowledge, no previous studies have compared treatment selection, immediate effectiveness based on medical records, and long-term prognosis within a few years after treatment (using a questionnaire).

Here, the authors discuss patient characteristics (Table 1). Although a previous report mentioned sex differences in SU incidence, prognostic differences were not recorded (29). In the present study, the authors analyzed sex differences; although the male-to-female ratio was 13:16, DLQI scores did not differ between men and women. Age at onset of SU was previously described as young (median ages of 32 or 35 years) (16, 29). In the present study, the median age at onset was similar but tended to be younger (29 years). Additionally, the authors found that no patient had an IgE level exceeding 1,000 IU/mL. Many patients had action spectrum to VL was also reported in another Japanese report (16). This may reflect the difference in the action spectrum between the yellow race and Caucasians.

Regarding treatment selection, H1 effectiveness has been considered insufficient compared with other treatments (6, 30, 31). However, when the authors grouped patients according to H1 effectiveness (effective/partially effective), 22 of the 29 patients (72.4%) experienced at least partial H1 effectiveness (Figure 4A). These findings suggest that H1 can be recommended as a first-line treatment. However, many patients underwent combination therapy with the addition of H1; this fact also expressed that the effectiveness of H1 was found, but it was limited and not enough (If the authors excluded the partially effective group of 55.2%, the effective group was only 17.2%) (Figure 4A).

Next, the authors analyzed treatment selection and immediate effectiveness based on medical records. Hardening therapy was selected for 17 patients. Eight of nine patients who underwent UVA hardening showed improvement, whereas three of the three patients who underwent VL hardening showed no improvement (Figure 4C). Thus, UVA hardening was considered an effective treatment in the present study. Compared with UVA hardening, very few reports have described successful VL hardening treatment outcomes (10). Nevertheless, our VL hardening protocol is experimental and requires further optimization. Thus, when an SU patient has an action spectrum that includes UVA, UVA hardening may be effective. In contrast, when the patient has an action spectrum of VL only, VL hardening is not strongly recommended; however, methods for VL hardening require further modification.

Long-term prognostic data for SU are currently limited. In the present study, when the authors combined the improvement groups (complete remission, improvement with mild symptoms, and improvement with moderate symptoms), the authors observed that 18 (90%) of 20 patients experienced some improvement (Figure 5A). This tendency may reflect a natural recovery aspect of SU as previously mentioned (19). Notably, the complete remission group comprised only four (20%) of 20 patients, with complete remission at a mean of 4 years after disease onset (Figure 5B). This percentage was similar to the percentages in another report (12% at 5 years and 26% at 10 years after diagnosis) (19). These data imply that SU is refractory in many patients; although most patients experienced at least partial recovery, complete remission was rare and challenging to achieve. Furthermore, in terms of disease duration, complete remission occurred within a mean of 4 years after disease onset. This was a shorter duration compared with the non-complete-remission group (Figure 5B). The four patients with complete remission had the following features: female sex, various action/inhibition spectra, H1 + UVA hardening in two patients, and H1 only in two patients (Table 1).

QOL status among SU patients has rarely been evaluated using DLQI scores (32). Thus, long-term prognostic assessment and DLQI measurement are strengths of this study. The authors compared DLQI scores for the current status among patients who underwent hardening therapy; the authors found that neither action spectra nor treatment selection affected the DLQI score for the current status (Figures 2A,B). Thus, although hardening therapy showed some immediate effectiveness, such therapy did not have a long-term prognostic effect on the DLQI score for the current status.

This study had some limitations. Because SU is relatively a rare disease, only 29 patients were included. This is a limitation of the single-center design; an international multi-center study is needed to increase the number of patients. Furthermore, the DLQI score reflects subjective symptoms, rather than objective indicators. Finally, because H1 was administered to all patients, the authors could not perform comparisons with a control group of SU patients who did not undergo H1 treatment. Therefore, a larger, standardized study that prospectively collects appropriate data, including baseline information, is needed. Additionally, most judgments of treatment effectiveness were made on the basis of MUD, but a few judgments of treatment effectiveness were determined on the basis of physician-mediated patient interviews; the authors highlight the differences between these groups in Supplementary Figures S1, S2.

In conclusion, our questionnaire analysis revealed long-term prognosis and current QOL status in SU patients. Most patients showed some improvement when assessed for this study, compared with disease onset. This study confirmed the effectiveness of hardening therapy, especially UVA hardening therapy for SU patients with an action spectrum that includes UVA.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of Kobe University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

SI: Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Software, Visualization, Writing – original draft, Writing – review & editing. YO: Conceptualization, Data curation, Investigation, Methodology, Writing – review & editing. TF: Data curation, Methodology, Writing – review & editing. MM: Data curation, Methodology, Writing – review & editing. MS: Data curation, Methodology, Writing – review & editing. KW: Conceptualization, Data curation, Methodology, Validation, Writing – review & editing. CN: Supervision, Writing – review & editing. AF: Conceptualization, Data curation, Investigation, Methodology, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported in part by a Grant-in-Aid for Scientific Research (C) (JSPS KAKENHI Grant No. 20 K08651) to AF and a Grant-in-Aid for Early-Career Scientists (JSPS KAKENHI Grant No. 23 K15268) to SI from the Ministry of Education, Culture, Sports, Science, and Technology, Japan.



Acknowledgments

The authors thank Edanz (https://jp.edanz.com/ac) for editing a draft of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1328765/full#supplementary-material



Abbreviations


SU, solar urticaria; UVA, ultraviolet radiation A; UVB, ultraviolet radiation B; VL, visible light; MUD, minimal urticarial dose; IIT, intradermal injection test; PUVA, psoralen-UVA; DLQI, Dermatology Life Quality Index; CR, complete remission; H1, H1 antihistamines; H2, H2 antihistamines; IQR, interquartile range.


References

 1. Czarnetzki, BM
. The history of urticaria. Int J Dermatol. (1989) 28:52–7. doi: 10.1111/j.1365-4362.1989.tb01314.x 

 2. De Martinis, M, Sirufo, MM, and Ginaldi, L. Solar Urticaria, a disease with many dark sides: is Omalizumab the right therapeutic response? Reflections from a clinical case report. Open Med (Wars). (2019) 14:403–6. doi: 10.1515/med-2019-0042 

 3. Fukunaga, A, Horikawa, T, Yamamoto, A, Yamada, Y, and Nishigori, C. The inhibition spectrum of solar urticaria suppresses the wheal-flare response following intradermal injection with photo-activated autologous serum but not with compound 48/80. Photodermatol Photoimmunol Photomed. (2006) 22:129–32. doi: 10.1111/j.1600-0781.2006.00213.x 

 4. Srinivas, CR, Fergusson, J, Shenoi, SD, and Pai, S. Solar urticaria. Indian J Dermatol Venereol Leprol. (1995) 61:288–90.

 5. Zuberbier, T, Abdul Latiff, AH, Abuzakouk, M, Aquilina, S, Asero, R, Baker, D , et al. The international EAACI/GA2LEN/euro GuiDerm/APAAACI guideline for the definition, classification, diagnosis, and management of urticaria. Allergy. (2022) 77:734–66. doi: 10.1111/all.15090 

 6. Snast, I, Lapidoth, M, Uvaidov, V, Enk, CD, Mazor, S, Hodak, E , et al. Real-life experience in the treatment of solar urticaria: retrospective cohort study. Clin Exp Dermatol. (2019) 44:e164–70. doi: 10.1111/ced.13960 

 7. Grundmann, SA, Ständer, S, Luger, TA, and Beissert, S. Antihistamine combination treatment for solar urticaria. Br J Dermatol. (2008) 158:1384–6. doi: 10.1111/j.1365-2133.2008.08543.x 

 8. Dawe, RS, and Ferguson, J. Prolonged benefit following ultraviolet a phototherapy for solar urticaria. Br J Dermatol. (1997) 137:144–8. doi: 10.1046/j.1365-2133.1997.17861873.x 

 9. Beissert, S, Ständer, H, and Schwarz, T. UVA rush hardening for the treatment of solar urticaria. J Am Acad Dermatol. (2000) 42:1030–2. doi: 10.1067/mjd.2000.104517 

 10. Masuoka, E, Fukunaga, A, Kishigami, K, Jimbo, H, Nishioka, M, Uchimura, Y , et al. Successful and long-lasting treatment of solar urticaria with ultraviolet a rush hardening therapy. Br J Dermatol. (2012) 167:198–201. doi: 10.1111/j.1365-2133.2012.10944.x 

 11. Lyons, AB, Peacock, A, Zubair, R, Hamzavi, IH, and Lim, HW. Successful treatment of solar urticaria with UVA1 hardening in three patients. Photodermatol Photoimmunol Photomed. (2019) 35:193–5. doi: 10.1111/phpp.12447 

 12. Hawk, JL, Eady, RA, Challoner, AV, Kobza-Black, A, Keahey, TM, and Greaves, MW. Elevated blood histamine levels and mast cell degranulation in solar urticaria. Br J Clin Pharmacol. (1980) 9:183–6. doi: 10.1111/j.1365-2125.1980.tb05831.x 

 13. Haylett, AK, Nie, Z, Brownrigg, M, Taylor, R, and Rhodes, LE. Systemic photoprotection in solar urticaria with α-melanocyte-stimulating hormone analogue [Nle 4-D-Phe7]-α-MSH. Br J Dermatol. (2011) 164:407–14. doi: 10.1111/j.1365-2133.2010.10104.x 

 14. Dawe, RS
. Induction of tolerance in solar urticaria by ultraviolet a ‘rush hardening’: is this true desensitization? Br J Dermatol. (2012) 167:4–5. doi: 10.1111/j.1365-2133.2012.11030.x 

 15. Pérez-Ferriols, A, Barnadas, M, Gardeazábal, J, de Argila, D, Carrascosa, JM, Aguilera, P , et al. Solar urticaria: epidemiology and clinical phenotypes in a Spanish series of 224 patients. Actas Dermosifiliogr. (2017) 108:132–9. doi: 10.1016/j.ad.2016.09.003 

 16. Uetsu, N, Miyauchi-Hashimoto, H, Okamoto, H, and Horio, T. The clinical and photobiological characteristics of solar urticaria in 40 patients. Br J Dermatol. (2000) 142:32–8. doi: 10.1046/j.1365-2133.2000.03238.x 

 17. Kerr, HA, and Lim, HW. Photodermatoses in African Americans: a retrospective analysis of 135 patients over a 7-year period. J Am Acad Dermatol. (2007) 57:638–43. doi: 10.1016/j.jaad.2007.05.043 

 18. Hamel, R, Mohammad, TF, Chahine, A, Joselow, A, Vick, G, Radosta, S , et al. Comparison of racial distribution of photodermatoses in USA academic dermatology clinics: a multicenter retrospective analysis of 1080 patients over a 10-year period. Photodermatol Photoimmunol Photomed. (2020) 36:233–40. doi: 10.1111/phpp.12543


 19. Beattie, PE, Dawe, RS, Ibbotson, SH, and Ferguson, J. Characteristics and prognosis of idiopathic solar Urticaria: a cohort of 87 cases. Arch Dermatol. (2003) 139:1149–54. doi: 10.1001/archderm.139.9.1149 

 20. Chong, WS, and Khoo, SW. Solar urticaria in Singapore: an uncommon photodermatosis seen in a tertiary dermatology center over a 10-year period. Photodermatol Photoimmunol Photomed. (2004) 20:101–4. doi: 10.1111/j.1600-0781.2004.00083.x 

 21. Silpa-Archa, N, Wongpraparut, C, and Leenutaphong, V. Analysis of solar urticaria in Thai patients. Asian Pac J Allergy Immunol. (2016) 34:146–52. doi: 10.12932/AP0632.34.2.2016 

 22. Jong, CT, Finlay, AY, Pearse, AD, Kerr, AC, Ferguson, J, Benton, EC , et al. The quality of life of 790 patients with photodermatoses. Br J Dermatol. (2008) 159:192–7. doi: 10.1111/j.1365-2133.2008.08581.x 

 23. Rizwan, M, Reddick, CL, Bundy, C, Unsworth, R, Richards, HL, and Rhodes, LE. Photodermatoses: environmentally induced conditions with high psychological impact. Photochem Photobiol Sci. (2013) 12:182–9. doi: 10.1039/c2pp25177a 

 24. Pherwani, AV, Bansode, G, and Gadhia, S. The impact of chronic urticaria on the quality of life in Indian patients. Indian J Dermatol. (2012) 57:110–3. doi: 10.4103/0019-5154.94277 

 25. Miyauchi, H, and Horio, T. Detection of action, inhibition and augmentation spectra in solar urticaria. Dermatology. (1995) 191:286–91. doi: 10.1159/000246570 

 26. Oda, Y, Washio, K, Fukunaga, A, Mizuno, M, Hirai, H, Imamura, S , et al. Establishment of the basophil activation test to detect photoallergens in solar urticaria. J Allergy Clin Immunol Pract. (2020) 8:2817–2819.e1. doi: 10.1016/j.jaip.2020.04.042 

 27. Sabroe, RA, Grattan, CE, Francis, DM, Barr, RM, Kobza Black, A, and Greaves, MW. The autologous serum skin test: a screening test for autoantibodies in chronic idiopathic urticaria. Br J Dermatol. (1999) 140:446–52. doi: 10.1046/j.1365-2133.1999.02707.x


 28. Hongbo, Y, Thomas, CL, Harrison, MA, Salek, MS, and Finlay, AY. Translating the science of quality of life into practice: what do dermatology life quality index scores mean? J Invest Dermatol. (2005) 125:659–64. doi: 10.1111/j.0022-202X.2005.23621.x


 29. Harris, BW, Badri, T, and Schlessinger, J. Solar urticaria. Treasure Island, FL: StatPearls Publishing LLC (2022).


 30. Pont, M, Delaporte, E, Bonnevalle, A, and Thomas, P. Solar urticaria: pre-PUVA UVA desensitization. Ann Dermatol Venereol. (2000) 127:296–9.

 31. Bissonnette, R, Buskard, N, McLean, DI, and Lui, H. Treatment of refractory solar urticaria with plasma exchange. J Cutan Med Surg. (1999) 3:236–8. doi: 10.1177/120347549900300503 

 32. Haylett, AK, Koumaki, D, and Rhodes, LE. Solar urticaria in 145 patients: assessment of action spectra and impact on quality of life in adults and children. Photodermatol Photoimmunol Photomed. (2018) 34:262–8. doi: 10.1111/phpp.12385 


Copyright
 © 2024 Imamura, Oda, Fukumoto, Mizuno, Suzuki, Washio, Nishigori and Fukunaga. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-11-1328765-g005.jpg
DLQI current status

Comparison of DLQI current status
between action spectrums

20 3 P>.999
.
15
° —
10 . H
. —-e
5
S .
L
0 * T * T
& & <~ &
& .
< $ &
=2
&

DLQI current status

Comparison of DLQI current status
between the treatments

P=892
P=758  _P=.923
Ll
o .
.
—%
- . .
o T ore
Q&gv t&& &\&s
& & o
v &
b &
& &
&





OPS/images/fmed-11-1328765-t001.jpg
No. Sex Age (y) Complications Phototesting Treatments
At At Allergic Asthma Atopic Action Inhibition UVA VL nr
first onset rhinitis dermatitis spectrum spectrum MUD MUD positive  H1 H2 Phototherapy
visit a7/ min with antihistamines  antihistamines including

cm2)  (cm) irradiated hardening
serum therapy
(immediate
effectiveness)

Bepotastine,

1 F 56 55 +) 223 | UVA, VL =) 6 4(UN) | NE VL Cyproheptadine ND VL (ineffec.)
(partial effec.)
10 Homochloreyclizine UVA (effec), VL
2 M 37 NE  UVAVL | >530nm 83 NE ) ND
(15cm) (ineffec) (ineffec.)
2 Olopatadine (partial
3 F e e ) 8 VL >531nm NE NE VL ND VL (ineffec.)
(30cm) effec)
0 Olopatadine (partial
4 M s s 51 UVAVL () 86 NE VL ND VL (ineffec.)
(30cm) effec.)
UVA, UVB, 067 Fexofenadine (partial
5 F 6 60 124 =) 10 169 UVA, VL ND UVA (effec)
VL (20cm) effec.)
0
6 M » 0 @) NE | VL NE NE oemy | N NE Loratadine (UN) ND ND
cm)
0
7 | F 2 2 ) NE  UVAVL | NE 12 o | NE NE Fexofenadine (ineffec) | ND ND
20 Epinastine (partial
s F 57 57 +) 32 VL NE NE NE NE ND ND
(15cm) effec)
9 M 8 2 598 VL NE NE 30(UN) | NE =) Epinastine (partial eflec) | ND ND
0
oM 36 36 NE VL NE NE o | E NE Fexofenadine (UN) ND ND
35 Epinastine (partial
noFE 6 6 @ s1VL NE NE NE NE Details UN (ineffec) | ND.
(15em) effec)
5
M6 56 ) 240 UVAVL | Laenttime 8 asem | UVA, VL Ebastine (ineffec.) Famotidine (ineffec.) | Oral PUVA (ineffec.)
cm)
3 Fexofenadine (partial
BOF 3B ® 68  UVAVL  >540nm 6 NE VL ND UVA (effec)
(15¢m) effec)
1 NE VL Cetirizine (partial ND UVA (effec)
MM 2 6 +) 274 UVAVL  Latenttime 05
(15em) effec)
5oM 77 ) 308 VL 420480nm | NE 10 NE VL Olopatadine (partial Lafutidine (effec) | Natural sunbathing
(UN) effec) (effec)
6 oOF 27 NE VL Latenttime ~ NE 5 NE NE Levocetirizine (eflec) | Lafutidine (effec) | UVA (ineffec)
(15cm)
7Moo NE VL Latenttime  NE 6 NE NE Ebastine (partial effec) | Lafutidine (eflec) | ND
(15¢m)
M 8 3 NE | VL Latenttime  NE 15 NE NE Bepotastine (partial ND ND
(15em) effec)
vooE 7 +) NE | VL NE NE 20 NE NE Bepotastine (partial ND ND
(20cm) effec)
0 M 1B on +) 309 VL >450nm NE 2 NE VL Olopatadine (partial ~ ND ND
(15em) effec)
a M B ) 75 UVAVL | NE 12 5 NE «) Ebastine (effec.) Lafutidine (ineflec) | UVA (effec)
(30em)
2 F 1 1 +) @ 726 UVAVL | NE 12 10 NE VL Olopatadine (partial  ND UVA (effec)
(20cm) effec)
» F e 67 NE | UVA,VL | Latenttime 6 10 NE NE Epinastine (partial ND ND
(15¢m) effec)
4 F o4 3 61 VL NE NE 3 NE ) Epinastine (effec.) ND ND
(15em)
3 F 51 sl ) 12 UVALUVB,  NE 05 0083 120 VL Cetirizine (ineffec.) ND UVA (effec)
VL (15cm)
% F 10 10 6 VL NE NE 10 NE NE Levocetirizine (eflec) | ND ND
(15¢m)
7 F o2 18 @) ) 214 UVALUVB | NE 5 NE 20 NE Fexofenadine (partial | ND ND
effec)
% F 51 50 ) 653 UVAVL | >4800m 2 7 NE VL Fexofenadine (UN) ND UVA (effec)
(15cm)
% M 49 46 NE | VL ) NE 5 NE VL Levocetirizine (effec) | Lafutidine (ineflec) | ND.
(30cm)

Y, year; , female; M, male; UVA, ultraviolet radiation A; UV, ultraviolet radiation B; VL, vsible light; MUD, minimal urticarial dose; NE, not examined; ND, not done; I, intradermal
jection test; PUVA, psoralen-UVA; effec, effective; ineffec, ineflctive.






OPS/images/fmed-11-1328765-g003.jpg
Symptoms and treatments at current status

(10%)

Complete remission
Improve, mild symptoms,
no treatments

Improve, moderate symptoms,
still under treatments

Deteriorate

Duration since disease onset until
Complete remission or current status

Current status Avarage duration

Complete remission 4 years

Improve, mild symptoms, 5 ears

no treatments

6.4 years

10 years






OPS/images/fmed-11-1328765-g004.jpg
A B
DLQI disability current status DLQI vs Symptoms/Treatments at current status

4
(20%)
(2550/) No disturbance
" Mild disturbance

Moderate disturbance
Severe disturbance
Extreme disturbance

oo

DLQI in the current status

Total =20






OPS/images/fmed-11-1328765-t002.jpg
Response to
questionnaire

At

onset
1 ) 55
2 ) 17
3 ) 67
1 ) 8

Age (y)

At
response

At
complete
remission

Current status

Current
improvement

Improve (mild symp.)
Improve (mild symp.)
Improve (mild symp.)
Deteriorate

Complete remission

Current Current
Treatment  status
) 2
) 5
=) 7
UN 20

DLQl
QoL
disability
Mild dist.

Mild dist.

Moderate dis

Severe dist.

No dist.

Complete remission

Improve (moderate

symp)

Clemastine
Fumarate,
Fexofenadine
(UAN)

Severe dist.

)

Complete remission

Improve (moderate

symp)

Olopatadine

No dist.

Mild dist.

16 ) 17

31

Improve (moderate
symp.)

Levoceti
(UAN)

Mild dist.

19 (] 17

2

Improve (mild symp.)

Improve (moderate
symp.)

Improve (mild symp.)

Mild dist.

Severe dist.

Severe dist.

2 (] 67
24 ) 3
2 (] 51

6

53

Improve (mild symp.)
Complete remission

Improve (moderate

symp)

Improve (moderate

symp.)

=) 3
Olopatadi

lopatadine "
)
© 10
© 0
Epinastis

pinastine .

Levocetirizine,
Lafutidine,
Montelukast,
hardening

Moderate dist

No dist.

Moderate dist.

Moderate dist.

27 ) 18
(] 50

2

2 ) 46

Y, year; DLQI, Dermatology Life Quality Index; CR, complete remissic

51

9

Deteriorate

Improve (moderate
symp)
Improve (moderate
symp)

Fexofenadine

(UAN) 13
Fexofenadine, 17
hardening

Loratadine, 10
Lafutidine

who did not answer to the questionnaires were described as gray rows. The patients’ number s coincident with Table 1. The same number expresses the same patient.

Severe dist.

Severe dist.

Moderate dist.

s UAN, use as needed; ND, not done; UN, unknown; NA, no answer; symp, symptom; dist., disturbance. The patients





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Solar urticaria: clinical characteristics, treatment effectiveness, long-term prognosis, and QOL status in 29 patients



		Introduction



		Methods



		Patient population



		Photo-provocation test



		Inhibition spectra



		Intradermal serum injection test



		Hardening therapy









		Results



		Patient population



		Photo-provocation test and IIT



		Treatment selection



		Treatment effectiveness



		Current symptoms according to the questionnaire



		Dermatology life quality index score for current status according to the questionnaire



		Dermatology life quality index score for current status according to the action spectrum and treatments



		Statistical analysis









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fmed-11-1328765-g001.jpg
Number of the patients

P

IS

w

™

=

Distribution of onset age

NN

P AENEAELESSES

WA W W WA WY E

years old

Action spectrum

2
(6.9%

1 (3.4%)

Total =29

O VL

3 UVAto VL
BN UVBto VL
Em UVBto UVA





OPS/images/fmed-11-1328765-g002.jpg
A

Effectiveness of HI antihistamines

3 Effective

== Unknown

Effectiveness of H2 antihistamines

3
(42.9%)

Total =7

3 Effective
B Ineffective

Effectiveness of hardening therapy

VA
VL
Sunbathing:

OralPUVA 3 Effective

Both UVA and VL . neffective

0 2 4 6 8
Number of the patients





OPS/images/cover.jpg
’ frontiers | Frontiers in Medicine

Solar urticaria: clinical
characteristics, treatment
eeff ctiveness, long-term

prognosis, and QOL status in 29
patients












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






