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Background: Although dupilumab is an effective treatment approach for chronic actinic dermatitis (CAD) in some cases, its
effectiveness and safety in CAD have not been sufficiently assessed.

Purpose: Evaluation of the effectiveness and safety of dupilumab in patients with recalcitrant CAD was performed.

Methods: We retrospectively reviewed the medical records of CAD patients treated with dupilumab. Data regarding demographics
were collected, and disease severity scores were assessed using the following: Clinical Severity Score of CAD (CSS-CAD), Atopic
Dermatitis Control Tool (ADCT), Dermatology Life Quality Index (DLQI), and Numeric Rating Scale (NRS)-itch scores.

Results: After 12 weeks of treatment, there was a significant decrease in disease severity scores of 16 CAD patients. Only one patient
achieved a good response and most of the patients (62.5%, 10/16) had no significant symptom improvement after 4 weeks of
treatment. However, after 12 weeks of treatment, 43.75% (7/16) of the patients reached excellent response (>75% improvement of
CSS-CAD), 31.25% (5/16) good response (50%—75% improvement of CSS-CAD), 6.25% (1/16) partial response (25%—-50%
improvement of CSS-CAD), and only 18.75% (3/16) no response (<25% improvement of CSS-CAD). One patient complained of
injection site reaction at the first injection.

Conclusion: This study supports dupilumab as an effective and safe treatment option for patients with recalcitrant CAD. Patients may
require at least 4 weeks of treatment before the partial response is noted.
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Introduction

Chronic actinic dermatitis (CAD) is a persistent and recurrent eczematous dermatitis that predominantly affects the
photo-exposed areas, along with photosensitivity. Patients with CAD, are extremely sensitive to ultraviolet (UV)
included UVA, UVB, or visible radiation, and even brief sunlight exposure triggers eczema,' thus needing to avoid outdoor
activities. In recalcitrant cases, conventional treatments based on photoprotection, topical corticosteroids, and immunosuppres-
sive agents have been tried, and in most cases, their effectiveness has been disappointing.>” Dupilumab is an IgG human
monoclonal antibody that binds to the IL-4 receptor and has a well-established role in atopic dermatitis (AD), which is not
responding to conventional immunosuppressive therapy. Dupilumab has proved to be safe and effective in several real-life
studies both on clinical and psychological aspects of AD.*”” CAD is an immune-mediated photodermatosis and has been reported
to have a similar Th2-mediated inflammatory pathogenesis to AD. According to previous reports,”'* dupilumab prescribed for
CAD has shown promising results in the disease. However, the evidence supporting its efficacy in patients with CAD comes from
small case series and case reports. Therefore, we aimed to conduct an analysis of our experience with dupilumab to gain a better
understanding of the efficacy and safety of this approach in patients with recalcitrant CAD.
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Methods

After obtaining institutional ethics committee approved by the Ethical Committee of Guangzhou Institute of
Dermatology (No: gzsp202267), the study was analyzed using electronic medical records of patients from the dates of
January 1, 2021, to December 1, 2022. Patients who suffered from CAD satisfied the following criteria:'* eczematoid
skin lesion on sun-exposed areas lasting more than 3 months; abnormal phototesting of reduced minimal erythema dose
(MED) in UVB, UVA, or visible wavelength. The patients’ age, gender, duration of CAD, personal atopic history,
phototest results, and previous treatment method were collected and analyzed. All patients with recalcitrant CAD had
previously received at least one conventional systemic agent; however, disease control was inadequate. After discussion
with the patients and obtaining informed consent, patients were started treated a loading dose of dupilumab (600 mg) at
the first week, followed by a maintenance dose (300mg) every 2 weeks. During the treatment, patients were allowed to
use antihistamines, hydroxychloroquine, cyclosporin A, thalidomide, topical corticosteroids (low to mid-potency:
hydrocortisone acetate cream or triamcinolone acetonide acetate cream), and topical calcineurin inhibitors.

The clinical response to dupilumab was assessed in terms of Clinical Severity Score of CAD'> (CSS-CAD, 0-240),
Atopic Dermatitis control tool (ADCT, 0-24), Dermatology Life Quality Index (DLQI, 0-30), and Numeric Rating Scale
(NRS)-itch (0—10) scores by two dermatologists at baseline to those after 4 weeks, 8 weeks, 12 weeks, and 16 weeks of
treatment. The clinical response of CAD was evaluated on 4 weeks, 8 weeks, 12 weeks, and 16 weeks based on the
decrease of the CSS-CAD score, including excellent (>75% improvement), good (50%—75% improvement), partial
(25%—-50% improvement), and no response (<25% improvement). Adverse events during the treatment period were also
noted. Continuous variables were given as mean + standard error. Baseline characteristics were analyzed by #-test, and
analysis of variance (ANOVA) using SPSS version 26.0, with a significance level of <0.05.

Results

Baseline demographics and clinical characteristics are summarized in Table 1. We included 16 patients (Male: Female
12:4) with mean age of 53.56 £+ 9.84 years (range 34-72 years) who were treated off-label with dupilumab. These
patients suffered a mean CAD disease course of 3.75 + 2.86 years. Four (25%) patients exhibited a personal atopic
history of allergies, including AD (3/16) and allergic rhinitis (1/16). Phototest of CAD patients revealed that 11 cases
were sensitive to both UVA and UVB. In contrast, among the remaining five patients, one was only sensitive to UVA and
the other four cases only had UVB sensitivity. All patients had received prior topical and systemic treatments for CAD,
with seven (43.75%) patients having been treated with hydroxychloroquine, ten (62.5%) patients with antihistamine, four
(25%) patients with systemic glucocorticoids, six (37.5%) patients with traditional Chinese medicine (TCM), four (25%)
patients with cyclosporin A, two (12.5%) patients with thalidomide, one (6.25%) patient with methotrexate, and one
(6.25%) patient with tripterygium wilfordii. All patients had been treated with low to high-potency topical corticosteroids
and (or) topical calcineurin inhibitors (TCI). Among those receiving dupilumab, 16 patients continued to use topical or
systemic medications at some point during their treatment duration. Out of the 16 patients receiving a concomitant
therapy, 12 (75%) used antihistamine, seven (43.75%) used hydroxychloroquine, one (6.25%) received cyclosporin A,
one (6.25%) received thalidomide. All other systemic treatments were gradually tapered and finally withdrawn after 4-16
weeks of dupilumab treatment.

Sixteen patients completed the 12—16 weeks of treatment of dupilumab without interruption at our hospital. Figures 1
shows one of our patients before and 16 weeks after treatment with dupilumab. At baseline, the CSS-CAD score of the
patients was 104.5 + 42.05. Following the intervention, the CSS-CAD score revealed a progressive and significant
reduction from baseline over the 12 weeks (40.75 £ 29.45, P< 0.001) of follow-up (Figure 2A). The CSS-CAD score
analysis demonstrated that 31.25% (5/16) of the cases reached partial response, one patient obtained a good response, and
62.5% (10/16) received no response at week 4, 37.5% (6/16) of the cases reached partial response, 43.75% (7/16)
obtained good response, and 18.75% (3/16) received no response at week 8, and 43.75% (7/16) of the patients reached
excellent response, 31.25% good response (5/16), 6.25% partial response (1/16), and 18.75% (3/16) no response at week
12 (Figure 2B). Among the seven patients who completed the 16 weeks of treatment, one changed from no response to

partial response, and two improved from good response to excellent response.
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Table | Clinical Data of 16 CAD Cases

Patient | Age, Duration | Personal | Phototest Previous Treatment Method Treatment Duration of Complications
No. Gender of CAD Atopic Dupilumab
UVA MED | UVB MED
(Years) History (Weeks)
(>40)/cm2) | (>40 m)/cm?2)
| 34, Female 2 Atopic 51 25.7 Systemic corticosteroids, Dupilumab 600 mg, 300 mg 12 None
dermatitis Topical corticosteroids, TCI, TCM Biweekly+Antihistamine
+Topical corticosteroids
2 48, Female 3 Atopic 24.02 21.12 Hydroxychloroquine, Antihistamine, | Dupilumab 600 mg, 300 mg 12 Injection site
dermatitis Topical corticosteroids, TCI Biweekly reaction
+Hydroxychloroquine
+Antihistamine+Topical
corticosteroids
3 53,Female 8 Allergic 44 13 Systemic corticosteroids, Dupilumab 600 mg, 300 mg 12 None
rhinitis Methotrexate, TCM, Topical Biweekly+Antihistamine
corticosteroids +Topical corticosteroids
4 39,Male 2 None 21.34 10.2 Hydroxychloroquine, Antihistamine, | Dupilumab 600 mg, 300 mg 12 None
Topical corticosteroids, TCM Biweekly
+Hydroxychloroquine
+Antihistamine+Topical
corticosteroids
5 55,Male | Atopic 18.1 32,6 Cyclosporin A, Antihistamine, Dupilumab 600 mg, 300 mg 12 None
dermatitis Topical corticosteroids, TCI Biweekly+Antihistamine
+Topical corticosteroids
6 57,Male | None 13.85 7.7 Hydroxychloroquine, Antihistamine, | Dupilumab 600 mg, 300 mg 16 None
Topical corticosteroids, TCI Biweekly
+Hydroxychloroquine
+Topical corticosteroids
7 46,Female 4 None 28.6 12.4 Hydroxychloroquine, Cyclosporin A, | Dupilumab 600 mg, 300 mg 16 None
Systemic corticosteroids, Topical Biweekly+Antihistamine
corticosteroids +Topical corticosteroids+TCl
8 48,Male 4 None 16 24 Cyclosporin A, Topical Dupilumab 600 mg, 300 mg 16 None
corticosteroids, TCI Biweekly+Antihistamine
+Cyclosporin A+TCI
9 62,Male 9 None 46.32 20.9 Methotrexate, Systemic Dupilumab 600 mg, 300 mg 12 None
corticosteroids, Topical Biweekly+Antihistamine
corticosteroids, TCM +Topical corticosteroids
(Continued)
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Table | (Continued).

Patient | Age, Duration | Personal | Phototest Previous Treatment Method Treatment Duration of Complications
No. Gender of CAD Atopic Dupilumab
(Years) History UVA MED | UVB MED (Weeks)
(>40)/cm2) | (>40 m)/cm?2)
10 48,Male 3 None 55.5 304 Thalidomide, Antihistamine, Topical Dupilumab 600 mg, 300 mg 12 None
corticosteroids Biweekly+Antihistamine
+Topical corticosteroids
Il 65,Male 4 None 18.4 10.4 Tripterygium wilfordii, Dupilumab 600 mg, 300 mg 12 None
Antihistamine, Topical Biweekly+Antihistamine
corticosteroids +Topical corticosteroids
12 57,Male 10 None 12 19 Hydroxychloroquine, Antihistamine, | Dupilumab 600 mg, 300 mg 16 None
Topical corticosteroids Biweekly
+Hydroxychloroquine
+Antihistamine+Topical
corticosteroids
13 65,Male | None 20.1 52.1 Hydroxychloroquine, Antihistamine, | Dupilumab 600 mg, 300 mg 16 None
Topical corticosteroids, TCM Biweekly
+Hydroxychloroquine
+Topical corticosteroids
14 72,Male 2 None 18 22 Cyclosporin A, Antihistamine, Dupilumab 600 mg, 300 mg 12 None
Topical corticosteroids Biweekly
+Hydroxychloroquine
+Topical corticosteroids
15 55,Male 3 None 6.31 17.7 Hydroxychloroquine, Systemic Dupilumab 600 mg, 300 mg 12 None
corticosteroids, Topical Biweekly
corticosteroids +Hydroxychloroquine
+Topical corticosteroids
16 53,Male 3 None 9.02 32.1 Thalidomide, Antihistamine, Topical Dupilumab 600 mg, 300 mg 16 None
corticosteroids, TCI, TCM Biweekly+Antihistamine
+Thalidomide+Topical
corticosteroids

Abbreviations: TCI, Topical calcineurin inhibitors; TCM, Traditional Chinese medicine.
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Baseline 4 weeks 8 Weeks 12 Weeks 16 weeks

Figure | Significant improvement with the use of dupilumab before (A) after administration for 4 weeks (B), 8 weeks (C), 12 weeks (D), and 16 weeks (E) in the same
patient.
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Figure 2 (A) The scores of CSS-CAD before and after treatment. (B) The achievement rate of excellent response, good response, partial response, and no response at
week 0, 4, 8, and 12. (C-E) The scores of ADCT, DLQI and NRS before and after treatment. *P < 0.05, ***P< 0.001 compared with the respective value at baseline; ns, there
was no significance compared with the respective value at baseline.

Abbreviations: CSS-CAD, Clinical Severity Score; ADCT, Atopic Dermatitis control tool; DLQI, Dermatology Life Quality Index, and NRS, Numeric Rating Scale itch.

Compared to baseline levels, the clinical indexes, ADCT, DLQI, and NRS were demonstrated rapid improvements in their
self-reported following the administration of dupilumab at week 4, week 8, and week 12 (Figure 2C-E). At baseline, the ADCT
score was 14.81 = 4.9, while the DLQI score was 15.63 + 7.38, and the NRS score was 7.19 £ 2.35 in this patient cohort, with
these scores declining rapidly at week 12 to 8.06 +4.94, 7.19 + 5.54, and 3.38 + 2.26, respectively. Furthermore, at the week 16
visit, the patients demonstrated further improvements in the above clinical indexes. Overall, an adverse effect was reported by
one of the patients, with the injection site reaction at the first injection and resolved within 3 hours after oral antihistamine.
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Discussion

CAD is a chronic photosensitive disorder with erythematous, lichenified, papules, and plaques on sun-exposed areas. This
retrospective study showed that CAD patients tend to afflict elder males disproportionately.'® The exact pathomechanism of
CAD is not fully elucidated, so its therapeutic management remains very difficult and not standardized. However, some cases
may have unsatisfactory control with conventional treatments, or their use may be precluded by adverse events, often leading
to difficulties in treatment and recurrence or aggravation of the condition.>'” This study showed that dupilumab is a relatively
safe and effective treatment for recalcitrant CAD patients and results in significant improvement in the signs and symptoms
and quality of life. After 12 weeks of treatment with dupilumab, the patients showed a significant decrease in their CSS-CAD
scores compared to baseline, and 75% of the patients achieved a good-to-excellent response at week 12. There were also
significant improvements in secondary outcome measures, such as ADCT, DLQI, and NRS scores compared to baseline. In

the literature review, six studies® '3

includes 12 cases were treated with dupilumab after failing conventional treatments. All 12
patients experienced a partial-to-complete response after the treatment of dupilumab. These findings are in agreement with our
study. Previous studies have reported that patients experienced significant improvement in their signs and symptoms within 4
weeks of initiating dupilumab treatment.®'*> However, in this retrospective investigation, noteworthy improvement of CSS-
CAD, DLQI, and NRS was observed as early as week 4, while ADCT exhibited slightly delayed response. Additionally, at
week 4, only a solitary patient achieved a good response; but with continuous treatment, the number of patients showing good-
to-excellent responses significantly increased by week 8. These results suggest that patients with CAD may receive
significantly improved symptoms after 4 weeks of dupilumab treatment.

Dupilumab is an IL-4 receptor alpha antagonist that blocks Th2 proinflammatory cytokines IL-4 and IL-13. Although

previous reports®

and this study have found that dupilumab showed surprising efficacy in the treatment of CAD, it is
challenging to speculate on the exact mechanism of dupilumab to improve the disease severity in patients with CAD. Ko et al
found the role of Th1/Th2 misbalance in patients suffering severe CAD."” Besides, UV irradiation may inhibit antigen
presentation to Thl cells but increase that to Th2 cells.'® It was reported that UV-induced CD3+, CD4+, and CD8+ cells
increased in the more severe CSS-CAD subgroup and mediated their suppressive function by releasing immune regulatory
cytokines such as IL-4 and IL-10."” Therefore, it has been speculated that immune imbalance plays an important role in the
pathogenesis of CAD. A retrospective study of CAD patients over a 5-year period found that 16 (21.6%) of CAD patients with an
early age of onset had an atopic history.'® Furthermore, young AD patients suffering symptoms of CAD with photosensitive have
also been reported before.”” In the current study, three patients had a history of AD and all received an excellent response after 12
weeks of treatment. The overlap and similar inflammatory nature of CAD and AD may provide a potential benefit for the direct
efficacy of dupilumab on CAD. Interestingly, an excellent or good response was also seen in our patients (9/13, 69.23%) who did
not have a history of AD. Besides, one changed from no response to partial response, and another improved from good response
to excellent response after 16 weeks of treatment. These findings are in keeping with recently reviewed data demonstrating that
dupilumab may be a viable treatment option for patients with refractory CAD regardless of a history of AD.*’

In the literature review, adverse events occurred in 33.33% (4/12) of patients after treatment of dupilumab and
presented by dupilumab facial redness and conjunctivitis.* > Only one of our patients experienced an injection site
reaction at the first injection, and it was resolved within 3 hours after oral antihistamine.

In conclusion, based on the clinical improvement and absence of serious adverse events in our patients, these data support
dupilumab as a valuable option for the treatment of resistant CAD. Our results also found that patients may require at least 4
weeks of treatment before a partial response is noted. Thus, clinical trials of dupilumab are indicated in CAD, given
a sufficient number of patients available with this rare disorder. However, the mechanism of action of dupilumab in the
treatment of CAD is unclear, and randomized controlled studies are required to draw any further conclusions.
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