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Abstract
BACKGROUND
Lichenoid amyloidosis (LA) is a subtype of primary cutaneous amyloidosis characterized by persistent multiple groups of hyperkeratotic papules, usually on the lower leg, back, forearm, or thigh. LA may be associated with several skin diseases, including atopic dermatitis (AD). The treatment of LA is considered to be difficult. However, as there is some overlap in the etiopathogenesis of LA and AD, AD treatment may also be effective for LA.

CASE SUMMARY
Case 1: A 70-year-old man was diagnosed with severe AD with LA based on large dark erythema and papules on the trunk and buttocks and dense hemispherical millet-shaped papules with pruritus on the extensor side of the lower limbs. He had a long history of the disease (8 years), with repeated and polymorphic skin lesions. Given the poor efficacy of traditional treatments, this patient was recommended to receive dupilumab treatment. At the initial stage, 300 mg was injected subcutaneously every 2 wk. After 28 wk, the drug interval was extended to 1 mo due to the pandemic. Follow-up observations revealed that the patient reached an Eczema Area Severity Index of 90 (skin lesions improved by 90% compared with the baseline) by the end of the study. Moreover, Investigator's Global Assessment score was 1, and scoring atopic dermatitis index and numeric rating scale improved by 97.7% and 87.5% compared with the baseline, respectively, with LA skin lesions having largely subsided. Case 2: A 30-year-old woman was diagnosed with severe AD with LA, due to dense and substantial papules on the dorsal hands similar to changes in cutaneous amyloidosis, and erythema and papules scattered on limbs and trunk with pruritus, present for 25 years. After 16 wk of dupilumab treatment, she stopped, and skin lesions completely subsided, without recurrence since the last follow-up.

CONCLUSION
Dupilumab shows rational efficacy and safety in the treatment of severe AD with LA, in addition to benefits in the quality of life of the patients. 
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Core Tip: Although cases of atopic dermatitis (AD) with lichenoid amyloidosis (LA) are not uncommon, there are few reports on the use of AD treatment for LA. In this paper, two adult patients with severe AD and LA are described. Treatment with dupilumab significantly improved the AD and LA skin lesions with no adverse reactions, confirming the efficacy and safety of dupilumab in the treatment of AD with LA, and providing a reference for clinically similar diseases.

INTRODUCTION
Atopic dermatitis (AD), a chronic recurrent disease driven by type-2 inflammation, is clinically characterized as chronic eczematoid manifestations[1]. Lichenoid amyloidosis (LA) is a subtype of primary cutaneous amyloidosis, which is characterized by persistent multiple groups of hyperkeratotic papules, usually in the lower leg, back, forearm, or thigh[2]. It has been demonstrated that primary cutaneous amyloidosis is associated with AD, with an elusive mechanism[3-5]. Dupilumab, a human monoclonal antibody targeting for interleukin (IL)-4/13 receptor α chain, can inhibit the development of type-2 inflammation, and has shown promising efficacy and safety in the treatment of medium and severe AD[6,7]. Currently, there are cases reported that dupilumab may hold promise in the treatment of AD-related LA, but with minor cases, and few studies focused on the changes of skin lesions after drug withdrawal and the efficacy and safety of the long-term application. This paper reports two cases of severe AD with LA in adults. The patients were treated with subcutaneous dupilumab injection after ineffective traditional treatment. In case 1, the skin lesions of AD and LA virtually disappeared after long-term application of dupilumab, with promising efficacy and safety. In case 2, the skin lesions of AD and LA skin lesions disappeared after dupilumab treatment, without recurrence after discontinuation.

CASE PRESENTATION
Chief complaints
Case 1: On August 12, 2021, a 70-year-old man was admitted to our department due to the appearance of large dark erythematous papules on his trunk and buttocks, together with dense hemispherical millet granular miliary papules with itching on the extensor sides of his lower limbs.

Case 2: On December 21, 2020, a 30-year-old woman was admitted to our department due to substantial dense papules on the back of her hands and scattered erythema, papules, and itching on her limbs and torso.

History of present illness
Case 1: A 70-year-old man developed erythema and papules on his lower limbs 8 years ago, and pruritus. He was diagnosed with chronic eczema at a local hospital and treated with a Chinese medicine decoction. He stopped taking this medicine after most skin lesions subsided. The patient subsequently complained of mildly symptomatic recurrent skin lesions following the cessation of treatment. The patient did not seek further treatment at this time. Three years ago, he was diagnosed with AD at the Dermatology Department of the Second Hospital of Jilin University. Treatment with a topical glucocorticoid and oral levocetirizine controlled the skin lesions and prevented recurrence. However, two years ago, the skin lesions became aggravated without obvious inducement and spread to the entire body. Dense, hemispherical, millet-shaped papules appeared on the extensor surfaces of both lower limbs. The patient’s condition did not improve despite self-medication with traditional Chinese medicine and a topical glucocorticoid and the patient experienced expanded skin lesions and sleep severely affected by pruritus. In August 2021, he visited our department for further treatment.

Case 2: A 30-year-old woman developed several coin-sized erythema lesions and papules on her hips and both lower limbs along with pruritus without obvious inducement 25 years ago. She was diagnosed with chronic eczema at a local hospital and was treated with a topical glucocorticoid and oral loratadine. Following treatment, the skin lesions partially subsided, with occasional recurrence. Two years ago, the patient developed dense erythema and papules covered by small scales, keratosis, and chapped skin on the dorsal side of both hands. After self-medication with antihistamines and a topical glucocorticoid, the skin lesions showed no improvement and gradually progressed to the elbows and trunk. Concomitantly, her pruritus severely affected her sleep. In December 2020, she visited our department for further treatment.

History of past illness
Case 1: The patient’s past history was unremarkable.

Case 2: The patient had a history of allergic rhinitis for 5 years, which aggravated in autumn every year. Oral loratadine or levocetirizine was required to relieve the allergic rhinitis.

Personal and family history
Case 1: There was no family history of similar disease.

Case 2: The patient’s grandfather and aunt suffered from allergic rhinitis.

Physical examination
Case 1: Systemic examination revealed no obvious abnormalities. The dermatological conditions included dryness of the skin over the whole body, while the trunk and buttocks showed extensive dark erythema and papules. The skin lesions were thickened, lichenized, and pruritic. Similarly, dense hemispherical millet-shaped papules were observed on the lateral sides of both lower legs, with scattered erythema and papules on both feet (Figure 1A and B). The scoring atopic dermatitis index (SCORAD), Eczema Area Severity Index (EASI), numeric rating scale (NRS), and Investigator's Global Assessment (IGA) scores were 60.8, 13.5, 8, and 4, respectively.

Case 2: Systemic examination revealed no obvious abnormalities. Dermatological conditions included dry skin affecting the entire body, chapping erythema covered by a few scales affecting the palms of both hands, densely filled millet grain-to-sorghum grain-sized papules on the dorsal surface of both hands with keratinized surfaces reminiscent of cutaneous amyloidosis, thick and lichenized lesions on both elbows and feet, erythema and papules scattered on the trunk, and scratches and blood scabs on the buttocks (Figure 2A and B). SCORAD, EASI, NRS, and IGA scores were 53.1, 13.1, 7, and 4, respectively.

Laboratory examinations
Case 1: Routine blood analysis showed an eosinophil count of 1.96 × 109/L.

Case 2: Allergen-specific immunoglobulin E: Artemisia > 100 IU/mL, positive value: 6.0; ragweed: 9.4 IU/mL, positive value: 3.4. 

Imaging examinations
Case 1: Histopathology of dense papules on the extensor surface of the lower leg showed amorphous amyloid lump deposition with mild eosinophilic staining in the dermal papillary layer, which was consistent with amyloidosis (Figure 3).

Case 2: No histological examination was performed because the patient refused invasive examination.

FINAL DIAGNOSIS
Severe AD accompanied by LA.

TREATMENT
A designated staff assigned to cases 1 and 2 independently collected the basic information, clinical features, medical history, drug allergy history, and family history of the patients and established personal AD files. Both patients received an initial subcutaneous injection of 600 mg dupilumab followed by 300 mg every 2 wk. During the treatment period, the patients were followed regularly, during which the skin lesions were photographed, SCORAD, EASI, NRS, and IGA were recorded, and the incidence of any adverse reactions was noted.

OUTCOME AND FOLLOW-UP
Case 1: The patient was first treated with dupilumab on August 21, 2021. The pruritus was relieved after 1 wk and the skin lesions improved after 4 wk. During the treatment, all scores continued to decline, without adverse reactions. After 16 wk of treatment, most skin lesions had improved, and papules on both legs had partially flattened. In the 28th week (February 8, 2022), most of the skin lesions had subsided with some pigmentation remaining on the trunk and buttocks, without recurrence. The skin over the entire body was still dry, and the patient was advised to use external moisturizing emollients regularly. SCORAD, EASI, NRS, and IGA scores were 7.1, 2.3, 2, and 1, respectively (Figure 1C). Due to the access limitations associated with the COVID-19 pandemic, the subcutaneous injection of dupilumab was adjusted to 300 mg every month. The patient was treated with dupilumab for a total of 55 wk, after which the skin lesions of the whole body had largely subsided, without adverse reactions during the treatment (Figure 1D and E). SCORAD, EASI, NRS, and IGA scores were 1.4, 1.2, 1, and 1, respectively, reaching EASI90 (skin lesions improved by 90% from baseline). Notably, SCORAD and NRS scores improved by 97.7% and 87.5% from baseline, respectively. 

Case 2: The patient was first treated with dupilumab on December 21, 2020. The pruritus was relieved after 1 wk, and the skin lesions improved after 2 wk of treatment. During the treatment, all scores continued to decline, without adverse reactions. The final injection was administered on April 9, 2021, by which the patient had received a total of eight dupilumab injections. At this point, the skin lesions had completely subsided and with each score reaching 0 (Figure 2C and D). The last follow-up was done 1.5 years since the termination of drug treatment, and no recurrence of skin lesions was observed. The symptoms of allergic rhinitis were also significantly improved, and no further medical treatment was deemed necessary (Figure 2E and F).

DISCUSSION
AD, a chronic recurrent disease driven by type-2 inflammation, is clinically characterized by chronic eczematoid manifestations with pruritus, which can be diagnosed according to the previously reported clinical criteria[1,8]. In addition to eczematoid manifestations, the skin lesions of the two patients in this study exhibited lichen amyloidosis, a subtype of primary cutaneous amyloidosis which manifested as numerous persistent groups of hyperkeratotic papules, usually on the lower leg, back, forearm or thigh[2]. It was first proposed by Shanon et al[9] in 1970 that cutaneous amyloidosis was related to atopic disease. Currently, studies have found that AD is related to primary cutaneous amyloidosis; however, the exact mechanism remains elusive[3-5]. Primary cutaneous amyloidosis can be caused by the deposition of skin amyloid protein through the "itching-scratching" cycle. Since AD patients generally have pruritus, it is currently believed that the destruction of the skin barrier in AD through chronic scratching and friction can lead to the damage and death of keratinocytes and the subsequent deposition of amyloid protein, resulting in amyloidosis[10,11]. The treatment of AD is typically individualized and different treatment methods are selected according to the severity of the disease. Moderate and severe AD patients can be treated with topical drugs, systemic drugs, and immunosuppressants[12]. In our study, two patients with a long history of repeated dermatological illness were selected and treated with dupilumab based on the inefficacies of the traditional medicines that had been trialed in these patients previously. Dupilumab is a human monoclonal antibody that targets the receptor for Th2 cytokines IL-4/13 (IL-4 receptor α chain), thereby inhibiting type-2 inflammation by blocking the pro-inflammatory effects of IL-4/13[6]. It has been demonstrated that dupilumab effectively inhibits type-2 pathway genes as early as the 4th week of treatment, and significantly improves the clinical efficacy indexes of AD in the 16th week of treatment[13].
Currently, several treatments exist for primary cutaneous amyloidosis associated with AD, including oral antihistamines, CO2 laser, cyclosporine, and acitretin. However, it is proven difficult to achieve complete skin lesion regression through these methods[14-17]. Primary cutaneous amyloidosis is related to pruritus, and IL-4 and IL-13 have been shown to promote pruritus via their role in the type-2 inflammation pathway. Thus, dupilumab may relieve pruritus and inhibit the development of amyloidosis by blocking the effects of IL-4 and IL-13[18]. However, the specific mechanism of dupilumab in the treatment of primary cutaneous amyloidosis has not been clarified. Previous studies have detected increased expression of IL-31 in the skin lesions of patients with familial primary cutaneous amyloidosis. IL-31 is also one of the pro-pruritus factors secreted by Th2 cells. Dupilumab can indirectly inhibit the secretion of IL-31 by Th2 cells by inhibiting type-2 inflammation, and therefore may exert beneficial effects in primary cutaneous amyloidosis through this mechanism[19,20]. To date, there is one case where remission of AD-related lichen amyloidosis skin lesions was achieved after treatment with dupilumab, indicating that dupilumab can have a therapeutic benefit in AD-related amyloidosis[11]. In this study, case 1 experienced reduced pruritus after one week of dupilumab. To date, the skin lesions of lichen amyloidosis have largely subsided in this patient, without adverse reactions, demonstrating that dupilumab has a rational efficacy against AD-related lichen amyloidosis, and long-term treatment can achieve skin lesion control with high safety. In case 2, the skin lesions of lichen amyloidosis completely subsided 16 wk after dupilumab was applied, and have not recurred since the termination of treatment, indicating that dupilumab may inhibit the recurrence of AD-related lichen amyloidosis on the basis of its therapeutic effect.

CONCLUSION
In this study, the treatment of AD with dupilumab substantially reduced the appearance of skin lesions in two patients with lichen amyloidosis. Long-term treatment of dupilumab for AD and lichen amyloidosis in case 1 was deemed effective and safe. In case 2, there was no recurrence of skin lesions of AD and lichen amyloidosis following termination of treatment. Moreover, compared to the previous traditional treatments, dupilumab was more effective and deemed safe in the treatment of AD and its associated amyloidosis. The above two cases further indicate that the treatments indicated for AD may also have rational efficacy against AD-related lichen amyloidosis.
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Figure 1 Skin lesions at various follow-up time points of patient 1 after the application of dupilumab to the lesions. A: Skin lesions on the back before the treatment of dupilumab; B: Skin lesions on both lower limbs before the treatment of dupilumab; C: Posterior trunk at 16-wk follow-up; D: Back at 55-wk follow-up; E: Skin lesions on both lower limbs at 55-wk follow-up.
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Figure 2 Skin lesions at various follow-up time points of patient 2 after application of dupilumab to the lesions. A: Skin lesions of hands before the treatment of dupilumab; B: Skin lesions of both lower limbs before the treatment of dupilumab; C: 16-wk follow-up; D: 16-wk follow-up; E: Hands 1.5 year post-treatment follow-up; F: Lower limbs 1.5 years post-treatment follow-up.
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Figure 3 Skin histopathology. A: Amorphous amyloid lump deposition with mild eosinophilic staining in the dermal papillary layer, consistent with amyloidosis (hematoxylin-eosin staining, 100 ×); B: Amorphous amyloid lump deposition with mild eosinophilic staining in the dermal papillary layer, consistent with amyloidosis (hematoxylin-eosin staining, 400 ×).
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