Management of Cutaneous Manifestations of Lupus Erythematosus: A Systematic Review
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Abstract
Background: Cutaneous lupus erythematosus (CLE), occurring with or without systemic lupus erythematosus (SLE), is a group of inflammatory skin diseases that can be very debilitating, causing significant psychological distress, and in some cases scarring.
Objectives: We sought to comprehensively present the evidence for different treatment modalities in patients with cutaneous manifestations of lupus erythematosus (LE).
Methods: Medline, Embase, Scopus and Cochrane CENTRAL were searched electronically from 1990 to March 2019, using keywords related to cutaneous lupus and synonyms and treatment. Articles retrieved were screened for relevance, including reference lists of retrieved reviews. We included clinical trials, observational studies or case series with 5 patients focussing on treatment of CLE, with or without SLE.
Results: The search identified 6637 studies, of which 107 were included. Each study commonly included a heterogenous mixture of CLE subtypes, with or without SLE. The 108 included studies investigated 11 different categories of treatment in 7544 patients. Treatments included topical calcineurin inhibitors (13 studies), sun protection (5 studies), R-salbutamol cream (2 studies), antimalarials (22 studies), synthetic DMARDs (10 studies), retinoids (2 studies), thalidomide/lenalidomide (22 studies), biologic therapies (15 studies), intravenous immune globulin (3 studies), laser (6 studies) and other therapies (7 studies). General measures to be considered include smoking cessation, sun protection measures and optimisation of vitamin D levels. Moderate evidence exists for benefit with topical CNIs, particularly as a steroid sparing agent in areas at high risk of steroid complications (e.g. facial skin). There is moderate evidence for hydroxychloroquine, which is first-line in SLE patients, limited evidence to support other synthetic DMARDs, and moderate evidence supporting thalidomide but with significant risk of toxicity. Of biologic therapies, there are moderate data to support belimumab. Limited evidence exists for other therapies. 
Conclusion: Many management options are available for CLE, including topical, systemic and biologic therapies, with a variable balance of efficacy and toxicity. There is a paucity of high-quality clinical trial data. Further trials are required to better understand optimal management of CLE, particularly in specific subgroups.



Introduction 
[bookmark: _Hlk12113757]Cutaneous lupus erythematosus (CLE), occurring with or without systemic lupus erythematosus (SLE), is a group of inflammatory skin diseases (1-3) that can be debilitating, resulting in significant psychological distress, permanent scarring and disfigurement in many (3). These conditions are uncommon, with an increased risk in young-middle aged women (1). CLE comprises a group of extremely diverse skin diseases, with potentially different pathogenesis and response to treatment. CLE can occur with or without SLE in a wide variety of different subtypes, including chronic CLE (CCLE; such as discoid (D)LE, lupus erythematosus tumidus and lupus profundus/panniculitis), subacute CLE (SCLE), acute CLE (ACLE; most commonly malar rash) and non-specific cutaneous involvement. The risk of SLE developing following onset of CLE has been estimated at 10-13% (1). 
There many potential management strategies available for those affected by CLE, with varying degrees of efficacy (3). These range from topical therapies, including corticosteroids and more recently topical calcineurin inhibitors, to systemic therapies including biologic disease modifying anti-rheumatic drugs (DMARDs) (3, 4). Management can depend on the presence of comorbid SLE (3). In some cases, patients may be refractory to many different therapies requiring significant immunosuppression to mitigate the risk of scarring and disfigurement (4).
Despite the significant physical and psychosocial burden of these conditions, no comprehensive and systematic summary of available evidence exists to guide the treating physician. Thus, our review aims to comprehensively present the evidence for different treatment modalities in patients with cutaneous manifestations of lupus erythematosus (LE). We have detailed, where possible, subgroup analyses to assist the practitioner in identifying the most effective treatments for specific CLE subtypes. 
Methods
A detailed study protocol has been published in the PROSPERO Register of systematic reviews. MEDLINE, EMBASE, Scopus and CINAHL were searched from 1990 to March 2019. We used keywords and MeSH term related to cutaneous lupus, synonyms (such as DLE, SCLE, lupus erythematous tumidus (LET), ACLE) and treatment (including a comprehensive list of potential treatment options such as topical corticosteroids, calcineurin inhibitors, biologic therapies) (Figure S1: Supplementary Digital Content). We hand-searched articles from reference lists of identified articles for additional studies of potential relevance. The search was limited to English language studies in adult humans. Two review authors (JF and SO) independently screened abstracts for potential relevance. If consensus was not reached, a third author (MN) was consulted. A single author (JF) performed data extraction. Studies were grouped by treatment modality, with the subgroup of lupus erythematosus reported where possible.
Inclusion/Exclusion Criteria
We examined clinical trials and observational studies including five or more patients investigating management of CLE, with or without SLE. We included case series only where a standard treatment was used for five or more patients (i.e. we excluded those studies seeking to provide descriptive epidemiology of a population). We reviewed and included articles involving cutaneous manifestations in SLE only where specific cutaneous outcomes were mentioned, for example the response of malar or photosensitive rash to treatment. 
	Population
We included studies looking at CLE (with or without SLE) in all forms (including ACLE, SCLE, CCLE subtypes including DLE, and non-specific cutaneous features).
	Intervention
Any treatment strategy for cutaneous manifestations of lupus erythematosus (LE), including topical, systemic (including biologic) and physical (e.g. laser) therapies.
	Comparator/Control
No comparison or control group was required for inclusion in this review.
Outcomes
Primary Outcomes
Studies were required to report specific mucocutaneous outcomes pre- and post-treatment.  Ideally, studies used a skin outcome score (e.g. Cutaneous Lupus Erythematosus Disease Area and Severity Index (CLASI) or mucocutaneous component of British Isles Lupus Assessment Group (BILAG)). In studies dealing with mucocutaneous manifestations in SLE, studies were excluded when non-specific cutaneous outcomes were presented (e.g. frequency of “rash” pre- and post-treatment). 
	Secondary Outcomes
We also extracted data on adverse effects of treatment and patient satisfaction.
	Statistical Analysis
Highly heterogenous results were anticipated due to large variations in study design, treatments, study protocols and outcome measures. Data pertaining to treatment response were extracted; often these were a clinician-reported assessment of response. If any specific outcome score was used, scores were extracted and summarised. We were unable to conduct meta-analysis due to the heterogeneity of included studies in terms of study design and protocols, treatments, patient population and definitions of CLE subtypes, where these were recorded.
	Risk of bias assessment
Risk of bias assessment was conducted for all included studies. By definition, studies without a comparison or control group were deemed at “high” risk of bias. Studies with a comparison group were assessed by the Cochrane Risk of Bias tool, which allowed stratification of risk of bias as “high”, “low”, “unclear” or “some concerns” in a number of domains including risk of selection bias, reporting bias, performance bias, detection bias and attrition bias. Any study which was assessed as “high” risk of bias in any one domain, or “some concerns” in multiple domains, was considered “high” risk of bias overall.  Any study with multiple domains of “unclear” risk or one domain at “some concern” of risk of bias was rated as “moderate” risk of bias overall. Studies at “low” risk of bias in all domains with at most one “unclear” rating were deemed at “low” risk of bias. One author (JF) performed risk of bias assessments, which were reviewed and uncertainties addressed by a second author (SO). Risk of bias assessments are available in Table 1 (detail in Supplementary Digital Content, Figure S1).
Results
The search strategy identified 6637 papers, of which 1029 were excluded as duplicates, and 5483 excluded for other reasons (See Figure 1: PRISMA Diagram). One-hundred and twenty-five articles were retrieved, and 39 studies excluded (Figure 1: PRISMA Diagram). Twenty-one were added post-search from screening reference lists of similar reviews, resulting in a total of 107 studies included in this review.
These 107 studies examined 11 different categories of treatment in 7343 patients (Table 1). Treatments included topical calcineurin inhibitors (CNI) (13 studies; Table 2) (5-17), sun protection (5 studies; Table 3) (18-22), R-Salbutamol cream (2 studies; Table 4) (23, 24), antimalarials (22 studies; Table 5) (25-47), synthetic DMARDs including cyclophosphamide (10 studies; Table 6) (48-57), retinoids (2 studies; Table 7) (58, 59), thalidomide/lenalidomide (22 studies; Table 8) (60-78), biologic therapies (15 studies; Table 9) (79-93), intravenous immune globulin (IVIG) (3 studies; Table 10) (94-96), laser therapy (6 studies; Table 11) (97-102) and other therapies (7 studies; Table 12) (28, 103-108). 
	Topical CNIs
Thirteen studies involving 250 patients examined topical CNIs in CLE (5-17) (Table 2). Of these, there were 5 randomised controlled trials (RCTs) (5-9), 3 non-controlled clinical trials(10-12), 1 observational study (14) and 4 case series (13, 15-17). Six studies included only patients with DLE (5, 6, 8, 10, 11, 13), whilst 7 studies included patients with a mixture of different subtypes of CLE (7, 9, 12, 14-17). Patients with comorbid SLE were included in 6 studies (7, 9, 12, 15-17). Eight studies were deemed at high (5, 9-17), two moderate (6, 8) and one at low risk of bias (7).
Eight studies used topical tacrolimus (0.03 or0.1%) (5-7, 9, 12, 13, 15, 17), 4 studies topical pimecrolimus (1%) (8, 10, 11, 16) and one study included a mixture of both tacrolimus and pimecrolimus (14). Six of thirteen studies involved a comparison group (5-9, 15), most commonly topical corticosteroids. 
[bookmark: _Hlk12114662]All studies demonstrated improvement with topical CNI therapy, usually to a moderate extent. Benefit was equivalent to topical corticosteroid therapy (5, 6, 8, 9, 15). There was a risk of relapse when treatment was ceased (5, 16). Three studies presented conflicting data on response of different lupus subtypes (7, 12, 14). One showed a significant improvement with tacrolimus in patients with DLE, LET and ACLE, with no benefit of topical CNI versus placebo in SCLE (7). An RCT showed similar improvements in DLE, SCLE and SLE with malar rash (9). One non-controlled trial showed similar improvements among subtypes, whereas one observational study showed equal improvement in erythema and oedema in LET, SLE and SCLE(14). Adverse effects were minor if noted, with pruritis, irritation or burning noted in some studies (6),(14, 15).
	Sun Protection and Sunscreen
Five studies in 123 patients investigated sun protection and sunscreen in the management of CLE (18-22) (Table 3). These included 3 RCTs (18, 19, 21), one non-controlled clinical trial (22) and one case series (20). All studies included patients with a mixture of CLE subtypes, with one study including patients with comorbid SLE (20). Four studies were deemed at high (18, 20-22), and one study at low risk of bias (19).
Four studies involved assessing the benefit of sunscreen in preventing LE lesions in response to photoprovocation testing (18-21), while one study evaluated prolonged use of sunscreen in regular life (22). In the studies analysing response to photoprovocation testing, two studies (18, 19) showed application of a high sun protection factor (SPF50-75) sunscreen completely prevented lesions, whilst the remaining studies showed a significant reduction in lesion development (20, 21). No difference across CLE subtypes was shown (18, 20). Another study showed a significant reduction in disease severity with regular use of an SPF15+ sunscreen, despite only 54% adherence (22). Adverse effects were minimal in one study (19).
	R-Salbutamol Cream
Two studies in 46 patients investigated the use of R-salbutamol cream to treat CLE (23, 24) (Table 4). One study was a placebo-controlled RCT (23), and another was a case series (24). The RCT included only patients with DLE (23), whilst the case series included patients with mixed subtypes of CLE (24). Neither study reported whether patients with comorbid SLE were included. The case series was deemed at high (24), and the RCT at low risk of bias (23).
Both studies showed improvement with R-Salbutamol cream. The RCT showed significant reduction in scaling, hypertrophy, induration and lesion size with improved patient satisfaction compared to placebo (23). The case series showed a better response in SCLE than DLE, with newer, non-hypertrophic DLE responding better than older, hypertrophic lesions (24). Adverse effects were minimal (23).
	Antimalarials
Twenty-two studies involving 2203 patients investigated the use of antimalarials in patients with CLE (25-27, 29-47) (Table 5). These studies included 2 RCTs (25, 27), 2 non-controlled trials (39, 109), 16 observational studies (26, 29-38, 40, 41, 43-47) and 3 case series (38, 40). Nineteen studies included patients with mixed subtypes of CLE (26, 27, 29-33, 35, 36, 38, 39, 41, 43-47), while two studies included only patients with DLE (34, 40) and one patients with LET (37). Seventeen studies included patients with comorbid SLE (25-27, 29-34, 36, 38, 41-44, 46, 47). Twenty-one studies were deemed at high (26, 29-41, 43-47, 109), one at moderate (25), and one at low risk of bias (27).
[bookmark: _Hlk12172961]Most commonly, studies examined use of hydroxychloroquine (HCQ) (27, 29-32, 34, 35, 37, 40-43, 45-47), with fewer studies examining other agents (chloroquine (25, 37, 41, 45, 47), quinacrine (47)) or combination therapy using hydroxychloroquine, chloroquine and quinacrine (also known as mepacrine) (26, 33, 36, 38, 39).
Of the studies examining hydroxychloroquine monotherapy, one RCT (30) showed significant reduction in CLASI score with both placebo and hydroxychloroquine, although with higher rates of “marked” improvement with hydroxychloroquine. Among the observational studies, generally CLASI Activity scores improved with response rates around 50% (partial or complete) (29-32, 34, 35, 43, 46). Two studies examining DLE alone showed similar results (34, 40), with one study identifying localised disease without SLE, and non-scarring alopecia, as predictors of response to hydroxychloroquine (34). One further study identified absence of discoid lesions as a predictor of complete response (31). No subgroup was identified as having a superior response to hydroxychloroquine, although smokers were identified to be at higher risk of treatment failure (35, 45) with higher CLASI scores (45). One study showed improved response rates when HCQ levels were checked and doses increased in those with subtherapeutic levels (109). Some adverse effects were noted but rarely required discontinuation of treatment (27, 29, 30).
Of the studies examining other antimalarials, one RCT showed equivalence of chloroquine and clofazimine, an anti-lepromatous medication, in patients with mixed subtypes of CLE (25). An observational study showed inferior response to chloroquine, quinacrine or HCQ in smokers than non-smokers (47). One study showed equivalence of chloroquine and hydroxychloroquine in LET (37), while another study showed switching from one antimalarial to an alternative may improve response rate (41). Adverse effects were generally mild (39), although more frequent than with hydroxychloroquine (25, 28).
Combination therapy was generally implemented in those refractory to monotherapy, with around half of patients responding (26, 33, 36, 38, 39). Rates of response by subtype were conflicting (26, 36).
	Synthetic DMARDs
Ten studies in 170 patients investigated synthetic DMARDs as treatment for CLE (48-57) (Table 6). This included one RCT (48), two non-controlled trials (49, 50), 4 observational studies (51-54) and two case series (55-57). Nine studies included patients with mixed cutaneous manifestations of lupus, while one study included SCLE only (49). Eight studies included patients with SLE (48, 50-53, 55-57). Three studies examined methotrexate (48, 53, 54), three studies examined mycophenolate mofetil (MMF) (49, 51, 57), one azathioprine (50) and three pulse cyclophosphamide (52, 55, 56). All studies were deemed at high risk of bias (48-57).
One RCT (48) and two observational trials examined use of methotrexate for cutaneous lupus (53, 54). The RCT demonstrated equivalence of methotrexate to chloroquine, with significant improvement in skin disease in both groups with no difference between groups (48). Both observational trials showed improvement in a majority of patients (83-97%) (53, 54). One study suggested SCLE and more localised DLE responded better than generalised DLE (53). Adverse effects were frequent in all studies (including alopecia and transaminitis) but usually did not require treatment cessation (48, 53, 54).
Three studies examining MMF in CLE comprised one non-controlled trial (49), one observational study (51) and one case series (57). While two studies showed improvement in skin disease (49, 51), the case series showed partial response in 2/7 patients only (57). Adverse effects were common in all studies (including gastrointestinal disturbance and transaminitis) but usually did not require treatment cessation (49, 51, 57).
One non-controlled trial investigated azathioprine in cutaneous lupus (50). Two-thirds of participants experienced partial or complete response to azathioprine, with 2/6 requiring cessation of treatment due to serious adverse effects such as pancreatitis and fever.
One observational trial (52) and two case series (55, 56) examined response of cutaneous manifestations of SLE to pulsed cyclophosphamide therapy, combined with dexamethasone in two studies (52, 55). Both studies combing cyclophosphamide and dexamethasone showed significant improvement, with two studies demonstrating good response of multiple different cutaneous manifestations including discoid and malar rashes, oral ulcers and alopecia (52, 55). Predictably, this regimen had significant adverse effects noted including infection (52, 55, 56) and one death (52).
	Retinoids
 Two studies in 64 patients examined retinoids to treat CLE (58, 59) (Table 7); one RCT studying acitretin (58) and one case series studying isotretinoin (59). Both studies involved participants with mixed subtypes of cutaneous lupus. One study included participants with comorbid SLE (59). One study was deemed at high (59), and the other at moderate risk of bias (58).
The RCT comparing acitretin to HCQ did not show a significant difference between the two agents in patients with mixed subtypes of CLE, with around 50% of patients responding to each drug (58). The case series showed significant improvement in patients where isotretinoin was used for CLE (59), although with frequent flare on withdrawal. Adverse effects were mild (58, 59).
	Thalidomide and Lenalidomide
Twenty-two studies in 629 patients looked at thalidomide or lenalidomide therapy in CLE (60-78, 110-112) (Table 8). Fourteen studies looked at thalidomide therapy (60-73, 112), and 5 investigated lenalidomide (74-78). Seven studies were non-controlled trials (60-62, 74-76, 111), 7 observational studies (63-67, 77, 112) and 8 case series (68-73, 78, 110). Twenty-one studies involved patients with mixed subtypes of CLE (60, 62-78, 110, 111), and one study included DLE only (61). Nineteen studies included patients with comorbid SLE (60, 62-73, 75-78, 110, 111). All studies were deemed at high risk of bias.
Of the 17 studies investigating thalidomide therapy (60-73, 110, 111), four non-controlled trials (60-62, 111) showed high rates of response (98-100%) in patients with mixed subtypes of CLE (60, 62) and DLE (61). Similarly, high response rates were found in data from observational studies and case series (67-100%) (63-73, 110). However, studies tended to show a high risk of relapse on cessation of treatment (60-63, 67, 68). Furthermore, adverse effects were common especially neurological symptoms or nerve conduction study-confirmed neuropathy in up to 50-70% of patients (60-66, 69-71, 73). In terms of subgroup analysis, data were conflicting. One study found that long term remission was more common in SCLE with a lower cumulative dose of thalidomide required, and DLE was predictive of relapse (60). One case series showed slightly lower rates of response in DLE than SCLE (110). Another showed lower response rates in SCLE than in DLE or SLE (65), and another showed no major difference in response rates between subgroups (69).
Five studies assessed response of CLE to lenalidomide (74-78). Three non-controlled trials in patients with mixed subtypes CLE showed good response rates and significant reduction in CLASI Activity scores (74-76). Similar response rates were found in one observational study (77) and one case series (78). Overall there were lower rates of adverse effects than with thalidomide, particularly neuropathy which was infrequently reported. On subgroup analysis, one study found there was a lower time to complete response in DLE and SCLE compared to lupus profoundus (75). One case series noted that patients with lupus panniculitis failed to respond to treatment (78).
	Biologic therapies
Fifteen studies in 3269 patients investigated the effect of biologic therapies in CLE (79-93) (Table 9). Five studies examined belimumab (81, 83-86), three examined rituximab (87-89), one anifrolumab (91) and one each of  ustekinumab (93), BIIB059 (92), AMG-811 (79), sirukumab (82), efalizumab (90) and PD-0360324 (80). There were eight RCTs (79-83, 91-93), two non-controlled trials (84, 85), four observational studies (86-89) and one case series (90). Thirteen studies looked at patients with mixed subtypes of CLE, or SLE (80-89, 91-93) with two studies examining DLE (79, 90). All studies included patients with comorbid SLE except one, where presence of SLE was not specified(90). Ten studies were deemed to be at high risk of bias (79, 82, 84-90, 92), three at moderate (80, 81, 91) and two at low risk of bias (83, 93).
Five studies examined belimumab (81, 83-86), a fully human immunoglobulin-G1λ monoclonal antibody that inhibits the B cell survival factor B-lymphocyte stimulator. In most studies, belimumab was given at a dose of 10mg/kg intravenously on day 1, 14, 28 and then every 28 days thereafter. One RCT gave subcutaneous belimumab at a dose of 200mg weekly (81). Two RCTs (81, 83) showed greater improvement in overall response rate and outcome scores (mucocutaneous BILAG and SELENA-SLEDAI) in the belimumab compared with placebo group. Both of these trials showed similar frequency of adverse effects with belimumab and placebo (81, 83). Three non-controlled trials (84-86) showed significant improvement in CLASI Activity scores, with two showing stable CLASI Damage scores (85, 86) and one showing a reduction in flares (84). One study showed better results in non-smokers treated with belimumab (86). 
[bookmark: _Hlk12175991][bookmark: _Hlk12180216]Three observational studies investigated the use of rituximab, an anti-CD20 monoclonal antibody, in cutaneous manifestations of lupus (87-89). All studies gave two 1000mg doses 2 weeks apart, accompanied by intravenous cyclophosphamide (87, 89) or methylprednisolone 100mg intravenously (88, 89). Response rates were variable, with two studies showing a response of 71-76% (87, 89), with a third describing only 35% response rate (88). In this study, no patients with DLE responded to rituximab (88). While modest sample sizes (17-50 patients) limited conclusions about responses of different subgroups, those with ACLE appeared to respond favourably while there is no evidence to support a beneficial effect of rituximab on DLE, SCLE or new-onset CLE (87, 89). In one study, 75% of patients required further B-cell depleting therapy (89). Adverse effects were generally mild (87, 89).
One RCT (91) investigated use of anifrolumab in cutaneous manifestations of SLE, namely “rash” as measured by BILAG, SLEDAI-2K and CLASI Activity scores. Anifrolumab, a monoclonal antibody which targets the type I interferon receptor (IFNAR) and neutralizes all type I interferon (IFN) subtypes, was given at 300mg or 1000mg weekly for 48 weeks. Anifrolumab at a dose of 300mg weekly was associated with a significantly higher frequency of ≥50% improvement in CLASI score (OR 4.49, 95% CI 1.67-12.12, p=0.013), unlike the 1000mg dosing (OR 2.97, 95% CI 1.08-8.19, p=0.077)(91). In a further subgroup analysis of these data, significantly higher rates of improvement were seen in SLEDAI-2K and mucocutaneous BILAG scores with anifrolumab than placebo (113). There was no difference in rates of serious adverse effects or those requiring discontinuation of anifrolumab(91)
One RCT examined the use of ustekinumab (monoclonal antibody targeting IL-12 and IL-23) in cutaneous manifestations of SLE as measured by the CLASI activity score (93). Patients were treated with a weight-based intravenous loading dose following by 90mg subcutaneous injection administered every 8 weeks for 40 weeks. Response rate (as measured by 50% or more reduction in CLASI activity score) was significantly greater in those treated with ustekinumab than placebo. No significant difference in adverse events was noted between groups. 
One RCT examined the use of BIIB059 in patients with SLE and active skin disease (92). BIIB059 is a humanised monoclonal antibody binding to blood DC2 antigen (BDCA2) (92). This small RCT showed higher frequency of improvement in CLASI activity scores in those with SLE treated with a single dose of 20mg/kg BIIB059 than placebo, which was correlated with reduction in skin biopsy markers of IFN pathway activation. There was one serious adverse effect in the BIIB059 group, with did not require cessation (92).
One RCT investigated the role of a subcutaneous dose of AMG811, an anti-IFN monoclonal antibody, in treating DLE with or without comorbid SLE (79).  AMG811 was given on day 1 and day 85. No significant benefit was seen, with no difference in response between treatment and placebo groups, and no difference in CLASI scores. Serious adverse effects were not frequent.
One additional RCT treated patients with mixed subtypes of CLE with sirukumab (82), an anti-IL-6 monoclonal antibody which binds selectively to the IL-6 cytokine. Four sirukumab infusions of 10mg/kg were given two weeks apart to patients with SLE, while those with CLE received four fortnightly infusions of 1mg/kg, 4mg/kg or 10mg/kg doses. Results were mixed; while SELENA-SLEDAI scores underwent greater reduction in the sirukumab group, no difference in CLASI activity scores was seen in those treated with sirukumab or placebo. Adverse effects were generally mild (82).
[bookmark: _Hlk9450974]The last RCT examined the use of PD-0360324, a fully human immunoglobulin-G2 monoclonal antibody against macrophage colony-stimulating factor (M-CSF) as an IV infusion in patients with mixed subtypes of CLE (80). Compared to placebo, no improvement was seen in CLASI scores.
One case series investigated treatment of DLE patients with efalizumab (90), an anti-CD11a monoclonal antibody, now withdrawn from the market due to the risk of progressive multifocal leukoencephalopathy (114). Patients were treated with efalizumab 1mg/kg subcutaneously weekly, with an initialisation dose of 0.7mg/kg. Good to excellent response was seen in 11/13 patients.
	IVIG
Three case series involving 35 patients investigated intravenous immunoglobulin (IVIG) in CLE (94-96). All studies involved patients with mixed subtypes of CLE , and two studies specified that patients with SLE were included (95, 96). All studies were deemed at high risk of bias (94-96). Variable dosing regimens were used between the studies (Table 10). Results were variable; one study showed a 29% decrease in CLASI Activity score (94), another approximately 60% response rates (95), while one case series showed no response (96). Adverse effects were generally mild (94, 95).
	Laser Therapy
Six studies in 73 patients investigated laser therapy as a treatment modality for CLE (97-102) (Table 11). This comprised four non-controlled trials (97-100) and two observational studies (101, 102). Four studies involved patients with mixed subtypes of CLE (97, 99, 101, 102), one with DLE (100), and one with LET (98). Laser was specified as being used to treat active disease in 4 studies (98-101). While disease activity was not specified in two studies (97, 102), it was implied that laser was used for active disease. All studies were deemed at high risk of bias.
All six studies using laser therapy used pulsed dye lasers (97-102), with two studies also using intense pulsed laser (97, 98). Most showed significant improvement, with good response rates and high levels of satisfaction (97-102), including in studies specifying “active” lesions (98-101). One study in LET identified a relapse rate of 50% over 6 months’ follow up (98). Histology including inflammatory infiltrate also tended to improve (98, 99). Adverse effects were common but mild, including hyperpigmentation and transient pain (97-102).
	Other Therapies
Seven studies in 481 patients investigated other therapies including novel therapies (28, 105, 115), fumaric acid esters (104), interferon (106), dapsone (28), vitamin D (107) and UV hardening therapy (103). Six studies were deemed at high risk of bias (28, 103-107), and one RCT at low risk of bias (116).
One RCT compared baricitinib, an oral selective Janus kinase (JAK) 1 and 2 inhibitor, in 2mg or 4mg daily doses to placebo in patients with SLE (115). No significant benefit was seen in skin outcome measures, with an increased risk of serious adverse events (especially infection) in those on baricitinib 4mg daily (115).
One non-controlled trial investigated the role of fumaric acid esters in predominantly DLE patients (104). CLASI Activity scores improved, whilst CLASI Damage scores did not worsen. Adverse effects were minor.
One non-controlled trial investigated the use of apremilast, a PDE4 inhibitor, in patients with DLE (105). There was a marked reduction in disease activity in patients completing a full course of therapy (85 days), with significant reduction in CLASI activity score to day 85. CLASI damage scores did not increase.
One non-controlled trial studied interferon alpha-2a in mixed subtypes of CLE (106). Whilst 80% of patients responded, the frequency of relapse was 100% on cessation of therapy and all patients experienced a flu-like syndrome.
One case series showed around 50% of patients with mixed subtypes of CLE responded to dapsone, but with 10% of patients experiencing exacerbations of disease or serious adverse effects such as drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome and haemolytic anaemia (28).
One observational study compared CLE patients recommended vitamin D and calcium supplementation, with those not recommended replacement (107). CLASI Activity and Damage scores significantly reduced in the vitamin D group, but not the control group, with a trend to less exacerbations in the vitamin D-treated group. There was no correlation between vitamin D levels and CLASI activity or damage scores.
One observational study of UV hardening therapy in patients with mixed subtypes of CLE showed improvement in only 5/35 patients (103).
Discussion 
This review identified 104 studies that examined various treatment modalities for CLE. Included studies were highly heterogeneous in study design, treatment outcome measures, treatments and protocols, and usually involved patients with a mixture of CLE subtypes rather than specific patient populations. While constructing firm recommendations is difficult, we have identified a wide range of potential therapies for patients suffering with CLE, with variable levels of efficacy and toxicity, to help guide the physician in managing these patients.
Several narrative reviews exist describing management of CLE (3, 117, 118). A systematic Cochrane review describes management of DLE but lacks data on management of other CLE subtypes (4). To our knowledge this is the only systematic review to date to comprehensively summarise treatment data relating to all cutaneous manifestations of LE.
This review has several strengths. It is the only review to date to comprehensively and systematically describe management of cutaneous manifestations of lupus erythematosus in all its forms. We have sought to describe all possible practical management options, and their evidence, for the physician treating patients with lupus. Most studies included histopathologic diagnosis as part of their inclusion criteria. We have been able to clearly describe levels of evidence for each management strategy, to aid the potential future development of a treatment algorithm for CLE for use by treating physicians.
[bookmark: _Hlk14608558][bookmark: _Hlk12114090]However, this review does have limitations. There was significant clinical and methodological heterogeneity of included studies which precluded quantitative synthesis of data. Generally speaking, studies had small sample sizes, lacked a control group, and there was a paucity of standardised outcome measures. Most studies were at moderate to high risk of bias; although this is reflective of the overall quality of literature in this area, we believe it is important that these studies are included to reflect the breadth of existing data. Generally, studies included small numbers of patients. Finally, most studies included a mixture of CLE subtypes, which when combined with small patient numbers, made attempting subgroup analysis difficult. This has limited our ability to draw firm conclusions about optimal treatment in individual groups, particularly where there was heterogeneity between studies in subclassification of patients.
On the basis of the results of this systematic review, summarised in Figure 2, we suggest that general measures with potential benefit and low risk include routine recommendation of sun protection (22), and also smoking cessation. Smoking was reported as a risk factor for treatment failure with multiple therapies in our review (35, 45, 86), and the wider literature (3, 4). Vitamin D supplementation to correct deficiency may also be beneficial (107), which is a consideration given that with sun protection measures, patients with CLE are at risk of deficiency (107).
In practice, topical corticosteroids are routinely used either as first line monotherapy in mild localised CLE, or in combination with systemic agents in more severe and widespread disease.  However, despite anecdotal evidence and expert opinion supporting this, there is limited formal evidence and no studies to report in this review.  Topical therapy with CNIs however, has been formally studied and these may be a good first-line topical steroid-sparing therapy for CLE. This search has identified moderate consistent evidence to support topical CNI therapy to reduce dependence on topical steroids (Table 1) (5-17). Furthermore, in sensitive areas such as facial skin, these agents carry a lower risk of complications including telangiectasia and striae compared with topical corticosteroids (9). Limited data suggest a beneficial effect of R-salbutamol cream (Table 1) (23, 24), although this drug has limited availability.
[bookmark: _Hlk12175427]When considering systemic therapy, there is moderate evidence for hydroxychloroquine (Table 1) (27, 29, 30, 32, 34, 35, 37, 40), with low level evidence favouring beneficial effects of other antimalarials such as quinacrine and chloroquine (25, 37, 47), or their use in combination (Table 1) (26, 33, 36, 38, 39). Quinacrine has a favourable side effect profile to chloroquine as a second-line antimalarial agent, and as such is often the first choice for combination therapy(33). Discoid lesions may be a risk factor for non-response to hydroxychloroquine (31). In the wider literature, one study showed treating patients with SLE with HCQ may delay integument damage (119). We therefore suggest hydroxychloroquine may be considered in patients refractory to topical therapies. Trials of second line agents or combination therapy may avoid escalation to more immunosuppressive therapies.
[bookmark: _Hlk12175602]There are several potential options for disease refractory to HCQ. Limited data support a favourable effect of retinoids, however these agents are contraindicated in women of child-bearing age which limits its suitability in many lupus patients (Table 1) (58, 59). In terms of synthetic DMARD therapy, limited evidence supports a favourable effect of methotrexate (48, 53, 54) with limited data also supporting the use mycophenolate mofetil and azathioprine (49-51, 57). In the wider literature there are case reports to support the use of cyclosporine (120, 121) and rapamycin (122). Cyclophosphamide and dexamethasone may be beneficial in select patients with SLE (52, 56). Thalidomide and lenalidomide appear to have higher response rates than other agents (Table 1) (60-78), although the frequent occurrence of significant side effects including neuropathy and teratogenicity may make the use of thalidomide less attractive (60-66, 69-71, 73). While there are less data to support lenalidomide, it appears to have robust response rates without the risk of neurotoxicity associated with thalidomide (74-78).
[bookmark: _Hlk12180263][bookmark: _Hlk12176020]When considering biologic therapy, low-moderate evidence supports use of belimumab, with data largely derived from SLE patients with CLE manifestations (83-86). Additional trials have used belimumab with less defined cutaneous outcome measures but have tended to show efficacy in non-specific rash (123), with subcutaneous belimumab also on the horizon (124). Rituximab may be beneficial (87-89), although with limited data outside of ACLE, with case report data also of use for lupus panniculitis (125). Limited evidence suggests anifrolumab may be beneficial, while limited data exist for specific biologic agents otherwise (Table 1) (82, 90, 91, 93, 113). It is important to note efalizumab has now been withdrawn from the market due to unacceptable side effect risks (90). 
[bookmark: _Hlk12176305][bookmark: _Hlk12180319]Other possible options for treatment of CLE include laser therapy, with low-moderate evidence for pulsed dye laser (97-102); however, caution must be taken in light of the theoretical risk of disease flare on exposure to laser light wavelengths. Importantly, no flares were noted with this treatment in the studies included in this review. There are conflicting data to support the use of IVIG (94-96), although a handful of case reports have shown evidence in refractory manifestations, including lupus panniculitis (126). There are limited data investigating other therapies (79, 104, 106), including apremilast, anti-TNF-alpha, dapsone (28), anti-interferon-gamma (105, 127), atacicept (a human recombinant fusion protein comprising binding portions of two B cell survival factors, B-lymphocyte simulator and a proliferation-inducing ligand) (128) and mizoribine (an imidazole nucleoside) (129).
Conclusion
In a systematic review of literature pertaining to management of cutaneous lupus, we found many potential options available to the treating physician, including topical, systemic and biologic therapies. However, there was a paucity of high-quality RCT data. Although based on the results of this literature review, we have described a potential management approach for CLE, this review highlights the need for further high-quality RCTs with clearly defined outcome measures to assist in refining the treatment approach to CLE. 
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