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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effects of different types of systemic immunosuppressive treatments for eczema.

To generate rankings of the available systemic immunosuppressive treatments for eczema, according to their efficacy and safety.

B A C K G R O U N D

Relevant terms used in the protocol are explained in the Glossary

(Table 1).

Description of the condition

Eczema (also known as atopic eczema or atopic dermatitis) is a

common and chronic, relapsing inflammatory skin disorder, char-

acterised by intense pruritus and excoriation, with erythematous,

xerotic, lichenified, fissured skin, and an increased risk of skin

infections (Eichenfield 2014; Hanifin 1980; McCollum 2010;

Weidinger 2016).

Eczema lesions vary in appearance, and papules, vesicles, scaling,

fissuring, excoriations, crusting, oedema, and lichenification may

be seen. Dry skin resulting from an impaired barrier function is also

a key feature of eczema (Wollenberg 2016). Acute lesions typically

comprise ill-defined red scaly patches, often with oedema and

vesicle formation, while lichenification and pigmentation are more

typical of chronic lesions. Excoriations due to intense pruritus may

be seen at any stage. Although eczema can develop on any area of

skin, different distribution patterns are often observed at different

stages of life. In children under two years of age, eczema typically

arises on the face, the trunk, and limbs including the extensor

surfaces. In older children and adults, involvement of the neck and

flexural aspects of the limbs (on the inside of joints, such as behind

the knees and in the elbow creases) is common, as is involvement

of the hands (Akdis 2006; Bos 2010).

Commonly used criteria to diagnose eczema include the Hani-
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fin and Rajka diagnostic criteria, the UK Working Party diagnos-

tic criteria, the Japanese Dermatological Association criteria, and

the American Academy of Dermatology criteria (Brenninkmeijer

2008; Vakharia 2018). The severity and extent of eczema is ex-

tremely variable, ranging from mild eczema, with localised, occa-

sionally dry, mildly scaly patches; to moderate eczema, with slightly

more redness and swelling, with little or no oozing or crusting;

to a severe, generalised involvement of the whole body, resulting

in acute skin failure with widespread, red, oozing, secondarily in-

fected lesions. Both objective signs of eczema and subjective symp-

toms, such as itch and sleeplessness, contribute to the assessment

of clinical severity (Schmitt 2014). The disease severity is rou-

tinely assessed during a patient’s clinical consultation, to track the

progress of the disease and judge the efficacy of therapy.

The main objective physician-assessment tools used are the SCO-

RAD (severity SCORing of Atopic Dermatitis) index (mild

eczema corresponds to SCORAD levels below 25, and severe

eczema to SCORAD levels above 50 (Kunz 1997)), the EASI

(Eczema Area and Severity Index) score (Ricci 2009), and the Six-

Area Six-Sign Atopic Dermatitis severity score (Charman 2002).

The principal patient self-assessment tools are the POEM (Pa-

tient-Oriented Eczema Measure) scale (Spuls 2017), the SA-EASI

(Self-Administered Eczema Area and Severity Index) rating scale

(Housman 2002), and the ADQ (Atopic Dermatitis Quickscore

(Carel 2008)). The Harmonising Outcome Measures for Eczema

(HOME) initiative reached a consensus agreement that EASI

should be the core instrument used for clinician-reported signs and

POEM should be used for patient-reported symptoms (Schmitt

2014; Spuls 2017).

Eczema affects between 5% to 20% of children and 2% to 5%

of adults worldwide, posing a significant burden for the affected

patients, their families, and society (Johansson 2004; Odhiambo

2009). Eczema mainly affects infants and young children, but it

can persist, relapse, or first develop in adulthood (Ellis 2012).

About 80% of cases develop before the age of five years (Williams

2000). While it was previously estimated that about 25% of

patients with early onset eczema progress to persistent eczema

in adulthood (Williams 2005), the Odense Adolescence Cohort

Study (TOACS) showed that up to 50% of patients had persis-

tent eczema in adulthood (Mortz 2015). Similarly, another study

found that 50% of subjects were still affected by age 20 (Margolis

2014). The clinical presentation of eczema is similar across differ-

ent populations.

The International Study of Asthma and Allergies in Childhood

(ISAAC) phase 3, conducted in children aged six to seven years old

and 13 to 14 years old, found a decreased prevalence of eczema in

some formerly high-prevalence countries in the developed world,

especially in Northwest Europe, but an increased prevalence in

many formerly low-prevalence developing countries, particularly

in the younger age group (Williams 2008). Latin America emerged

as a region of comparatively high prevalence of eczema symptoms,

and a new area of high prevalence was also seen in Southeast Asia

(Odhiambo 2009). A UK-based cross-sectional survey of 1760

children with eczema, aged between one to five years, classified

84% as having mild disease, 14% with moderate disease, and 2%

as having severe disease. Referral to a dermatologist was correlated

with disease severity, and 43% of severe cases had been seen by a

dermatologist over the preceding year (Emerson 1998).

Eczema is a complex condition, caused by a combination of genetic

and environmental influences, and characterised by cutaneous in-

flammation, immune dysregulation with a T helper 2 cell-biased

response, and epidermal barrier dysfunction. It is strongly associ-

ated with genetic factors, in particular loss-of-function mutations

in filaggrin, a key protein involved in the formation of the skin

barrier, making a primary skin barrier defect the likely primary

trigger of eczematous skin inflammation (Flohr 2014; McAleer

2013).

Eczema often occurs in families with atopic diseases, including

asthma, allergic rhinitis, hay fever (and food allergy), and atopic

eczema. These diseases share a common pathogenesis, and fre-

quently are present together, in the same individual and family.

The word atopy refers to the genetic tendency to produce im-

munoglobulin E (IgE) antibodies in response to small amounts

of common environmental proteins, such as pollen, house dust

mites, and food allergens (Stone 2002; Thomsen 2015). Around

30% of people with eczema develop asthma, and 35% develop

allergic rhinitis (Luoma 1983). However, it is known that atopy

does not occur concurrently in all patients with atopic eczema.

In view of this, there have been recent proposals to use the term

’eczema’ to define patients both with and without atopy. There-

fore, in agreement with the ’Revised nomenclature for allergy for

global use’ (Johansson 2004), and similar to other Cochrane Re-

views evaluating eczema therapies (van Zuuren 2017; Yew 2018),

we will use the term ’eczema’ throughout the review.

Several environmental factors, such as hard water, hygiene prac-

tices, and use of antibiotics early in life have been associated with

eczematous skin inflammation (Flohr 2014). Patients’ skin may

be prone to inflammation in the presence of environmental in-

sults, such as soaps and detergents, washing with hard water, and

exposure to house dust mites (Cork 2009).

Many studies have assessed the ways in which eczema can affect

quality of life. This condition can have a profound impact on the

social, emotional, and physical health of an affected individual.

Symptoms and visible lesions can cause behavioural problems, de-

pendency, irritability, sleep loss, pain, itch, physical fatigue, shame,

low self-esteem, anxiety, problems with relationships, and emo-

tional distress (Maksimovi 2012). There is also an important eco-

nomic impact, due to frequent visits to physicians, frequent treat-

ments, and days lost at work, which may also lead to fewer oppor-

tunities (Brenninkmeijer 2009; Chamlin 2004). Eczema is most

commonly treated with topical medications. Patients often need

to alter their daily routine to incorporate regular use of emollients

and other topical treatments. Topical treatments can be messy, and

can cause staining of bed sheets and attire. Many make changes to
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the style of their attire to hide their rashes in public. The severity

of the condition bears a close relation to the degree of impact on

an affected individual’s quality of life. There is also a significant

component of out-of-pocket direct expenses for the treatments. A

systematic review estimated the annual direct and indirect costs of

eczema in the United States to be USD 364 million to USD 3.8

billion (Mancini 2008).

Description of the intervention

The standard initial management of eczema includes the use

of emollients and topical corticosteroids of appropriate potency

to treat affected sites. Topical calcineurin inhibitors (including

tacrolimus and pimecrolimus) are licensed for use in adults and

children, aged two years and older, as second-line treatments for

moderate to severe eczema that has not been controlled by topical

corticosteroids, where there is a serious risk of important adverse

effects from further topical corticosteroid use (particularly irre-

versible skin atrophy). Systemic immunosuppressive treatments

are reserved for the treatment of more severe cases of eczema that

have been inadequately controlled with topical treatments (such

as topical corticosteroids and topical calcineurin inhibitors). The

choice of systemic treatment for eczema in adults and children

may vary (Sidbury 2014; Wollenberg 2016). For adults with severe

eczema, therapeutic options are oral glucocorticosteroids (given

for short courses only), cyclosporin A (ciclosporin), methotrex-

ate, azathioprine, mycophenolate mofetil, psoralen-ultraviolet A

(PUVA), and alitretinoin. For children with severe eczema, thera-

peutic options are cyclosporin A (ciclosporin), methotrexate, aza-

thioprine, and mycophenolate mofetil. Based on expert opinion,

the threshold for using systemic treatment in children with eczema

is typically higher than for adults (Flohr 2013). The choice of

systemic agent and treatment duration has not been standardised,

and is made on an individual patient basis (Wollenberg 2016).

The interventions of interest in this systematic review are all sys-

temic (oral, subcutaneous, intravenous, sublingual, or inhalation

administration) immunosuppressive treatments that are used to

treat severe eczema. In this review, ’immunosuppressive treatment’

is used synonymously with ’anti-inflammatory treatment’ and ’im-

mune-modulatory treatment’, as we consider immunosuppression

or anti-inflammatory effects to be the main mechanism of action

of the interventions investigated. We are aware that immunosup-

pression usually relates to modulation of the immune response.

We will include systemic corticosteroid, cyclosporin A (ci-

closporin), methotrexate, azathioprine, mycophenolate mofetil,

tacrolimus, interferon gamma, intravenous immunoglobulin

(IVIG), psoralen-ultraviolet A (PUVA), alitretinoin, apremilast,

infliximab, rituximab, tocilizumab, dupilumab, mepolizumab,

and omalizumab in this review (Sidbury 2014; Wollenberg 2016;

Zirwas 2018). These treatments cover all systemic immunomod-

ulatory agents included in the recent European Task Force of

the Academy of Dermatology/European Academy of Dermatol-

ogy and Venereology (ETFAD/EADV (Wollenberg 2016)), and

American Academy of Dermatology (AAD) guidelines (Sidbury

2014).

Systemic corticosteroids are used short term to manage signifi-

cant flares in eczema, rather than as a long-term treatment. Anec-

dotally, they rapidly improve clinical symptoms of eczema, but

their side-effect profile (particularly when used longer term) is un-

favourable, and a flare of eczema commonly develops once the

corticosteroid dose is weaned (Schmitt 2010). For this reason, and

because of their largely unfavourable risk to benefit ratio, only

short-term use, for a few weeks to treat severe acute exacerbations

of eczema, is advised (Wollenberg 2016; Yu 2018). Different for-

mulations of systemic corticosteroids are used to treat eczema, in-

cluding prednisone, prednisolone, and triamcinolone acetonide.

Prednisone and prednisolone are available as an oral tablet or oral

solution; triamcinolone is available as a suspension, which is ad-

ministered intramuscularly. The dosing is based on the patient’s

body weight, and typically, doses of 0.5 mg/kg/day to 1 mg/kg/

day are administered. Adverse effects of corticosteroids are numer-

ous, and include increased risk of infections, hypertension, glucose

intolerance, weight gain, gastritis, reduced bone mineral density,

adrenal suppression, ophthalmological complications, including

cataracts and glaucoma, sleep disturbance, and mood lability. Sys-

temic corticosteroids are often prescribed along with proton pump

inhibitors to protect against gastric irritation, and calcium and vi-

tamin D supplements to protect against bone density loss. Use of

systemic corticosteroids in children may result in stunted growth

(Daley-Yates 2004).

Cyclosporin A (ciclosporin) is an effective systemic treatment

option, recommended for patients with eczema that is refractory

to conventional topical treatment (AAD Guideline Strength of

Recommendation: B, Level of Evidence: I, II (Sidbury 2014)),

usually in doses ranging from 2 mg/kg/day to 5 mg/kg/day, taken

in two divided doses (Schmitt 2007). The lowest dose to con-

trol eczema effectively, should be used. Cyclosporin may be used

long term (up to 12 months) or for shorter-term courses (e.g.

three to six months). Adverse effects associated with the use of cy-

closporin include: increased risk of infection, nephrotoxicity, hy-

pertension, hypertrichosis, gingival hyperplasia, tremor, and in-

creased risk of skin malignancy and lymphoma. Drug interactions

with cyclosporin are common. Caution should be exercised when

individuals are on: anti-fungals (e.g. fluconazole), antibiotics (e.g.

macrolides, fluoroquinolones, rifampicin), amiodarone, diuretics

(e.g. furosemide), calcium channel antagonists (e.g. diltiazem),

statins (e.g. atorvastatin, simvastatin), anti-epileptics (e.g. carba-

mazepine, phenytoin), serotonin reuptake inhibitors (e.g. fluoxe-

tine), warfarin, or anti-HIV drugs (e.g. ritonavir).

Methotrexate is recommended as a systemic agent for the treat-

ment of refractory eczema (AAD Guideline Strength of Recom-

mendation: B, Level of Evidence: I, II) in adults and children

(El-Khalawany 2013; Schram 2011; Sidbury 2014; Weatherhead

2007). Folate supplementation is recommended during treatment
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with methotrexate, as methotrexate is an anti-folate metabolite

(Sidbury 2014). It can be administered in oral tablet form, or as

an oral solution, auto-injected subcutaneously, which results in

improved bioavailability. It is used at low doses (in contrast to

its use in cancer therapy), ranging from 7.5 mg to 25 mg, usu-

ally as a single weekly dose. Potential side effects include: nausea

and gastrointestinal upset (which usually can be avoided by using

subcutaneous administration), oral and mucosal ulceration, bone

marrow suppression, increased risk of infections, hepatotoxicity,

and pulmonary fibrosis. Methotrexate is teratogenic, and must

be avoided during pregnancy and breast feeding. Drug interac-

tions occur with: folic acid antagonists (e.g. antibiotics containing

trimethoprim or sulphonamides, such as co-trimoxazole), which

increase the risk of toxicity, drugs which interfere with the renal

excretion of methotrexate, such as non-steroid anti-inflammatory

drugs (e.g. ibuprofen) and penicillins, and hepatotoxic drugs (e.g.

barbiturates), which can increase the risk of hepatotoxicity.

Azathioprine is recommended as a systemic agent for the treat-

ment of refractory eczema (AAD Guideline Strength of Recom-

mendation: B, Level of Evidence: I, II), usually at doses ranging

from 1 mg/kg/day to 3 mg/kg/day (Berth-Jones 2002; Meggitt

2006; Sidbury 2014). Its metabolism is dependent on thiopurine

methyltransferase (TPMT), a key enzyme in the thiopurine path-

way. There are genetic polymorphisms in TPMT, which may re-

sult in variable enzyme activity. Therefore, a baseline TPMT level

should be checked before initiating azathioprine; it should be

avoided in those with low or absent enzyme activity, who are at

greater risk of developing azathioprine toxicity, particularly bone

marrow suppression. Common side effects include nausea, vom-

iting, and other gastrointestinal upset. Other potential side effects

include: hypersensitivity reactions, hepatotoxicity, pancreatitis, in-

creased risk of infections and skin cancer, and bone marrow sup-

pression. Co-administration with allopurinol increases the risk of

bone marrow suppression, and ideally, should be avoided.

Mycophenolate may be considered an alternative therapy for re-

fractory eczema (AAD Guideline Strength of Recommendation:

B, Level of Evidence: II). It shows variable effectiveness, and is

typically tried after other systemic immunosuppressive treatments,

such as cyclosporin, methotrexate, or azathioprine have failed, or

are contraindicated (Haeck 2011; Heller 2007; Sidbury 2014).

Mycophenolate can be administered by oral suspension, capsules,

or tablets and is given in doses ranging from 0.5 mg/day to 3 mg/

day, in two divided doses. The most common side effect is gastroin-

testinal upset. Less common side effects include headaches, bone

marrow suppression (particularly leukopaenia), and increased risk

of infections. Several drugs, including rifampicin, cholestyramine,

and antacids, reduce the blood levels of mycophenolate, and co-

administration with acyclovir increases blood acyclovir levels.

While topical tacrolimus and pimecrolimus are licensed as sec-

ond-line topical treatments for eczema, oral tacrolimus has very

rarely been used off-license to manage refractory eczema that has

failed to respond to other systemic immunosuppressive treatments

(Schroer 2003). Pimecrolimus is currently available only in topical

form.

Interferon gamma is moderately and variably effective, and may

be considered as an alternative therapy for refractory eczema in

adults and children who have not responded to, or have contraindi-

cations to the use of, other systemic therapies or phototherapy

(AAD Guideline Strength of Recommendation: C, Level of Evi-

dence: III (Hanifin 1993; Jang 2000; Sidbury 2014)). It is admin-

istered as a subcutaneous injection, but there is no recommended

optimal dose or established regimen for the treatment of eczema.

Side effects include fatigue, fever, nausea, vomiting, and myalgia.

Intravenous immunoglobulin (IVIG) has rarely been used, and

only tested in small, uncontrolled studies to treat severe refractory

eczema in adults and children, with variable success (Jee 2011;

Paul 2002). There is no established regimen for the treatment of

eczema.

Psoralen-ultraviolet A (PUVA) is a type of ultraviolet radiation

treatment, which starts with a photosensitising medicine, called

a psoralen, and is followed by exposure of the affected skin to

UVA. For oral PUVA, oral psoralens (e.g. 8-methoxypsoralen, 5-

methoxypsoralen) are taken two to three hours before exposure to

UVA in a phototherapy cabinet. Phototherapy is often used as a

second-line option for treating eczema, after it failed to respond

to topical corticosteroids and calcineurin inhibitors, but requires

regular attendance at the hospital to receive treatment, which may

not be logistically feasible for all patients. Narrowband UVB pho-

totherapy is preferred over broadband UV phototherapy, includ-

ing PUVA, as the latter is associated with an increased risk of

non-melanoma skin cancer, despite its effectiveness with refrac-

tory eczema (Atherton 1988; Sidbury 2014; Uetsu 2003). The

dosing and scheduling of phototherapy is usually based on the pa-

tient’s response to sun exposure according to Fitzpatrick skin type

(Sachdeva 2009), their measured minimal erythema dose, or both.

Typically, twice weekly PUVA treatments are given for eczema, and

the dose of UVA radiation is gradually increased over the course

of treatment. The total number of PUVA treatments will depend

on individual factors. It is relatively common to experience some

skin redness or itching after treatments. Overdose of PUVA may

result in skin burning, and so ideally, the patient should wear the

same cut of clothes or underwear during the course of treatment.

Male patients are advised to cover their genitals with a close-fitting

pouch or jock strap to prevent burning. Eye protection must be

worn to protect against damage to the eyes, which could result

in cataracts. Psoralen tablets may result in nausea. Patients with a

history of cold sores triggered by sunlight, are advised to wear sun-

block while receiving phototherapy, to help prevent recurrences.

PUVA is not advised during pregnancy or breastfeeding, due to the

potential risk of foetal damage, secondary to the use of psoralen.

While limited courses of PUVA may be used, long-term contin-

uous treatment is not advised, due to the increased risk of devel-

oping skin cancers. PUVA can be used as a monotherapy, or in

combination with emollients and topical corticosteroids. Topical
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calcineurin inhibitors should be avoided on days of PUVA treat-

ment, as these are photosensitising and could increase the risk of

burning. Other oral or topical photosensitising treatments should

be avoided during PUVA treatment, e.g. tetracyclines.

Alitretinoin (9-cis-retinoic acid) is an oral retinoid, licensed in Eu-

rope and Canada, for the treatment of severe chronic hand eczema

that is unresponsive to potent topical corticosteroids (Ruzicka

2008), and has also been used to successfully treat extrapalmar

eczema in a small case series (Grahovac 2010). Alitretioin is gener-

ally given at a dose of 30 mg/day for periods of 24 weeks (although

the dose can be reduced to 10 mg/day if side effects are problem-

atic). The most common side effects include headache, mucocu-

taneous dryness, and photosensitivity. Alitretinoin can also result

in hypercholesterolaemia, hypertriglyceridaemia, and rarely, hy-

pothyroidism. It may affect night vision, so those whose jobs re-

quire good night vision, e.g. airline pilots, may not be able to take

this treatment. Alitretinoin is teratogenic, and must be avoided

during pregnancy and breast feeding. Alitretinoin contains soya

oil; occasionally, patients with soya allergy may react to trace levels

of soya proteins in soya oil. It is extremely rare for patients with

peanut allergy to cross-react to alitretinoin. Very rarely, alitretinoin

may result in mood changes and potentially suicidal ideation, so

this treatment should be initiated cautiously in patients with pre-

vious or current depression. Due to the rare side effect of idio-

pathic intracranial hypertension, alitretinoin should not be com-

bined with tetracycline antibiotics.

Apremilast is a selective inhibitor of phosphodiesterase-4 (PDE-

4), and is administered orally, at a dose of 30 mg twice daily. It is

licensed in Europe for the treatment of moderate to severe psoriasis

and psoriatic arthritis. While apremilast showed promising results

in an early pilot study and several uncontrolled case reports and

case series of severe eczema, it did not meet its primary end point

in a double-blind placebo-controlled trial, and therefore, has not

been approved for the treatment of eczema (Samrao 2012). Of

interest, a topical PDE-4 inhibitor, crisaborole, is approved in the

USA for the treatment of mild to moderate eczema in children

younger than two years (Paller 2016).

Infliximab is a chimeric monoclonal antibody, targeting tumour

necrosis factor alpha (TNF-α), which is administered by intra-

venous infusion. It is not licensed for the treatment of eczema,

but has been used off-label in small case reports and case series, to

treat refractory cases of severe eczema, with variable success (Jacobi

2005; Ruiz-Villaverde 2012; Snast 2018).

Rituximab is a chimeric monoclonal antibody targeting CD20,

a key surface marker on B-lymphocytes, and is administered by

intravenous infusion. There have been inconsistent results seen in

small case reports and case series when rituximab was used to treat

severe, refractory cases of eczema, so this would not be a standard

treatment option (McDonald 2016; Simon 2008; Sediva 2008).

Tocilizumab is a humanised monoclonal antibody targeting the

interleukin-6 receptor, and is administered by subcutaneous in-

jection or intravenous infusion. A very small case series of three

patients suggested a benefit when used to treat eczema, but two de-

veloped bacterial infection (Navarini 2011). This is not a licensed

treatment for eczema.

Dupilumab is a humanised monoclonal antibody targeting the

alpha subunit of the interleukin-4 receptor (IL-4Rα). Through

blocking this receptor, dupilumab reduces signalling through both

interleukin-4 and interleukin-13 pathways. There is randomised

controlled trial evidence that dupiluamb is an effective treatment

for eczema (Beck 2014; Wang 2018). It has been licensed in the

United States for the treatment of moderate to severe eczema, and

has also recently been approved for use in Europe, at a dose of

300 mg every two weeks, administered subcutaneously, following

a 600 mg loading dose. The main side effects of dupilumab are

injection site reactions, conjunctivitis, and cold sores.

Mepolizumab is a humanised monoclonal antibody, administered

by subcutaneous injection, which prevents interleukin 5 from

binding to its receptor. It is licensed for the treatment of severe

asthma with an eosinophilic phenotype in the United States and

Europe. However, it did not appear to be more effective than

placebo in the treatment of severe eczema in adults, and therefore,

is not a licensed treatment for eczema (Oldhoff 2005).

Omalizumab is a humanised monoclonal antibody that specifi-

cally binds to free human immunoglobulin E (IgE) in the blood

and interstitial fluid, and to membrane-bound forms of IgE on

the surface of IgE-expressing B-lymphocytes. It is administered

by subcutaneous injection, and is approved for the treatment of

moderate to severe allergic asthma and chronic spontaneous ur-

ticaria. The results for using omalizumab to treat eczema are con-

flicting, and this is not a licensed treatment (Belloni 2007; Heil

2010; Iyengar 2013).

How the intervention might work

The different systemic immunosuppressive treatments used for

eczema suppress skin and systemic inflammation to control dis-

ease signs and symptoms (Roekevisch 2014; Schmitt 2007; Simon

2014; Slater 2015). They may also help to reduce the need for reg-

ular use of topical corticosteroid therapy (Wollenberg 2016). Some

have been shown to increase quality of life (Roekevisch 2014).

Interruption of the inflammatory pathways implicated in eczema

is the general mode of action of all systemic immunosuppressive

treatments for eczema. The potential targeted interruption of the

inflammatory pathways for each systemic treatment of interest for

eczema include:

• Oral corticosteroids, such as prednisolone, have a broad

anti-inflammatory effect. They act in a non-specific manner, and

suppress several immunologic functions, such as interfering with

antigen presentation to T lymphocytes, inhibiting prostaglandin

and leukotriene synthesis, inhibiting neutrophil and monocyte

superoxide radical generation, impairing cell migration, and

causing redistribution of monocytes, lymphocytes, and

neutrophils, thus blunting the inflammatory and autoimmune
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responses. Therefore, they are used widely in the treatment of

various inflammatory diseases, including eczema (Schmitt 2009;

Schmitt 2010).

• Cyclosporin A (CyA or ciclosporin) is a calcineurin

inhibitor. The immunosuppressive role of cyclosporin A can be

explained by the inhibition of the transcription of T-cell

cytokine genes, and this is the mechanism by which it is thought

to treat various inflammatory skin conditions, including eczema.

It has been shown to inhibit interleukin-2 (IL-2), IL-3, IL-3

granulocyte macrophage colony-stimulating factor, tumour

necrosis factor-alpha (TNF-alpha), and interferon-gamma

expression (Faulds 1993).

• Methotrexate is a folic acid antagonist, and has proved

previously to be effective in chronic inflammatory diseases, such

as psoriasis and rheumatoid arthritis. The mechanism(s) by

which methotrexate treats eczema is unknown, although it is

thought its anti-inflammatory effects may be mediated through

adenosine pathways, and its immunomodulatory effects may be

due to alteration of signalling and trafficking of immune cells,

including T cells (Braun 2009).

• Azathioprine is a purine analogue. It inhibits de novo

purine biosynthesis to produce broad immunosuppressive effects

(Dutz 1998).

• Mycophenolate mofetil, or mycophenolic acid, is a purine

biosynthesis inhibitor. It inhibits the synthesis of

deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) by

interfering with de novo purine biosynthesis. Its mechanism of

action in treating eczema is unknown, but it is thought to be due

to inhibition of the proliferative response of both B and T

lymphocytes, reducing cutaneous inflammation (Abd Rahman

2013).

• Tacrolimus, like cyclosporin A (ciclosporin), is a calcineurin

inhibitor, and therefore inhibits T-cell cytokine genes, including

interleukin 2, reducing inflammation. It is primarily used

following solid organ transplantation, to reduce the risk of organ

rejection, but is rarely used in very refractory cases of eczema. As

a topical agent, tacrolimus is used commonly as a second-line

intervention for eczema (Wollenberg 2016); a range of

mechanisms resulting in improved eczema have been proposed

(Nakahara 2018).

• Interferon gamma is a cytokine that plays a key role in the

innate and adaptive immune system. It has been used rarely in

cases of severe eczema unresponsive to other systemic

immunosuppressive treatments. Its mechanism of action for the

treatment of eczema is unclear. It is postulated to be able to

correct the immunological imbalances in patients with eczema

by decreasing serum IgE levels and IL-4 levels, and restoring

immune balance, thereby leading to clinical improvement

(Chang 2002).

• Intravenous immunoglobulins (IVIG) are blood products

derived from the pooled plasma of many individuals. A variety of

anti-inflammatory and immunomodulatory effects have been

proposed to explain the effectiveness of IVIG in treating a wide

variety of autoimmune and inflammatory conditions, including

immune thrombocytopaenia, myasthenia gravis, and

dermatomyositis (Ballow 2014; Gelfand 2012).

• Psoralen-ultraviolet A (PUVA) is thought to exert its

therapeutic effect through multiple mechanisms, primarily

through its immunomodulatory properties, including altering

cytokine and cytokine receptor expression, lymphocyte

apoptosis, reducing adhesion molecule expression, and affecting

the function of antigen presenting cells (Johnson 1996; Laing

1995; Liszewski 2017; Singh 2010).

• Alitretinoin is a retinoid with anti-inflammatory and anti-

proliferative effects, which reduce keratinocyte chemokine

expression, suppress leukocyte recruitment, and inhibit dendritic

cell-mediated T-cell activation (Kislat 2011).

• Apremilast is a small molecule inhibitor of

phosphodiesterase-4 (PDE-4). Leukocytes from patients with

eczema display elevated phosphodiesterase (PDE) activity

compared to normal controls, which leads to leukocyte

hyperactivity and inflammation (Hanifin 1996). Inhibition of

PDE-4 results in increased intracellular cyclic adenosine

monophosphate, which activates protein kinase A and other

intermediate mediators, resulting in inhibition of pro-

inflammatory cytokine production and reduced inflammation

(Souness 2000).

• Infliximab is a chimeric monoclonal antibody that targets

tumour necrosis factor alpha (TNF-alpha), and prevents TNF-

alpha from binding to its receptor. Infliximab has a dual mode of

action; it blocks soluble TNF-alpha, and induces lysis

(breakdown of a cell) of TNF receptor bearing target cells, which

is required to activate the complement complex (the key part of

the autoimmune reaction). Blockade of TNF-alpha inhibits the

migration of leukocytes and the release of additional TNF-alpha

dependent pro-inflammatory cytokines, such as IL-1, IL-6, and

IL-8. Patients with eczema reportedly have significantly elevated

serum and tissue concentrations of TNF-alpha, and thus, may be

responsive to treatment with TNF-ainhibitors (Ackermann

1998).

• Rituximab is an anti-CD20 monoclonal antibody that leads

to the depletion of B cells, which act as antigen-presenting cells,

promote T-cell activation, and produce pro-inflammatory

cytokines and IgE (Grillo-Lopez 1999). The mechanism by

which rituximab may help to treat eczema is not defined, but

such treatment has been associated with reduced expression of

interleukin 5 and interleukin 13, cytokines known to contribute

to cutaneous inflammation seen in eczema (Simon 2008).
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• Tocilizumab is a humanised monoclonal antibody targeting

the interleukin-6 receptor, thereby, inhibiting interleukin-6

signalling. Interleukin 6 is a pro-inflammatory cytokine

produced by numerous immune cells, and has been shown to be

involved in T-cell activation, and induction of immunoglobulin

secretion amongst other physiological reactions. T cells from the

peripheral blood of patients with eczema have been shown to

produce significantly higher levels of IL-6 than controls, making

this cytokine a potential therapeutic target (Toshitani 1993).

• Dupilumab is a monoclonal antibody targeting the alpha

subunit of the interleukin-4 receptor (IL-4 alpha). In doing so, it

reduces signalling through interleukin-4 and interleukin-13

pathways, which are known to drive cutaneous inflammation in

eczema (Kraft 2017).

• Mepolizumab is an anti-IL-5 monoclonal antibody that

leads to reduced serum eosinophil counts. Since the

inflammation of eczema is characterised by eosinophil

infiltration, the depletion of eosinophils by this drug would

appear to be a promising approach for eczema treatment

(Leiferman 2001).

• Omalizumab is an anti-IgE monoclonal antibody. As an

atopic condition, eczema is characterised by a genetic tendency

to produce IgE antibodies in response to common

environmental proteins, and high levels of serum IgE are

commonly seen, making IgE inhibitors a potential therapeutic

target in patients with eczema (Liu 2011).

Why it is important to do this review

Patients with moderate to severe eczema are often difficult to treat

(Ring 2012). Current clinical practice is frequently not based on a

systematic critical appraisal of the published evidence, but rather

expert opinion without clear evidence for the given condition

(Darsow 2010; Sidbury 2014; Wollenberg 2016). Recently, a sur-

vey among 700 dermatologists and paediatricians from eight Eu-

ropean countries confirmed wide variation in systemic treatment

approaches for children and adolescents with moderate to severe

atopic eczema (Proudfoot 2013). First-line systemic agents were

cyclosporin A (ciclosporin), oral corticosteroids, and azathioprine.

Systemic immunosuppressive treatments are normally used in se-

vere eczema, but their use in moderate eczema is controversial, due

to safety concerns. In general, expensive systemic immunosuppres-

sive treatments with potentially serious adverse effects should not

be used for moderate cases, which usually respond well to patient

education, and adequate and safe use of topical corticosteroids, in-

cluding proactive control (weekend therapy) and treatment com-

bined with topical calcineurin inhibitors (TCIs) (Sidbury 2014;

Wollenberg 2016). Current clinical practice guidelines do not pro-

vide explicit guidance on systemic treatment strategies for adults

and children with eczema, and their comparative effectiveness and

role in treating different patient subgroups remains unclear (Ring

2012; Saeki 2016; Sidbury 2014; Wollenberg 2016). There are

limited randomised studies directly comparing different systemic

agents for eczema. While dupilumab has recently become the

first approved biological treatment for moderate to severe eczema

whose disease is not adequately controlled with topical therapies,

its efficacy relative to other systemic immunosuppressive treat-

ments for eczema has not been established (Boguniewicz 2017).

Network meta-analysis refers to a meta-analysis in which multiple

treatments (i.e. three or more treatment options) are compared,

using both direct comparisons of interventions within studies, and

indirect comparisons across studies, based on a common compara-

tor. Since available studies comparing different systemic immuno-

suppressive treatments are limited, network meta-analysis allows

combination of the direct and indirect evidence, and ranking of

different systemic immunosuppressive treatments (Salanti 2011;

Salanti 2012). To date, there has been no network meta-analy-

sis of this topic, although several pairwise systematic reviews on

the systemic immunosuppressive treatments of eczema have been

published (Roekevisch 2014; Schmitt 2007). This review is also

timely, as previous reviews did not include new treatments, such

as biological therapies, and they focused mainly on clinical signs,

rather than addressing the core outcome domains identified by the

Harmonising Outcome Measures for Eczema (HOME) initiative:

clinical signs, patient symptoms, long-term control, and quality of

life (Chalmers 2016; Chalmers 2018; Schmitt 2014). Moreover,

the Cochrane Skin Group undertook an extensive prioritisation

exercise, alongside the Global Burden of Disease and the World

Health Organization, to identify a core portfolio of the most clini-

cally important titles. The subject of systemic immunosuppressive

treatments for eczema was identified as one of the top five titles

for clinically important research priorities (Crowe 2012).

Our review is complemented by another Cochrane Review, ’Top-

ical treatments for eczema: a network meta-analysis’ (Yew 2018).

Please note that because of this, there is considerable overlap in

the background and methodology.

O B J E C T I V E S

To assess the effects of different types of systemic immunosuppres-

sive treatments for eczema.

To generate rankings of the available systemic immunosuppressive

treatments for eczema, according to their efficacy and safety.

M E T H O D S

Criteria for considering studies for this review
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Types of studies

We will include only randomised controlled trials (RCTs) of one

or more systemic immunosuppressive treatments for eczema. We

will include placebo-controlled, head-to-head trials, and multi-

arm studies.

Types of participants

We will consider participants of all ages with a clinical diagnosis

of eczema. They could have fulfilled diagnostic criteria, such as

the Hanifin and Rajka definition (Hanifin 1980; Appendix 1),

or the UK modification (Williams 1994; Appendix 2), or been

diagnosed clinically by a clinical healthcare professional, using the

terms ’atopic eczema’, or ’atopic dermatitis’.

We will pose no restrictions on age, sex, ethnicity of the partici-

pants, or severity of eczema.

We will exclude studies that include participants with other types

of eczema, such as contact dermatitis, seborrhoeic eczema (sebor-

rhoeic dermatitis), varicose eczema, and discoid eczema.

We will only include studies in which there is a subset of relevant

participants (where not all participants in the study have eczema),

when we can obtain specific and separate information on partici-

pants with eczema.

Types of interventions

We will consider studies to be eligible if they investigate the effi-

cacy or safety of at least one systemic immunosuppressive or im-

munomodulatory therapy for eczema, or a combination of treat-

ments from the following: systemic corticosteroids, cyclosporin A

(ciclosporin), methotrexate, azathioprine, mycophenolate mofetil,

interferon gamma, intravenous immunoglobulin (IVIG), pso-

ralen-ultraviolet A (PUVA), alitretinoin, apremilast, infliximab,

rituximab, tocilizumab, dupilumab, mepolizumab, omalizumab,

and others, including new immunosuppressive or immunomodu-

latory whose first trials are published between publication of this

protocol and our final literature search.

Types of outcome measures

Outcomes of interest in this review will include the recommended

core outcome domains for eczema trials following the global Har-

monizing Outcome Measures for Eczema (HOME) initiative, in-

cluding clinical signs (measured by using a physician-assessed in-

strument), symptoms (measured by using a patient-assessed in-

strument), health-related quality of life, and long-term control of

eczema (Chalmers 2016; Chalmers 2018; Schmitt 2014; Spuls

2017).

Timing of outcomes

We will define outcomes as short term (≤ 16 weeks of treatment),

and long term, or maintenance (> 16 weeks of treatment (Blauvelt

2017)). For multiple times of outcome measurement, we will use

the data at the end of study, and classify them as short-term out-

comes if the study period is ≤ 16 weeks. If the study period exceeds

16 weeks, we will use the data at the end of the study and classify

them as long-term outcomes. We will classify outcomes measured

closest to 16 weeks as short-term outcomes.

Primary outcomes

1. Clinical severity of eczema, measured by a validated or

objective measure, such as the Eczema Area and Severity Index

(EASI (Ricci 2009)), Scoring Atopic Dermatitis (SCORAD

(Kunz 1997)), the Six Area, Six Sign Atopic Dermatitis

(SASSAD) severity score (Charman 2002), Investigators’ Global

Assessment (IGA), affected Body Surface Area (BSA), and other

less reported measures. EASI will be the preferred instrument for

this outcome measure, as there is consensus agreement by the

HOME initiative that this should be a core instrument for

clinician-reported signs (Schmitt 2014).

2. Participant-reported symptoms, measured by a validated

measure, such as the Patient-Oriented Eczema Measure (POEM

(Spuls 2017)), Self Administered Eczema Area and Severity Index

(SA-EASI (Housman 2002)), Itch Severity Scale (ISS) (Majeski

2007), or other less validated measures, such as the Atopic

Dermatitis Assessment Measure (ADAM (Charman 1999)),

Patient-Oriented SCORAD (PO-SCORAD (Stalder 2011)),

and the Leuven Itch Scale (LIS (Haest 2011)). POEM will be the

preferred instrument for this outcome measure, as there is

consensus agreement by the HOME initiative that this should be

a core instrument for patient-reported symptoms (Spuls 2017).

3. Adverse effects: we will consider the most common serious

adverse effects of each systemic treatment, such as infection with

all agents, conjunctivitis with the new biologic agents, renal

function impairment and hypertension with cyclosporine, and

stomach upset with mycophenolate mofetil.

The instruments listed for outcomes one and two are in decreasing

order of importance.

Secondary outcomes

1. Participant’s self-assessment of global response of

improvement (e.g. Patients’ Global Assessment (PsGA) (Farina

2011)).

2. Health-related quality of life, measured by a validated

measure, such as the Dermatology Life Quality Index (DLQI

(Finlay 1994)), Quality of Life Index for Atopic Dermatitis

(QoLIAD (Whalley 2004)), and Skindex (Chren 2012), in this

order of decreasing hierarchy.

3. Long-term control of eczema, following the HOME

initiative, such as repeated measurement of clinical signs (flares),

symptoms, and quality of life, plus a global patient assessment of

eczema (Chalmers 2014).
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Search methods for identification of studies

We aim to identify all relevant RCTs, regardless of language or pub-

lication status (published, unpublished, in press, or in progress).

Electronic searches

The Cochrane Skin Information Specialist will search the follow-

ing databases:

• the Cochrane Skin Group Specialised Register (current

date);

• the Cochrane Central Register of Controlled Trials

(CENTRAL) in the Cochrane Library (current issue);

• MEDLINE Ovid (from 1946 onwards);

• Embase Ovid (from 1974 onwards); and

• the GREAT database (Global Resource of EczemA Trials.

Centre of Evidence Based Dermatology;

www.greatdatabase.org.uk; current date).

The Cochrane Skin Information Specialist has developed a draft

search strategy for RCTs for MEDLINE Ovid, which we included

in Appendix 3. We will use this as the basis for search strategies

for the other databases listed, edited as indicated.

Trial registers

Two review authors (RS, PD) will search the following trials reg-

isters:

• the metaRegister of Controlled Trials (www.isrctn.com);

• the US National Institutes of Health Ongoing Trials

Register ( www.clinicaltrials.gov);

• the Australian New Zealand Clinical Trials Registry (

www.anzctr.org.au);

• the World Health Organization International Clinical Trials

Registry platform ( www.who.int/trialsearch); and

• the EU Clinical Trials Register (

www.clinicaltrialsregister.eu).

We will search the registers, using the following terms adapted

from the search strategy for MEDLINE (Appendix 3):

For the population: eczema or dermatitis or atopic dermatitis.

For interventions: immunosuppressive agents, immunomodula-

tory agents, name of each systemic agent used for eczema, in-

cluding: cyclosporin A (ciclosporin), azathioprine, methotrexate,

mycophenolate mofetil or mycophenolic acid, oral glucocorti-

costeroids, oral prednisolone, psoralen-ultraviolet A, tacrolimus,

interferon-gamma, intravenous immunoglobulin (IVIG), al-

itretinoin, apremilast, and biological therapies, including: inflix-

imab, rituximab, tocilizumab, dupilumab, mepolizumab, omal-

izumab, or their synonyms.

Searching other resources

References from published studies

We will check the bibliographies of included studies and any iden-

tified, relevant systematic reviews, for further references to relevant

trials.

Searching by contacting relevant individuals or organisations

We will contact the lead authors of all relevant study reports iden-

tified, and experts in the field, to request information on addi-

tional published and unpublished studies that may be relevant to

the review.

Adverse effects

We will not perform a separate search for adverse effects of the

target interventions. However, we will examine data on adverse

effects from the included studies.

Data collection and analysis

Selection of studies

The Covidence software will be used to screen our search results

(Covidence). At least two review authors (RS, PD, ALL, NC) will

independently screen the title and abstract of all reports identified

by searching the electronic databases and other search strategies,

against the aforementioned criteria, to identify studies that appear

relevant. Subsequently, the full text of all potentially relevant stud-

ies will be retrieved, and independently compared to the prede-

fined inclusion criteria. We will provide reasons for the exclusion

of these short-listed papers in a ’Characteristics of excluded stud-

ies’ table. During the selection process, the two review authors will

discuss any disagreements within the reviewing team until consen-

sus is reached. We intend to follow the PRISMA statement and

will create a flowchart for the selection of studies (Hutton 2015).

Data extraction and management

Two review authors (RS, PD) will independently extract data from

all eligible studies, using a structured data collection form to en-

sure consistency of appraisal. We will resolve disagreements about

data extraction by discussion. For each of the included studies,

we will extract the following information, and transfer it into a

’Characteristics of included studies’ table:

• General information: publication status, title, authors,

source, country, language of publication, year of publication,

study design, study location, study setting (single or multi-
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centre), information on training methods, and alignment of

assessment methods.

• Participant characteristics: number of people with eczema

included (sample size, total, and by intervention), age (mean ±

standard deviation (SD) years), sex, severity of eczema, previous

treatments, atopic comorbidities, inclusion and exclusion

criteria, and baseline characteristics of intervention and

comparison groups.

• Interventions: description of intervention (treatment and

comparison), mode of administration, dose, frequency, duration

of active treatment and follow-up, and adjuvant treatments.

• Outcomes: primary and secondary outcomes, total serious

adverse events, total adverse events, the most common worst side

effect of each systemic treatment, such as infection with all

agents, conjunctivitis with the new biologic agents, renal

function impairment and hypertension with cyclosporine, and

stomach upset with mycophenolate mofetil, and other defined

outcomes and reported time points. In addition, we will extract

data at the group level, such as effect sizes and standard error,

comparing a pair of interventions (not summary effects) if

possible.

• Note: sponsorship or funding for studies, and notable

conflicts of interest of trial authors.

Assessment of risk of bias in included studies

Two review authors (RS, PD) will independently assess each study

for risk of bias, using the Cochrane tool (Higgins 2011a; Higgins

2011b). This tool examines seven major sources of bias:

• Random sequence generation (selection bias)

• Allocation concealment (selection bias)

• Participants and personnel blinding (performance bias)

• Outcome assessment blinding (detection bias)

• Incomplete outcome data (attrition bias)

• Selective reporting (reporting bias)

• Other sources of bias, including design-specific risks of bias

and baseline imbalance.

We will consider attrition bias at low risk of bias if the drop-out

rate is < 20%. However, If a RCT had drop-outs and used an

intention-to-treat (ITT) analysis, but gave no information on the

handling of the missing data, we will judge the risk of bias as

unclear, due to incomplete outcome information. We will judge

the risk of bias in each study, against each source, as low, high or

unclear risk of bias (either lack of information or uncertainty over

the potential of bias). We will consider the relative importance of

each item to be equal.

We will determine the overall risk of bias for each outcome

(across domains) within studies as follows (Higgins 2011a; Higgins

2011b):

1. Low risk of bias, when all domains are assessed as being at

low risk, or plausible bias is unlikely to seriously alter the results;

2. Unclear risk of bias, when at least one domain is classified as

being at unclear risk, or plausible bias raises some doubt about

the results;

3. High risk of bias, when at least one domain is judged as

being at high risk, or plausible bias seriously weakens confidence

in the results.

We will determine the overall risk of bias for each outcome

(across domains) across studies as follows (Higgins 2011a; Higgins

2011b):

1. Most information is from studies at low risk of bias, or

plausible bias is unlikely to seriously alter the results;

2. Most information is from studies at low or unclear risk of

bias, or plausible bias raises some doubt about the results;

3. The proportion of information from studies at high risk of

bias is sufficient to affect the interpretation of results, or

plausible bias seriously weakens confidence in the results.

Measures of treatment effect

For dichotomous outcome data (i.e. rates of adverse events and

withdrawals, parent’s or patient’s global assessment of treatment

success, participant’s global assessment of response of improve-

ment, proportion of participants achieving Investigator’s Global

Assessment (IGA) response, proportion of participants achieving

clear or almost clear eczema (POEM score 0 to 2), proportion

of participant’s improvement on clinical severity score by at least

one category), we will use risk ratios (RR), number needed to

treat for an additional beneficial outcome (NNTB), or number

needed to treat for an additional harmful outcome (NNTH) for

each specific comparison, with their respective 95% confidence in-

tervals (Higgins 2011a). Clinical severity of eczema, measured by

the Severity Scoring of Atopic Dermatitis (SCORAD), is classified

into three categories: mild disease (SCORAD 0 to 24), moderate

(SCORAD ≥ 25 to < 50, and severe disease (SCORAD ≥ 50).

The Patient-Oriented Eczema Measure (POEM) score is classified

into five categories: clear or almost clear (score = 0 to 2), mild

(score = 3 to 7), moderate (score 8 to 16), severe (score = 17 to

24), and very severe eczema (score = 25 to 28).

For continuous outcomes, such as changes or post-treatment val-

ues of clinical severity of the disease, clinical signs and symptoms,

quality of life, and flares, we will calculate mean differences (MD)

with 95% confidence intervals (CI). We will use standardised mean

differences (SMD) with 95% confidence intervals for continuous

outcomes if the included studies use different scales for the same

outcome.

Ranking probabilities

From the results of the network meta-analysis for each comparison,

we will estimate the probability, for each treatment, of being at each

possible rank. Using these results, we will determine a treatment

hierarchy, using the surface under the cumulative ranking curve
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(SUCRA) and mean ranks (Chaimani 2017; Salanti 2011). We

will develop and use rankograms to reflect the uncertainty in the

ranking probabilities visually and graphically (Chaimani 2017).

Unit of analysis issues

For studies with multiple intervention groups (e.g. 3-arm design),

we will perform separate pairwise comparisons for each pair with-

out splitting the control group. This means that we will include

data from treatment number one compared to the control group

in a pairwise meta-analysis, and include data from treatment num-

ber two and control group in the same meta-analysis. In a network

meta-analysis, network meta-analysis methodology accounts for

the relative effect estimates arising from multiple-arm studies, so

there is no need to split the control group evenly in order to avoid

a unit of analysis error (Higgins 2012).

To avoid carry-over effects in cross-over studies, we will only in-

clude data from the first part of any included study (i.e. before

cross-over), assuming data for the first phase are available. If the

data from the first phase of the study are not available, we will

attempt to obtain the data from the study authors. We will exclude

the study from the meta-analysis if we do not receive an answer

from the authors within three weeks.

In cluster-randomised trials, where groups of individuals are ran-

domised to different interventions, participants within any one

cluster often tend to respond in a similar manner; therefore, the

unit of analysis is a group, or cluster. To avoid a unit of analysis

error, we will take into account clustering effects within partic-

ipants. Therefore, we will include a study if the effect estimate,

adjusted for cluster correlation, is available (Higgins 2011a).

Dealing with missing data

We will perform an intention-to-treat analysis whenever possible.

In the case of missing data about key study characteristics or out-

comes, we will contact the study investigators for additional in-

formation. If we do not receive an answer from the authors within

three weeks, we will perform the analyses based on available in-

formation, and record that the missing data were not retrieved

from the corresponding author. We will create an additional table

detailing any contact with study authors.

For continuous outcomes, we will impute the standard deviation

from P values, standard errors, and confidence intervals, accord-

ing to guidance given in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011a). If the data are likely to

be normally distributed, we will use the median for meta-analysis

when the mean is not available. If it is not possible to calculate the

standard deviation from available information, we will impute the

standard deviation, using the largest standard deviation in other

trials for that outcome. This form of imputation may decrease

the weight of the study when calculating mean differences, and

it may bias the effect estimate towards the line of no effect when

calculating standardised mean differences (Higgins 2011a).

We will also perform sensitivity analyses to assess how the overall

results were affected by including and excluding those studies with

a high risk of attrition bias and incomplete outcome data.

Assessment of heterogeneity

Our review will present both pairwise and network comparisons.

For pairwise meta-analysis, we will assess the treatment effects of

individual trials and the heterogeneity between trial results by vi-

sually inspecting the forest plots. We will explore clinical hetero-

geneity by assessing clinical and methodological characteristics of

the included studies (e.g. difference in study risk of bias, partic-

ipants, interventions, or outcome assessments). We will only at-

tempt to pool data in a meta-analysis if the clinical heterogeneity

amongst the selected studies is negligible. If we find major dis-

crepancies in clinical or methodological characteristics, we will de-

termine whether to exclude some studies from the meta-analysis

altogether, or to include them and perform a sensitivity analysis

of the main outcome.

We will use the I² statistic to measure heterogeneity in the study

results, and will take values greater than 50% as indicating sub-

stantial statistical heterogeneity (Higgins 2003). If we find signif-

icant statistical heterogeneity, but we consider that the studies are

suitable to combine in a meta-analysis based on the clinical and

methodological characteristics detailed above, we will rely on the

pooled effect estimates provided by a random-effects model.

Assessment of transitivity and consistency across treatment

comparisons

The validity of network meta-analysis relies on the transitivity as-

sumption. We will assess the assumption of transitivity by com-

paring the distribution of the potential effect modifiers across the

different pairwise comparisons. The potential effect modifiers in-

clude age, baseline severity of eczema, co-intervention, or dosage

regimen. We will compare the distribution of these variables across

the available direct comparisons in the network (Salanti 2012).

We will use the design-by-treatment model to evaluate incon-

sistency in the network as a whole. In addition, we will use

loop-specific and node-splitting methods to identify which piece

of evidence is responsible for the inconsistency (Cipriani 2013;

Donegan 2013; Salanti 2012).

Assessment of reporting biases

Reporting biases, such as selective outcome reporting bias, can oc-

cur in systematic reviews even after a well-designed and compre-

hensive search strategy. We will construct, and visually assess asym-

metry of comparison-adjusted funnel plots to investigate possible

small-study effects for any outcome of the network (Chaimani

2013). All comparisons will be included in the plot.
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Data synthesis

We will start by applying a random-effects model to the pairwise

meta-analyses to calculate pooled risk ratios (RRs), mean differ-

ences (MD), or standardised mean differences (SMD) with cor-

responding 95% confidence intervals (95% CI) for each compar-

ison. We will use the I² statistic to quantify the heterogeneity in

each direct comparison; I² > 50% represents notable heterogene-

ity.

Next, we will perform the network meta-analysis, using White’s

frequentist framework (White 2012), where consistency and in-

consistency models are formulated as multivariate random-effects

meta-analysis. We will combine direct and indirect evidence from

any pair of interventions to generate mixed treatment effect sizes

as pooled RR, pooled MD, or pooled SMD, with corresponding

95% CI, and present them in league tables. To assess whether

the direct and indirect estimates are consistent, which is the key

assumption of multiple-treatments meta-analysis, we will test for

inconsistency, using a design-by-treatment interaction model; if

the two-sided P of the test = 0.05, this indicates significant global

inconsistency (Cipriani 2013; Donegan 2013).

Our primary analysis will include RCTs that included partici-

pants with eczema, regardless of the level of severity, who used sys-

temic immunosuppressive treatments, administered by any route.

In network meta-analysis, our main comparisons will include

dupilumab, infliximab, rituximab, tocilizumab, mepolizumab,

and omalizumab, compared with PUVA, cyclosporin A (ci-

closporin), methotrexate, azathioprine, mycophenolate, systemic

corticosteroid, or placebo (plus standard topical therapies or other

active agents).

Ranking the interventions

To rank interventions in a hierarchy in the network meta-analy-

sis, we will estimate the rankograms, surface under the cumula-

tive ranking (SUCRA) curves, and mean ranks (Chaimani 2017;

Salanti 2011). SUCRA can also be re-expressed as a percentage,

interpreted as the percentage of effectiveness or acceptability of

an intervention that would be ranked first, with no uncertainty

(Salanti 2012). In addition, we will produce tables showing the di-

rect, indirect, and network meta-analysis estimates for each com-

parison.

Where we find results that are estimated for individual studies with

low numbers of events (< 10 in total), or where the total sample

size is less than 30 participants and a risk ratio is calculated, we

will report the proportion of events in each group and the P value,

using a Fisher’s Exact test.

We will use Stata version 15 to perform standard pairwise and net-

work meta-analysis (Stata 2017) using the self-programmed Stata

routines for network meta-analysis described elsewhere (Chaimani

2013; Salanti 2018).

Subgroup analysis and investigation of heterogeneity

We plan to perform the following subgroup analyses of participant

characteristics, which potentially may result in different treatment

responses if there are sufficient studies to perform different sub-

groups for comparison. We will formally evaluate the difference

in the treatment effects between subgroups using Stata to test the

subgroup differences (Stata 2017).

• Age of participants: e.g. children (age ≤ 12 years, age >12

years) versus adults

• Duration: short-term treatment (≤ 16 weeks) versus long-

term or maintenance treatment (> 16 weeks)

• Severity of eczema at baseline (mild or moderate versus

severe)

• Dosage schedule

We will perform subgroup analysis based on severity of eczema

classification specified by each study. In addition, we will perform

subgroup analysis based on severity categorised by EASI > 22 or

SCORAD > 50 scores.

Sensitivity analysis

To investigate the robustness of our findings, we will perform a

series of sensitivity analyses using Stata as follows (Stata 2017):

• exclusion of studies with high risk of bias,

• exclusion of studies with small sample size (i.e. less than

25th percentile of total number of participants),

• exclusion of unblinded studies, and

• analysis without industry-sponsored trials.

’Summary of findings’ tables and GRADE assessments

We will develop a separate ’Summary of findings’ table for each pri-

mary outcome including clinical severity of eczema, participant-

reported symptoms, adverse effects, estimated from direct and net-

work meta-analysis. The GRADE approach will be used for judg-

ment about the confidence with which an estimate of treatment

effect for a particular outcome can be believed, using four levels:

high, moderate, low and very low (Salanti 2014). The confidence

or quality of evidence for each outcome is based on five domains:

study limitations (risk of bias), inconsistency, indirectness, im-

precision, and publication bias. The quality of evidence will be

presented in the ’Summary of findings’ tables for each primary

outcome, using the Confidence in Network Meta-Analysis (CIN-

eMA) software online version (CINeMA 2017). This software was

developed from the GRADE framework (Salanti 2014). It is based

on a methodological framework described in which considers six

domains: within-study bias, across-studies bias, indirectness, im-

precision, heterogeneity and incoherence (Salanti 2014). At least

two review authors (RS, PD, ALL, NC) will independently grade

the quality of evidence for each treatment effect. If there is any

disagreement, the two review authors will discuss it within the

reviewing team until consensus is reached.
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A D D I T I O N A L T A B L E S

Table 1. Glossary of terms

Term Definition

Atrophy Thinning of overlying skin due to long-term or excessive usage of steroids

Cyclic adenosine monophosphate (cAMP) A chemical compound used in intracellular signal communications in various biological

processes and pathways, including the pathway dealing with inflammation

Cytokine A chemical secreted by certain cells of the immune system; it has an effect on other cells

Erythematous Redness of the skin

Excoriations Linear breaks in the skin surface due to scratching

First-line Treatment regimen accepted by the medical establishment for initial treatment

Fissured Cracking of the superficial layer of the skin

Fitzpatrick skin type Skin type classification, which was developed by Thomas B. Fitzpatrick, based on a

person’s skin color and responses to sun exposure in terms of degree of burning and

tanning. Six different skin types were classified from very fair (skin type I) to very

dark (skin type VI) depending upon whether the patient burns at the first average sun

exposure or tans at the first average sun exposure

Glucocorticosteroid A type of corticosteroid hormone with anti-inflammatory and immunosuppressive ef-

fects

Immunomodulatory Regulating the immune system, either via auto-regulatory processes (homeostasis) or

therapeutically
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Table 1. Glossary of terms (Continued)

Immunosuppressive Reducing the activation or efficacy of the immune system

Lesions (skin) A region of the skin that has suffered damage through injury or disease of the skin

Lichenification Thickening of the skin

Lichenified Thickening of the first layer of the skin, with the skin lines being more obvious

Oedema Swelling

Palmoplantar Palms and soles

Papules Small bump-like swellings of the skin, forming part of the rash

Pruritus Severe itching

Second-line Treatment regimen that follows if there is failure of response to standard or first line

therapy

T cell Also known as the T lymphocyte; a type of lymphocyte or white blood cell that carries

T cells; a T-cell receptor on the cell surface

Xerotic Dryness of the skin

A P P E N D I C E S

Appendix 1. Hanifin and Rajka Diagnostic Criteria

Three or more basic features:

1. Pruritus

2. Typical morphology and distribution:

i) Flexural lichenification or linearity in adults

ii) Facial and extensor involvement in infants and children

3. Chronic or chronically-relapsing dermatitis

4. Personal or family history of atopy (asthma, allergic rhinitis, atopic dermatitis)

Plus 3 or more minor features:
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(Continued)

• Xerosis

• Ichthyosis, palmar hyperlinearity, keratosis pilaris

• Nipple eczema

• Cheilitis

• Recurrent conjunctivitis

• Dennie-Morgan infraorbital fold

• Keratoconus

• Anterior subcapsular cataracts

• Orbital darkening

• Facial pallor, facial erythema

• Pityriasis alba

• Anterior neck folds

• White dermatographism, delayed blanc

• Immediate (type 1) skin test reactivity

• Elevated serum IgE

• Early age of onset

• Tendency toward cutaneous infections (especially S. aureus
& HSV), impaired cell-mediated immunity

• Tendency toward non-specific hand or foot dermatitis

• Itch when sweating

• Intolerance to wool or lipid solvents

• Perifollicular accentuation

• Food intolerance

• Course influenced by environmental or emotional factors

(or both)

Appendix 2. UK Working Party Diagnostic Criteria

Mandatory:

An itchy skin condition (parental report of scratching or rubbing in a child)

Plus 3 or more of the following:

• History of involvement of the skin creases, such as folds of elbow, behind the knees, fronts of ankles, or around the neck

(including cheeks in children under 10)

• A personal history of asthma or hay fever (or history of AD in a first-degree relative in children under 4)

• History of general dry skin in the last year

• Visible flexural eczema (or eczema involving the cheeks, forehead, and outer limbs in children under 4)

• Onset under the age of 2 (not used if child is under 4)

Appendix 3. Draft search strategy for MEDLINE Ovid

1. exp Eczema/ or eczema.ti,ab.

2. exp Dermatitis, Atopic/

3. exp Dermatitis/ or dermatitis.ti,ab.

4. or/1-3

5. Cyclosporine/

6. (c?closporin* or CyA or Cy-A or CsA or Cs-A or csaneoral or neoral or sandimmun*).tw.

7. exp Aminopterin/

8. (aminopterin or MTX or methotrexate).tw.

9. Azathioprine/

10. (az?thioprine or im?uran).tw.

11. Leukotriene Antagonists/

12. Quinolines/

13. (antileukotriene* or anti-leukotriene* or (leukotriene adj3 (antagonist* or block* or inhibitor*))).tw.

14. (leukast* or zafirlukast* or zileuton* or quinoline*).tw.

15. Peptide Fragments/
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16. exp Thymus Hormones/

17. exp Recombinant Proteins/

18. Interferon-gamma/

19. (rIFN* or bioferon or biogen or immuneron or imukin or kw-2202 or polyferon or ru-42369 or ru42369 or s-6810 or sch-36850

or sun-4800).tw.

20. ((r or recombinant) adj3 (interferon* or IFN or IFNg or IFNgamma)).tw.

21. ((Interferon* or IFN or IFNg or IFNgamma) adj3 (therap* or treat* or administ* or given or deliver* or systemic* or oral*)).tw.

22. (etanercept or enbrel or tnfr fc fusion protein).tw.

23. alefacept.tw.

24. (((tnf or tumor necrosis factor) adj2 receptor) or (tnf adj2 (fusion adj protein*))).tw.

25. Tumor Necrosis Factor-alpha/

26. (anti-TNF* or anti tumo?r necrosis factor).tw.

27. Antibodies, Monoclonal/

28. ((humanized adj8 (monoclonal* or antibod* or MoAb* or mAb or mAbs or fab*1)) or rhuMAb*).tw.

29. (chim?eric adj3 (monoclonal* or antibod* or MoAb* or mAb or mAbs)).tw.

30. ((against or anti) adj IgE adj2 (monoclonal* or antibod* or MoAb* or mAb or mAbs)).tw.

31. ((anti or against or block* or MoAb* or mAb or mAbs or antibod* or monoclonal*) adj3 (IL5 or IL-5 or interleukin-5 or LFA1 or

LFA-1 or CD11a)).tw.

32. (omalizumab or (olizumab or hu-901 or hu901 or tnx-901 or tnx901 or xolair)).tw.

33. (infliximab or avakine or remicade).tw.

34. (efalizumab or raptiva or xanelim or hu1124 or hu-1124).tw.

35. (adalimumab or humira or D2E7 or trudexa).tw.

36. (rituximab or idec c2b8 or mabthera or rituxan or rituxin).tw.

37. (keliximab or sb 210396 or sb210396).tw.

38. (mepolizumab or bosatria or sb 240563 or sb240563).tw.

39. Mycophenolic Acid/

40. (mycophen?lat* or mycophenol* or mycofen?lat* or mycofenol* or mofetil* or MMF or erl-080* or erl080* or melbex or myfortic

or nsc-129185 or nsc129185).tw.

41. Immunoglobulins, Intravenous/

42. (((intravenous or IV) adj (immune globulin* or IG or immun?globulin* or antibod*)) or IVIG or HdIVIg).tw.

43. exp Prednisolone/ or Beclomethasone/ or exp Fluocinolone Acetonide/ or Adrenal Cortex Hormones/

44. (prednison* or methylprednis* or dehydrocortisone or dexamethason* or beclomethasone or flunisolide).tw.

45. exp pimecrolimus/ or (asm981 or asm 981 or elidel).tw.

46. exp tacrolimus/ or (fk506 or fk 506).tw.

47. ((systemic or oral* or sublingual* or “per os” or inhal* or nasal* or parenteral*) adj3 (steroid* or glucosteroid* or corticosteroid* or

glucocorticosteroid*)).tw.

48. ((biological*1 or biologic*1) adj (treatment* or therap* or medicine* or drug* or agent* or product*)).tw.

49. (biologic* response modifier* or BRM*).tw.

50. targeted therap*.tw.

51. dupilumab.tw.

52. Puva.tw. or Puva therapy/ or Psoralen ultraviolet A Therapy.tw.

53. alitretinoin.tw.

54. apremilast.tw.

55. tocilizumab.tw.

56. (systemic adj immunosuppressive treatment$).tw.

57. immuno-modulatory treatment$.tw.

58. anti inflammatory treatment$.tw.

59. Immunosuppressive Agents/

60. Anti-Inflammatory Agents/

61. or/5-60

62. randomized controlled trial.pt.

63. controlled clinical trial.pt.

64. randomized.ab.
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65. placebo.ab.

66. clinical trials as topic.sh.

67. randomly.ab.

68. trial.ti.

69. 62 or 63 or 64 or 65 or 66 or 67 or 68

70. exp animals/ not humans.sh.

71. 69 not 70

72. 4 and 61 and 71

[Lines 62-71: Cochrane Highly sensitive search strategy for identifying randomized trials in MEDLINE: sensitivity and precision-

maximizing version (2008 revision) (Lefebvre 2011)]
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