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A topic dermatitis (AD) is a chronic inflammatory skin dis-
ease. Patients should be treated so they have adequate 
control of their disease, with minimal rash and pruritus 

and optimal quality of life. Many patients achieve this control 
with first-line measures (gentle bathing, frequent moisturiza-
tion, avoidance of allergens) and topical prescription treatments 
(topical steroids,  calcineurin inhibitors); however, systemic 
treatment is indicated for a number of patients. Phototherapy 
is used during acute flares and also for patients whose chronic 
disease is uncontrolled while using topical therapy. Systemic 
immunomodulatory medications are recommended for patients 
who cannot be controlled on a topical and/or phototherapy treat-
ment plan. With further studies and scientific advancements, the 
pathogenesis of AD is better understood. As such, a new systemic 
treatment was recently approved for AD, involving inhibition of 
the IL-4 receptor alpha subunit. With continual knowledge ex-
pansion, the discovery of additional treatments is anticipated  
and welcomed.

Phototherapy
Phototherapy has been used to treat AD since the early 20th cen-
tury. It was first used to treat AD after Morison et al noticed that 
the skin of AD patients, while refractory to other treatments, im-
proved after sun exposure.1 The group subsequently found that 
oral psoralen used with ultraviolet (UV) light improved AD in 
these patients. The American Academy of Dermatology (AAD) 
recommends phototherapy as a second-line therapy, after pa-
tients have not adequately responded to emollients, topical cor-
ticosteroids (TCS), and topical calcineurin inhibitors (TCI).2 

Phototherapy can be used as maintenance therapy in chronic AD 
patients.2 The AAD advises phototherapy only be used under the 
guidance of a physician who has adequate knowledge to super-
vise its use.2 Several factors should influence the decision regard-
ing which light modality to use, such as availability, cost, patient 
skin type, skin cancer history, and patient use of photosensitiz-
ing medications.2 The minimal erythema dose and/or Fitzpatrick 
skin type should guide the phototherapy treatment plan in terms 
of dose and schedule.2 Lastly, home phototherapy should be an 
option for those patients who are unable to obtain photothera-
py in an office, under the guidance of an experienced physician  
(Table 1).2

While phototherapy attempts to mimic natural sunlight, photo-
therapy ultraviolet light limits harmful wavelength exposure, and 

■ Abstract
The majority of atopic dermatitis (AD) patients respond 
satisfactorily to gentle bathing, frequent moisturizing, and 
topical medications. Second-line therapies for AD should 
be used in recalcitrant cases or in patients with uncon-
trolled disease despite compliance with first-line measures 
and avoidance of allergens. Recommended advanced 
therapies include phototherapy, especially narrowband 
ultraviolet B, systemic immunosuppressants, and a new 
biologic agent. Few studies have compared head-to-head 
efficacy of the different immunosuppressant therapies 
such as cyclosporine, methotrexate, azathioprine and 
mycophenolate mofetil. Therefore, the agent used is based 
on provider and patient preferences and can be decided 
on a case-by-case basis. 
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provides dose predictability and consistency. Many studies have 
shown that phototherapy is effective.3-8 Although no head-to-head 
trials have been conducted to determine which type of light ther-
apy is the most effective, several forms are used including natural 
sunlight; narrowband (NB) UVB; broadband (BB) UVB; UVA; 
topical and systemic psoralen plus UVA (PUVA), UVA, and UVB 
(UVAB); and Goeckerman.2 The most widely used phototherapy 
is NB-UVB secondary to its limited side effects, efficacy, acces-
sibility, and knowledge about its use.

Risk
Phototherapy is thought to be relatively low risk. Studies have 
shown that few patients discontinue light therapy secondary to 
adverse effects.3,5-8 Various modalities have different side effects, 
the most common being local transient changes, including actinic 
damage, local soreness and redness, pruritus, burning, and sting-
ing. Other less common and sometimes more serious adverse ef-
fects include nonmelanoma skin cancer, melanoma (particularly 
with PUVA),9 lentigines, photosensitive eruptions, folliculitis, 
photoonycholysis, herpes simplex virus reactivation, and facial 
hypertrichosis. Noncutaneous side effects may uncommonly oc-
cur, particularly with UVA therapy. These include cataract forma-
tion, headaches, nausea, vomiting, and even hepatotoxicity with 
the addition of psoralen.10 

Practical considerations
The protocols for phototherapy treatment are based on clinical 
practice guidelines developed by the AAD for psoriasis.2,11 Sev-
eral factors contribute to the provider’s decision on the type of 
light therapy to use on a particular patient. The convenience of 
the treatment and the cost are important variables to consider. 
The light therapy protocols are generally based on the patient’s 
minimal erythema dose (MED) and/or Fitzpatrick skin type.12 
For BB-UVB, once the initial UVB dose is set, the subsequent 
treatments have higher doses dependent upon the initial UVB 
treatment and based on missed doses. In comparison, NV-UVB 

has a different protocol based on Fitzpatrick skin type or MED, 
and augments the dose after each treatment with a suggested 
maximum dose and recommendations for maintenance therapy.11 
The Joint Task Force on Practice Parameters (JTF), represent-
ing the American Academy of Allergy, Asthma & Immunology; 
the American College of Allergy, Asthma & Immunology also 
has AD treatment guidelines, which are comparable to the AAD 
guidelines, and suggests using UVA1 for acute exacerbations, 
UVB modalities for chronic AD, and photochemotherapy with 
PUVA only for patients with severe widespread AD.13,14

Important considerations for the provider to remember are the 
patient’s medical history and physical exam. The physician must 
adjust the treatment plan accordingly if the patient has a history 
of skin cancer or is using skin products or systemic medications 
(prescription and over-the-counter) that may be photosensitiz-
ing.2 Phototherapy can be used in conjunction with emollients 
and TCS, but should be limited with TCI use, according to  
the manufacturers.15

Oral systemic agents
Both AAD and JTF guidelines recommend using systemic im-
munomodulating agents in a subset of patients with severe AD 
recalcitrant to topical regimens and phototherapy.14 Only a few 
randomized control trials have compared systemic treatments 
to one another, making it difficult to recommend one treatment 
over another.16-18 However, the current consensus among derma-
tologists suggests that cyclosporine, methotrexate (MTX), myco-
phenolate mofetil (MMF), and azathioprine (AZA) are the most 
effective (Table 2).2,19 The newest agent, dupilumab, is recently  
approved by the US Food and Drug Administration (FDA) ap-
proved for adults, and it stands as the only FDA-approved sys-
temic option for atopic dermatitis, apart from of prednisone. 

Cyclosporine
Cyclosporine is a powerful immunosuppressant that works by 
suppressing cytokine gene expression and therefore decreases 
the number of T-cells and interleukin-2 in circulation. It has been 
shown to be effective in treating other immune-mediated skin 
diseases such as psoriasis and graft versus host disease. Its first 
use in AD patients was in 1991.20,21 Cyclosporine is considered 
the first line of systemic therapies for severe AD and is the most 
prescribed systemic medication for severe AD in the pediatric 
population in the United States and Canada.22,23 In one of the few 
randomized controlled trials on cyclosporine compared to pla-
cebo, 23 patients receiving cyclosporine showed significantly 
reduced severity and surface area involvement after 6 weeks of 
treatment, with 15 of 19 of patients on cyclosporine showing at 
least moderate improvement compared to 6 out of 19 on placebo.24 
Another study showed that cyclosporine A used continuously in 
children over a 1-year period provided more control as compared 
to intermittent therapy.25 A systematic review found cyclosporine 
to be effective in treating AD as compared with placebo, but that 
adverse effects or rare liver and kidney complications may limit 
its long-term use.20 One head-to-head trial between cyclosporine 
and methotrexate showed no statistical significance between the 
2 drugs in their ability to improve the severity scoring for atopic 
dermatitis (SCORAD) score from baseline to 12 weeks in severe 
AD children.26 Moreover, continued use is often necessary to pre-

■ TABLE 1  Overview of phototherapy 
use recommendations

•  Considered second-line treatment after first-line therapies: 
moisturizers, topical corticosteroids, and topical calcineurin 
inhibitors

• Can be used in chronic disease as maintenance treatment

• Should only be used under physician supervision

•  Treatments based on availability, cost, patient’s skin type, personal 
and family skin cancer history, and medical history

•  Light therapy dose based on minimal erythema dose and/or 
patient’s skin type

• Home therapy is appropriate for some patients

Adapted from Sidbury R, Davis DM, Cohen DE, et al. Guidelines of care for the 
management of atopic dermatitis: section 3. Management and treatment with 
phototherapy and systemic agents. J Am Acad Dermatol. 2014;71(2):327-349.2
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vent relapse; therefore, its superiority over other systemic medi-
cations remains unknown.20 It has a relatively quick onset within 
1-2 weeks of initiation, with the microemulsion formulation be-
ing even more effective than nonmodified formulations.27

Cyclosporine has several significant side effects, and lab 
monitoring is required. The well-known adverse effects include: 
nephrotoxicity, hypertension, infection, tremor, hypertrichosis, 
headache, gingival hyperplasia, and increased risk of skin cancer 
and lymphoma.2 Evaluation of blood pressure (2 measurements), 
renal function, urinalysis (UA) with microscopic analysis, fasting 
lipid profile, complete blood count (CBC) with differential and 
platelets, liver function, magnesium, potassium, uric acid, tuber-
culosis testing, human immunodeficiency virus (HIV; if indicat-
ed), and human chorionic gonadotropin (hCG; if indicated) are 
recommended at baseline.2 Follow-up monitoring should include 
a blood pressure check at every visit, and labs (renal function, 
liver function, lipids, CBC with differential and platelets, mag-
nesium, potassium, uric acid) every 2 weeks for 2 to 3 months, 
then monthly thereafter. If the provider increases the dose of cy-
closporine, labs values should be rechecked 2 to 4 weeks there-
after. An annual TB test should be performed along with hCG, if 
indicated.2 Since cyclosporine has several significant side effects, 
the FDA only recommends cyclosporine for psoriasis for 1 con-
secutive year at a time.28 

Methotrexate
Methotrexate (MTX) functions as a folic acid antagonist, which 

interferes with purine and pyrimidine synthesis and thus blocks the 
production of DNA and RNA. By interfering with DNA and RNA 
synthesis, it also interferes with T-cell function. MTX is used for 
several cancers and dermatologic conditions, such as psoriasis, and 
is used off label for AD. There is a lack of consistent, randomized 
controlled trials evaluating the efficacy of MTX for AD. However, 
a few studies have been conducted and show it is efficacious. An 
open-label, dose-ranging trial done in adults with moderate to se-
vere AD demonstrated a decrease in the subjects’ dermatitis by 
52% over a 24-week period and remained improved even after 12 
weeks of discontinuation of MTX.29 A randomized control trial 
comparing efficacy and safety of methotrexate versus azathioprine 
showed they were comparable in terms of efficacy and safety in the 
short term.16 The maximum efficacy is achieved usually within 10 
weeks, with little improvement seen after 12 to 16 weeks even after 
further dose progression.16,28-30 

The AAD recommends folate supplementation during treat-
ment with methotrexate to decrease the risk of hematologic and 
GI side effects.2 The side effect profile in AD patients has not 
been well studied. However, MTX has well-documented adverse 
effects in treatment of other cutaneous diseases. Nausea and GI 
upset are usually secondary to oral administration, and these 
symptoms usually subside if MTX is given parenterally. Other 
side effects include liver damage, lung fibrosis, and bone marrow 
suppression. The bone marrow suppression is usually reversible 
with a decrease in dose or discontinuation of MTX.29,30 The risk 
of pulmonary fibrosis may preclude patients with pulmonary dis-

■ TABLE 2  Oral systemic agents overview.

CYCLOSPORINE A AZATHIOPRINE METHOTREXATE MYCOPHENOLATE

Decrease in  
clinical score (%)

54-95 26-39 42-52 55-68

Treatment period  
in trials (weeks)

Max 52 Max 24 Max 24 Max 30

Treatment period  
in trials (weeks)

Max 52 Max 24 Max 24 Max 30

Time to respond 
(weeks)

2 8-12 8-12 8-12

Most important  
side effects

Serum creatinine 

Blood pressure

Hematological

Liver enzymes

Gastrointestinal

Hematological

Liver enzymes

Gastrointestinal

Hematological

Skin infections

Gastrointestinal

Pregnancy Possible Little information

Possible with strict 
indication

Teratogenic, absolutely 
contraindicated

Conflicting data, better not 
to use

Fathering Possible Little information

Possible with strict 
indication

Contraindicated Little information, better 
not to use

Adapted from Wollenberg A, Oranje A, Deleuran M, et al. ETFAD/EADV Eczema task force 2015 position paper on diagnosis and treatment of atopic dermatitis in adult and 
paediatric patients. J Eur Acad Dermatol Venereol. 2016;30(5):729-747.19
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eases such as asthma and chronic cough from MTX treatment. 
The data on liver damage is from patients with psoriasis, and 
therefore the cumulative dose of MTX and its relationship to he-
patic toxicity in patients with AD remains unknown.28,31 Baseline 
labs should consist of a CBC with differential and platelets, liver 
function tests, renal function, Hepatitis B and C, TB, HIV, hCG, 
and pulmonary function tests, if indicated. Regular CBC and liver 
function panels should occur weekly for 2 to 4 weeks after treat-
ment initation and 1 week after any large dose increase. After 1 
month of treatment, the labs should be ascertained every 2 weeks 
for 1 month, and then every 2 to 3 months when on a stable dose.

Azathioprine
Azathioprine (AZA) is a purine analog that inhibits DNA produc-
tion. It affects rapidly dividing cells such as B and T cells, there-
fore preferentially affecting inflammatory diseases with increased 
immune cell proliferation. AZA is currently approved for trans-
plant rejection prophylaxis and also for rheumatoid arthritis.2 It 
is used off-label to treat AD.2 In 2 randomized, double-blinded, 
placebo-controlled trials, AZA was found to be efficacious as 
compared with placebo.32,33 Meggitt et al showed that the AZA-
treated patients had a 37% improvement in their AD compared 
with a 20% improvement in the placebo group and also signifi-
cant improvements in patient-reported itch, area of involvement, 
global assessment, and quality of life outcomes.32

The adverse effects associated with AZA cause many patients 
to voluntarily discontinue treatment, specifically due to nausea 
and vomiting.2 Therefore, progressive dosing is preferred in order 
to limit side effects and optimize compliance.2 Other gastrointes-
tinal (GI) symptoms are also common, such as bloating, anorex-
ia, and cramping.2 Less common side effects include headache, 
hypersensitivity reactions, elevated liver enzymes, and leukope-

nia. There is a paucity of data linking the true relevance of AZA 
therapy with increased risk of infections and other cancers. It is 
unknown if this risk increases with long-term treatment. 

AZA’s metabolism is dependent upon a patient’s thiopurine 
methyltransferase (TPMT) activity level and therefore can affect 
how it should be prescribed. TPMT is an enzyme necessary in the 
thiopurine pathway, and a decrease in enzyme activity can lead 
to AZA toxicity. A homozygous carrier for a decreased or absent 
TPMT enzyme activity is at risk for myelotoxicity.32,33 Testing 
a patient’s TPMT level is strongly recommended by the AAD 
before AZA initiation.2 Studies have found TPMT levels may 
change over the course of a patient’s lifetime; therefore, regular 
blood count and liver enzyme monitoring are indicated.33-36 A de-
layed response to treatment may be found in some patients (pos-
sibly due to enzyme activity), and a patient may need 12 weeks 
or more of medication to achieve clearance of their AD.2 Lab 
monitoring at baseline includes: TPMT, CBC with differential, 
platelets, renal and liver function, Hepatitis B and C, TB testing, 
and HIV and hCG (if indicated). Follow-up labs should include 
CBC with differential, platelets, liver function, and renal func-
tion twice a month for 2 months, then monthly for 4 months, then 
every other month. An annual TB test should be performed and 
hCG, if indicated.

Mycophenolate mofetil
Mycophenolate mofetil (MMF) blocks the production of purines 
by inhibiting inosine monophosphate dehydrogenase, which se-
lectively works on B and T cells since other cells have a purine 
scavenger pathway that overcomes MMF’s blockade. Its current 
indication for use is solid organ transplant rejection prophylaxis. 
The efficacy of MMF in treating AD in studies has been inconsis-
tent. A study comparing cyclosporine and MMF found that dur-
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■ FIGURE Efficacy of dupilumab compared to placebo measured by IGA score.
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ing the initial 10 weeks of the study, patients who received both 
drug treatments had better disease control, while 7 patients who 
were treated with MMF alone required adjunct oral corticosteroid 
therapy.17 After 10 weeks, treatments were found to have similar 
efficacy and side effects, suggesting that MMF has a slower onset 
to efficacy. The AAD considers this treatment to be less effica-
cious than the other immunomodulatory drugs mentioned above, 
but still considers it an alternative for refractory AD.2

MMF is a well-tolerated medication, with GI side effects being 
the most common adverse effects. Abdominal cramping, head-
aches, and fatigue are not dose dependent and generally do not 
affect adherence to the medication. Other less common adverse 
effects include anemia, leukopenia, thrombocytopenia, and geni-
tourinary symptoms. There is also a risk of increased infections; 
however, the rate of infections in patients with AD is unknown. 
Baseline monitoring should include a CBC with differential and 
platelets, renal function, liver function, TB testing, and HIV and 
hCG, if indicated. Regular monitoring of CBC with differential, 
platelet count, and LFTs should occur every 2 weeks for 1 month, 
then monthly for 3 months thereafter, then every 2 to 3 months 
once stable (presuming no dose adjustments).

Dupilumab 
Advances in the understanding of the disease mechanism of AD 
has led to the development of dupilumab which is a new, recently 
FDA-approved systemic therapy. Dupilumab is an interleukin-4 
receptor alpha subunit, thus inhibiting both IL-4 and IL-13 sig-
naling.37 Two phase 3 studies involving adult patients with mild 
to moderate AD using dupilumab have been published.38 These 
trials randomized patients to 1 of 3 active treatment arm groups 
or a placebo arm. The treatment groups received different doses 
of dupilumab. The treatment groups had AD clearance that was 
statistically significant compared with the placebo group. The 
primary outcome was the reduction of the Investigator’s Global 
Assessment (IGA) to a score of 0 or 1 and an improvement of 2 or 
more points from baseline. Eighty-five patients (38%) in SOLO 
1 who received dupilumab every other week achieved this end-
point and 83 patients (37%) with weekly treatment achieved this 
outcome versus only 10% of placebo. In SOLO 2, 36%, 36%, and 
8% of patients receiving every other week, weekly, and placebo, 
respectively, achieved these outcomes. Both of these primary 
endpoints were statistically significant as compared with place-
bo. These early studies are promising (Figure).38 The most com-
mon side effects were injection site reactions and conjunctivitis. 
Fortunately, the injection site reaction did not lead to any nonad-
herence, although 1 subject dropped out of the study secondary 
to conjunctivitis. The pediatric trial for dupilumab monotherapy 
is currently underway to assess its dosing, adverse effect profile, 
long-term safety and efficacy. 

Conclusion
Systemic therapy for AD is not well studied, especially in the 
pediatric population. Much of the data on phototherapy and 
systemic agents stems from other disease processes. However, 
with the recent approval of a systemic agent for AD and after 
improved understanding of the pathogenesis of the disease and 
a great need for new and improved therapy, a drive exists for 
continued innovation and development. Systemic therapy is an 

important aspect of recalcitrant AD, as the treatment goal for pa-
tients should be to minimize inflammation, decrease surface area 
and intensity of rash, alleviate pruritus, and allow for optimal 
quality of life. Development of new systemic therapies will im-
prove disease control and improve the quality of life for patients  
with AD.
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