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Chapter 1
Introduction

Mark G. Lebwohl

Our knowledge about the pathogenesis of psoriasis and our treatments for psoriasis continue 
to progress at an extraordinary pace. With the introduction of ustekinumab, the importance 
of interleukin (IL)-23 in the development of psoriasis was identified which, in turn, lead to the 
discovery of the importance of the T-helper (Th)-17 cell. Multiple new therapies, including 
antibodies directed against IL-23, IL-17A, and the IL-17A receptor, have been developed 
based on this understanding of the pathogenesis of psoriasis.

The importance of new topical therapy for psoriasis is even greater than before. The new 
systemic therapies in development for psoriasis convert severe disease to mild disease in 
a majority of patients, a change that is amenable to topical therapy. Many of the systemic 
therapies work well, but they are slow. Recent studies have shown that patients treated with 
etanercept and adalimumab respond more quickly when they are concomitantly treated 
with topical therapies.

Unfortunately, advances in topical therapy lag behind the exciting new developments in 
systemic treatments. Some new topical therapies are in development and the efficacy of older 
topical therapies have been enhanced. For example, vehicles have been advanced. Previously, 
only triamcinolone acetonide was available in spray form. Now, clobetasol and desoximeta-
sone are both available as sprays. The combination of calcipotriene and betamethasone 
dipropionate has been available in an ointment form for years. Most recently, a suspen-
sion has been approved for the scalp and body. Previously, there were only a few topical 
corticosteroids approved for pediatric use, but in recent years, fluticasone lotion and hydro-
cortisone butyrate lotion have also been approved for use in pediatrics. There are no new 
topical calcineurin inhibitors, but much information is available about the safety of calci-
neurin inhibitors, thereby reducing some of the concerns that emerged when a black box 
warning was added to the package inserts of tacrolimus ointment and pimecrolimus cream. 
Both of these agents have been successfully used for psoriasis of the face and intertriginous 
sites, but neither of them is approved for psoriasis. Numerous topical vitamin D analogs and 
topical tazarotene are still available for psoriasis. Topical tar preparations and anthralin are 
still in use. In terms of new agents, topical Janus kinase inhibitors and a combination product 
consisting of calcipotriene and nicotinamide are in development.

For localized disease that is refractory to topical therapy, targeted ultraviolet B (UVB) 
phototherapy using the excimer laser has been highly effective. There are now forms of 
phototherapy that use fine fiber optic cables to deliver narrow band UVB to the scalp, and 
both narrowband and broadband UVB are still widely used for disease that is refractory to 
topical therapy.
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Although our treatments for mild to moderate psoriasis are better than those in the past, 
more treatments are still needed. Much of the new information about topical therapies 
involves their use in combination with the new systemic therapies that have been developed.

In the introduction to the second edition of Mild to Moderate Psoriasis, I stated that “we will 
continue to look for the perfect treatment—a therapy that works for everyone and has no side 
effects.” Although we are still looking for that therapy, we certainly have a lot to offer our 
patients today.
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Chapter 2
General Approach to Psoriasis Treatment

Laura F. Sandoval and Steven R. Feldman

INTRODUCTION
Psoriasis is a complex disease to manage. It may present with wide-ranging severity, affect-
ing vastly the different parts of the body. Very limited areas to very diffuse generalized 
disease can be present, and the character of the lesions may vary from minimal redness to 
thick scaly red plaques. The various presentations add to the complexity in choosing the 
mode of treatment.

Adding to the complexity of the treatment is the availability of a host of different topical, 
phototherapy, and systemic treatment options. Matching the appropriate treatment with the 
presentation of the disease is an art. Adding to the complexity of this art is the fact that it is 
not just lesions that are being treated, but a patient and patients’ responses to the lesions vary 
considerably. Patients also differ in their concern about side effects and the way they toler-
ate different topical preparations. These variations can be dramatic. In nearly all patients, 
psoriasis affects the quality of life, including social interactions. The overall impact of pso-
riasis on quality of life—particularly the effect of psoriasis on social interactions—must be 
addressed. Management of psoriasis should also include educating patients about  certain 
comorbidities they are at higher risk for so that they can be identified and managed.

Step I: Address Patients’ Psychosocial Needs
The first step in managing all patients with psoriasis is to address their psychosocial needs. 
This approach is fundamental to effective psoriasis treatment. Addressing psychosocial 
issues helps to establish a strong working relationship between the physician and the patient. 
By doing so, patients are likely to be more compliant with treatment and should have better 
health outcomes.

Managing psychosocial needs starts before any physician–patient interaction. Patients 
should arrive to a practice that presents a caring, competent environment. Parking should 
be convenient; the check-in window should be open and orderly, with friendly staff; and the 
waiting room should be clean and well maintained. Initial physician–patient interactions are 
important in managing psychosocial needs. Physicians should sit within touching distance 
of the patient. While examining the lesions and talking to the patient, the physician should 
palpate lesions, with appropriate attention to cultural and patient preferences. While doing 
so, the physician can remark, “Wow, these lesions are really thick.” The purpose of the palpa-
tion is not to determine the thickness of the lesions but to communicate to patients that they 
are touchable. Patients with psoriasis feel isolated from others because of their disease, and 
by touching the lesions, the physician communicates to the patients that they should not be 
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afraid of having contact with other people. Dr. J. Lamar Calloway, long-time dermatologist 
at Duke University, would communicate to patients that psoriasis is not an infectious con-
dition; by taking the hand, he would palpate patients psoriasis and rub his own face with it 
while saying “this is nothing I can catch from you.”

While sitting close to the patient, the physician should also proactively ask patients a few 
questions about their disease. These questions are not likely to change what the physician 
will prescribe, but they may change how the patient views the doctor, how the patient views 
the treatment, and ultimately how adherent the patient will be to the treatment recommen-
dations. There are many things about psoriasis that are bothersome to patients, and asking 
questions about a few of these topics helps communicate to the patient that the dermatologist 
understands the disease and what the patient is going through. A physician might ask if the 
itching has been bothersome, if past treatments have been messy or ineffective, or if psycho-
social concerns have been an issue. Simply asking a few questions (and listening intently) 
helps further the bond between the physician and the patient.

Psoriasis affects patients’ quality of life and has been associated with a higher risk of depres-
sion. Severity or extent of disease does not predict risk of depression in patients with psoriasis 
[1,2]. Patients are also at increased risk for sleep disturbances, sexual dysfunctions, anxiety, 
and suicidal ideation [3,4]. Establishing a good physician–patient relationship may enhance 
open dialog about psychosocial issues and allow physicians to better identify patients expe-
riencing depression and in need of expertise outside the scope of dermatology. Managing 
psychosocial issues is important not only for the emotional well-being of the patient but also 
because these stressors can exacerbate psoriasis.

Step II: Educating Patients about Comorbidities
In addition to educating patients about their disease, there are certain comorbidities associ-
ated with psoriasis that patients should be aware of. Besides psychosocial issues, an increased 
risk of cardiovascular disease has been established, including increased risk of myocardial 
infarction and stroke in mild to severe psoriasis [5,6]. Psoriasis patients also have a higher 
prevalence of type 2 diabetes mellitus and metabolic syndrome [7–9]. In both conditions, the 
association is greatest in patients with severe psoriasis.

Although there are no current screening guidelines for these comorbidities in psoriasis 
patients, it is important to inquire about patients’ overall health and encourage health aware-
ness and routine exams with a primary care provider. When appropriate, a discussion about 
a patient’s weight may be warranted, especially because patients with psoriasis have a higher 
prevalence of obesity, and obesity is a factor in all these comorbidities [10]. A discussion of 
the risks of these comorbidities benefits the patient while also strengthening the physician–
patient relationship by showing that the physician cares about the patient.

No health care provider has enough time to explain to patients everything they would like 
to  know about psoriasis. All of us, however, have the time to encourage patients to join the 
National Psoriasis Foundation (www.psoriasis.org) or similar organizations in other countries, 
such as European Psoriasis Organisation (EUROPSO) (www.europso.eu) or International 
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Federation of Psoriasis Associations (IFPA) (www.ifpa-pso.org). The Psoriasis Foundation 
and other psoriasis support organizations provide numerous benefits to patients. First, these 
organizations help patients to feel less isolated. Second, the foundation helps educate patients 
about available treatment options. Resources on access to health care and financial assistance 
programs for some treatments are also available. Third, information is provided on comor-
bidities associated with psoriasis. Fourth, the foundation encourages patients to be compliant 
with their dermatologists’ recommendations. If that were not enough, the foundation also 
empowers patients to work toward a cure for the disease.

The National Psoriasis Foundation offers a variety of brochures that are very useful for edu-
cating patients about specific treatment options. The Psoriasis Foundation periodical for 
patients entitled Psoriasis Advance helps patients answer many of the psychosocial issues that 
physicians may not feel comfortable addressing, for example, what to do if the lifeguard says 
you cannot go in the pool, what to do when people point and ask questions, or other social 
situations. Communication among members is very supportive. Patients can be encouraged 
to join the Psoriasis Foundation by simply visiting the website at www.psoriasis.org, writing 
to the foundation (6600 SW 92nd Avenue, Suite 300, Portland, OR 97223, USA), or calling 
(1-800-723-9166). Anyone can join, even without paying, although there is a recommended 
donation of US$35 (to cover mailing costs).

Step III: Categorization of Psoriasis
Once psychosocial issues are addressed, further treatment planning is dependent on deter-
mining whether patients have relatively localized disease suitable for topical therapy or more 
extensive disease where phototherapy or systemic treatments will be used. This book focuses 
on the treatment of people with relatively localized disease. Formerly, the common cate-
gorization scheme of mild, moderate, and severe psoriasis was used. However, these three 
categories do not correspond well to treatment decision making. Typically, one would hear 
categorizations of mild to moderate versus moderate to severe psoriasis for treatment pur-
poses. Mild to moderate psoriasis tends to refer to patients with relatively localized psoriasis. 
The moderate to severe category tends to refer to the patient with more generalized disease 
or disease that is otherwise disabling. Treatment of this latter group has been covered in an 
excellent textbook entitled Moderate to Severe Psoriasis [11]. This chapter and this book focus 
on the treatment of the patient with mild to moderate, or localized psoriasis.

GENERAL CONSIDERATIONS IN THE 
TREATMENT OF LOCALIZED PSORIASIS
The treatment of localized psoriasis focuses on local treatments, predominately topical treat-
ments, although certain localized phototherapy and intralesional injection treatments are 
also used. For topical treatments, multiple agents are available, including tar, anthralin, 
topical corticosteroids, topical vitamin D and vitamin A analogs, topical immunomodula-
tors (e.g., tacrolimus and pimecrolimus), and keratolytics (e.g., salicylic acid). Whichever 
of these agents are chosen, a primary consideration determining patients’ outcomes will be 
patients’ adherence to the topical treatment regimen.
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When patients with psoriasis have been asked about their adherence to topical therapy, 
approximately 40% reported nonadherence [12,13]. Adherence to topical therapy is lower 
than with other treatments, including oral therapy, phototherapy, and biologic therapy 
[14,15]. Patients may not even fill the prescription; one study reported that only about 50% of 
psoriasis prescriptions were filled [16]. The reasons for poor adherence to treatment are mani-
fold. Frustration with medication efficacy, inconvenience, and fear of side effects are among 
the most important reasons patients do not use their medication as directed. Other factors 
affecting patients’ use of medication include cost, the medication feeling unpleasant, unclear 
instructions, and directions that are too complicated [12].

Even when patients have the medicine, they may not use it well. In a clinical trial that assessed 
adherence using both patient diaries and electronic monitors, psoriasis patients vastly over-
stated their true use of the treatment [17]. Patients are not always truthful with their doctors 
about their adherence to topical therapy. Topical therapy is time-consuming and messy. Over 
time, use of topical therapy decreases. Chronic diseases such as psoriasis are frustrating and 
wear on people over time. The treatment of these diseases, particularly topical therapy, can 
be frustrating, too.

Outcomes of localized psoriasis treatment can be improved by encouraging better adher-
ence. There are many practical measures physicians can take to improve a patient’s use of 
his or her medication [18]. First, as discussed above, physicians should establish a strong 
working relationship with the patient. The patient should also be involved in treatment deci-
sion making. Vehicles that the patients do not mind applying should be chosen. Although it 
was commonly thought that ointments are more effective, less messy vehicles may be able to 
deliver active drugs just as well as traditional ointments, and better adherence with a non-
messy product may actually lead to greater efficacy than is seen with ointments. There is 
generally one vehicle that delivers topical therapy better than all the others—the vehicle that 
a particular patient is willing to use.

Patients are also reluctant to apply topical therapy for long periods before they see improve-
ment. Fast-acting agents should be used, especially initially. The sequential therapy approach 
addresses this need. Sequential therapy consists of using stronger, faster acting but potentially 
more risky treatments early in the course of therapy and then transitioning to slower acting 
but safer treatments for the long-term maintenance of the disease. This approach has the 
advantage of helping patients see early in the course of therapy that treatments work, thereby 
improving patients’ compliance. The complexity of sequential treatment may make it more 
difficult for patients to adhere to treatment; giving patients clear, written instructions may 
help. Other approaches are to use the stronger topical agents such as clobetasol-containing 
topical corticosteroid products initially and then use them intermittently as needed to con-
trol the disease.

Another way to help improve patients’ use of medication is to encourage patients to return to 
the office or at least contact the physician shortly after treatment has begun, for example, in 
one to two weeks. Patients’ adherence to medication improves around the time of follow-up 
visits, a pattern referred to as “white coat compliance” [17]. A long interval before a return visit 
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may lead to poor compliance if the patient feels that it will be impossible to be adherent for 
that length of time. By seeing patients back in just a week, patients are more likely to use their 
medication over that week, thereby seeing the potential benefits the treatment offers. Once 
patients have seen that the treatment actually works, they will use the treatment intermittently 
knowing that it will be effective for them. A very short interval between initiation of treatment 
and the first return visit may be especially important for patients with scalp psoriasis, because 
use of topical scalp treatment regimens is exceedingly time consuming and difficult.

Some patients have disease that is poorly responsive to all attempts at management with 
self-administered treatments. Such resistance may not be due to defective steroid receptors 
but may be due to exceedingly poor adherence to treatment. In these instances, the use of 
physician-administered treatments may be appropriate. Adherence can be ensured with 
intralesional injection treatment. Office-based localized phototherapy, or office-based 
application of topical agents, may be helpful alternatives.

CONCLUSIONS
Treating mild to moderate psoriasis (relatively localized psoriasis) can be frustrating for 
both the patient and the physician. Much of this frustration can be alleviated by addressing 
patients’ psychosocial concerns upfront. All patients with psoriasis should be encouraged to 
join the National Psoriasis Foundation or similar patient advocacy groups. These organiza-
tions help reduce patients’ isolation and increase their knowledge about treatments, ultimately 
resulting in improved adherence to the physician-recommended treatment regimen.

Topical treatments are safe and effective for most patients with mild to moderate psoriasis. 
Getting patients to actually use the treatment is a critical component in maximizing topi-
cal treatment efficacy. Patients should be encouraged to participate in the treatment planning 
process, choosing vehicles, and other treatment characteristics (e.g., dosing) that fit the 
patients’ lifestyles. Using rapidly acting agents initially and encouraging patients to come 
in for an early follow-up visit may help improve the compliance. The resulting improvement 
should help reduce the frustration of psoriasis on both the patient and the physician.
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Chapter 3
General Guidelines for Administration 

of Topical Agents
Shannon Famenini, Eric Y. Sako, and Jashin J. Wu

INTRODUCTION
Psoriasis is a chronic, immune-mediated skin disease that affects 2%–4% of the world 
population [1]. In a survey of dermatologists who belong to the American Academy of 
Dermatology, approximately 70% of psoriasis patients were treated with topical therapies and 
30% with phototherapy and systemic therapy [2]. However, according to a systematic analysis 
in 2011, almost two-thirds of topical prescriptions were written without sufficient informa-
tion for patients to manage their psoriasis correctly [3]. Another questionnaire that evaluated 
adherence to topical regimens highlighted the importance of giving patient information in 
enhancing the efficacy of topical therapies [4]. In fact, patients’ needs can be better met by pro-
viding more information on the side effects, proper use, and efficacy of topical treatments [5].

Topical therapies are usually used as first-line treatments; they are safe and effective, easy 
to administer, and cost-effective. However, topical treatments may not result in complete 
clearance of psoriatic lesions [6]. In the past 35 years, new advances in the development of 
systemic therapy and phototherapy have allowed for partial to complete clearance in some 
psoriatic patients.

In this chapter, we discuss the various factors to be considered when choosing whether to use 
topical agents or systemic therapies. We then discuss different issues to be considered before 
prescribing topical agents for psoriasis. We hope these general guidelines for the use of topi-
cal therapies will help physicians choose the optimal topical therapy for their patients.

ASPECTS OF PSORIASIS
Body Surface Area
Patients can be classified as having mild, moderate, or severe psoriasis based on their body 
surface area (BSA); the BSA value can then be used to determine a treatment regimen. The 
patient’s palms, including the fingers and the thumb (i.e., from the wrist to the tip of the fin-
gers), constitute approximately 1% of the total BSA as measured in clinical trials. According 
to the National Psoriasis Foundation, 0%–3% BSA is mild disease, 3%–10% BSA is moderate 
disease, and >10% BSA is severe disease. Patients with mild disease can generally be managed 
with topical treatments. For patients with severe psoriasis, the application of topical agents 
would be too time consuming, impractical, and expensive. Furthermore, it would be difficult 
to apply a sufficient quantity to all affected areas. Also, some topical medications, such as topi-
cal corticosteroids, calcipotriene, and calcitriol, have safety limitations that reduce the amount 
of drug applied. Moderate and severe psoriasis are usually treated with systemic treatments or 
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phototherapy in addition to topical agents. It is important to note that BSA does not take into 
account body location or the emotional impact on the patient, factors that may warrant more 
aggressive therapy.

Psoriasis Area Severity Index
The Psoriasis Area and Severity Index (PASI) is a quantitative measurement of psoriasis 
severity that combines BSA with the degree of erythema, scaling, and thickness (induration). 
However, the PASI is generally too cumbersome to be used in the general practice setting and 
is mostly used by clinical trials as required by the Food and Drug Administration (FDA). 
In fact, a systematic review of randomized clinical trials showed a high degree of correlation 
between the PASI and the Physician’s Global Assessment (PGA) score, although the PASI 
score is more detailed [7]. Please see previously published work [8–11] for details on using the 
PASI. Recent use of PASI training videos is an effective tool in improving accuracy of PASI 
scoring among dermatologists [12].

A PASI score of 72.0 correlates to 100% BSA with a score of 4 for erythema, scaling, and 
thickness. It has been suggested that PASI < 7.0 should correspond to mild plaque psoriasis, 
PASI of 7.0–12.0 to moderate psoriasis, and PASI > 12.0 to severe psoriasis [13].

PASI is also used to measure relative clinical changes that are often endpoints used in clinical 
trials. A PASI50 improvement indicates 50% improvement in the PASI score compared with 
the same patient’s baseline PASI score. PASI75 and PASI50 at a future time point are com-
monly measured endpoints for efficacy [14], and PASI75 at week 12 is often required by the 
FDA to demonstrate efficacy. A systematic review of 13 randomized controlled trials demon-
strated that PASI75 also translates to significant quality-of-life improvements as measured by 
the Dermatology Life Quality Index (DLQI) [15].

Location on Body and Types of Psoriasis
Location of psoriasis as well as the ease of therapeutic response can also affect psoriasis 
therapy. Because the face is often the most noticeable region of the body, more aggressive 
treatments may be applied. Also, a person who is concerned about public exposure of their 
psoriasis may wish to have these areas more aggressively treated. However, topical corticoste-
roids should be used carefully and sparingly on the face because the skin is relatively thin and 
side effects such as acne or rosacea may result. The eyelids are another region where topical 
corticosteroids should be applied with care.

Inverse psoriasis affects intertriginous areas, where natural occlusion of skin planes increases 
the potency of topical corticosteroids 10–100 times [16]. Potent topical corticosteroids should 
be avoided because the risk of skin atrophy is greatly increased. For short-term treatment, 
low-to-mid potency topical corticosteroids are recommended. For long-term treatment, 
calcipotriene, calcitriol, tacrolimus, or pimecrolimus is recommended [17].

In palmar–plantar psoriasis, the thickness of the skin on the palms and soles decreases the 
penetration of topical steroids into the skin. Thus, although these areas may represent a small 
BSA, systemic therapy or phototherapy in addition to topical agents may be necessary.
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Response to Therapy
When patients with mild psoriasis fail to improve with topical therapies, the use of 
phototherapy, systemic treatments, or a combination is warranted. Sometimes, the psoriasis 
can be emotionally and socially disabling, thereby necessitating more aggressive therapy. 
Furthermore, as mentioned, treatment with systemic therapies in adjunct to topical steroids 
can greatly enhance quality of life in patients experiencing involvement of more sensitive 
regions such as the face.

Presence or Absence of Psoriatic Arthritis
According to the National Psoriasis Foundation, 10%–30% of people with psoriasis also 
develop psoriatic arthritis [18]. Although psoriasis affecting the skin can be cleared with-
out any residual manifestations, psoriatic arthritis causes irreversible bone changes. Topical 
therapies have not been shown to have any efficacy in improving the symptoms of pain 
or slowing down of joint destruction in psoriatic arthritis. Biologic therapy, including 
adalimumab, etanercept, and infliximab, reduces signs and symptoms, improves physical 
function and inhibits progression of structural damage in patients with psoriatic arthritis 
[19,20]. In September 2013, the U.S. Food and Drug Administration approved ustekinumab 
for the treatment of adult patients with active psoriatic arthritis.

Methotrexate is also effective in improving the clinical features of the disease. Although the 
coadministration of methotrexate with tumor necrosis factor (TNF) inhibitors resulted in 
similar responses in a longitudinal observational study, methotrexate was shown to increase 
TNF inhibitor drug survival, defined as duration and rate of adherence to TNF inhibitor 
treatment [21]. Thus, if a patient has mild psoriasis but is also suffering from debilitating 
psoriatic arthritis, he or she should be considered for treatment with systemic therapies, such 
as adalimumab, etanercept, infliximab, or methotrexate.

MEDICATIONS
Several topical therapies are available (Table  3.1), and a brief overview is presented here. 
When choosing a topical agent, it is best to take into consideration the side effect profile, 
efficacy, and appropriate patient selection. The main topical therapies available are topical 
steroids, calcipotriene, calcitriol, tacrolimus, pimecrolimus, tar-based products, and tazaro-
tene, each of which has quantitative data on efficacy.

Tacrolimus and pimecrolimus are topical immunomodulators that have been tested partic-
ularly for inverse psoriasis. They are now occasionally used off-label for moderate psoriasis 
but are only moderately effective. Recent in vivo and in vitro studies have suggested that 
tacrolimus-loaded liquid crystalline nanoparticles may be a possible method to increase 
the effectiveness of this treatment compared with tacrolimus dissolved in propylene 
glycol [22]. Anthralin and coal tar preparations are older therapies that are less frequently 
used today because they are messy. Keratolytics such as lactic acid, salicylic acid, and the 
numerous nonmedicated moisturizers are complementary therapies that help to improve 
quality-of-life symptoms and are useful for thick scaling areas such as the palms and soles. 
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Moisturizers (lotions, creams, and ointments) in general are helpful for dry scaly skin and 
in dry climates. Lotion preparations are more useful for scalp and intertriginous areas, 
whereas thick creams and ointments are suited for trunk and extremities. Fissured psori-
atic lesions that appear on palms and soles may benefit from thick ointments or petroleum, 
whereas alcohol-based solutions would cause burning. Patients with psoriasis should be 
encouraged to use a moisturizer regularly as part of dry skin care.

Algorithm of Which Topical Agent to Select
The selection of which topical medication to use initially is a matter of choice, experience, 
cost, and prior patient responses to these therapies. A prescribing algorithm is presented 
here.

First-Line Topical Therapies
	 1.	 Topical corticosteroids: choice of potency depends on severity and location of 

disease.
•	 Range of potencies from weak (class 7) to moderate to potent to superpotent 

(class 1) (seven classes of potency).
•	 It is the authors’ suggestion that physicians new to the use of topical corticosteroids 

select one steroid from one of the weak, moderate, and potent classes to learn what 
formulations are available (e.g., lotion, cream, ointment), packaging sizes (30  g 
[1 oz], 60 g, 120-g tubes), and generic/brand names. This approach will facilitate 
writing prescriptions and providing an adequate amount of medication for the 
extent of BSA that is to be treated.

•	 Weak potencies for children.
•	 Weak-to-moderate potencies for face to minimize risks of skin atrophy.
•	 Potent-to-superpotent strength for trunk/extremities.
•	 Lotion, foam, solution, or gel formulation is usually preferred for scalp.
•	 Lotion or cream is usually preferred for intertriginous areas.
•	 For treatment of nail psoriasis, 8% clobetasol nail lacquer can be considered [23].
•	 Clobetasol propionate 0.05% spray for up to four weeks is effective and well tolerated 

in scalp psoriasis [24].
•	 All classes of topical steroids have generic preparations to decrease cost.

TABLE 3.1  Major Topical Therapies Used to Treat Psoriasis
Topical steroids
Calcipotriene/calcitriol
Tazarotene
Anthralin
Crude coal tar
Lactic acid
Salicylic acid
Pimecrolimus
Tacrolimus
Nonmedicated moisturizers
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•	 If used correctly, side effect profile for steroids is minimal.
	 One of the disappointing aspects of using topical steroids is its relatively limited 

duration of effectiveness, known as tachyphylaxis. Tachyphylaxis refers to the 
development of resistance or loss of efficacy over a period of two to four months. 
However, some studies suggest that tachyphylaxis may be due to loss of compliance 
over time instead of to a reduction in efficacy [25].

	 2.	 Calcipotriene and calcitriol
•	 Cream and solution preparations used twice daily (BID).
•	 Slow effectiveness—approximately two months for best effect.
•	 Maintains effectiveness without tachyphylaxis in contrast to topical steroids.
•	 Minimal side effect profile.
•	 Expensive, proportional to amount of use and BID application.
•	 A synergistic response occurs when used in combination with topical steroids.

	 3.	 Tazarotene
•	 Tazarotene is a unique retinoid available as a gel or cream in 0.05% and 0.1% 

concentrations.
•	 It is applied once daily.
•	 Irritation is the main side effect.
•	 It has a longer remission time compared with topical steroids.

	 4.	 Combination topical therapies
•	 Medium-to-potent topical corticosteroids when used in combination with either 

calcipotriene/calcitriol [26–30] or tazarotene [31] preparations will produce a 
higher response level, approximating 70%–90% in some clinical trials.

•	 These combinations may be most useful in patients with difficult but limited lesions 
of psoriasis.

•	 Once-daily application of the two-compound formulation of calcipotriol and 
betamethasone has shown significant improvements in treatment of scalp psoria-
sis and has been demonstrated to be more effective than either of its individual 
components [27,29].

Amount to Dispense
The amount of topical therapy that should be used is directly proportional to the BSA 
involvement. Generally, approximately 2 g covers the face or hands, 3 g covers one arm or 
the anterior or posterior trunk, 4 g covers one leg, and 30 g (1 oz) covers the entire body. 
Thus, if a patient’s arms were affected, for 30 days the patient would require 180 g (6 oz) of 
medication in one prescription. Unfortunately, the prescribed amount of topical agents is 
frequently too little.

Type of Vehicle
Topical therapies are available as creams, foams, gels, liquid solutions, lotions, ointments, 
and drug-impregnated tapes. The appropriate vehicle depends on the location of the lesions, 
the patient’s symptoms, and the patient’s preference. Patient’s preference often takes prece-
dence as long as there are no safety concerns. In fact, it has been suggested that taking into 
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account the patient’s preference in choosing a delivery system improves patient adherence 
[32,33]. Thus, choosing a method that patients are more likely to follow is important in suc-
cessful disease management.

Thicker (ointment) vehicles, such as a petroleum jelly base, are more moisturizing based 
on a quasi-occlusive effect produced by the ointments. Thus, based on the same active 
ingredients, ointments were thought to be stronger than creams, and creams were considered 
stronger  than lotions. Creams spread across the skin easily and quickly, are more quickly 
absorbed than ointments, and do not produce a greasy effect on clothes. Thus, creams may be 
more suitable for in the morning when application of the medication may stain clothes, and 
ointments may be more appropriate for in the evening when patients have more time to apply 
the medication and are less concerned about staining their clothes. Thus, it is reasonable to 
prescribe both a cream and an ointment of the same therapy. Recent analyses have challenged 
the conventional thought that ointments are more effective [34]. In fact, a systematic review 
of the different formulations for clobetasol propionate showed similar efficacies, again dem-
onstrating how patient preference and compliance are important determinants in selecting 
the appropriate vehicle for delivery [35].

The symptoms may also guide the vehicle choice. Dry or itchy skin may benefit from an oint-
ment or cream because they are more moisturizing. Thick ointment and petroleum are more 
beneficial for fissured psoriatic lesions on the palms and soles. The drying effect of gels and 
foams renders them more suitable for people with oily skin or those who dislike the greasi-
ness of ointments and creams. An alcohol-based vehicle, such as liquid solution or foam, will 
be painful for those with fissures or cracked lesions.

The location of the psoriasis also affects which vehicle to use. The scalp is especially dif-
ficult to treat because the hair blocks direct application to the lesions and prevents patients 
from using cosmetically unsuitable vehicles such as ointments and creams. Gels, foams, liq-
uid solutions, and lotions are typically the best vehicle for the scalp. However, some African 
American patients with scalp psoriasis may prefer ointments. In the intertriginous areas of 
the body, such as axillae, groin, and inframammary folds, a lotion or cream will be more 
comfortable than an ointment.

Weather or environmental conditions may suggest the appropriate type of vehicle/medica-
tion. For example, in a warm and moist climate, lotions and creams will be better tolerated 
than ointments. The opposite would be true for dry or cold climates.

Patients should be instructed on the correct use of these agents. Most therapies can be 
applied either on a damp scalp after towel drying or on a dry scalp. It is imperative to instruct 
the  patient on appropriate application so that the agent reaches the scalp lesions and not 
just the hair. Demonstrating the application in the office may help with compliance. Patients 
should also be taught that these medicines must be left on the scalp and thus used after a 
shampoo rather than before. Active medications to the scalp are often applied at night and 
shampooed out in the morning with standard hair preparations and conditioners as desired. 
One must also consider that “active” medications in shampoo preparations may be self-
defeating because they would be rapidly removed by completing of the shampooing process.
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Patients should be instructed for the quantity of topical medications applied to the skin. 
Basically, one should be rubbing in a thin film to the skin without leaving a thick or visible 
coating on the surface, which is wasteful and expensive because the excessive medication 
will be rubbed off by the clothes. Keep in mind that in optimal conditions, only about 1% 
of the active ingredient, for example, corticosteroid, applied to the skin actually penetrates 
into the skin. Indeed, topical therapy is not an ideal way to get a drug into the skin. However, 
it does have the obvious advantage of limiting the drug to only affected areas of the skin in 
contrast to taking a drug orally. There are vasoconstriction assays with topical steroids that 
show penetration into the stratum corneum “reservoir.” Plastic film occlusion several days 
after steroid application will still produce vasoconstriction, demonstrating a reservoir effect.

New delivery methods of topical medications have become available for use. Calcitriol is 
available as an ointment. Calcipotriene is available as an ointment, solution, cream, and 
as a combination ointment with betamethasone dipropionate. Calcipotriene 0.005% has 
recently been developed as foam and provides a new therapeutic option for psoriasis 
patients [36]. Furthermore, a two-compound calcipotriol/betamethasone suspension has 
been developed to provide an alternative approach for patients who dislike ointments. 
Clinical trials have shown this formulation to be effective, with few adverse events and 
rapid onset of action [37]. 

Some topical agents are most effective when applied twice a day, for example, topical corti-
costeroids and calcipotriene/calcitriol. The patient who is not happy with a particular vehicle 
for practical reasons is much less likely to use the agent as directed and may report that the 
therapy is ineffective when it actually would be effective if used correctly. This behavior may 
limit the doctor’s therapeutic options and force the use of stronger medications. It is best to 
encourage the patients to use the therapies as directed and to ask their opinion and feedback 
about the prescribed medicine. Maintaining a good physician–patient relationship, indi-
vidualized treatment strategy, and adequate return visits are important in ensuring patient 
compliance and treatment efficacy.

Strength of the Agent
In choosing a topical steroid, it is important to take into account the patient’s age. Due to 
their thinner skin, pediatric and elderly patients are more prone to the side effects of topical 
corticosteroids. Therefore, it is reasonable to choose a less potent topical corticosteroid in the 
treatment of these populations.

Techniques to Enhance Topical Therapy
Special tape that is impregnated with steroids (flurandrenolide tape) and produces an occlu-
sive effect can be used when patients have a small number of lesions and are willing to take 
the time to cut the tape to fit each plaque. Lesions on the extremities may be good candidates 
for this treatment because they are thick, usually resistant to traditional treatment, and are 
less likely to develop skin atrophy from the constant contact with corticosteroids.

Occlusion is another technique that is used to enhance topical therapy (corticosteroids in 
particular). For example, for the patient can apply a low-to medium-class topical steroid and 
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wrap the affected areas with plastic wrap, place gloves over the hands or a shower cap over 
the feet. One can use a sock or thin cotton glove to keep the plastic in place. Application of 
corticosteroid under occlusion is only done for a few hours or in the evening. Occlusion pro-
duces a greater penetration of the steroid into the skin lesion. Recent study showed that an 
occlusive hydrogel dressing after the application of calcipotriene/betamethasone dipropio-
nate ointment can result in substantial decreases in PASI compared with application without 
occlusion. Thus, hydrogel dressings are an effective and safe occlusive option to augment the 
effects of topical therapy [38].

Extensive use of corticosteroid under occlusion can produce side effects such as atrophy of 
the skin leading to fragility of the skin and purpura. In past years for severe psoriasis, steroids 
and occlusion were used extensively or even to the entire body, leading to risks of systemic 
steroid effects such as damage involving the hypothalamus–pituitary–adrenal (HPA) axis, 
or the eventual development of pustular psoriasis in some patients. Fortunately, with the 
advent of many more treatments for moderate to severe psoriasis, extensive steroid/occlusion 
is rarely used today.

For patients with small, 2.54–10.16-cm (1–4-in.) lesions on the trunk and extremities, a quasi-
topical approach would be an intralesional technique using the injection of small doses of 
corticosteroids, mainly triamcinolone, in an aqueous formulation. The most typical injection 
formulation is in a vial with a concentration of 10 mg/mL. Using dilutions with normal saline, a 
concentration of 2.5 mg/mL is prepared in the vial or syringe and injected into the epidermis and 
upper dermis. As concentrations are increased to 5 or 10 mg/mL, the risk of atrophy in the injec-
tion site is increased. The injection approach is often very effective for small, scattered lesions 
such as on the elbows and knees and can produce a beneficial effect that will last several months.

COMBINATION, ROTATIONAL, AND SEQUENTIAL THERAPY
Patients with more resistant psoriasis may benefit from combination, rotational, or sequen-
tial therapy. These techniques are detailed in subsequent chapters, but we present here the 
general rationale behind each technique. Combination therapy works on the premise of using 
two medications with different mechanisms of action to maximize efficacy and minimize 
the side effects of each individual agent. For example, a medication with a rapid onset of 
action but unfavorable side effect profile can be combined with a slower-acting agent but 
more favorable side effect profile.

Combination therapy, however, tends to be expensive. Combinations of corticosteroids 
with calcipotriol are the most extensively studied and offer a safe and effective treatment 
option [39]. In fact, a meta-analysis comparing the efficacy of vitamin D analogs in com-
bination with topical steroids versus the use of vitamin D analogs alone showed that the 
combination is more effective and has a better cost per success profile [28]. A combination of 
calcipotriol/betamethasone dipropionate ointment has been shown to be safe and effective 
in patients with psoriasis vulgaris [40]. The combination of the two-compound formulation 
has proven to be especially effective in the treatment of scalp psoriasis [29,31]. Topical thera-
pies have also been used in combination with immunomodulators and phototherapy [41,42].
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Rotational therapy decreases cumulative toxicity by switching between medications with 
differing toxicity profiles. This technique is also commonly used with systemic therapy [43].

Sequential therapy is when medications are used in a set sequence to maximize the initial 
speed of improvement while minimizing long-term toxicity. The three phases of this tech-
nique are the clearing phase, the transitional phase, and the maintenance phase. Although 
the classic example is halobetasol propionate and calcipotriene, sequential therapy can be 
performed with any combination of a rapid-acting therapy and a maintenance medication 
that is safe for the long-term use. The Yin-Yang strategy also proposes a new effective sequen-
tial topical therapy with treatment by clobetasol spray for one month followed by calcitriol 
ointment for the next month [44].
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Chapter 4
Topical Corticosteroids

Laura F. Sandoval and Steven R. Feldman

INTRODUCTION
Although psoriasis can be very extensive, the majority of affected individuals suffer from 
limited disease, with lesions that encompass a relatively small portion of their total body 
surface area [1,2]. Thus, most people with psoriasis can be treated with topical medications 
alone. For patients who do have more extensive disease, topical treatments are often used for 
the worst spots to complement phototherapy or systemic treatments. A topical corticoste-
roid, either exclusively or in combination with other treatments, is the primary treatment 
for psoriasis in the United States. At least three out of four psoriasis patients are treated with 
topical corticosteroids, most commonly with clobetasol propionate [1].

Topical corticosteroids are a cornerstone of treatment for many inflammatory skin condi-
tions. There is a plethora of topical corticosteroid agents available that may be categorized 
by potency; formulations, such as creams, ointments, lotions, sprays, foams, shampoos, gels, 
solutions, oils, and tapes; or a combination. Understanding the nuances of topical cortico-
steroid vehicles and potency is a critical aspect of dermatologic care in general, and psoriasis 
treatment in particular. Each formulation has advantages and disadvantages, and the many 
available formulations provide the clinician with great flexibility when prescribing these 
medications. This chapter addresses many aspects of topical corticosteroid use, challeng-
ing older paradigms and offering suggested approaches to optimize topical corticosteroid 
treatment.

RATIONALE FOR PSORIASIS THERAPY
Psoriasis is a complex immune-mediated disease where inflammation and hyperprolifera-
tion are key features. Activation of both innate and adaptive immune systems has been 
implicated in the pathogenesis. In psoriasis, T cells are activated—a process that presum-
ably involves presentation of an unknown antigen by an antigen presentation cell (APC) 
to naïve T cells. After complex intercellular signaling and recruitment of memory T-cell 
subpopulations to the psoriasis lesion, there is extensive inflammation that is propagated 
by cytokines and growth factors that are necessary for immune response. Specifically, 
elevated cytokines from CD4+ T-helper (TH)1 cells, cytokines overexpressed through the 
interleukin (IL)-23/TH17 pathway, including IL-17 and IL-22, and TH22 cells, all play a role 
in the pathogenesis of psoriasis [3]. Several of these cytokines function both as inflamma-
tory mediators and growth factors and help to explain the clinical characteristics of plaque 
psoriasis.

Although the immune pathways that govern psoriasis may be extraordinarily complex, with 
subtleties remaining to be discovered, the common treatment is rather straightforward. 
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Topical corticosteroids work by modulating the immune system at multiple levels and by limiting 
vascular permeability that propagate the immune-mediated inflammatory response. A reduc-
tion in the local production of cytokines and vasodilatory substances in lesional skin, along 
with apoptosis of inflammatory cells, explains three essential abilities of topical corticosteroids:

	 1.	 Suppression of the local immune response
	 2.	 Reduction of inflammation
	 3.	 Slowing of hyperproliferation

MECHANISM OF ACTION AND BIOLOGIC POTENCY
The first recorded clinical use of corticosteroids occurred in 1948 when a woman with severe 
rheumatoid arthritis was successfully treated with an oral corticosteroid preparation. Two 
years later, in 1950, the Nobel Prize was awarded for the discovery of this new class of anti-
inflammatory medication. Sulzberger and Witten’s description of “compound F” in 1952 is 
the first documented account of topical corticosteroid use.

The biologic and pharmacologic activity of the corticosteroid molecule primarily stems from 
its ability to alter gene transcription and, ultimately, protein expression. For this alteration to 
occur, the corticosteroid molecule must first pass through the cell membrane where it revers-
ibly binds to a corticosteroid receptor in the cytoplasm. This newly formed corticosteroid–
corticosteroid receptor complex has increased DNA-binding capacity and diffuses into the 
cell nucleus, where it binds to the control sites on the DNA. Once bound to the cell’s DNA, 
the corticosteroid complex modulates the transcription of mRNA [4]. One downstream effect 
of corticosteroid-modulated transcription is a decrease in the production of inflammatory 
protein mediators, such as IL-1, IL-2, IL-6, and interferon-α. Corticosteroids exert their 
vasoconstrictive abilities by decreasing the production of key vasodilatory proteins by using 
this same mechanism [5]. Although the efficacy of a given topical corticosteroid is deter-
mined by several factors, the first key element is the quantitative ability of the active molecule 
to bind corticosteroid receptors and promote subsequent transcriptional modulation.

Almost immediately after the discovery and first descriptions of hydrocortisone, attempts to 
increase its potency were initiated. One way to increase potency is halogenation with fluoride 
or chlorine at the C-6 α or C-9 α structural positions (Figure  4.1). In addition, fluorina-
tion in part produces a molecule with superior potency via protection of the steroid ring 
backbone structure from routine metabolic breakdown [6]. As more potent corticosteroids 
were developed, side effects of corticosteroid treatment became evident. Historically, more 
potent corticosteroids were created by fluorination; thus, fluorinated products became asso-
ciated with higher risk of adverse events. But it is not fluorination (or halogenation) per se that 
results in corticosteroid side effects. The extent to which a drug activates the corticosteroid 
receptor determines the drug’s capacity to produce unwanted side effects. Side effects are 
not determined by how the molecule is made to be potent; the side effects are determined by 
the potency. It is an incorrect assumption bordering on myth that nonhalogenated cortico-
steroids are in any way safer than halogenated corticosteroids; generally, we can expect that 
corticosteroids of similar potency will have similar side effect profiles.
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DELIVERY AND PHYSIOLOGIC POTENCY
As with systemic corticosteroid therapy, topical corticosteroid therapy and efficacy rely on 
activation of the cytoplasmic corticosteroid receptor. However, unlike systemic corticoste-
roids that are ingested or injected intramuscularly, topical corticosteroids must reach their 
target cells by first diffusing across the stratum corneum. Therefore, topical corticosteroid 
potency is a function of not only the agent’s physiologic potency to activate its cellular 
receptor but also the ability of that agent to penetrate the skin barrier. Thus, the ability of 
the topical drug vehicle to deliver the active drug molecule plays a key role in determining 
topical corticosteroid potency.

The ability of a given corticosteroid compound to traverse the stratum corneum involves com-
plex physical chemistry. Furthermore, the ability of a formulation to deliver a corticosteroid 
cannot be predicted; it must be assessed clinically. The potency of a formulation depends on 
the ability of the active agent to separate from the vehicle and diffuse across the stratum cor-
neum. We can envision this process as a two-phase system in which the vehicle and the stra-
tum corneum resemble the water and oil phase in a balsamic vinegar and oil salad dressing. 
The amount of drug that penetrates the skin is determined in large part by how the drug par-
titions between the vehicle and stratum corneum phases. This partitioning determines how 
much of the drug enters the skin, thereby affecting the potency of the corticosteroid product. 
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FIGURE  4.1 (See color insert.)  Functional effects of changing corticosteroid structural ele-
ments. The steroid base contains four rings. Corticosteroids have a dihydroxyacetone side chain 
attached to the carbon atom at position 17. The addition of a double bond between the C-1 and C-2 
atoms of the cholesterol backbone (A) increases potency by increasing the lipophilicity of the mol-
ecule. Halogenation (with fluoride or chlorine) at the C-6 or C-9 structural positions (B) increases 
corticosteroid potency through interactions with the corticosteroid receptor. Reduced polarity of the 
molecule, and therefore greater lipophilicity, can also be achieved by removal of the C-16 α-hydroxyl 
group (C) or the C-17 dihydroxyacetone side chain (D), or by masking hydrophilic side groups via 
esterification of the C-17 or C-21 positions (E).
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Vehicles that drive the corticosteroid into the skin because of good partitioning—whether 
they be ointments, creams, gels, solutions, foams, lotions, or other vehicles—tend to be potent 
agents.

Alterations of the corticosteroid, its vehicle, or the stratum corneum may affect partitioning. 
For instance, polar, hydrophilic molecules move poorly through the stratum corneum, 
whereas lipophilic, nonpolar molecules diffuse through this barrier wall [7–9]. There are 
several methods by which the lipophilicity, and thus the diffusion capacity, of the active 
corticosteroid may be enhanced. These methods include the removal of the C-17 dihydroxy-
acetone side chain or the C-16 α-hydroxyl group and the addition of a double bond between 
the C-1 and C-2 atoms of the cholesterol backbone (Figure 4.1). Alternatively, by masking 
hydrophilic side groups, via esterification of the C-17 or C-21 positions or by the addition of 
acetonide side groups (Figure 4.1), a more lipophilic molecule is created.

Increasing the concentration of the active drug within the vehicle generally (but not always) 
tends to increase the delivery of the active drug from the vehicle to the skin. Propylene glycol 
is often present in topical corticosteroid vehicles. This large molecule binds water and is used 
to make corticosteroid products more potent by increasing the effective concentration of the 
active drug, thereby increasing diffusion of the drug into skin. Contrary to what one might 
think, however, changing the concentration of the corticosteroid compound does not always 
lead to predictable effects on potency. If the concentration is increased to the point that a 
drug crystallizes out of solution, the drug may lose potency. A compound’s partition coef-
ficient may also be affected by small changes in the composition of the vehicle.

Changing the vehicle or the concentration of a corticosteroid may or may not increase the 
potency. Indeed, when 0.1% triamcinolone cream is diluted 1:1 with another base, the result-
ing 0.05% concentration may have similar, higher, or lower potency compared with the origi-
nal 0.1% cream. The potency effects of changes to a formulation, such as dilution with another 
vehicle or combined use with other agents, cannot be predicted. The only way to know the 
resulting potency is to test the actual preparation in a clinical study.

Alteration of the stratum corneum by increasing its permeability generally enhances the 
delivery of the agent to the targeted skin. Pretreatment with catalytic or fat solvents, removal 
of scale by chemical or physical modalities, increased hydration, and temperature elevation 
all tend to result in a more permeable stratum corneum [6,7]. The ability of ointments to 
hydrate the skin barrier can result in increased drug delivery as well. Dogma therefore sug-
gests that in general ointment vehicles will be more potent. This dogma is not necessarily 
true, however, if the active drug remains partitioned in the ointment vehicle. Moreover, the 
dogma is not true if patients do not like, and therefore do not apply, the ointment.

Given the multitude of variables that affect the potency of a given topical corticosteroid, 
the clinical potency of a particular compound is unpredictable until clinical testing is done. 
The standard modality of objectively measuring corticosteroid potency is the vasoconstric-
tor assay introduced by McKenzie and Stoughton in 1962 [10,11]. Topical corticosteroid 
application results in vasoconstriction of the dermal blood supply via the alteration of gene 
transcription and subsequent vasoactive mediator production. The vasoconstrictor assay 
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measures the ability of topical corticosteroid products to cause blanching of the skin. Thus, 
by measuring objective data produced by corticosteroid receptor activation, the vasocon-
strictor assay provides information regarding not only the compound’s inherent ability to 
activate its receptors but also the ability of the topical corticosteroid vehicle to deliver the 
active drug. The vasoconstrictor assay is a good guide to how compounds will perform in 
clinical practice, although because this assay is performed on normal skin, it may not fully 
reflect the potency of drugs used on diseased skin. The vasoconstrictor assay is used to place 
a formulation into one of seven potency classes.

The potency of topical drugs is dependent on the characteristics of the vehicle, but the specif-
ics of which vehicles are more potent are not always predictable. Many clinicians have been 
taught that ointments, primarily due to their occlusive properties and superior hydration 
of the stratum corneum, are inherently more potent than creams (as an aside, there are 
no strict definitions of what is an ointment vs. a cream; these names are applied by manu-
facturers). Although some ointments may be more potent than creams, lotions, solutions, 
and other formulations, this concept does not necessarily hold across all topical corticoste-
roids [12]. Clobetasol propionate foam (Olux, Connetics Corporation) and lotion (Clobex, 
Galderma Laboratories, LP) preparations are similar in potency to ointment preparations as 
demonstrated by comparable vasoconstriction scores and by roughly similar efficacy rates 
in clinical trials [13].

ADHERENCE
Steroid receptor–binding characteristics and the physical chemistry of drug delivery affect 
the potency of topical corticosteroids. However, another key determinant of efficacy is adher-
ence to treatment, also termed “compliance.” A corticosteroid that partitions through the 
stratum corneum easily and strongly activates corticosteroid receptors may not be very 
potent if the medication is never applied. Adherence, or compliance, describes the tendency 
of a patient to apply a medication as prescribed. Nonadherence to topical psoriasis therapy 
is greater than with oral therapy, phototherapy, or biologic therapy [13,14]. Prescriptions for 
psoriasis may not even be filled, much less used [15]. Patient compliance is a tremendously 
complex issue and one that, at best, is only partially understood and appreciated. Numerous 
factors affect a patient’s willingness to adhere to a given prescribed regimen of topical cor-
ticosteroids. Among the most prevalent of these factors are frustration with poor efficacy, 
inconvenience, and fear of side effects [16].

Vehicle preference is also a key characteristic of topical treatment that is thought to affect 
compliance. Several factors influence a patient’s preference with regard to the vehicle used 
to deliver the corticosteroid agent. Among these factors are product characteristics such as 
subjective greasiness, messiness, and the degree to which the product stains clothing. As a 
general rule, patients prefer nonmessy preparations, such as solution, spray, and foam vehi-
cles over other preparations [17]. Nevertheless, individual patient preference with regard to 
desirable vehicle characteristics may be difficult to predict. For instance, some patients with 
psoriasis prefer ointment-based agents. This preference is perhaps due in part to the imme-
diate “disappearance” of scale that results from ointment application [18]. We use the word 
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“disappearance” literally. Although the scale is no longer visible, the scale is still present and 
would be seen histologically. The immediate alteration of the scale’s refractive index, and 
therefore its visibility, may be gratifying to the patient, potentially increasing patient satis-
faction and compliance. Another patient may prefer a less messy vehicle on exposed areas. 
It may not be possible to predict patients’ preference for different vehicles. Across a wide array 
of vehicles, clobetasol propionate products exhibit high-efficacy rates in psoriasis studies [18]. 
We suggest that clinicians discuss the options with patients and find a vehicle that best meets 
patients’ lifestyles and needs. There is probably one vehicle that works better than all the 
others; it is the vehicle that the patient is most willing to use.

The astute clinician, in an effort to maximize patient compliance, integrates patient’s indi-
vidual preferences when prescribing a topical corticosteroid regimen. Measuring compliance 
as it pertains to the “real-world” practice of medicine is difficult, especially in dermatology 
where often an arbitrary amount of a topical drug is applied to a skin region. Self-reported 
compliance measures are not to be trusted; electronic monitoring permits a more accurate 
account of patient compliance. In a trial of 30 patients treated with topical 6% salicylic acid 
gel twice daily, adherence rates were consistently lower when measured by electronic moni-
toring caps than when adherence rates were calculated based upon patient medication logs 
or medication weights—the traditional methods of determining patient compliance. In addi-
tion, there was a sudden initial decrease in compliance within five days after the clinical 
encounter with a continued gradual decrease over subsequent weeks. Compliance rates mea-
sured by electronic monitors declined from 85% to 51% over the course of the eight-week 
trial [19]. This study was done with presumably highly motivated individuals who were paid 
as part of participating in a clinical trial, who were given the medication, who were told they 
were being monitored, who were filling out treatment diaries and who had multiple visits as 
part of the study; it is not unrealistic to predict that compliance rates in clinical practice—
where none of these adherence-promoting factors are helping—may be even lower.

An interesting feature of the salicylic acid gel trial was an intermittent increase in compli-
ance at two-week intervals that appeared related to study visits. An increase in compliance 
shortly before visits should not be unexpected, a phenomenon that has been termed “white-
coat compliance,” especially by those of us who floss more often before we see the dentist 
(we therefore like to call this effect the “dental floss phenomenon”) [20]. Frequent return 
visits are common in clinical trials and may explain in part the tendency for clinical trials 
of a topical agent to show greater efficacy than the same topical agent in clinic populations. 
Clinicians can use this effect to improve patients’ compliance and treatment outcomes by 
offering a return visit in one to two weeks. Compliance over the first one to two weeks may 
be improved by this early return visit. In addition, this approach reduces the apparent bur-
den of treatment, because psychologically it is far easier to comply with a request for daily 
application for one week than for an eight-week or longer period. The early follow-up also 
encourages patients to fill their prescription and get started on the treatment. Setting such 
short-term goals may help improve initial treatment outcomes and patients’ satisfaction 
with treatment, thereby fostering better adherence over the long run, improved outcomes, 
and, ultimately, lower costs.
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The concept of tachyphylaxis needs to be reconsidered in light of the data on poor adherence. 
Tachyphylaxis is classically defined as a “rapidly decreasing response to a drug or physi-
ologically active agent after administration of a few doses” [21]. This form of tachyphylaxis 
is observed with vasoconstrictor assays. Another phenomenon that is commonly called 
tachyphylaxis is the tendency for topical corticosteroids to slowly lose efficacy over time; 
this tachyphylaxis, perhaps better termed “bradyphylaxis,” is widely recognized in clinical 
practice, yet there is little objective data from clinical trials to support the phenomenon. 
No tachyphylaxis was observed in a 12-week study of psoriasis treated with twice-daily appli-
cation of betamethasone dipropionate 0.05% ointment [21], and it was suggested that perhaps 
loss of topical corticosteroid efficacy is observed in clinical practice and not clinical trials 
because of greater noncompliance in the clinical setting compared with the clinical trial set-
ting. The observation of a steady reduction in the use of the 6% topical salicylic acid gel over 
an eight-week study also suggests that—with regard to topical corticosteroid treatment—
a better definition of the tachyphylaxis seen in clinical practice is probably “a decreased 
response to topical corticosteroids as the patient gradually stops applying the medication 
because they are tired of doing it.” One goal of dermatology in general and in psoriasis treat-
ment in particular is how to intervene and improve patients’ adherence behavior.

LESSONS FROM SKIN CAP
Skin Cap, an over-the-counter spray marketed as a psoriasis treatment, was introduced in 
North America in 1995 [22]. It was marketed as having zinc pyrithione as its active ingredient. 
Skin Cap quickly became a popular treatment option; patients, as well as dermatologists, 
enjoyed the remarkable efficacy the product offered to even the most therapeutically chal-
lenging psoriatic patient. The formulation provided for easy and nonmessy application, and 
no adverse effects were expected for a zinc pyrithione spray. It was so effective that it was 
suggested that psoriasis patients no longer needed corticosteroid injections, methotrexate, or 
psoralen + ultraviolet A (PUVA) treatment [23]. “It’s a miracle,” said some patients. Resistant 
scalp psoriasis cleared in as little as four days [23].

At the height of the clinical success of Skin Cap spray, however, reports began to surface 
in Europe that the product contained potent corticosteroids. In 1997, the Food and Drug 
Administration (FDA) removed Skin Cap from the U.S. market when several independent 
laboratories discovered that it contained clobetasol propionate. Some clinicians noted, 
though, that Skin Cap seemed far more effective than topical clobetasol propionate ointment. 
Some suggested the possibility of a synergistic effect existing between the zinc and the cor-
ticosteroid [22]. The corticosteroid receptor contains “zinc fingers,” providing a theoretical 
basis, or at least a notion of a mechanism, for this synergy hypothesis. However, a left–right 
comparison trial was performed in which clobetasol propionate was applied to all lesions 
and zinc pyrithione to half the body and zinc pyrithione vehicle to the other half. The zinc-
treated side did no better than the control side. Indeed, the side that got zinc did marginally 
worse—although not statistically significantly worse—than the side that did not get zinc [24].

Three factors probably accounted for the dramatic efficacy of Skin Cap compared with other 
clobetasol propionate preparations: compliance, compliance, and compliance. As discussed 
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above, ointment vehicles are not inherently more potent than other vehicles and could be 
less potent if patients do not apply them. For many dermatologists who had been taught that 
ointments are more potent and who had integrated this idea into their being, the efficacy of 
Skin Cap may be the best clinical evidence that a drying spray product can be as effective or 
more effective than an ointment containing the same active ingredient! Because Skin Cap is 
easily applied, compliance is likely improved. Also, patients are concerned about potential 
adverse effects with regard to the use of topical corticosteroids; some find the idea of using 
“a steroid” frightful. When patients are told to apply clobetasol, they are warned about cuta-
neous and internal risks. When doctors recommended Skin Cap, it was without these warn-
ing (and without the many other scary warnings in topical corticosteroid package inserts), 
also likely enhancing compliance. Finally, because patients paid for Skin Cap themselves, 
they had probably invested in the product and more likely to use it.

The Skin Cap story provides us important guidance to success with topical corticosteroids 
for psoriasis. High levels of efficacy can be expected if we can get patients to use the treatment 
regimen. Patients should be involved in the choice of treatment, vehicles and application 
frequencies should be chosen that fit patients’ lifestyles, potential side effects of treatment 
should not be overstated, written instructions are helpful, and a return visit (or other contact) 
shortly after starting treatment may improve adherence and treatment outcomes.

EFFICACY
The clinical effectiveness of topical corticosteroids in treating psoriasis and other inflamma-
tory dermatoses has been documented in numerous clinical studies. Several studies using 
traditional ointment or cream vehicles for class I agents demonstrate rapid improvement in 
approximately 80% of subjects [25–27]. Newer, less messy formulations of the superpotent 
corticosteroid clobetasol reveal similar efficacy rates [18,28]. The speed at which topical 
clobetasol clears psoriasis is as great or greater than even our most potent systemic treatments.

Less potent topical corticosteroids may also be effective in treating psoriasis and tend to be 
used in situations for which use of class I agents is to be avoided or minimized. For relatively 
thin plaque psoriasis, a mid-potency corticosteroid is often appropriate. Areas of the body 
where the stratum corneum is relatively thin—such as the face, intertriginous areas, and 
genitals—are areas where a relatively low-strength topical corticosteroid may be all that is 
needed; there are also several noncorticosteroid topical anti-inflammatory agents now avail-
able. Prudent use of lower potency topical corticosteroids and noncorticosteroid agents helps 
to ensure that adverse events are minimized.

The use of niche vehicles such as oils, gels, tapes, and injectable preparations may be of 
value in  specific situations. Flurandrenolide-impregnated tape (Cordran) is an invaluable 
resource for small-to-medium or stubborn plaques; the application of the tape one to three 
times weekly helps to avoid problems with poor compliance. It is difficult to classify flurand-
renolide tape in the traditional class system. Flurandrenolide is a class V corticosteroid, but 
when used in the occlusive tape, it is expected that the bioavailability below the dermis and 
epidermis is enhanced; therefore, monitoring for adverse events is important. The efficacy 
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of many corticosteroids may be enhanced when combined with certain noncorticosteroid 
topical agents, a practice that is commonplace in dermatology. The use of a single product 
that contains more than one active drug may have adherence benefits over the use of separate 
products.

SAFETY
Fear of adverse effects from the use of topical corticosteroids are widespread among patients 
and physicians alike and may represent a significant barrier to effective treatment of inflam-
matory skin diseases such as psoriasis. Nearly 75% of patients prescribed topical corticoste-
roids have some degree of concern regarding the potential adverse effects related to their use; 
the greatest concerns are skin atrophy, or thinning, and the fear of absorption [29].

Adverse events from corticosteroid use are best grouped into local, or cutaneous, and 
systemic. Numerous studies have been reported regarding local skin atrophy and striae for-
mation at the site of topical corticosteroid application [30,31]. Improved ultrasound tech-
niques have provided objective evidence of skin thinning by potent and very potent topical 
corticosteroids within six weeks of treatment onset [16,32–35]. However, the precise degree of 
skin thinning required for clinical significance is yet to be determined. Other cutaneous and 
systemic side effects are summarized in Table 4.1.

Perhaps the most worrisome aspect of therapy with topical corticosteroids is the poten-
tial for systemic absorption and subsequent metabolic derangements. Disturbance of the 
hypothalamic–pituitary axis, iatrogenic Cushing syndrome, adrenal insufficiency, and 
necrosis of the  femoral head are a few reported examples of systemic effects from topi-
cal corticosteroids [36–39]. Several reports have failed to demonstrate evidence of cortisol 
suppression with the use of low-, mid-, or high-potency topical corticosteroids [16,40–45]. 

TABLE 4.1  Potential Side Effects from Topical Corticosteroid Use
Cutaneous effects

Allergic and contact dermatitis
Irritation
Atrophy
Striae 
Telangiectasia
Ecchymoses and purpura
Hypopigmentation
Steroid rosacea
Perioral dermatitis
Folliculitis
Rebound and pustular flares

Systemic effects
Hypothalamus–pituitary axis suppression
Iatrogenic Cushing syndrome
Iatrogenic adrenal suppression
Avascular necrosis of the femoral head
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Other  evidence  supports mild, transient cortisol suppression with high-potency topical 
corticosteroid use [16,46–48]. Although there is evidence for these systemic events, the fre-
quency of clinically significant events is low. The possibility should be considered that poor 
adherence to treatment may be one of the factors that limits the risk. Patients who have exten-
sive psoriasis are at the highest risk for systemic effects, although the amount required to 
create systemic side effects is not well described. A reasonable rule is no more than 50 g of a 
class I agent or 100 g of a class II agent each week used in appropriate regions.

SAFER TOPICAL CORTICOSTEROIDS: ARE THEY POSSIBLE?
Since Sulzberger and Witten’s description of compound F in 1952, there have been great 
strides in the development and formulation of topical corticosteroids. The potency of today’s 
topical corticosteroids has reached a level capable of effectively treating challenging and 
recalcitrant inflammatory dermatoses. With greater potency comes a greater potential for 
adverse events. Research and development has attempted to dissociate potency from adverse 
events to create safer potent topical corticosteroids.

Improving the safety profile of topical corticosteroids while maintaining potency has proven 
elusive. Creating nonfluorinated potent corticosteroids is not the solution; it is the strength of 
the corticosteroid, not the fluorine atom covalently bound in the molecule, that contributes to 
adverse events. There is no reason whatsoever to expect that potent nonfluorinated corticoste-
roids will have fewer or less severe side effects than fluorinated corticosteroids of equal potency. 
Mometasone furoate uses chlorination rather than fluorination to achieve potency. Some stud-
ies claim a reduced risk of adverse effects with mometasone furoate [32,49]. These studies, 
however, were not adequately designed to demonstrate comparable potency while decreasing 
adverse event rates. For example, one study comparing mometasone to hydrocortisone found 
greater potency with mometasone but not significantly greater adverse events; this study was 
powered to find differences in efficacy but was not powered to identify the likely real differences 
in adverse event profiles [50]. Studies of the nonfluorinated prednicarbate have also claimed 
a dissociation between benefit and risk. Although both a reduction in adverse effect rate and 
equal potency have been demonstrated independently [34,35,51,52], studies have not shown the 
occurrence of both outcomes simultaneously under identical conditions. Therefore, we conclude 
that the existence of safer topical corticosteroids with equal potency is yet to be demonstrated.

One adverse effect that is directly related to the specific structure of the corticosteroid mol-
ecule is allergic or contact dermatitis [53,54]. An allergy to topical corticosteroids is impor-
tant to consider in a patient that fails therapy, and identifying such allergy may prevent 
further exacerbating the problem by avoiding prescription of more potent corticosteroids 
with potentially greater side effects.

COST CONSIDERATIONS
Very recently, there has been increasing attention given to the economics of psoriasis care. 
Annual U.S. cost estimates of treating psoriasis range from $650 million to $2 billion [55]. 
Topical corticosteroids are the most common class of medications used to treat psoriasis, 
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and  there are economic considerations for their use as adjunctive or primary therapy. The 
first and most obvious consideration is the ability of the patient (and potential third-party 
payers) to pay for a certain medication. In today’s complex setting of copays and insurance 
caps, a  patient’s ability to afford a medication should be addressed. There is tremendous 
variation seen not only among classes of topical steroids but also within them [56] (Figure 4.1); 
there are generic alternatives in all potency classes. Some large retailers have $4 drug list that 
may include select generic topical corticosteroids, and it may be a benefit for providers to be 
familiar with such programs. Also, on a macro scale, the effect of corticosteroids on the cost 
of caring for psoriasis patients needs to be considered. A recent analysis demonstrated that 
the use of topical corticosteroids is a primary driver for reduced health care costs in psoriasis 
management [57]. This study highlights the concept of topical corticosteroids as controller 
medications that reduce cost and improve well-being.

PRACTICAL USE OF TOPICAL CORTICOSTEROIDS
The in vitro potency and vasoconstrictor assay–assessed efficacy of a given topical corticoste-
roid is meaningless if the patient does not apply the product as instructed. Therefore, maxi-
mization of patient compliance is crucial to the practical use of topical corticosteroids and 
to all topical and oral medications. There are numerous factors that influence an individual 
patient’s medication adherence, including patient, physician, and vehicle factors. Although 
it may not be practical to change genetic factors that affect patients’ compliance, physicians 
can work to increase compliance in several practical ways. First, physicians should establish 
a close, empathetic relationship with psoriasis patients. Greater compliance can be expected 
when clinicians touch the psoriasis and ask questions about the patient’s disease and how 
it affects his or her life. Second, physicians should encourage patients to join the National 
Psoriasis Foundation and make use of the foundation’s educational resources. The founda-
tion encourages patients to adhere to their dermatologists’ treatment recommendations. 
Through increasing patients’ understanding of psoriasis, the National Psoriasis Foundation 
also empowers patients to take control of their disease and its treatments; such an approach 
likely leads to greater adherence and better treatment outcomes.

Next, physicians should involve the patient in treatment planning and choose treatment 
options that the patient finds acceptable. If less messy vehicles are preferred, solution, foam, 
or lotion vehicles may be offered. For patients who prefer ointments, ointments should be 
used. Setting realistic expectations is important; 35% of psoriasis patients feel their physi-
cians do not tell them what to expect from treatment and 69% expect a cure when trying a 
new psoriasis treatment [13]. Finally, physicians should consider several psychologic factors 
known to influence patient compliance. Duration of treatment affects compliance rates for 
those patients on chronic medication regimens, as is often the case with psoriasis patients. 
Compliance decreases as treatment duration lengthens in patients requiring chronic, oral 
calcium channel–blocker therapy [58]. One early return office visit may be all it takes to 
improve initial adherence, initial efficacy, and patients’ satisfaction with treatment. Patient 
compliance increases during the period surrounding a clinical encounter with a physician or 
other health care provider. Compliance rates of 88% and 86% to epilepsy medications were 
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observed five days before and after a clinical visit, respectively; however, compliance rates 
fell to approximately 73% when measured for one month after the patient’s clinical visit [59]. 
Similarly, a clinical study of 30 patients on stable antiepileptic drug regimens demonstrated 
a 33% increase in drug levels simply by decreasing average clinical visit intervals from three 
months to one month [60]. This phenomenon has been referred to in the medical literature 
as the “toothbrush effect”, white coat effect [61], and, most recently, the dental floss phenom-
enon. Irrespective of the terminology, the phenomenon is well established and should be 
exploited by the practitioner in an effort to maximize patient compliance. A return visit, or 
some other expected contact with the patient, one or two weeks after initiating topical treat-
ment may be a strong incentive to adhere to the treatment.

STEROID ALTERNATIVES: COMPLEMENTARY, 
NOT REALLY ALTERNATIVES
The perceived and actual potential for adverse effects associated with long-term, high-potency 
topical corticosteroid use propels a search for even safer topical therapies. Topical calcipotri-
ene (Dovonex) obtained FDA approval in December 1993. It is a synthetic vitamin D3 deriva-
tive indicated for the topical treatment of psoriasis. Topical calcipotriene quickly replaced 
anthralin and tars as the primary noncorticosteroid treatment for psoriasis, and by 1996, it 
accounted for 71% of the noncorticosteroid medications used at psoriasis visits [62]. Although 
approved for monotherapy in the topical treatment of psoriasis, dermatologists swiftly real-
ized the drug’s limitations and the need to use it as an adjunct to topical corticosteroids rather 
than as a substitute for corticosteroids. In 1994, the drug’s inaugural year of FDA approval, 
it was used as monotherapy in 44% of the patients to whom it was prescribed. By 1996, this 
number had fallen to only 16%. Conversely, cases in which the drug was used as an adjunct 
to topical corticosteroids increased from 17% to 84% between these same years [62]. Central 
to calcipotriene’s decline as a monotherapy agent are the extended treatment period before 
clinical response and the agent’s principal adverse effect, skin irritation. Fortunately, both of 
these factors are lessened by combined use with a topical corticosteroid agent [63–65].

Another topical vitamin D product, topical calcitriol, is available with lower risk of irrita-
tion. These topical vitamin D products are commonly used as a topical corticosteroid adjunct 
rather than as an alternative. A combination topical product with calcipotriene and beta-
methasone dipropionate (Taclonex, Leo Pharma Inc.) is also available. By reducing the 
complexity of treatment and offering once a day application, this combination product may 
improve adherence and treatment outcomes [66].

A second topical agent heralded as a corticosteroid alternative in the treatment of psoria-
sis, topical tacrolimus (Protopic), is an immunosuppressant agent produced by Streptomyces 
tsukubaensis. When topical tacrolimus is combined with salicylic acid, a penetration-
enhancing agent, it is modestly efficacious for common plaque psoriasis [67]. Topical tacro-
limus 0.1% is effective in the treatment of facial and inverse psoriasis, with 81% of patients 
demonstrating complete clearing [68]. The efficacy of topical tacrolimus in the treatment 
of facial and inverse psoriasis is likely a result of the greater penetration of topical agents 
typically observed in these regions. Topical tacrolimus may be a good alternative to topical 
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corticosteroids in the treatment of facial and inverse psoriasis, or it may be used in combina-
tion with topical corticosteroids as has been done with topical calcipotriene.

POTENTIAL PITFALLS
The greatest potential pitfall in the use of topical corticosteroids for psoriasis is poor compli-
ance. In both clinical trials and actual clinical practice, superpotent topical corticosteroids 
can be highly effective [18,69,70]. When psoriasis does not respond to a topical corticosteroid 
as anticipated, poor adherence to treatment should be considered. It may be tempting to 
complicate the treatment regimen by using penetration enhancers, other combinations of 
medications, or sequential treatment regimens. However, simplifying the regimen, choosing 
a less messy vehicle, and using other measures to enhance adherence may be more logical 
and effective.

SUMMARY
Psoriasis is a common, chronic inflammatory skin condition requiring long-term medi-
cal management. The majority of psoriasis patients have mild to moderate disease that can 
be  managed with topical corticosteroids. The chronicity of the disease and its treatment 
are major hurdles for patients and their dermatologists. Chronic adherence to the use of 
any medication is problematic, and chronic applications of time-consuming, messy topical 
preparations are particularly difficult.

Selection of the appropriate agent for a given patient is critical to maximize compliance; no 
agent, regardless of biologic or physiologic potency, can be effective if it is not applied. For the 
prescriber, this compliance means considering patients’ preferences in the choice of topical 
corticosteroids. Characteristics such as ease and frequency of application, messiness, cost, 
and duration of therapy influence patient compliance. Unrealistic expectations from treat-
ment and then disappointment when treatment does not meet these expectations may lead to 
poor adherence. Concerns regarding adverse effects are common among patients prescribed 
topical corticosteroids and are a frequent source of noncompliance. To maximize the benefits 
of topical corticosteroids, physicians should seek to identify and minimize these barriers.

When used well, how effective are topical corticosteroids for psoriasis? Clinical studies and 
clinical experience with Skin Cap demonstrate the high level of efficacy that can be achieved 
with topical corticosteroids when patients actually apply them. By paying attention to the 
factors that influence patients’ adherence to topical agents, topical corticosteroids can be 
among our most potent psoriasis treatment options.
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Chapter 5
Vitamin D3 Analogs

Argentina Leon, Chai Sue Lee, and John Y. M. Koo

Calcipotriene (Dovonex®/Divonex®), known as calcipotriol outside of the United States, 
and calcitriol (Vectical®/Silkis®) are topical vitamin D3 analogs approved for the treat-
ment of plaque psoriasis. The U.S. Food and Drug Administration (FDA) approved 
calcipotriene in 1993. At that time, it was the first elegant nonsteroidal topical medica-
tion for the treatment of psoriasis. Today, calcipotriene is available in three formulations: 
ointment, cream, and scalp solution. Calcitriol was approved in the United States in 2009 
and is currently available in an ointment formulation. Other topical vitamin D3 analogs 
are available outside of the United States, such as tacalcitol (Bonalfa®) and maxacalcitol 
(Oxarol®).

CHEMISTRY AND MECHANISM OF ACTION
Calcitriol (1,25-dihydroxyvitamin D3) is a natural occurring, active form of vitamin D3. 
Calcipotriene is a synthetic analog of calcitriol. Figure 5.1 shows the chemical structures of 
calcitriol, calcipotriene, and other vitamin D3 analogs.

At the molecular level, these agents can regulate gene transcription by binding the intra-
cellular vitamin D receptor [4]. Through this receptor, vitamin D analogs can induce 
differentiation of keratinocytes and inhibit proliferation of T cells, keratinocytes, and 
fibroblasts [5–6].

After using topical vitamin D analogs, the psoriatic plaques can have a decrease in the 
number of basal keratinocytes, normalization of epidermal structure, and a decrease 
in the number of epidermal T-cell and polymorphonuclear leukocytes in the psoriatic 
skin [7–9].

Efficacy of Calcipotriene
Multiple clinical trials have confirmed the efficacy of all formulations (ointment, cream, 
and solution) of calcipotriene in the treatment of psoriasis in adults [5,6,10]. In addition, 
long-term studies have shown that the benefits of calcipotriene therapy were maintained 
for up to one year [11–15]. In a non comparative study, 40 patients receiving twice daily 
calcipotriene ointment had a mean time to healing of 53.5 day. With a mean time to relapse 
of 43.3 days [16].

Calcipotriene versus Other Vitamin D Analogs
In a large study involving 250 subjects, ointment and calcitriol ointment were found to have 
similar efficacy [17]. Comparing the two medications, calcitriol ointment was better tolerated 



38    Mild to Moderate Psoriasis﻿

and induced less treatment-related adverse events [17]. Calcipotriene was found to be more 
effective than tacalcitol [18]. Calcipotriene ointment once daily and maxacalcitol ointment 
once daily were shown to have similar efficacy [19].

Calcipotriene versus Other Topical Agents
Calcipotriene ointment was shown to have similar or superior efficacy compared with topical 
corticosteroids, including betamethasone valerate ointment [20–22], betamethasone dipro-
pionate plus salicylic acid (dosages not reported) [23], and fluocinonide ointment [24].

Calcipotriene ointment twice daily (BID) was significantly more effective than twice-daily 
5% coal tar plus 2% allantoin (keratolytic) and 0.5% hydrocortisone [25]. In addition, twice-
daily calcipotriene ointment provided similar or superior efficacy to once-daily short-contact 
0.1%–3% dithranol [26–27]. Calcipotriene ointment also had a significantly greater cosmetic 
acceptability than short-contact dithranol cream [26].

A comparison of tazarotene 0.1% gel once daily plus mometasone furoate 0.1% cream once 
daily versus calcipotriene ointment twice daily found similar efficacy after eight weeks of 
treatment [28]. At the end of eight weeks, 59% of patients in the calcipotriene group versus 
60% in the tazarotene plus mometasone group achieved a marked or ≥75% improvement in 
severity of psoriasis based on investigator assessment. In addition, there were no differences 
in plaque elevation or scaling scores between the two treatment groups, although erythema 
scores were significantly better in the tazarotene plus mometasone group. Calcipotriene was 
better tolerated than tazarotene plus mometasone. Fewer patients in the calcipotriene group 
experienced burning (8% vs. 42%), pruritus (13% vs. 32%), skin irritation (12% vs. 28%), or 
erythema (7% vs. 25%).
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FIGURE 5.1  Chemical structures of vitamin D3 analogs.
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Efficacy of Calcitriol  Clinical trials have demonstrated the efficacy of calcitriol when used 
as monotherapy, sequential therapy, or in combination with other agents. Two randomized 
studies compared the efficacy of calcitriol with placebo [29]. In both studies, more patients 
in the calcitriol groups improved than in the placebo groups (p ≤ .005 for comparison with 
placebo in both studies). Patients in the calcitriol groups also achieved greater reduction in 
pruritus (p < .001) compared with the placebo group.

Calcitriol versus Other Topical Agents
In a study that compared calcitriol ointment twice daily versus anthralin cream once daily 
for eight weeks, Psoriasis Area Severity Index (PASI) improvement from baseline was not 
different (64% vs. 57%) [30]. However, the calcitriol group experienced higher quality of 
life during the eight-week study period as measured by the psoriasis disability index (PDI) 
questionnaire.

In comparison to high-potency topical corticosteroid, calcitriol is less efficacious. A ran-
domized multicenter trial compared the efficacy between calcitriol 3 μg/g ointment BID and 
betamethasone dipropionate ointment BID after six weeks of treatment [31]. Subjects in the 
betamethasone dipropionate group achieved better global improvement and global severity 
scores (p < .05). Interestingly, subjects who responded to treatment had a higher remission 
rate in the calcitriol group (48%) versus betamethasone group (25%) during the eight-week 
follow-up period. A possible explanation for this observation could be related to the topical 
steroid rebound effect.

COMBINATION THERAPY
Combination therapy can result in increased efficacy and better medication tolerance. 
Most dermatologists in the United States use vitamin D3 analogs in combination with other 
treatments. For example, when combined with topical steroids, there is reduced incidence of 
skin irritation from calcipotriene. Furthermore, the vitamin D3 analogs decrease the risk of 
skin atrophy from the use of topical steroid. Calcipotriene is a relatively unstable molecule 
and is inactivated by acidic pH. It is not compatible and should not be mixed or applied in 
conjunction with salicylic acid, lactic acid, or ammonium lactate lotion unless application 
times are separated by at least two hours.

Calcipotriene and Topical Steroids
In one study, calcipotriene ointment in the morning combined with halobetasol ointment 
in the evening was more effective than either agent as twice-daily monotherapy [32]. If both 
calcipotriene and halobetasol are applied twice daily as combination therapy, efficacy may be 
further enhanced, provided that the two agents are mixed fresh each time in the palm of the 
patient just before application. This protocol is to prevent the agents from inactivating each 
other [33].

In another study, pulse therapy with betamethasone dipropionate once daily (weeks 1 and 3) 
and calcipotriene ointment twice daily (weeks 2 and 4) was compared with betamethasone 
dipropionate once daily for four weeks [34]. More patients treated with pulse therapy had 
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“marked improvement” or “complete clearance” than those treated with monotherapy as 
measured by both the investigators (96% vs. 41%) and subjects (96% vs. 37%).

Another study compared maintenance therapy with halobetasol ointment twice daily on 
weekends combined with calcipotriene ointment twice daily on weekdays versus halobeta-
sol ointment monotherapy on weekends [35]. Remission was defined as 75% improvement 
or a physician’s global assessment of ≤2. More patients in the combination therapy main-
tained remission throughout the six-month study period than patients receiving halobetasol 
ointment weekend therapy (76% vs. 40%).

Calcipotriene and Tazarotene
Calcipotriene combined with tazarotene may have similar efficacy to superpotent topi-
cal steroids [36]. In an open-label, bilateral comparison study, the efficacy of calcipotri-
ene ointment twice daily combined with tazarotene 0.1% gel once daily was not different 
from that of clobetasol ointment twice daily [36]. The study consisted of 15 patients who 
underwent a two-week treatment course, followed by a four-week posttreatment obser-
vation. At the end of the two weeks, lesions treated with calcipotriene and tazarotene 
had the same improvement in overall lesion severity—reduction in plaque elevation and 
scaling—as the clobetasol-treated lesions. Not surprisingly, erythema improved more 
in the clobetasol-treated lesions. Adverse events were more frequent in calcipotriene- 
and tazarotene-treated lesions than in those treated with clobetasol. The most common 
adverse effects related to treatment with calcipotriene and tazarotene were asymptomatic 
erythema and mild peeling. However, no patient had to withdraw or interrupt treatment 
because of adverse events. The results of this study suggest that calcipotriene ointment 
and tazarotene gel may be used simultaneously without major concern for inactivation of 
either compound.

Calcipotriene and Phototherapy
The standard of care for ultraviolet B (UVB) phototherapy is three times weekly treatments 
to achieve the optimal therapeutic response. Twice weekly UVB phototherapy is often inad-
equate. However, when combined with calcipotriene cream, twice weekly UVB phototherapy 
may be as effective as UVB phototherapy three times per week [37]. One of the barriers to 
phototherapy is the inconvenience associated with three visits per week. Thus, decreasing the 
visit frequency to two times per week can improve compliance.

In another study, calcipotriene plus narrowband UVB phototherapy (NBUVB) was shown to 
have a UVB-sparing effect compared with NBUVB alone [38]. In contrast, Brands et al. [39] 
did not find significant improvement with combination calcipotriene and NBUVB versus 
NBUVB alone. They suggest that differences in the comparisons with UVB phototherapy 
may reflect differences in UVB phototherapy techniques, patient noncompliance in applying 
calcipotriene ointment, or a UVB-blocking action of calcipotriene ointment.

Frappaz and Thivolet [40] showed that the combination of twice-daily calcipotriene oint-
ment and three times a week PUVA phototherapy was more effective than PUVA alone. 
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In contrast to another study, calcipotriene ointment plus twice weekly PUVA phototherapy 
provided similar reductions in overall disease severity scores to PUVA monotherapy [41]. 
Both studies, however, showed a significant decrease in the duration of PUVA therapy, 
in the cumulative UVA dose, and number of UVA irradiations when PUVA was used in 
combination with calcipotriene compared with PUVA monotherapy [40,41]. For example, 
in the larger study, the duration of PUVA therapy was reduced from 34 to 22 days, the 
cumulative UVA dose reduced from 57 to 30 J/cm2, and the number of UVA irradiations 
administered reduced from 15 to 10 [40].

When combined with phototherapy, calcipotriene should be applied a minimum of two 
hours before light treatment to prevent inactivation by UVA and possible burning sensations 
from UVB.

Calcipotriene and Systemic Agents
In 1998, van de Kerkhof et al. [42] reported that the addition of calcipotriene ointment twice 
daily to systemic treatment with acitretin was significantly more effective than acitretin plus 
placebo ointment. All patients were treated with a starting dose of 20 mg acitretin/day. The 
dose was increased every two weeks in increments of 10 mg/day until a maximum dose of 
70 mg/day was reached, clearance was achieved, or patients developed unacceptable side 
effects to acitretin. After 12 weeks, 67% of the patients in the calcipotriene and acitretin 
group achieved clearance or marked improvement compared with 41% of the patients in the 
acitretin plus placebo ointment group [42]. Furthermore, the median total dose of acitretin 
required to reach clearing or marked improvement was significantly reduced in the combina-
tion therapy group compared with acitretin alone (1680 vs. 2100 mg). In a more recent study 
with a longer duration of treatment, the duration of treatment and total dose of retinoid 
required to achieve clearance were not different [43]. After 52 weeks, 60% of patients in the 
calcipotriene and acitretin combination therapy group and 40% in the acitretin monotherapy 
group achieved complete clearance. The addition of calcipotriene did not significantly reduce 
the total duration of treatment (82.8 vs. 92.8 days) and cumulative dose of acitretin required 
to reach clearance state (1613 vs. 2205 mg).

Combination therapy with calcipotriene ointment twice daily and oral cyclosporine 2 mg/kg/
day significantly improved disease severity compared with cyclosporine 2 mg/kg/day alone 
[44]. After six weeks, complete clearing or 90% improvement in PASI score occurred in 50% 
of patients in the calcipotriene and cyclosporine group compared with 12% of the patients in 
the cyclosporine plus placebo ointment group [44].

De Jong et  al. [45] has shown that when methotrexate therapy was discontinued, topical 
therapy with calcipotriene ointment twice daily results in an extension of the remission time 
before a relapse of psoriasis occurs compared with maintenance treatment with the vehicle 
only (113 vs. 35 days). Furthermore, the weekly dose of methotrexate needed to treat psoria-
sis is lower by combining methotrexate with calcipotriene than by combining methotrexate 
with vehicle. The mean weekly dose of methotrexate was 6.5 mg/week in the patient group 
treated with calcipotriene versus 9.9 mg/week in the patient group treated with vehicle [45]. 
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This treatment results in lower cumulative dosage and therefore in a substantial reduction of 
the risk of short- and long-term side effects of methotrexate.

Calcitriol and Phototherapy
Similar to calcipotriene, calcitriol is often used in combination with treatments to increase 
efficacy or minimize adverse effects. An eight-week double-blind study compared the effi-
cacy of calcitriol plus UVB phototherapy three times per week versus UVB monotherapy 
three times per week [46]. The combination therapy resulted in greater PASI score reduction 
and greater psoriasis clearance than in those receiving phototherapy alone. Furthermore, the 
combination group had a cumulative UVB exposure that was one-third less than that of the 
group receiving UVB monotherapy.

Calcitriol and Topical Steroids
A small randomized double-blind study compared the combination of betamethasone valer-
ate 0.1% ointment in the morning and calcitriol 3 μg/g ointment at night (n = 9) versus beta-
methasone valerate ointment twice daily for six weeks (n = 10) [47]. There was no difference 
in efficacy between the two treatment groups. However, this study is limited by its small size.

Sequential Therapy with Calcitriol
Calcitriol is useful in sequential therapy. Calcitriol ointment BID on weekends and clobetasol 
spray BID on the weekdays is an effective regimen [48]. Another sequential treatment is alter-
nating the use of calcitriol ointment BID with clobetasol spray BID every month, also known 
as the “ying-yang” method [49]. The rationale behind this strategy is to provide “steroid holi-
day” between treatment cycles, thus lowering the risk of skin atrophy.

ADVERSE EFFECTS
One of the most important features of vitamin D3 analogs is their safety profile, making them 
user-friendly for primary care physicians as well as for dermatologists. Vitamin D3 analogs 
are steroid free and thus free from steroid side effects such as skin thinning, striae formation, 
and adrenal suppression. They are generally well tolerated except that calcipotriene can cause 
more irritation compared with calcitriol.

Calcipotriene
Cutaneous side effects of calcipotriene include lesional and perilesional irritation that may 
occur in 12%–20% of patients [20,24,26,50,51]. Irritation from calcipotriene usually presents 
with a red ring of inflamed skin surrounding the treated lesions (Figure 5.2). Patients usually 
report a mild stinging, itching, or burning sensation. This reaction is usually transient, and 
patients quickly become accustomed to it [52].

Irritation from calcipotriene is more frequent on the face and intertriginous areas such as the 
axillae and groin. It appears to depend largely on the penetration of calcipotriene through 
the skin. The skin-to-skin occlusion inherent in intertriginous areas enhances penetration of 
calcipotriene and is thought to account for the increased rate of irritation. Calcipotriene is 
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lipophilic and more readily absorbed by skin containing oily sebaceous glands, such as skin 
on the face.

Irritation from calcipotriene may resolve withless frequent application (e.g., once a day or 
every other day, instead of twice a day). Once this regimen is tolerated, the frequency can 
be increased carefully. Also, calcipotriene cream is often less irritating than the ointment 
formulation. Diluting calcipotriene with an emollient, such as petroleum jelly, can help to 
reduce irritation.

In rare patients, calcipotriene may cause excessive peeling and apparent expansion of 
erythema beyond the original border of the psoriasis (Figure 5.3). If this peeling occurs, and 
if the sensation is not bothersome, one can reassure the patient and encourage continued 
use of calcipotriene until the erythema resolves. Otherwise, decreasing the amount or fre-
quency of use as described above can be helpful. Another strategy used by most clinicians 
during the initiation of therapy is to combine calcipotriene with a class I topical steroid. 

FIGURE 5.2 (See color insert.)  Abdominal skin irritation from calcipotriene.

FIGURE 5.3 (See color insert.)  Lower extremities skin irritation from calcipotriene.



44    Mild to Moderate Psoriasis﻿

The  risk of developing irritation with calcipotriene is greatly reduced when it is used in 
conjunction with a topical steroid [32].

Calcitriol
Calcitriol ointment usually has better local tolerability compared with calcipotriene oint-
ment [53]. Cutaneous side effects from calcitriol are usually well tolerated and mild. Similar 
to calcipotriene, side effects can include local erythema, pruritus, and minor skin irritation. 
Calcitriol is also more tolerable than calcipotriene when applied to the sensitive areas, such 
as face, hairline, groin, and flexural areas. A multicenter, randomized study showed that 
patients with psoriasis in sensitive areas had better local tolerability when treated with cal-
citriol 3 μg/g ointment than when treated with calcipotriol 50 μg/g ointment (p < .001) [53]. 
The local tolerability parameters included perilesional erythema, perilesional edema, and 
stinging/burning sensation.

Systemic Side Effects
Calcipotriene
The systemic side effects to be aware of when using calcipotriene are hypercalcemia and 
hypercalciuria. Although several studies have investigated the effects of calcipotriene twice 
daily (up to 100 g/week) on serum and urine calcium levels in patients with psoriasis [54–59], 
only one study showed a small but significant increase in urine calcium levels [55].

In clinical practice, however, there have been isolated case reports of hypercalcemia and 
hypercalciuria [10]. The majority of cases of hypercalcemia have occurred in patients who 
exceeded the recommended maximum topical dosage of 100 g/week, although a few occurred 
in patients using <100 g/week. All reported episodes of hypercalcemia and hypercalciuria 
have resolved on discontinuation of calcipotriene. A good guideline to follow is to limit total 
weekly use of calcipotriene in all formulations (ointment, cream, and solution) to 100 g/week 
to avoid the risk of hypercalcemia.

Calcitriol
Similar to calcipotriene, the most serious concern associated with overuse of calcitriol is 
hypercalcemia. However, current U.S. labeling indicates that the maximum dose of calcitriol 
is 200 g/week, twice that of calcipotriene. Calcitriol 3 μg/g ointment twice daily has been used 
for up to 52 weeks without any clinical effect on calcium homeostasis [60]. Safety regarding 
use of calcitriol in patients with calcium metabolism disorders or patients with erythroder-
mic, exfoliative, and pustular psoriasis has not been evaluated [61]. More long-term safety 
studies are warranted; however, calcitriol appears to have a good safety and side effect profile 
when used according to FDA labeling.

CONCLUSION
Vitamin D3 analogs are valuable as first- or second-line therapy for patient with mild to 
moderate psoriasis and in combination with other antipsoriatic agents for more severe 
psoriasis. Although vitamin D3 analogs do not have the same efficacy or speed of action as 
a superpotent topical corticosteroid, their steroid-sparing effect earns them merits in the 
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realm of psoriasis treatment. Long-term vitamin D3 analog therapy is not associated with 
skin atrophy or prominent concerns regarding tachyphylaxis. In addition, vitamin D3 ana-
log therapy is not associated with the rebound effect observed with several topical steroids 
whereby psoriasis worsens upon discontinuation of therapy.

Vitamin D3 analogs are an important adjunct to traditional therapies. When used in 
combination with a superpotent topical steroid, the two drugs have a synergistic effect. 
Furthermore, the combination of the two drugs appears to offset the adverse effects of each. 
The topical steroid helps to decrease the risk of skin irritation from vitamin D3 analog, 
and the vitamin D3 analog helps to prevent skin atrophy by the topical steroid. Vitamin D3 
analogs are also beneficial in combination with UVB or PUVA phototherapy. Therefore, 
vitamin D3 analogs may be used as monotherapy, in combination with other agents, or in 
sequential therapy.
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Chapter 6
Fixed-Dose Corticosteroid and 

Calcipotriene Combination Therapy
Ethan C. Levin and John Y. M. Koo

The majority of patients with mild to moderate psoriasis are managed with topical therapy 
[1]. The two most widely prescribed topical medications are corticosteroids and vitamin D3 
analogs. In a survey of 650 patients from an academic dermatology practice in the United 
States, 79% of patients were prescribed topical corticosteroids [2]. In Europe, the most widely 
prescribed topical therapy is reported to be the vitamin D3 analog calcipotriene (known as 
calcipotriol outside the United States) [3].

Despite their widespread use and demonstrated efficacy, the chronic use of topical 
corticosteroids or vitamin D3 analogs is associated with safety and efficacy concerns. 
Potential side effects from topical corticosteroids include cutaneous atrophy, striae, and 
suppression of the hypothalamic–pituitary–adrenal axis. The efficacy of long-term topical 
corticosteroid therapy may be compromised by tachyphylaxis [4]. Although this issue is 
unresolved, potential explanations include inability of topical corticosteroid monother-
apy to completely clear lesions, exacerbation unrelated to the topical corticosteroid, and 
impaired compliance.

The most common side effect of topical vitamin D3 analogs is irritation of the lesions, the 
surrounding skin, or both [5]. In addition, topical calcipotriene in excess of 100 g/week has 
been associated with hypercalcemia [6].

COMBINATION CORTICOSTEROID AND 
CALCIPOTRIENE THERAPY
To maximize the benefits of topical therapy, topical corticosteroids are often administered 
in combination with a second topical agent, such as calcipotriene. Potential benefits of com-
bination therapy include improved disease control and decreased adverse events. Benefits of 
combination therapy are derived from differing mechanisms of action and less overall expo-
sure to the individual components. For example, the combination of a topical corticosteroid 
plus topical calcipotriene is reported to be particularly effective at clearing psoriatic lesions 
without significant risk of skin atrophy from the corticosteroid or cutaneous irritation from 
calcipotriene. In fact, combination therapy with calcipotriene in the morning and cortico-
steroid in the evening is more effective than either agent used alone [7–9]. Unfortunately, 
combination therapy has its own disadvantages. For example, stacking or combining differ-
ent agents may inactivate one or both products or require complicated dosing schedules that 
may decrease compliance. Furthermore, relying on the patient to self-administer potentially 
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complicated combination regimens can be challenging. There is a lot of variability in how 
patients apply combination therapy even if told how much of each agent to use, when to 
mix them together, and how to apply them. Thus, a fixed-dose combination agent that com-
bines topical corticosteroid with a topical vitamin D3 analog can eliminate much of the 
user-dependent error, thereby enhancing efficacy. In addition, the convenience of a single 
application may increase compliance.

Fixed-Dose Calcipotriene 0.005% and 
Betamethasone Dipropionate 0.064%
Fixed-dose calcipotriene 0.005% and betamethasone dipropionate 0.064% (Taclonex®) is 
approved by the U.S. Food and Drug Administration (FDA) for the treatment of plaque 
psoriasis in adults ≥18 years old in both ointment and suspension formulations (known 
as “gel” outside of the United States). The ointment formulation has been available in the 
United States since January 2006 [10] for once-daily application up to four weeks. The sus-
pension formulation was first approved for scalp psoriasis in 2006 and the indication was 
expanded to include other parts of the body in October 2012 [11] for once-daily applica-
tion up to eight weeks. As per label, the maximum recommended weekly dose of both the 
ointment and suspension is 100 g. Outside of the United States, the ointment formulation 
is called Dovobet® or Daivobet®, and the suspension formulation may be referred to as gel 
or Xiamiol®.

In the ointment formulation, the two active agents are mixed in an anhydrous vehicle. The 
atrophogenic potential and bioavailability of betamethasone dipropionate in this formulation 
appears equal to that of betamethasone dipropionate (Diprosone®) ointment, a class II high-
potency topical corticosteroid [12,13]. Calcipotriene, the other component in the combina-
tion ointment, has the same biologic activity as in its monotherapy formulation (Dovonex®, 
Daivonex®) [14].

CLINICAL TRIALS AND ANALYSES OF FIXED-
COMBINATION FORMULATIONS OF BETAMETHASONE 
DIPROPIONATE/CALCIPOTRIENE
Topical fixed-dose betamethasone dipropionate/calcipotriene ointment has been evaluated 
in seven large international trials of >7000 patients with psoriasis involving 10%–30% of 
total body surface area. In all trials, psoriasis severity was assessed at baseline, during the 
treatment, and at the end of treatment using the Psoriasis Area and Severity Index (PASI). 
All seven trials demonstrated consistent reduction in PASI of approximately 40% after one 
week and 70% after four weeks of betamethasone dipropionate/calcipotriene therapy [15].

FIXED-DOSE COMBINATION THERAPY MORE EFFECTIVE 
THAN CORTICOSTEROID OR CALCIPOTRIENE ALONE
Studies with Ointment Formulation
Three double-blind studies investigated the efficacy and safety of fixed-dose combina-
tion therapy compared with monotherapy for the treatment of moderate psoriasis. In two 
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studies, the treatment groups included calcipotriene/betamethasone dipropionate ointment 
(combination therapy), calcipotriene ointment alone, or betamethasone dipropionate oint-
ment alone [15,16]. One of these studies included a vehicle-only control group [16]. More 
than 2000 patients with an average PASI of 11 were treated twice daily for four weeks. In both 
studies, patients treated with fixed-dose combination had a greater reduction in PASI score 
after four weeks than those treated with single agent therapy (p < .001 for each comparison). 
In addition, fixed-dose combination therapy had a rapid onset of action, with a significantly 
greater reduction in PASI scores after just one week compared with monotherapy or placebo 
in both studies (p < 0.001 for each comparison).

A third study comparing once-daily fixed-dose combination therapy to twice-daily calcipot-
riene reported similar results [17]. After eight weeks, 41% of patients treated with the once-
daily fixed-dose combination therapy reached PASI-75, a greater percentage of patients than 
in any of the other three treatment groups (p ≤ .004 for all comparisons) (Figure 6.1) [21].

Fixed-dose combination therapy was well tolerated by patients. In all three studies, more 
patients treated with calcipotriene monotherapy experienced lesional/perilesional adverse 
reactions than those treated with the fixed-dose combination therapy (12% vs. 8%, 17% vs. 
10%, and 22% vs. 11%) [15–17].

Studies with the Suspension/Gel Formulation
There were three studies that examined the safety and efficacy of the suspension formu-
lation for once-daily treatment of plaque psoriasis on the body [18–20]. The largest study 
was a double-blind, placebo-controlled study of calcipotriene/betamethasone dipropionate 
suspension in treating mild to moderate plaque psoriasis [20]. More than 1100 subjects with 
an average PASI of 7.9 were randomized to one of four treatment groups: (1) calcipotriene/
betamethasone dipropionate suspension, (2) betamethasone dipropionate suspension, (3) cal-
cipotriene suspension, or (4) suspension vehicle alone. Patients were treated with once-daily 
topical suspension for up to eight weeks. After eight weeks, 41% of patients treated with the 
once-daily fixed-dose combination therapy reached PASI-75 (Figure 6.1) [21]. This value was 
a greater percentage than any of the other three treatment groups (p ≤ .004 for all compari-
sons). The greatest reduction in PASI scores was seen in the combination therapy group at 
both four and eight weeks (p ≤ .001 for all comparisons) (Figure 6.2) [21]. Although these data 
only reflect eight weeks of daily use, the reduction appears comparable to that of some oral 
or injectable agents.

As in the ointment studies, the fixed-dose topical suspension was well tolerated by the 
patients. The overall incidence of adverse events was similar in all four treatment groups, and 
most were not related to the study treatment.

In conclusion, both the ointment and suspension formulations of fixed-dose calcipotriene/
betamethasone dipropionate appear to be faster acting and more effective for the treatment of 
mild to moderate plaque psoriasis compared with calcipotriene monotherapy or betametha-
sone monotherapy. Furthermore, combination therapy with the ointment or suspension is 
less irritating than calcipotriene monotherapy.
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FIGURE  6.1 (See color insert.)  All patients treated with once-daily topical suspension. 
Combination = calcipotriene/betamethasone dipropionate ointment. *p < .001 for comparison 
with combination therapy. (Data from Kragballe K and Noerrelund KL, J Eur Acad Dermatol Venereol 
16, 276, 2002.)
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FIGURE  6.2 (See color insert.)  All patients treated with once-daily topical suspension. 
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ONCE-DAILY FIXED-DOSE COMBINATION IS AS SAFE 
AND EFFECTIVE AS TWICE-DAILY THERAPY
A four-week study addressed the efficacy of once-daily versus twice-daily therapy of the oint-
ment formulation [21]. In this study, 828 patients were randomized to four groups: (1) once-daily 
betamethasone dipropionate/calcipotriene ointment and once-daily vehicle; (2) twice-daily 
betamethasone dipropionate/calcipotriene ointment; (3) twice-daily calcipotriene ointment; 
and (4) twice-daily vehicle. The mean PASI at entry was 10.5. After one and four weeks, patients 
treated with the once- or twice-daily combination therapy had lower average PASI scores than 
those treated with twice-daily calcipotriene or twice-daily vehicle (p < .001 for all compari-
sons). Furthermore, there was no difference in average PASI scores between the once-daily and 
twice-daily combination group at one and four weeks (p = .3 and p = .052) (Figure 6.3).

Lesional/perilesional adverse events were reported more frequently in the calcipotriene 
group (20%) than in either the once-daily or twice-daily combination group (10% and 11%, 
respectively) (p < .01).

In conclusion, once- and twice-daily topical calcipotriene/betamethasone dipropionate oint-
ment for mild to moderate psoriasis appears to have similar efficacy. In addition, this combina-
tion therapy is both more effective and better tolerated than twice-daily calcipotriene ointment.

ONCE-DAILY FIXED-DOSE THERAPY IS EFFECTIVE 
FOR PATIENTS WITH MILD, MODERATE, 
AND SEVERE PSORIASIS
Menter et  al. [22] reported the results of a pooled analysis of six randomized, double-
blind, vehicle-controlled studies, active-controlled studies, or both using the fixed-dose 
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betamethasone dipropionate/calcipotriene combination in patients with mild (PASI ≤6), 
moderate (PASI 6.1–≤12), and severe (PASI >12) psoriasis. Although the analysis was some-
what limited by the use of a correlation between the Physician’s Global Assessment (PGA) 
score and imputed PASI scores and by the failure of all investigators to report both PGA and 
PASI scores, it demonstrated that the fixed-dose combination used once daily produced con-
sistent efficacy across all degrees of disease severity (Figure 6.4).

LONG-TERM, ONCE-DAILY FIXED-DOSE 
THERAPY IS SAFE AND EFFECTIVE
There was one large double-blind study that assessed the long-term safety of once-daily 
calcipotriene/betamethasone dipropionate ointment for the treatment of psoriasis up to 52 
weeks [23–25]. In this study, patients used calcipotriene/betamethasone dipropionate oint-
ment for the first month, after which time they were randomized into one of three arms for 
maintenance therapy through week 52: (1) fixed-dose combination therapy, (2) alternating 
calcipotriene ointment with fixed-dose combination therapy every four weeks, or (3) calci-
potriene ointment only. The key inclusion criterion was a PGA of at least “moderate” (i.e., 4 on 
a 6-point scale). The key exclusion criterion was >30% body surface area (BSA) involvement. 
The study enrolled 634 patients, 70% of which had “moderate” psoriasis with the rest having 
“severe” or “very severe” disease. All treatments were used once daily on an as-needed basis 
to “reflect usual clinical practice” up to a maximum of 100 g/week. Patients were assessed 
every four weeks for adverse events and efficacy (using a 6-point PGA scale). A subset of 
19 patients had adrenal function tests [adrenocorticotropic hormone (ACTH) stimulation 
test and 24-hour urine cortisol] performed at baseline and after 4, 12, and 52 weeks.

The clinical response observed in the initial four-week period when all patients received 
combination therapy reflected what was seen in the short-term studies reviewed 
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above—rapid onset of action and reliable lesion clearance. These clinical benefits were 
best maintained in the group using the combination agent only (Figure 6.5). Importantly, 
there was no apparent loss of efficacy or perceived tachyphylaxis in the fixed-dose com-
bination arm. About 75% of the patients using the fixed-dose combination as needed for 
52 weeks were “clear” or “almost clear” at the last assessment. On average, the patients in 
this group used <100 g/month of the combination ointment. The group that alternated 
between the combination agent and calcipotriene ointment “flip-flopped” back and forth 
between better control and lesser control. The patients that used calcipotriene monother-
apy showed the most loss of efficacy during the maintenance period compared with the 
other treatment groups. However, it should be noted that calcipotriene is recommended 
as a twice-daily therapy in clinical practice and was used only once daily in this trial. In 
addition, some of the control of disease that was lost during the month after switching 
from combination therapy to calcipotriene monotherapy was regained by the last assess-
ment at week 52.

The risk of an adverse drug reaction was higher in the calcipotriol monotherapy group (odds 
ratio [OR] 0.46, 95% CI 0.30–0.70; p < .001) than in the combination therapy group and was 
largely due to worsening of psoriasis, irritation, and pruritus. However, the risk of an adverse 
drug reaction in the combination therapy group was not different from the alternating ther-
apy group (OR 0.66, 95% CI 0.42–1.03; p = .066).

Of greater importance was the incidence of reported adverse reactions due to corticoste-
roid use (e.g., adrenal insufficiency, skin atrophy, striae, folliculitis) (Table 6.1) [26]. Patients 
receiving combination therapy were not any more likely to have these reactions than those 
in the other treatment groups (p = .445 vs. the calcipotriene monotherapy group, p = .317 vs. 
the alternating therapy group).
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FIGURE  6.5  Efficacy of once-daily fixed-dose combination therapy up to 52 weeks. Once-daily 
fixed-dose combination therapy produces consistent long-term efficacy.
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Regarding the subset of 19 patients who were tested for adrenal function, none in the com-
bination therapy group were found to have adrenal insufficiency during treatment [23]. The 
only patient who had evidence of adrenal insufficiency on laboratory exam (measured at 
week 52) was a patient in the calcipotriene monotherapy group and thus was determined not 
be related to study treatment. These results are consistent with prior studies that have shown 
safe use of high-potency topical corticosteroids as long as the quantity used and duration 
of therapy is not greater than the FDA-recommended limit [27]. In review of worldwide 
literature using calcipotriene/betamethasone dipropionate ointment, a single case report 
of adrenal insufficiency was found [28]. In this report, a 27-year-old woman used 60 g/day 
ointment (cumulative total of 1.8 kg/month, more than four times greater than the FDA-
recommended limit of 400 g/month) for five months. She was admitted to the hospital for 
a pustular flare of psoriasis and found to have numerous clinical features of Cushing syn-
drome, including “buffalo” neck, large striae, and faciotruncal obesity. On stopping the 
combination therapy, the patient was found to have suppressed cortisol levels and was unre-
sponsive to an ACTH stimulation test, for which she required hydrocortisone supplementa-
tion. Interestingly, despite the use of 1.8 kg/month of the combination therapy, the patient’s 
calcium levels were normal.

In summary, this clinical study supports the safe use of calcipotriene/betamethasone dipro-
pionate ointment daily for one months followed by daily use as-needed for up to one year for 
the treatment of psoriasis. No increased risk of adrenal suppression, skin atrophy, or other 

TABLE 6.1  Safety of Once-Daily Fixed-Dose Combination Therapy up to 52 Weeks

Event

Fixed-Dose 
Combination Only 
(52 weeks; n = 207)

Fixed-Dose 
Combination/
Calcipotriene 

(alt. 4 weeks; n = 213)

Fixed-Dose 
Combination 4 Week/

Calcipotriene 
(48 weeks; n = 206)

n % n % n %
Adrenal insufficiency 0 0.0 0 0.0 1 0.5
Cellulitis 0 0.0 0 0.0 1 0.5
Ecchymosis 1 0.5 0 0.0 0 0.0
Folliculitis 2 1.4 1 0.5 0 0.0
Furuncle 0 0.0 2 0.9 0 0.0
Hypertrichosis 0 0.0 0 0.0 1 0.5
Purpura 1 0.5 0 0.0 1 0.5
Rash, pustular 0 0.0 1 0.5 0 0.0
Skin atrophy 4 1.9 1 0.5 2 1.0
Skin depigmentation 2 1.0 0 0.0 0 0.0
Skin papilloma 0 0.0 1 0.5 0 0.0
Skin striae 0 0.0 1 0.5 0 0.0
Total no. of adverse 
events

11 7 6

Total no. of points (%) 10 4.8 6 2.8 6 2.9

Source:	 Jemec GBE et al., J Am Acad Dermatol 59, 455–463, 2008.
Note:	 No statistically significant differences found between treatment groups.
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adverse drug reaction was associated with the use of the fixed-dose combination therapy. 
It should be noted that the conclusion of this study may not apply to patients using more 
than the FDA maximum recommended amount of 100 g/week calcipotriene/betamethasone 
dipropionate ointment.

Sequential Therapy
As discussed above, combination calcipotriene betamethasone dipropionate is a safe and 
effective once-daily therapy for psoriasis for at least one year. Therefore, fixed-dose com-
bination therapy may be used as sequential therapy without the need of a second topi-
cal agent for maintenance. This method is a simpler method than traditional sequential 
therapy that rotates a superpotent corticosteroid with a nonsteroid agent (e.g., vitamin D 
analogs).

Step 1 of sequential therapy with calcipotriene/betamethasone dipropionate ointment or 
suspension is daily use for one to two months. During this step, the goal is to decrease the 
intense inflammation, scaling, and thickness of psoriatic plaques that are often out of control 
during early stages of treatment. Once the thickness of the plaques has decreased, the patient 
may transition to step 2 of sequential therapy, even if the lesion is still red. For step 2, the 
patient may apply calcipotriene/betamethasone dipropionate ointment or suspension every 
other day for the next two to three months to further clear partially treated lesions. Once the 
plaques are macular and pink (rather than red), the patient may transition to the final step. 
For step 3, the patient can apply the fixed-dose combination therapy on weekends only. This 
maintenance strategy can be used for many months; the risk of corticosteroid-related adverse 
events from only two applications per week over the weekend is minimal.

In practice, the course of psoriasis is known to wax and wane depending on stressors, envi-
ronmental factors, illness, and the natural history of the disease. Furthermore, improve-
ment of psoriasis during treatment is not linear, and there may be periods of worsening after 
improvement. Because calcipotriene/betamethasone dipropionate is effective for clearing 
and safe for long-term use, the patient can fine-tune the sequential therapy to meet his or her 
therapeutic needs. For example, if during step 3 the patient begins to flare or if there is a spe-
cial event upcoming, the patient can apply the therapy daily until better control is achieved. 
Thus, the patient can shift between steps 1, 2, or 3 as needed.

CORTICOSTEROID AND CALCIPOTRIENE 
COMBINATION FOR SCALP TREATMENT
Before being approved for body psoriasis, fixed-dose calcipotriene/betamethasone dipropio-
nate suspension was approved for once-daily treatment of scalp psoriasis. This approval was 
based on two large phase III studies that demonstrated that after just one week, patients 
receiving the combination therapy had more improvement than those with either component 
alone (pooled analysis; p < .001 for all comparisons) [29].

In all, these double-blind studies enrolled >2900 patients with at least 10% scalp involve-
ment with psoriasis. Subjects were randomized to one of three eight-week treatment arms: 
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(1)  once-daily calcipotriene/betamethasone dipropionate suspension, (2) once-daily 
betamethasone dipropionate suspension, or (3) once-daily calcipotriene suspension [26,30]. 
One study also included a vehicle-only arm [26]. Both studies reported that combination 
therapy was more effective than the other treatment arms after just one to two weeks and was 
maintained throughout the study. In all, about 70% of patients achieved a PGA of 0 or 1 (on 
a 6-point scale) by the end of week 8. Combination therapy has also been shown to be more 
effective than twice-daily calcipotriene therapy [31].

The above-mentioned studies were mainly in patients who were Caucasian (about 97%) [29]. 
An eight-week study of scalp psoriasis in Hispanic/Latino and black/African American 
patients reported similar results [32]. In this study of 99 patients, 72% reached a PGA of 0 or 
1 (on a 6-point scale) after eight weeks vs. 41% in vehicle only group (p < .0001).

Because the scalp is composed of tough, thick skin, and represents approximately 10% of 
body surface area, long-term use of fixed-dose combination therapy is well tolerated. This 
conclusion is supported by a study of 850 patients that demonstrated safe use of as needed 
fixed-dose combination therapy for up to 52 weeks [33]. The patients receiving combination 
therapy were not at increased risk of corticosteroid-associated adverse drug reactions com-
pared with patients receiving calcipotriene monotherapy.

POTENTIAL BENEFITS OF FIXED-DOSE 
COMBINATION THERAPY
The new betamethasone dipropionate/calcipotriene combination appears to be more than an 
agent with just two-in-one convenience. The innovative preparation has two highly advanta-
geous characteristics:

	 1.	 Well-documented synergy between the two components, allowing the combination 
agent to have significantly higher efficacy than the high-strength topical cortico-
steroid betamethasone dipropionate. The increased efficacy does not come at the 
expense of increased risk. Not only is the irritation risk of calcipotriene decreased 
by the topical corticosteroid ingredient but also the combination agent can be 
characterized as “high-strength topical corticosteroid that performs closer to a 
super high-strength topical corticosteroid.” It performs better than a high-strength 
topical  corticosteroid (i.e., betamethasone dipropionate) but is only expected 
to have a risk profile of high-strength rather than a super-high-strength topical 
corticosteroid.

	 2.	 Allowed once-daily application of a calcipotriene-containing agent to work as effec-
tively as twice-daily application. Generally, calcipotriene is appreciated as having much 
better efficacy when it is applied twice daily than once daily. However, this combination 
agent has outstanding efficacy even though this calcipotriene-containing combination 
agent is only used once a day (Figures 6.6a and 6.6b). The synergistic efficacy, rapid 
onset of action, and once-daily administration combine to make the agent practical for 
use on a larger BSA than is possible with traditional topical agents.
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IN COMBINATION WITH BIOLOGICS
The fact that this combination agent is capable of topically treating more widespread psoria-
sis makes it possible to use this agent to “jumpstart” biologic agents, such as etanercept. The 
biologic agents that are currently approved by the FDA for psoriasis use in the United States 
are notable for their relative safety compared with traditional systemic agents. However, 
for some, the onset of action may be slow. Consequently, clinicians often have to “hold the 
hands” of the patient until the biologic agents reach their full efficacy. In this situation, a 
topical combination agent may be helpful by providing an efficacy boost to the biologic agent 
without increasing the risk of systemic side effects.

IN COMBINATION WITH OTHER SYSTEMIC AGENTS
There are many published studies that have established that calcipotriene can enhance 
the  outcome of treatment modalities such as acitretin, methotrexate, cyclosporine (only 
low-dose cyclosporine was tested), ultraviolet B phototherapy, and psoralen plus ultraviolet 
A phototherapy [32,34–36]. Thus, because calcipotriene monotherapy is less efficacious than 
calcipotriene/betamethasone dipropionate, it is likely that the use of this combination agent 
in any of the above-mentioned treatments may further enhance efficacy.

POTENTIAL EFFECTS ON COMPLIANCE
Psoriasis is a chronic disease that requires compliance with treatment for successful long-
term management. However, a recent meta-analysis showed that only 50%–60% of patients 
are compliant with topical therapy in the real-world setting (i.e., not randomized controlled 
clinical trials) [37]. Poor compliance may be due to several factors, including low efficacy, time 
constraints, and poor cosmetic characteristics of topical agents [39]. Fixed-dose betametha-
sone dipropionate/calcipotriene combination addresses many of these concerns and is sup-
ported by data from the clinical trials that showed compliance rates of 68% and 81% when the 
ointment was applied twice daily and once daily, respectively [15,40]. Another study of >2000 
patients reported that around three-fourths of patients were “very satisfied” or “satisfied” 
with fixed-dose combination therapy over a period of six months [41]. Moreover, this level of 
satisfaction was consistent among patients who needed a second or third course of therapy.

FIGURE  6.6 (See color insert.)  Rapid clinical improvement in patient before (a) and after 
(b) treatment with fixed-dose combination therapy.
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CONCLUSIONS
Although corticosteroids and calcipotriene share similar antipsoriatic properties, they work 
by different mechanisms. Advances in drug formulation have led to the development of a 
fixed-dose combination of the two drugs that overcomes their inherent physiochemical 
incompatibilities. Both the two-compound ointment and suspension have been shown to be 
safe, more effective treatments than their components as monotherapy. In addition, clinical 
responses to the topical preparation are sustained for up to one year and are not associ-
ated with an increased risk of adrenal suppression or striae. Thus, this combination topi-
cal therapy is likely to be useful for patients with a spectrum of psoriatic skin involvement. 
Furthermore, it can be used as monotherapy, sequential therapy, and in combination with 
other treatments, such as phototherapy or systemic therapy.
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Chapter 7
Tazarotene

Monica Huynh, Chai Sue Lee, and John Y. M. Koo

Tazarotene (Tazorac®) was the first topical retinoid approved for the treatment of plaque 
psoriasis in the United States; it was approved in 1997. It is available as a gel or cream in a 
concentration of either 0.1% or 0.05%. Despite its proven efficacy in the treatment of psoria-
sis, many patients experience significant skin irritation that limits use. In general, tazarotene 
is used most effectively in the treatment of psoriasis in combination with other forms of ther-
apy, such as topical corticosteroids, calcipotriene (Dovonex®), and phototherapy to optimize 
efficacy and tolerability.

CHEMISTRY AND MECHANISM OF ACTION
Figure 7.1 shows the chemical structure of tazarotene. Tazarotene is a vitamin A derivative 
that is rapidly converted in vivo to its biologically active free-acid metabolite tazarotenic 
acid [1].

There are two types of retinoid receptors: retinoic acid receptors (RARs) and retinoid X 
receptors (RXRs). The RARs and RXRs are each composed of three distinct subtypes, 
labeled α, β, and γ [2]. These subtypes are found in a tissue-specific manner. RARα is 
primarily expressed in many embryonic and adult tissues, and RARβ is found exclusively 
in dermal fibroblasts. RARγ is the most ubiquitous RAR in human adult epidermis and is 
thought to be the key mediator of retinoid effects on keratinocytes [3]. In keratinocytes, 
these retinoid receptors exist as dimers, and for activation of gene regulation, RARs are 
always linked with RXRs. Besides RAR–RXR dimers, RXRs can exist as homodimers and 
as heterodimers with a wide range of other intracellular receptors, such as thyroid hor-
mone, vitamin D3, estradiol, and glucocorticoids [4]. These retinoid receptors belong to 
a large superfamily of  receptors also consisting of glucocorticoid, thyroid hormone, and 
vitamin D3 receptors, all of which are DNA-binding proteins that function as trans-acting 
transcription-modulating factors.

Tazarotenic acid, the active metabolite of tazarotene, binds to all three RAR subtypes, 
without having any effect on RXRs [5]. Retinoids elicit their biological effects by acti-
vating nuclear receptors and regulating gene transcription [6]. The exact molecular 
mechanism by which tazarotene is able to exert its effects on psoriasis is unknown, but 
it is thought to affect the three major pathogenic causes of psoriasis: in keratinocytes, 
tazarotene has antiproliferative effects, normalizes their abnormal differentiation, and 
decreases the expression of inflammatory markers on their cell surface [6]. Studies have 
shown that 0.05% tazarotene gel applied twice daily for 14 days improves keratinocyte 
differentiation through a reduction of hyperkeratosis and acanthosis and by reappearance 
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of the granular layer [7]. Histochemically, pathogenic overexpression of epidermal differ-
entiation markers such as involucrin, keratinocyte transglutaminase, skin-derived anti-
leukoproteinase (also known as elafin), and migration inhibitory–related factor 8 (also 
known as calgranulin A) are significantly reduced [6]. In addition, tazarotene elevates 
markers such as filaggrin in psoriatic lesions, implicating a return to a more normal and 
quiescent skin status [7,8].

TAZAROTENE MONOTHERAPY
Multiple clinical trials have confirmed the efficacy and safety of tazarotene gel and cream 
in the treatment of psoriasis [9–11]. Tazarotene 0.1% was generally more effective than the 
0.05% concentration, although it was less tolerated secondary to skin irritation. In addition, 
the cream formulations of tazarotene (0.05% and 0.1%) might have better tolerability than gel 
preparations [11].

Tazarotene versus Crude Coal Tar
A single-center, bilateral comparison study investigated the efficacy and tolerability of 
tazarotene 0.1% gel and crude coal tar 5% ointment in patients with stable plaque psori-
asis. Twenty-seven patients were instructed to apply 0.1% tazarotene gel or 5% crude coal 
tar ointment nightly to the limbs on different sides of the body. Assessments of erythema, 
scaling, and induration (ESI score) were performed at intervals of two weeks. At the end 
of weeks 4, 8, and 12, there was no significant difference in percentage reduction in the ESI 
scores between tazarotene-treated and crude coal tar–treated sides. Significant improvement 
(>50% reduction in ESI score) was seen on both sides in all patients at the end of week 12. 
At the end of eight weeks, all patients had moderate-to-marked improvement on both sides. 
Adverse reactions included irritation, erythema, burning sensation, and pruritus. These side 
effects were all considered mild and transient and were more common with tazarotene [12]. 
Although this study was limited in size, the results suggest that tazarotene 0.1% gel may have 
comparable efficacy to 5% crude coal tar in stable plaque psoriasis.

TAZAROTENE VERSUS TOPICAL STEROIDS
In a multicenter, randomized clinical trial, the safety and efficacy of 0.1% and 0.05% 
tazarotene gels once daily were compared with 0.05% fluocinonide cream twice daily [13]; 
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FIGURE 7.1  Chemical structure of tazarotene.
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348 psoriasis patients in total were enrolled for 12 weeks of treatment followed by a 12-week 
observation period. Treatment success rates, defined as improvement of 50% or more, 
during the treatment and posttreatment periods are shown in Figure  7.2 [12]. Although 
fluocinonide was more effective during the early part of the study, by the end of week 12, 
fluocinonide and tazarotene were similar in efficacy. During the follow-up period, relapse 
was most rapid with fluocinonide, especially during the first four weeks off of therapy. 
Signs  and  symptoms of skin  irritation were more common with tazarotene than with 
fluocinonide. During the treatment period, 18%, 14%, and 11% of patients experienced 
pruritus, burning, and erythema, respectively, with 0.1% tazarotene; 9%, 9%, and 11%, 
respectively, with 0.05% tazarotene; and 1%, 7%, and 1%, respectively, with fluocinonide 
cream.

In a single-center, double-blind, randomized clinical trial, the clinical efficacy of taz-
arotene 0.1% cream was compared with clobetasol propionate 0.05% cream. Thirty-six 
patients with bilateral lesions applied study medication to lesions once daily for 12 weeks. 
At week 12, clobetasol cream had a greater reduction in erythema and scaling compared 
with tazarotene cream. However, tazarotene cream had a greater reduction in indura-
tion compared with clobetasol cream. Two patients using tazarotene discontinued 
from the study due to a severe irritation reaction. As assessed by study investigators, 
clobetasol had marked improvement, whereas tazarotene showed only moderate improve-
ment; the investigators calculated the improvement as ~58% and ~75% for tazarotene at 
weeks  12  and 16, respectively, and ~95% and ~82% for clobetasol at weeks 12 and 16, 
respectively [14].

Treatment success rate: all lesions
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FIGURE 7.2  Global treatment success rates for once-daily tazarotene 0.1% gel, once-daily tazaro-
tene 0.05% gel, and twice-daily fluocinonide cream in the treatment of plaque psoriasis. Treatment 
success represents improvement of ≥50%. Significant differences (p < .05): fluocinonide versus 
tazarotene 0.1% at week 4; fluocinonide versus tazarotene 0.05% at weeks 2–8. (Kumar U et al., Clin 
Exp Dermatol 35, 482–486, 2010.)
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TAZAROTENE VERSUS CALCIPOTRIOL
In a single-center, prospective, investigator-blind, bilateral comparison study, once-daily 
tazarotene 0.1% gel in petrolatum versus twice-daily calcipotriol 0.005% ointment were 
compared. Nineteen patients were enrolled for 12 weeks of treatment followed by a four-week 
observation phase. Tazarotene in petrolatum was as effective as calcipotriol in both objec-
tive and subjective overall efficacy assessment. Calcipotriol had significantly greater effect in 
reducing erythema than tazarotene-petrolatum at weeks 2–8. Local irritation was noted with 
tazarotene petrolatum–treated lesions but not calcipotriol-treated lesions [15].

In another single-center, prospective, bilateral comparison study, calcipotriol 0.005% oint-
ment was compared with tazarotene 0.05% or 0.1% gel. Seventeen adult patients with bilateral 
symmetrical lesions of plaque psoriasis were instructed to apply calcipotriol ointment twice 
daily to one side and either tazarotene 0.05% or 0.1% gel once daily to the other side for eight 
weeks. Assessments were made using ESI scores. Reduction in ESI scores at both weeks 4 
and 8 was greater with calcipotriol than with tazarotene 0.05%. However, reduction in ESI 
scores was not different between calcipotriol and tazarotene 0.1%. Although not statistically 
significant, burning, pruritus, and irritation were observed more often in tazarotene-treated 
lesions [16].

COMBINATION THERAPY
To minimize unwanted side effects and improve patient’s tolerability, tazarotene is optimally 
used in combination with mid- to high-potency topical corticosteroids, calcipotriene, ultra-
violet (UV) B phototherapy, or psoralen plus ultraviolet A (PUVA).

TAZAROTENE AND TOPICAL STEROIDS
The concomitant use of tazarotene with a mid- or high-potency corticosteroid achieves a 
more rapid and greater efficacy and decreases irritation compared with tazarotene mono-
therapy, followed by a more prolonged duration of remission compared with corticoste-
roid monotherapy [13,17–19]. In a large-scale study to evaluate the efficacy of a combination 
treatment of tazarotene with a topical steroid, 300 psoriasis patients were randomly assigned 
to one of four treatment groups: 0.1% tazarotene gel once daily in combination with either 
once-daily application of placebo cream, low-potency corticosteroid (0.01% fluocinolone 
acetonide cream), midpotency corticosteroid (0.1% mometasone furoate cream), or high-
potency corticosteroid (0.05% fluocinonide cream) [20]. Patients underwent 12 weeks of 
treatment, followed by four weeks of observation. It took two weeks for the tazarotene plus 
midpotency corticosteroid and three weeks for the tazarotene plus high-potency cortico-
steroid versus four weeks for the tazarotene plus low-potency corticosteroid and tazarotene 
plus placebo groups to obtain at least 50% improvement. At the end of 12 weeks, 91% in 
the tazarotene/midpotency corticosteroid group and 95% in the tazarotene/high-potency 
corticosteroid group versus 80% in the tazarotene 0.1% gel/placebo group obtained at least 
50% improvement. The results with tazarotene/low-potency corticosteroid group were not 
statistically superior to the tazarotene 0.1% gel/placebo group. Local skin irritation was less 
frequent in the groups treated with tazarotene plus a mid- or high-potency corticosteroid. 
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Tazarotene plus high-potency corticosteroid had rates of burning that were almost half that 
of tazarotene plus placebo (12% vs. 23%, respectively). During follow-up, rebound effect, 
sometimes seen after discontinuation of corticosteroid monotherapy, was not observed in 
any of the combination tazarotene and topical steroid groups. Similarly, other studies have 
confirmed that the use of a mid- or high-potency corticosteroid enhances the efficacy and 
tolerability of tazarotene [21,22].

In addition, the efficacy and tolerability of tazarotene with a midpotency topical steroid 
have been further studied. The combination of 0.1% tazarotene gel once daily with 0.1% 
mometasone furoate cream once daily was compared with monotherapy with 0.1% 
mometasone furoate cream twice daily [18]. Seventy-three psoriasis patients in total were 
treated for 12 weeks, followed by 12 weeks of observation. At the end of 12 weeks, 74% 
of the patients treated with combination therapy of tazarotene with mometasone cream 
versus 58% of the patients treated with twice-daily mometasone furoate monotherapy 
achieved at least 50% global improvement in their psoriasis. During follow-up, 68% (15/22) 
of the mometasone furoate monotherapy group dropped out from the study during the 
first four weeks due to recurrence and rebound, compared with only 12% (3/26) from the 
combination therapy group.

Thus, the studies mentioned above show that the combination of mid- or high-potency 
steroid with tazarotene achieves faster and greater therapeutic effects, with less side 
effects and longer remission time than tazarotene monotherapy or topical corticosteroid 
monotherapy.

Three different mid- to high-potency topical steroids (i.e., betamethasone dipropionate 
0.05% cream [Diprosone®], fluticasone propionate 0.005% ointment [Cutivate®], or diflora-
sone diacetate 0.05% cream [Maxiflor®]) and three different high-potency steroid ointments 
(i.e., fluocinonide 0.05% [Lidex®], mometasone furoate 0.1% [Elocon®], or diflorasone diace-
tate 0.05% [Maxiflor®]) were compared in terms of efficacy and tolerability in combination 
with tazarotene in a 12-week, multicenter, investigator-masked, randomized parallel-group 
study involving 200 patients [23]. Topical corticosteroid was applied in the morning and 
0.1% tazarotene gel was applied in the evening. The best-performing steroid was betametha-
sone dipropionate 0.05% cream (a mid- to high-potency steroid), followed by mometasone 
furoate 0.1% ointment (a high-potency steroid) and diflorasone diacetate 0.05% ointment 
(a high-potency steroid). The best-tolerated regimen, however, was tazarotene plus mometa-
sone furoate 0.1% ointment, and the optimal balance between efficacy and tolerability was 
achieved with this regimen.

The combination of betamethasone valerate foam 0.12% (Luxiq®) and 0.1% tazarotene cream 
was shown to be effective in a case series of 10 psoriasis patients [24]. Two patients were clear 
of their psoriasis by week 4 and four were clear at week 8. Most importantly, no adverse 
events, including irritation, were reported. The authors report the use of the corticosteroid 
foam may protect against tazarotene-induced skin irritation, and the cosmetic appeal of a 
nongreasy corticosteroid foam improved patient compliance with the resultant high efficacy 
that was seen.
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A double-blind, randomized, vehicle-controlled study examined the efficacy of a combina-
tion of tazarotene and clobetasol both for initial efficacy and for maintenance use [19]. In 
total, 50 psoriasis patients were treated with a combination of 0.1% tazarotene gel and clo-
betasol ointment for an initial six-week “induction” phase. For the first two weeks, 0.1% taz-
arotene gel was applied every morning and clobetasol ointment was applied every evening. 
During weeks 3 and 4, 0.1% tazarotene gel was applied every morning and clobetasol oint-
ment was applied on Tuesday, Thursday, and Saturday evenings. During the last two weeks, 
0.1% tazarotene gel was applied on Monday, Wednesday, and Friday mornings and clobetasol 
ointment was applied on Tuesday and Thursday evenings. After the six-week induction phase, 
patients with at least 50% improvement were randomized into one of the following three 
maintenance treatment groups for five months: (1) combination therapy with 0.1% tazarotene 
gel applied on Monday, Wednesday, and Friday and 0.05% clobetasol propionate ointment 
applied on Tuesday and Thursday; (2) 0.1% tazarotene gel applied on Monday, Wednesday, 
and Friday and white petrolatum applied on Tuesday and Thursday; and (3) tazarotene gel 
vehicle applied on Monday, Wednesday, and Friday and white petrolatum applied on Tuesday 
and Thursday. At the end of the five-month maintenance therapy, 73% on tazarotene and clo-
betasol combination therapy, 47% on tazarotene thrice weekly, and 19% on vehicle retained 
at least 50% improvement relative to baseline. Similarly, other studies have also confirmed 
lengthy remissions when tazarotene is used in combination with topical steroids [25].

TAZAROTENE AND TOPICAL 
STEROID-INDUCED SKIN ATROPHY
Not only do tazarotene and topical steroid act synergistically but also tazarotene reduces 
the degree of topical steroid-induced skin atrophy [26]. In a study involving 24 healthy 
volunteers, subjects were randomized to apply 0.1% tazarotene gel, 0.05% diflorasone diace-
tate (Psorcon®), and 0.1% tazarotene gel combined with 0.05% diflorasone diacetate six days/
week for four weeks [26]. The subjects who applied 0.1% tazarotene gel had a mean epidermal 
thickness increase of 62%. The subjects who applied 0.05% diflorasone diacetate experienced 
a 43% reduction in the mean epidermal thickness. However, in the subjects who used tazaro-
tene in combination with 0.05% diflorasone diacetate, there was only a reduction of 28% in 
the epidermal thickness. Thus, tazarotene significantly reduced epidermal atrophy induced 
by topical steroid.

TAZAROTENE CHEMICAL COMPATIBILITY 
WITH A TOPICAL STEROID
Tazarotene and a range of topical corticosteroids (i.e., mometasone furoate 0.1% cream; fluoci-
nonide 0.05% ointment and cream; betamethasone dipropionate 0.05% gel, ointment, cream, 
and lotion; clobetasol propionate 0.05% gel, ointment, cream, and scalp solution; diflorasone 
diacetate 0.05% ointment and cream; halobetasol propionate ointment and cream) may be 
applied at the same time without adversely affecting the chemical stability of either tazaro-
tene or the corticosteroids [27]. However, chemical stability for past two weeks has not been 
studied; therefore, tazarotene and topical corticosteroids should not be premixed in a jar.
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TAZAROTENE AND CALCIPOTRIENE
Although tazarotene and calcipotriene might not be as potent as class I topical steroids 
when each is used as monotherapy, they appear to have synergistic effects when combined 
with the same efficacy and rapidity as class I superpotent topical steroids [28]. In a pro-
spective, open-label, left–right comparison study, combination therapy of 0.1% tazaro-
tene gel once daily with calcipotriene ointment twice daily was comparable to clobetasol 
ointment twice daily [28]. The study consisted of 15 patients who underwent a two-week 
treatment course, followed by a four-week observation period. At the end of the two weeks, 
lesions treated with tazarotene and calcipotriene had the same improvement in overall 
lesion severity, reduction in plaque elevation, and scaling as the clobetasol-treated lesions. 
Not surprisingly, erythema improved more in the clobetasol-treated lesions than the com-
bined tazarotene and calcipotriene-treated lesions. There does not seem to be any chemical 
incompatibility between calcipotriene ointment and tazarotene gel that is clinically sig-
nificant [28].

In a multicenter, randomized, investigator-masked study involving 120 psoriasis patients, 
the combination of tazarotene gel once daily with mometasone furoate cream once daily 
was compared with calcipotriene ointment twice daily [29]. In total, 45% of patients in the 
combined tazarotene and mometasone group achieved ≥75% global improvement after two 
weeks of treatment compared with only 26% of patients in the calcipotriene group [29]. 
Furthermore, the combination tazarotene and mometasone group had a significantly greater 
reduction in scaling, erythema, plaque elevation, and body surface area involvement than 
calcipotriene monotherapy at the end of the four-week follow-up period.

TAZAROTENE AND UVB PHOTOTHERAPY
Tazarotene has been successfully combined with both broadband UVB phototherapy 
(BB-UVB) [26,27] and narrowband UVB phototherapy (NB-UVB) [30] for more effective 
and rapid clearing of psoriasis compared with either treatment alone.

Once-daily treatment with tazarotene 0.1% gel for two weeks followed by three times a 
week BB-UVB and tazarotene 0.1% gel was superior to BB-UVB monotherapy [31]. It took 
a median of 25 days for the tazarotene and BB-UVB group to reach at least 50% improve-
ment versus 53  days with BB-UVB monotherapy. Combined tazarotene and BB-UVB 
therapy also resulted in greater improvement in plaque elevation and scaling than did 
BB-UVB monotherapy. In addition, tazarotene significantly reduced the amount of UV radi-
ation required to improve psoriasis. The median cumulative BB-UVB dose was 390 mJ/cm2 
in the combined tazarotene and BB-UVB group, whereas it was approximately four times 
higher (i.e., 1644 mJ/cm2) in BB-UVB monotherapy.

To evaluate the efficacy of topical tazarotene in combination with NB-UVB, 10 patients in 
total were treated with 0.05% tazarotene once daily to one side of the body and NB-UVB five 
times a week for four weeks [30]. Greater reduction in the Psoriasis Area and Severity Index 
(PASI) scores were noted in the tazarotene-treated side.
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Tazarotene and vitamin D analogs as adjuncts to NB-UVB therapy also have been evaluated. 
Schiener et al. [32] studied 10 patients with widespread psoriasis and compared the combi-
nation of tazarotene gel 0.05% plus NB-UVB to calcipotriol ointment plus NB-UVB [32]. 
Patients received NB-UVB treatment four times weekly and applied either of the assigned 
topical treatments once every evening on different halves of the body. Results showed that 
both regimens had identical number of exposure days and identical cumulative NB-UVB 
dose. Calcipotriol was generally very well tolerated. One patient developed hyperpigmenta-
tion strictly limited to the area where calcipotriol ointment was applied. On the side that taz-
arotene 0.05% gel was applied, four patients complained of itching and dryness. Despite such 
complaints, a follow-up questionnaire showed that 6 of 10 patients still preferred tazarotene 
gel over calcipotriol ointment because it was easier to spread and less greasy.

To date, no trials have assessed efficacy or safety of tazarotene use before UVB exposure. 
Therefore, if used in combination with UVB, tazarotene should be applied after light treat-
ment. Because tazarotene has been shown to reduce epidermal thickness, concerns have been 
expressed regarding the increased risk of burning. Some suggest reducing the UVB dosage 
by one-third if tazarotene is added during phototherapy [33].

No significant photosensitivity occurred when tazarotene was used with phototherapy in any 
of these phototherapy trials. In addition, the incidence of irritation was less than expected 
when tazarotene was used with phototherapy than without. Behrens et al. [30] postulated 
that this outcome might be the result of an enhanced barrier because UVA- and UVB-treated 
skin is more resistant to irritants [30].

TAZAROTENE AND PUVA PHOTOTHERAPY
To determine whether administration of topical tazarotene can increase the efficacy of sys-
temic PUVA, Tzaneva et al. [34] compared the therapeutic response of tazarotene plus PUVA 
to PUVA monotherapy in 31 chronic plaque-type psoriasis patients [34]. Patients received 
PUVA treatment four times a week and applied 0.1% tazarotene gel every evening. To achieve 
complete, or near complete, clearing, the cumulative UVA dose and the number of UVA 
exposures were statistically lower in those receiving combined PUVA and tazarotene therapy 
than those with PUVA monotherapy. The median cumulative dosage was 32.3 J/cm2 for taz-
arotene plus PUVA and 37.0 J/cm2 for PUVA monotherapy. There was no difference in the 
observed duration of remission.

TAZAROTENE AND PALMOPLANTAR PSORIASIS
In a single-center, prospective, comparative study, 30 patients were randomized to tazaro-
tene 0.1% cream once daily or clobetasol propionate 0.05% cream once daily for 12 weeks. 
Assessments were made every two weeks by using an erythema, scaling, fissures, and indu-
ration (ESFI) score and Physician’s Global Assessment (PGA) scale. At week 12, there was 
no significant difference between the two groups. Tazarotene group showed mean ESFI 
reduction from 6.65 to 1.12 (83.2% improvement) and complete clearance in 53% of patients. 
Clobetasol propionate group showed mean ESFI reduction from 5.69 to 0.62 (89.1% improve-
ment) and complete clearance in 62% of patients. Clobetasol was observed to have a faster 
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onset of action in erythema, scaling, and fissuring than tazarotene. Itching and irritation 
were reported in the tazarotene group at weeks 2 and 4 but resolved with continued usage 
of study agent. More than half of the patients (53.8%) of the clobetasol propionate group 
reported hypopigmentation at the end of the study [35].

TAZAROTENE AND NAIL PSORIASIS
Nail psoriasis also responds to tazarotene gel. In a randomized, double-blind, vehicle-
controlled study, 31 patients with fingernail psoriasis were randomized to either 0.1% 
tazarotene gel or vehicle gel once daily for 24 weeks [36]. The treatment was applied to two 
fingernails: one nail under occlusion and the other nail unoccluded. Tazarotene treatment 
under occlusion resulted in significant reduction of onycholysis at weeks 4 and 12 and signifi-
cant reduction of pitting by week 24. Unoccluded tazarotene treatment resulted in significant 
reduction in onycholysis by week 24, but no improvement in pitting was noted. Tazarotene 
was well tolerated except for few cases of mild to moderate adverse effects of irritation and 
erythema. Thus, although both occluded and unoccluded tazarotene gel therapies were effec-
tive in decreasing onycholysis, the occluded tazarotene gel achieved its goal much earlier 
than the unoccluded tazarotene gel.

In double-blind study, 30 psoriasis patients with nail psoriasis were randomized to tazaro-
tene 0.1% cream or clobetasol propionate 0.05% cream under occlusion nightly for 12 weeks. 
Fourteen patients dropped out of the study; 10 patients dropped out of the study due to urgent 
need for systemic therapy to address the patients’ cutaneous psoriasis. The comparison of 
improvement between administered agents did not reach statistical significance. Three of the 
16 patients in the tazarotene group reported desquamation, erythema, paronychia, and irri-
tation. One of the 14 patients in the clobetasol group reported sensation of burning. All cases 
of adverse reactions were considered mild, and symptoms improved after a few days [37].

In a single-blind, bilateral comparative study, 19 patients with recalcitrant nail psoria-
sis treated one hand with pulsed dye laser (PDL) and tazarotene 0.1% cream (experimen-
tal group) and the other hand with tazarotene 0.1% cream only (control group). The mean 
decrease in nail matrix modified Nail Psoriasis Severity Index (NAPSI) score from baseline 
to six months was significantly greater in the experimental group than in the control group 
in both patients with systemic therapy and without systemic therapy. Vesicle formation after 
the first session of laser treatment was reported in only one patient. The energy density was 
adjusted, and no vesicle was noted again [38].

TAZAROTENE APPLICATION IN PSORIASIS
Proper patient instruction is essential when using tazarotene. Patients should be instructed 
to apply tazarotene directly on the thick and scaly psoriatic lesions, taking care to avoid sur-
rounding unaffected skin. Once the skin has become flat and nonscaly, tazarotene should be 
discontinued. The gel and cream should be allowed to dry before wearing clothes, because 
wearing clothing immediately after application might inadvertently spread the product onto 
uninvolved skin and cause irritation. Only a small amount of tazarotene is required. Use of 
excessive amounts may result in irritation. Patients should be warned of the likelihood of 
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irritation, particularly if the agent is used on the face and neck. Intertriginous regions and 
genitals should be avoided. The gel preparation is preferable for scalp and nail psoriasis. If sig-
nificant irritation occurs, the patient may benefit from what is termed “short-contact” therapy 
(Table 7.1) [39,40]. Duration of application appears to be related to the rate of improvement. 
For example, after a very short contact (e.g., five minutes), first signs of improvement are seen 
about three weeks later; after a 20-minute application, improvement is seen 7–10 days later.

Withholding treatment until irritation subsides then reintroducing therapy every other day 
or changing to the 0.05% cream formulation (if an alternate formulation is used) also may 
help to reduce irritation. For patients with sensitive skin who might be prone to irritation, 
treatment with tazarotene may begin with the 0.05% cream formulation and stepped up as 
tolerated. In addition, initiation of therapy with alternate-day application has been recom-
mended by some studies as a method to maximize tolerability [41]. Irritation is most common 
during the first 1–2 weeks of therapy [42]. With time, most patients seem to be able to tolerate 
nightly treatment, but they may occasionally need to skip a night because of irritation.

Tazarotene may be most efficacious and best tolerated when used in combination with a mid- 
or high-potency topical corticosteroid, calcipotriene, UVB phototherapy, or PUVA. We favor 
a triple combination therapy topical regimen for treating recalcitrant thick psoriatic lesions 
(Table 7.2).

SIDE EFFECTS
The most common side effects of tazarotene treatment are skin irritation, including itch-
ing, burning, and erythema. These side effects occurred in 10%–23% of patients using the 
cream formulation and in 10%–30% of patients using the gel formulation, with 1%–5% points 
higher incidence correlated with the 0.1% concentration than the 0.05% concentration [43]. 
No other treatment-related serious adverse effects were reported.

Although the medication is not phototoxic or photoallergenic, the U.S. Food and Drug 
Administration (FDA)–approved package insert cautions against sunlight and sunlamp 
exposure. When combined with UVB, thinning of the stratum corneum has been demon-
strated, predisposing patients to burn more easily [44]. If tazarotene is added to an ongoing 

TABLE 7.1  Short-Contact Therapy

Apply tazarotene to plaques for a short time (5–20 minutes).
Wash medication off after prescribed time period with water.
Gradually increase application time by 1–5 minutes as tolerated.

TABLE 7.2  Triple Combination Therapy

Step 1. Apply a combination of superpotent topical steroid and calcipotriene in the morning.
Step 2. Apply a combination of superpotent topical steroid, calcipotriene, and tazarotene to plaques in 
the evening.

Step 3. Apply a combination of superpotent topical steroid and calcipotriene after short-contact 
therapy with tazarotene.
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phototherapy regimen, once there is evidence of decreased scaling and induration from the 
application of tazarotene, it may be prudent to lower the UVB dose by 30%–50% or UVA dose 
(for PUVA) by 2 J/cm2 [41].

The FDA has classified topical tazarotene as pregnancy category X. Tazarotene should not be 
used in pregnancy or in women who are not practicing adequate contraception.

CONCLUSIONS
Topical tazarotene is the only topical retinoid indicated for the treatment of psoriasis in the 
United States. Rather than using tazarotene as a monotherapy, tazarotene should be used in 
combination with mid- or high-potency topical corticosteroids, calcipotriene, UVB photo-
therapy, or PUVA as part of a long-term maintenance regimen.
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Chapter 8
Topical Calcineurin Inhibitors

Mark G. Lebwohl and Chrystal A. Landry

Topical calcineurin inhibitors are a treatment option for individuals with certain lim-
ited manifestations of psoriasis. Although these immunomodulatory drugs were initially 
developed for preventing organ rejection in transplant patients, they have quickly become 
a mainstay of off-label treatment for psoriasis since their clinical introduction in topical 
formulation in 2000. The topical calcineurin inhibitors tacrolimus (Protopic®) ointment and 
pimecrolimus (Elidel®) cream are approved for the treatment of atopic dermatitis in the 
United States.

The calcineurin inhibitor cyclosporine was initially isolated from Tolypocladium inflatum 
gans, a soil fungus. Although its systemic formulation is frequently accompanied by side 
effects of nephrotoxicity and hypertension, it has proved to be an effective treatment for 
psoriasis [1]. However, it has been proven of no clinical use in topical formulation. This lack 
of effectiveness is mostly attributed to the inability of cyclosporine to penetrate the skin due 
to its large molecular weight [2]. However, novel derivatives of the cyclosporine molecule 
with increased penetrating capability are in development [3].

Tacrolimus and pimecrolimus, unlike cyclosporine, are macrolide xenobiotics with similar 
immunosuppressive properties [1]. Tacrolimus is naturally produced by and was first iso-
lated from the bacterium Streptomyces tsukubaensis, whereas pimecrolimus is produced by 
Streptomyces hygroscopicus var. ascomycetius. Systemic tacrolimus has been shown to be 
effective in patients with severe recalcitrant plaque psoriasis [4,5]. Additional clinical stud-
ies show that oral pimecrolimus can also produce a dose-dependent reduction in plaque 
psoriasis severity [6,7].

Both macrolides have the added benefit of smaller molecular weights that eases skin pene-
tration and thus their successful topical applications in the treatment of immune-mediated 
skin disease. Although tacrolimus has been shown to be less penetrative [8], macrolide-
derived calcineurin inhibitors do not carry the adverse side effects associated with long-
term topical corticosteroid therapy, such as cutaneous atrophy and the formation of striae. 
New formulations to enhance penetration of topical calcineurin inhibitors are being stud-
ied. One such vehicle, liquid crystalline nanoparticles loaded with tacrolimus, has shown 
some promise [9].

MECHANISM OF ACTION
Since T-helper cells have been implicated in the pathogenesis of autoimmune inflammatory 
skin disease, such as psoriasis, treatments that inhibit T cells and the associated inflamma-
tory processes should theoretically be effective in the treatment of psoriasis.
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When a T-helper lymphocyte interacts with an antigen-presenting cell via a major histocom-
patibility complex, the transmembrane CD3 complex triggers an increase in intracellular 
free calcium. This calcium binds and activates calmodulin, which then binds and activates 
the phosphatase calcineurin. Once calcineurin dephosphorylates the cytoplasmic subunit 
of the nuclear factor of activated T cells (NFATc), NFATc is able to move into the nucleus. 
Here, it combines with the nuclear subunit NFATn to form an active transcription factor that 
binds and promotes the transcription of a group of proinflammatory cytokine and receptor 
genes, including those for interleukin (IL)-2, IL-4, interferon (IFN)-γ, tumor necrosis factor 
(TNF)-α, and IL-2R [1,8].

Pimecrolimus and tacrolimus are both prodrugs; when they are absorbed by the skin or 
systemically bind to an intracellular receptor protein called FK506-binding protein, or 
tacrolimus-binding protein, a complex forms, which then allosterically binds and inhibits 
calcineurin. This complex blocks further downstream dephosphorylation of NFATc and sub-
sequently blocks the transcription of proinflammatory cytokines and further activation of 
T cells [1,8]. It is believed that these drugs are successful in treating inflammatory skin dis-
ease principally by suppressing IL-2 production and IL-2R expression [1]. In a study of biop-
sied psoriatic lesions treated successfully with 0.3% tacrolimus gel, a significant reduction 
of IL-2R–positive (CD25) and CD4+ T cells in the epidermis and dermis was observed [10].

Sirolimus, another macrolide antibiotic, is in development as a topical immunosuppressive. 
It acts on intracellular proteins through a mechanism very similar to tacrolimus. Sirolimus, 
also called rapamycin, binds to the cytosolic protein FKBP12, but unlike the tacrolimus–
FKBP12 complex that inhibits calcineurin, the sirolimus–FKBP12 complex inhibits the 
mammalian target of rapamycin (mTOR) pathway by directly binding the mTOR complex. 
In one preliminary double-blind study, 24 patients with chronic plaque psoriasis applied 
2.2% topical sirolimus for six weeks followed by 8% sirolimus for additional six weeks to their 
plaques. A significant reduction in the mean clinical score, as well as CD4+ and proliferating 
cells in the epidermis was observed [11].

CLINICAL FINDINGS
Tacrolimus and pimecrolimus seem to be most effective in treatment of psoriasis in thin-
skinned areas of the body. Since 2003, quite a few studies have supported the mounting evi-
dence that 0.1% tacrolimus ointment is an effective and desirable treatment for recalcitrant 
psoriasis plaques of the face, genitals, and intertriginous areas of the body [12–17].

In one double-blind, multicenter study of 57 patients with moderate to severe inverse psoria-
sis, treatment with 1% pimecrolimus cream was revealed to be an effective and well-tolerated 
treatment. After eight weeks of twice-daily treatment, 82% of patients reported complete or 
good disease control compared with 41% receiving vehicle [18]. In a subsequent open-label 
study of 1% pimecrolimus cream with similar treatment parameters in 20 patients with facial 
psoriasis, 74.3% of patients improved in total symptom score. Two of the 20 patients reported 
transient warm sensations in their facial lesions; no additional drug-related adverse events 
were reported [19].
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In another double-blind, parallel study, 50 patients were instructed to apply topical calcitriol 
(3 μg/g) or tacrolimus (0.3 mg/g) twice daily to their facial or genitofemoral psoriatic lesions 
for six weeks. Although both treatments were well tolerated, tacrolimus was demonstrated 
to provide a more advantageous clinical outcome than calcitriol by analysis of both target 
lesion score (67% vs. 51%) and the Physician’s Global Assessment (PGA) score (60% vs. 33%). 
In  addition, calcitriol was observed to cause perilesional erythema in significantly more 
patients than tacrolimus (55% vs. 16%) [20].

Corticosteroid use is associated with skin atrophy, striae, telangiectasia, and tachyphy-
laxis [21]. Tacrolimus and pimecrolimus may serve as an appropriate alternative to topical 
glucocorticoid treatment for psoriasis in areas especially prone to adverse steroid effects 
because calcineurin is not used in collagen synthesis [21]. In one clinical study of healthy 
volunteers, tacrolimus ointment was shown to have no effect on collagen synthesis in a seven-
day application on buttock skin. In contrast, the same treatment with the glucocorticoid 
betamethasone valerate potently blocked collagen synthesis [21].

Although topical calcineurin inhibitors are quite effective in the thin skin of the face and 
intertriginous areas of the body, the hyperkeratotic lesions found in patients with plaque 
psoriasis have been less responsive to treatment. Literature suggests that more penetrative 
formulations of both pimecrolimus and tacrolimus could improve efficacy in treatment of 
plaque psoriasis.

Various formulations and methods of application of topical calcineurin inhibitors are 
currently in trials and development. One pilot study shows that nonocclusive application of 
tacrolimus ointment is not effective in treatment of plaque psoriasis [22]. However, occlu-
sive application conditions are associated with effectiveness of topical pimecrolimus and 
tacrolimus treatment in psoriasis. When applied under occlusion to descaled plaques, 0.3% 
tacrolimus ointment was successful in decreasing both plaque erythema and induration [23]. 
In a study of pimecrolimus, both 0.3% and 1.0% cream concentrations were able to decrease 
erythema and induration scores by 82% and 63%, respectively, in a microplaque assay of 
psoriasis. According to Mrowietz et al. [24], 1% pimecrolimus is similar in efficacy to topical 
calcipotriol or clobetasol under these conditions.

In another study, 30 subjects with plaque psoriasis were treated for 12 weeks with 0.1% 
tacrolimus ointment in combination with 6% salicylic acid gel; the gel served as a penetration 
enhancer. With results based on the PGA score, 46% of patients achieved statistically signifi-
cant clearing (score 0–2) of their plaque psoriasis by the end of the study [25].

Higher concentration formulations of tacrolimus have also been tested in psoriasis. Tacrolimus 
gel (0.3%) and tacrolimus cream (0.5%) were compared with calcipotriol ointment twice daily 
for 12 weeks in an open-label, observer-blinded study. All three preparations were comparably 
effective, but application site reactions were more common in the tacrolimus-treated sites [26].

Palmar and plantar psoriasis plaques are especially resistant to topical treatment. In a 2006 
pilot study completed by Rivard et al. [27], 0.1% tacrolimus ointment was applied alone or 
in combination with 30 medium-dose long-wavelength ultraviolet A (UVA1) (50 J/cm2) 
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treatments to the palmar or plantar plaques of five psoriasis patients. No appreciable changes 
were observed in palmar or plantar psoriasis plaque induration or scaling [27]. Another 
study did examine the benefits of tacrolimus ointment for pustular psoriasis of the palms 
and soles [28].

Although oral involvement of plaque psoriasis is rare, it has been successfully treated with 
topical tacrolimus in certain cases. In two individual cases, patients were observed to have 
lip and mouth psoriatic lesions in addition to widespread plaque psoriasis of the face, trunk, 
and extremities. After biopsies confirmed that the lip and mouth lesions were in fact psoria-
sis, both patients applied 0.1% tacrolimus ointment to the affected oral lesion. In both cases, 
marked clearing was observed within two weeks [29]. Combination therapy with topical 
tacrolimus, calcipotriol, and betamethasone dipropionate has been used to successfully treat 
psoriasis of the lips [30]. Tacrolimus ointment has also been used successfully in combination 
with calcipotriol ointment [31].

There have been a few observed cases of pustular psoriasis treated successfully with topical 
tacrolimus. In one case, a patient with generalized pustular psoriasis (GPP) applied 10 g/day 
of 0.1% tacrolimus to the entire body for a week after unsuccessful treatment with 5 μg/g 
calcipotriol. Plasma levels of tacrolimus were detected, indicating systemic absorption [32]. 
In another reported case, treatment with 0.1% tacrolimus ointment was initiated for a patient 
being treated with 3 mg/kg oral cyclosporine for GPP. Pustular lesions were cleared by day 
50, and plasma levels of tacrolimus were undetectable [33]. In both cases, significant clearing 
of the pustular psoriasis lesions was observed. It appears that in both cases the topical tacro-
limus treatment was effective due to better drug penetration; less hyperkeratosis and greater 
inflammation that compromise the skin barrier are characteristic of GPP.

ADVERSE EVENTS
The most common reported adverse events associated with topical tacrolimus and pimecro-
limus is a mild to moderate warm or burning sensation or pruritus at the site of applica-
tion. However, this usually decreases after the first few days of treatment [34]. The burning 
sensation and pruritus observed after topical application of calcineurin inhibitors have been 
attributed to their release of neuropeptides, such as substance P. The neuropeptides bind to 
mast cells and cause mast cell degranulation; it is thought that released histamine and trypt-
ase bind to their receptors on sensory nerve fibers, causing pruritus and burning [35,36]. 
Such mild, associated treatment effects compared with other topical options, such as cortico-
steroids, suggest that topical calcineurin inhibitors are an optimal treatment for psoriasis of 
body areas where atrophy is of concern.

A more serious concern about topical calcineurin inhibitors was raised by the U.S. Food 
and Drug Administration (FDA) at a hearing conducted on February 15, 2005. A Pediatric 
Committee proposed a “black box” warning regarding the risk of lymphoma and skin 
cancer for the package inserts of topical tacrolimus and pimecrolimus due to the lack of 
long-term safety data. However, data presented at the FDA hearings largely supported 
the safety of topical calcineurin inhibitors. In a mouse model, 258 times the maximum 
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human exposure of pimecrolimus had to be administered orally before lymphoma was 
detected [37]. In mouse models where pimecrolimus and tacrolimus were dissolved in an 
ethanol vehicle that increased skin penetration, it took 26 times the maximum human dose 
of tacrolimus and 47 times the maximum human dose of pimecrolimus before lymphomas 
were detected [38]. Immune-related lymphoproliferative disease was observed in a mon-
key model in which >35 times the maximum human exposure of oral pimecrolimus was 
administered [37]. However, Niwa et al. [38] demonstrated that in the presence of tacro-
limus, dimethylbenzanthracene, and 12-o-tetradecanoylphorbol-13-acetate (TPA), there 
was a marked increase in skin tumor formation in mice. Tran et al. [39], however, dem-
onstrated that topical calcineurin inhibitors filter ultraviolet B (UVB) and decrease UVB-
induced thymine dimers in mice. In a large epidemiologic study, Naylor et al. [40] failed to 
demonstrate an increase in skin cancers in patients using tacrolimus ointment. Arellano 
et al. [41] found no increase in lymphomas in patients using topical calcineurin inhibitors. 
The  safety of tacrolimus ointment has been reviewed in 8000 patients by Koo et  al. [42] 
and for up to four years by Hanifin et al. [43]. The safety of pimecrolimus has been studied 
in 1133 infants for up to two years [44]. The frequency of malignancy in pivotal trials of 
pimecrolimus and tacrolimus was not increased in patients treated with active drug com-
pared with those treated with placebo [37]. Importantly, topical tacrolimus is absorbed 10 
times less than topical corticosteroids, and topical pimecrolimus is absorbed 70–100 times 
less than topical corticosteroids [45].

Despite the black box warning, the preponderance of evidence strongly suggests no increased 
risk of malignancy in patients treated with topical calcineurin inhibitors. Because cutaneous 
T-cell lymphoma (CTCL) is often misdiagnosed as eczema, many cases of CTCL attributed 
to topical calcineurin inhibitors most likely were misdiagnosed as eczema and incorrectly 
treated with calcineurin inhibitors. It is of concern that since the addition of the black box 
warning, physicians and patients have been reluctant to prescribe topical calcineurin inhibi-
tors even though they are safer than treatment with chronic topical corticosteroids, systemic 
corticosteroids, or phototherapy. Nevertheless, for mild to moderate psoriasis, topical cal-
cineurin inhibitors offer a valuable off-label treatment option, particularly for the face and 
intertriginous sites.
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Chapter 9
Coal Tar, Anthralin, Salicylic Acid, and Lactic Acid

Sarah Fitzmaurice and John Y. M. Koo

INTRODUCTION
Topical agents for the treatment of psoriasis are indicated regardless of the body surface 
affected, but they are the mainstay of therapy for patients whose affected area is <10% of their 
body surface area. Among the traditional options of topical therapies for mild to moderate 
psoriasis are coal tar, anthralin, salicylic acid, and lactic acid. All four topical therapies have 
been used for many years and are proven safe and effective. However, newer topical agents 
such as calcipotriol and tazarotene, and the ever-present topical steroids, have reduced the 
use of these older agents. This chapter gives an overview of the use of coal tar, anthralin, 
salicylic acid, and lactic acid in the treatment of mild to moderate psoriasis.

COAL TAR
There are several types of tar used to treat skin conditions: wood tar, shale tar, and coal tar. 
Coal tar is the liquid byproduct of the distillation of bituminous coal and has a pungent 
smell [1]. Use of coal tar for skin conditions has been ongoing for millennia. Present-day 
preparations closely resemble the coal tar that Dioscorides described and called “Asphalt” 
almost 2000 years ago [2]. Mechanism of action is still unknown in part due to >10,000 
ingredients contained in coal tar. However, its antipruritic, anti-inflammatory, and anti-
psoriatic effects have been clinically  evident for a very long time [3]. Coal tar’s low cost, 
efficacy, and safety profile have made it one of the mainstays of mild to moderate psoria-
sis therapy during the decades preceding and following World War II. Coal tar is avail-
able in several preparations, including ointment, cream, lotion, shampoo, gel, solutions, 
and soaps. These products are available in multiple concentrations. Crude coal tar is often 
available in three concentrations—2%, 5%, and 10%—and is mainly used in Goeckerman 
therapy. Goeckerman therapy is named after the man who first used this treatment regi-
men for psoriasis in 1925 [4]. Goeckerman therapy involves the application of crude coal 
tar to the entire body, including unaffected areas, for several hours a day along with ultra-
violet B (UVB) phototherapy. This treatment was previously an inpatient-only treatment 
due to the use of “black” tar, as opposed to the more elegant but less effective “gold” tar 
such as liquor carbonis detergens (LCD). The modern modified version involves a more 
convenient Monday through Friday outpatient regimen conducted in psoriasis “day treat-
ment centers.”

LCD, an alcohol extract of crude coal tar, is one of the most widely used refined preparations 
of coal tar that is more cosmetically acceptable and available in a solution form. The solution 
vehicle makes it ideal for its primary use in scalp psoriasis, but it is not as effective as black 
coal tar. LCD can also be compounded by specialty pharmacies in an Aquaphor base that is 



86    Mild to Moderate Psoriasis

suitable for use on body lesions. Most preparations of topical tar are designed for once-daily 
application at night, but they may be used more often if the patient is willing.

Coal tar efficacy has been investigated in several trials. Goeckerman therapy efficacy was 
investigated in an open-label study by Lee and Koo [5]. This study examined 25 consecu-
tive Goeckerman patients admitted to the University of California–San Francisco (UCSF) 
Psoriasis Treatment Center and showed that 100% of the patients reached Psoriasis Area 
Severity Index (PASI) score 75 by 12 weeks of treatment and 95% by eight weeks of treat-
ment (Figures 9.1 and 9.2) [5]. This efficacy is remarkable considering that during 2003–2004 
when this study was conducted, only the most recalcitrant psoriasis patients were referred to 
Goeckerman therapy. Most of these patients had failed many other treatment options such 
as etanercept, alefacept, efaluzimab, methotrexate, acitretin, outpatient phototherapy and of 
course, topical therapy. In fact, Goeckerman therapy is the only treatmentthat can reliably-
clear patients who have failed multiple biologics, which has been reported by studies at both 
the University of California San Francisco and the Mayo Clinic [6,7].

Another study by Menter and Cram [8] evaluated the efficacy and remission time after 
Goeckerman treatment. In this study, 300 patients treated with the Goeckerman regimen 
were followed for one or more years. Average time to reach 90% clearing of the skin was 
18 treatment days. Ninety percent of the patients remained clear for a minimum of eight 
months, and 73% were clear for one year or longer. It should be noted that this two-center 
(Dallas, Texas, and San Francisco, California) study was carried out in the early 1980s before 
the advent of health maintenance organizations (HMOs) and managed care, a time when 
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FIGURE 9.1 (See color insert.)  PASI scores of 25 consecutive Goeckerman patients treated at the 
UCSF Psoriasis Treatment Center. (From Lee E and Koo J, J Dermatol Treat 16, 102–107, 2005.)
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patients with generalized psoriasis had ready access to Goeckerman therapy. In  today’s 
practice almost two decades later, Goeckerman therapy is primarily being used by psoriasis 
patients who have failed multiple other treatment methods that require less commitment 
in time and energy. The remission time seen today can be as good as was documented by 
Menter and Cram [8], but primarily in those with naïve generalized psoriasis who have good 
insurance and gain access to Goeckerman therapy. The remission time of the more typical 
recalcitrant psoriasis patients referred for Goeckerman therapy today is generally shorter 
but still observed by us to be better than outpatient phototherapy and most biologics.

Notably, long remission times have been seen in the pediatric population treated with 
Goeckerman therapy. Currently, there is no systemic therapy approved by the U.S. Food 
and Drug Administration for pediatric psoriasis. The Mayo Clinic published results on a 
21-year retrospective review of psoriasis patients from three months to 18 years who received 
Goeckerman treatment for a mean of 20 days in either the inpatient or outpatient day hospi-
tal setting. More than 90% of the patients were treated with 2% crude coal tar in petrolatum. 
The remaining patients were treated with 5% crude coal tar in petrolatum, 3% ichthyol, and 
3% and 5% Zetar in Qualatum. For scalp treatment, different mixtures of LCD, salicylic acid, 
sulfur, topical steroids, and short-contact anthralin were used. Eighty-five percent of patients 
had ≥80% clearance of their psoriasis lesions and only 5% had <50% improvement. Median 
follow-up of 2.6 years was available for 91% of the patients treated. Of these patients, 83.3% 
had no relapse at one year. The only adverse side effect documented was folliculitis. They con-
cluded that Goeckerman treatment is an effective therapy with minimal adverse effects and 
lasting remission in children with psoriasis [9].

Interestingly, there was some controversy about the effectiveness of coal tar in the mid-1980s. 
A study by Stern et  al. [10] concluded that coal tar did not provide any added benefit to 
outpatient UVB phototherapy. This study compared 22 outpatients who applied tar oil to 
one side of their body and an oil vehicle to the other side of their body twice daily. They 
also received outpatient suberythemogenic doses of UVB phototherapy three times per week. 
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This study found no significant difference between the tar oil half and the oil vehicle half of 
the body. There was only a 9% reduction in the average UVB dose required for clearing on 
the body half treated with tar oil. However, it should be noted that both the tar oil and oil 
vehicle were applied just before phototherapy. Tar has been shown to block UVB, and this 
block most likely was the reason for lack of benefit of tar with suberythemogenic doses of 
UVB witnessed in this study. A study by Lebwohl et al. [11] confirmed tar’s ability to block 
UVB light. For this reason, in patients treated with black tar (as opposed to brown tar or 
LCD) in Goeckerman therapy, UVB phototherapy is always given before the application of 
black tar. Since this study by Stern et al. [10] is a controversial publication, there have been 
many subsequent studies to validate the usefulness of coal tar with UVB. A study by Lowe 
et al. [12] indicated that tar is a beneficial addition to suberythemogenic doses of UVB. In 
this study tar was not applied before phototherapy. More rapid improvement was seen in the 
group treated with topical tar and suberythemogenic UVB than in the group treated with 
oil base and suberythemogenic UVB. This combination of topical tar and UVB effectively 
reduced the exposure to UVB. In general, for the ordinary psoriasis patient, erythemogenic 
UVB is as effective with or without tar. However, suberythemogenic UVB shows enhanced 
effectiveness with the addition of refined tar products such as LCD. Nevertheless, from our 
experience, for the rare patient with extraordinarily resistant psoriasis, Goeckerman therapy 
(black tar plus UVB) is much more effective than outpatient erythemogenic UVB alone. In 
our experience, the patient who has not cleared with maximal and optimal outpatient UVB 
with erythemogenic doses clears while on Goeckerman therapy.

It is widely accepted that regulatory T cells (Treg) are specialized T cells that fine-tune and 
abate the immune response. Psoriasis is recognized to be a T-cell-driven pathologic pro-
cess with a predominance of CD8+ cells. Tregs can restrict CD8+ cells, thus theoretically 
diminishing the immune response in psoriasis. Kandelkova et al. demonstrated in a group 
of 27 psoriasis patients that the number of Treg cells in peripheral blood was higher after an 
average 15 days of Goeckerman treatment compared with pretreatment levels (p = .0042). 
They compared this group of psoriasis patients post-Goeckerman to healthy blood donors 
(no Goeckerman treatment) and found the Treg cells in psoriasis patients to be significantly 
higher (p = .0019). Mean pretreatment PASI scores of 17.5 ± 6.5 significantly decreased to 
8.4 ± 4.6 post-Goeckerman treatment (p < .0001). This group concluded that these results 
support amelioration of a pathologic immune response in psoriasis via increased numbers of 
Treg cells subsequent to Goeckerman treatment [13].

On a similar note, a study conducted in the Czech Republic quantified the serum levels of 
interleukin (IL)-12 in patients pre- and post-Goeckerman therapy to assess alteration of 
blood levels associated with therapy. IL-12 is thought to be a proinflammatory cytokine 
that signals T-helper 1 (Th1) cell development. They compared the serum levels of IL-12 in 
55  psoriasis patients to 47 healthy blood donors. This study by Borska et al. [14] reported 
statistically significant higher serum levels of IL-12 in psoriasis patients pre-Goeckerman 
therapy compared with controls. Post-Goeckerman therapy, there was a decrease in serum 
IL-12. They concluded from these results that Goeckerman had an immunosuppressive and 
anti-inflammatory effect. They also suggested that the study supported the belief that IL-12 



Coal Tar, Anthralin, Salicylic Acid, and Lactic Acid    89

is a proinflammatory mediator involved in the pathogenesis of psoriasis based on their find-
ing of elevated IL-12 levels in psoriasis patients.

Coal tar is a safe agent to use in mild to moderate psoriasis, but it does have some obvious 
disadvantages and side effects that include staining of clothes and furniture, messy 
application, unpleasant odor, contact sensitivity, burning sensation, photosensitivity 
(although therapeutic in a controlled treatment setting), and tar folliculitis [2]. Generally, the 
higher the concentration, the more it is likely to cause skin irritation. Despite many decades 
of use, there seem to be no systemic side effects of topical application of coal tar. In addition, 
the risk of skin cancer seems to be either very small or not demonstrably different from that 
of the general population. A 25-year follow-up study conducted by Muller and Perry [15] in 
the 1980s found no difference in cancer rates between those treated with coal tar at the Mayo 
Clinic and that of the general population. More recent safety data on coal tar use comes 
from a large 2010 cohort study done in the Netherlands on 4315 psoriasis patients. Fifty-two 
percent of the psoriasis patients that met inclusion criteria of the study were treated with 
LCD, 19% with pix lithantracis (with and without LCD), and 29% had no tar treatment. The 
median duration of follow-up was 21 years. Multivariate proportional hazards regression 
analyses demonstrated no increased risk of skin cancer or nonskin cancer, including hema-
tologic, breast, lung, gastrointestinal, bladder/urinary tract, and prostate or female genital 
organ malignancies [16].

A lawsuit in 2000 claiming that tar products are carcinogenic has made tar products hard to 
find in California. In response to this lawsuit, the FDA reviewed all available data and con-
cluded that the therapeutic use of coal tar in concentrations and formulations used in over-
the-counter drug products does not pose a risk of carcinogenicity. Despite this FDA ruling, 
in January 2002, California ruled that over-the-counter coal tar products that contain >0.5% 
coal tar are required to be labeled with cancer warnings. Due to this requirement, many com-
panies have chosen to either change the active ingredient in their products sold in California 
or simply discontinue sale of their tar products in California [17,18]. Although coal tar can 
be inconvenient and messy, its demonstrated efficacy, low cost, and relatively safe side effect 
profile compared with other topicals and oral medications make it a reasonable option for 
long-term maintenance and treatment of mild to moderate psoriasis.

ANTHRALIN
Another option for treatment of mild to moderate psoriasis is anthralin, also known as 
dithranol, the most commonly used form of anthralin (Figure 9.3). This agent was initially 
used mistakenly as a folk remedy for fungal infections such as mycoses of the skin when it 
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FIGURE 9.3  Structure of anthralin.
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was discovered to have therapeutic effects for psoriasis in 1877. It is an antipsoriatic medica-
tion derived from a tree extract known as Goa powder. All aspects of this agent’s mecha-
nism of action are undefined; however, it has been shown to promote keratinocyte apoptosis, 
decrease cell respiration, and inhibit inflammation [19]. More recent evidence shows that 
anthralin accumulates in the mitochondria of cells, disrupting mitochondrial structure and 
function. It is in the mitochondria that the agent is oxidized, forming free radicals that can 
then interfere with cell metabolism. Subsequent DNA replication is impeded, thus slowing 
the excessive cell replication seen in psoriatic plaques. McGill et al. [20], in their 2005 study 
on the mechanism of anthralin’s therapeutic effect in psoriasis, discovered that anthralin 
induces keratinocyte apoptosis through a novel mitochondrial pathway dependent on oxida-
tive respiration that involves electron transfer within the ubiquinone pool. A second pro-
posed mechanism of action is anthralin’s effect on decreasing cGMP, a cyclic nucleotide that 
has been shown to be elevated in psoriatic lesions.

Anthralin is commercially available in the United States in cream, ointment, and paste forms, 
and in multiple concentrations from 0.05% to 1%. Anthralin can also be compounded by spe-
cialty pharmacies up to a concentration of 10%. Some commonly used brand names in the 
United States include Psoriatec, Micanol, Drithocreme, Drithocreme HP, and Dritho-scalp 
[21–23]. Psoriatec is a newer form of anthralin developed in an attempt to decrease the stain-
ing and inflammation associated with anthralin. Psoriatec is a 1% formulation of anthralin 
in a temperature-sensitive vehicle that is deliberately designed to release anthralin only at 
skin temperatures. The risk of staining furniture and fabrics is thought to be decreased sec-
ondary to this temperature-sensitive activation [24]. Micanol is another 1% formulation of 
anthralin, distinct in that it contains lipid-stabilized dithranol within a cream base. This 
lipid-entrapped dithranol yields an equally efficacious agent with markedly less burning and 
skin irritation [22].

There are several anthralin treatment regimens used for the management of plaque psoria-
sis both in the day-care and outpatient settings. The day-care setting involves supervised 
treatment of psoriasis on a daily basis at a clinical center equipped for this type of therapy. 
The Ingram method is designed for day-care/inpatient therapy and involves application of 
anthralin to the affected area, followed by covering of the area with talcum powder and then 
gauze or a stockinette. The anthralin is then wiped off after some time, followed by a tar bath, 
and finally the patient undergoes ultraviolet light therapy [25]. The day-care regimen is time-
consuming and reserved for those patients with plaque psoriasis unresponsive to alternative 
treatment regimens.

Anthralin can also be used in a more convenient outpatient setting via two major treatment 
regimens—short-contact anthralin therapy (SCAT) or conventional therapy (i.e., overnight 
therapy). Although no optimal outpatient treatment regimen has been established, the 
“need for quick results in no time” mentality of Americans has led to increased popularity of 
SCAT. SCAT treatment involves the application of anthralin 0.1%–1% cream/ointment daily 
to skin or scalp that remains on the affected area for 10–30 minutes, followed by removal via 
bathing or shampooing [17]. A study by Runne and Kunze [26] proved the safety and efficacy 
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of this therapy. Their study indicated that application of higher concentrations of anthralin 
(1%, 2%, and 3%) using SCAT for 10–20 minutes at a time is more effective than a longer 
exposure of three hours at a lower concentration (0.1%, 0.25%, 0.5%, 1%, and 2%). SCAT 
(10–20 minutes) reduced psoriasis clearing time by 6.8 days compared with longer exposure 
(3 hours). As opposed to SCAT, conventional therapy or overnight therapy entails anthralin 
application once (sometimes twice) a day to dry skin or scalp (usually at night), followed by 
allowing the anthralin to remain on the affected area overnight, and then removal by bath-
ing or shampooing the next morning [21–23].

The efficacy of anthralin has been investigated in several trials. A retrospective study by 
Yamamoto et al. [27] examined 70 patients treated with 0.1%–2% anthralin and showed a 
mean improvement in PASI of 15.9 after three months of treatment. Another study compared 
SCAT with the Ingram regimen (inpatient regimen). The Ingram regimen showed a faster 
rate of improvement than the short-contact method, but it also had more irritation [28]. 
In general, we concluded that anthralin is most useful for thinning plaques and is associated 
with a remission time of 3.9–6 months [29]. Since the advent of calcipotriol ointment (a vita-
min D analog), there have been some studies done comparing both this agent and anthralin 
in the treatment of psoriasis. A multicenter, randomized-controlled trial in the Netherlands 
was performed by van der Kerkhof et al. [30] to determine which agent was more efficacious. 
In this study, 106 patients with chronic plaque psoriasis were treated at the day-care cen-
ter for 12 weeks as follows: 54 receiving calcipotriol ointment twice daily and 52 receiving 
dithranol cream once daily. This study concluded that dithranol was more efficacious com-
pared with calcipotriol when used in a day-care setting. The mean percentage reduction 
in PASI by the end of treatment was 57.0% in the calcipotriol group versus 63.6% in the 
dithranol group. Approximately 15% of the patients treated with calcipotriol ointment and 
25% of those treated with dithranol cream required no further treatment. Using the study 
subjects from the aforementioned study, de Korte et al. [31] analyzed data to assess quality-
of-life parameters. Based on known dermatologic quality-of-life measurements (Skindex-29, 
Medical Outcomes Study, and Short Form General Health Survey-36), both the calcipotriol 
and the anthralin groups showed a statistically significant improvement in quality of life on 
all three scales. There was no statistically significant difference between the two treatment 
modalities. Anthralin’s efficacy in adults is well studied; however, less is known about its role 
in pediatric patients. A single case report by Schubert et al. [32] showed efficacy of anthra-
lin in a three-month-old infant diagnosed with exanthematous infantile psoriasis. Because 
many of the commonly used agents are not FDA approved in childhood psoriasis, anthralin 
may be a safer choice.

One of the most important disadvantages associated with anthralin is purple- to brown-
yellow-colored staining of the skin and other objects (e.g., clothing, furniture) as well as 
skin irritation. Irritation typically improves after several days even with the same anthralin 
concentration [19]. There have been many interventions proposed to decrease skin irritation. 
Careful application to only the affected areas is important, because surrounding normal skin 
may become more easily irritated by anthralin contact. A study done by Schulze et al. [33] 
showed that patients receiving combination therapy with 5% tar and anthralin had reduced 
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rates of irritation than patients receiving only anthralin therapy. A combination of anthralin 
use with the addition of corticosteroids to uninvolved perilesional skin is also commonly 
used. This method is most efficacious for alleviating the more severe erythema and inflam-
mation of normal skin. In addition, application of zinc oxide paste perilesionally has been 
found to reduce the risk of irritation to uninvolved skin. Staining and inflammation can 
both be reduced with triethanolamine, a neutralizing agent. CuraStain®, a brand name for 
triethanolamine, is available at most pharmacies. To be most effective, it needs to be placed 
on unaffected skin 1–2 minutes before the anthralin is removed and should then be applied 
again after the area has been towel dried. Other side effects of anthralin include burn-
ing, stinging, and dryness of the skin [34]. There are no systemic or long-term side effects 
reported in humans. Anthralin has been used safely for many years, but staining remains a 
major limitation of this treatment. Newer formulations have tried to address this with some 
success.

SALICYLIC ACID
Salicylic acid is a keratolytic agent that is useful in the treatment of mild to moderate 
psoriasis (Figure 9.4). It is a good adjunct to other topical medications, but it generally is 
not used as monotherapy because it only removes scale. It is available in concentrations 
from 2% to 10% and in different vehicles, including gels, creams, and shampoos. A com-
monly used preparation is Keralyt gel®, a 6% salicylic acid preparation that is readily avail-
able. Salicylic acid reduces scale and therefore enhances penetration of other topical agents 
such as topical steroids. A study by Koo et al. [35] shows that a combination of mometasone 
furoate and salicylic acid ointment is more effective in treating moderate to severe psoriasis 
than mometasone furoate alone. In this study, 408 patients were randomized to either the 
treatment group with mometasone furoate alone or a combination of both mometasone 
furoate and salicylic acid. The topical medications were applied to target lesions twice daily 
for 21  days. The combination therapy of mometasone furoate and salicylic acid was sig-
nificantly more effective than mometasone furoate alone, beginning at day 8. Combination 
therapy improvement continued through the end of the study with a more significant dif-
ference between the two study groups at day 22 than at day 8. Salicylic acid has also been 
used in combination with anthralin with success. However, salicylic acid should not be used 
in combination with calcipotriol (Dovonex®), because calcipotriol is inactivated upon con-
tact with salicylic acid. Salicylic acid also blocks UVB and should not be applied before 
phototherapy.
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FIGURE 9.4  Structure of salicylic acid.
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Although many treatment modalities exist for psoriasis, including topical, systemic, and 
phototherapy, a review by Lebwohl suggests that we revisit the use of salicylic acid and its 
role in combination therapy due to the potential toxicities of the multiple newer treatments 
for psoriasis. The combination of traditional therapies such as salicylic acid and topical cor-
ticosteroids may be a safe and effective alternative when other treatment modalities are too 
toxic or not an option. Lebwohl reported a study by Krochmal et al. [36] in which salicylic 
acid increased the penetration of hydrocortisone approximately threefold and that of desox-
imetasone, triamcinolone-acetate, and fluocinonide twofold or more. It was suggested that 
combination salicylic acid and topical corticosteroids could be used as first-line therapy on 
psoriasis plaques that are thick, scaly, or recalcitrant to topical steroids alone. The caveat to 
the use of salicylic acid is that it should be used with caution in patients with >20% body 
surface area involvement [37].

Salicylic acid may cause salicylate toxicity with application to a large body surface area 
(generally >20% body surface area). Early signs of salicylate toxicity such as tinnitus and 
fatigue should be monitored with some vigilance, because symptoms are reversible with dis-
continuation of salicylic acid. Other known symptoms of toxicity include nausea, vomiting, 
epigastric pain, blurred vision, diaphoresis, and hyperventilation. Over the past decade, there 
have been several case reports of acute hypoglycemia in diabetic patients treated with sali-
cylic acid over a large body surface area. At UCSF, there was one case of a diabetic patient 
who became comatose after being treated with salicylic acid over a large body surface area 
[38]. This patient’s laboratory tests showed high serum salicylate levels and low blood glucose 
levels. His comatose state was reversed with intravenous glucose. Due to this rare reported 
side effect in diabetic patients, salicylic acid should be avoided [28]. Alternate keratolytic 
agents such as lactic acid or urea should be considered instead.

LACTIC ACID
Lactic acid is another less common topical keratolytic agent used in the treatment of psoriasis 
(Figure 9.5). Lactic acid is a type of alpha-hydroxy acid mainly used as a second-line kera-
tolytic agent when salicylate toxicity is a concern, such as in diabetic patients. Lactic acid 
is effective and has proven keratolytic properties as evidenced by a study on hairless mice 
that shows that mice treated with lactic acid demonstrate enhanced desquamation of normal 
skin [39]. Lactic acid can also be used on a larger surface area, because risk of salicylism is 
not a concern. In short, lactic acid is a beneficial second-line keratolytic agent when salicylic 
acid is not an option.
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FIGURE 9.5  Structure of lactic acid.
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CONCLUSIONS
The initial approach to most cases of mild to moderate psoriasis is topical therapy. Topical 
agents for psoriasis are usually well tolerated without serious systemic side effects. It is impor-
tant not to forget the tried-and-true inexpensive agents such as coal tar and anthralin or the 
keratolytics such as salicylic acid and lactic acid.
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Chapter 10
Topical Sequential Therapy
Rishu Gupta and John Y. M. Koo

INTRODUCTION
Optimal management of psoriasis, a chronically recurring disease, must include a strategy for 
initial rapid symptomatic relief as well as long-term maintenance therapy. Sequential therapy 
is a therapeutic approach that uses a deliberate sequence of specific therapies to maximize the 
rate of initial improvement and smoothen the transition to long-term maintenance therapy. 
The traditional therapeutic approach to psoriasis has been the initiation of a single treatment 
modality. If the chosen medication does not work effectively, it is discontinued and replaced 
by a new therapy. A natural consequence of this simplistic monotherapy approach is the ten-
dency to evaluate treatments predominantly based on the rate at which they result in initial 
symptomatic relief. Recognizing that psoriasis is a life-long disease for most patients who are 
afflicted with this condition, suitability for long-term maintenance therapy, including long-
term safety, duration of response, and propensity toward tachyphylaxis, should also guide 
treatment choice. The idea of sequential therapy is to optimize these factors by recognizing 
the advantages and disadvantages of each therapeutic option and then creating the most ideal 
pairs. Most psoriasis therapies can be categorized into “rabbits” that are fast acting and very 
effective but have questionable long-term safety profiles, or “turtles” that have a slower onset 
of action and are less effective but safer for long-term use. In sequential therapy, rabbits and 
turtles are paired in specific sequences to maximize both efficacy and safety.

Sequential therapy can provide rapid relief to suffering patients while also providing a strategy 
for safe, long-term control of disease. Sequential therapy is typically accomplished in three 
phases: phase 1, the clearing phase that uses a rapid-acting or quick-fix agent for fast relief; 
phase 2, the transition phase, the most challenging phase in which one attempts carefully, 
patiently, and creatively to have the turtle successfully take over from the rabbit without 
inciting worsening of psoriasis; and phase 3 the maintenance phase, the goal of which is 
long-term control with minimal side effects (Table 10.1). Because the most efficacious clear-
ing phase agent is usually a superpotent topical steroid, there is a risk of rebound of psoriatic 
lesions while transitioning to the safer, less potent maintenance phase agent. The skillful 
combinational use of therapeutic agents and optimal timing of regimen changes during the 
transition phase can significantly reduce this risk.

With all of the therapeutic modalities currently available for psoriasis, the possibilities for 
sequential therapy schemes are endless and include systemic sequential therapy involving 
the newer biologic agents as well as various phototherapy options. This chapter focuses on 
the concept of sequential therapy using topical agents. The most common topical sequen-
tial therapy scheme in practice today is described and used to illustrate the principles that 
guide the clinicians in choosing among existing schemes as well as creating new schemes. 
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The concept of sequential therapy using systemic or phototherapy modalities are addressed 
in other publications.

TOPICAL SEQUENTIAL THERAPY: CALCIPOTRIENE 
AND HALOBETASOL PROPIONATE
The most commonly practiced topical sequential therapy scheme for psoriasis in the United 
States involves halobetasol propionate (Ultravate®, Bristol-Myers Squibb) ointment, a superpo-
tent topical corticosteroid, and calcipotriene (Dovonex®, Warner Chilcott) ointment, a vitamin 
D analog (Table 10.2). The sequence starts with halobetasol propionate once daily in the morn-
ing and calcipotriene once daily at bedtime for approximately one month (phase 1, clearing 
phase); then calcipotriene twice daily on weekdays and halobetasol propionate twice daily on 
weekends for one month or longer (phase 2, transition phase); and finally, calcipotriene twice 
daily until psoriasis completely resolves, at which time therapy can be tapered off (phase 3, 
maintenance phase). This particular scheme has been chosen to illustrate the idea of topi-
cal sequential therapy because it is the only scheme in which the merit of each step has been 
validated by double-blind, randomized clinical trials directly comparing the various options.

Calcipotriene has been shown through well-controlled studies to be a safe and effective treat-
ment for psoriasis [1–5]. For example, in a double-blind, multicenter study, calcipotriene 
ointment was found to be superior to fluocinonide (Lidex®, Medicis) ointment, both in rate of 
improvement and degree of efficacy [6]. However, many dermatologists in the United States 
may question the effectiveness of calcipotriene after experiencing somewhat disappointing 
results with the medication when it was first introduced. This less-than-expected “real-life” 
efficacy of calcipotriene may stem from a few issues. First, it was not realized until years after 
introduction that the efficacy of calcipotriene is essentially halved, and it has an even slower 
onset of action when it is used only once daily instead of twice daily [7]. Unfortunately, most 
patients were using calcipotriene once daily at bedtime, because it was initially only available 
in an ointment formulation, a formulation that is less conducive to morning application. 
Interestingly, the efficacy of once-daily calcipotriene use approaches that of twice-daily use 
if it is continued for eight weeks. However, most patients (and their physicians) were dis-
appointed by the slow onset of action, especially with once-daily use, and concluded that 
calcipotriene was not a useful medication long before eight weeks had passed. Second, a ran-
dom string of calcipotriene nonresponders may have biased some dermatologists’ clinical 
impression of this medication. Third, calcipotriene could have caused disappointment when 
used abruptly in a double-blind, multicenter study replace a superpotent topical steroid only 
to result in rebound of psoriatic lesions. Finally, the use of calcipotriene as monotherapy is 

TABLE 10.1  Sequential Therapy
Clearing Phase: Ultimate goal is to achieve maximum efficacy and this phase is continued until the 
psoriasis lesions are flat 

Transition Phase: Ultimate goal is to achieve smooth transition between phases and this phase is 
continued until the erythema of lesions have decreased from red to pink

Maintenance Phase: Ultimate goal is to achieve maximum safety and the treatment from this phase 
can be gradually tapered off
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associated with a 2%–3% incidence of significant lesional and perilesional irritation, a side 
effect that is bothersome enough to patients that they discontinue use [8,9].

The sequential use of calcipotriene and halobetasol propionate as described previously 
provides a solution to many of the aforementioned concerns. Although superpotent topical 
steroids such as halobetasol propionate work very well, the combined use of topical steroids 
and calcipotriene appear to work even better. In fact, the two medications seem to be ideal 
partners. A double-blind, randomized, multicenter study found that, after only 14 days of 
therapy, the use of calcipotriene ointment in the morning and halobetasol propionate oint-
ment in the evening was significantly more effective compared with twice-daily monotherapy 
with either agent and also resulted in a lower incidence of irritation from calcipotriene [10]. 
Additional double-blind, randomized studies have also supported the finding that calcipot-
riene and corticosteroids work synergistically to enhance efficacy and result in fewer side 
effects than treatment with either agent alone [11]. Moreover, the use of halobetasol pro-
pionate at the start of therapy can compensate for calcipotriene’s slow onset of action and 
cover patients who might be slow responders to calcipotriene. Finally, using calcipotriene in 
conjunction with halobetasol propionate may decrease the incidence of skin thinning from 
topical steroid use [12]. Similar results were found using a combination of calcitriol, another 
vitamin D analog, and betamethasone valerate, another topical steroid [13].

The side effect profile of superpotent topical steroids makes them a poor choice for long-
term control of psoriasis. This well-known fact is the rationale for the “weekday–weekend” 
or “pulse” therapy of the transition phase (phase 2). The first regimen of this kind was intro-
duced in the late 1980s in which the patient applies a potent topical steroid daily until flat-
tening of the plaque occurs and then uses the steroid on weekends only [14]. It has since been 
modified to include calcipotriene after Lebwohl et al. [15] found that the addition of calci-
potriene ointment twice daily on weekdays to the use of halobetasol ointment twice daily on 
weekends resulted in nearly twice as many patients achieving a six-month remission and a 
decreased incidence of side effects associated with long-term topical steroid use. The use of 
this type of intermittent pulse dosing during phase 2 allows clinicians to safely extend treat-
ment of psoriasis with superpotent topical steroids. Pulse therapy also minimizes the risk 
of rebound by allowing superpotent topical steroids to be gradually tapered off rather than 
abruptly discontinued once psoriatic plaques have become macular.

During the maintenance phase (phase 3), the twice-daily application of calcipotriene alone 
(phase 3) can be initiated once the lesions have not only flattened but also the degree of 

TABLE 10.2  Example of Topical Sequential Therapy
Phase 1: halobetasol 
propionate q.a.m., 
calcipotriene q.h.s.

Phase 2: pulse therapy, calcipotriene 
b.i.d. on weekdays, halobetasol 
propionate b.i.d. on weekends

Phase 3: calcipotriene b.i.d., then 
taper off

Phase 1: clobetasol foam 
and calcipotriene b.i.d.

Phase 2: pulse therapy, calcipotriene 
b.i.d. on weekdays, clobetasol foam 
and calcipotriene b.i.d. on weekends

Phase 3: calcipotriene b.i.d., then 
taper off

Approximately 1 month Approximately 1 month Until psoriasis resolves completely
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erythema has decreased from red to pink. This calcipotriene dose may be gradually decreased 
to once daily then once every other day, and ultimately, when psoriasis is no longer visible, all 
prescription medications can be discontinued.

Of note, the calcipotriene molecule is relatively unstable and can be inactivated when 
combined with some topical medications, especially if an acidic environment is created [16]. 
In the aforementioned study that demonstrated the superiority of using once-daily calcipot-
riene and halobetasol propionate to twice-daily monotherapy with either agent, the once-
daily calcipotriene and halobetasol propionate ointments were applied separately, morning 
and night, to prevent inactivation of either agent [10]. This is also true of the phase 1 regimen 
presented in Table 10.2. Halobetasol propionate ointment and cream have since been found 
to be among the medications that are compatible with calcipotriene [17]. Therefore, because 
calcipotriene and halobetasol propionate are individually known to have better efficacy when 
applied twice a day compared with once a day, the best theoretical regimen would be to 
use both calcipotriene and halobetasol propionate twice daily. Patel et al. [17] recommend 
mixing the agents in one’s palm just before each application instead of premixing agents, 
because inactivation can begin as soon as 50 hours after mixing. Similarly, calcipotriene can 
be continued on weekends during phase 2 pulse therapy, with halobetasol propionate applied 
in addition to calcipotriene. From common clinical experience, the simultaneous use of the 
two medications appears to work well, although clinical studies are yet to be performed. 
Recommending that patients mix calcipotriene and halobetasol propionate creams for morn-
ing application and the two ointment formulations for nighttime application may increase 
compliance.

OPTIMAL TIMING TO PROCEED DOWN 
SEQUENTIAL THERAPY SCHEME
The issue of timing of each treatment phase can be approached in two ways. The first way 
is to establish approximate time frames for the individual treatment phases based on clini-
cal experience and prior studies. Generally, phase 1 takes three to four weeks, phase 2 takes 
another month, and phase 3 goes on indefinitely or until psoriasis has completely resolved. 
Needless to say, patients’ lesions need to be assessed intermittently to ensure that the major-
ity of lesions are responding appropriately to treatment. If the patients’ lesions are improving 
faster or slower than the predicted time frames, then transitioning between phases must be 
adjusted accordingly. For example, some patients with chronically active lesions may require 
indefinite pulse therapy (phase 2). Fortunately, this weekday–weekend regimen appears to 
be remarkably safe. In our experience, patients do not have any significant skin atrophy with 
this regimen as long as superpotent topical steroids are not applied more than two days per 
week. Adrenal suppression should not be a concern when topical steroids are used only two 
days per week.

The second approach to the issue of timing is more sophisticated but also seems to be more 
effective. Patients are instructed to transition therapy from phase 1 to phase 2 for plaques 
that have flattened and from phase 2 to phase 3 for flattened lesions in which the degree of 
erythema has decreased from red to pink. With this approach, treatment is individualized 
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so that faster responding lesions move quickly along the sequence and thick, recalcitrant 
plaques stay in phase 1 for more time, where induration obviates the concern for skin atrophy.

SEQUENTIAL THERAPY AS A FLEXIBLE 
THERAPEUTIC STRATEGY
The activity of psoriatic lesions is often unpredictable and therapeutic goals range from 
maintenance of long-term remission, control of acute flares, or even a period of treatment 
cessation if the severity of psoriasis decreases. Patients with this chronic disease can certainly 
benefit from individualized treatment plans. The advantage of sequential therapy is that the 
intensity of treatment can be easily adjusted to the level of activity of psoriasis. As their pso-
riasis improves, patients transition to the next phase, or if their psoriasis worsens (e.g., during 
winter), they can regress to an earlier treatment phase. Not only do patients appear to have 
better clinical outcomes with this flexible therapeutic strategy but they also appreciate the 
greater sense of control they feel over a disease that is known to unpredictably fluctuate in 
severity during its chronic course.

SEQUENTIAL THERAPY WITH NEW CLOBETASOL 
PROPIONATE STEROID FORMULATIONS
One of the new, innovative formulations of topical steroids uses a foam vehicle to deliver 
medication. Foam formulation is thermolabile and breaks down on contact with human skin 
and at body temperature. The result is drug delivery with minimal residue, quick absorption, 
and increased convenience of application. Furthermore, several in vitro studies have indi-
cated that the foam formulation is a more efficient vehicle for topical drug delivery compared 
with traditional creams, ointments, and solutions [18–22].

Clobetasol propionate (Olux® foam) is one of the topical steroids now available in a foam 
formulation. Clobetasol propionate foam, like other foam formulations, is quickly absorbed 
and leaves minimal residue, making it ideal for use in combination with other topical 
agents, such as calcipotriene. The foam vehicle is absorbed so quickly that there is no theo-
retical concern for dilution or incompatibility when combined with other therapeutic agents. 
In contrast, the foam vehicle in clobetasol emollient foam (Olux-E® foam) does not rapidly 
evaporate, making it unsuitable for this approach.

The efficacy of clobetasol propionate foam and calcipotriene ointment when used in a topical 
sequential therapy scheme was recently evaluated in a clinical study [23,24]. The first part of 
the study evaluated the twice-daily use of clobetasol propionate foam and calcipotriene oint-
ment as the clearing phase regimen [23]. Eighty-six subjects were randomized to three groups: 
twice-daily monotherapy with clobetasol propionate foam, monotherapy with calcipotriene 
ointment, or combination therapy. Subjects in the combination group were directed to apply 
calcipotriene ointment immediately after the clobetasol propionate foam was absorbed. After 
two weeks of treatment, reductions in psoriasis severity scores for the target lesions were 
significantly greater in the combination therapy group compared with either monotherapy 
group (clobetasol alone, p = .0017 [trunk lesions] and p < .0001 [extremity lesions]; calcipotri-
ene alone, p < .0001 [both trunk and extremity lesions]). With respect to the trunk psoriatic 



102    Mild to Moderate Psoriasis ﻿

lesions, the combination therapy group achieved a 69.3% mean reduction in psoriasis severity 
scores compared with 48.1% with clobetasol propionate foam alone and 36.6% with calci-
potriene ointment alone. A similar pattern was seen with extremity lesions. The results also 
support in vitro data, as described earlier, suggesting that calcipotriene inactivation does not 
occur when it is applied immediately after a topical steroid foam [25].

The second phase involved 38 subjects who achieved at least a 50% reduction in their target 
lesion severity score during part one. Patients were randomized to one of the two groups: 
twice-daily calcipotriene ointment on weekdays plus twice-daily clobetasol propionate foam 
or placebo on weekends. Treatment groups were compared using intent-to-treat analysis. 
After six months of treatment, the combination therapy group showed a consistent trend 
toward longer maintenance of remission compared with the monotherapy group. Although 
the data were not found to be statistically significant, this same trend continued through-
out all study assessments. The data suggested that there may be a positive effect associated 
with using clobetasol propionate foam and calcipotriene ointment in pulse therapy. Given 
the consistency of these trends, it is probable that the results would have been statistically 
significant if a greater number of subjects were enrolled in the study. The afore mentioned 
results strongly suggest that there is an advantage to using foam vehicles for drug delivery 
in combination sequential therapy. Once again, the foam vehicle is absorbed so quickly that 
calcipotriene can be applied soon thereafter without concern for dilution and incompatibility 
with other medications.

Clobetasol propionate 0.05% spray (Clobex spray®, Galderma) was approved by the U.S. 
Food and Drug Administration (FDA) in late 2005. Traditionally, class I steroid clobetasol 
propionate–containing agents have been approved for use up to two weeks in duration. 
However, the new clobetasol spray has been approved for use up to four weeks in duration 
without significant sacrifices in tolerability from the additional two weeks. Overall, results 
from the community-based research assessment (COBRA) trial investigating clobetasol pro-
pionate 0.05% spray twice daily as monotherapy or as an addition to a therapeutic regimen 
(ranging from topical therapy to prebiologics to biologics with inadequate symptom control) 
revealed that it is a well-tolerated, effective, and versatile topical therapy for plaque psoria-
sis [26]. Another new formulation is the clobetasol propionate 0.05% lotion (Clobex lotion®, 
Galderma) that provides the strength of clobetasol cream with the light consistency of a lotion.

Similar to halobetasol propionate, the use of clobetasol propionate can be combined with a 
vitamin D analog, such as calcipotriene, to synergistically improve the efficacy and reduce 
side effects of each agent. However, some topical corticosteroids may lead to degradation of 
the vitamin D analog when they are used together [11]. Therefore, an in vitro study was con-
ducted to assess the stability of clobetasol propionate spray or lotion 0.05% combined with 
calcipotriene ointment 0.005% [27].

In this study, clobetasol propionate spray and lotion, along with halobetasol, a previ-
ously tested corticosteroid, were each mixed in a 1:1 ratio with calcipotriene ointment. 
Halobetasol was used as a positive control to validate the testing method because a previous 
study by Siskin  et  al. [10] had demonstrated the stability of halobetasol and calcipotriene 
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combination. The results, measured by high-performance liquid chromatography (HPLC), 
demonstrated that clobetasol propionate in the spray and lotion formulations retained its 
potency when mixed with calcipotriene. The concentration of calcipotriene was also shown 
to remain stable in both mixtures over time. In the halobetasol–calcipotriene mixtures, 
there was a statistically significant decrease (p = .04) in the concentration of calcipotriene 
ointment when combined with halobetasol propionate cream; however, because of the small 
magnitude of change, Siskin et al. [10] do not believe this decrease to be clinically significant. 
Although there have been no clinical studies conducted, the combination of clobetasol pro-
pionate spray or lotion 0.05% with calcipotriene is likely to be stable with minimal or no loss 
of potency based on this study.

TOPICAL SEQUENTIAL THERAPY POSSIBILITIES 
BEYOND CALCIPOTRIENE
The idea of sequential therapy can also be applied to newer agents that combine a steroid 
and a nonsteroid such as calcipotriol and betamethasone dipropionate (Dovobet®/Daivobet®/
Taclonex® [LEO Pharma A/S, Ballerup, Denmark]). In the clearing phase (step 1), combina-
tion calcipotriol/betamethasone dipropionate can be given once daily for up to eight weeks 
or until the lesions become flat but remain red [28]. In the transitional phase (step 2), patients 
can apply the agent once every other day for approximately one month or longer or until the 
lesions remain flat but become pink instead of red. In the maintenance phase (step 3), once 
the lesions are almost cleared, the patients can use once-daily application on weekends.

The use of a combined topical calcipotriol/betamethasone dipropionate formulation in sequen-
tial strategy combines three key elements of successful topical steroid therapy: (1) efficacy, (2) 
safety, and (3) ease of application and compliance. Studies have revealed that combination 
calcipotriol/betamethasone dipropionate is more effective than each of its components used 
alone and is much more effective then placebo [29]. In one clinical trial, investigators found 
that combination calcipotriol/betamethasone dipropionate once daily had the highest percent 
change in Psoriasis Area Severity Index (PASI) score within four weeks of use (71.3%) com-
pared with betamethasone dipropionate once daily (57.2%) or calcipotriene once daily (46.1%) 
or placebo vehicle (22.7%) [29]. Regarding safety, studies have documented that combination 
calcipotriol/betamethasone dipropionate once daily was shown to be safe and well tolerated 
for up to 52 weeks (“as needed” use between weeks 8–52) [30]. Moreover, compliance is likely 
to be higher with the use of combination calcipotriol/betamethasone dipropionate than two 
separate agents. Typically, potent or superpotent topical corticosteroids require twice-daily 
dosing as it is more effective than once-daily dosing. However, combination calcipotriol/beta-
methasone dipropionate ointment has been shown to be just as effective when dosed once 
daily compared with twice daily [31]. Therefore, not only does combination calcipotriol/beta-
methasone dipropionate bring together two topical agents into one, this agent only needs to 
be applied once a day for maximum efficacy versus the usual twice a day application for many 
topical agents, such as clobetasol, fluocinonide, triamcinolone, desonide, calcipotriene, and 
calcitriol. For all these reasons, sequential therapy can be extremely effective when used with 
combination calcipotriol/betamethasone dipropionate combination agent.
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THE YIN-YANG STRATEGY
The Yin-Yang strategy is a simple, yet effective strategy that alternates the use of clobetasol 
0.05% spray twice daily (Yang) with calcitriol 3 μg/gointment twice daily (Yin) on a monthly 
basis [32]. That is, during the first month, clobetasol spray is used twice daily and during the 
second month calcitriol ointment is used twice daily. This sequence can be rotated as long as 
the patient needs treatment. The advantage of the Yin-Yang strategy is that it uses the most 
efficacious topical therapy (clobetasol) in a spray formulation that is easily applied to large or 
hard to reach areas. During the month of steroid holiday, calcitriol ointment is used to main-
tain the improvement achieved during the month of clobetasol use. Calcitriol has the advan-
tage of being less irritating than other topical vitamin D preparations. Further, twice as much 
can be used without concern for hypercalcemia (up to 200 g/week compared with 100 g/week 
with calcipotriene). The merit of the Yin-Yang strategy is supported by a multi-center, open 
label study, in which 170 patients were treated with clobetasol spray twice daily for 4-weeks 
followed by calcitriol ointment twice daily for 8-weeks. At the end of 4 weeks, 94% of patients 
were “clear” or “almost clear”. At week 8 (4-weeks after stopping clobetasol spray) 92% of 
patients still remained “clear” or “almost clear” [33]. Thus,the abrupt transition from clobeta-
sol spray to calcitriol ointment during the second month of treatment resulted in essentially no 
deterioration in clinical benefit. And, by adhering to the Yin-Yang strategy, after 8 weeks such 
patients would again be ready for another month of treatment with clobetasol spray. Of note, 
in the above study, despite abrupt discontinuation of clobetasol spray, calcitriol ointment twice 
daily was able to maintain improvement for 4 weeks but not for 8 weeks. During the second 
4 week period (from 4 weeks to 8 weeks after discontinuation of clobetasol spray), there was a 
notable deterioration in clinical status of the psoriasis research subjects.

CONCLUSION
The idea of sequential therapy can be applied to the combined use of any topical agents with 
rabbit (quick-fix) characteristics and turtle (safe, long-term) characteristics. For example, 
once-daily tazarotene (Tazorac®) 0.1% gel used in combination with mometasone furoate 
(Elocon®) 0.1% cream was shown in clinical trials to be more efficacious than twice-daily 
treatment with either agent alone [34,35]. These two medications appear to work synergisti-
cally and could possibly be used in a sequential strategy. The more traditional topical agents 
such as tar or anthralin might also be more effective in combination with topical steroids in a 
sequential therapy scheme. Thus, the possibilities with topical sequential therapy in the treat-
ment of psoriasis are limited only by the skill and creativity of the dermatologist.
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Chapter 11
Phototherapy and Laser

Mio Nakamura, Holly A. Kerr, and Iltefat Hamzavi

INTRODUCTION
Phototherapy has long been a mainstay therapy for psoriasis. In the past 5–10 years, there 
have been exciting developments in new light sources for the treatment of psoriasis. These 
newer technologies have increased the efficacy of phototherapy and hopefully will decrease 
the long-term adverse events.

The ultraviolet (UV) spectrum is divided into three spectral regions: UVC, UVB, and UVA. 
UVC (200–290 nm) is rarely present on earth because it is absorbed by the ozone layer. UVB 
(290–320 nm) is a mainstay in the treatment of psoriasis; it is known as the sunburn spec-
trum. UVA (320–400 nm) is divided into UVA1 (340–400 nm) and UVA2 (320–340 nm). 
UVA2, being of shorter wavelength range, has biologic properties that are closer to UVB. 
UVA1 has only recently been evaluated for the treatment of psoriasis. The combination of 
psoralen and UVA (PUVA) is a well-established psoriasis therapy. Pulsed dye laser (PDL) 
and photodynamic therapy (PDT) have been investigated for the treatment of psoriasis, with 
varying results.

Ideal phototherapy for localized psoriasis would be localized treatment, sparing the healthy 
skin from the side effects of UV radiation. There are now a few targeted phototherapy devices 
that deliver UVB, UVA, or both. In addition, an excimer laser light source, delivering 308-nm 
radiation to targeted psoriatic lesions, has been shown to be another effective therapeutic 
modality for psoriasis.

Although phototherapy is generally not used as first-line therapy for the treatment of local-
ized psoriasis, it is a safe and effective second-line therapy, either as a monotherapy or as a 
combination therapy for many patients.

MECHANISM OF ACTION
T cells play a central role in the pathogenesis of psoriasis. The induction of T-cell apoptosis 
is felt to be the main mechanism by which phototherapy is effective in the treatment 
of psoriasis. T-cell apoptosis has been shown with the treatment of broadband UVB 
(BB-UVB) [1], narrowband UVB (NB-UVB) [2], PUVA [3], the 308-nm excimer laser [4], 
and UVA1 [5]. The excimer laser has been shown to be more effective than NB-UVB in 
inducing apoptosis of T cells [6]. Other effects of UV include suppression of DNA synthe-
sis and generation of prostaglandins and cytokines. The cutaneous immunomodulation 
induced by phototherapy is an effective mode of treatment without systemic immunosup-
pression and its associated side effects. With PUVA, an additional mechanism of action 
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is the formation of cross-links between psoralen and the pyrimidine bases in the DNA, 
inhibiting DNA replication.

ULTRAVIOLET B
UVB phototherapy as monotherapy, or in combination with other therapies, is an effective 
treatment for psoriasis. Clearance rates with UVB can be ≥80% in combination with topical 
therapy. The potential to induce remission is also an attractive feature.

BB-UVB has been one of the mainstay therapies in the past for psoriasis. In 1981, Parrish 
and Jaenicke [7] identified that 313 nm is the most effective wavelength for the treatment of 
psoriasis; this identification lead to the development of NB-UVB (a novel fluorescent lamp, 
TL-01, that emits 311–312 nm), the new standard of care. Booth, hand and foot, and comb 
phototherapy machines are available.

Efficacy
Studies have compared BB-UVB to NB-UVB for the treatment of psoriasis, all of which 
demonstrate superiority of NB-UVB [8]. In a randomized, double-blind study comparing 
the efficacy of NB-UVB to PUVA, 88 patients were either treated with twice weekly NB-UVB 
or PUVA therapy, starting at 70% of the minimum phototoxic or erythema dose, with 20% 
dose increases as tolerated until clearance, or up to a maximum of 30 sessions [9]. Skin types 
V and VI had a lower rate of clearance than those with skin types I through IV (24% vs. 75%). 
In skin types I through IV, PUVA was significantly more effective than NB-UVB at achiev-
ing clearance (84% vs. 65%). The median number of treatments to clearance was significantly 
lower in the PUVA group (17.0 vs. 28.5). Six months after therapy, 68% of PUVA-treated 
patients were still in remission versus 35% of NB-UVB-treated patients.

Several other studies have compared the efficacy of NB-UVB with PUVA and have dem-
onstrated similar results [10–13]. In the only randomized, double-blind, placebo-controlled 
study of systemic PUVA, 86% of subjects achieved Psoriasis Area and Severity Index (PASI) 
75 after 12 weeks of three times per week PUVA exposure (vs. 0% in placebo) [14]. One study 
favored NB-UVB over bath PUVA. This randomized controlled trial compared the efficacy 
of NB-UVB and 4,5,8-trimethoxypsoralen (TMP) bath PUVA for chronic plaque psoriasis 
in 28 patients (skin types I–III). Each body half was treated with either NB-UVB or bath 
PUVA. The NB-UVB-treated half achieved clearance a median of 11 days more quickly than 
PUVA [15]. Remission durations did not differ.

In practice, NB-UVB should be considered as the first-line UV-based therapy, especially in 
Caucasians, due to its lower risk for skin cancer. However, in patients with skin type V or VI, 
or in patients with very thick or large psoriatic lesions, PUVA may offer an advantage over 
NB-UVB due to the deeper penetration of UVA radiation.

“Selective” broadband sources are fluorescent lamps (UV6 lamps) with relatively little emis-
sion below 290 mm. The photocarcinogenesis action spectrum predicts that NB-UVB is 
1.5 times more carcinogenic than selective BB-UVB [16]. One hundred patients with psoria-
sis were treated with either selective BB-UVB or NB-UVB in a randomized, observer-blinded 
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study. The mean number of treatments for clearance was 28.4 for NB-UVB and 30.4 for 
selective BB-UVB, with a statistically significant difference. There were no significant differ-
ences in the proportion of patients achieving clearance. The side effect profiles were similar. 
These two lamps appear to have similar efficacy; however, the NB-UVB may be more carci-
nogenic and selective BB-UVB may be a safer option for the treatment of psoriasis. Further 
studies are needed in this area.

Combination Therapy
NB-UVB in combination with anthralin [17] or topical tazarotene [18] has been shown 
to be more effective than monotherapy. Topical tazarotene applied three times per week 
significantly enhances the efficacy of BB-UVB compared with BB-UVB monotherapy. 
Furthermore, patients receiving combination therapy had much lower cumulative expo-
sure to BB-UVB [19]. There are conflicting reports of the efficacy of the combination 
of NB-UVB and calcipotriol; however, it appears to have some added benefit [20–23]. 
The  addition of topical corticosteroids to BB-UVB has not shown any added benefit 
compared with BB-UVB monotherapy and may even induce a higher relapse rate [24]. 
Systemic retinoids in combination with NB-UVB is more effective than NB-UVB alone 
[25]; with the added anticarcinogenic effects of retinoids, this combination is a very useful 
treatment option. Acitretin in combination with NB-UVB results in faster improvement 
even in difficult-to-treat patients. The combination of the two treatments appears to have 
synergistic effects [26]. Isotretinoin appears to have similar results and accelerates thera-
peutic response to NB-UVB, reducing the cumulative dose of NB-UVB [27]. Practitioners 
should be careful to reduce light doses when using phototherapy in conjunction with 
retinoids [28].

Recent randomized, placebo-controlled trials comparing methotrexate plus NB-UVB 
versus NB-UVB alone [29,30] confirmed prior studies [31] that methotrexate in combina-
tion with NB-UVB is an effective combination therapy. Methotrexate was initiated three 
weeks before NB-UVB phototherapy. The combination clears more patients with psoriasis 
in significantly fewer treatments than NB-UVB alone. However, in view of the potentiat-
ing effect of methotrexate in PUVA-induced photocarcinogenesis [32], the combination of 
methotrexate and NB-UVB should be used with caution.

In cultured keratinocytes, calcineurin inhibitors (cyclosporine, tacrolimus, and pimecroli-
mus) have been shown to decrease apoptosis and DNA repair after exposure to UVB radiation 
[33]. As such, until additional long-term studies are complete, it is prudent not to combine 
UVB phototherapy with topical calcineurin inhibitors.

Recent studies have suggested greater efficacy of biologic therapies in combination with 
NB-UVB compared with biologic monotherapy. In a prospective study, 13 patients were 
treated with etanercept 25 mg twice daily. Two marker lesions were selected on each patient 
for determination of the modified PASI (M-PASI). NB-UVB was applied to one of the two 
marker lesions three times weekly, and the other maker lesion was covered and used as nonir-
radiated control. After six weeks of therapy, the relative M-PASI reduction was significantly 
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higher in etanercept- plus NB-UVB-treated lesions compared with control lesions [34]. 
NB-UVB may also have the potential to accelerate the therapeutic response to monoclonal 
antibody therapies such as adalimumab [35] and ustekinumab [36]. However, due to risk of 
malignancy and immunosuppression with some biologic therapies, it may be beneficial to 
avoid long-term treatment. Further research is needed to assess malignancy potential, as well 
as remission rates of such combination therapies.

Indications
The indications for UVB therapy include stable plaque psoriasis, history of rapid clearance 
with exposure to sunlight, resistant plaques to topical therapy, the ability of the patient 
to comply with treatment regimen, and patient preference. UVB is safe in patients who 
are pregnant, breast feeding, or planning to become pregnant when topical agents, such as 
retinoids, are not a treatment option. In patients with skin type I or II, or a past history of 
X-ray therapy, arsenic exposure, and the use of immunosuppressive agents, UVB would be 
a better phototherapy option than PUVA. Should it be necessary, it is generally considered 
safer to treat patients with known history of nonmelanoma skin cancer, or melanoma, with 
UVB compared with treatment with PUVA. Patient preference for avoiding oral medica-
tions is also an important factor in the decision-making process. Compared with PUVA, 
NB-UVB does not use photosensitizing agents; therefore, it is better tolerated and is more 
cost-effective.

Contraindications
There are very few absolute contraindications to UVB phototherapy; these contraindications 
include patients with xeroderma pigmentosum, systemic lupus erythematosus, and basal cell 
nevus syndrome. Relative contraindications include photosensitive disorders, use of pho-
tosensitizing medications with an action spectrum in the UVB range, and history of skin 
cancer. Photodermatoses whose action spectrum may include the UVB range include poly-
morphous light eruption, chronic actinic dermatitis, and solar urticaria. It should be noted 
that the action spectrum of the majority of drug-induced photosensitivity is UVA; because 
NB-UVB emits at 311 to 312 nm, it is a safe light source to use. Due to the thin skin in the 
genital region and the historically reported increased risk of cutaneous malignancies, it is 
preferable not to treat this area with phototherapy.

In a study involving a small number of subjects, UVB irradiation was shown to result in 
activation of human immunodeficiency virus (HIV) in the skin [37]. However, multiple other 
studies showed effectiveness of UVB for many HIV-related dermatoses without any adverse 
side effects [38].

Advantages and Disadvantages
NB-UVB is well tolerated. The advantages of NB-UVB are ease of administration and poten-
tial to induce remission. For localized disease, hand and foot, comb, and targeted units are 
available. NB-UVB can be used safely in pregnancy and in childhood psoriasis. The major 
disadvantage of NB-UVB phototherapy, which can be generalized to all forms of office-based 
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phototherapy, is the time commitment of one to three office visits per week. In addition, both 
BB-UVB and NB-UVB generally require more frequent maintenance treatments compared 
with PUVA; this obviously needs to be balanced with the apparently higher photocarcino-
genicity of PUVA, especially in fair-skinned individuals. If the patient is responsive to UVB, 
home phototherapy units can be considered as an option.

Dose and Administration
The initial dose of UVB can be determined by minimal erythema dose (MED) testing, the 
preferred test, or by Fitzpatrick skin type, a test that is less accurate. MED is the dose of UVB 
that produces minimally perceptible erythema covering the entire irradiated area. The guide-
line that we use for MED testing at Henry Ford Hospital is shown in Table 11.1. The initial flu-
ence is usually 70% of the patient’s MED. In both methods, the dose is increased by 10%–15% 
at each visit, guided by the patient’s side effects of the previous dose. Ideally, phototherapy 
should be dosed based on the individual’s ability to photoadapt. Photoadaptation is defined 
as the diminished future response to equivalent doses of irradiation [39], which in part is 
due to a persons’ facultative pigmentation and an increase in epidermal thickness. Palmer 
et al. [40] retrospectively reviewed 352 psoriasis patients with skin types I–IV who received 
NB-UVB phototherapy twice weekly—starting dose of 70% MED and increased by 20% as 
tolerated. They found that patients with higher skin types photoadapt almost equally per 
unit of UVR compared with patients with lower skin types but that they have a greater over-
all absolute photoadaptation. They felt that differences in MED are not associated with ten-
dency to erythema and that the accepted protocol of phototherapy starting at 70% MED and 
increasing by 20% as tolerated is suitable for skin types I–IV.

Despite accepted protocols of starting dose of 70% of MED, various studies have shown simi-
lar clinical outcomes regardless of starting dose. A recent randomized, double-blind clinical 
trial showed no difference in outcome when comparing starting dose by 70% of individual 
MED, 50% of individual MED, and fixed dose in subjects with skin phototypes I–III [41]. The 
subjects were treated three times per week with a 20% followed by 10% incremental reduc-
tion in dose. Another study had similar results with starting dose of 35% of MED in subjects 
with skin phototypes I–III [42]. Regardless, MED assessment is important for patient safety, 
and starting dose of 70% of MED remains the accepted protocol. NB-UVB three times per 
week has been shown to clear psoriasis significantly faster than twice weekly treatment and 
therefore is preferable for most patients [43]. It also may produce a longer period of remission. 
Once satisfactory clearing of the psoriatic lesions has occurred, at our institution, the fre-
quency of therapy is usually decreased to twice a week for four weeks, and finally maintained 
once a week for a few weeks and then stopped if the patient remains clear. Some patients 

TABLE 11.1  Guidelines for Determination of NB-UVB MED
	 1.	 Using MED testing template, expose five sites to 100, 200, 400, 600, and 800 mJ/cm2.
	 2.	 Read at 24 hours.
	 3.	 MED is defined as the minimal dose of NB-UVB that produces perceptible erythema covering the 

entire irradiated area.
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may require long-term treatment with UVB therapy because their psoriasis will relapse if 
phototherapy treatments are discontinued.

Goggles for eye protection are routinely used during the treatment session. In addition, as 
discussed previously, male genitalia should be shielded during treatment [44]. Thick appli-
cation of creams and ointments can actually block the transmission of UVB. Several topi-
cal treatments for psoriasis have been shown to block UVB. Anthralin can be found in a 
base containing salicylic acid, the latter absorbs UVB, hence limiting UVB transmission. Tar 
should also be removed before phototherapy because it physically blocks UV transmission. 
Clear liquid emollients such as mineral oil can be applied before phototherapy. Topical and 
systemic retinoids can decrease the MED due to their property of thinning the epidermis; 
therefore, if a retinoid is added to a treatment regime, at our center, we decrease the UVB 
dose by 30%.

If the patient’s psoriasis is limited to a few areas of the body, one should consider shielding the 
unaffected skin from UV radiation. The articles that are used to shield healthy tissue should 
be kept consistent to prevent UV-induced erythema in previously shielded sites. Physical bar-
riers such as drapes are preferred to sunscreens due to inconsistent application of sunscreen.

Adverse Effects
The acute side effect of UVB is erythema that appears 4–6 hours after radiation and peaks 
at 12–24 hours. If the fluence is too high, acute phototoxicity can occur that would result in 
blistering over large body surfaces. Patients will become tanned. UVB can induce a keratitis 
if proper eyewear is not used.

The long-term side effects of UVB include photoaging. Animal studies show that the carcino-
genicity of NB-UVB is approximately two to three times that of BB-UVB at equivalent doses. 
Extrapolation of this data suggests that NB-UVB is two to three times more carcinogenic 
than BB-UVB per MED [45]. However, the MED equivalent of NB-UVB required to clear 
psoriasis is about one-third of that for BB-UVB; theoretically, there should be no greater 
risk of skin cancer for patients treated with NB-UVB compared with BB-UVB [46]. The con-
cerns are at the molecular level that NB-UVB maybe more carcinogenic than BB-UV [47], 
but those findings have not translated to a clinical increase in cutaneous malignancies. The 
role of BB-UVB or NB-UVB therapy in skin carcinogenesis of humans with psoriasis is not 
clear. The incidence of skin tumors in 195 psoriasis patients receiving BB- or NB-UVB pho-
totherapy with up to nine years of follow-up did not provide evidence for an increased skin 
cancer risk [48]. In a review of the literature, treatment with UVB phototherapy did not show 
an increased skin cancer risk in all studies reviewed but one; this study showed an increased 
risk of genital tumors with UVB [44].

An ongoing study of 3867 patients treated with NB-UVB in Dundee, Scotland, with the 
median cumulative number of NB-UVB treatments of 29 and 24,753 person-years of follow-
up showed no significant association between NB-UVB treatment and basal cell carcinoma 
(BCC), squamous cell carcinoma (SCC), or melanoma [49]. Therefore, based on currently 
available data, both BB- and NB-UVB are safe treatment modalities.
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PSORALEN AND UVA
PUVA photochemotherapy can be considered the gold standard of UV-based therapy for the 
treatment of psoriasis. The absorption spectrum of 8-methoxypsoralen (8-MOP) is 315–350 nm, 
with the maximum absorption occurring at 330–335 nm. The spectral output of the UVA light 
bulb used in PUVA ranges from 320 to 400 nm, with a peak emission at 352 nm.

The efficacy of PUVA is probably due to a few mechanisms. Psoralens intercalate into double-
stranded DNA; with the absorption of a photon in the UVA range, 3,4- or 4 ,́5 -́cyclobutane 
monoadducts with pyrimidine bases are formed. When a second photon of light is absorbed 
by either of these two monoadducts, a bifunctional adduct is formed that cross-links the 
DNA double helix. This adduct inhibits DNA replication, ultimately causing arrest of the cell 
cycle and decreasing epidermal proliferation. This is likely the main mechanism of action in 
the treatment of psoriasis. Psoralens in an excited state can also react with molecular oxygen, 
resulting in reactive oxygen species and mitochondrial dysfunction leading to apoptosis of 
both keratinocytes and lymphocytes [50]. Direct effects on the cell surface membrane and 
inhibition of epidermal growth factor binding by PUVA also decrease epidermal proliferation.

Psoralen can be administered orally or topically. 8-MOP is the only form of psoralen available 
in the United States; it is used for systemic and topical therapy. Systemic 8-MOP currently 
comes in a hard gelatin capsule and a soft gelatin capsule (encapsulated liquid preparation, 
Oxsoralen-Ultra). The soft capsule reaches peak levels in the blood faster compared with the 
hard capsule (mean, 1.8 vs. 3 hours). It also demonstrates a shorter time to peak photosen-
sitivity (mean, 2.1 vs. 3.9 hours). MED is also substantially less in the soft capsule than that 
required for the hard capsule (mean, 7.1 vs. 12.9 J/cm2) [51]. Unfortunately, the soft capsules 
cost four to five times more than the hard capsules. 5-Methoxypsoralen (5-MOP) is used 
primarily in Europe. TMP, 8-MOP, and 5-MOP can be used for bath PUVA. UVA can be 
administered by booth phototherapy, hand and foot units, or targeted phototherapy.

Efficacy
PUVA is a very effective therapy, and responses range from 74% to 100% [52]. Patients treated 
with PUVA are able to achieve long remissions without requiring maintenance therapies [53]. 
After 20–30 treatments two to three times per week, up to 90% of patients achieve marked 
improvement or clearing [54,55].

Combination Therapy
PUVA can be combined with other therapies to improve its efficacy, to decrease the cumula-
tive dose of UVA, and ultimately to minimize its adverse effects. Topical therapies such as 
anthralin, calcipotriol [56], and tazarotene [57] can be effectively used in combination with 
PUVA. Tar, with an action spectrum in the UVA range, is not widely used in combination 
with PUVA due to its photosensitizing potential. Studies on efficacy of topical corticoste-
roids in combination with PUVA have yielded conflicting results. Five studies comparing 
PUVA alone to PUVA and topical corticosteroids showed more rapid rates of clearing with 
the combination regimen; however, one of the five studies showed a more rapid relapse rate 
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in the  combination group [58]. In a recent study of 40 patients, there was no significant 
difference in clinical improvement of psoriasis treated either by PUVA plus topical steroids 
or PUVA plus bland emollients [59].

PUVA combined with systemic retinoids (RePUVA) is one of the most effective combination 
therapies. In a randomized, double-blind study, patients with severe, widespread psoriasis 
were treated either with PUVA as monotherapy or in combination with acitretin. Eighty per-
cent of patients achieved marked or complete clearance with PUVA monotherapy compared 
with 96% of the patients with adjunctive acitretin administration. The cumulative UVA dose 
in the acitretin–PUVA group was 42% less than the PUVA only group [60]. Similar results 
have been seen in other studies. In a study performed by Lauharanta et al. [61], 34 patients 
with plaque psoriasis were treated with either acitretin or etretinate and bath PUVA, and 
all patients achieved remission. There were no differences in the clinical response of the 
two groups, suggesting that acitretin is as effective as etretinate in combination with bath 
PUVA for the treatment of psoriasis. The combination of methotrexate and PUVA can be 
an effective treatment, however, due to the immunosuppressive properties of both treatment 
modalities; this combination should only be considered after the use of retinoids. Retinoids 
or methotrexate should be started one to three weeks before the initiation of PUVA, and 
continued until the psoriasis is almost clear. The retinoids or methotrexate can be tapered 
and then stopped, and PUVA should be continued as maintenance therapy; the latter is then 
tapered as appropriate.

The combination of NB-UVB whole-body irradiation followed by topical PUVA therapy 
using cream preparation of psoralen for selected psoriatic plaques has been shown to have 
significantly higher efficacy compared with either monotherapy [62]. The cumulative UV 
doses were significantly lower in the combination therapy group. It should be noted that 
this study, performed in Germany, used 0.001% 8-MOP in a cream base; whether the 0.1% 
8-MOP lotion commonly used in the United States would have the same synergistic effect 
with NB-UVB remains to be evaluated.

Indications
PUVA has been shown to be more effective in clearing psoriasis in darker skin types, probably 
due to the longer wavelength that results in deeper UV penetration. Thick plaques as well as 
the hands and soles of the feet are generally more effectively treated with PUVA. Additional 
indications include failure to respond to UVB phototherapy and aggressive disease, such as 
pustular psoriasis.

Contraindications
Absolute contraindications to PUVA include xeroderma pigmentosum, basal cell nevus syn-
drome, personal history of melanoma, and photosensitive disorders, such as lupus erythema-
tosus and dermatomyositis. Other absolute contraindications include young age (<10 years, 
because of the known chronic side effects of PUVA), aphakia, and nursing mothers (because 
of the presence of 8-MOP in breast milk). Although psoralens are not considered to be ter-
atogenic, it is not advisable to use PUVA in pregnant patients. Relative  contraindications 
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include family history of melanoma, history of nonmelanoma skin cancer or dysplastic nevi, 
ingestion of photosensitizing medications, significant solar damage, and current or previous 
treatment with ionizing radiation, arsenic, methotrexate, cyclosporine, and systemic tacro-
limus. PUVA should be used with caution in patients between the age of 10 and 18 years due 
to its long-term side effects. Caution should be used in patients with hepatic insufficiency as 
the metabolism of systemic psoralen may be delayed, resulting in prolonged photosensitivity. 
Renal insufficiency can slow down psoralen excretion.

Advantages and Disadvantages
In light-skinned individuals with thinner psoriatic plaques, PUVA has a role as a second-line 
light-based therapy after NB-UVB. PUVA is preferable to NB-UVB in dark-skinned patients 
and for thick lesions. The disadvantages of oral PUVA are its acute and chronic side effects 
(see “Side Effects”). Bath PUVA provides uniform psoralen distribution to the skin with low 
plasma levels, and it results in a shortened duration of photosensitivity. Moreover, available 
data so far have shown no evidence for increased risk of skin cancer of any type with bath 
PUVA. However, to administer this treatment, one needs to have a bathtub, and because of 
the rapid decline of phototoxicity, the patient has to be exposed to UVA within 10–15 minutes 
after soaking in psoralen-containing bath water, the latter needs to be freshly prepared for 
each patient. It is a resource-intensive therapy to administer. Topical psoralens in the form 
of creams or lotions avoid most of the systemic side effects of psoralens, and they are con-
venient to administer; however their nonuniform distribution can result in unpredictable 
phototoxicity. Furthermore, topical PUVA has a narrow therapeutic window, that is, with a 
slight increase in UVA, there could be a significant increase in phototoxicity. The areas that 
receive localized topical PUVA may become quite tanned and the uneven pigmentation may 
be a cosmetic concern.

Dose and Administration
With the newer Oxsoralen-Ultra formulation, 8-MOP is taken 1–1.5 hours before photo-
therapy, at a dose of 0.4–0.6 mg/kg, with a maximum of 70 mg/kg. After oral administra-
tion, there are significant inter- and intraindividual variations in the absorption of 8-MOP. 
Therefore, it is very important that the psoralen dose, type, and amount of food intake and 
timing of phototherapy after ingestion of psoralen are kept constant. It is preferable that 
psoralen be taken on an empty stomach, because food intake slows absorption and reduces 
the peak blood levels. However, due to gastrointestinal side effects, especially with 8-MOP, 
nonfat small meals may be taken to alleviate some of these symptoms. In some patients, 
the capsules may have to be ingested 10 minutes apart to minimize the gastrointestinal side 
effects. Antiemetics may have to be given to some patients.

In patients who are unable to tolerate systemic PUVA, psoralen can be administered in a 
bath or cream/lotion, avoiding the gastrointestinal tract. In our institution, topical PUVA 
is administered using 0.1% 8-MOP solution in Lubriderm® lotion, applied 20 minutes before 
exposure to UVA. The topical PUVA protocol is shown in Table 11.2. Bath PUVA is only 
performed in very few centers in the United States because of the need for a bathtub. A bath 
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containing 0.5–5.0 mg/L 8-MOP, or 0.33 mg/L TMP, needs to be freshly prepared; the patient 
will then soak in it for 15–30 minutes. At some phototherapy facilities (e.g., University of 
California–San Francisco [UCSF]), effective bath PUVA is being conducted simply by dis-
solving 50 mg of Oxsoralen-Ultra in a hot cup of water first and then added to 100 liters of 
bath water. Exposure to the UVA needs to be performed within 30 minutes after the patient 
steps out of the bathtub.

In Europe, oral 5-MOP is commonly used. It is less phototoxic than 8-MOP; therefore, it 
requires a higher cumulative UVA dose. The dose range used is 1.2–1.8 mg/kg. It has less 
gastrointestinal side effects, thus it is better tolerated. It is not available in the United States.

Avoidance of prolonged sun exposure and wearing UVA-absorbing sunscreens and photo-
protective clothing on the days of PUVA therapy are necessary to prevent significant photo-
toxicity. Unlike UVB-induced erythema, PUVA-induced phototoxicity begins approximately 
24  hours after exposure and peaks at 48–72 hours after exposure. This is the reason why 
PUVA should not be administered two days in a row. If PUVA is administered on consecutive 
days, a treatment protocol more often used in Europe, the dose is kept constant on the first 
two days of the week, followed by a nontreatment third day; an increased but identical dose 
may be given on the fourth and fifth day of the week [57].

The initial dose of UVA can either be determined by minimal phototoxicity dose (MPD) 
or by Fitzpatrick skin type. The MPD is the minimal dose of PUVA that produces well-
defined erythema. These readings are performed at 48–72 hours. The dose of UVA should be 
adjusted, usually decreased by 25%, if patients are taking photosensitizing medications. UVA 
doses should also be decreased if topical or systemic retinoids are added during a course of 
PUVA because they thin the stratum corneum, reducing the amount of light required for 
phototoxicity.

Before, during, and after UVA exposure, protective eyewear should be used. Male genitalia 
are particularly sensitive to the development of SCC [63]; therefore, male genitals should be 
shielded during all of the UVA exposure. If PUVA is required for limited disease, careful 
shielding of unaffected skin is recommended.

Therapy is usually administered twice to three times per week until the psoriasis is well con-
trolled; it then can be decreased to twice and eventually once a week. Maintenance therapy 
has been shown to increase the duration of remission; however, it will increase the patient’s 

TABLE 11.2  Topical PUVA Protocol
	 1.	 0.1% Methoxypsoralen in Lubriderm lotion is applied to the affected areas 20–30 minutes before 

treatment. This topical is only applied in the medical office.
	 2.	 The initial dose of UVA is 0.25–0.5 J/cm2.
	 3.	 The dose increase is based on side effects. If tolerated, increase by 0.25–0.5 J/cm2.
	 4.	 Photochemotherapy is given three times per week.
	 5.	 The maximum dose is 8 J/cm2.
	 6.	 Once the condition has improved, treatment frequency can be decreased to twice per week for 

4–8 weeks, then once per week for 4–8 weeks, and then discontinued.
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cumulative dose of UVA. The British Phototherapy Group recommends that long-term PUVA 
maintenance therapy should only be considered in patients with a history of rapid relapses 
[64]. Whether this applies to non-Caucasians is not clear.

To better define the frequency of PUVA therapy, a prospective, randomized, half-side study 
was performed in Austria, using 18 patients with chronic plaque psoriasis who received 
paired PUVA regimens [65]. It was shown that reducing the number of treatments while 
maintaining the same UVA dose per week did not reduce efficacy. Reducing the number of 
treatments from four times per week to twice a week and reducing the UVA dose from 1 MPD 
to 0.75 or 0.5 MPD per treatment only slightly affected therapeutic efficacy and had no effect 
on final clearance rates or time to complete clearance. The mean cumulative UVA dose was 
significantly lower for the least intensive dose regimen (0.5 MPD twice/week) than for the 
more intensive regimens.

Because of the increased development of cutaneous malignancies with PUVA therapy, one 
should strongly consider the combination with other drugs such as retinoids or in rotation 
with other treatments to minimize total cumulative dose of PUVA.

Adverse Effects
The acute side effects can be due to either the psoralen or the UVA radiation. Systemic psoralen 
causes nausea and occasionally vomiting in up to 30% of patients taking 8-MOP. 5-MOP has 
less gastrointestinal symptoms and is better tolerated. Most drug-induced photosensitivities 
are due to UVA; therefore, a careful medication history will help prevent this adverse event. 
PUVA-induced phototoxic reactions, such as erythema and vesiculation, appear at 24–36 
hours and peak at 48–72 hours; they can persist for a week or longer. Subacute side effects can 
be an intractable pruritus known as “PUVA itch.” In some patients, therapy may have to be 
stopped until the pruritus resolves, and one can then consider restarting the treatment at a 
lower UVA dose. Tanning is a constant feature, especially in patients with darker skin. Other 
known side effects include photo-onycholysis, melanonychia, and friction blisters.

Long-term side effects include photoaging, the development of small brown to black macules 
in PUVA-exposed sites known as PUVA lentigines, and photocarcinogenesis. Many of these 
long-term side effects have been reported by the U.S. PUVA Follow-Up Group, a 16-center 
prospective cohort study of 1380 patients first treated with PUVA in 1975–1976 in the United 
States [66]. In a study on photoaging, actinic damage was observed on the hands of 61% of 
patients and on the buttocks of 21% of patients. Pigmentary changes were seen on the hands 
of 59% of patients and on the buttocks of 25% of the patients [67].

Increased risk of SCCs is a well-documented, dose-dependent adverse effect in Caucasians. 
In a study from the PUVA Follow-Up Group, there was no increase in nonmelanoma skin 
cancer in the first 15 years of the study. However, after 25 years, 50% of patients who had 
received >400 treatments had SCC, and 33% of patients who had received greater than 200 
treatments had BCC [66]. In another study by the PUVA Follow-Up Group in which >1000 
patients were treated with PUVA, UVB exposure (≥300 treatments vs. <300 treatments) was 
associated with a modest but significant increase in SCC and BCC risk [68]. These carcinomas 
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occurred on body sites typically exposed to UVB therapy but not on chronically sun-exposed 
sites typically covered during therapy. A Swedish study followed where 4799 patients who 
had received PUVA between 1974 and 1985 with an average follow-up period of 15.9 years 
for men and 16.2 for women showed an increase in the risk for SCC; the relative risk for SCC 
was 5.6 for men and 3.6 for women [69]. In contrast, a meta-analysis of all available long-
term data on non-Caucasians with respect to nonmelanoma skin cancer so far revealed no 
increase in risk in nonmelanoma skin cancer in non-Caucasians [70].

Using the U.S. PUVA Follow-Up database, 135 patients who had used oral retinoids for >26 
weeks in one year were studied. The development of SCC and BCC for each patient during 
retinoid use years was compared with the nonretinoid use years. It was found that oral reti-
noids reduced the risk of SCC but did not significantly alter BCC incidence [71]. However, 
a recent study looking at cytotoxic and genotoxic effects of acitretin alone or in combination 
with psoralen-UVA or NB-UVB on blood from psoriatic patients found that although acitre-
tin alone or acitretin in combination with NB-UVB did not show genotoxic effects, combina-
tion therapy with acitretin and PUVA induced slight genotoxic effects [72]. Further studies 
are needed to clarify its genotoxic potential and clinical application.

There is a significant dose-dependent increase in genital SCC of PUVA-treated male patients. 
The incidence of invasive penile and scrotal SCCs was increased by 52.6-fold. This dose-
dependent increase in the risk of genital tumors is persistent long after PUVA therapy has 
been stopped, especially among those with high-dose exposures to both PUVA and tar or 
UVB [63].

There are conflicting results of long-term studies on the incidence of melanoma after PUVA 
therapy. The PUVA Follow-Up Study reported an increased risk of melanoma, greatest in 
patients exposed to high doses of PUVA (≥250 treatments), beginning 15 years after first 
exposure to PUVA. The incidence rate ratio was 8.4 [73]. In contrast, the Swedish follow-
up study of 4799 patients who had received PUVA between 1974 and 1985, with an average 
follow-up period of 15.9 years for men and 16.2 for women, did not find an increased risk for 
melanoma, nor in a subcohort comprising 1867 patients followed for 15–21 years [69].

Since 1977, the PUVA follow-up study has monitored the ocular status of 1237 cohort 
members with psoriasis using structured eye examinations [74]. Based on their data, the 
age-adjusted incidence of cataract did not increase significantly. They concluded that expo-
sure to PUVA does not increase the cataract risk among persons using appropriate eye 
protection.

TARGETED (LOCALIZED) PHOTOTHERAPY
The appeal of targeted, or localized, phototherapy is its ability to spare healthy skin from the 
side effects of UV radiation. In addition, the affected areas can usually tolerate a higher dose 
than unaffected skin, as the rate determining factor for generalized phototherapy is usually 
erythema of uninvolved skin. It is known that normal skin can be exposed to up to three 
MEDs without blistering, whereas psoriatic skin may be exposed up to three times this dose 
(9 MEDs) without blistering [75,76]. The recent commercial introduction of fiber-coupled 
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UVB phototherapy systems facilitates the use of this treatment modality for localized 
psoriasis plaques.

The mechanism of action of targeted phototherapy is similar to that of the other UV-based 
therapy, that is, by inducing T-cell apoptosis, suppression of DNA synthesis, and generation 
of prostaglandins and cytokines. It has been reported that 308-nm excimer laser is more 
effective in the induction of T-cell apoptosis compared with NB-UVB [6].

At the time of this writing, there are several targeted phototherapy systems available 
(Table 11.3). XTrac™ and the PHAROS™ EX-308 lasers are the only laser-targeted photother-
apy systems; the rest are nonlaser light sources.

Efficacy
Most of the published studies on targeted phototherapy have been performed with the 
308-nm excimer laser system; this system is the focus of the discussion in this section.

Initial case reports and subsequent larger studies [77] have shown significant improve-
ment and even remission of psoriatic lesions after exposure to 308-nm excimer laser. In a 
multicenter study of 80 patients, stable mild to moderate plaque-type psoriasis was treated 
twice per week for a total of 10 treatments or clear disease [78]. The initial dose was based 

TABLE 11.3  Targeted UVA and UVB Phototherapy Units

Phototherapy 
Unit Company UV Type

Wavelength 
(nm) Spot Size (cm) Other Features

XTRAC®, 
XL +, Ultra®

PhotoMedex, 
Inc.

Xenon 
chloride 
laser

308 1.8 × 1.8 
circular

PHAROS 
EX-308™

Ra™ Medical 
Systems, Inc.

Xenon 
chloride 
laser

308 Adjustable 
beam, range 
from 1.8 × 1.8 
to 2 mm round

VTRAC® PhotoMedex, 
Inc.

Xenon 
chloride 
lamp

308 6.1 × 3.1 
rectangular

Water-cooled 
handpiece

BClear™/
ReLume™

Lumenis® UVB 290–320 1.6 × 1.6 square Portable

DuaLight™ Theralight™, 
Inc.

UVB and 
UVA

290–330; 
330–400

1.9 × 1.9 square Can switch 
from UVB to 
UVA, compact

MultiClear® CureLight, 
Ltd.

UVB, 
UVA-1, and 
visible

295–315; 
360–370; 
405–450

2.3 × 2.3

Lumera Daavlin UVB Lamp 290–320; 
330–400

1.5 × 1.5 square Compact, 
portable, 
Brush

308 Excimer 
System

Alma Lasers, 
Ltd.

UVB Lamp 308 nm 16 × 16 Small, portable
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on MED testing and the following treatments were based on plaque response. Seventy-two 
percent achieved at least 75% clearing in an average of 6.2 treatments. Eighty-four percent 
of patients reached improvement of at least 75% after 10 or fewer treatments. Fifty percent 
reached improvement of at least 90% after 10 or fewer treatments. In a follow-up study, 55% 
of patients reported an overall satisfaction with their treatments, and 25% reported that 
their treatment was better than other therapies they had tried for localized disease [79]. 
A recent retrospective study of 98 patients treated with 308-nm excimer laser showed simi-
lar results [80].

Higher doses can be used on psoriatic plaques with faster clearing and decreased cumu-
lative dose compared with conventional booth phototherapy [81]. A single administration 
with 10 times MED has been shown to induce apoptosis and consequently decrease PASI 
[82]. A dose–response study showed clearance of psoriasis with high fluences (8–16 times 
MED) in as little as one treatment [76]. Koebner reactions were not observed despite the 
side effects of transient painful blistering. Treatment with higher fluences was more effective 
than low and medium fluences. In addition, the lesions treated with high fluences remained 
in remission longer. The four-month relapse-free outcome is comparable or better than the 
standard topical or systemic therapy for psoriasis [76]. In a study with four children with 
psoriasis, mean age 11 years, excimer laser was found to be a safe and effective treatment 
for localized psoriasis in these children [83]. Two studies have compared the excimer laser 
to incoherent UVB phototherapy with similar outcomes. Tanghetti et al. [84] compared the 
clinical outcome of treatment with excimer laser to a continuous-wave, incoherent UVB 
light source. Both systems cleared the treated psoriasis plaques equivalently, requiring no 
more than two to five weeks of treatment. When used at equally erythemogenic high doses, 
both systems produced rapid plaque clearance with minimal side effects. Köllner et al. [85] 
treated 15 patients with plaque psoriasis. Three different psoriatic lesions were treated with 
the xenon chloride 308-nm excimer laser, the 308-nm excimer lamp, or 311-nm narrowband 
UVB three times per week. UVB doses were increased slowly and stepwise. There was no 
statistically significant difference among the three groups after 10 weeks. The mean number 
of treatments needed to achieve clearance was 24. Both 308-nm light sources treated psoriasis 
with a similar efficacy to standard NB-UVB phototherapy.

There are a few published studies demonstrating the effectiveness of targeted nonlaser UV 
phototherapy units in the treatment of psoriasis. The targeted UVB lamp (BClear™) was eval-
uated in the treatment of plaque-type psoriasis in 28 patients. Treatment was given twice 
weekly for 6–18 sessions (median, 10) [86]. The mean psoriasis severity index (PSI) improve-
ment during treatment peaked at 73% after six weeks and declined to 63% at 16 weeks. Kaur 
et al. [87] used nonlaser localized NB-UVB phototherapy in subjects with localized psoriasis. 
Treatments were given two to three times weekly. Of the 6 of 10 patients that completed the 
study, all reached >90% clearing of their disease.

Combination Therapy
Ten patients with stable psoriasis were randomized to receive either targeted NB-UVB alone 
or 8-MOP and NB-UVB. Two areas within the same lesion of stable psoriasis were treated. 
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Four lesions were cleared by 8-MOP and NB-UVB, whereas three were cleared by NB-UVB 
alone. The decrease in PASI score was statistically significantly better in the combination group. 
There was also an increase in the mean remission time in the combination group that was eight 
weeks, whereas that for lesions that were cleared by NB-UVB alone was 4.67 weeks [88].

A prospective randomized study of 272 patients with moderate to severe plaque-type pso-
riasis treated patients with either PUVA plus up to four UVB308-nm radiations or PUVA 
monotherapy. There was no statistically significant difference when comparing the efficacy of 
PUVA and PUVA plus excimer, but patients treated with the combination method went into 
remission in half the treatment time and with half the cumulative UVA dose [89].

Recent studies have also shown effectiveness of 308-nm excimer laser in combination with 
corticosteroid ointment [90].

Indications
Targeted phototherapy is ideal for localized mild to moderate psoriasis, including lesions on 
the palms and soles, and on the scalp.

Contraindications
There are no absolute contraindications. Contraindications are related to the corresponding 
wavelength.

Advantages and Disadvantages
The advantages of targeted phototherapy include sparing healthy tissue from UV radiation 
and the ability to deliver high fluences to affected areas. This results in faster rate of response 
and a lower cumulative dose. However, the time to administer therapy is greatly increased as 
compared to booth phototherapy. One can spend up to 20 minutes per session two to three 
times per week. Under appropriate supervision, the therapy can be delivered by an experi-
enced nurse, or phototherapy technician.

Dosage and Administration
Treatments are usually delivered two to three times per week. The initial dosing is usually 
based on a predetermined MED as well as plaque thickness and location. Fluences should be 
adjusted according to symptoms and response to treatment. The initial dose is usually main-
tained until the plaques flatten at which point the dose is decreased. Likewise, if there is no 
improvement with the initial dose, the fluence should be increased.

Housman et al. [91] showed that twice weekly excimer laser treatments promote clearance 
of psoriatic plaques and that tapering the treatments may be beneficial in maintaining the 
level of plaque clearance. After improvement of disease, they tapered the dose as follows: 
one treatment per week for four weeks, one treatment every other week for four weeks, and 
one final treatment four weeks later, for a total of seven treatments. No flares after the first 
month of tapering. No flares were noted in four out of five patients after the second month 
of treatment.
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Köllner et al. [85] treated 16 patients with the 308-nm excimer laser or with the 308-nm 
lamp with an accelerated scheme three times per week. They compared this treatment with 
UVB therapy in which the dose was increased after every second treatment. With the accel-
erated scheme, clearance was achieved with fewer treatments and with half the cumulative 
dose of a slow and stepwise regime. The side effects such as blistering and crusting were also 
increased.

Adverse Effects
The adverse effects of targeted phototherapy are related to the wavelength administered. The 
lesional and perilesional skin can develop erythema, tanning, vesiculation, erosion, or crust-
ing and result in an uneven skin tone that may be a cosmetic concern for some patients. 
This dyspigmentation fades gradually with time once phototherapy is stopped. Interestingly, 
koebnerization has not been reported with vesiculation. In fact, just the opposite has been 
reported, faster clearance in the vesiculated areas—a “reverse” Koebner phenomenon. There 
are no long-term studies on carcinogenesis.

UVA1
UVA1 is a relatively new type of phototherapy in the United States; however, it has been used 
since the early 1990s in Europe. Its main indications are for the treatment of atopic dermatitis 
and sclerosing disorders.

Efficacy
There are two small studies published on the use of UVA1 for the treatment of psoriasis. 
Kowalzick et al. [92] performed a paired controlled trial in three patients using medium-
dose UVA1 and BB-UVB for three weeks. Both the UVA1- and BB-UVB-treated lesions 
improved. A review cited three HIV-positive psoriatic patients who benefited from UVA1 
phototherapy [93]. However, in a review of Mang and Krutmann’s personal experience, there 
is little to no efficacy of UVA1 for the treatment of psoriasis [94].

It has been suggested that UVA1 is the phototherapy of choice for HIV-positive patients with 
psoriasis [94]. Three HIV patients with psoriasis were treated with high-dose (130 J/cm2) 
UVA1  with benefit. A quantitative polymerase chain reaction (PCR)–based assay was per-
formed in both lesional and nonlesional skin after one UVB or UVA1 exposure. The UVB-
treated skin showed a 6- to 15-fold increase in the HIV copy number, whereas the UVA1-treated 
skin did not show any increase [93]. Further studies are clearly needed.

Combination Therapy
Forty-five patients with psoriasis were divided into three treatment groups, namely 
calcipotriol monotherapy, calcipotriol plus UVA1, or calcipotriol plus NB-UVB [95]. 
The responses to UVA1 and NB-UVB with calcipotriol were superior to calcipotriol 
monotherapy.

In a pilot study of five patients with palmer or plantar psoriasis, the combination of 
medium-dose UVA1 (50 J/cm2) and tacrolimus ointment versus tacrolimus ointment 
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monotherapy for the treatment of psoriasis was evaluated [96]. No dramatic changes were 
noted in either group.

Indications
The indications for UVA1 for psoriasis are not clear; further investigations are necessary to 
determine its efficacy.

Contraindications
Contraindications include photodermatoses with action spectrum in the UVA1 range. 
In patients taking photosensitizing medications, UVA1 needs to be used with caution.

Advantages and Disadvantages
Further studies are necessary.

Dosage and Administration
Until further studies with psoriasis show good efficacy, there is no established dose for this 
treatment. For atopic dermatitis and localized scleroderma, studies have been done using low 
dose (20 J/cm2), medium dose (50–60 J/cm2), and high dose (120 J/cm2). The low and medium 
doses are the more commonly used regimens currently.

Adverse Effects
UVA1 is generally well tolerated. Exposed skin will become tanned. There is a significant 
amount of heat generated by the equipment throughout the treatment. Other possible side 
effects include xerosis, pruritus, and rarely skin burning. The long-term side effects are not 
known. In the animal model, UVA1 has induced squamous cell cancers [97].

LASER
PDL is considered the gold standard treatment for vascular lesions. Because the development 
of psoriasis is partially dependent on the vasculature that serves as the delivery system for 
lymphocytes, PDL have been studied for the treatment of psoriasis.

Efficacy
PDL treatment is associated with decreased microvessel count that is shown to have a strong 
positive correlation to PASI [98]. Destruction of the superficial capillary vasculature bed in 
a psoriatic lesion is probably how the PDL improves psoriasis, and secretion of angiogenic 
cytokines in treated lesions are responsible for endothelial reproliferation and return of 
psoriasis [99]. However, PDL is not a commonly used therapy.

There are several small studies [100–102] that report clinical improvement of psoriasis after 
one to five treatments with PDL. Although it is shown to be less efficacious than excimer 
laser, PDL is effective in a small subset of patients [103]. A prospective study using PDL as 
treatment for therapy-resistant psoriasis of the hands and feet showed average duration of 
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remission of 11 months [104]. In a randomizer, double-blind study, pulse duration had no 
effect on efficacy for nail psoriasis [105].

Combination Therapy
As noted above, salicylic acid was used in combination as a keratolytic agent. Calcipotriol 
ointment was also used in combination with PDL. Further studies are necessary.

Indications
The benefits of PDL are not established, and its role in the treatment of psoriasis needs to be 
better defined. It may have a role in managing persistent patches of erythema that remain 
after clearance of induration and scale.

Contraindications
None identified.

Advantages and Disadvantages
The advantages of targeted phototherapy include sparing healthy tissue from therapy. However, 
the time to administer therapy is greatly increased compared with booth phototherapy.

Adverse Effects
Side effects of the PDL include transient purpura, moderate discomfort during treatment, 
transient dyspigmentation, transient crusting, and atrophy.

PHOTODYNAMIC THERAPY
PDT has many well-established indications in dermatology. Its use in the treatment of 
psoriasis is currently being investigated. PDT causes a photochemical reaction that requires 
the presence of a photosensitizing molecule, such as 5-aminolaevulinic acid, photoactivating 
wavelengths of light, and tissue oxygen.

Efficacy
Accumulated protoporphyrin IX (PpIX) has been shown in psoriatic lesions, but it has a 
highly variable distribution within plaques. Kleinpenning et  al. [106] incubated psoriatic 
plaques with 20% 5-aminolaevulinic acid (ALA) ointment for three hours after keratolytic 
treatment in 14 patients with stable plaque psoriasis. By using fluorescence to determine the 
uptake of PpIX, they were able to show that a thicker stratum corneum has a lower fluores-
cence. Fluorescence intensity and thickness of the stratum corneum proved to be negatively 
correlated. The variable clinical response seen after PDT in psoriasis could be explained by 
this and that optimal desquamation prior to PDT is required for more favorable results.

In a prospective randomized, double-blind phase study, 12 patients with chronic plaque 
psoriasis were treated with topical ALA-PDT [107]. In each patient, three psoriatic plaques 
were treated with a light dose of 20 J/cm2 and 0.1%, 1%, and 5% ALA, respectively. Treatment 
was conducted twice a week until complete clearance or to a maximum of 12 treatments. 
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The mean percentage improvement was 37.5%, 45.6%, and 51.2% in the 0.1%, 1%, and 5% 
ALA-treated groups, respectively.

There are a few studies that show similar modest therapeutic outcomes [108–110]. There are 
only five case reports of PDT’s benefits in the treatment of palmopustular psoriasis [111,112], 
and further studies are needed.

Combination Therapy
The use of a keratolytic agent should be considered to decrease epidermal thickness.

Indications
Although not a first- or second-line therapy, PDT may be considered in limited circum-
stances for the treatment of localized psoriasis.

Advantages and Disadvantages
Further studies are necessary to confirm the effectiveness of topical PDT and optimizing the 
treatment protocol may increase clinical efficacy. It is a time-consuming treatment and has 
an unfavorable, adverse event profile.

The unsatisfactory clinical response and frequent occurrence of pain during and after irra-
diation renders topical ALA-based PDT an inadequate treatment option for psoriasis.

Adverse Effects
PDT can cause stinging, burning, or pain during irradiation. In most studies, there is a subset 
of patients that interrupt treatment or drop out of the study due to discomfort.

CONCLUSIONS
Phototherapy and photochemotherapy have a role in the treatment of localized and general-
ized psoriasis. Patient compliance and the ability for the patient to come to the office regu-
larly for the treatment are factors that need to be considered. Targeted phototherapy sparing 
uninvolved skin is a new development that is beneficial for selected patients. The side effects 
of PUVA are well established. UVB, when judiciously administered, has minimal side effects. 
NB-UVB has become the preferred treatment modality for most patients with psoriasis.
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Chapter 12
Combination Therapy

Maya G. Debbaneh and Alice B. Gottlieb

THE RATIONALE FOR COMBINATION THERAPY
Even in mild cases of psoriasis, therapy with a single topical agent often fails to provide 
patients with adequate disease control for a large portion of patients. According to a study 
using data from the National Ambulatory Medical Survey from 1990 to 2010, almost 
half of psoriasis patients surveyed were taking two or more medications for treatment 
of psoriasis [1]. Topical agents can be used in combination with other topical medica-
tions, systemic therapies, and phototherapy. Different strategies for combining therapies 
include simultaneous use, sequential therapy, and rotational therapy. The treatment of 
mild to moderate psoriasis may warrant this approach for refractory disease, acute flares, 
poor quality of life, or an upcoming major life event for which total clearance is desired. 
Combination therapy may be most useful in treating patients who have failed monother-
apy, who are taking a medication that has dose-related toxicity, or who require taper-
ing from a single therapeutic agent [2]. This approach frequently involves using smaller 
doses of each agent for a limited period, with the more potent agent discontinued as clini-
cal improvement allows. Just as there is no single topical agent that can be used to treat 
all patients with psoriasis, flexibility with combinational therapeutics is also necessary 
to achieve disease control. Guidelines on when to consider combination therapy can be 
found in Table 12.1.

PHOTOTHERAPY COMBINATIONS
Many phototherapy combinations exist, including therapy with ultraviolet B light (UVB) and 
Oxsoralen plus ultraviolet A light (PUVA), as well as numerous combinations of ultraviolet 
phototherapy and topical and systemic medications.

UVB and PUVA
A study by Momtaz and Parrish [3] found that the simultaneous administration of UVB 
and PUVA in patients with psoriasis led to more rapid clearing than either therapy used 
alone. The investigators administered UVB and PUVA to patients who had previously 
failed phototherapy. All 42 of the study subjects tolerated the treatments well and cleared 
in an average of 11.3 treatments, half the number of treatments usually required with either 
therapy alone. In addition, the cumulative UVB dose was decreased by 18% compared with 
UVB monotherapy. The mean cumulative PUVA dose was less than half of that used in 
monotherapy.
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Narrowband UVB and Bath PUVA
In a more recent study of 12 patients, the combined use of bath PUVA and narrowband UVB 
(NB-UVB) cleared the psoriatic lesions with fewer total exposures as well as lower cumula-
tive ultraviolet A (UVA) doses [4]. However, the small number of patients and lack of long-
term follow-up were limitations. There is limited information of the carcinogenic potential of 
simultaneous PUVA and NB-UVB.

NB-UVB and Cream PUVA
It is well known that the systemic absorption of oral psoralens is associated with certain 
risks, including the risk of developing cutaneous malignancies after long-term or high-dose 
therapy [5]. To reduce these side effects, bath PUVA was developed, which has similar effi-
cacy and fewer side effects. In a study of 30 patients with moderate to severe plaque psoriasis, 
Grundmann-Kollman et al. [6] examined the use of cream PUVA, a newer and less burden-
some and costly modality compared with bath PUVA, in combination with NB-UVB. In the 
study, 8-methoxypsoralen in Dorithin® cream (25% oil-in-water emulsion, Astra Medica, 
Vienna, Austria) at a concentration of 0.001% was applied four times a week in an even layer 
for 30 minutes on psoriatic lesions. After this period, the remaining cream was removed 
and followed by UVA administration after 30 minutes. Although both therapies induced 
clearance in all patients within five to seven weeks, combination therapy induced complete 
clearance of lesions in all patients within three to four weeks. In addition, the cumulative 
UV doses were greatly reduced in the combination regimens versus either therapy alone. The 
study strongly suggests that cream PUVA in conjunction with NB-UVB would be useful in 
psoriasis, especially for stubborn lesions.

Not all studies demonstrated benefits of dual UVB and PUVA therapy. A study involving 
19 patients in which combination PUVA and UVB was compared with PUVA monotherapy 
did not show a difference in the mean number of treatments, the mean UVA dose at clearing, 
or the mean cumulative UVA dose [7].

TABLE 12.1  Combination Therapy Guidelines
Factors in considering the switch to combination therapy

Monotherapy is not or no longer effective
Cumulative and/or acute toxicity is projected to be less
Side effects are projected to be fewer
Improved therapeutic outcomes (e.g., time, likelihood of clearing)
Increased possibility of tailoring therapy to individual needs

Factors in choosing a particular combination of agents
Severity of disease
Patient’s expectations and ease of use
History, relative to use of agents in the combination
Response
Side effects
Reported efficacy and cost

Source:	 Menter MA et al., Journal of the American Academy of Dermatology, 1996, 34(2 Pt 1), 315–321.
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UV PHOTOTHERAPY AND TOPICAL MEDICATIONS
UVB and Topical Vitamin D
Studies testing combination therapy with UVB and topical vitamin D analogs, such as calci-
potriol and calcipotriene (Dovonex), generally show more effective clearance with decreased 
cumulative UVB exposure [8–14].

A study of 20 patients using calcipotriol in combination with UVB phototherapy suggests 
that combination therapy may be superior to calcipotriol monotherapy. Although there were 
too few patients to show statistical significance. 39% of patients in the combination group 
showed clearance after 8 weeks as compared to 17% in the monotherapy group [9].

In a bilateral comparison study of 12 patients, calcipotriol twice daily combined with NB-UVB 
five times per week significantly reduced Psoriasis Area Severity Index (PASI) scores by almost 
twice as much as calcipotriol monotherapy after two weeks of treatment (68% vs. 36%) [10].

Molin [11] conducted a large multicenter trial that examined 101 patients treated with both 
UVB and calcipotriol or calcipotriol alone over the course of eight weeks. By the end of the 
study, the combined therapy group had an 82% mean reduction in the PASI score versus 
70% in the calcipotriol monotherapy group which was statistically significant. During study 
follow-up, those patients who had received combination calcipotriol and UVB had a longer 
duration of therapeutic effect.

Another study performed by Hecker and Lebwohl [8] examined a total of 20 patients with 
symmetric plaque-type psoriasis. Patients were treated with a combination of calcipotriene 
ointment and UVB on one side of the body and with UVB and mineral oil on the other side of 
the body. Of the 20 patients, 11 (55%) showed a greater decrease in severity of their psoriasis 
with combined therapy versus UVB with mineral oil. These differences were found to be 
statistically significant as early as the first week. Another study by Ramsay and colleagues [12] 
examining twice weekly UVB plus calcipotriene cream versus three times a week UVB plus 
placebo cream found that efficacy was generally comparable. However, patients with combi-
nation therapy required fewer exposures and cumulative UVB therapy to achieve total clear-
ance than those patients receiving UVB alone.

Calcitriol (vertical), another vitamin D derivative, may also have increased efficacy when 
used in combination with broadband (BB)-UVB phototherapy. In one study, there was a 
65% improvement in PASI score in patients using calcitriol twice daily with phototherapy 
versus 43% improvement in patients on UVB phototherapy plus placebo (p = .0014). As with 
other studies, there was a decrease in total UVB exposure in the combination group [13].

Woo and McKenna [14] aimed to determine whether the combination of NB-UVB and topi-
cal calcipotriol produced the same UVB-sparing effects that were seen in previous studies 
with BB-UVB. Fifty patients with psoriasis were randomized into two groups: one group 
received NB-UVB with calcipotriol and the other group received NB-UVB and placebo 
topical emollient. The mean cumulative UVB dose for the NB-UVB-calcipotriol group was 
significantly lower than that of the NB-UVB group, confirming that NB-UVB with topical 
calcipotriol cream has a UVB-sparing effect.
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In summary, topical vitamin D analogs combined with UVB phototherapy may decrease the 
cumulative amount of UV light needed for treatment and are usually well tolerated [8–14].

UVA and Topical Vitamin D
Topical vitamin D derivatives are also useful when applied in combination with PUVA. 
The first study exploring calcipotriol with PUVA phototherapy involved 103 patients. The 
patients were randomized to receive twice-daily calcipotriol or placebo in combination with 
PUVA for 10 weeks. At the end of the study, there was a mean reduction in PASI scores of 
91.4% for patients treated with calcipotriol and PUVA and 75.7% for patients treated with 
PUVA and placebo. In addition, the cumulative UVA dose for the combination group was 
lower compared with the PUVA and placebo group [15]. A second study using the left–right 
body comparison method examined 11 patients with plaque psoriasis receiving calcipotriene 
with PUVA versus PUVA alone. The study showed that patients with plaques treated with 
calcipotriene needed fewer treatments as well as lower cumulative doses of UVA to clear their 
lesions [16].

In a randomized, double-blind comparative study (n = 120) comparing the use of calcipot-
riol plus PUVA versus PUVA plus placebo over a period of 12 weeks, 69% of the patients in 
the combination group had a >90% improvement in PASI scores compared with 36.4% in 
the PUVA plus placebo group. Mean PASI scores were significantly lower (p < .01) in the 
combination group compared with the PUVA plus placebo group (2.65 and 7.03, respec-
tively) [17].

As demonstrated, faster clearing is observed with the simultaneous use of PUVA light ther-
apy along with topical vitamin D derivatives, because fewer overall PUVA treatments are 
required.

Recommendations regarding UVB and Topical Vitamin D
In 1997, Lebwohl and colleagues [18] studied the interactions between calcipotriene and 
ultraviolet light. The minimal erythema dose (MED) was determined for UVB, and immedi-
ate pigment darkening was measured for UVA. Calcipotriene was applied to a small patch 
of skin before UVB, PUVA, UVA, or no phototherapy. The study found that the observed 
MED for UVB and immediate pigment darkening for UVA were not affected by calcipot-
riene. In contrast, the thick application of calcipotriene resulted in an increased MED with 
UVA phototherapy. UVA phototherapy also resulted in a significant decrease in the concen-
tration of calcipotriene present in the ointment after therapy, as tested by high-performance 
liquid chromatography. Therefore, when using calcipotriene/calcipotriol with phototherapy, 
it should be applied after UVA light administration. In addition, calcipotriene should be 
applied more than two hours before UVB exposure to prevent a burning sensation in sensi-
tive patients [19].

UVB and Tazarotene
Tazarotene (Tazorac) is a topical retinoid that mediates cell differentiation and prolif-
eration [20]. Studies examining the use of tazarotene and light therapy suggest improved 
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efficacy and safety when combining these therapies. Behrens et al. [20] performed a whole-
body right–left comparison of NB-UVB plus tazarotene compared with NB-UVB alone in 
10 patients with plaque psoriasis. After two weeks, both treatments markedly reduced PASI 
scores, and after four weeks, the median PASI reduction with combination therapy was 64% 
versus 48% with NB-UVB alone (p < 0.05).

A study by Koo and colleagues [21] examined whether the addition of topical tazarotene to 
BB-UVB phototherapy improved efficacy without causing adverse events such as photosensitiv-
ity. A randomized, investigator-blinded study of 40 patients evaluated the outcomes of subjects 
treated with UVB alone or UVB in addition to 0.1% tazarotene gel applied three times per week. 
Plaques treated with tazarotene and UVB achieved 75% improvement or better in a median of 
28 days earlier than did lesions treated with UVB monotherapy (p < 0.01). Cumulative UVB 
dose was significantly lower in patients using combination therapy with tazarotene.

Tazarotene and PUVA
Behrens and colleagues [22] evaluated the efficacy of tazarotene in combination with PUVA 
bath therapy in a total of 12 patients with plaque psoriasis. This study was a left–right com-
parison, with plaques on one-half of the body treated either with tazarotene or placebo once 
daily, as well as both sides of the body treated with PUVA bath therapy four times a week. 
After three weeks, mean PASI reduction was significantly greater in the combination therapy 
group (76% vs. 58% in PUVA monotherapy).

Concerns regarding the Use of Tazarotene and Phototherapy
The most common side effects of tazarotene include local pruritus, erythema, and burn-
ing. These effects are generally well tolerated [23]. As the studies exemplify, combination 
therapy with tazarotene and phototherapy is beneficial, allowing for improved efficacy and 
fewer cumulative phototherapy doses, but it should be used with caution. Applying tazaro-
tene three times a week for two weeks does cause thinning of the stratum corneum, permit-
ting patients to burn more readily. Doses of UVB should be reduced approximately one-third 
when tazarotene is added in the middle of a course of phototherapy [24]. It has also been 
recommended to initiate PUVA therapy at slightly lower doses than usual [25]. In addition, 
tazarotene is classified as pregnancy category X and should be avoided in women of child-
bearing age [23].

UVB and Tar/Anthralin
The Goeckerman regimen involves the use of topical crude coal tar under occlusion com-
bined with daily UVB phototherapy. A variant known as Ingram therapy uses anthralin 
instead of crude coal tar. Although effective, these therapies are time-consuming and messy. 
Furthermore, they are usually administered in a supervised medical setting, which can be 
expensive.

There are some studies that use modified variants of these methods to determine whether 
similar effectiveness is possible with a less demanding schedule. A bilateral comparison 
study by Lebwohl and colleagues compared combination therapy with anthralin and UVB 
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phototherapy to UVB monotherapy. Two of 11 patients had a more rapid response on the side 
treated with combination therapy [26]. In another study, 4 of 15 patients had improved clear-
ance on the side treated with combination anthralin plus UVB (vs. UVB monotherapy) [27].

Other variations of the Goeckerman and Ingram methods have shown promise in reducing 
treatment time and increasing efficacy. Swinehart and colleagues [28] used high-pressure, 
high-output metal halide UVA–UVB lamps, along with short-contact tar and more potent 
short-contact anthralin to examine whether time of therapy could be reduced while main-
taining effectiveness. At the end of the study, there was a mean clearance of 89%, with about 
75% of these patients maintaining clearance for six months without the need for further 
therapy. Compared with the more traditional methods, this technique required fewer hours 
in contact with the medications, as well as less cost, time, and UV exposure. When anthralin 
was compared to calcitriol, a vitamin D derivative, along with UVB phototherapy, no differ-
ence in effectiveness was found, although patients did feel that calcitriol was easier to use and 
caused less irritation [29].

Lee and Koo [30] published the results of 25 patients with severe psoriasis who received a 
modern modified “ultra” Goeckerman regimen in which various low-risk adjunctive ther-
apies such as anthralin, acitretin, bath PUVA, or calcipotriene/tazarotene were added to 
improve response in recalcitrant cases. After eight weeks of treatment, 95% achieved PASI-75, 
and at 12 weeks, 100% achieved PASI-75.

In a three-month study of 12 patients, coal tar combined with NB-UVB was more effec-
tive than NB-UVB monotherapy (p < .05) as measured by physicians’ global assessment 
(PGA) [31]. As in other studies, greater efficacy of combination therapy is associated with 
decreased total doses of ultraviolet light when UVB is combined with coal tar [32].

In summary, coal tar combined with UVB phototherapy is well tolerated and can help patients 
achieve clearance at lower cumulative doses of phototherapy. However, many patients are not 
able to use coal tar or anthralin preparations due to the inconvenience or messiness associ-
ated with these agents.

PUVA and Tar/Anthralin
Several years ago, a study by Morison and colleagues [33] examined combination therapy 
of PUVA with anthralin. Although they found that the combination did clear the subjects’ 
lesions more readily than PUVA alone, the study participants largely disliked the therapy 
mainly due to staining.

UVB and Topical Steroids
Dover and colleagues [34] examined the effect of potent topical steroid cream used together 
with UVB phototherapy on clearing of psoriatic lesions and duration of remission. A ran-
domized, double-blind, placebo-controlled study was performed with patients being treated 
with UVB three times a week, with approximately half of the patients applying topical cor-
ticosteroids twice daily and the other half applying placebo. The study found that there was 
no statistical significance between clearance rates. In addition, there were no statistically 



Combination Therapy    137

significant differences in the number of treatments or dosages of UVB required to achieve 
clearance. This study is in agreement with other earlier studies that found no advantageous 
effects of combining UVB and topical steroids.

PUVA and Topical Steroids
Findings of studies on the use of topical steroids in combination with PUVA, in contrast to 
studies with UVB, have indicated some benefit. In a comparison of studies by Meola et al. 
[35], five studies examining PUVA alone versus PUVA with topical steroids showed more 
rapid rates of clearing and fewer doses of UVA when using combination therapy. One of the 
studies in the review did show a higher relapse rate with corticosteroid use [33].

COMBINING SYSTEMIC AGENTS WITH TOPICAL THERAPIES 
IN THE TREATMENT OF MILD TO MODERATE PSORIASIS
Although systemic therapies are often reserved for patients with moderate to severe psoriasis, 
there are several capacities in which these potent medications may play a role in the man-
agement of mild to moderate disease. According to the American Academy of Dermatology 
Consensus Statement on psoriasis therapies, systemic therapy may be used in the treatment 
of mild to moderate psoriasis when the disease is unresponsive to topical agents or if there 
is lifestyle and/or employment disturbance [36]. Patients meeting these qualifications may 
still demonstrate a limited affected body surface area, because treatment decisions ultimately 
involve the combined consideration of lesion severity and the patient’s quality of life and 
comorbidities, as well as the cost, risks, and benefits of treatment relative to the patient’s 
desires [37]. Cases initially perceived as mild may have a substantial impact on a patient’s 
quality of life and may therefore merit the consideration of a more vigorous treatment plan 
than originally envisioned by the physician [38].

Patients with mild to moderate disease who have not responded to topical monotherapy are 
typically introduced to a combination of topical agents or phototherapy. Systemic therapy 
is considered if a patient’s lesions continue to resist these therapeutic measures or if an 
adverse reaction to phototherapy occurs. In some cases, systemic therapy may be indicated 
earlier due to widespread disease, involvement of areas severely impacting quality of life, 
frequent relapse, or joint involvement [36,39]. Furthermore, patients with moderate disease 
may request systemic therapy in an effort to avoid the excessive usage of topical agents or 
to ease the administration of therapy. For these reasons, as well as to increase compliance, 
there is currently a demand to develop systemic medications for the treatment of moderate 
disease [39].

The systemic medications traditionally used in the treatment of psoriasis are metho-
trexate, cyclosporine, and acitretin. Novel developments in the immunopathogenesis 
of psoriasis have led to the introduction of biologic therapies such as etanercept, inflix-
imab, adalimumab, and ustekinumab. Less conventional systemic treatments that are 
not approved by the Food and Drug Administration (FDA) for the treatment of psoriasis 
include pimecrolimus, mycophenolate mofetil, hydroxyurea, and 6-thioguanine. Use of 
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these agents may either follow or accompany topical therapy. An approach to treatment is 
generally governed by the physical characteristics of lesions, the locations affected, relapse 
frequency, and convenience of treatment modality [40]. Although many systemic medica-
tions are oral, the newer biologics are dispensed by subcutaneous injection or intravenous 
infusion. Using topical therapy in combination with systemic agents often allows for a 
reduction in the amount of systemic therapy administered as well as a decrease in associ-
ated toxicities.

Combining topical and systemic therapies is commonplace in the treatment of psoriasis. In a 
retrospective analysis of 650 patients treated for psoriasis in an academic setting, more than 
one-third of the patients receiving systemic therapy were simultaneously treated with a class I 
steroid [41]. Although not used as first-line agents in the treatment of mild to moderate disease, 
systemic therapy plays an integral role in general psoriatic therapy and therefore is important to 
all physicians treating patients with this disease. This chapter does not focus on the treatment of 
moderate to severe psoriasis, discussion of systemic therapy is limited to the following questions:

•	 What systemic therapies are available for use with topical medications?
•	 What are the advantages of the use of systemic therapies and what are the most effec-

tive combinations?
•	 How should systemic medications be used with topical treatment and what are the 

associated toxicities?

Not all combinations are effective and some are even associated with increased toxicity. It 
is important to recall that although several combination therapies may be presented here, 
therapy for psoriasis is designed on an individual basis.

Methotrexate
Methotrexate is among the oldest systemic medications used in the treatment of psoriasis; 
however, its role in treating mild to moderate disease involves only those cases that are unre-
sponsive to topical therapy [42]. A decision to administer methotrexate to patients with mild 
to moderate disease should be carefully considered because of the associated immunosup-
pression, and possible liver or bone marrow toxicity. Phototherapy and systemic retinoids 
should be considered prior to starting methotrexate [43]. Combination therapy with topicals 
such as coal tar, anthralin, and vitamin D analogs may be helpful [43,44]. A study conducted 
in India demonstrated that disease could be adequately controlled with short-term metho-
trexate interspersed by topical coal tar, anthralin, or calcipotriene. In many patients, remis-
sion was facilitated by the application of aggressive topical therapy to residual lesions during 
the tapering of methotrexate [45].

In a multicenter, double-blind study (n = 97), the addition of calcipotriol to methotrexate 
decreased the dose of methotrexate needed to obtain clearance and increased the duration 
of remission by three months [46]. In studies where methotrexate was added to BB-UVB or 
PUVA, the number of phototherapy sessions and the cumulative dosage of ultraviolet light 
were reduced by more than half [47–52]. However, the use of methotrexate with PUVA was 
associated with a subacute phototoxicity reaction in some patients [48].
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In summary, methotrexate serves as a cost-effective alternative to retinoids, cyclosporine, 
and biologics and can be used effectively in conjunction with topicals and phototherapy.

Cyclosporine
In the treatment of psoriasis, cyclosporine is usually used in patients with moderate to severe 
disease. In mild to moderate psoriasis, cyclosporine is only used for unique cases of refrac-
tory or particularly life-altering disease (e.g., palmoplantar disease) because of the potential 
of serious side effects such as nephrotoxicity and hypertension [49]. Unlike methotrexate, 
cyclosporine is not associated with acute bone marrow toxicity and may be a safer alternative 
for short-term use.

Short courses of cyclosporine monotherapy rapidly clear chronic plaque psoriasis [50]. When 
combined with topical agents such as anthralin, corticosteroids, and vitamin D analogs, a 
lower required dosage of cyclosporine may be sufficient [36,51,52]. There are two approaches 
to using cyclosporine in combination regimens. First, cyclosporine can be used as mono-
therapy to rapidly clear psoriasis at a dosage of up to 5 mg/kg/day. Topical preparations, 
including tar, anthralin, retinoids, or calcipotriene, can be added for use on resistant areas. 
The immunosuppressive nature of the drug tends to diminish cutaneous irritation caused by 
these agents. Alternatively, the same topical agents can be used at the onset of treatment with 
a low starting dose of cyclosporine, such as 2 mg/kg/day. This dose can then be titrated up to 
the desired therapeutic efficacy, not surpassing 5 mg/kg/day [36]. Studies using both calcipot-
riol and anthralin have demonstrated the increased efficacy of cyclosporine when combined 
with topical therapy [52].

Although cyclosporine is very effective at rapidly clearing psoriatic plaques, relapses often 
occur after the discontinuation of therapy. This observation led to trials investigating the use 
of the drug in combination with topical clobetasol propionate. The addition of clobetasol to 
a daily cyclosporine dose of 3 mg/kg daily cleared psoriasis in 3.5 weeks rather than in six 
weeks in patients treated with cyclosporine alone. However, there was no significant dif-
ference in relapse rates. These data suggest that when used in combination with clobetasol, 
a lower cumulative dose of cyclosporine may be used to achieve clearance [53].

Acitretin
Acitretin (Soriatane) is an oral retinoid effective in treating pustular as well as plaque-
type psoriasis. Often, acitretin is used in combination agents for enhanced efficacy, such 
as UVB or PUVA phototherapy, topical calcipotriene, cyclosporine, or methotrexate [54]. 
Acitretin is the metabolite of etretinate, a molecule that is approximately 50 times more 
lipophilic and thus accumulates in adipose tissue and exhibits an extended half-life. Both 
are highly teratogenic; however, the lengthy half-life of etretinate led to its replacement by 
acitretin in June 1997 [55]. The ingestion of alcohol with acitretin leads to its enzymatic 
conversion to etretinate and subsequently to the clinically significant accumulation of the 
teratogenic compound. It is therefore imperative that all women treated with acitretin are 
educated of the risks associated with concurrent alcohol ingestion and acitretin therapy 
[55,56].
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As with all systemic medications, the use of acitretin is most often reserved for moderate to 
severe disease but may still have a role in combination with other agents in mild to moderate 
disease. As a class, oral retinoids are not as efficacious as phototherapy or methotrexate [57]. 
In plaque-type psoriasis, acitretin is used in combination with topical steroids, anthralin, or 
phototherapy [58]. These regimens tend to decrease the dose of acitretin required for clinical 
improvement while maximizing efficacy and decreasing adverse effects.

Combinations of oral retinoids with PUVA, anthralin, topical steroids, and topical vitamin D 
derivatives have been extensively studied, although largely with etretinate [59–61]. A retinoid 
in combination with betamethasone valerate cream 0.1% applied twice daily was found to 
be more effective than either agent alone [62]. The effectiveness of acitretin for plaque-type 
psoriasis is markedly improved with UVA or UVB treatment [63–65].

In a double-blind comparison study, 34 patients were randomized to receive UVB photo-
therapy plus 50 mg/day acitretin, acitretin alone, or UVB plus placebo. Results showed that 
patients receiving combination therapy with acitretin and UVB had more improvement 
than those who received monotherapy. In addition, patients treated with UVB plus acitre-
tin required fewer treatments and a decreased cumulative dose of UVB than those patients 
receiving UVB monotherapy (p < .05) [65]. A recent retrospective study demonstrated that 
using the combination of low-dose acitretin (25 mg/day) and NB-UVB, at a 50% reduction in 
both starting doses and increments, allowed for clearing of psoriasis in the majority of study 
subjects with no increase in side effects associated with either retinoid or NB-UVB therapy 
[66]. Benefits of using acitretin in combination with phototherapy include lower ultravio-
let doses and the possible suppression of cutaneous malignancy associated with PUVA [67]. 
Likewise, patients treated with a retinoid and topical anthralin have maintained remission 
for longer than those treated with monotherapy of either agent [59]. From these studies, there 
is evidence that patients with mild to moderate disease may benefit from maintenance ther-
apy with topical agents or phototherapy with an oral retinoid available intermittently to treat 
relapses.
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Chapter 13
Palmoplantar Psoriasis

Daniel C. Butler and April Armstrong

INTRODUCTION
Palmoplantar psoriasis is a clinical subtype of plaque psoriasis characterized by its 
predomination on the palms and soles. Although the palms and soles make up only 4% of 
a patient’s body surface area, the condition is highly resistant to treatment, and its impact 
can result in severe disability. Patients may experience impaired ability to perform mun-
dane tasks such as holding a pen or driving a car, or, more significantly, essential tasks 
such as feeding oneself or walking. The treatment of this condition presents unique chal-
lenges, but adequate management can help mitigate severe adverse effects on quality of life.

EPIDEMIOLOGY
The prevalence of palmoplantar psoriasis is reported in variable ranges, with the most recent 
literature revealing that 17.4% of psoriasis patients have palm and sole involvement [1]. 
The disease appears evenly in males and females, with the average age of onset estimated 
to be between 35 and 53 years [1,2]. The clinical variants of palmoplantar disease include, 
most commonly, hyperkeratotic type (50%), followed by pustular (16%), combined (12%), 
and indeterminate (20%) [3]. Further characterization found that 34% have severe disease, 
as indicated by quality-of-life measures, and 50% and 18% have moderate and mild severity, 
respectively [3].

PRESENTATION
The correct identification of the disease can prove difficult due to the variety of dermatologic 
diseases that present similarly on the palms and soles. Assessment should begin with a thor-
ough discussion of personal history, family history, smoking history, and previous medica-
tion use, all of which can help differentiate psoriasis from other diseases. One study found 
that 33% of palmoplantar psoriasis patients have a positive family history of psoriasis, 30% 
have a positive history of psoriatic arthritis, and 31% have a positive history of smoking. 
A  personal history of psoriasis is helpful diagnostically because 86.3% of palmoplantar 
patients have minimal or mild psoriasis elsewhere on the body [1,2,4].

On physical examination, palmoplantar psoriasis typically presents with erythematous, scaly 
plaques similar to those seen with plaque psoriasis. Patients often develop thickening of the 
involved skin (referred to as keratoderma) that can progress to form painful fissures. Lesions 
are generally well demarcated and rarely extend past the flexures of the wrist. The finger pads 
are frequently involved, but the lateral sides of each digit are usually unaffected. The presen-
tation is usually symmetrical, although the disease may begin unilaterally and progress to 
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involve both sides [1]. Nail involvement, particularly in the form of pitting, is also a guiding 
clinical clue in that 65% of palmoplantar psoriasis patients have nail findings [2].

There are other inflammatory skin diseases affecting the palms and soles that may be dif-
ficult to distinguish from palmoplantar psoriasis on clinical examination. Often, the most 
challenging distinction is between palmoplantar psoriasis and eczematous processes. Both 
clinical presentation and histopathology may share similar features. Clinically, eczema is 
generally poorly demarcated compared with psoriasis and is less likely to have characteristic 
nail findings. In a study of the atopic hand eruptions, hand eczema most commonly presented 
on the fingers and was less likely on the wrists. However, demographic comparison of palm 
and sole psoriasis and eczema patients showed no significant differences [5]. Histopathology 
may be the most reliable way to definitively distinguish between the two entities. However, 
biopsies in the palmoplantar region may impair activities that involve hands and feet in the 
short term. One study with pathologists blinded to clinical presentation identified multi-
ple parakeratotic foci, placed vertically, alternating with orthohyperkeratosis as histologic 
findings that favor palmoplantar psoriasis [6]. Factors of a patient’s history that may help 
distinguish eczema include a personal or family history of atopy.

Other diagnoses to consider include contact dermatitis, pityriasis rubra pilaris, acquired 
keratoderma, tinea manuum, or tinea pedis, as well as, in rare cases, tertiary syphilis and 
cutaneous T-cell lymphoma. Dermatophytosis is particularly important to note, because it 
can be easily assessed in the office with a potassium hydroxide preparation. In addition, nail 
findings can be difficult to distinguish between psoriasis and dermatophytes, but asymmetry 
and response to antifungal treatment are indicative of a fungal infection.

Palmoplantar pustulosis is a condition that has warranted significant discussion regard-
ing its relatedness with palmoplantar psoriasis [7]. Palmoplantar pustulosis is identified by 
crops of sterile pustules presenting on the palms and soles that erupt intermittently over a 
chronic disease course spanning several years [8]. Historically, both diseases were considered 
variants of psoriasis on a spectrum of severity, where the pustular presentation represented 
more severe disease. However, in 2007, after several studies noted key differences between 
the patient populations, the International Psoriasis Council determined that palmoplantar 
pustulosis is a separate condition despite certain phenotypic similarities [4].

This classification continues to be challenged by recent literature that identifies clinical and 
epidemiologic similarities between the populations, including age of onset, disease dura-
tion, psoriasis family history, and smoking history. Perhaps most noteworthy is that 90% 
of those with palmoplantar pustulosis had evidence of plaque psoriasis in the palmoplantar 
region [3]. Conversely, females are more often affected and nail involvement is less common 
in palmoplantar pustulosis patients [2,9].

PATHOPHYSIOLOGY
The mechanisms underlying the development of palmoplantar psoriasis are not completely 
understood. The Koebnerization phenomenon is a well-known element of psoriasis, and 
it has been implicated in the development of hand and foot disease [1]. The hypothesis 



Palmoplantar Psoriasis    147

states that microtrauma or additional pressure to the skin causes Koebnerization in the 
area. One observation supporting this examined a group of patients with unilateral 
involvement and found that all had their dominant hand as the involved palm. Contact 
sensitivities may also play a role, because patients with palmoplantar involvement are 
more likely to have positive patch test results compared with those without palmoplantar 
involvement [10].

On a molecular level, there is ongoing research investigating the development of psoriasis 
variants. One study found elevated levels of interleukin-23 in patients with palmoplantar 
psoriasis, but no significant difference was noted compared with levels found in lesional 
plaque-type skin [11]. Although this does give a brief perspective into the pathophysiology 
and possible therapeutic options, questions remain regarding what contributes to the devel-
opment of the different psoriasis subtypes.

Treatment Dosing and Regimen Information
Avoidance and Prevention  Identification and avoidance of precipitating factors can be the 
initial intervention. Suggesting the avoidance of harsh cleaners, chemicals, and repeated dry-
ing can eliminate some of the common culprits. Clinicians can also counsel the patient that 
repeated microtrauma from repetitive hand or foot use can contribute to disease develop-
ment. Some helpful strategies include the use of gloves during household tasks or different 
shoes for activities that require extended mobility.

Another preventative strategy is the regular use of moisturizers. Moisturizers help maintain 
the barrier function of the skin and reduce the potential for painful fissures. Ointments are 
more effective moisturizers than creams, but they can be functionally and cosmetically dif-
ficult to use due to their greasy nature, especially for patients with palm and sole involve-
ment. Regular application of somewhat suboptimal emollients may be preferred to occasional 
application of a superior emollient. This can include the use of creams during the day to avoid 
lost productivity, and the use of ideal ointment-based emollients before bed or when patients 
are less active with their hands and feet.

Topical Corticosteroids  When selecting a topical corticosteroid for palmoplantar patients, 
it is helpful to recognize the localized skin differences of the palms and soles, including 
increased thickness of the epidermis. Thus, these areas are less susceptible to the skin thin-
ning effects of even the strongest topical steroids. Class I (superpotent) and class II (potent) 
agents can be used for greater lengths of time in these regions. In addition, because the palms 
and soles make up <4% of the total body surface area, adrenal suppression is highly unlikely, 
further supporting extended use beyond the recommended four-week maximum for super-
potent agents.

Even with prolonged use of the strongest topical agents, palmoplantar disease is highly 
unresponsive to therapy. In a large retrospective analysis, most patients reported partial 
improvement, defined as <50% decrease in symptomatic severity or affected area, with twice-
daily application of a superpotent agent for four weeks. One-quarter of patients reported 
more than a 75% decrease in severity and area involved using the same regimen, and close 
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to  20% had no clinical response to the same four-week regimen [9]. The reason for this 
nonresponse, defined as no change in symptomatic severity or area of involvement, is likely 
to be multifactorial, with one factor being that the thickness of the regional skin minimizes 
penetration of the medication. Topical steroids, which have beneficial effects on the dermal 
immune process, cannot penetrate to their maximal therapeutic depth. In addition, scaling 
and hyperkeratosis create additional layers, inhibiting the response. One helpful strategy 
used in other forms of psoriasis is the addition of keratolytics [10,12]. Although literature 
specific to palmoplantar psoriasis is lacking, salicylic acid has proven effective at reducing 
thick scaling of the scalp when a 2% preparation is applied daily for three weeks mixed 
with a superpotent corticosteroid [13]. This treatment can benefit palmoplantar patients by 
reducing hyperkeratosis and desquamation, potentially improving penetration [14]. It is rec-
ommended that combination therapy with salicylic acid only be used temporarily as initial 
treatment, after which the steroid can be continued as monotherapy [15]. Calcipotriol, an 
alternative topical agent for psoriasis, is inactivated by salicylic acid, thus their concurrent 
use should be avoided [15].

Another way to increase penetration is occlusion with gloves or wraps. This process can 
enhance penetration up to 10 times the depth, subsequently increasing the potency of the 
medication [16]. However, the process of occlusion can be cumbersome on top of the regular 
application schedule. Because it requires coverage for hours at a time, occlusion may tempo-
rarily limit the function of hands and feet. For these reasons, occlusion is best done before 
bed or during hours of limited activity. Although longer occlusion is preferred, one to two 
hours can be sufficient to achieve a positive result.

In addition to limited penetration, another barrier to the success of topical agents is compli-
ance. Compliance is a challenge for all patients using topical agents for chronic skin con-
ditions, but it is even more difficult for palmoplantar patients, whose involved areas are 
essential for everyday functioning.

Other Topical Agents  A variety of other topical medications have been used for palmo-
plantar psoriasis, but they too are limited by the same issues as topical corticosteroids and are 
shown to be less efficacious when used as monotherapy. One study showed 25% symptomatic 
improvement with calcipotriol applied twice daily to the palms and soles, whereas other lit-
erature reveals that up to 43% of patients had no symptomatic improvement [17,18]. The mod-
est improvements when used as monotherapy likely necessitate supplementary intervention.

The literature shows that combination therapy with topical steroids is a more effective way 
to use other topical agents. The use of topical vitamin D derivatives with topical steroids did 
show additive benefits to monotherapy with corticosteroids, as did tazarotene with the same 
corticosteroids [9]. Even with the augmented effect, within a longitudinal study, most patients 
on combination topical therapy progressed to other options due to lack of efficacy [19]. The 
most effective combination supported in the literature is daily use of topical clobetasol with 
coal tar application at night. One study showed application of 0.05% clobetasol propionate 
cream twice daily with overnight application of 6% coal tar for 16 weeks proved to be faster, 
safer, and equal in efficacy to topical psoralen and ultraviolet A (PUVA) [20].
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Phototherapy
Ultraviolet B Therapy  In an open-label prospective study, 9 of 11 patients receiving 
narrowband ultraviolet B (UVB) three times a week for 12 weeks for topically resistant 
palmoplantar psoriasis showed >75% improvement in disease severity and area of involve-
ment [21]. Another study showed similar results, with a 61% reduction in clinical severity; 
yet, this three times a week treatment for nine weeks was less effective than soak PUVA in 
a head-to-head comparison [22]. Narrowband UVB penetrates the thick stratum corneum 
less readily and may thus explain the discrepancy in efficacy [23].

PUVA Treatment  Psoralen can be administered topically as a gel, lotion, or cream, but 
soaking the hands and feet in a bath of the dissolved medication is currently the preferred 
topical modality. The medication can also be ingested orally, but topical forms are gener-
ally preferred to avoid systemic photosensitizing effects. A comparison of the topical PUVA 
methods shows comparable efficacy across modalities [24]. For palmoplantar patients, oral 
PUVA is found to be most efficacious but involves more adverse effects, including nausea 
and dizziness [25]. The literature supports topical-soak PUVA as the most effective form 
of topical phototherapy [26–28]. The recommendation is to soak the hands and feet for 
20 minutes in a psoralen concentration of 1.0 mg/L followed by exposure to 0.25–0.5 J/cm2 
UVA light three times per week. This treatment has been reported to result in nearly half of 
patients experiencing complete reduction in the severity of itching, erythema, scaling, and 
swelling [22,26].

Excimer Laser  The 308-nm excimer laser is an effective option to treat both local and 
generalized psoriasis. Palmoplantar patients appear to be ideal candidates for the directed 
light therapy because it allows for localized, directed therapy to the palms and soles at higher 
therapeutic levels. Although the literature supports its successful use, the extent of success 
is variable, showing an average 52% symptomatic improvement with only 6.7% of patients 
achieving complete clearance [29,30].

Systemic Therapies
Retinoids  Historically, etretinate, a chemical precursor of the more readily available acitre-
tin, has shown efficacy as monotherapy for the treatment of palmoplantar psoriasis [31–33]. 
In recent decades, acitretin has taken preference over its precursor due to its shorter half-life. 
Retinoids are the most frequently used oral medication for palmoplantar patients, because 
they are effective against pustulation and hyperkeratosis [34]. The percentage of patients 
reporting complete symptomatic resolution is between 39% and 53% [34].

One reason retinoids are readily used in the population is their additive effect with 
phototherapy. Acitretin can be started in conjunction with phototherapy or as an adjunct 
to a subtherapeutic phototherapy regimen. Psoriasis Area Severity Index (PASI) scores show 
greater improvement in studies with narrowband UVB plus acitretin, as well as broadband 
UVB plus acitretin in comparison with phototherapy alone [35,36]. Moreover, the results of 
combination retinoids and PUVA therapy, also called re-PUVA (i.e., retinoid-PUVA), is even 
more pronounced. One study in palmoplantar patients showed that acitretin 25–75 mg daily 
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combined with 0.6 mg/kg methoxypsoralen systemic PUVA three times per week resulted in 
greater clinical improvement than monotherapy with either agent [37–39].

When starting acitretin, 25 mg daily is found to be the optimal initial dose to maximize clini-
cal improvement while minimizing side effects [40]. If greater efficacy is needed, dosage for 
patients can be increased by 10–25 mg every two to four weeks, as tolerated. It can take three 
to six months for the medication to show its full effect, and patients should be counseled 
regarding the delayed maximum result. When considering combination with light therapy, 
it is important to acknowledge that retinoids alter the skin’s response to light by loosening 
cellular adhesion within the stratum corneum and by compromising barrier function [41,42]. 
It is recommended that before starting phototherapy, patients have a two-week “priming” 
period where acitretin is started and the patient adjusts to the subsequent skin alterations. 
If the patient is already on a phototherapeutic regimen, the dosimetry of phototherapy should 
be reduced by up to one-half to prevent phototoxicity. If no reaction is observed, the photo-
therapy dose can be titrated up to baseline [43]. The major concern with retinoids is their 
teratogenic potential; thus, the FDA contraindicates its use for women of childbearing age 
and advises women to avoid becoming pregnant for three years after taking the medication.

Methotrexate  Methotrexate can also be effective for the treatment of palmoplantar psoria-
sis. One study showed that for patients on 20–30 mg methotrexate weekly for four months, 
there was >50% improvement in symptomatic severity and total area involvement in half of 
the patients, but other studies have failed to show that level of efficacy [9,19]. One potential 
benefit of methotrexate is that its maximal effect appears at least four weeks faster than that 
of acitretin [44]. However, the significant side effect profile, including cumulative liver toxic-
ity, makes retinoids generally more preferable to methotrexate.

When initiating therapy with methotrexate, a laboratory workup including hepatitis screen-
ing, complete blood count (CBC), and liver function tests (LFTs) should be performed before 
administration of a 5 or 7.5 mg “test” dose. After this initial dose, the same labs should be 
checked a week later to assess for changes. Although the stated purpose of the test dose is 
to assess any idiosyncratic, acute bone marrow suppression effects from methotrexate, the 
test dose is not uniformly practiced by clinicians, and rigorous data are lacking regarding 
its utility. However, methotrexate use can result in acute and life-threatening bone marrow 
suppression. For palmoplantar psoriasis, after the initial testing dose, the usual starting dose 
is between 10 and 15 mg (4–6 tablets) once weekly [19]. Repeat labs should be completed 
every six weeks [45]. For a more complete discussion of methotrexate use, see Chapter 9 of 
Moderate to Severe Psoriasis.

Cyclosporine  Cyclosporine is a highly effective treatment for the rapid remission of pal-
moplantar psoriasis. Rapid improvement can be seen within four weeks. The fast onset of 
action and therapeutic effects can be important in a population where severe disease can 
result in difficulties with walking or activities of daily living. The starting dose recom-
mended is usually between 4 and 5 mg/kg/day [46]. This dose can be adjusted depending 
on the clinical response. Acceptable responses have been reported at doses of 2.5 mg/kg/day 
and even as low as 0.25 mg/kg/day [46,47]. If an inadequate response is observed, the dose 
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can be gradually increased by 0.5 mg/kg/day at two- to four-week intervals, to a maximum 
of 5 mg/kg/day [45]. The literature shows that >90% of patients achieve at least 50% improve-
ment in disease severity for patients taking low doses between 1.25 and 2.5 mg/kg over 
a three-month period [48].

Cyclosporine can be used as emergent short-term therapy while bridging to another medi-
cation or as a long-term solution. The maximum duration of treatment is controversial; the 
U.S. labeling recommends that treatment courses not exceed one year, although international 
standards suggest that two years of treatment are acceptable [45,46,49]. Studies show that 
effective maintenance doses range from 3.0 to 3.5 mg/kg/day, but lower doses are prefer-
able to reduce the risk of systemic toxicity, including decreased renal function and hyperten-
sion. A screening laboratory workup before starting cyclosporine includes a CBC, blood urea 
nitrogen (BUN), creatinine, urinalysis, LFTs, lipid profile, magnesium, uric acid, and potas-
sium as well as determination of hepatitis B and C, human immunodeficiency virus (HIV), 
and tuberculosis status [50]. Kidney function and blood pressure need to be monitored every 
other week for the first three months and then every four to six weeks thereafter, along with 
CBCs, LFTs, magnesium, uric acid, and potassium. For a more extensive discussion on the 
use of cyclosporine, see Chapter 10 of Moderate to Severe Psoriasis.

Tumor Necrosis Factor-α Inhibitors  There are numerous studies supporting the safe and 
effective use of infliximab, etanercept, and adalimumab for palmoplantar psoriasis [51–56]. 
Infliximab groups were dosed at 5 mg/kg at weeks 0, 2, and 6 followed by every eight weeks, 
and severity was measured by improvements on the palms and soles only. Two-thirds of 
patients receiving infliximab experienced 50% improvement in symptoms, with 50.3% clear-
ance of the mean surface area by week 14. In this same trial, one-third of all the patients expe-
rienced 75% symptomatic improvement as measured by a modified Palmoplantar Psoriasis 
Area Severity Index (m-PPPASI) [51]. One series noted a less substantial effect of infliximab 
on palmoplantar psoriasis compared with its effect on plaque psoriasis. In this comparison 
of groups dosed at 5 mg/kg at weeks 0, 2, 6, and every eight weeks thereafter, plaque-type 
patients experienced improvement as measured by a modified Psoriasis Area Severity Index 
(mPASI) of close to 90%, whereas palmoplantar disease severity improved by a mean of only 
28% [52]. Although the reason for this phenomenon is not fully understood, it highlights the 
difficulty in treating palmoplantar psoriasis with the typical dosing used in plaque psoriasis.

In addition to infliximab, there are reports of successful treatment with etanercept, includ-
ing in pediatric patients. These studies gave etanercept using standard dosing of 50 mg twice 
weekly for the first three months followed by once weekly for the duration of treatment. PASI-
75 improvement was appreciated at week 24, and the medication was tolerated well without 
adverse effects [53–55].

Literature regarding adalimumab also addresses its successful use for palmoplantar psoria-
sis patients. Responses were seen with standard dosing of adalimumab, that is, one 80 mg 
injection followed by 40 mg injections every other week [56]. One double-blind study shows 
that nearly 75% of patients reported increased quality of life on the dermatology life qual-
ity index (DLQI), and 35% had complete symptomatic resolution with physician global 
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assessment (PGA) scores of 0 [56]. Although adalimumab and the other anti-tumor necrosis 
factor (TNF) agents are successful in the treatment of palmoplantar psoriasis, there have not 
been any head-to-head studies comparing efficacy.

Even though improvements in disease severity and symptomatic relief are common for anti-
TNF therapy, there are many reports of patients who develop palmoplantar psoriasis after 
initiating these medications. This response is seen in those receiving therapy for psoriasis 
as well as other conditions, and the unique presentation does not correspond to a particular 
anti-TNF agent or dosage [57]. More than 28 cases of this phenomenon have been reported, 
and the literature reports a variety of successful treatment options for the reaction, including 
discontinuation of the agent, switching to an alternative anti-TNF agent, or both [58]. Given 
the rare occurrence of this observation, anti-TNF agents remain safe and effective first-line 
options for patients with palmoplantar psoriasis.

Ustekinumab  Ustekinumab has proven to be beneficial in the treatment of palmoplan-
tar psoriasis. Although the literature is limited, patients appear to have a fast and robust 
improvement of symptomatic relief and clinical severity even after a single dose of this 
medication [59]. Studies followed standard dosing, giving patients 45 mg every third month 
for those who weigh <100 kg and 90 mg every third month for those who weigh >100 kg. 
In a study of 20 patients, complete clearance was seen in 35% of participants, with 60% of 
patients improving 1–2 points on their PGA scores. There was also a mean 56% improvement 
in DLQI scores. One interesting observation reveals a dose–response difference. It appears 
that those receiving 90 mg had more substantial improvement regarding both the percentage 
of patients who completely cleared and the percentage with those who improved their PGA 
scores [60].

INDIVIDUALIZING THERAPY FOR 
PALMOPLANTAR PSORIASIS
The approach to palmoplantar patients is unique in that it prioritizes symptomatic severity 
and quality-of-life impairment as they relate to a limited, local area. Treatment decisions 
should include an assessment of the individual’s daily disease burden as well as the daily and 
long-term effects of the proposed therapy.

Topical steroids should be the initial therapy for mild to moderate disease, with preferential 
use of class I corticosteroids. Patients should be encouraged to apply agents twice daily; if 
patients can tolerate ointment-based topical formulations, ointment form is preferred over 
creams due to superior penetration of active ingredients. However, most patients prefer the 
cream formulation, and considerations must be made to balance compliance with medica-
tion efficacy. The addition of other topical agents, including calcipotriene or tazarotene, can 
augment the steroid’s effect, but they should not be used as monotherapy unless the dis-
ease burden is minimal. Patients should be encouraged to use occlusion whenever possible at 
night, particularly if the therapeutic response is insufficient.

When mild to moderate disease continues to worsen despite an aggressive topical regimen, 
other options should be considered, including acitretin, PUVA, or narrowband UVB therapy. 
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If the patient is of childbearing age, light therapy should be preferred. For males and post-
menopausal women, PUVA and UVB therapies are preferred over acitretin, but the logistics 
of three weekly treatments and potential light sensitivities can make acitretin the preferential 
option.

For moderate to severe disease, therapeutic options include biologic agents and a combina-
tion of acitretin with PUVA or UVB. This therapy is likely to have a more robust effect than 
either therapy used as monotherapy. Alternatively, for moderate to severe disease, patients 
can start with anti-TNF agents or ustekinumab. Etanercept and adalimumab are preferred to 
infliximab by patients due to ease of administration. The biologics are good alternatives for 
female patients who should avoid the use of acitretin or methotrexate.

In emergent or recalcitrant cases where patients are severely disabled or have failed to respond 
to other agents, cyclosporine is useful to control the symptoms quickly. Once the disease is 
under reasonable control, the dose of cyclosporine can be reduced, or clinicians can transi-
tion the patient to an alternative regimen of light therapy, acitretin, methotrexate, a biologic 
agent, or combination therapy. During all therapeutic options, patients should be counseled 
as to the benefits of continued topical corticosteroid application.

CONCLUSIONS
The palmoplantar psoriasis subtype population faces a variety of issues, including severe 
physical disability, challenging treatment regimens, and lack of inclusion in clinical trials 
due to limited body surface coverage [61]. The collective burden contributes to a frustrating 
disease course with limited research helping to explain unanswered questions. Nevertheless, 
progress has been made in understanding the palmoplantar subtype of psoriasis. Although 
these challenges are substantial, more research and better therapeutics will help strengthen 
the battle against this unique condition.
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Chapter 14
Scalp Psoriasis

Peter C. M. van de Kerkhof, Marloes M. Kleinpenning, 
and Rianne M. J. P. Gerritsen

INTRODUCTION
Psoriasis has the scalp as one of its predilection sites. Scalp psoriasis may seriously impair 
quality of life. In this chapter, we present the epidemiologic aspects, clinical morphology, and 
differential diagnosis of scalp psoriasis, followed by the classes of treatments.

EPIDEMIOLOGY
Involvement of the scalp is the most frequent manifestations of psoriasis. Indeed, 79% 
of Dutch patients with psoriasis indicated that the scalp was the most frequently affected 
area [1]. In many patients, psoriasis of the scalp is a major problem; in fact, 31% of patients 
with scalp psoriasis indicated that the condition is distressing [2].

In a questionnaire mailed to 6000 members of the Dutch Psoriasis Association, 57% of the 
respondents named scalp involvement as an important psychologic handicap [3]. In fact, 
scalp psoriasis had existed for more than five years in 81% of the respondents, and in 48%, 
psoriasis covered more than half of the scalp. Visibility of the lesions and itch were the most 
annoying symptoms in 34% and 26%, of respondents, respectively, with scalp psoriasis.

CLINICAL MORPHOLOGY
Classical scalp psoriasis manifests as sharply demarcated erythematous plaques with white-
silvery scales. The scales extend as sleeves around the hair, a condition also described as 
“pseudo-teigne amiantacée.” The lesions often expand onto the face, in particular in the hair-
line, but involvement of the retroauricular fold also is often seen. Figure 14.1 illustrates the 
classical manifestations of scalp psoriasis. Scalp psoriasis may itch in most patients, at least 
in some episodes.

It is the traditional view that scalp psoriasis is not characterized by hair loss or by atrophy of 
the skin. However, it has been shown that the number of telogen hairs in trichograms of plucks 
of hair is increased [4]. Scanning electron microscopy has revealed that hair of psoriatic 
patients shows cuticular breakage and an abraded cuticular surface [5]. Furthermore, it is 
borne out of clinical praxis that long-lasting psoriatic plaques may cause alopecia cicatricial 
[6–8].

Because scalp psoriasis may result in irreversible hair loss, it is important to convince the 
patient that active treatment is important not only for the immediate improvement of the 
condition but also for long-term personal appearance.
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DIFFERENTIAL DIAGNOSIS
Scaling of the scalp may provide a challenge to the physician for adequate diagnosis and treat-
ment. Classic psoriatic plaques elsewhere or classic manifestations of seborrheic dermatitis, 
lupus erythematosus, or lichen planopilaris may help the diagnosis. Therefore, inspection of 
the entire skin is important.

The scalp lesions of psoriasis may strongly resemble seborrheic dermatitis, another papu-
losquamous condition; however, seborrheic dermatitis has more yellow scales-crusts and 
preferential localization on upper trunk, face, and flexures. Fungal lesions also may strongly 
resemble scalp psoriasis. Broken hair, pustulation, and prominent atrophy may increase 
suspicion that a fungus is involved. Lichen planus is characterized by violaceous papules in 
follicular arrangement resulting in atrophy. Lupus erythematodes is also characterized by 
atrophy and follicular hyperkeratoses.

A group of 85 patients with scaling of the scalp (pityriasis amiantacea) were examined 
clinically, and they underwent histologic, bacteriologic, and mycological examina-
tions [9]. Psoriasis was confirmed in only 35.3% of these cases. In 34.2% of the cases, the 
diagnosis was seborrheic dermatitis or atopic dermatitis. In 12.9% of the cases, a diagnosis 
of tinea capitis was confirmed by potassium hydroxide preparation, fungal culture, and 
periodic acid–Schiff staining. Overgrowth of Staphylococcus isolates was evident in 96.5% 
of the patients.

In another study, patients who had been diagnosed as having scalp psoriasis had colonization 
with Malassezia (Pityrosporum) species [10]. Malassezia globosa, M. slooffiae, and M. restricta 

FIGURE 14.1 (See color insert.)  Classical manifestations of scalp psoriasis. (a) Psoriasis of the 
scalp. (b) Scarring psoriatic alopecia. (c) Hairline psoriasis.
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were predominant species in 55%, 18%, and 10% of the patients, respectively. Therefore, in 
cases of pityriasis amiantacea, the differential diagnosis is broad, and in cases where the 
clinical picture is not conclusive, histologic examination and cultures may be indicated [11]. 
In psoriasis of the scalp, overgrowth of Malassezia species remains an important feature and 
may be of therapeutic relevance.

GENERAL THERAPEUTIC ASPECTS
A questionnaire mailed to patients of the Dutch Society for Psoriasis (n = 922 respond-
ers) [3] revealed that 99.6% of patients used a topical corticosteroid for scalp psoriasis. 
Shampoos were used by 51% of the patients and calcipotriol treatment by 28% of the 
patients responding to the questionnaire. The majority of these patients used the treat-
ment for prolonged periods; 72% of them had indicated that they had used treatments for 
more than eight weeks. Of particular importance is the patients indicating the formula-
tion that allows a cosmetically acceptable outcome. Although involvement of the scalp 
with psoriasis is frequent and the impairment of quality of life is important, few evidence-
based studies on treatment of scalp psoriasis are available.

SHAMPOOS
Shampoos are used as a vehicle for active treatment principles. Although no double-blind 
studies are available on the efficacy of tar shampoos, the use of tar shampoo is a popular 
approach by patients suffering from scalp psoriasis.

Open studies indicated that shampoos containing 2%–10% coal tar may be effective in 
psoriasis [12,13]. Some reservation on the use of coal tar shampoos is justified because the 
secretion of 10-hydroxypyrene in urine is increased in patients using tar shampoo, indicating 
resorption of hydrocarbons through the skin [14].

Zinc pyrithione shampoos are well appreciated. But again, no double-blind studies 
are  available to substantiate their efficacy. In open studies, scalp psoriasis proved to 
respond to zinc pyrithione–containing shampoos in concentrations between 1% and 2% 
[14–16].

More recently, clobetasol propionate shampoo 0.05% was reported to be a new option for the 
treatment of patients with moderate to severe scalp psoriasis [17]. In a multicenter, random-
ized, vehicle-controlled, double-masked, parallel-group study, clobetasol propionate sham-
poo was compared against the corresponding vehicle shampoo in patients with moderate 
to severe scalp psoriasis during a four-week treatment. A total of 143 patients were treated. 
Clobetasol shampoo was significantly more effective compared with the vehicle shampoo 
with the same safety profile. Clobetasol propionate 0.05% shampoo was compared with a 
1% tar shampoo in 162 patients with scalp psoriasis. In this multicenter, randomized study, 
clobetasol propionate shampoo was more effective [18]. In another comparative study of 151 
patients, clobetasol shampoo was more effective compared with 0.005% calcipotriol solution 
over a four-week period [19].
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DESCALING OF THE SCALP
Debridement of the scalp by an automatized shampooing and debridement machine has been 
shown to empower markedly the response to antipsoriatic treatments [20].

Salicylic acid 5%–10% has been shown to have a marked keratolytic effect. Salicylic acid is 
formulated in an ointment that can be washed off easily. Application of salicylic acid oint-
ments is done for a few days, before active treatment principles are used. An alternative for 
salicylic acid is urea that can be used in concentrations of up to 40% [21].

COAL TAR AND DITHRANOL
Coal tar may be indicated for itchy psoriasis. However, the unpleasant smell of coal tar is a 
limitation. Coal tar solution (5%–20%) can be formulated in a lotion or added to a topical 
corticosteroid preparation.

Dithranol is another time-honored therapy. Dithranol 0.1%–3% is manufactured in vari-
ous formulations. The treatment is started at a low concentration and increased stepwise 
to provide a minimal degree of irritation. Dithranol treatment of the scalp may cause 
temporary discoloration of the hair. In an open study, dithranol in a cream formulation 
caused 58% reduction of the modified Psoriasis Area and Severity Index (PASI) score for 
the scalp during an eight-week treatment [22]. The application of dithranol in scalp psoria-
sis has been improved by manufacturing dithranol into detergents (Silix Waschöl N, Pacos 
GmbH, Halle, Germany). An emulsifying oil base (Helianthus annulus, octyl cocoate, 
polyethylene glycol [PEG]-40, sorbitan peroleate, PEG-40 hydrogenated castor oil, tri-
deceth-9, propylparaben, butylated hydroxytoluene [BHT], ascorbyl palmitate, glyceryl 
stearate, glyceryl oleate, and citric acid) and crystalline monoglycerides (Micanol Bioglan, 
Giessen, Germany) have been shown to be suitable vehicles for dithranol treatment of 
scalp psoriasis [23].

IMIDAZOLE ANTIFUNGALS
Because scalp psoriasis is accompanied by an overgrowth of Malassezia species, an antifun-
gal treatment seems to be a rational approach. The outcome of various studies on topical 
and systemic antifungal treatments is contradictory [24–27]. However, in treatment-resistant 
manifestations, a reduction of Malassezia overgrowth may be effective in improving the 
condition.

TOPICAL CORTICOSTEROIDS
Topical corticosteroids are frequently used in scalp psoriasis. From an epidemiologic survey 
we know that topical corticosteroids are used by the majority of patients for more than eight 
weeks [3].

In scalp psoriasis, the formulation is relevant, in particular, with respect to the cosmetic 
appearance. A cream or lotion is preferred over an ointment, although an ointment provides 
better bioavailability. More recently, a foam vehicle has become available. The advantage of 
the foam is that it spreads in the hair until it reaches the scalp, where it “melts.” The total 
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coverage area for 100 g of foam was comparable to the coverage area of 100 g of traditional 
vehicles [28]. In a comparative study against standard treatment (corticosteroid lotion or 
vitamin D3 treatments), betamethasone-17-valerate in foam was more effective, resulting in 
clearing or nearly clearing in 88% of the patients [29]. In another study, it was shown that 
once-daily application of betamethasone-17-valerate in the foam vehicle was as effective as 
twice-daily application of the standard treatment [30]. The average sign scores (erythema 
plus induration plus scaling) reduced from 8.1 to 3.9 and from 7.7 to 3.0 during a four-
week head-to-head study [31]. In a comparative study of clobetasol propionate foam 0.05% 
against clobetasol cream, the decrease of PASI during a two-week study was 41% versus 
31%. Patients using foam had a significantly greater increase in quality-of-life parameters 
and had spent less time applying their medication [31]. The use of clobetasol propionate 
0.05% shampoo (CPS) is an important innovation. CPS proved to be a good alternative to 
tar blend shampoo in the treatment of moderate to severe scalp psoriasis. In a compara-
tive 24-week study against vehicle, the added value of clobetasol 0.05 shampoo was clearly 
shown. Health benefits were measured in disease-free days (DFDs). The economic analysis 
includes drug and physician costs. Depending on the country, the mean total number of 
DFDs per patient is 21%–42% higher with CPS compared with vehicle, and the mean total 
cost is 11%–31% lower. The mean costs per DFD are 30%–46% lower with CPS compared 
with the vehicle [32].

Side effects of topical corticosteroids on the scalp are limited. If the facial area is exposed to 
the steroids, perioral dermatitis may develop. It may be relevant, however, that topical corti-
costeroids may suppress hair growth [33] and that the skin of the scalp is by far more perme-
able to topical corticosteroids than skin in most other regions [34].

The efficacy and safety ratio of topical corticosteroids may be enhanced by applying cor-
ticosteroid preparations intermittently for two or three days per week. Furthermore, the 
addition of salicylic acid may increase the bioavailability of topical corticosteroids con-
siderably, thereby enhancing efficacy. Plastic occlusion (e.g., a shower cap) may be helpful 
in enhancing the efficacy of corticosteroids. However, penetration may be enhanced con-
siderably. Zinc pyrithione spray has been used in combination with a topical corticoste-
roid. In a double-blind study, the added value of zinc pyrithione could not be shown [35]. 
Combination treatments with vitamin D3 analogs, the topical retinoid tazarotene [36], and 
ultraviolet B (UVB) phototherapy are important options for effective and safe control of 
scalp psoriasis.

VITAMIN D3  ANALOGS
Calcipotriol, calcitriol, and tacalcitol are well-established, first-line treatments of psoria-
sis. Calcipotriol solution has become a mainstay in the topical treatment of scalp psoriasis. 
More recently, tacalcitol has become available in several countries.

In a four-week, double-blind comparative study, calcipotriol lotion proved to be effective, 
although less effective compared with betamethasone lotion [37]. In 73%–75% of the patients 
treated with betamethasone, a marked improvement or clearing was observed and in 
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57%–58% of the calcipotriol-treated patients, such an improvement was seen. The majority 
of the patients were treated for another six weeks with calcipotriol solution in an open-label 
phase that resulted in a marked improvement in 82.6% of the patients. In this respect, it 
should be noted that optimal efficacy with calcipotriol solution requires eight weeks, whereas 
a potent topical corticosteroid already results in maximum efficacy after two to three weeks. 
In another comparative study (open-label) during six weeks, both treatments were equally 
effective [38].

The combined use of calcipotriol ointment (80–100 g/week) and calcipotriol solution 
(30–50 mL/week) proved to be safe, without affecting the indices of calcium metabolism 
or bone turnover [39]. In 202 patients, the long-term efficacy and safety of twice-daily cal-
cipotriol solution was studied. By week 28, the total sign score had reduced from 5.9 to 2.5. 
Facial irritation was observed in 91 of 276 events, and no significant changes of systemic 
calcium metabolism have been observed [40]. In a multicenter prospective observational 
cohort (<3396 patients) treated with calcipotriol solution twice daily over an eight-week 
period, the following observations were made [41]: (1) in the total cohort, the scalp severity 
index reduced from 18.4 to 5.6; (2) in 80% of patients, the improvement was rated as good 
to very good; and (3) in those patients who were treated only with calcipotriol solution 
without additional treatments, the scalp severity index decreased from 16.0 to 4.9 in the 
eight-week treatment.

More recently, tacalcitol in an emulsion has become available in various countries. Once-
daily tacalcitol emulsion proved to be effective and safe in a double-blind, placebo-controlled 
study. After an eight-week treatment, the median sum score had decreased by 53% in the 
tacalcitol group, with 80% of the patients showing marked improvement to clearing [42]. 
Local adverse reactions were transient and uncommon, and systemic calcium metabolism 
was not affected.

Topical vitamin D3 treatment can be combined with topical corticosteroids. An elegant, 
effective, and safe strategy is once-daily application of a topical corticosteroid during 
weekend days and once or twice daily a vitamin D3 analog during weekdays [43]. A large 
program of phase II studies has been completed evaluating the efficacy and safety of a gel 
formulation containing calcipotriol and betamethasone dipropionate [44–48]. The fixed 
combination of calcipotriol and betamethasone as a suspension (also referred to as “gel” 
outside of the United States) has become a mainstay in the treatment of scalp psoriasis. 
This two-compound formulation had a faster improvement and more impressive efficacy 
compared with the monocomponent formulations The efficacy of the combination has 
been shown in large multicenter, double-blind, parallel-group studies. The proportion of 
patients with “absence of disease” or “very mild disease” at week 8 was significantly higher 
in the two-compound group (68.4%) than in the betamethasone dipropionate group 
(61.0%, p = .0079) or calcipotriol group (43.4%, p < .0001). The proportion of patients 
rating their scalp psoriasis as “clear” or “almost clear” was significantly higher for the 
two-compound scalp formulation (69.6%) than for betamethasone dipropionate (59.9%, 
p = .0006) or calcipotriol (44.7%, p < .0001). The incidence of lesional/perilesional adverse 
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events was lower in the two-compound and betamethasone dipropionate groups than in 
the calcipotriol group [48].

PHOTOTHERAPY
Phototherapy, although effective in plaque psoriasis, has limited applications in scalp psoria-
sis because the hair prevents adequate UV exposure of the skin surface. The UVB/fiber optic 
comb has been shown in a pilot study in fewer than 14 patients to improve the treated sides 
well above that of the untreated sides [49]. The 308-nm excimer laser has also been inves-
tigated with respect to efficacy in the treatment of scalp psoriasis. In a study in fewer than 
13 patients, excimer laser–treated sides improved well above that of untreated sides [50].

A challenging development is photodynamic therapy [51]. Application of aminolevulinic 
acid results in intracellular accumulation of protoporphyrin IX that can be activated by 
visible light to produce reactive oxygen species and free radicals. This process has an anti-
psoriatic potential. Visible light penetrates better through keratin structures compared with 
ultraviolet light and may well improve phototherapy of scalp psoriasis.

SYSTEMIC TREATMENTS
In general, scalp psoriasis can be managed by a topical treatment. If topical treatments are 
not effective and phototherapy does not provide an adequate solution, a systemic treatment 
may be indicated. Cyclosporin is a very effective antipsoriatic treatment that can be used up 
to one or two years for reason of cumulative toxicity. Methotrexate, fumarates, and acitretin 
may provide a satisfactorily long-term control.

TREATMENT STRATEGIES IN SCALP PSORIASIS
A spectrum of treatments is available for the management of scalp psoriasis. However, few 
double-blind, placebo-controlled studies and double-blind controlled studies against active 
comparators are available. Guidelines on the treatment of scalp psoriasis are largely based 
on the open studies described above and on expert opinions. In this section, we integrate the 
current knowledge into treatment recommendations for scalp psoriasis.

The first phase is active descaling. In mild scaling, regular shampooing is an option. 
Application of salicylic acid 5%–10% or urea up to 40% in a wash-off ointment may enhance 
descaling. An automatic shampooing machine may help at day care centers for efficient 
descaling.

The second phase is active clearing treatment. The first-line approach is a vitamin D3 solu-
tion or emulsion once a day and a superpotent topical corticosteroid in a vehicle that is well 
accepted by the patient once a day. If this approach is not effective after eight weeks or not 
appreciated for reason of intolerance, a superpotent topical corticosteroid may be combined 
with UVB therapy. To optimize phototherapy of the scalp, a hair blower or a UVB fiber comb 
can be used. Another alternative for the second phase is dithranol and tar-based treatments 
at a day care center. If all these approaches are not effective, cultures for Malassezia species 
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should be taken, and a systemic antifungal treatment can be started. If all these treatments 
are not effective, a systemic antipsoriatic treatment should be considered with methotrexate, 
fumarates, cyclosporine, or acitretin.

The third phase of treatment is stabilization with a vitamin D3 analog on weekdays (once 
or twice daily) and a superpotent topical corticosteroid once daily during the weekend. If a 
vitamin D3 analog is not tolerated, the patient may restrict to intermittent applications of the 
corticosteroid only.

The fourth phase is the maintenance phase. For this phase, a vitamin D3 analog is the pre-
ferred treatment either once or twice daily. A tar shampoo may further support this phase.

CONCLUSIONS
Scalp psoriasis is a frequently occurring condition that may impair quality of life consid-
erably. A spectrum of treatments (Table 14.1) for this condition is available, although few 
double-blind comparative studies support the efficacy of these treatments. Treatment phases 
comprise I, descaling; II, clearing; III, stabilization; and IV, maintenance.

TABLE 14.1  Actual Frequency of Use of Various Treatments in 
Scalp Psoriasis (n = 922 patients)

Treatment No. of Patients

Corticosteroids
Hydrocortisone cream 13
Clobetasone cream 14
Hydrocortisone butyrate cream 32
Hydrocortisone butyrate lotion 16
Hydrocortisone butyrate emulsion 18
Triamcinolone cream 28
Betamethasone valerate cream 65
Betamethasone valerate emulsion 19
Betamethasone valerate lotion 125
Clobetasol cream 106
Clobetasol lotion 101
Betamethasone dipropionate hydrogel 26
Betamethasone dipropionate cream 37
Betamethasone dipropionate lotion 72
Desoximetasone emulsion 292

Other treatments
Calcipotriol ointment 258
Coal tar shampoo 474
UVB phototherapy 119
Salicylic acid 65
Other/unknowna 161
a	 Other/unknown implies a series of alternative treatment approaches.
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Chapter 15
Inverse Psoriasis

Lara Wine-Lee, Robert A. Lee, and Abby S. Van Voorhees

INTRODUCTION
Psoriasis is commonly described as a chronic relapsing disease characterized by erythema-
tous well-circumscribed plaques with thick, silvery scale and a predilection for the exten-
sor surfaces of the extremities, lower back, and umbilical area [1–3]. Yet, the morphology 
and presentation of cutaneous lesions can vary considerably and can be divided into sub-
types, including chronic plaque psoriasis, guttate psoriasis, erythrodermic psoriasis, gener-
alized pustular psoriasis, pustular palmar and plantar psoriasis, and inverse psoriasis [2]. 
Moreover, these subtypes are not mutually exclusive, with one type evolving into another 
over time. Inverse psoriasis is also known as flexural or intertriginous psoriasis because of 
its selective involvement of skin folds such as the axillae, groin, inframammary folds, navel, 
gluteal crease, and the palms, soles, and nails. Because of its particular location inverse 
psoriasis’ impact is greater than the total body surface area and poses unique therapeutic 
challenges.

EPIDEMIOLOGY
In the United States, psoriasis affects approximately 2.2%–2.5% of the general population. 
Inverse psoriasis accounts for roughly 2%–6% of these cases [4,5]. The male-to-female ratio 
is approximately equal. The age of onset has a bimodal distribution, with the first peak at 
22.5 years of age and second peak at 55 years of age [6].

Psoriasis appears to demonstrate a polygenic mode of inheritance. Approximately one-third 
of the patients with psoriasis also have a relative with the disease. Monozygotic twins exhibit 
a 65% rate of concordance, opposed to 30% for dizygotic twins. Certain major histocompat-
ibility complex types (human leukocyte antigen [HLA]-Cw6, HLA-B57, HLA-DR7) [7,8] are 
associated with a higher incidence of psoriasis, with some corresponding to specific clinical 
patterns: pustular type (HLA-B27), guttate type (HLA-B13 and HLA-B17), and palmoplantar 
pustulosis (HLA-B8, HLABw35, HLA-Cw7, HLA-DR3) [9]. Linkage analysis and genome-
wide association studies (GWASs) have identified >15 loci associated with psoriasis suscep-
tibility. The identified genes fall within the broad categories of antigen presentation, skin 
barrier function, T-cell signaling, and the nuclear factor-κB (NF-κB) pathway [10]. No HLA 
type or specific loci have been associated with inverse psoriasis.

CLINICAL PRESENTATION
Inverse psoriasis often appears as glossy, sharply demarcated erythematous plaques with lit-
tle to no scale (Figure 15.1a–d). Often, lesions are moist and can be fissured. Characteristic 
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FIGURE 15.1 (See color insert.)  Well-demarcated, red plaques in the inguinal crease and interglu-
teal cleft (a), axilla (b), inguinal crease (c) and inframammory fold (d) of patients with inverse psoriasis. 
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histopathology is identical for psoriasis vulgaris and inverse psoriasis and includes regular 
acanthosis, club-shaped dermal papillae, focally absent granular layer, focal  parakeratosis, 
elongated and tortuous capillaries, and collections of neutrophils in the epidermis [11].

The effect of psoriasis on a patient is multidimensional, including the physical, social, and 
psychologic health of the person. Overall clinical severity of psoriasis, as assessed by the 
psoriasis area and severity index (PASI), and duration of psoriasis may not always be related 
directly to health-related quality-of-life measures [12]. Patients with psoriasis often ascribe 
a substantial negative effect on their quality of life [13]. The psychosocial effects of psoria-
sis on patients may be profound, resulting in considerable stigmatization, social isolation, 
and discrimination. Eighty-four percent of patients with psoriasis expressed difficulties in 
establishing social contacts and relationships and stated that this was the worst aspect of 
their psoriasis. Psoriasis patients also had reduction in physical and mental functioning com-
parable to that seen in cancer, arthritis, hypertension, heart disease, diabetes, and depres-
sion [14]. Although approximately 40% of patients report that psoriasis negatively affected 
their sexual activity and enjoyment, no study has been performed to specifically address the 
impact of inverse psoriasis [15]. For inverse psoriasis, the extent of skin involvement may not 
be a reliable guide to disability. By the same token, the presence of psoriasis on the face may 
contribute to depression. As a consequence, patients should be assessed using an approach 
that considers physical and psychologic measures [16].

ETIOLOGY
The pathogenesis of psoriasis is not well understood. The presence of numerous immune 
cells in psoriatic lesions implies an important role in disease progression and mainte-
nance through secretion of various inflammatory cytokines. Also, hyperproliferation of 
keratinocytes is observed [3]. Often there is an inciting insult, such as infection, medica-
tion (Table 15.1) [16–18], or trauma (Koebner phenomenon). Friction, heat, and moisture 
in these areas are thought to induce psoriasis as a Koebner phenomenon. Although fungal 
infections have often been associated with inverse psoriasis, a recent study comparing 
untreated patients, topical steroid–treated patients, and control patients shows no evi-
dence of Candida infection [19,20].

TABLE 15.1  Drugs That Exacerbate Psoriasis
Antimalarials
Lithium
β-Blockers
Nonsteroidal anti-inflammatory drugs
Trazodone
IFN-α
Terbinafine
Angiotensin-converting enzyme inhibitors
Gemfibrozil
Tetracycline
Penicillin
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DIFFERENTIAL DIAGNOSIS
Inverse psoriasis can be difficult to diagnose in the intertriginous areas because lesions often 
lack the characteristic silvery scale seen in plaque-type psoriasis (Table 15.2). The lesions are 
generally deep red, smooth, even glistening with a well-demarcated edge. Pustules or papules 
extending beyond the border suggest secondary Candida infection. Intertrigo, erythrasma, 
and seborrheic dermatitis may be indistinguishable in some cases.

MANAGEMENT
Topical Corticosteroids
Corticosteroids persist as the mainstay for topical treatment. Topical corticosteroids are cat-
egorized by the Stoughton–Cornell classification system based on the vasoconstriction of 
small blood vessels in the upper dermis. This system ranges from the superpotent class I 
steroids to the weaker class VII steroids. They are believed to reduce inflammation by reduc-
ing inflammatory cells and cytokines, including interleukin (IL)-1, IL-2, interferon (IFN)-γ, 
tumor necrosis factor (TNF)-α, and granulocyte macrophage–colony-stimulating factor 
(GM–CSF) [21–23].

Topical corticosteroids are first-line treatment for intertriginous psoriasis. An open-label 
study of 20 patients applying fluticasone propionate 0.005% (class III) twice a day for two 
weeks followed by twice-weekly application for 10 weeks demonstrated >75% clearance in 
95% of facial and intertriginous lesions compared with 35% of nonfacial, nonintertriginous 
lesions [24]. There was no evidence of skin atrophy after 10 weeks. In recommendations pub-
lished by the medical board of the National Psoriasis Foundation, a short (2 to 4 week) course 
of low to midpotency topical steroid is considered the most efficacious first-line therapy for 

TABLE 15.2  Differential Diagnosis of Inverse Psoriasis
Intertrigo
Seborrheic dermatitis
Erythrasma
Cutaneous candidiasis
Contact dermatitis
Darier disease
Bowen disease
Extramammary Paget disease
Mycosis fungoides
Acrodermatitis enteropathica 
Radiation dermatitis
Glucagonoma syndrome
Hailey–Hailey disease
Epidermolysis bullosa
Langerhans cell histiocytosis
Acanthosis nigricans
Axillary granular parakeratosis
Confluent and reticulated papillomatosis
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intertriginous psoriasis [25]. Maintenance with low to potency topical steroids one or two 
times per week was also suggested [25].

Topical corticosteroids have side effects that limit their long-term use in the treatment of 
psoriasis. Common side effects can occur locally at the site of prolonged topical cortico-
steroid application, resulting in skin atrophy, irreversible striae, and telangiectasias. These 
findings are most often seen when high-potency corticosteroids are used on the face and 
intertriginous areas for prolonged periods. Intertriginous areas are even more sensitive to 
topical corticosteroids because of the thinness of the psoriasis lesions and likely occlusion 
in these areas. Long-term studies however are lacking for inverse psoriasis. Tachyphylaxis 
is also a common phenomenon with prolonged use [26]. Pulse therapy has been shown to 
prevent tachyphylaxis in psoriasis vulgaris but has not been studied for inverse psoriasis.

Topical Vitamin D Analogs
Topical vitamin D, available as calcipotriene or calcitriol, is commonly used for the treat-
ment of psoriasis. Calcipotriene is a synthetic analog to the naturally occuring active for of 
Vitamin D3, (1,25-dihydroxyvitamin D3). It binds to the vitamin D receptor found in kera-
tinocytes, thereby halting proliferation and causing terminal differentiation. It also inhibits 
production of IL-2, IL-6, IFN-γ, and GM-CSF by T cells. Because it is not associated with 
skin atrophy, calcipotriene has potential advantages when used in intertriginous areas [27].

For psoriasis vulgaris, calcipotriene has been shown to be as effective as a class II cortico-
steroid. In a randomized, double-blind study with 114 subjects, mean scores of scaling and 
plaque elevation in calcipotriene-treated subjects were significantly lower by week 2 than 
in the fluocinonide-treated subjects and continued to be significantly lower through week 
6 [28]. Calcipotriene can also be used in conjunction with topical corticosteroids to extend 
the duration of remissions while minimizing the adverse effects of chronic steroid use. In a 
randomized, double-blind study of 44 patients, 76% of patients using a combination of calci-
potriene twice a day on weekdays and a class I corticosteroid twice a day on weekends were 
able to maintain remission at six months of treatment compared with 40% using a class I cor-
ticosteroid steroid twice a day on weekends and vehicle twice a day on weekdays [29]. There 
have been no randomized control studies studying the efficacy of calcipotriene for inverse 
psoriasis. In an open, uncontrolled trial, 10 or 12 patients with inverse psoriasis showed clini-
cally significant improvement by six weeks of treatment [30]. Vitamin D analogs are recom-
mended for chronic use in the treatment of intertriginous psoriasis [25].

However, calcipotriene can cause irritant contact dermatitis, particularly on the face and in 
intertriginous sites. Dilution of calcipotriene with petrolatum or the addition of a topical 
steroid may prevent the irritant contact dermatitis. Rarely, hypercalcemia can occur but is 
always associated with excess use over large surface area [31].

Topical Immunomodulators
Immunosuppression in the treatment of psoriasis can be achieved by inhibition of cyto-
kine production, a process that is essential in the development of psoriasis [32]. Tacrolimus, 
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a  lipophilic agent produced by Streptomyces tsukubaensis, exhibits similar in vivo and in 
vitro biologic characteristics to cyclosporine A. Furthermore, it is more potent than cyclo-
sporine A. Inhibition of calcineurin blocks the activity of nuclear factor of activated T cells 
(NF-AT) that, in turn, suppresses IL-2 production as well as T-cell response. Both systemi-
cally and topically, tacrolimus inhibits T-cell infiltration and skin reddening, and levels of 
IL-2 receptors decrease during treatment. There is also inhibition of keratinocyte prolifera-
tion induced by epidermal growth factor (EGF), transforming growth factor (TGF)-α, or 
IL-6 through influence on the keratinocyte cell cycle at G0/G1 phases and dose-dependent 
inhibition of IL-8, which is elevated in psoriatic plaques.

Tacrolimus has a lower molecular weight and penetrates the skin better than cyclospo-
rine. Therefore, it can be used topically. Adverse events include burning, heat sensation, 
itching, and erythema. In contrast to topical corticosteroids, there is no influence on col-
lagen biosynthesis with resulting skin atrophy. Psoriatic plaques on the trunk and the 
extremities can be thick, and topical tacrolimus formulations are only minimally effec-
tive in treating these lesions [33]. However, several open-labeled trials indicating topical 
tacrolimus might be effective for intertriginous lesions [34,35]. A randomized, double-
blind, vehicle-controlled study of inverse psoriasis with 167 patients using 0.1% tacroli-
mus showed 65.2% of the tacrolimus ointment group and 31.5% of the vehicle group were 
90% clear by eight weeks [36]. None of the patients had skin atrophy, telangiectasias, or 
striae during the eight-week study. Recent studies have also confirmed its effectiveness in 
the pediatric setting [37,38]. Induction of lentigines in areas of prolonged tacrolimus use 
is reported [39,40].

Pimecrolimus also belongs to the macrolide group of immunomodulators. Compared with 
tacrolimus, it is 20 times more lipophilic and has a lower permeation potential through the 
skin. A 57-patient, randomized, double-blind, vehicle-controlled trial studying inverse pso-
riasis showed that 82% of the pimecrolimus group and 41% of the vehicle were 90% clear by 
eight weeks [41]. A direct comparison of topical 1% pimecrolimus, 0.005% calcipotriol, and 
0.1% betamethasone demonstrated pimecrolimus to be the least effective of the three in treat-
ing inverse psoriasis but clearly superior to vehicle alone [42].

Risk of long-term use of topical tacrolimus and pimecrolimus remains inconclusive, and these 
agents should be used only as recommended [43–45]. Use of systemic tacrolimus has been 
shown to be associated with both lymphoid and nonlymphoid malignancies in the posttrans-
plant setting [46,47]. Topical tacrolimus has been implicated in squamous cell carcinoma 
of the penis [48]. Oral pimecrolimus has been associated with development of lymphoma 
in monkey models [49]. In mouse models, topical tacrolimus has been shown to acceler-
ate the development of squamous cell carcinomas [50]. In March 2005, the Food and Drug 
Administration (FDA) issued a public health advisory for topical pimecrolimus reporting 10 
cases of cancer-related adverse events, including lymphoma, basal cell carcinoma, and squa-
mous cell carcinoma [49]. At the same time, an advisory was also issued for topical tacroli-
mus, reporting 19 cases linking it with cancer-related adverse events, including lymphomas, 
squamous cell carcinoma, and malignant melanoma [49]. However, no long-term studies are 
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yet available to evaluate the risk of topical formulations in humans. Therefore, prolonged use 
over large areas of the body should be done with caution.

Retinoids
Topical or oral retinoids have multiple effects on keratinocyte differentiation and prolifera-
tion and inflammatory processes that contribute to psoriasis. There are two classes of nuclear 
retinoid receptors that have been identified: the retinoic acid receptor (RAR) and retinoid 
X receptor (RXR) [51]. The function of these RARs and RXRs is not well understood in 
skin. In animal models, retinoids block induction of ornithine decarboxylase activity that is 
associated with cell proliferation and expression. In vitro skin models and cell cultures also 
demonstrate that retinoids suppresses epidermal hyperproliferation.

Acitretin is the active metabolite of etretinate, but it has a shorter half-life. It selectively binds 
RARs, albeit weakly. Re-esterification of acitretin into etretinate still limits use in women 
of childbearing potential. It is indicated in treating pustular and plaque psoriasis. Increased 
efficacy is seen when systemic retinoids are combined with phototherapy as well. There are 
no studies addressing the utility of acitretin in inverse psoriasis.

Tazarotene selectively binds to RARs. Generally, tazarotene is most effective for reducing 
plaque thickness. Because intertriginous psoriasis tends to have thin plaques and signifi-
cant local irritation of tazarotene can be seen, it is not commonly used for intertriginous 
areas but may be effective on the face. There have been no randomized control studies study-
ing the efficacy of tazarotene for inverse psoriasis. Common side effects from local applica-
tion include irritation, pruritus, erythema, stinging, and desquamation [52]. Short contact 
with tazarotene minimizes the local irritation on the skin, which is especially applicable to 
intertriginous areas.

Light Therapy
Ultraviolet light causes DNA damage to cutaneous tissue and thereby can inhibit cell prolif-
eration [2]. Specifically, it appears to target cutaneous immune cells and reduce the produc-
tion of inflammatory cytokines important in psoriasis pathogenesis. It is widely used in the 
treatment of psoriasis vulgaris [22].

Broadband ultraviolet B (BB-UVB) and narrowband UVB (NB-UVB) can be used to treat 
plaque psoriasis. NB-UVB is generally more effective than BB-UVB in treating psoriasis 
but has the disadvantage of producing more severe and longer lasting burns than BB-UVB. 
The long-term effect of NB-UVB on carcinogenesis in plaque psoriasis remains unknown. 
Its overall safety is generally believed to be better than that of psoralen plus ultraviolet A 
(PUVA) [53]. Genitalia are often shielded due to the possible increased risk of carcinogen-
esis. Typical UVB light units are designed to treat large surface areas and generally do not 
reach intertriginous areas because of body habitus and positioning of the patient. A recent 
study using NB-UVB specifically for intertriginous areas in Asian patients demonstrated sig-
nificant improvement in 41 of 48 patients. Side effects were limited to darkening of the skin 
and pruritus, side effects that resolved after stopping the treatments [54]. Smaller handheld 
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units are promising alternatives to allow better targeting of occluded areas such as the axilla 
and inframammary folds. Specific studies addressing the efficacy and safety of BB-UVB and 
NB-UVB in inverse psoriasis have not been done.

PUVA is commonly used for widespread and resistant psoriasis. Psoralen, 8-methoxypso-
ralen, causes the formation of pyrimidine dimers that lead to cross-linkage of DNA strands 
and genomic instability and apoptosis. In a randomized trial involving 100 patients compar-
ing NB-UVB with PUVA given twice weekly, 88% of patients were cleared with PUVA com-
pared with 63% with NB-UVB [55]. Also PUVA-treated patients required significantly fewer 
treatments and had almost three times the remission rate at six months after treatment. The 
potential side effects of PUVA include an increased incidence of squamous cell carcinoma 
[56], basal cell carcinoma, and possibly malignant melanoma [57]. The genitalia are usually 
shielded during UVA exposure because of the risk of developing carcinoma in that region. 
PUVA is not commonly used for inverse psoriasis because of the tendency for intertriginous 
skin to burn, the risk of carcinogenesis, and the technical difficulty of delivering UV light to 
the intertriginous areas. No studies using PUVA specifically for inverse psoriasis have been 
performed.

Targeted ultraviolet light therapy allows for sparing of uninvolved skin and has recently been 
considered. In a preliminary case report, a single inverse psoriasis patient using the excimer 
laser (308 nm) obtained 90% improvement of her lesions after three weeks of treatment [58]. 
Excimer light therapy has also been reported to be effective in conjunction with topical tacro-
limus [59]. Further studies are necessary to better demonstrate the efficacy and safety of this 
modality. The disadvantages of this approach include risk of burning, hyperpigmentation, 
and unknown risk of carcinogenesis.

Methotrexate
Methotrexate is a synthetic analog of folic acid and a competitive inhibitor of the enzyme 
dihydrofolate reductase [60]. The inhibition of thymidylate synthesis appears to be the most 
important effect exerted by methotrexate, resulting in inhibition of DNA synthesis and arrest 
of cell division in the S phase. T and B cells are preferentially targeted and thereby inhibit the 
elaboration of inflammatory cytokines. Methotrexate also suppresses epidermal cell division 
in psoriasis.

Methotrexate is indicated in patients with moderate to severe psoriasis and is indicated when 
other treatment modalities have failed [61,62]. It is most appropriately used for patients with 
plaque psoriasis with >10% body surface involvement; pustular psoriasis; erythrodermic pso-
riasis; psoriatic arthritis; and more localized, recalcitrant psoriasis. Because of its distribu-
tion, inverse psoriasis can be much more debilitating than that suggested by the total body 
surface area affected. In this case, intervention with methotrexate can be considered.

A randomized, single-blind, controlled trial comparing cyclosporine and methotrexate 
involving 88 patients with psoriasis vulgaris showed no significant difference in effectiveness 
or side effects between the two drugs. Sixty percent in the methotrexate group compared with 
71% in the cyclosporine group achieved at least 75% clinical improvement over the 16 weeks 
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of the study [63]. Also, the time needed to reach an almost complete remission and a partial 
remission did not differ significantly between the groups. No specific studies for the use of 
methotrexate in inverse psoriasis have been performed.

Methotrexate is contraindicated in patients who have renal impairment, persistent abnormal-
ities in liver function enzymes, pregnancy, hepatitis, frequent alcohol use, and myelosuppres-
sion [64]. Common side effects associated with methotrexate include nausea and vomiting. 
Ulcerative stomatitis, pulmonary fibrosis, bone marrow suppression, and induction of lym-
phoma have also been described. The most serious long-term adverse effect associated with 
methotrexate is the induction of hepatotoxicity. The liver biopsy is the most definitive test for 
ascertaining whether fibrotic changes in the liver are present during methotrexate therapy.

Cyclosporine
Cyclosporine is an immunosuppressive agent derived from the fungus Tolypocladium 
inflatum Gams. Cyclosporine is used to prevent allograft rejection and is FDA approved for 
the treatment of psoriasis. Cyclosporine induces immunosuppression by inhibiting the first 
phase of T-cell activation. Cyclosporine binds to cyclophilins and then complexes to inhibit 
the enzyme calcineurin, a calcium-activated phosphatase. Calcineurin inhibition, in turn, 
results in the inhibition of the transcription factor NF-AT that is important for inflammatory 
cytokine expression [65].

Cyclosporine is indicated for the treatment of severe plaque psoriasis in patients who are not 
immunocompromised [66]. In addition, cyclosporine is effective in treating various forms of 
psoriasis that have been recalcitrant to other modalities. When used as monotherapy, cyclo-
sporine can induce rapid clearance of plaques in a majority of patients with 60%–80% reduc-
tion at 8–12 weeks, respectively. Its use for inverse psoriasis has not been specifically studied 
[63,65].

Nephrotoxicity is the main adverse effect of cyclosporine therapy [64]. Acute renal toxicity 
is dose dependent and reversible upon lowering the dosage or discontinuation of the drug. 
Other common side effects include gastrointestinal symptoms such as nausea, vomiting, 
anorexia, and diarrhea. Hypertension, headache, myalgias, arthralgias, paresthesias, hyper-
esthesia, influenza-like symptoms, and fatigue are not uncommon. Dermatologic side effects 
include hypertrichosis and gingival hypertrophy. Cyclosporine has been associated with 
the induction of various lymphoproliferative disorders in transplant patients. In contrast, an 
increased incidence of nonmelanoma skin cancer has not been observed in psoriatic patients 
treated with cyclosporine, presumably because of much shorter courses of therapy with lower 
doses that have been used.

Biologic Agents
Psoriasis is thought to involve a complex pattern of overexpressed T-helper 1 (Th1) cytokines 
such as IL-2, IL-6, and IL-8 or IFN-γ and TNF-α [67]. In particular, TNF-α is involved in the 
activation of NF-κB, a transcription factor that regulates the expression of cytokines such as 
IL-6, IL-8, and colony stimulating factor (CSF). It also induces the expression of intercellular 
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adhesion molecule (ICAM)-1 and vascular cell adhesion molecule type 1 (VCAM-1) on 
endothelial cells and keratinocytes, where both are involved in trafficking lymphocytes to 
inflammatory lesions. TNF-α also stimulates migration of Langerhans’ cells to lymph nodes 
and enhances capability to present antigens to primed T cells. Several agents targeting spe-
cific steps in the immunopathogenesis of psoriasis are now available in clinical practice [68]. 
At present, there are no published data specifically addressing the effectiveness of the various 
biologics for the treatment of inverse psoriasis.

Etanercept is a recombinant soluble fusion protein consisting of two identical chains of the 
TNF-α receptor fused with the Fc portion of human IgG1. It is functioning as a competi-
tive inhibitor for binding of TNF-α at its receptor. Inflammatory cytokines such as TNF 
have been implicated in the pathogenesis of psoriasis. In a randomized, double-blind study, 
672 plaque psoriasis patients received either placebo or etanercept subcutaneously at 25 mg 
once weekly, 25 mg twice weekly, or 50 mg twice weekly. At 12 weeks, 14%, 34%, and 49% 
of patients, respectively, demonstrated a 75% reduction in severity compared with 4% of 
patients receiving placebo [69]. In another randomized, double-blind, placebo-controlled 
study, of the 148 plaque psoriasis patients receiving placebo or etanercept 25 mg, subcutane-
ously twice weekly, 30% of the etanercept-treated patients demonstrated 75% severity reduc-
tion compared with 1% of the patients in the placebo group at 12 weeks [70].

Infliximab is a humanized-mouse monoclonal chimeric antibody against the TNF-α mol-
ecules. Adalimumab is a humanized monoclonal antibody against the TNF-α molecules. 
Both bind to soluble and membrane-bound TNF, leading to cell lysis. In a randomized, dou-
ble-blind study, 33 patients with plaque psoriasis received intravenous placebo, infliximab 
5 mg/kg, at weeks 0, 2, and 6. At 10 weeks, 82% of patients in the infliximab 5 mg/kg group 
had a 75% improvement in the PASI scores compared with 18% of patients in the placebo 
group [71]. Long-term studies seemed to indicate that continuous therapy is superior to inter-
mittent therapy with infliximab at 5 mg/kg given every 8 weeks, showing a PASI-75 of 78% 
at 26 weeks and a PASI-75 of 55% at 50 weeks [72]. Loss of long-term efficacy appears to cor-
relate with a progressive reduction of serum infliximab concentrations to undetectable levels. 
This could be related to the dosing regimen as well as the development of neutralizing anti-
bodies [73]. A large randomized control study of 1212 patients using adalimumab revealed 
68% achieving a PASI-75 at week 12 compared with 5% of patients taking placebo. Loss of 
response was seen at much higher rate among responders who were reassigned to a placebo 
group compared to those who continued on the medications (5% vs. 28%) [74]. This strongly 
suggests that continued adalimumab therapy is required to maintain a response.

Ustekinumab is a human monoclonal antibody against IL-12 and IL-23. These proinflam-
matory cytokines have been shown to induce differentiation toward Th1 and Th17 cells that 
are important in the pathogenesis of psoriasis. In a randomized, placebo-controlled trial of 
766 patients with moderate to severe psoriasis, those receiving 45 or 90 mg of ustekinumab 
at 12-week intervals showed PASI-75 of 67% and 66%, respectively [75]. Response was main-
tained for at least one year. In another randomized, placebo-controlled trial of 1230 patients, 
PASI 75 was achieved in 67% and 76% of patients receiving 45 mg and 90 mg, at 12-week 
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intervals, respectively [76]. An increased response rate was achieved in partial responders by 
increasing 90 mg dosing to every eight weeks, but a similar trend was not seen with 45 mg 
dosing. Similar efficacy rates were demonstrated in a randomized trial showing better effi-
cacy compared with etanercept 50 mg twice weekly, which showed a PASI-75 of 57% [77]. 
Ustekinumab has not been studied specifically in intertriginous psoriasis.

Other Treatments
Anthralin and tar can be moderately irritating and can stain skin and clothing. They are 
generally not well tolerated in intertriginous areas and are not widely used in the treatment 
of inverse psoriasis, having been replaced with better tolerated topical agents [22].

The role of microbial colonization of intertriginous psoriasis is still not fully elucidated. 
Although evidence of Candida species was not found in one series of patients, Staphylococcus 
aureus colonization was found but is not thought to contribute to the clinical presentation 
[19]. Nonetheless, the addition of a topical antifungal or antibacterial may be appropriate in 
cases of microbial colonization or overgrowth.

A single case series reported the use of botulinum toxin to treat inverse psoriasis. Thirteen 
of 15 patients appeared to respond favorably as early as two weeks after treatment, with a 
durable response through the 12-week follow-up period. No adverse reactions were reported. 
The mechanism is unclear, but it is thought to involve the decrease of sweating and thereby 
maceration in the area. The involvement of neuropeptides as mediators of inflammation may 
also play a role [78].

Dapsone is a sulfone antimicrobial initially used in the treatment of leprosy. Dapsone also 
has anti-inflammatory actions through its blockade of myeloperoxidase. It is not FDA labeled 
for treatment of psoriasis, but it has been successfully used for the treatment of pustular pso-
riasis in select patients. Systemic dapsone has been reported as being successful in the treat-
ment of intertriginous psoriasis [79]. The most common serious adverse effects of dapsone 
include hemolysis and rarely hypersensitivity and agranulocytosis.

CONCLUSIONS
Inverse psoriasis is a common, chronic, relapsing, and potentially debilitating disease, the 
effect of which may be out of proportion with the total body surface area affected. Careful 
attention needs to be paid to the patient in assessing the true impact of the disease as well as 
designing an individualized treatment regimen that thoughtfully addresses the challenges of 
treating these patients. However, little research has focused directly on treatment of this often 
recalcitrant type of psoriasis. Investigation into effective treatments is also needed.
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Chapter 16
Psoriasis of the Nails

Ashley A. Keyes, Richard K. Scher, Gabriele B. Poindexter, 
and Maithily A. Nendedkar-Thomas

INTRODUCTION
Nail psoriasis is a relatively common and often misdiagnosed disorder affecting millions 
of people worldwide. Current studies estimate that approximately 7.5 million people in 
the United States, or roughly 2.2% of the population, are affected [1]. Not everyone who 
develops psoriasis will have nail changes; in fact, no more than half of those patients who 
have cutaneous psoriasis will have associated nail findings [2]. There is a close association 
between nail disease and psoriatic arthritis, and reports suggest the development of psori-
atic arthritis is nearly three times more likely in patients with nail dystrophy [3]. In addi-
tion, 63%–83% of patients who develop psoriatic arthritis will have nail changes as the 
first external indicator of joint disease [4]. Recognizing early clinical clues can prevent the 
development of debilitating and permanent joint destruction [4]. There are numerous types 
of psoriatic nail changes, some of which are more closely associated with arthropathy than 
others. Nail psoriasis without joint or skin involvement can also occur, presenting a diag-
nostic challenge.

The psychosocial impact and functional impairment of severe multinail psoriasis cannot be 
understated [5]. It is often a source of embarrassment for patients who try to disguise their 
fingernails with nail polish or hide their toenails under the safety of socks [6]. Psoriasis has 
also been found to be associated with an increased risk of cardiovascular disease, making the 
recognition of isolated nail psoriasis important for long-term risk stratification [7]. Although 
mild-to-severe psoriasis is associated with increased risk of myocardial infarction and stroke, 
severe psoriasis is associated with increased cardiovascular mortality [8].

This chapter discusses the various manifestations of nail psoriasis, its associations with 
systemic disease, mimicking conditions, and objective means of measuring nail changes. 
Furthermore, therapeutic options for this challenging disease are reviewed.

MANIFESTATIONS OF NAIL PSORIASIS
Psoriatic nail changes have various manifestations depending on the location of the disease 
within the nail unit (Figure 16.1) [9]. The largest portion of the nail unit is the nail plate, 
which is derived from the nail matrix and protected under the proximal nail fold. There are 
two portions of nail matrix, also known as the nail “growth center”: distal and proximal. 
The distal matrix forms the ventral portion of the nail plate and the proximal matrix forms 
the dorsal part. In addition to the plate and matrix, the nail unit is composed of the nail bed 
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surrounded by the nail folds, which include the cuticle adjacent to the proximal nail fold. 
The most distal part of the nail unit is the hyponychium. The final component of the nail 
unit is the distal phalanx beneath the nail structures. Alterations in nail unit organization 
occur in a limited number of sites: nail matrix, nail bed, proximal nail fold, and hyponych-
ium (Table 16.1) [2,10].

Nail matrix

Proximal 
nail fold Nail plate

Onychodermal band

Hyponychium

Distal phalanx

Nail bed

Proximal 
nail fold

Matrix

Nail plate 

Onychodermal band 

Lateral nail fold

Cuticle

Distal phalanx

(b)

FIGURE 16.1 (See color insert.)  (a) Plaque psoriasis with nail involvement. (b) The nail unit.



Psoriasis of the Nails    183

T
A

B
L

E
 1

6
.1

 
C

lin
ic

al
 M

an
ife

st
at

io
n 

of
 N

ai
l P

so
ri

as
is 

Ba
se

d 
on

 L
oc

at
io

n 
of

 P
so

ri
at

ic
 C

ha
ng

e 
in

 th
e 

N
ai

l U
ni

t

N
ai

l U
ni

t P
so

ri
as

is
 L

oc
at

io
n

N
ai

l m
at

ri
x,

 p
ro

xi
m

al
 

in
vo

lv
em

en
t

N
ai

l b
ed

, m
id

-d
is

ta
l 

m
at

ri
x

N
ai

l b
ed

 o
nl

y
N

ai
l b

ed
 a

nd
 p

la
te

N
ai

l b
ed

 a
nd

 h
yp

on
yc

hi
um

Pr
ox

im
al

 n
ai

l f
ol

d

M
or

ph
ol

og
y 

du
e 

to
 p

at
ho

lo
gi

c c
ha

ng
e

Pi
tti

ng
—

de
ep

, 
irr

eg
ul

ar
 in

de
nt

at
io

ns
 

in
 th

e 
na

il 
pl

at
e

Le
uk

on
yc

hi
a

O
il 

sp
ot

s
O

ny
ch

ol
ys

is 
du

e 
to

 
di

st
al

 se
pa

ra
tio

n 
of

 
th

e 
tw

o 
st

ru
ct

ur
es

 
pr

og
re

ss
in

g 
pr

ox
im

al
ly

Su
bu

ng
ua

l h
yp

er
ke

ra
to

sis
 

(w
he

n 
se

ve
re

, t
hi

s i
s t

he
 

lik
el

y 
ca

us
e 

of
 o

ny
ch

ol
ys

is)

C
hr

on
ic

 p
ar

on
yc

hi
a 

Be
au

’s 
lin

es
Re

d 
sp

ot
s i

n 
th

e 
lu

nu
la

H
yp

er
ke

ra
to

sis
Sp

lin
te

r h
em

or
rh

ag
es

O
ny

ch
om

ad
es

is
C

ru
m

bl
in

g 
(a

ll 
m

at
rix

)
Sp

lin
te

r 
he

m
or

rh
ag

es
C

la
ss

ic
 si

lv
er

y 
pl

aq
ue

s 

Tr
ac

hy
on

yc
hi

a
C

ru
m

bl
in

g 
(d

ue
 to

 
to

ta
l m

at
rix

 
in

vo
lv

em
en

t f
or

 a
 

lo
ng

 d
ur

at
io

n)



184    Mild to Moderate Psoriasis

Nail matrix involvement results in pitting and leukonychia (Figure 16.2). A phenomenon attrib-
uted to an abnormality in the maturation and keratinization of the proximal nail matrix, pitting 
is the most common nail lesion found in psoriasis [11,12]. The histopathology is the same as that 
of classic psoriasis but on a much smaller scale. The “pits” are produced by small foci of hyper-
proliferative, parakeratotic cells. As in classic psoriasis, the over exuberant cell turnover leads 
to a buildup of parakeratotic proximal matrix cells pressing against the dorsal nail plate [10]. 
Zaias’ landmark study demonstrated that as the nail plate grows, the poorly adherent parakera-
totic cells desquamate from the surface of the nail plate [10], leaving an indentation as clinical 
evidence of their former activity [13]. The nail pits’ depth and shape depend upon the extent 
and duration the parakeratotic cells remain in place before becoming dislodged. This is a direct 
indicator of disease activity [2]. Although pitting may be seen in other disorders, the large size, 
irregular shape, and random distribution of the pits are the hallmark of fingernail psoriasis [10].

Interestingly, nail pitting is infrequently seen on toenails [14]. One possible mechanism to 
account for nail pitting in fingernails rather than toenails is the varying growth rates of fin-
gernails versus toenails. In toenails, the growth rate is much slower; therefore, the parakera-
totic focus and the nail plate may grow out toward the hyponychium together [2]. This process 
would explain for the lack of pitting and the marked increase in subungual hyperkeratosis as 
the key manifestation of toenail psoriasis. Subungual hyperkeratosis is analogous to plaque 
psoriasis on the skin and results from the deposition and collection of cells under the nail 
plate that have not undergone desquamation (Figure 16.1a) [15]. Like psoriasis elsewhere on 
the body, the hyponychial skin is subject to the Koebner phenomenon. Severe hyponychial 
involvement leading to subungual hyperkeratosis is more common in toenails because they 
are subject to more trauma than finger nails [10].

In addition to pitting, there are many other classic nail findings. Beau’s lines are horizontal 
indentations in the nail plate due to temporary arrest of matrix growth during a period of 
inflammation [10]. Onychomadesis occurs when severe disease leads to separation of the nail 
plate from the proximal nail fold [10]. Proximal matrix disease manifests as roughened or 
“sandpaper” nails and is known as trachyonychia [16]. With severe trachyonychia and pitting, 
the patient develops crumbling. The whitish chalky plaque overlying the bed occurs when 

FIGURE 16.2 (See color insert.)  Pitting in nail psoriasis.
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the  entire matrix is involved for such a long duration that parakeratotic cells outnumber 
normal cells. As a result, no normal cell structure remains to which cells can adhere [10].

Red spots in the lunula are seen when the distal matrix is affected [2]. When the nail bed 
alone is affected, then “oil spots” [17], nail bed hyperkeratosis, and splinter hemorrhages 
[18] are common. Oil spots, also known as “salmon patches,” refer to a yellow-orange dis-
coloration due to psoriasis of the nail bed (Figure 16.3) [19]. Splinter hemorrhages are due 
to trauma and are analogous to the Auspitz sign associated with cutaneous psoriasis [10] 
(Figure 16.3a). Leukonychia is caused by midmatrix disease. The whitish areas are likely due 
to adherent foci of parakeratotic cells that cannot be dislodged. Onycholysis is a distinct 
phenomenon that results from separation of the nail bed from the plate (Figure 16.4). The 
separation begins distally and progresses proximally toward the matrix. The plate appears 
whitish rather than yellow due to trapped air beneath it. It is usually surrounded by a red-
dish hue [10] and is distinguished from true leukonychia by location. Leukonychia is usually 
seen on the proximal portion of the plate whereas onycholysis appears distally. Proximal nail 
fold plaques are marked by classic cutaneous psoriasis with silvery scales over a red base [2]. 
This may present as chronic paronychia [11].

Although there are numerous manifestations of nail psoriasis, very few are characteristic of 
psoriasis alone. The classic oil spot is the most diagnostic lesion [19], followed by fingernail 
pitting and subungual hyperkeratosis [13].

FIGURE 16.3 (See color insert.)  (a) Splinter hemorrhages and oil spots in nail psoriasis. (b) Oil 
spot in nail psoriasis.
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FIGURE  16.4 (See color insert.)  (a) Severe pustular psoriasis (acrodermatitis continua of 
Hallopeau) in a patient with HIV. (b) Enthesitis in a patient with psoriatic arthritis. (c) Onycholysis in 
nail psoriasis.
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Extensive onychodystrophy with painful pustules and loss of the nail plate is usually due 
to a more severe and distinct type of nail psoriasis known as acrodermatitis continua of 
Hallopeau [11]. Although most manifestations of nail psoriasis do not lead to scarring, pus-
tular psoriasis is an exception (Figure 16.4a). Fortunately, this debilitating disorder is rare 
and often isolated to a single digit [14]. Despite several treatment options described in the 
literature, successful eradication of the disorder before anonychia and scarring is rare [20].

ASSOCIATION WITH PSORIATIC ARTHRITIS
Moll and Wright originally classified psoriatic arthritis into five types based on clinical 
features [21]. Type I refers to primarily distal interphalangeal (DIP) bone and joint erosion 
that radiographically presents as the classic “pencil in cup deformity.” It affects approximately 
5% of all patients. The rarest is type II, also known as arthritis mutilans, and presents as a 
severe mutilating arthritis that can have ocular involvement. Type III is a symmetric polyar-
thritis that affects the small joints of the hands and feet and the large joints of the legs, such 
as the hips and knees. Type IV is the most common type, affecting approximately 70% of 
those patients who present with psoriatic arthritis. Asymmetric oligoarthritis is the hallmark 
of this type of psoriatic arthritis. It affects the same joints as type III with variable DIP joint 
involvement. Type V is distinguished by axial disease that affects the spine and sacroiliac 
joints and usually presents with ankylosing spondylitis. Of all the psoriatic arthritis types, 
type V is least associated with nail disease. In addition to the five types of arthritis classically 
associated with psoriasis, pustulosis palmoplantaris with osteoarthritis sternoclavicularis 
and psoriatic onycho-pachydermo-periostitis is now linked to psoriatic arthritis [22].

The major distinguishing characteristic of the most common form of psoriatic arthritis, 
type IV, is that unlike rheumatoid arthritis, it usually presents with asymmetric joint dis-
ease. It is classified as a seronegative, inflammatory arthropathy, meaning rheumatoid factor 
is usually negative. Much like cutaneous psoriasis, it waxes and wanes unpredictably [23]. 
Symptoms include joint pain, stiffness, and enthesitis [24].

Enthesitis refers to inflammation of the tendons, ligaments, and joint capsule fibers at the site 
of bone insertion and may result in pain, reduction in mobility, and even joint destruction 
(Figure 16.4b) [25]. Recently, it has been shown that enthesopathy, detectable by ultrasonog-
raphy, is common in psoriasis patients even without clinical signs of arthritis. Subclinical 
enthesopathy is associated with nail involvement, with more extensive nail involvement 
correlating with enthesopathy severity [25,26]. Many studies have established that patients 
with psoriatic DIP joint disease are likely to have associated psoriatic nail changes in the 
same digit [27,28]. Furthermore, even if arthritic changes are not clinically evident, radio-
graphic changes may be seen in the DIP joint of the same fingertip with visible psoriatic nail 
disease [29]. More recently, studies show that the distal phalanx bone is the most affected 
by adjacent nail involvement, with worsening nail disease correlating with worsening bony 
destruction. It is theorized that DIP involvement may be the end result of this process [30,31].

Longitudinal evaluation of a small cohort of patients with psoriasis by ultrasound demon-
strated that identification of patients with enthesopathy might be predictive of future devel-
opment of psoriatic arthritis [32]. Another study sought to determine whether psoriatic nail 
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alteration could be used as an independent predictor of psoriatic arthritis. Looking specifi-
cally at patients with the various types of psoriatic arthritis, 83% of patients had clinically 
evident nail disease [33]. As anticipated, those patients with DIP involvement had more severe 
nail damage. Likewise, the severity of nail psoriasis directly correlated with the severity of 
the enthesitis as well as skin psoriasis. The arthritis tended to be progressive and unremitting 
in these patients. However, dactylitis and axial disease were not associated with nail disease. 
In fact, the lesser the nail involvement, the more likely the patient was to have the human 
leukocyte antigen (HLA)-B27 genetic haplotype, which is associated with axial rather than 
DIP joint disease [33].

In addition, to severe nail involvement, one study found that scalp severity also correlates 
positively with the number of swollen joints, deformed joints, dactylitis, and DIP involve-
ment. This correlation suggests that scalp involvement may also predict psoriatic joint 
involvement [4]. The association of scalp and nail disease with psoriatic arthritis highlights 
the importance of performing total body skin exams with complete review of symptoms to 
best identify patients who may benefit from early treatment.

ASSOCIATED GENETIC HAPLOTYPES
Although the exact pathogenesis of nail psoriasis remains unclear, certain key HLA subtypes 
are known to be associated with certain psoriatic phenotypes (Table 16.2) [34,35]. However, 
genetic factors alone cannot account for the occurrence of psoriasis. Environmental and 
immunologic factors most certainly play a role in its inception.

NAIL PSORIASIS: CHILDHOOD VERSUS ADULT ONSET
Characterizations of childhood psoriasis versus adult psoriasis are numerous and varied. 
Multiple epidemiologic studies report a mean age of onset of 8–11 years in pediatric patients, 
with a higher incidence of positive family history in pediatric-onset psoriasis versus adult-
onset psoriasis of 68% versus 54%, respectively. Diagnosis before 13 years is more likely to be 
guttate or generalized pustular psoriasis with a more severe clinical course. There continues 
to be a discrepancy as to whether girls are more commonly affected than boys [36].

Most patients, regardless of sex, develop psoriasis after the age of 20 years as adults [37]. When 
a family history of psoriasis is found in association with juvenile-onset psoriasis, the disease 

TABLE 16.2  Key Genetic Haplotypes Associated with Psoriatic Arthritis and Nail Disease

Major Histocompatibility Class I Type

HLA B27 and HLA-Cw2 HLA-Cw6 HLA-Cw6 negative
HLA-B13 and 

HLA-B57 (B17)
Later onset; less nail disease; 
strong association with axial 
disease. If early onset, then linked 
to pediatric spondyloarthropathy, 
but still has a poor association 
with nail disease

Earlier onset; nail 
disease but less 
dystrophy than if 
Cw6 negative

Stronger association 
with dystrophic 
nails than if Cw6 
positive

If more severe skin 
disease, then 
increased joint or 
nail disease
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course is inevitably more severe [38], more strongly associated with psoriatic arthritis [39], and 
more likely to display nail changes [5]. Childhood onset of nail psoriasis is commonly precipi-
tated by trauma or infectious disease [40,41]. Also, the later the onset of cutaneous psoriasis, 
the less often concomitant fingernail or toenail psoriasis occurs. This is especially true for toe-
nail psoriasis [42]. Although rare, when a child presents with nail alteration as the sole mani-
festation of psoriasis, an evaluation for juvenile psoriatic arthritis should be considered [43].

DIAGNOSTIC CHALLENGE: ISOLATED NAIL 
PSORIASIS AND ITS IMPERSONATORS
Onychomycosis
The most common misdiagnosis for psoriatic nail disease is onychomycosis [2] due to the 
shared finding of subungual hyperkeratosis. Onychomycosis can also occur concomitantly 
in psoriatic nails. In a recent study conducted with 228 patients, 62% of patients had positive 
mycology results. These findings were consistent with some studies; however, overall they 
represent a higher incidence than the majority of previous reports [44]. Despite conflict-
ing data, it is prudent to perform a potassium hydroxide (KOH) wet mount, culture, or nail 
clipping for a periodic acid–Schiff (PAS) stain to ensure there is no superimposed onycho-
mycosis. Treatment of the overlying onychomycosis often reduces hyperkeratosis, allowing 
the more characteristic psoriatic changes to be revealed, as well as potential improvement in 
overall appearance. Onychomycosis is difficult to eradicate, especially if the superimposed 
infection is due to molds rather than dermatophytes [45].

Allergic Contact Dermatitis
Typically, most patients with ungual contact dermatitis also have skin involvement, helping 
to confirm the diagnosis. It is most commonly due to nail trauma [46] or nail cosmetics [47]. 
Like most diagnostic dilemmas, a thorough history and examination clarify the correct 
diagnosis.

Drug Reactions
Onycholysis is often seen in patients taking phototoxic drugs such as antibiotics [48]. However, 
drug-induced onycholysis may occur with no associated cutaneous photosensitivity, as in 
chemotherapy [49]. Beau’s lines and onychomadesis are the most common abnormalities 
associated with drug reactions [50]. When they are also associated with onycholysis, the clin-
ical picture can clearly mimic psoriasis [51]. A careful evaluation of the history of the lesions 
should identify the likely culprit. Psoriatic nail changes typically have a slower onset than 
those due to a drug reaction; the latter reactions are often be sudden and explosive.

Lichen Striatus
Lichen striatus is an interesting disorder that is also potentially confused with linear psoria-
sis. It is most commonly seen in children involving an isolated nail with characteristic find-
ings of onychorrhexis and linear trachyonychia. Linear, lichenoid papules at the proximal 
nail fold and spontaneous regression within months clarify the diagnosis [52]. It does not 
present with pitting or onycholysis.
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Parakeratosis Pustulosa
Parakeratosis pustulosa is a disorder that is seen exclusively in female children. It presents 
with isolated scaling and erythema in either the thumb or index finger; pitting is a common 
finding. Some believe this entity should not be considered a diagnosis but rather a symptom 
of nail apparatus inflammatory disease such as psoriasis, as well as contact dermatitis or 
atopic dermatitis. Although many patients will experience spontaneous resolution, the devel-
opment of psoriasis is possible and therefore warrants anticipatory guidance for the patient’s 
parents [52].

Squamous Cell Carcinoma
Although rare, squamous cell carcinoma (SCC) arising in a psoriatic nail has been reported 
[53]. Interestingly, this patient had an exophytic verrucous plaque arising from a psoriatic 
thumbnail that became progressively larger. Pain prompted the patient to seek medical atten-
tion. Due to substantial progression, the terminal phalanx required amputation. Histologic 
examination of the amputated digit revealed well-differentiated SCC with erosion through 
the dermis and into the bone. The important feature of this case is that there was a delay in 
diagnosis because both the patient and the physician assumed the excess hyperkeratosis was 
due to worsening psoriasis.

DIAGNOSTIC PROCEDURE: THE NAIL BIOPSY
Numerous excellent textbooks [2,54,55] describe the appropriate method for punch biopsy 
of the nail bed versus the nail matrix [56]. It is a simple, straightforward procedure that is 
safely and routinely performed in the office setting. With challenging cases, the biopsy can 
be invaluable in ascertaining the cause of the nail abnormality, distinguishing between 
neoplasms, infection, and inflammatory conditions. On occasions, both the nail bed 
and the matrix require biopsy simultaneously. In this case, a longitudinal biopsy may be 
appropriate [57].

MEASUREMENT OF SEVERITY: THE NAIL 
PSORIASIS SEVERITY INDEX
An objective scale is needed to measure disease severity. The Psoriasis Area and Severity Index 
(PASI) is used primarily for cutaneous psoriasis but does not adequately measure nail dis-
ease activity. Therefore, the Nail Psoriasis Severity Index (NAPSI) was developed by Rich and 
Scher to objectively quantify the severity of nail disease in a reproducible manner [58]. It was 
also designed to assess efficacy of drug therapy for different manifestations of nail psoriasis 
(e.g.,  pitting vs. subungual hyperkeratosis). Using the NAPSI, the nail is divided into four 
quadrants, each of which is graded based on the presence or absence of nail matrix or nail 
bed disease. The highest score possible for each fingernail is 8, for a total of 80. If toenails are 
included, the maximum total number increases to 160 (Tables 16.3 and 16.4). The sum of the 
scores is calculated and used to judge the severity of nail psoriasis. Not included in this grading 
system are proximal nail fold psoriasis, pustular psoriasis, and psoriatic arthritis. Other meth-
ods have also been proposed, but the NAPSI has been found to be consistent, reproducible, and 
simple to use; thousands of patients have been evaluated in clinical trials [59–61].
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Another measurement of psoriatic nail disease severity is the modified NAPSI (mNAPSI) that 
was developed by rheumatologists with particular focus on patients with psoriatic arthritis. 
Based on the original NAPSI, the assessment of nails by quadrants was eliminated and the 
severity of the most common nail findings, such as nail pitting, onycholysis, and nail crum-
bling, is graded on a scale of 0–3 [61]. Other features, such as splinter hemorrhages, leuk-
onychia, red spots in the lunula, oil spots, and hyperkeratosis, are graded based on presence 
or absence exclusively. Due to its complexity, the mNAPSI has been used much less frequently.

TREATMENT OPTIONS AND SIDE EFFECTS
There are a variety of treatments for nail psoriasis. This condition tends to be chronic and 
persistent, and with slow nail growth, many months of treatment are required to appreciate 
results. Topical medications are theoretically ideal because they have the advantage of direct 
application to the affected area without the risk of systemic side effects, drug interactions, 
or the pain of intralesional injections. Nevertheless, the low permeability of the nail plate is 
a challenge in topical drug therapy [62]. Currently, the drugs used for psoriatic nail disease 
are usually classified as follows: steroids, biologic agents, retinoids, and other miscellaneous 
therapies, such as chemotherapy or phototherapy. Each therapeutic class is now discussed in 
detail (Table 16.5).

TABLE 16.3  NAPSI Scoring System

NAPSI Scoring Systema Nail Matrixb Nail Bedc Total Scored

0 None None 0
1 Present in 1 quadrant Present in 1 quadrant Possible points: 1 or 2

Enter score:
2 Present in 2 quadrants Present in 2 quadrants Possible points: 2 or 4

Enter score:
3 Present in 3 quadrants Present in 3 quadrants Possible points: 3 or 6

Enter score:
4 Present in 4 quadrants Present in 4 quadrants Possible points: 4 or 8

Enter score:
a	 For each nail, score the points as shown in the column.
b 	 Evidence of any (1) pitting, (2) leukonychia, (3) red spots in the lunula, or (4) crumbling.
c	 Evidence of any (1) onycholysis, (2) splinter hemorrhages, (3) subungual hyperkeratosis, or (4) oil 

spots/salmon patches.
d	 There is a minimum of 0 and a maximum of 8 points awarded for each nail: 4 possible points for evi-

dence of matrix disease and 4 possible points for evidence of nail bed disease.

TABLE 16.4  NAPSI Scoring Table

Nail Scoring Table—Compile the Score for Each Nail
Nail 1 Nail 2 Nail 3 Nail 4
Nail 5 Nail 6 Nail 7 Nail 8
Nail 9 Nail 10
Final score total:

Note:	 Minimum score is 0 and maximum score is 80.



192    Mild to Moderate Psoriasis

Steroids and Steroid-Like Drugs
The high-potency topical steroids are likely the most used form of therapy for nail 
psoriasis. Typically, a high-potency corticosteroid ointment such as clobetasol is applied 
to both the nail plate and proximal nail fold nightly [63]. A lacquer formulation is also 
available. A small, prospective, randomized control trial showed statistically significant 
improvement, as measured by NAPSI and mNAPSI, with 8% nail lacquer clobetasol com-
pared with 0.05% and 1% nail lacquer clobetasol [64]. Although topical corticosteroids are 
relatively inexpensive, readily available, and easy to apply without concern for systemic 
side effects or pain, both steroid atrophy of the nail fold and tachyphylaxis can occur 
with prolonged use. There have been a few reports of a “disappearing digit” after extreme 
prolonged use as well [65]. Penetration of the topical corticosteroid alone is a problem and 
seems to result in marginal efficacy. When combined with salicylic acid ointment, efficacy 
of topical corticosteroids increases with reduction of hyperkeratosis and nail thickness 
[66]. Clobetasol nail lacquer in combination with a vitamin D3 analog has been studied 
as well [67]. The most effective corticosteroid vehicle for nail matrix psoriasis appears to 
be the triamcinolone acetonide (TAC) (2.5–10 mg/mL) injection administered into the 
proximal and/or lateral nail fold every month for six months. Some dermatologists pre-
fer using a ring block for anesthesia before the injection [68]. In our experience, dilu-
tion of the TAC with 1% lidocaine and application of anesthetic refrigerant spray before 
rapid injection minimizes patient discomfort and increases tolerability. One report found 
that 0.4 mL of 10 mg/mL TAC injected intralesionally into the nail bed and nail matrix 
worked best for subungual hyperkeratosis, ridging, and thickening, whereas only mod-
erate results were obtained for pitting and onycholysis [68].  Other studies have found 
good results with injection only into the proximal nail fold [69,70]. The major complica-
tions from this therapy are pain, hemorrhage under the nail plate [2], and steroid-induced 

TABLE 16.5  Therapeutic Options for Nail Psoriasis
Topical Corticosteroids

Calcipotriol
Tazarotene
5-Fluorouracil
Cyclosporine
Anthralin

Intralesional Corticosteroids
Oral Acitretin and isotretinoin 

Cyclosporine
Sulfasalazine

Subcutaneous or intravenous Etanercept, infliximab, adalimumab
Alefacept
Efalizumab

Radiation PUVA
Combinations Topical corticosteroid and topical calcipotriol

Topical corticosteroid and topical salicylic acid 
Oral cyclosporine and topical corticosteroid
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atrophy or hypopigmentation of the skin and subcutaneous tissues [71]. Careful injection 
at the inflammatory psoriatic site with small amounts at a concentration of 2.5 mg/mL 
steroid does not cause major atrophy or telangiectasias. As an added positive side effect, 
some patients report that associated painful DIP joint arthritis seems to diminish with 
repeated injections.

Calcipotriene is a vitamin D3 analog that binds to a similar steroid receptor in the skin. The 
ointment form has been studied in comparison with class 1 topical steroids combined with 
salicylic acid for use in the treatment of nail psoriasis, and both were equally effective in 
decreasing hyperkeratosis [66]. Calcipotriene may be most effective in treating subungual 
hyperkeratosis, onycholysis, and discoloration [72]. The ideal use of calcipotriene appears 
to be in combination with other oral agents, such as cyclosporine [73] or even topical 
steroids [74]. With this medication, there are no injections, no risk of atrophy, tachyphylaxis 
or hemorrhage, and patients experience minimal side effects.

Biologic Agents
There are several biologic agents available to manage cutaneous psoriasis. Although many 
studies focus on plaque-type psoriasis and psoriatic arthritis with varying degrees of success 
[75–77], very little reproducible evidence exists with regard to biologic agents and nail 
psoriasis. These medications target either tumor necrosis factor (TNF)-α or T cells. TNF-α 
is a cytokine required for cell-mediated inflammation [78]. The key cell in the inflammatory 
milieu is the activated T-cell [79]. The rationale for use of biologics is that they are designed 
to diminish TNF-α or inhibit T-cell activity and decrease the inflammatory, destructive 
component of psoriasis, resulting in clinical improvement in the disease condition. These 
medications can be loosely grouped as TNF-α inhibitors (e.g., etanercept, adalimumab, and 
infliximab) and T-cell modulators (efalizumab).

Etanercept is a TNF-α receptor antibody fusion protein that competitively binds free TNF-α 
and is administered subcutaneously one to two times a week [80]. Infliximab is a chimeric 
mouse/human monoclonal antibody against TNF-α. It also binds to TNF-α and blocks its 
function. It is administered intravenously once every two months [81]. The human mono-
clonal antibody adalimumab is an antibody against TNF-α and is administered subcutane-
ously every two weeks [78]. Although adalimumab and infliximab are structurally distinct 
from etanercept with a discrete mechanism of action, the end result is similar. All three 
drugs bind TNF-α, blocking its ability to bind to its receptor and thereby reducing localized 
inflammation [78].

These three biologic agents are all Food and Drug Administration (FDA) approved for the 
treatment of psoriasis and pregnancy category B. Only one randomized controlled trial for 
adalimumab has provided data specifically on nail psoriasis, showing 50% improvement 
in NAPSI compared with 8% in the placebo group [82]. Other trials have similarly shown 
significant reduction in the NAPSI in patients with both cutaneous psoriasis and psoriatic 
arthritis [82]. Data on the efficacy of etanercept is similarly limited. The CRYSTEL trial com-
pared two different dosing regimens for the treatment of psoriasis and showed an overall 
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improvement in nail symptoms of >50%; the results were not stratified by treatment group 
[83]. There is one case of rapid improvement and cure of nail psoriasis with etanercept [84]. 
Infliximab has been studied in more detail for psoriasis. A double-blind, placebo-controlled 
study of infliximab found marked and sustained nail improvement in onycholysis, splinter 
hemorrhages, oil drop discoloration, and hyperkeratosis. Clearance of psoriasis in the target 
nail was achieved in about 50% patients by week 50 [85]. A recent small, open, prospective 
trial compared all three agents for the treatment of nail psoriasis. Evaluation with NAPSI 
at weeks 0, 14, and 24 showed significant improvement overall, with higher efficacy in the 
infliximab group at week 14 [86].

Although the TNF-α inhibitors have shown success in treating psoriasis and nail psoria-
sis, these treatments are considered second line after failure or intolerance to at least two 
conventional therapies, and the cost is prohibitive for many patients. In addition, any active 
chronic infection such as tuberculosis or hepatitis B is a contraindication to therapy [87]. The 
possibility of increasing the risk of lymphoma is also debated in the literature [87]. Relative 
contraindications to therapy include heart failure, prior malignancies, and family or per-
sonal history of systemic lupus or multiple sclerosis [87]. Recently, there have been reports of 
a paradoxical phenomenon occurring with all three of these mediations—the induction of 
psoriasis—including nail psoriasis by TNF-α inhibitors [88].

A newer class of biologic therapy is the human monoclonal antibody to interleukin (IL)-12 
and IL-23, ustekinumab. This antibody binds to the p40 subunit, a subunit that is shared 
by both IL-12 and IL-23 and is overexpressed in psoriatic lesions. The function of these two 
cytokines is then neutralized. Although ABT-874 is no longer available in the United States, 
ustekinumab has received FDA approval for the treatment of psoriasis. Case reports and data 
have shown improvement in nail-related symptoms; however, randomized controlled trials 
are still lacking [89–91].

Efalizumab is a humanized monoclonal antibody against the CD11 portion of the LFA-1 
molecule on T cells. It prevents binding to intercellular adhesion molecule (ICAM) on the 
antigen-presenting cell and prevents T-cells from migrating to the skin [92]. Because it does 
not actually destroy the activated pathogenic T cells, the psoriasis can actually worsen upon 
cessation of the drug due to a sudden influx of T cells into the skin. Efalizumab was FDA 
approved for the treatment of psoriasis; however, it was withdrawn from the market in 2009 
due to increased risk of developing progressive multifocal leukoencephalopathy [93].

Retinoids
Tazarotene 0.1% gel is a topical retinoid whose active metabolite tazarotenic acid binds with 
high affinity to the gamma subunit of the retinoic acid receptors (RARs) in the skin and nails. 
RAR-γ is the predominate type of RAR in the epidermis [94]. Topical tazarotene impairs 
keratinocyte proliferation and inflammation, one of the mechanisms of onycholysis. One 
study by Scher et al. [95] demonstrated that tazarotene under occlusion appears to reduce 
onycholysis and also improves the appearance of pitting. A subsequent study confirmed this 
finding [96]. A double-blind comparison trial of tazarotene cream 0.1%  versus clobetasol 
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cream 0.05% found marked improvement in both groups in pitting, hyperkeratosis, onychol-
ysis, and salmon patches, with regression after therapy cessation [97]. All studies found the 
drug to be well tolerated; repeated use caused minimal irritation.

Acitretin and isotretinoin are systemic retinoids that are more effective when combined with 
phototherapy, either UVB or PUVA [98,99]. Acitretin is the treatment of choice for pustular 
psoriasis but is less effective against plaque psoriasis [100]. There is one report of near total 
clearance of severe nail psoriasis with acitretin [101]. Another report compared low-dose, 
short-term cyclosporine with etretinate and found significant alleviation of nail involvement 
in both the groups [102]. A small open study evaluating acitretin in patients with isolated nail 
psoriasis showed 41% improvement in the NAPSI and 50% improvement in the mNAPSI, 
results comparable to other systemic treatments [103]. Although these are impressive results, 
oral retinoids are not the best choice for isolated nail psoriasis given the systemic side effects 
of hyperlipidemia and hyperostosis, and the localized side effects of xerosis and periungual 
pyogenic granulomas [104]. One major limitation of both topical and systemic retinoids is 
that they are pregnancy category X.

Oral or Topical Chemotherapy and Keratolytic Agents
Cyclosporine is well established as an effective oral immunosuppressive agent for the treat-
ment of generalized psoriasis as well as nail psoriasis [102,105]. Although highly effective, the 
systemic side effects make cyclosporine imperfect for long-term therapy or for isolated nail 
disease. Side effects include hypertension, renal insufficiency, increased risk of skin cancers, 
and elevated lipids. It is also pregnancy category C. It is rarely used topically because it is a 
relatively large, highly lipophilic molecule that is unable to permeate the nail plate. Unlike 
the skin and gastrointestinal (GI) tract that have lipid-permeable membranes, the nail plate 
is a concentrated hydrogel [105]. Therefore, small hydrophilic molecules preferentially diffuse 
through the structure to the nail bed. Gels (e.g., tazarotene 0.1% gel rather than cream) or 
other water-based preparations are necessary when choosing a topical agent for nail psoriasis.

Numerous case series have shown that daily topical 1%–5% 5-fluorouracil is effective for the 
treatment of psoriatic nails, with improved pitting, subungual hyperkeratosis, onycholysis, 
and oil spots [106,107]. Fluorouracil is a chemotherapeutic agent that inhibits the enzyme 
thymidylate synthetase, leading to a decrease in cellular proliferation. Using the low-dose 
formulation of the drug in a delayed nail penetration vehicle such as urea or propylene glycol 
enhances penetration [108]. Like most agents that interfere with DNA synthesis, it is preg-
nancy category X. Most studies have shown localized irritation with occlusive dressings as 
the most serious adverse effect. However, there is one report of transient rhabdomyolysis 
occurring after the use of topical 5-fluorouracil [109].

There are no reports of isolated nail psoriasis treated with methotrexate. Like fluoroura-
cil, it inhibits DNA synthesis, but the exact mechanism for blocking inflammation is still 
unknown. Because methotrexate is an immunosuppressive agent like cyclosporine, it is dif-
ficult to justify use of this agent for isolated nail psoriasis, except if there is severe impairment 
of digit function. Methotrexate is pregnancy category X.
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Sulfasalazine is a sulfonamide pregnancy category B used to treat psoriatic arthritis. There is 
one case report of improvement in nail psoriasis with its use [110]. However, in this report, the 
patient had previously been treated with acitretin for 12 months. Like most oral medications, 
the benefit of the drug for isolated nail psoriasis must outweigh the potential side effects.

Topical anthralin is not usually a first-line medication due to the risk of long-term pigmenta-
tion of the nail plate. It has been used with moderate success for refractory nail psoriasis, with 
improvement in onycholysis, pachyonychia, and pitting [111]. In this study, anthralin was 
carefully washed away after 30 minutes of contact, followed by application of 10% triethanol-
amine to prevent pigmentation.

Phototherapy
Topical psoralen and ultraviolet A (PUVA) has been reported to be effective for all the 
different manifestations of nail psoriasis except pitting [112], presumably due to the inability 
of the light to penetrate the proximal nail fold skin sufficiently to affect matrix normaliza-
tion. The major drawback of this therapy is the risk of severe PUVA burns with overexposure. 
Although there are no studies evaluating the efficacy of narrowband ultraviolet B (UVB) in 
the treatment of nail psoriasis, one study evaluated the usefulness of 308-nm excimer light 
and found no benefit [113]. Pulsed dye laser (595 nm) with once-monthly treatments has been 
well tolerated and demonstrates reduction in the NAPSI [114].

CONCLUSIONS
Compared with classic cutaneous psoriasis, nail psoriasis is a poorly studied entity for many 
reasons. For example, nail psoriasis is commonly misdiagnosed or diagnosis is delayed 
because it mimics other disorders. Even if a proper diagnosis is made, nail psoriasis remains 
difficult to treat. Traditional systemic therapies show inconsistent benefit for nail psoria-
sis. The most promising of all therapies are the newer biologic agents, such as infliximab. 
Undoubtedly, a definitive treatment is yet to be developed. Meanwhile, for isolated nail 
psoriasis, the best treatment remains intralesional corticosteroids.
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Chapter 17
Dietary Therapy for Psoriasis: 

Protein-Restricted Diets
Whitney A. Fisk, Ethan C. Levin, Judith Hong, and John Y. M. Koo

INTRODUCTION
One of the most frequent questions posed by patients with psoriasis is what role, if any, diet 
plays in psoriasis and whether there are specific dietary recommendations that can enhance 
psoriasis treatment or improve psoriasis as an alternative to traditional medication. There are 
no consensus recommendations regarding dietary therapy nor have there been any large con-
trolled studies. Some patients report that weight-reducing diets [1] and gluten-free diets have 
been helpful [2,3]. This chapter focuses on the role of protein restriction in dietary therapy 
for psoriasis.

EPIDEMIOLOGIC RESEARCH
Epidemiologic data from the past half-century suggest that there might be an association 
between dietary protein intake and psoriasis. Per capita meat consumption has steadily risen 
since the 1960s in the United States [4], and the annual incidence of psoriasis has nearly 
doubled in this time [5,6]. This association is confounded by a concurrent increase in obesity, 
which can make psoriasis worse and harder to treat.

However, in Japan, obesity rates have only slightly increased over the same period, whereas 
both meat consumption and psoriasis rates have increased more dramatically. Since the 1960s, 
the Japanese diet has become increasingly “westernized,” and per capita meat consumption 
has risen considerably [7–9]. Similarly, during this period, the incidence of psoriasis has 
increased—the prevalence was estimated to be <1% in the 1960s [7] and is now almost 5% 
[10]. Importantly, the rates of obesity (defined as body mass index [BMI] >30) have not pre-
cipitously risen in Japan [11] since the 1960s. According to the National Obesity Society, in 
2005, 34.3% of the adult U.S. population was obese compared with only 3.9% of the adult 
Japanese population. These data are consistent with the hypothesis that meat consumption 
may contribute to or exacerbate psoriasis. However, there are other factors that may influ-
ence the prevalence of psoriasis, including other dietary habits (e.g., ethanol consumption) 
or better detection of the disease.

CLINICAL RESEARCH
In the 1960s, researchers reported significant improvement in psoriatic plaques when patients 
were placed on low-protein diets and low-tryptophan diets [12–17]. For example, one case 
series reported that several patients with generalized psoriasis nearly cleared after several 
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weeks on a low-tryptophan diet [17]. Tryptophan is one of 20 amino acids that can compose 
protein. Low-protein diets and amino acid–restricted diets lost favor in the late 1960s after 
further studies failed to find a therapeutic benefit in psoriasis patients [15]. However, there 
were critical flaws in study methodology. In fact, one study reported using turkey as a pri-
mary component of a low-tryptophan diet [16]. It is now known that turkey is a tryptophan-
rich food.

More recent clinical studies suggest that protein-restricted diets may improve psoriasis 
(Table 17.1). Five dietary plans are included in these studies: a vegetarian diet (n = 1) [18], 
a  low-energy diet (n = 1) [19], a low-protein diet (n = 4) [20–23], and a taurine-restricted 
diet (n = 1) [24]. In six of seven studies, the study investigators concluded that improvement 
in psoriasis was at least due in part to a low-protein diet. Only one study restricted intake 
of a specific amino acid. This study reported improvement in psoriasis in those patients 
on a taurine-deficient diet who were limited to <40 g of total protein/day [24]. Taurine is 
frequently referred to as an amino acid, even though it is actually a derivative of the amino 
acid cysteine [25].

Several interesting observations can be made in reviewing the available clinical data. The 
quantity and source of protein may both affect control of psoriasis. Nonanimal sources of 
protein did not inhibit therapeutic effects. Red meat was more likely to precipitate symp-
toms than poultry or fish [21,22]. The success of the diets appeared to be independent of 
total calorie restriction and weight loss. None of the studies reported significant weight 
loss associated with improvement of psoriasis, including a study that specifically restricted 
total calories [19]. These results must be interpreted cautiously as many of the reviewed 
studies included multiple interventions or allowed participants to use other antipsoriasis 
therapies.

BASIC SCIENCE RESEARCH
Possible mechanisms through which protein restriction may improve psoriasis have been 
investigated in nonclinical studies. Decades ago, low-protein diets were hypothesized 
to improve psoriasis by depriving keratinocytes of amino acids. Recent research suggests 
several alternative explanations. Low-protein diets are associated with suppression of sys-
temic inflammation, angiogenesis, and oxidative stress [1,26]. Each of these factors might 
contribute to improvement of psoriasis. Furthermore, restricting the availability of a single 
amino acid induces a physiologic state of altered gene expression called the “amino acid 
starvation response” or “amino acid response” (AAR) that suppresses specific inflammatory 
cascades [27,28].

TOTAL PROTEIN RESTRICTION AND 
ANIMAL PROTEIN RESTRICTION
Restricting total protein intake may improve psoriasis by suppressing systemic inflammation 
and inhibiting angiogenesis, thereby creating an environment in which psoriasis is less easily 
triggered and is more responsive to therapy.
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Suppression of inflammation
Consumption of animal protein is associated with increased serum concentrations of sev-
eral proinflammatory agents (e.g., interleukin-6 and tumor necrosis factor) and markers of 
inflammation (e.g., C-reactive protein [26,29]. The fatty acid profile of poultry and red meat, 
characterized by a high ratio of omega-6 to omega-3 fatty acids, may contribute to this pro-
inflammatory effect [30,31]. Epidemiologic research correlates long-term diets high in red 
meat with increased markers of oxidative stress, independent of weight, BMI, or waist cir-
cumference [32]. Thus, increased systemic inflammation caused by high-protein meals may 
contribute to psoriatic disease.

One potential proinflammatory compound in red meat is a monosaccharide known as 
Neu5Gc. Neu5Gc accumulates in tissues after excess consumption of meat and dairy and 
is thought to be immunogenic [33,34]. When meat is consumed regularly, it may lead to 
low levels of chronic inflammation that may increase the risk for autoimmune disease and 
cancer [33,34]. Psoriasis patients are at increased baseline risk for some malignancies, includ-
ing nonmelanoma skin cancers, lymphoma, and esophageal cancer, and this risk increases 
with more severe disease [35]. Thus, by reducing meat intake, psoriasis patients may decrease 
systemic inflammation, improve psoriasis, and possibly decrease cancer risk. However, the 
role of Neu5Gc in psoriasis has not been specifically examined.

Suppression of angiogenesis
In addition to its proinflammatory effects, excess consumption of animal protein may enhance 
angiogenesis, a pathologic component of both psoriasis and cancer [36]. Increased angiogen-
esis in psoriatic plaques is needed for keratinocyte hyperproliferation and recruitment of 
lymphocytes, neutrophils, and dendritic cells. The angiogenic mediators insulin-like growth 
factor 1 (IGF-1) [37, 38–40] and vascular endothelial growth factor (VEGF) [40] are shown 
to increase after high-protein meals. IGF-1 facilitates angiogenesis in several ways, including 
increasing the sensitivity of endothelial cells to VEGF [39,40]. Animal proteins have a unique 
ability to raise serum IGF-1 levels through upregulated hepatic synthesis and enhanced glu-
cose-dependent insulin secretion [41]. Epidemiologic studies show an association between 
animal protein consumption and increased IGF-1 levels [42–44].

Interestingly, dietary factors, when consumed in normal amounts, can markedly affect patho-
logic angiogenesis [45]. Anti-angiogenic foods, such as cruciferous vegetables, are associated 
with decreased cancer risk [45]. Cruciferous vegetables contain phytochemicals that have 
anti-angiogenic properties, including inhibiting endothelial cell proliferation. Importantly, 
dietary factors have not been shown to suppress angiogenesis required for normal tissue 
metabolism [45].

Therapies that suppress angiogenesis may also improve psoriasis [46,47]. Psoriasis symp-
toms have been reported to clear completely in cancer patients treated with bevacizumab 
and improve significantly with sunitinib and sorafenib; all of these drugs are VEGF 
antagonists used for cancer chemotherapy [46,47]. Several other therapies are being 
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investigated, including VEGF receptor mimics and a topical tyrosine kinase inhibitor with 
anti-angiogenesis action [47].

AMINO ACID RESTRICTION
Amino acid–restricted diets are a type of low-protein diet that limits intake of a specific 
amino acid. Dietary proteins are composed of varying proportions of 20 amino acids [48]. 
Protein from animal meat is considered complete or high-quality protein because it contains 
significant amounts of all 20 amino acids. Protein supplied by vegetables, grain, nuts, and 
legumes may be deficient in one or more amino acids. These foods also contain a significantly 
smaller proportion of calories from protein compared with animal protein. For example, rice 
contains minimal concentrations of lysine, and legumes provide limited quantities of methi-
onine [48]. Diets limited in any amino acid would require elimination of meat and dairy.

Despite the minimal clinical evidence evaluating the benefits of amino acid–restricted diets, 
two recent developments support their potential role in treating psoriasis: (1) the discovery 
of the T-helper (Th)17 cell [49] and (2) the anti-inflammatory effect of limiting amino acid 
availability [27,28].

When specific amino acids are unavailable or scarce, the body enters a protective mode 
of decreased gene expression called AAR [27,28]. AAR includes decreased expression of 
cytokines that are characteristic of inflammatory pathways [50]. Th17 differentiation is sup-
pressed, and regulatory T-cell function that protects against autoimmune disease is enhanced 
[51,52]. Psoriasis patients are shown to have functionally deficient regulatory T cells that 
likely contribute to disease progression [53]. Thus, dietary restriction of amino acids may be 
one method of normalizing function of regulatory T cells. Other immune cells, including 
Th1 and Th2 cells, are not affected by the amino acid response, suggesting that vital immune 
functions are preserved in this state [50]. The AAR has been demonstrated by limiting several 
different amino acids, including tryptophan, methionine, and leucine [54].

Given that the AAR appears to specifically affect the Th17 pathway, triggering this response 
with a pharmacologic agent could be therapeutic for psoriasis patients. A molecule called 
halofuginone has been developed that induces a state of altered gene expression characteris-
tic of amino acid depletion [53,54]. In animal models, this molecule improves autoimmune 
disease [50], but it has not yet been studied in human subjects.

CLINICAL APPLICATION
Low-protein diets, especially those limited in animal protein and red meat, may be beneficial 
for some psoriasis patients. Evidence from nonclinical studies suggests that diets deficient in 
one or more amino acids may be especially therapeutic due to induction of the AAR. Such 
a diet would permit most fruits and vegetables, some legumes and grains, and exclude all 
animal protein and dairy.

Future studies are needed before amino acid–restricted diets can be recommended. However, 
these diets may be particularly suitable for patients who do not respond to conventional 
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therapies. It is known that previously failed therapies can become effective when used with or 
after an immunomodulating medication. For patients who do not respond to therapy, amino 
acid restriction may sufficiently weaken proinflammatory stimuli to allow conventional ther-
apies to take effect. Later, dietary restriction may be replaced by more conventional therapy.

Dietary modification should be monitored closely in psoriasis patients because metabolic 
syndrome and other comorbidities are common in this population. Low-protein diets can be 
high in refined carbohydrates that would be inappropriate for diabetic patients. Involvement 
of a nutritionist can ensure that patients are consuming a healthy and balanced low-protein 
diet.

CONCLUSIONS
Decreased total protein intake may suppress systemic inflammation, oxidative stress, and 
angiogenesis, all of which contribute to disease severity. Amino acid restriction may specifi-
cally inhibit Th17 cells, cells that are critically involved in driving psoriatic inflammation. 
Clinical studies assessing the role of low-protein diets in psoriasis are limited, and further 
research is needed to demonstrate which dietary modification strategies are reliably thera-
peutic in psoriasis patients.
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FIGURE 4.1  Functional effects of changing corticosteroid structural elements. The steroid base con-
tains four rings. Corticosteroids have a dihydroxyacetone side chain attached to the carbon atom at 
position 17. The addition of a double bond between the C-1 and C-2 atoms of the cholesterol backbone 
(A) increases potency by increasing the lipophilicity of the molecule. Halogenation (with fluoride or 
chlorine) at the C-6 or C-9 structural positions (B) increases corticosteroid potency through interactions 
with the corticosteroid receptor. Reduced polarity of the molecule, and therefore greater lipophilicity, 
can also be achieved by removal of the C-16 α-hydroxyl group (C) or the C-17 dihydroxyacetone side 
chain (D), or by masking hydrophilic side groups via esterification of the C-17 or C-21 positions (E).

FIGURE 5.2  Abdominal skin irritation from calcipotriene.

FIGURE 5.3  Lower extremities skin irritation from calcipotriene.
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FIGURE 6.1  All patients treated with once-daily topical suspension. Combination = calcipotri-
ene/betamethasone dipropionate ointment. *p < .001 for comparison with combination therapy. (Data 
from Kragballe K and Noerrelund KL, J Eur Acad Dermatol Venereol 16, 276, 2002.)
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FIGURE 6.2  All patients treated with once-daily topical suspension. Combination = calcipotriene/
betamethasone dipropionate suspension. *p ≤ .004 for comparison with combination therapy. (Data 
from Kragballe K and Noerrelund KL, J Eur Acad Dermatol Venereol 16, 276, 2002.)



FIGURE 6.6  Rapid clinical improvement in patient before (a) and after (b) treatment with fixed-
dose combination therapy.
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FIGURE 9.1  PASI scores of 25 consecutive Goeckerman patients treated at the UCSF Psoriasis 
Treatment Center. (From Lee E and Koo J, J Dermatol Treat 16, 102–107, 2005.)
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FIGURE 14.1  Classical manifestations of scalp psoriasis. (a) Psoriasis of the scalp. (b) Scarring 
psoriatic alopecia. (c) Hairline psoriasis.



 

FIGURE 15.1  Well-demarcated, red plaques in the inguinal crease and intergluteal cleft (a), axilla 
(b), inguinal crease (c) and inframammory fold (d) of patients with inverse psoriasis. 



FIGURE 16.1  (a) Plaque psoriasis with nail involvement.

FIGURE 16.2  Pitting in nail psoriasis.

 

FIGURE 16.3  (a) Splinter hemorrhages and oil spots in nail psoriasis. (b) Oil spot in nail psoriasis.



FIGURE 16.4  (a) Severe pustular psoriasis (acrodermatitis continua of Hallopeau) in a patient with 
HIV. (b) Enthesitis in a patient with psoriatic arthritis. (c) Onycholysis in nail psoriasis.
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