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Abstract:
The treatment of moderate-severe atopic dermatitis (AD) has traditionally relied upon the off-

label use of systemic immunosuppressants such as cyclosporine (CsA), methotrexate (MTX),
and mycophenolate mofetil (MMF). However, significant'side effects may arise due to the less-
targeted nature of these immunosuppressant and therefore chronic usage is limited. AD patients
taking immunosuppressants are candidates for dupilumab treatment for its desirable efficacy and
favorable side effect profile. However, there exists a gap in clinical knowledge on how to
transition patients from immunosuppressants to dupilumab. Herein we provide a practical
recommendation on tapering of immunosuppressants that complements the onset of dupilumab’s

clinical effects.
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Atopic dermatitis (AD) is a chronic relapsing inflammatory dermatosis characterized by intense
pruritus and rash. Its etiology is complex and influenced by an interplay of genetics,
environmental triggers, epidermal barrier dysfunction and imbalanced regulation of the immune
system [1]. Immunologically, AD is driven by a skewed T-helper 2 cell response and their

cytokines, including IL-4 and 1L-13 [2].

Historically, the treatment of moderate-severe AD refractory to topical treatment has relied’upon
the off-label use of systemic immunosuppressants [3]. These steroid-sparing«agents include
cyclosporine (CsA), methotrexate (MTX), and mycophenolate mofetil (MMF). They act as
broad suppressants of the immune system and their less-targeted nature limits chronic usage as
significant adverse effects may arise. Dupilumab is a biologic drug that antagonizes the Il-4a.
receptor and blocks the actions of both IL-4 and IL<13 cytokines [4]. Since its approval in 2017,
it has remained the only FDA approved systemic treatment for moderate-severe AD aside from
prednisone. Many patients who are candidates for dupilumab therapy have had suboptimal
response with immunosuppressants. For-thiscohort, the goal is to strategically transition from
the classic immunosuppressants'to. dupilumab while minimizing the risk of an AD exacerbation.
However, the Phase 3 pivotal trials that confirmed dupilumab’s efficacy and safety profile
required a 4-week washout period for any systemic immunosuppressants prior to starting study
interventions. In practice, patients with moderate-severe AD typically are taking
immunosuppressants and do not undergo a washout period upon dupilumab initiation. This paper
aims to fill the knowledge gap in clinical practice, of how to optimally discontinue
immunosuppressants once patients begin taking dupilumab. Herein we propose an approach to
tapering immunosuppressants that capitalizes on the growing therapeutic effect of dupilumab

during the first 12 weeks of treatment with the biologic. This method assumes that additive



effects exist between the original medication and accumulating dupilumab dose that can be

exploited during the transitional period to minimize the chance of AD flare.

Dupilumab Initiation and Clinical Efficacy

The approved dosing of dupilumab in adults consists of a 600 mg subcutaneous loading dose
followed by maintenance doses of 300 mg every other week [5]. Dupilumab has a favorable
safety profile with conjunctivitis, nasopharyngitis, upper respiratory infection, and injection site
reactions most commonly reported. Patients taking dupilumab do not requiredaseline er
maintenance serological testing [5]. In the two phase 111 pivotal trials (SOLOL1'and SOLO2)
involving adults with moderate-severe AD, steady-state concentration of . dupilumab is achieved
by week 16 of treatment [5]. Both Eczema Area and Severity Index (EASI) and Pruritus
Numerical Rating Scale (Pruritus NRS) scores demenstrate asteady decrease, nadiring as early

as week 12 and reaching steady state by week 16[6].

Transition Approaches

There is a paucity of literature in AD discussing how to taper immunosuppressants. Most of our
knowledge on transition fromimmunosuppressants to biologics is gleaned from expert opinion in
treating psoriasis [7]. Since. dupilumab requires 12 weeks to reach its maximum clinical benefit,
discontinuing systemic immunosuppressants soon after dupilumab initiation carries the risk of
AD exacerbation."We propose that a rational way to optimize transition from classic
immunosuppressant to biologic is to continue taking the immunosuppressant while tapering the
dose to match the increasing clinical efficacy of dupilumab. There are no known interactions
between Dupilumab and MTX, CSA, and MMF, making the risk of concurrent administration

safe to our knowledge. Tracking percentage changes in EASI and pruritus NRS is a reasonable



way to estimate the clinical effect of dupilumab relative to its maximum peak effect and may
identify when tapering should proceed. Simpson et al. numerically reported the maximum
percentage decreases in EASI and pruritus NRS in SOLO1 and SOLO2, and presented graphs
depicting the decreases in these scores over time. From this data we are able to extrapolate that
dupilumab achieves 50%, 75%, 87.5%, and 90% of its peak clinical efficacy at weeks 3, 5, 8, and

12 of treatment, respectively [6].

Beginning at week three of therapy, the systemic immunosuppressant dose may be,halved at
each of these time points. This proposed tapering schedule purposefully lags to account for
dupilumab’s delayed effects and minimize risk of AD flare (Figure 1). It.also serves as a
simplified schedule for patients that changes doses on the same day of the week to avoid
confusion. The above recommendations are made with two assumptions: 1) halving the dosage
of traditional steroid-sparing agents will result'in*halving the effect of the drug and 2) maximum

clinical effect of CsA, MTX, or MMF has.been achieved prior to initiation of dupilumab.

Cyclosporine Taper

CsA inhibits calcineurin’s action in T-cells, preventing the appropriate transcription of 1L-2 and
stunting T-cell proliferation [8]. The recommended dosing regimen for AD is initiated at

2.5 mg/kg/day with increases every 2-4 weeks to a maximum dosage is 5Smg/kg/day until the
desired clinical-effect is achieved [9]. CsA use is associated with hypertension and blood
pressure should be taken at baseline and monitored closely through treatment. Nephrotoxicity
typically occurs at doses exceeding those required in the treatment of AD. Nonetheless, serum
creatinine and blood urea nitrogen should be taken at baseline and monitored. While CsA

provides rapid clinical improvement within two weeks of initiation, its pharmacodynamics upon



discontinuation are largely unknown [10]. Limited literature on CsA tapering in AD warns of

high risk of disease relapse with abrupt withdrawal, even if remission has been achieved [11].

For psoriasis patients, an overlap period of 2-8 weeks is recommended during the transition from
CsA to a TNFa antagonist or ustekinumab [12] Outside of transition to biologic, experts
recommend tapering CsA after clinical goal is achieved as opposed to stopping abruptly [13]. In
the treatment of erythrodermic psoriasis, CsA should be tapered slowly to prevent gxacerbation
by decreasing 0.5mg/kg/day every 2 weeks [14]. We propose that the tapering schedule for CsA
can proceed more quickly than 0.5mg/kg/day when dupilumab is started simultaneously because
of dupilumab’s high efficacy in reducing AD burden [6]. CSA dose should remain unchanged
until dupilumab reaches 50% of its maximum clinical effect at week three. Over the first 12
weeks of dupilumab treatment, the CsA dose is halved three times before discontinuation (Table

1). Patients’ blood pressure should be monitored for elevation until CsA is fully discontinued.

Methotrexate Taper

MTX is a metabolite that inhibitsidinydrofolate reductase. It prevents proliferation of
lymphocytes by preventing DNA replication, and is cytotoxic via increased release of adenosine
[15]. For AD patients, MTX is started at 10mg/week and dosed between 10-25mg weekly [16]. It
is administered concomitantly with a folate supplement of 1mg daily to decrease nausea and
prevent megaloblastic anemia [17]. Pancytopenia, hepatotoxicity, and renal toxicity can occur at
even low dosages. Complete blood count, and liver and renal function serologies should be
obtained at baseline and monitored regularly during MTX treatment [18]. Female patients

starting MTX should have a baseline negative pregnancy test and be counseled on contraception.



In psoriasis treatment, MTX has additive clinical effects with the TNFo antagonist etanercept
[19] and phosphodiesterase inhibitor apremilast [20], and overlap with biologics during transition
has been shown to be safe [12]. We recommend the same tapering schedule for MTX as for CsA
(Table 1). MTX is more difficult than CsA to dose at exactly 25% and 12.5% of dose because it
is commonly available only as 2.5 mg tablets. If medication is unavailable in the exact dosage on
the tapering schedule, we recommend rounding the dosage upwards to ensure therapeutic
coverage. Routine laboratory monitoring to assess for toxicities should continue,until the patient
is no longer taking MTX. We also recommend continuation of folate supplementation at the

initial dosage, as differing folate dosages does not affect incidence of toxicity [17].

Mycophenolate Mofetil (MMF) Taper

Mycophenolate Mofetil (MMF) inhibits inosine monophasphate dehydrogenase in de novo
purine synthesis, specifically affecting B and T cells as they lack purine recycling mechanisms
[21]. The recommended MMF dosing for adults with AD is 1000 mg twice daily [22]. MMF use
is most commonly associated with vamiting, diarrhea or leukopenia at the beginning of
treatment. Neutropenia or gastrointestinal bleeding can occur with MMF use at near maximum
recommended dose of 3g/aily [3]. These adverse events are rare, and routine laboratory
measurements are generally not required during MMF treatment. MMF is a known teratogen,
thus a negative pregnancy test should be obtained in female patients of childbearing potential and

they should be counseled on contraception before initiation [23].

Relevant literature on MMF discontinuation and tapering is rarer than for CsA and MTX,
perhaps because MMF is not used as frequently in psoriasis treatment. In dermatology, apart

from the treatment of AD, MMF is most often used to treat blistering disorders. While we have



not been able to locate any recommendations for safe MMF discontinuation or tapering in
treatment of dermatological disease, there is evidence that MMF has been safely and successfully
used as an adjunct to rituximab treatment of pemphigus vulgaris [24]. There is a paucity of
literature on MMF taper in dermatologic conditions. We propose that a similar tapering schedule
for MTX and CsA can be used for MMF. However, in the case of MMF the 25% and 12.5%
dosages are exceedingly low; 250mg once or twice daily dosage would not be expected,to have
appreciable effect. Thus we recommend halving the dosage to 500 twice daily and then

discontinuing MMF after the second maintenance dose of dupilumab (Table"1)

In cases where patient non-adherence is a concern, a simplified, more rapid taper could be
considered, albeit one that may carry a higher chance for a disease exacerbation. The
immunosuppressant could be kept at the same dosewupon dupilumab initiation, halving the dose
after the second dupilumab injection (2 weeks), and. discontinuing once the third dose of
dupilumab is given (week 4), when approximately 75% of the dupilumab clinical effect has been

noted.

Conclusion

As we enter a new era.of AD treatment, a large number of highly targeted therapeutic options are
currently under investigation, including biologics that target other cytokines and intracellular
mediators involved in the pathogenesis of AD [25]. Protocols for treating partial and nondurable
responders [26], transitioning from immunosuppressants to biologics, and from biologic to
biologic will become increasingly more pertinent: all with the common goal of maximum
clinical benefit while minimizing AD flare and side effects. The above proposal for transitioning

from immunosuppressant to dupilumab treatment is the first step in defining best practice. The



pharmacokinetics of immunosuppressant during taper and the resulting pharmacodynamics
effects deserve further investigation as we prepare for monumental changes in AD therapeutic

landscape.

References
1. David Boothe W, Tarbox JA, Tarbox MB. Atopic Dermatitis: Pathophysiology. ln: Fortson

EA, Feldman SR, Strowd LC, editors. Management of Atopic Dermatitis: Methods and
Challenges [Internet]. Cham: Springer International Publishing; 2017 [cited 2019 Jul 11]. p. 21—

37. Available from: https://doi.org/10.1007/978-3-319-64804-0_3

2. Furue M, Chiba T, Tsuji G, Ulzii D, Kido-Nakahara M, Nakahara T, et al. Atopic dermatitis:
immune deviation, barrier dysfunction, IgE autoreactivity and new therapies. Allergology

International. 2017;66:398—403.

3. Wollenberg A, Barbarot S, Bieber T, .Christen- Zaech S, Deleuran M, Fink- Wagner A, et al.
Consensus-based European guidelinesfor treatment of atopic eczema (atopic dermatitis) in
adults and children: part 1. Journal of the European Academy of Dermatology and Venereology.

2018;32:850-78.

4. Beck LA ThaciDyHamilton JD, Graham NM, Bieber T, Rocklin R, et al. Dupilumab
Treatment in'/Adults with Moderate-to-Severe Atopic Dermatitis. New England Journal of

Medicine. 2014;371:130-9.

5. Regeneron Pharmaceuticals and Sanofi Genzyme. Regeneron Pharmaceuticals and Sanofi

Genzyme. Dupixent (Dupilumab) package insert. U.S. Food and Drug Administration website



[Internet]. [cited 2019 Jul 16]. Available from:

https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761055s0071bl.pdf

6. Simpson EL, Bieber T, Guttman-Yassky E, Beck LA, Blauvelt A, Cork MJ, et al. Two Phase
3 Trials of Dupilumab versus Placebo in Atopic Dermatitis. New England Journal of Medicine.

2016;375:2335-48.

7. Kerdel F, Zaiac M. An evolution in switching therapy for psoriasis patients‘who fail to meet

treatment goals. Dermatologic Therapy. 2015;28:390—403.

8. Hamawy MM. Molecular actions of calcineurin inhibitors. DrugiNews Perspect. 2003;16:277—

82.

9. Megna M, Napolitano M, Patruno C, Villani A, Balato A, Monfrecola G, et al. Systemic

Treatment of Adult Atopic Dermatitis: A Review,, Dermatol Ther (Heidelb). 2016;7:1-23.

10. Schmitt J, Schmitt N, Meurer M. Cyclosporin in the treatment of patients with atopic eczema
— a systematic review and meta-analysis<Journal of the European Academy of Dermatology and

Venereology. 2007;21:606-19.

11. Granlund H, Erkke P, Sinisalo M, Reitamo S. Cyclosporin in atopic dermatitis: time to

relapse and effect of-intermittent therapy. Br J Dermatol. 1995;132:106-12.

12. Mrowietz U, Jong EMGJ de, Kragballe K, Langley R, Nast A, Puig L, et al. A consensus
report on appropriate treatment optimization and transitioning in the management of moderate-
to-severe plaque psoriasis. Journal of the European Academy of Dermatology and Venereology.

2014:;28:438-53.



13. Craig A. Elmets MD. Recommendations for Transitioning and Combinations of Medications
in Moderate to Severe Psoriasis. NEJM Journal Watch [Internet]. 2013 [cited 2019 Jul 13];2013.
Available from: https://www.jwatch.org/JD201304050000001/2013/04/05/recommendations-

transitioning-and-combinations

14. Psoriasis (SIMPSO) SIM nella. Management of Erythrodermic Psoriasis with Low-Dose

Cyclosporin. DRM. 1993;187:30-7.

15. Friedman B, Cronstein B. Methotrexate mechanism in treatment of rheumatoid arthritis. Joint

Bone Spine. 2019;86:301-7.

16. Lyakhovitsky A, Barzilai A, Heyman R, Baum S, Amichai'B, Selomon M, et al. Low-dose
methotrexate treatment for moderate-to-severe atopic dermatitis in adults. Journal of the

European Academy of Dermatology and Venereology. 2010;24:43-9.

17. Dhir V, Sandhu A, Kaur J, Pinto B, Kumar.P, Kaur P, et al. Comparison of two different
folic acid doses with methotrexate--a randemized controlled trial (FOLVARI Study). Arthritis

Res Ther. 2015;17:156.

18. DAVA PharmaceuticalsyInc. Methotrexate.U.S. Food and Drug Administration website.
[Internet]. Available from:

https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/008085s0661bl.pdf

19. The Combination of Etanercept and Methotrexate Increases the Effectiveness of Treatment in
Active Psoriasis Despite Inadequate Effect of Methotrexate Therapy [Internet]. [cited 2019 Jul
27]. Available from: http://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-

0511



20. Liu Y, Zhou S, Nissel J, Wu A, Lau H, Palmisano M. The pharmacokinetic effect of
coadministration of apremilast and methotrexate in individuals with rheumatoid arthritis and

psoriatic arthritis. Clinical Pharmacology in Drug Development. 2014;3:456—-65.

21. Neuber K, Schwartz I, Itschert G, Dieck A tom. Treatment of atopic eczema with oral

mycophenolate mofetil. British Journal of Dermatology. 2000;143:385-91.

22. Murray ML, Cohen JB. Mycophenolate mofetil therapy for moderate to severe atopic

dermatitis. Clinical and Experimental Dermatology. 2007;32:23-7.

23. Roche. CellCept (Mycophenolate Mofetil) package insert. U.SaFood and Drug
Administration website. [Internet]. Available from:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/050722s021,050723s019,050758s01

9,050759s0241bl.pdf

24. Biot SDRN, Franco JP de A, Lima RB, Pereira HNC, Marques LPJ, Martins CJ. Refractory
pemphigus vulgaris treated with rituximabrand mycophenolate mofetil. An Bras Dermatol.

2014,;89:980-4.

25. Lee DE, Clark AK, Tran-KA, Shi VY. New and emerging targeted systemic therapies: a new

era for atopic dermatitis. Journal of Dermatological Treatment. 2018;29:364—74.

26. Hendricks AJ, Lio PA, Shi VY. Management Recommendations for Dupilumab Partial and
Non-durable Responders in Atopic Dermatitis. Am J Clin Dermatol [Internet]. 2019 [cited 2019

Jul 13]; Available from: https://doi.org/10.1007/s40257-019-00436-8



Week | Dupilumab Dosing | % of maximum % dosage of Example dosage of | Example dosage Example dosage of
clinical effect of | Immunosuppressant | Cyclosporin A of Methotrexate Mycophenolate
dupilumab Mofetil

0 Loading Dose 0 100% 100mg BID 25mg weekly 1000 mg BID

3 After maintenance 50 50% 50 mg BID 12.5 mg weekly 500 mg BID

dose 1

5 After maintenance 75 25% 25 mg BID 7.5 mg wel 50 mg BID

dose 2 ¢

8 Maintenance 87.5 12.5% 25 mg 1x daily 5 mg weekly 250 mg 1x daily

dose 3

12 Maintenance 90-100% 0% —_— —

dose 5 \\

Table 1. Recommended dosages of systemic immunosuppressants'during the 12-week transition

to dupilumab.

Figure 1. The proposed taper schedule for immunosuppressants mirrors the changes in

dupilumab clinical indices scores.

Percentage

Percentage changes in dlinical efficy of dupilumab vs
immunosuppressant dosing

2 3 4 5 6
Weeks of Dupllumab Treatment

8 9 10 11 12 13 14 15

% Immunosuppressant Dose
gmmi Pruritus decrease

ssfumal EASI decrease




