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Abstract: Severe forms of atopic dermatitis (AD) cause significant
morbidity in vulnerable pediatric populations and necessitate treatment with
systemic therapy. The existing literature concerning the treatment of severe
pediatric AD with azathioprine (AZ) and mycophenolate mofetil (MM) is
sparse. The purpose of this case series is to examine the use of these two
drugs in the treatment of severe pediatric AD. Medical records of 28 pediatric
patients with AD from the University of North Carolina at Chapel Hill pediatric
dermatology clinic treated using these two drugs were analyzed for labora-
tory values, thiopurine methyltransferase (TPMT) levels, symptoms, infec-
tions, and other relevant data. Patients were also contacted via the telephone
to ascertain outcomes and any missing data. Treatment outcomes were
scored into three categories: significant improvement, some improvement,
and no improvement. AZ dosing was correlated to TPMT levels successfully,
with comparable levels of improvement in the heterozygous and homozy-
gous wild-type groups. Absolute eosinophil count corresponded to AD
activity and treatment response across both treatment modalities in 18 of 26
(69%) patients. Seventeen of 28 (61%) patients treated with AZ and eight of 12
(66%) treated with MM reported significant improvement. We had lower rates
of laboratory abnormalities and side effects with MM than with AZ but similar
rates of cutaneous infections. Treatment outcomes did not appear to differ
with race, sex, or TPMT level. We experienced success with AZ and MM in the
treatment of severe pediatric AD. Coordinating treatment to each patient’s
unique morbidities is the best way to choose systemic treatments.

Affecting an estimated 10% to 20% of children in the
developed world, atopic dermatitis (AD) is one of the
most common conditions seen in pediatric dermatology
(1). Pruritus, erythema, and scale can have significant
negative effects on patients’ quality of life. In more severe
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forms, AD can be resistant to maximal topical
approaches, and further treatment often involves a
systemic approach.

The goal of this case series is to examine the use of
azathioprine (AZ) and mycophenolate mofetil (MM) in



2 Pediatric Dermatology 2011

000 000 ! JueOyIuSIg §'9 LM sno3Azowoy $'9C L1 UBISEONED) SR qav
80°0 80°0 Cl JUBOYIUTIS 0% LA snoSkzowoy 9°01 8! ueiseones S[BN vv
0T0 000 S QUON QUON LA snodfzowoy 1°0C I owedsty SBN z
000 00°0 8 swog 0S LM snodkzowoy £6C € UBOLIDUWY UBOLY S[BN A
€00 €00 6¢ JUBOYIUTIS 0L LM snodkzowoy §ee Gl UBOLIOWY UBOLJY  9[BWO] X
00°0 ¥0°0 9¢ uedyIusIg 09 LM sno3kzowoy 9°1¢ 6 UBISEONE?) S[BA M
0070 €e’0 € JuedyIuSIS §'T LM snodfzowoy I'1e Pl UBOLIDWY UBOLY  9[BWS{ A
00°0 00°0 Il JuBOYIUSIg 09 LM snoSAzowoy 0°1¢ 01 UBISEONET)  S[BUIDg n
000 80°0 1 JuBOyIuSIg 0S¢ LM snoskzowoy 90T 01 URISLONED) SN L
¥0°0 00°0 ¥C JUBOYIUTIS §'S LM snodkzowoy S6l cl Ueiseonen - o[eliag S
00°0 90°0 91 TuBOYIUSIg S'¥ LM sno3Azowoy €61 8 UBdLIDWY UBdLJY S[EIN A
000 000 I swog 0% LM snoSAzowoy 8'81 1 URISEONED)  O[RWA] 0
00°0 00°0 4 Qwios 0L LM snodkzowoy ¥'81 cl owedsty - oewa] d
0z0 000 S QuoN JUON LA\ snoSAzowoH 9 LT 1 URISBONED)  O[RW] o)
€00 S0°0 ov JuBOYIUTIS 09 LM snodkzowoy 9Ll [T~ UBOLIOWY UBOLJY  S[BWO] N
000 070 S QUON JUON LA\ Sno3AzowoH LI il UBISBONED) RN W
00°0 90°0 L1 Jwog 0T LM sno3kzowoy I'L1 [I ~ UBLOWY UBSLJY  9[eWdg 1
000 620 L JuedyIusIg 0% LM snodkzowoy LT 8! UBISBONE) S[BN A
00°0 Sy §T8C JUBOYIUTIS 06 LA snodkzowoy 891 01 ueiseonen - o[elag r
00°0 L0O0 Syl uedyIusIg 0¢ LM snoSkzowoy L91 01 uelseoney)  S[BWS] I
00°0 00°0 SC JUBOYIUTIS 06 LM snodkzowoy 991 LT~ UBOLIOWY UBOLJY  9[BWO] H
000 000 ST QuoON QUON LA\ SnoSAzowoH L'ST % uBISBONED) JRIN D
000 81°0 11 JueOYIuUSIg 0°¢ LM snoSAzowoy 0°SI €]  UBOLIOWY UBOLJY  JRwd] qd
00°0 ¥0°0 ¥C JUBOYIUTIS 0°¢ SN0BAZOIIOH 6l L UBISBONE?) S[BN El
000 11°0 6 Qwog umouyun snogAzo121oH '€l 71 UROLIdWY UBRILJY JRIN a
0S°0 00°0 T Qwog umouyu) NIGAVAREIR)S | 9°01 il URISBONE))  J[PWd] D
000 0S°0 T QUON QuoON snogAzo1aley S8 I UBOLIDWY UBOLJY  Q[RWR] q
00°0 00°0 01 JUBOYIUIIS 0L Sno3Azo1djoH S5 Gl  UBOLIDWY UBOLJY  Q[BWd] A
(yuowr 10d) 9jer (puowr 1ad)  (sow) 7y U0 (queoyrugis M X 1B ssep LINdL [2A9] juduIRAN 7V vy  Iopudn)  juaned
sonIewIouqe QB 9)BI UONIJU] Qwr [e10], QWS ‘Quou) [9AJ]  judwaAoIdul LINdL Jo wuesje o3y
juowaAoxduuy renup

auridonipzy ypm papa.d] sjuoungd 1 114V.L



Waxweiler et al: Systemic Treatment of Pediatric Atopic Dermatitis 3

TABLE 2. Patients Treated with Mycophenolate Mofetil

Total time on Infections Lab abnormalities Improvement level Initial improvement

Patient MM (mos) per month per month (none, some, significant) at X wks
A 20.0 0.05 0.00 Significant 4.0

B 0.5 0.00 0.00 None None

C 12.0 0.00 0.00 Significant 2.5

G 1.0 0.00 0.00 Significant 4.5

J 7.0 0.00 0.00 Significant 3.0

K 1.0 0.00 0.00 None None

M 14.0 0.21 0.07 Significant 5.0

N 8.0 0.00 0.00 Significant 3.0

(0] 13.5 0.00 0.00 Significant 5.0

P 1.0 0.00 0.00 None None

Q 12.0 0.00 0.00 Significant 4.5

AA 1.5 0.67 0.00 None None

the treatment of severe pediatric AD. Although there is
much literature on the treatment of AD with cyclospor-
ine, existing literature concerning the treatment of pedi-
atric AD with these two drugs is comparatively sparse

Q).

SUBJECTS AND METHODS

Patients attending the University of North Carolina at
Chapel Hill Pediatric Dermatology clinic from January
1, 2002, to March 10, 2010, who received systemic ther-
apy for the treatment of AD were studied. Most of these
patients were from the central North Carolina geo-
graphic area. All patients receiving systemic therapy had
failed multiple previous therapeutic approaches (ultra-
potent topical steroids, oral antibiotics, oral antihista-
mines, dilute bleach baths) and experienced significant
detrimental effect on quality of life. A list of all patients
treated systemically for AD was compiled, and their
clinical records were analyzed. One provider (DSM)
treated all of the participants.

Relevant data concerning patient demographics,
telephone numbers, laboratory values including thiopu-
rine methyltransferase (TPMT) activity levels, symp-
toms, treatments, dosing, hospitalizations, disease
severity, and side effects were recorded in Microsoft
Excel spreadsheets (Microsoft Corp., Redmond, WA).
In addition, initial clinical outcomes were recorded and
divided into three categories: significant improvement
(vast and dramatic reduction in erythema, pruritus,
scales, and topical steroid use and marked improvement
in quality of life), some improvement (moderate reduc-
tion in erythema, pruritus, and scales; baseline topical
therapy unchanged or slightly decreased; and mild
improvement in quality of life), and no improvement
(worsening or no reduction in erythema, pruritus, scales,
and topical steroid use and worsening or no improve-
ment in quality of life). This information was gleaned

directly from the demographic, laboratory values, med-
ications, and clinical notes sections of the electronic
medical record for each participant. AD severity was not
scored objectively (e.g., using the SCORAD system). In
addition, no genotyping was performed; genotype clas-
sifications discussed later are estimates from corre-
sponding TPMT level assays. Missing data were noted.
After this initial phase of data collection was completed,
patients were contacted via telephone for several follow-
up questions pertaining to their systemic therapy. During
this call, an attempt was also made to fill in any missing
data from the patient’s initial record. It was impossible to
contact all of our participants for telephone follow up.
Incomplete patient records or patients who had started
therapy <3 months before March 10, 2010, were omit-
ted. The University of North Carolina at Chapel Hill
Institutional Review Board approved the retrospective
chart review and telephone survey.

Thirty-two patients were recruited, but four were
dropped (two because of missing data, and two because
they were adults), leaving 28 patients (mean age 11.4 yrs,
range 3—17 yrs). All patients were initially treated with
AZ; those who discontinued AZ and required further
therapy were then treated with MM (12 of 28).

Case Series

Of 28 patients, 15 were Caucasian, 11 African Ameri-
can, and two Hispanic. Sixteen were female. During the
clinical visit when AZ was initiated, blood was taken
for TPMT assays. AZ was initiated at a dose
<1 mg/kg per day until the result of the TPMT assay
was known (within a few days). Patients with homo-
zygous wild-type levels were increased to 3 mg/kg per
day, and those with heterozygote levels were main-
tained at 1 mg/kg per day. We chose these doses based
on our previous treatment experience. While being
treated with AZ, 17 (61%) of our patients reported
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significant improvement in their AD, six (21%) re-
ported some improvement, and five (18%) reported no
improvement. Seven (25%) experienced laboratory
abnormalities significant enough to necessitate an
adjustment in AZ dose level, the most common being
abnormal liver function tests, followed by low hemo-
globin and white blood cell count abnormalities. Six-
teen (57%) patients experienced a cutaneous infection
(most commonly folliculitis or cellulitis) during their
treatment with AZ, with an average rate of infection
while taking AZ for all 28 patients of 0.08 infections
per month of treatment. On average, patients were
treated with AZ for 13.0 months. AZ responders expe-
rienced initial improvement at a mean 5.3 weeks. AZ
responders were treated for an average of 14.9 months.

TPMT level assays revealed zero homozygous reces-
sive, five heterozygous, and 23 homozygous wild-type
patients. Neither race (+ = 0.26, p = 0.80) nor sex
(t = —1.05, p = 0.30) affected TPMT levels, which did
not correlate to infection rates ¥ = 0.12) or laboratory
abnormality rates (¥ = 0.09). Four of five (80%) het-
erozygous patients and 19 of 23 (83%) homozygous wild-
type patients reported significant or some improvement
of their AD while taking AZ.

Twelve of our 28 patients transitioned to MM therapy
(2040 mg/kg per day) after initially trying AZ for
treatment of their systemic AD. Average time of treat-
ment with AZ before switch to MM was 9.7 months.
Reasons for transition to MM from AZ were varied; four
(33%) patients reported medication intolerance, six
(50%) reported failure to respond to AZ, and two (17%)
reported a combination of both. Of these 12 patients,
eight (66%) reported significant improvement, and four
(33%) reported no improvement while on MM. Only one
of the 12 (8%) experienced laboratory abnormalities
(low hemoglobin level) significant enough to necessitate
an adjustment in MM dose. Three of our patients treated
with MM (25%) experienced a cutaneous infection, an
average rate of infection while on MM of 0.07 infections
per month of treatment.

There was no significant difference in terms of re-
sponse rates (significant or some improvement vs none) in
our AZ or MM groups (1 = 1.12,p = 0.28). We were
unable to find a difference between Caucasians and non-
Caucasians in terms of going on to subsequent treatment
with MM (5* = 1.45, p = 0.23). Mean TPMT levels
were similar for Caucasians (17.7) and non-Caucasians
(17.2), a difference that was not statistically significant.
While being treated with AZ, Caucasians and non-Cau-
casians had similar rates of infection (0.07 and 0.10
infections per month, respectively, 1 = —0.68,p = 0.51)
and laboratory abnormalities (0.06 and 0.02 abnormali-
ties per month, respectively, 1 = 0.94, p = 0.35). While

on AZ, 12 of 15 (80%) Caucasians and 11 of 13 (85%)
non-Caucasians reported some or significant improve-
ment. While on AZ, 14 of 16 female patients (88%) and
nine of 12 (75%) male patients experienced some or sig-
nificant improvement. There was no significant difference
between the sexes in terms of transitioning to treatment
with MM (* = 0.78, p = 0.38). Where data were
available, absolute eosinophil count on blood differential
consistently corresponded to AD activity and treatment
response for both treatment modalities in 18 or 26
(69.2%) patients. See Tables 1 and 2 for a list of patients
included in the final data analysis.

DISCUSSION

Azathioprine has been used in the treatment of AD with
previously reported good results when titrated to a
patient’s TPMT level (3,4) and has been suggested as a
first-line agent for severe AD in older children and teens
(5). Possible side effects include headache, upset stomach,
hepatotoxicity, and leukopenia, of which the last two are
dose-dependent. Our most common (n = 8, 29%)
reported physical complaint during treatment with AZ
was gastrointestinal related (nausea, indigestion, and
vomiting). The most common laboratory abnormality
(n = 6, 21%) was high levels on liver function tests. In
the medical literature, initial improvement while taking
AZ is seen 2 to 6 weeks after start of treatment (6), and
the maximum effect of AZ is reported to take at least
8 weeks after the start of treatment. These times are
similar to reported response times for MM (5,7). In our
patients, using TPMT-directed dosing yielded onset of
AZ effect at a mean of 5 weeks.

A double-blind, randomized, placebo-controlled
study of AD treated with AZ in adult patients found that
AZ was significantly more likely to be correlated to an
improvement in quality of life measures such as sleep
quality, pruritus, and daytime activities than placebo (8).
Another double-blind, placebo-controlled study found
that, when titrating AZ doses according to TPMT level,
patients with deficient TPMT levels obtained similar
outcomes and side-effect profiles as those with wild-type
TPMT levels (3). A case report also demonstrated suc-
cessful treatment of severe AD in two children with
deficient TPMT levels at doses of 1 to 1.25 mg/kg per
day; both patients had normal blood tests at subsequent
follow-up visits (4). Our results support these findings
because titration of a patient’s AZ dose according to
TPMT level seems to nearly equalize the chance of
improvement while creating similar rates of side effects
and laboratory abnormalities. Like previous reports, our
patients who improved while taking AZ experienced
mean onset of initial improvement at approximately
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1 month. There have been reports of AZ being more
efficacious in females (9). Our results do not fully support
this, but a larger sample might produce differences. A
possibility that we failed to address was that all 12 of our
patients with MM had been treated with AZ before, so a
lag effect from AZ treatment might have caused some of
the improvement attributed to MM in these patients. We
did not incorporate a “break time” into our study (a
transition time between the two therapies in which a
patient did not use either systemic therapy, improvement
during this time could possibly be at least partially
attributed to a latent improvement from AZ treatment).

Mycophenolate mofetil is considered to be less toxic
than other immunosuppressants (10) and is used off-label
for AD treatment. Possible side effects include gastroin-
testinal (nausea, vomiting, diarrhea), leukopenia, hyper-
tension, and nephrotoxicity. Like with AZ, our most
common (n = 3, 25%) side effect with MM was gastro-
intestinal. These complaints were generally mild and
lessened with continued MM treatment. Our patients who
improved while taking MM experienced mean onset of
initial improvement of 3.9 weeks. Previous reports have
described an initial response time for MM of approxi-
mately 4 to 8 weeks and have suggested that, if no effect is
seen by 8 weeks, MM should be discontinued (11). MM
has a longer typical time to clinical response than cyclo-
sporine and oral corticosteroids but fewer side effects (7).

There is even less literature concerning treatment of
AD with MM than for treatment with AZ, but studies
thus far indicate good results (10). A retrospective chart
review of 20 adults with refractory AD treated with MM
showed improvement in the majority of participants and
complete clearance in 50% while being generally well
tolerated (12). A retrospective study by Heller et al (13)
of 14 pediatric patients also had positive results, with
more than 50% of patients attaining 90% improvement
without major side effects; most responses occurred
within 2 months of treatment initiation. We experienced
success with MM, with two-thirds of our patients
reporting significant improvement. Our findings support
prior reports indicating that cumulative rates of infection
on MM seem to be similar to those seen in AZ (14).
Because we had an overall lower rate of laboratory
abnormalities and seemingly less-severe side effects with
MM, our experience reinforces the idea that MM may be
better tolerated and safer than AZ (although both drugs
had similar rates of gastrointestinal complaints).

CONCLUSION

As other researchers have noted, each patient’s case of
AD, as well as response to treatment, is unique (7). There
is no one “silver bullet” in terms of an AD treatment. We

experienced success with AZ and MM in the treatment of
pediatric AD. Coordinating treatment to each patient’s
unique morbidities is the best way to choose systemic
treatments. In addition, rotating therapies, as Ballester
initially published, might be a viable approach to mini-
mize toxicities (7). MM is more expensive than AZ,
which may play a role in treatment decisions concerning
some patient populations (15). AZ and MM offer
attractive options for safer and longer systemic treatment
in patients who cannot use cyclosporine (16). Our
approach in severe AD requiring systemic treatment is to
maintain good control of the patient’s AD for 1 to
2 years before discontinuation of the effective and
tolerated systemic agent. For both treatment modalities,
absolute eosinophil count correlated to AD severity and
treatment response in more than two-thirds of our
patients, lending support to the idea that it is possible to
monitor clinical effect according to absolute eosinophil
count (17). Because only five of our study patients (four
AZ, one MM) have completed therapeutic courses,
longer follow-up of patients with AD treated with these
systemic agents is necessary to determine long-term
efficacy and safety profiles. Additionally, it would be
interesting to compare infection rates before and after
systemic treatment initiation.

A randomized, controlled clinical trial of all three
major systemic treatment options (cyclosporine, AZ, and
MM) of pediatric AD is needed. Other future areas of
study include comparison of treatment successes and
morbidities according to race and sex in larger samples,
perhaps using populations from multiple centers.
Because severe AD causes significant morbidity in chil-
dren, affecting psychosocial development and families’
quality of life, more research is needed to delineate the
safest and most efficacious treatment.
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