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Oral azathioprine for recalcitrant pediatric atopic
dermatitis: Clinical response and thiopurine

monitoring
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Background: Azathioprine is prescribed as a corticosteroid-sparing agent for many inflammatory
conditions, including refractory atopic dermatitis (AD). There are limited prospective data on its
appropriate use and monitoring for children with AD.
Objectives: This study was designed to assess clinical response to azathioprine, determine the necessity for
repeated measurement of thiopurine methyltransferase (TPMT) activity during treatment, and test the utility
of measuring levels of the metabolites 6-thioguanine nucleotide and 6-methylmercaptopurine.
Methods: Twelve children with severe, recalcitrant AD were treated with oral azathioprine and followed
prospectively. Disease severity was determined by the SCORing AD index. Baseline TPMT activity was
measured and this was repeated along with 6-thioguanine nucleotide and 6-methylmercaptopurine
measurement at times of stable improvement, inadequate response, or change in response.
Results: Azathioprine therapy was associated with clinical improvement in all but 1 patient. There were
few adverse effects. Three patients showed a significant change in TPMT activity during treatment: 2 had a
mild decrease and 1 demonstrated enzyme inducibility with an increase from the intermediate to the
normal activity range. These changes, but not 6-thioguanine nucleotide or 6-methylmercaptopurine levels,
inversely correlated with the clinical response to therapy.
Limitations: Small sample size is a limitation.
Conclusions: Azathioprine can be of benefit in the treatment of recalcitrant pediatric AD. Repeat
assessment of TPMT activity may be helpful for evaluation of nonresponse or change in response and
warrants further study. In contrast, measurement of thiopurine metabolites during treatment was not
clinically useful. ( J Am Acad Dermatol 10.1016/j.jaad.2012.07.001.)

Key words: atopic dermatitis; azathioprine; eczema; monitoring; pediatric; thiopurine metabolites;
thiopurine methyltransferase.
S
evere atopic dermatitis (AD) causes consider-
able morbidity and may require systemic
treatment.1 Evidence and guidance for the

appropriate use of immunosuppressive drugs in
children with AD are limited.
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Azathioprine showed benefit in 2 randomized,
placebo-controlled trials of adult AD treated for 12
weeks and in several retrospective pediatric case
series.2-6 It is a 6-mercaptopurine analog that inter-
feres with purine synthesis with cytotoxic properties,
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selectively inhibiting T lymphocytes more than B
lymphocytes and perhaps shifting the T-cell profile
to one more favorable for atopic patients.7

Thiopurine methyltransferase (TPMT) plays a
key role in azathioprine metabolism as the
principal catabolic enzyme inactivating the
6-mercaptopurine moiety, although it also produces
CAPSULE SUMMARY

d There are little prospective data on the
use and monitoring of azathioprine for
severe pediatric atopic dermatitis.

d We found a notable improvement in 11
of 12 patients, with few adverse effects.
Alterations in thiopurine
methyltransferase activity during therapy
inversely correlated with response.
Thiopurine metabolite levels were not
significantly different in responders
compared with the nonresponder.

d Repeat assessment of thiopurine
methyltransferase activity in cases of
nonresponse or change in response to
azathioprine warrants additional study.
active methylated metabo-
lites. Individual differences
in TPMT activity vary accord-
ing to common allelic poly-
morphisms. Assessment of
activity before beginning
azathioprine can help deter-
mine appropriate initial dos-
ing and decrease the risk of
toxic effects.7 However, stud-
ies8,9 of azathioprine use for
immunobullous and other
disorders noted that TPMT
levels are not static and in-
duction of activity can occur
during treatment, which may
affect drug efficacy and dis-
ease response.

The purpose of this pro-
spective study was to test for
differential TPMT activity

levels during treatment of refractory pediatric AD
with azathioprine, to establish the clinical use of
measuring levels of the thiopurine metabolites
6-thioguanine nucleotide (TGN) and
6-methylmercaptopurine (MMP), and to examine
the correlation, if any, with clinical response or
adverse effects.

METHODS
The study was approved by the University of

California, San Diego, Institutional Review Board.
Patients were aged 2 to 18 years with chronic,
moderate to severe AD (objective SCORing AD
[SCORAD] index $ 25 and meeting Hanifin and
Rajka criteria) attending the pediatric dermatology
clinic and Eczema Center at Rady Children’s
Hospital, San Diego, CA. Patients warranting sys-
temic treatment because of repeated failure of top-
ical anti-inflammatory and adjunctive therapies, with
significant negative impact on quality of life and
whose parents elected to use azathioprine, were
prospectively followed. Our standard dosing of aza-
thioprine is based on the initial measurement of red
blood cell (RBC) TPMT activity (Mayo Medical
Laboratories, Rochester, MN, was used whenever
possible). Individuals with normal TPMT activity
levels ($ 15.4 U/mL) started at 2.5 mg/kg/d, possible
carriers of a mutant allele (11.9-15.3 U/mL) started at
2.0 or 2.5 mg/kg/d per parental choice after coun-
seling, whereas definite carriers with intermediate
enzyme levels (6.0-11.8 U/mL) began at 1.0mg/kg/d.
Individuals with low TPMT levels (# 5.9 U/mL) are
not prescribed azathioprine in our clinic; pregnant or
lactating females and individuals with impaired he-
patic, renal, or immune func-
tion are also excluded from
treatment.

Twelve patients were trea-
ted and assessed from
October 2008 to May 2012.
Eight had received multiple
prior courses of systemic cor-
ticosteroids for AD. Patients 2
and 3 had failed to attain
remission with oral cyclo-
sporine and patient 2 also
failed phototherapy. Six had
bridging therapy with oral
prednisone (0.5-1.0 mg/kg/d
with gradual taper after aza-
thioprine initiation) because
it was started by another pro-
vider and/or because their
disease was too severe to
wait 6 to 8 weeks for onset
of azathioprine effect.
Clinical evaluation, SCORAD assessments (all by

W. L. T.), and laboratory monitoring were performed
at 0, 2, 4, 8, and 12 weeks of treatment, and every 4 to
8 weeks thereafter. Azathioprine dosage was ad-
justed based on response, side effects, and labora-
tory test results. When needed, dosagewas increased
by 0.5-mg/kg/d increments for those with activity in
the normal and possible carrier ranges. Known
carriers received additional drug at increments of
0.25 mg/kg/d.

TPMT activity levels were remeasured at times of:
(1) stable improvement/plateau, particularly just
before planned tapering of drug; (2) inadequate
response; or (3) change in response. RBC levels of
6-TGN and 6-MMP were also measured at these time
points (Prometheus Laboratories, San Diego, CA).
Adverse effects were recorded, with specific ques-
tioning at each visit about the presence of gastroin-
testinal symptoms, febrile episodes, myalgia, minor
or serious infections, and hospitalizations.

RESULTS
Patients’ baseline severity (all severe with

SCORAD [40) and treatment course are presented
in Table I. Age of AD onset ranged from 1 to 24
months and the median age at starting azathioprine



Abbreviations used:

AD: atopic dermatitis
MMP: methylmercaptopurine
RBC: red blood cell
SCORAD: SCORing Atopic Dermatitis
TGN: thioguanine nucleotide
TPMT: thiopurine methyltransferase
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therapy was 9.0 years. All but patient 9 had signifi-
cant improvement, with a decrease in SCORAD of
27.7 6 8.7 (mean 6 SD) at the time of stable
improvement just before starting taper of drug or at
response plateau. No patient discontinued treatment
because of adverse events. Two experienced minor
gastrointestinal upset for a few weeks that resolved
with reinforcing the need to administer with meals
and to avoid lying down immediately after. Patient 4
had an absolute neutrophil count of 1292/mm3 at
month 4, but subsequent counts were normal and
dosing was unaffected. No other child had a signif-
icant decrease in white blood cell count during
therapy. Patient 6 had mildly elevated serum trans-
aminases 3 months into treatment, which normalized
with dose reduction from 2.5 to 1.75 mg/kg/d. He
maintained a good response on the lower dose. No
additional side effects were noted.

Three children had a change in TPMT level during
therapy that modified categorization as normal activ-
ity, possible carrier, or intermediate activity/definite
carrier. The first was a 9-year-old girl who was
transitioned from prednisone (started by her allergist)
to azathioprine, with rapid improvement over 4
months. Her TPMT level shifted from normal activity
to possible carrier levels, perhaps contributing to her
marked response. Azathioprine was tapered off as
planned. Patient 3 had only mild initial response to
azathioprinedespite increasing thedose to 3mg/kg/d.
At about the seventh month, his AD began to improve
rapidly and notably corresponded to a decrease in
TPMT level to the possible carrier range (Fig 1). Given
no adverse effects, the same dose was continued for
several months, after which the parents advocated for
a rapid taper. Both patients had minimal disease for 2
years posttherapy.

Patient 9 had intermediate TPMT activity at base-
line.Aftermild improvement at 5months of treatment,
she experienced worsening with severe, persistent
disease (Fig 2). Two follow-upmeasurements showed
TPMT activity in the normal range. Genotyping did
not detect any of the 4 common enzyme deficiency
variants (TPMT*2, TPMT*3A, TPMT*3B, and
TPMT*3C). Despite titrating the dose up to 3 mg/kg/
d, response was insufficient and azathioprine was
discontinued after 15 months of treatment.
For the 11 responders, 6-TGN levels ranged from
45 to 358 pmol/8 3 10^8 RBC at the time their
improvement stabilized/plateaued (Table I). 6-MMP
levels at this time point were quite varied and many
had levels below the lower limit of detection.

DISCUSSION
This study provides prospective, long-term data in

12 children to support the use of azathioprine for
recalcitrant AD and assessed various parameters of
drug monitoring during therapy.

TPMT is the best-studied enzyme involved in
thiopurine drug metabolism and illustrates the
use of pharmacogenomics in clinical practice.
Previously, concern for myelosuppression led to
initiation of treatment at very low doses, with slow
upward titration and sometimes limited effect.7 The
availability of a RBC functional assay that reflects
hepatic and lymphocyte, leukemic blast, and renal
cell enzyme activity improved the administration of
these drugs. Single nucleotide polymorphisms in the
TPMT gene (6p22.3) affect the enzyme’s rate kinetics,
with 29 different alleles described to date.10,11

Approximately 90% of individuals have normal to
high TPMT activity, 10% have intermediate activity,
and 1 in 220 to 300 individuals is homozygous for
mutant alleles with low to almost undetectable
enzymatic activity.10,12 Using the phenotypic classi-
fication when initiating therapy has allowed both
individuals with normal and intermediate activity to
be treated with fewer instances of hematopoietic
toxicity.7,13 It particularly helps identify and pre-
cludes administration to patients with significant
enzyme deficiency who would be at risk for exces-
sive accumulation of active metabolites. We found
our TPMT-based dosing scheme effective for nearly
all patients and at doses (Table I) similar to those
reported in prior pediatric case series.4-6,13

AlthoughTPMTactivity is generallymeasuredonly
once before starting therapy, some have reported
increased activity on drug exposure. el-Azhary et al8

measured levels on a 1-to-3-month basis and ob-
served fluctuations during the treatment of immuno-
bullous diseases, particularly in those remaining
recalcitrant to therapy. Similar induction has been
reported with azathioprine use to prevent renal
transplant rejection, but was not seen in the treatment
of inflammatory bowel disease.9,14,15 Increased enzy-
matic activity would be expected to result in more
rapid inactivation of the 6-mercaptopurine moiety
and could potentially give suboptimal effect. If TPMT
activity is indeed inducible, continued measurement
would be important.

We therefore assessed activity at key time points
during treatment. Only 1 patient showed a significant



Table I. Patients’ course and response to azathioprine

Patient

no./Sex

Age (y) at

starting

azathioprine

Azathioprine dose

giving desired response Time of assessments*

Objective

SCORAD

TPMT level,

U/mL RBC

6-TGN,

pmol/8 3 10^8 RB

6-MMP,

pmol/8 3 10^8 RBC Outcome of therapy

1/F 9.4

(1Prednisone)

2.5 mg/kg/d Baseline* 49 30.5 EU (Normal)yz Tapered off at 16.5 mo of

treatment, remains es-
sentially clear 26 mo later

11 mo (Stable marked
improvement, just before

planned taper)

6 13.5 (Possible carrier)y 111 Below lower level
of quantitation

2/F 9.4 1.25 mg/kg/d Baseline 59 11.2 EU (Intermediate)z Other parent (father) opted

to stop abruptly after 8
mo, has since been able

to maintain at mild to
moderate disease with

topical therapy

8 mo (Stable improvement,
at time of stopping drug)

24 8.8 (Intermediate) Not done before
stopping drug

Not done before
stopping drug

3/M 5.4

(1Prednisone)

3.0 mg/kg/d Baseline 54 18.7 (Normal)y Improved to very mild dis-

ease and tapered off after
13 mo of treatment, re-

mains very mild 24 mo
posttreatment

7 mo (Change in
responseestarting to

improve)

38 12.4 (Possible
carrier)y

122
94

1442
Below lower level

of quantitation

4/F 10.9 3.0 mg/kg/d Baseline 54 15.6 (Normal) Tapering down, currently at

0.3 mg/kg/d with mild
disease

10 mo (Stable marked
improvement, just before

planned taper)

18 15.7 (Normal) 358 5898

5/F 11.5

(1Prednisone)

3.4 mg/kg/d Baseline 53 15.5 (Normal) Given improvement pla-

teaued, switched to my-
cophenolate after 14 mo

with further
improvement

12 mo (Stable
improvemente
plateaued)

31 15.1 (Normal) 207 3897

6/M 8.4 2.5 mg/kg/d, lowered
to 1.75 mg/kg/d

because of mildly
elevated AST/ALT

(AST 46/ALT 57)

Baseline 45 15.6 (Normal) Tapered off after 15 mo of
treatment, remains well

with very mild residual
disease 12 mo later

10 mo (Stable marked

improvement, just before
planned taper)

14 17 (Normal) 81 Below lower level

of quantitation

7/F 14.9

(1Prednisone)

2.5 mg/kg/d Baseline 44 15.2 (Possible

carrier)

Tapered off after 16 mo of

treatment, remains es-
sentially clear 15 mo later10 mo (Stable marked

improvement, just before
planned taper)

15 14.1 (Possible

carrier)

259 967

8/M 18.1
(1Prednisone)

2.8 mg/kg/d Baseline 51 15.4 (Normal) Tapering down, currently at
1.5 mg/kg/d10 mo (Stable improvement,

just before planned
taper)

24 22 (Normal) 262 1629
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increase (intermediate/ normal) and this correlated
with a poor therapeutic response. el-Azhary et al8

had 3 of 27 patients with similar categorization
change and suggested considering alternate therapy
when enzyme induction is noted. This may also be
the case for AD, although 1 patient limits generaliz-
ability. Genotyping did not find this child to carry any
of the 4 TPMT alleles that account for more than 95%
of intermediate and low enzyme activity.10 It is
possible that the baseline measurement was incor-
rect, but we consider this unlikely and her initial
response to 1-mg/kg/d therapy suggests otherwise.
Additional genotyping would be needed to deter-
mine if she carries a rare or novel TPMT variant
leading to intermediate but further inducible activity.
The effects of many TPMT alleles still remain
uncharacterized. One patient with a known low
activity allele (TPMT*3A) and a novel allele
(TPMT*28) had very low measured enzyme activity,
yet he tolerated azathioprine at full doses without
untoward effects.11

Interestingly, 2 patients showed a small decline in
TPMT activity during treatment (normal/ possible
carrier) and had some of the best results. Patient 3 in
particular displayed little initial response, followed
by rapid improvement that tracked the decrease in
TPMT level. Overall, most of our patients had
unchanged enzyme activity, but in those with a
change, the direction correlated inversely with clin-
ical response. Repeated measurement appeared
most relevant for those with a lack of improvement
or an alteration from prior response.

TPMT levels did not correlate with gastrointesti-
nal or other side effects, which were overall mild. A
single low neutrophil count appeared to be a
spurious finding. Nevertheless, monitoring remains
important, as cases of neutropenia have been
reported with TPMT-based dosing, including indi-
viduals with normal enzyme levels.16,17 Only 1 pa-
tient had an adverse event affecting drug dosage,
but his improvement remained durable after
adjustment.

This study also looked at the clinical use of
measuring 6-TGNand6-MMP levels during treatment.
6-TGN is the principle active metabolite of azathio-
prine, whereas 6-MMP is the inactive metabolite
produced by TPMT action on 6-mercaptopurine.
These have not traditionally been measured when
using azathioprine for dermatologic diseases, but
somehaveproposed their assessment to assist achiev-
ing the desired efficacy. Positive response was more
frequent with 6-TGN levels above 235 pmol/83 10^8
RBC in patients with inflammatory bowel disease.18

el-Azhary et al8 reported optimal 6-TGN levels for
immunobullous disease remission to be 150 to



Fig 1. Atopic dermatitis in patient 3 had delayed response to therapy, with improvement that
correlated with decline in thiopurine methyltransferase activity. Obj., Objective; SCORAD,
SCORing Atopic Dermatitis; TPMT, thiopurine methyltransferase.

Fig 2. Atopic dermatitis in patient 9 showed initial mild improvement with systemic treatment,
but then worsened and remained severe despite increased dose of azathioprine.
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300 pmol/8 3 10^8 RBC, but found lower require-
ments for limited (48-321 pmol/8 3 10^8 RBCs) as
compared with diffuse (83-457 pmol/83 10^8 RBCs)
disease. In our patients with AD, levels as low as 45
and 54 pmol/83 10^8 RBCswere effective for severe,
diffuse disease, with no difference in response com-
pared with 207 to 358 pmol/8 3 10^8 RBCs. It is
possible higher 6-TGN levels could be noted in these
individuals had additional time points been assessed,
but we limited measurement to when they would
likely be most useful and did not find the values to be
indicative of response. Similar variability in 6-TGN
levels has been reported in patients with systemic
lupus responding and not responding to azathio-
prine.19 It may be that active metabolites other than
6-TGN play a role, such as the methylated products
producedbyTPMT that have some cytotoxic and anti-
inflammatory effects.7

el-Azhary et al8 suggested that low levels of both
6-TGN and 6-MMP indicate problems with medica-
tion adherence, whereas low 6-TGN with high
6-MMP levels (deemed [5700 pmol/8 3 10^8
RBCs) suggest induction of TPMT. 6-MMPwas below
detectable in patient 9 who had a poor response and
induced TPMT activity. Although medication
noncompliance could be considered, her 6-TGN
levels of 50 and 90 combined with a below-
detectable 6-MMP did not differ from levels mea-
sured in patients 3, 6, and 10 who responded to
treatment. Thus, measuring metabolite levels did not
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allow determination of adherence or nonadherence
to therapy. High 6-MMP levels have also been
associated with hepatotoxicity,18 but our single pa-
tient with mild transaminitis had a level below
quantitation (\743 pmol/8 3 10^8 RBCs).

A limitation of this study is the small number of
patients, but children who receive systemic therapy
for AD are limited to the most refractory cases.

In conclusion, we found a positive response to
azathioprine in 11 of 12 children. Our results suggest
that TPMT activity can alter in either direction during
treatment. Repeated measurement might be war-
ranted, particularly in cases of nonresponse to treat-
ment, to optimize dosing or to consider alternate
therapy. In contrast, 6-TGN and 6-MMP levels did not
correlate with clinical response and their measure-
ment does not appear to be helpful in AD treatment
monitoring.
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