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Abstract

Background—Azathioprine is prescribed as a corticosteroid-sparing agent for many
inflammatory conditions, including refractory atopic dermatitis (AD). There is 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 repeat measurement of thiopurine methyltransferase (TPMT) activity during
treatment, and test the utility of measuring levels of the metabolites 6-thioguanine nucleotide (6-
TGN) and 6-methylmercaptopurine (6-MMP).

Methods—Twelve children with severe, recalcitrant AD were treated with oral azathioprine and
followed prospectively. Disease severity was determined by the SCORing Atopic Dermatitis
Index. Baseline TPMT activity was measured and this was repeated along with 6-TGN and 6-
MMP measurement at times of stable improvement, inadequate response, or change in response.

Results—Azathioprine therapy was associated with clinical improvement in all but one subject.
There were few adverse effects. Three subjects showed a significant change in TPMT activity
during treatment: two had a mild decrease and one demonstrated enzyme inducibility with an
increase from the intermediate to the normal activity range. These changes, but not 6-TGN or 6-
MMP levels, inversely correlated with the clinical response to therapy.

Limitations—Small sample size

Conclusions—Azathioprine can be of benefit in the treatment of recalcitrant pediatric AD.
Repeat assessment of TPMT activity may be helpful for evaluation of non-response or change in
response and warrants further study. In contrast, measurement of thiopurine metabolites during
treatment was not clinically useful.
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INTRODUCTION

Severe atopic dermatitis (AD) causes considerable morbidity and may require systemic
treatment.! Evidence and guidance for the appropriate use of immunosuppressive drugs in
children with AD are limited.

Azathioprine showed benefit in two randomized, placebo-controlled trials of adult AD
treated for 12 weeks and in several retrospective pediatric case series.2=8 It is a 6-
mercaptopurine analog that interferes with purine synthesis with cytotoxic properties,
selectively inhibiting T-lymphocytes more than B-lymphocytes and perhaps shifting the T-
cell profile to one more favorable for atopic patients.” Thiopurine methyltransferase (TPMT)
plays a key role in azathioprine metabolism as the principal catabolic enzyme inactivating
the 6-mercaptopurine moiety, although it also produces active methylated metabolites.
Individual differences in TPMT activity vary according to common allelic polymorphisms.
Assessment of activity prior to beginning azathioprine can help determine appropriate initial
dosing as well as decrease the risk of toxic effects.” However, studies®® of azathioprine use
for immunobullous and other disorders noted that TPMT levels are not static and induction
of activity can occur during treatment, which may affect drug efficacy and disease response.

The purpose of this prospective study was to test for differential TPMT activity levels
during treatment of refractory pediatric AD with azathioprine, to establish the clinical utility
of measuring levels of the thiopurine metabolites 6-thioguanine nucleotide (6-TGN) and 6-
methylmercaptopurine (6-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. Subjects were aged 2 to 18 years with chronic, moderate to severe atopic dermatitis
(objective SCORing Atopic Dermatitis (SCORAD) index =25 and meeting Hanifin and
Rajka criteria) attending the pediatric dermatology clinic and Eczema Center at Rady
Children’s Hospital. Patients warranting systemic treatment due to repeated failure of topical
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 azathioprine 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 2.5mg/kg/day,
possible carriers of a mutant allele (11.9-15.3 U/mL) at 2.0 or 2.5mg/kg/day per parental
choice after counseling, while definite carriers with intermediate enzyme levels (6.0-11.8 U/
mL) began at 1.0mg/kg/day. Individuals with low TPMT levels (< 5.9 U/mL) are not
prescribed azathioprine in our clinic; pregnant or lactating females and individuals with
impaired hepatic, renal, or immune function are also excluded from treatment.

Twelve subjects were treated and assessed from October 2008 to May 2012. Eight had
received multiple prior courses of systemic corticosteroids for AD. Subjects 2 and 3 had
failed to attain remission with oral cyclosporine and subject 2 additionally failed
phototherapy. Six had bridging therapy with oral prednisone (0.5-1.0 mg/kg/day with
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gradual taper after azathioprine initiation) because it was started by another provider 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 WLT), 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 adjusted based on response, side effects, and laboratory test
results. When needed, dosage was increased by 0.5mg/kg/day increments for those with
activity in the normal and possible carrier ranges. Known carriers received additional drug at
increments of 0.25mg/kg/day.

TPMT activity levels were re-measured at times of either: 1) stable improvement/plateau,
particularly just prior to 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
questioning at each visit about the presence of gastrointestinal (GI) symptoms, febrile
episodes, myalgia, minor or serious infections, and hospitalizations.

Subjects’ baseline severity (all severe with SCORAD >40) and treatment course are
presented in Table 1. Age of AD onset ranged from 1 to 24 months and the median age at
starting azathioprine therapy was 9.0 years. All but subject 9 had significant improvement,
with a decrease in SCORAD of 27.7 +/- 8.7 (mean +/- standard deviation) at the time of
stable improvement just prior to starting taper of drug or at response plateau. No subject
discontinued treatment due to adverse events. Two experienced minor Gl upset for a few
weeks that resolved with reinforcing the need to administer with meals and to avoid lying
down immediately after. Subject 4 had an absolute neutrophil count of 1292/mm?3 at month
4, but subsequent counts were normal and dosing was unaffected. No other child had a
significant decrease in white blood cell count during therapy. Subject 6 had mildly elevated
serum transaminases three months into treatment, which normalized with dose reduction
from 2.5 to 1.75mg/kg/day. 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 activity, possible carrier, or intermediate activity/definite carrier. The first was a 9
year-old girl who was transitioned from prednisone 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.
Subject 3 had only mild initial response to azathioprine despite increasing the dose to 3mg/
kg/day. 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 subjects had minimal disease for 2 years post-therapy.

Subject 9 had intermediate TPMT activity at baseline. After mild improvement at 5 months
of treatment, she experienced worsening with severe, persistent disease (Fig 2). Two follow-
up measurements showed TPMT activity in the normal range. Genotyping did not detect any
of the four common enzyme deficiency variants (TPMT*2, TPMT*3A, TPMT*3B, and
TPMT*3C). Despite titrating the dose up to 3mg/kg/day, 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/8x10°8 RBC at the time
their improvement stabilized/plateaued (Table 1). 6-MMP levels at this time-point were
quite varied and many had levels below the lower limit of detection.
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DISCUSSION

This study provides prospective, long-term data in 12 children to support the utility of
azathioprine for recalcitrant AD and assessment of 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.” The availability of a RBC functional assay that reflects hepatic as well as
lymphocyte, leukemic blast, and renal cell enzyme activity improved the administration of
these drugs. Single nucleotide polymorphisms in the 7PMT 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 Utilizing the phenotypic classification when initiating therapy has
allowed both individuals with normal and intermediate activity to be treated with fewer
instances of hematopoetic toxicity.”-13 It particularly helps identify and precludes
administration to patients with significant enzyme deficiency who would be at risk for
excessive accumulation of active metabolites. We found our TPMT-based dosing scheme
effective for nearly all subjects and at doses (see Table) similar to those reported in prior
pediatric case series.#6:13

While TPMT activity is generally measured only once before starting therapy, some have
reported increased activity on drug exposure. el-Azhary et al. measured levels on a 1-to-3-
month basis and observed fluctuations during the treatment of immunobullous diseases,
particularly in those remaining recalcitrant to therapy.8 Similar induction has been reported
with azathioprine use to prevent renal transplant rejection, but was not seen in the treatment
of inflammatory bowel disease (IBD).%:1415 Increased enzymatic 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 one subject showed
a significant increase (intermediate— normal) and this correlated with a poor therapeutic
response. el-Azhary et al. had 3 of 27 patients with similar categorization change and
suggested considering alternate therapy when enzyme induction is noted.8 This may also be
the case for AD, although one subject limits generalizability. Genotyping did not find this
child to carry any of the four TPMT alleles that account for >95% of intermediate and low
enzyme activity.19 It is possible that the baseline measurement was incorrect, but we
consider this unlikely and her initial response to 1mg/kg/day therapy suggests otherwise.
Additional genotyping would be needed to determine 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, two subjects showed a small decline in TPMT activity during treatment
(normal—> possible carrier) and had some of the best results. Subject 3 in particular
displayed little initial response, followed by rapid improvement that tracked the decrease in
TPMT level. Overall, most of our subjects had unchanged enzyme activity, but in those with
a change, the direction correlated inversely with clinical response. Repeat measurement

J Am Acad Dermatol. Author manuscript; available in PMC 2014 January 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Caufield and Tom

Page 5

appeared most relevant for those with a lack of improvement or an alteration from prior
response.

TPMT levels did not correlate with GI 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 individuals with normal enzyme levels.16:17 Only one subject had an adverse
event affecting drug dosage, but his improvement remained durable after adjustment.

This study also looked at the clinical utility of measuring 6-TGN and 6-MMP levels during
treatment. 6-TGN is the principle active metabolite of azathioprine, while 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 some
have proposed their assessment to assist achieving the desired efficacy. Positive response
was more frequent with 6-TGN levels above 235 pmol/8x1078 RBC in subjects with 1BD.18
el-Azhary et al. reported optimal 6-TGN levels for immunobullous disease remission to be
150 to 300 pmol/8x1078 RBC, but found lower requirements for limited (48 to 321 pmol/
8x1078 RBCs) as compared to diffuse disease (83 to 457 pmol/8x10°8 RBCs).8 In our AD
patients, levels as low as 45 and 54 pmol/8x10"8 RBCs were effective for severe, diffuse
disease, with no difference in response compared to 207 to 358 pmol/8x10°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 systemic lupus patients responding and not responding to azathioprine.1® It
may be that active metabolites other than 6-TGN play a role, such as the methylated
products produced by TPMT which have some cytotoxic and anti-inflammatory effects.’

el-Azhary et al. suggested that low levels of both 6-TGN and 6-MMP indicate problems
with medication adherence, whereas low 6-TGN with high 6-MMP levels (deemed >5700
pmol/8x1078 RBCs) suggest induction of TPMT.8 6-MMP was below detectable in subject
9 who had a poor response and induced TPMT activity. While medication non-compliance
could be considered, her 6-TGN levels of 50 and 90 combined with a below-detectable 6-
MMP did not differ from levels measured in subjects 3, 6, and 10 who responded to
treatment. Thus, measuring metabolite levels did not allow determination of adherence or
non-adherence to therapy. High 6-MMP levels have also been associated with
hepatotoxicity,18 but our single patient with mild transaminitis had a level below
quantitation (<743 pmol/8x10"8 RBCs).

A limitation of this study is the small number of subjects, 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. Repeat
measurement might be warranted, particularly in cases of non-response to treatment, in
order to optimize dosing or to consider alternate therapy. In contrast, 6-TGN and 6-MMP
levels did not correlate with clinical response and their measurement does not appear to be
helpful in AD treatment monitoring.
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Atopic dermatitis in Subject 3 had a delayed response to therapy, with improvement that

correlated with a decline in TPMT activity.
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Start 5 months 12 months

Figure?2.
Atopic dermatitis in Subject 9 showed an initial mild improvement with systemic treatment,
but then worsened and remained severe despite an increased dose of azathioprine.

J Am Acad Dermatol. Author manuscript; available in PMC 2014 January 01.



Page 11

Caufield and Tom

$watermark-text

%M_h%ﬂ%ﬂo%% (jewoN) JusWwanoidwi 31qeIS)
01 paLINS 168¢ 102 T'ST 1€ syuow ZT
‘paneayeld
Juawanoidwi (rewoN) (suosiupaid+)
eI g§at €S auljsseq p/BY/BW e HeTT /s
(1adey
pauueyd 03 Jord
1sn[ ‘Juswanoidwi
(rewuoN) paxew 3)qels)
aseasip pli 8689 8G¢ L'ST 8T syluow 0T
LA p/Bx/B £°0
1e Ajjuaiing (rewuoN)
— umop Buuiade L 9'GT s aulfeseq p/B>/6w 0'e 60T aw
JusWyeas}-1sod cohwmwwﬁmm_sc
syuow g pliw JOMO] MOJ3g 6 (4a111e2 (anoaduwi 0y Buners
jw%wwﬂ_wﬁw_ 2]q1Ss0d) — asuodsal ul aBueyD)
4O SUIUOW £T 444" act et 8¢ Styiuow L
Ja)e JJo paladey
pue aseasip pjiw (rewoN) (suosiupaid+)
A1an 03 panosduw) L81 S auljaseg p/B>/Bw 0'e Hhy's N/E
Adesay) [eardoy
YIIM aseasip (6nip
ayesapowl Bnup Buiddols Buiddois jo awi ye
0] pjiw e 31049(q Bnip Buiddois aeIpawaul) ‘Juawanoidwi a|gels)
urejurew oy ajqe auop 10N 81048q 8auop 10N 8'8 74 syuow 8
90UIS ‘syuow
8 Jaye Apdnige
dois 0 paydo @EEE@::
1usted Jaylo weNACTTT 65 auljsseq p/B/Bw 5Z'T Ki'6 41z
(1adey
pauueyd oy Jorid
uoneluenb (4a111B2 1sn[ ‘yuswsnoidwi
Jale| sypuow 9z 40 193] 3|q1ssod) pasew a|qels)
1ed Ajlenussss  Jamol mojeg 11 GeT 9 sypuow 1T
surewal
‘Juawiean
40 syluow G'9T (rewoN) (suosupaids+)
Je JJo pasade . e NAS0E 6V Loulsses p/BYY/BW 57 K6 i
asuodsay
(ogyd (ogd peise@ aulidoyrezy  JBpue
Ade oy | gwomxg/lowd)  gyoTxg/owd)  (OgY TW/N)  AVIOIS SIPUBSSSY Buinio ssoq Bunreis I'ON
JOBWOo2INO dININ-9 NO1-9 A1 LINdL  8A1eIgo joawi| aulldoiyrezy reaby 199[gns
aulidolyezy 01 ssuodsay pue asino) ,s19alqns
T9algel

$watermark-text

$watermark-text

J Am Acad Dermatol. Author manuscript; available in PMC 2014 January 01.



Page 12

Caufield and Tom

p/Bx/Bw Gz'T (1o1reD
1e AjjuaLing 9]q1ss0d)
— umop Buniade | vl 8y auljaseg p/B3/Bw 0°g 198 4/0T
uorneuenb
10 [9N9] (fewJoN)
1amo| mojeg 0S 91 18
uorneuenb (asuodsai
”wm_mmﬁwmmw_%ww 10 [2A9] (rewoN) ayenbapeuy)
: JaMO] MO|3 : syuow ue
SUIUOW ST Jaie | mojed 16 69T 14 U TT pue £ p/By/BW o'
alejouaydooAw 1€ UBA3 |0J1U02
01 PayolMS (a1e1pawIaIU]) JUBISISUOdUI ING  BuoSIupald+)
Apusday TTT 25 auljaseg asuodsal [ered 1A1°9 4/6
(1adey
pauueld 0y Joud isnl
(rewoN) “Juawanoidwi a|qess)
6291 9¢ 44 ve Syjuow 01
p/Bx/Bw G'T
1e Ajuaiind (rewioN) (suosiupaid+)
= umop Buliade] ST 1§ auljeseq p/EA/BW 8 I8t W8
(1adey
pauued 01 Joud
(Ja11e) 1snl ‘quawianoldwi
3|q1ss0d) pasIew a|qels)
J81e] syluow g1 .
1221 A|[enuasss 196 652 YT q1 syuow QT
surewal
“JuaLuIeal] (Ja111eD
10 syluow 9T 9]q1ss0d) auos|upaid+)
Jeyye Jjo pasede ] A1) 144 auljased p/B3/Bw 62 hevT e
(1adey
pauued 01 Joud
13je| syjuow ¢T uoneyuenb 1snl ‘Juawisnoadui 5
%wﬁ%ﬂ% 10 [3n9) (fewsoN) PaSiIeW B|0e)S) ﬁwﬁ%
oM surewsl 1amoy Mofed 18 a vl stpuow 01 palens|a Afpi
“uaWIea 01 8np p/Bx/Bw
40 syuow GT (fewlioN) G/'T 0} pa1amo|
Jaye yjo pasade L 9'GT Sy auljeseg ‘p/B/Bw G2 g IN/9
Juswanoidwil
Jayung yum (paneareld —
asuodsay
(oay (oay peisad aulidolyrezy  BpUSD
Ade oy L g.oTxg/owd)  guoTxg/lowd)  (09Y TW/N) VYOS SHBUSSSSY Buinio aso@ Bunreis ON
JOawodINO dININ-9 NO1-9 prAeT LINdL  aAlgo joswil autidoiyrezy resby 3 lans

$watermark-text

$watermark-text

$watermark-text

J Am Acad Dermatol. Author manuscript; available in PMC 2014 January 01.



Page 13

Caufield and Tom

(w9 ‘oBaiQ ues ‘salioreloqe] snaylewold) sHun awAzug

¥

*(aseasip [emoe s,103[qNs ayr eyl Jamo| sny1) USAIB uaym auosiupald J0 19948 3y} 9PNJOUI PUB JuBWIRa) BuLIdolyIeze Jo LIelS sy} 18 a1k sanfeA AHODS aA0a[qo auljaseq
¥

S[199 poojq pas ‘Dgy ‘Aep/wresbolpy/swelbijjiw ‘p/Bx/Bw ‘reak ‘JA spew ‘N

‘aJewiay ‘4 ‘aurindoidessswAYIaw-9 ‘dININ-9 ‘9pnosjonu auluenBolyl-9 ‘N9 1-9 ‘aselajsuenjAyaw suundoiyy ‘1 INdL ‘Xapul snirewssq 21doly BUIHODS ‘AvHODS ‘siiewsp o1dole ‘gy :SUoleIAsIqgY

(1adey
pauueyd o1 Joud isnl

:m::o_.é quswanoidwi 8)qeIS)
9002 vs »xNAGEI e supuow 6
p/B>i/Bw T
18 ApuaLInd (lew.oN)
— umop Buiiade 2 NAVSS 8y auljeseq p/Bx/Bui 5z 1K'z N/ZT
uoneluenb (4a11100
Jode; JLNENE] 91q1SS0d) (quawanoidwy a1qeIS)
01 ueyd uayy Jamo| mojeg 14 a4 43 syiuow L
1Y) senbed
uanib syyuow (4o111ed
al10W [eJanas 3]q1ss0d)
Joj anunuod LET o auljaseq p/Bx/Buw o€ IRe'8 41T
(1adey
uoneuenb (111D pauueyd o1 Joud isnl
10 [9A9] 31q1sS0d) ‘Juswianoidwi ajqels)
Jamo| mojeg 14 ST 6T syjuow Q1
asuodsay
(ogy (ogy pa.isaq sunidolyrezy  lepweD
Adesay L gwoTxg/owd)  gyoTxg/lowd)  (0gY Tw/N)  AVHOOS SIBUSSESY BuiniD esoq Bun.seis JON
J0BWO9INO dNIN-9 ND1-9 pre1LINdL  8Aneldo joswiL aundoiyrezy reaby welans

$watermark-text

$watermark-text

$watermark-text

J Am Acad Dermatol. Author manuscript; available in PMC 2014 January 01.



